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PREFACE TO THIRD EDITION

THE very cordial reception which the first two editions of this
book have received at the hands of the teaching and student body
has prompted us to take the opportunity offered by the publishers
‘to prepare a new edition. Since the appearance of the second
edition four years ago, several important advances have been
rade in ‘organic chemistry. Perhaps the most striking, and in
many ways an unexpected advance, has dealt with the alipbatic
series of compounds. A new chart—the development of products
derived from ethylene—as well as a number of additions in the
first part of tbe book, are evidence of this striking advance.
Newer conceptions of sugar structure, a synthesis of sucrose, and
the artificial production of a rubber-like substance may also be
mentioned. But it may be said, in general that the moré im-
portant recent advances in the field of organic chemistry have
been included—at least, such of them as can be included in an
elementary text; and the reading references have also been brought
up to date.

Our thanks are due to many friends for advice and criticism.

AvexanpEr Lowy.
BensamMin HArroOw.
January, 1932.



PREFACE TO FIRST EDITION

I the preparation of this work the authors have tried to keep
a number of objects constantly in mind. In-the first place, they
desired to embody in the work material which could be satis-
factorily treated in a course in which the theory of organic chem-
istry is covered in two semesters (two hours a week). They
were also anxious that such material should include not only the
well-recognized basic principles of organic chemistry, but also its
more recent and more important applications; the entire story
being woven together into a simple and readable narrative.

The authors have also kept in mind the many connecting
links that bind organic chemistry to a number of other sciences,—
to medicine, dentistry, pharmacy; to agriculture; to the bio-
logical sciences; hence, the inclusion of such chapters as those
dealing with lipoids; nucleoproteins and their decomposition
products; the chernical changes which foodstuffs undergo in the
body; plant and animal pigments; enzymes, vitamins and hor-
mones; organic compounds of arsenic and other metals; dyes
and stains, ete.

The text can, therefore, be appropriately used in connection
with a lecture course, not only by the student who is taking
organic chemistry as part of a general academic course, or as
preparation for a more extended course in chemistry, but by one
who is preparing for the medical, dental, pharmaceutical or other
biological sciences.

The book is not intended to act as a guide for laboratory
manipulations; details for the preparation of compounds are,
therefore, intentionally omitted. Neither, with a few exceptions,
are boiling points, melting points or other physical constants
included in the body of the work; some of these will be found in
the form of a table in the appendix. '

To aid the student in naming organic compounds, a brief
chapter (XXXVII) is devoted to this topic.

The structure of benzene and its derivatives is shown in

vi
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heavy and light lines, the heavy lines representing double bonds.
This is in accordance with a plan originally proposed by one of
the authors.!

The two colored charts, taken in conjunction with Chapter
XXXIV (a brief outline for the identification of organic sub-
stances), should serve, to some extent, the purposes of a review.

A number of charts throughout the text, illustrating the uses
of a few important chemicals, have been incorporated if only
to gives the student some idea of the many and diverse uses to
which organic substances may be put. R

In the opinion of the authors, the student should at the very
outset be given some opportunity for collateral reading; hence,
the references at the end of chapters and the general references
at the end of the book.

The glossary has been added to explain a number of medical
terms used in the text.

Photographs of a few of the outstanding leaders in organic
chemistry have been iricluded.

The authors have freely consulted various text-books and
journals and they wish lo acknowledge their debt to the men
responsible for the texts and articles.

For their kindness in giving permission to reproduce diagrams,
the authors wish to thank the following: The Marland Oil Co.
(Petroleum Refining); R. F. Remler of the Mellon Institute of
Industrial Research, and the National Wood Chemical Associ-
ation (Uses of Methanol, Uses of Acetic Acid, Uses of Acetone,
Uses of Formaldehyde); The U. 8. Industrial Alcohol Co. (Ethyl
Alcohol); D. Van Nostrand Co. (two colored charts); and Cain
and Thorpe: ‘“Synthetic Dyestuffs and Intermediate Products”
(Substituents in Naphthalene Ring).

The authors are indebted to Dr. Tesh for complete proof-read-
ing and to other members of the Department of Chemistry of the
University of Pittsburgh for criticism.

The authors will at all times welcome suggestions and
criticism.

AvexanpeEr Lowy.
Bensamiy Harrow.

L Journal of the American Chemical Soctety, 41, 1029 (1919).
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CHAPTER 1
INTRODUCTION

LoxG ago man conceived the idea that between the living
and the lifeless there is a sharp dividing line. A careful study of
"the colors of the spectrum, or a consideration of evolutionary
problems, might have made him reconsider this view.. It would
have been more logical to assurhe that we probably cannot tell
just where the “lifeless” ends and the: ‘living” begins,. That.
indeed, is the modern point of view. , - '

Even as late as a century ago, chemists st1]l had fa1th in
the classification of chemical compounds:-into . organic” or
“inorganic,” the ‘“organic”’ being distinguished from the “inor-
ganic” on the supposition that the former had some kind of
“vital” or “life force,” which made it seem quite impossible that
a chemist could ever hope to reproduce an ““organic” substance
in the laboratory. (Formerly substances of mineral origin were
classed as “in,organic”; those of animal or vegetable origin were
classed as “organic.”)

These notions of “organic’ and” “inorganic” were rudely
shaken by the work of Wahler, a distinguished German chemist,
who, in 1828, succeeded in preparing urea in his laboratory by
heating ammonium cyanate (p. 119), [KCNO+(NH4)2804).
Now if any one compound can be called ““organic,” such a dis-
tinction certainly belongs to urea, for it is the chief end product
of the decomposmon of proteins in the body and is the’ principal
mtrogenou constituent of the urine.

This epoch-making work of Wohler’s was not, as is generally
supposed, at once accepted unconditionally. Sometimes the sci-
entist does not take to scientific changes any more quickly than
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does the average citizen to social or political changes. But in
time other examples of the production of “organic” substances
in the chemist’s laboratory were recorded, and the old idea
became less and less important. Chemists prepared or synthe-
sized acetic acid, fats, alcohol, oxalic acid, mustard oil, oil of bitter
almonds, sugars, camphor, uric acid, indigo, adrenaline, protein-
like substances and thousands of others, more or less complex—
all, however, typically ‘“organic” substances. And we are far
from having reached the limit. It is conceivable that in the not
distant future some of the food we use will be made in the chem-
ist’s laboratory. Many are of the opinion that a judicious com-
bination of the work of the physical chemist and the organic
chemist will result, eventually, in solving the riddle of life itself.

We still retain the words “ organic ”” and “ inorganic,” though
we no longer think of them in the time-honored sense. What we
call “ organic ” chemistry may more aptly be called the chemistry
of the carbon compounds, for that is just what * organic ” chem-
istry deals with.

But in reality we do not draw the line too sharply. Such
compounds as carbon dioxide, carbon monoxide, carbon disulfide,
hydrogen cyanide and the carbonates are usually included in
texts on inorganic chemistry, though, of course, they are carbon
compounds, and according to the definition should be included
under ‘““organic” chemistry.

The fundamental laws of chemistry, which the student has
taken up in his inorganic chemistry course, apply to organic chem-
istry with equal or perhaps greater force. If, then, the dividing
line between ‘“organic” and ‘‘inorganic” chemistry is not a
sharp one, why the necessity for having these two subdivisions?
We shall enumerate a number of reasons.

1. The number of compounds of carbon known to-day exceed
225,000, and the number of compounds which do not contain car-
bon are only about 26,000. ]

2. In general, organic and inorganic compounds show marked
differences in solubility, the former being usually soluble in ether,
alcohol, chloroform, benzene, ete., while the latter are not; whereas
many of the inorganic compounds are soluble in water and the
organic ones are not.

3. The atoms of carbon have the unique property of combin-
ing with one another to form chain-like structures—a property
not frequently shown by other elements: for example,



INTRODUCTION ' 3

11
T
HHH

4. Organic compounds are, as a rule, less stable than inor-
ganic; they are much more easily susceptible to chemical and
physical changes. (Organic compounds are decomposed at rela-
tively low temperatures.)

5. “ Type ” reactions are quite frequent in organic chemistry.
For example, there are hundreds of organic compounds which
react with nitric acid to form ‘‘ nitro’”’ compounds (p. 231),
hundreds of which react with reducing agents to yield ‘‘ amino ”
compounds, etc.

6. There is often a marked difference in the velocity of reac-
tion. The change of one organic compound to another is usually
a relatively slow process, whereas the transformation of inorganic
substances is often practically instantaneous.

7. Reactions in organic chemistry are, as a rule, mostly non-
ionie, the solutions being non-conductors of electricity; whereas,
reactions in inorganic chemistry are largely ionic. This explains,
for example, why, when solutions of sodium chloride and silver
nitrate are mixed, an immediate precipitate of silver chloride is
obtained, whereas, we get no precipitate upon mixing solutions of
pure carbon tetrachloride (CCly) and silver nitrate. Organic
acids, bases and salts ionize.

8. Reactions in organic chemistry often tend to become quite
complex, and there are possibilities of many “ side >’ or “ second-
ary 7’ reactions (p.227).

9. The complexity in structure exhibited by some organic
compounds is quite unknown among inorganic compounds (p. 319).

10. Organic compounds often show a property called  isomer-
ism ” which we shall discuss later in some detail (p. 21), but
this phenomenon is very little known in inorganic chemistry.
For example, when we write HNO3s we have reference to nitric
acid, and to nitric acid alone, but when we write CoHgO this may
stand for ethyl alcohol or for methyl ether, and the only way we
can distinguish the one from the other is by writing graphie or
structural formulas (p. 21), which give some idea of the arrange-
ment of the atoms within the molecule. That is the reason why
graphic and structural formulas are used so extensively in organic
cheristry (pp. 14, 279).
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Importance and Applications.—We have already mentioned the
fact that more than 225,000 compounds are grouped under organic
chemistry. Many of these find various applications in our daily
life. Some of them are so common that merely mentioning their
names will suggest to the student many of their applications.
Picking a few of these substances more or less at random, we may
refer to starch, sugar, fats, oils, proteins, paper, rayon, soap,
explosives, photographic developers, bakelite, anesthetics, disin-
fectants, antiseptics, dyes, drugs, waxes, ether, natural gas, per-
fumes, glue, citric acid, aleohol, saccharin, artificial food colors,
caffeine, cellulose, camphor, rubber, flavoring essences, gasoline,
vaseline, coal tar, glycerine, aniline, indigo, salvarsan, lacquer
industry (duco, ete.), ete. And it may be added that the various
transformations which the foodstuffs and cellular tissue undergo
in the plant and animal kingdom, involving complex syntheses
and decompositions, are essentially those which can best be studied
by the organic chemist. .

Other Sciences Based on Organic Chemistry.—Physiological
(or Bio-) chemistry (which deals with the chemical processes that
take place in animals and plants), food chemistry, and organic
analysis, all have their basis in organic chemistry. Various
aspects of medicine, dentistry and pharmacy require training in
organic chemistry. We shall illustrate this interdependence
with a few examples. '

A problem of general importance in bacteriology is to find
some substance which has the property of destroying a certain
type of bacteria without at the same time injuring the body tis-
sues. Khrlich, the German physician, who was also a trained
chemist, found a cure for syphilis by the use of arsphenamine
(p. 339) (also called salvarsan and “ 606 ”’), which he.synthesized
in the laboratory. More recently the work of Jacobs and Heidel--
berger at the Rockefeller Institute, N. Y., on the application of
various arsenical compounds to medicine, holds out hope that one X
of these will prove of distinet value in the treatment of sleeping
sickness. Mention may also be made of the use of “‘chloramine-T"
(p. 282) and other organic compounds containing chlorine, in the
treatment of infected wounds. During the war, Dakin and Carrel
found that * chloramine-T,” given under certain conditions, is
strong enough to destroy micro-organisms, without at the same
time harming the tissues.

Another problem, this time of particular importance to physi-
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ologists and general medical practitioners, is the isélation, in ¢
chemically pure state, of the active principles of glands in the
body. One of the active principles of the adrenal glands, adren
aline (or, as it is sometimes called, ‘‘ epinephrine ’’) has not onlj
been isolated from the gland, but has actually been synthesizec
in the laboratory. In this work Abel of Johns Hopkins and the
late Takamine, a Japanese chemist who had established himsel
in the United States, took leading parts. Lately, the active
principle of the thyroid gland, thyroxin, has been isolated by Ken
dall of the Mayo Clinic in Rochester, Minn., and Harington has
also succeeded in synthesizing it. And we may mention that insulin
(“iletin”) an active principle of the pancreas, which has beer
shown by the Canadian, Banting, to play such an important réle i
diabetes, has lately been obtained in a crystalline form by Abel

" Cocaine, novocaine, butyn, benzyl alcohol, benzyl benzoat
and ethylene as anesthetics; hexyl resorcinol, dibromin as anti
‘septics; mercurochrome-220 as a germicide; the essential con
stituents of chaulmoogra oil in the treatment of leprosy; caffeine
and related substances as diuretics; barbital (veronal), ‘allona
and luminal as hypnotics; thymol and carbon tetrachloride as ¢
cure for hookworm; the relation of ergosterol and vitamin D anc
the relation’ of vitamin E to the problem of reproduction; the
isolation and the ultimate synthesis of glutathione, a cell constitu-
ent Telated to body oxidation; and the extraction of the active
principle of the parathyroid gland are only a few illustrations of
the comparatively recent developments in the application of
organic chemistry to medicine.

At so rapid a rate is progress in this field, that, in the last fevs
years, several noteworthy discoveries have been. made. Foi
example, sucrose has been made in the chemist’s laboratory
(p. 179); a new form of synthetic rubber has been announcec
(p. 40); hematin, the important component of hemoglobin, has
been synthesized; carotin, a hydrocarbon, is apparently the fore-
runner of vitamin A; a liver ertract cures pernicious ane_rﬁi‘a
and active extracts of hormones from the reproductive glands
from the adrenals and from the pituitary have been obtained.

Sources of Organic Substances. —A. Organic compounds
may be traced either to the plant or animal kingdom. Out of
carbon dioxide, water, and various constituents from the soil, ir
the presence of light, the plant builds a veritable galaxy of sub-
stances: sugars, starches, cellulose, alkaloids (morphine in opium—
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nicotine in tobacco), acids (citric and tartaric), salts (“‘ tartar ”
in grapes), esters (flavoring substances of fruits), essential oils
(peppermint, lemon), camphor,-vegetable oils (linseed, cotton-
seed, olive), herbs (from which drugs are made and which were so
largely used in days gone by), gum arabic, flavoring substances
(vanilla), dyes (indigo, logwood, fustic), perfumes, tannin (from
nutgalls), etec.

B. Plants and animals furnish us with fats, proteins, carbohy-
drates, enzymes and vitamins, and we often go to the animal
kingdom for a number of products, such as urea, uric acid, gelatin,
toxins and antitoxins.

C. Destructive Distillation of Coal.—When soft coal is strongly
heated in a retort, this complex substance breaks down into a
number of (chemically) simpler substances. The conversion of a
complex substance into a number of simpler substances by the aid
of heat (in the absence of air) is known as * destructive distilla-
tion.” The destructive distillation of coal yields coal gas (illumi-
nating gas), ammonia, coke and coal tar. Coal tar, at one time
discarded as a useless by-product, is now the starting-point for any
number of organic products (some 225 compounds have been so far
isolated). Out of coal tar we get benzene, toluene, naphthalene,
anthracene, carbolic acid, the cresols, etc.; and these substances
(the source of many aromatic compounds, see p. 211), in turn,
yield thousands of other organic compounds, many of them of
great value as dyes, perfumes, drugs, ete. (see chart, p. 211).
Perkin, an Englishman, was the first (in 1856) to prepare a coal-
tar dye, but the development of the dye industry is due largely
to the Germans, who, prior to the late war, were responsible for
much research work in this field. Post-war developments in
this country and in England have already reached such a stage as
to ensure the establishment of permanent dye and other related
industries.

D. Destructive Distillation of Wood.—The important products
obtained from wood are acetic acid, methanol (wood alecohol),
acetone, (indirectly), wood tar, combustible gases and charcoal.

E. Destructive Distillation of Bones.—This yields animal char-
coal (bone black) and bone oil, out of the latter of which a number
of nitrogenous compounds, characterized by their disagreeable
odor, are obtained (pyridine and quinoline are examples).

F. Fractional Dustillation of Petroleum.—A mixture of two or
more liquids having different boiling-points may usually be sepa-
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rated from one another by a process of distillation, the liquid
with the lower boiling-point distilling over first. A process which
separates two or more liquids by making use of their different
boiling-points is called ‘ fractional distillation.” The fractional
distillation of petroleum yields a number of important commereial
products, such as naphtha, gasoline, kerosene, gas oil, lubricating
oil, eylinder oil, vaseline, ete.

G. Natural Gas—Within the past few years there have been
important new developments due to the production of com-
pounds of practical importance from natural gas. Many- of
these new compounds have been synthesized from ethylene as the
starting material. (See chart facing p. 142.)

H. Fermentation.—It was for a long time supposed that in the
conversion of sugar into alecohol by means of yeast, the living cells
of the latter were primarily responsible for the change. We now
know that what brings about this change is not the cells them-
selves, but substances produced by the cells, known as ““ enzymes.”
Changes analogous’ to the conversion of sugar into alcohol are
known as ¢ fermentation.” The sweet apple juice turns to cider
(due to the formation of aleohol), and finally to cider vinegar
(due to the oxidation of the alcohol into acetic acid). Milk on
standing, or when “inoculated” with bacteria, becomes sour,
due to the conversion of lactose (milk sugar) into lactic acid.

I. Putrefaction.—Putrefaction may be defined as the decom-
position of animal or vegetable substances brought about largely
by micro-organisms, resulting in diverse products, some of which
have a foul odor. Among the products of putrefaction are amines,
fatty acids, ammonia and its compounds, H2S, methane, ete.

Purification of Organic Compounds.—Most of the organic
compounds when first prepared are impure. Before the physical
constants and chemical analyses (qualitative and .quantitative) of
a compound can be determined, it must be obtained in a pure state.
For details of the methods used in the preparation of chemically
pure substances, we must refer the student to appropriate labora-
tory texts (see p. 386), and only the barest outhne will be given
here.

The substance as first prepared is generally in an impure state.
It may be purified by one or more of several processes, such as
crystallization, distillation, sublimation, extraction, dialysis, pre-
cipitation, decolorization (for details refer to laboratory manuals
quoted). Almost all pure organic compounds have a definite
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Inelting-point (m.p.), or boiling-point (b.p.), or both. The
melting- or boiling-point of the compound is, therefore, determined
after the preliminary process of purification. A definite m.p. or
b.p. is an important eriterion of purity; in addition, the specific
gravity, solubility, crystalline structure, refractive index, optical
activity, etc., are also made use of. (The principles involved, as
well as the details of manipulation, will become familiar to the
student as a result of his laboratory work.) Having obtained the
pure product, the next step is an analysis of the compound.

Elements Fresent in Organic Compounds.—Numerous as the
compounds of carbon are, most of them contain but two to five
different, elements in the molecule. There are hundreds of com-
pounds which contain merely the elements carbon and hydrogen.
These are known as hydrocarbons. Methane (CH,4), benzene
(CeHs), naphthalene (CioHg) and anthracene (C;sHio), are
examples. Many contain the element oxygen in addition to car-
bon and hydrogen; as for example, the sugars, fats, starches,
alcohols, ethers, acetic acid and glycerol. Many are composed
of carbon, hydrogen and nitrogen, as hydrocyanic acid and aniline.
Examples of compounds containing carbon, hydrogen, oxygen
and nitrogen are some of the alkaloids, proteins, indigo and urea;
and those containing carbon, hydrogen and a halogen are chloro-
form and iodoform.

Often, in addition to the elements already mentioned, we find
sulfur and phosphorus. Many of the proteins contain appre-
ciable quantities of the former element, and the phosphatides,
such as lecithin and cephalin, which are important cellular con-
stituents, contain phosphorus. (Hopkins has isolated a substance
from cells, to which he has given the name “ glutathione,” which
contains sulfur and which is regarded as a substance that plays a
very important role in all cellular oxidations. Quite recently he
has synthesized this substance.)

Elements in addition to those already mentioned are often met
with. Following the pioneer work of Ehrlich on salvarsan, very
many organic compounds of arsenie, antimony, bismuth and
mercury have been prepared. Quite recently an organic com-
pound of lead, lead tetraethyl, has been used to prevent *‘ knock-
ing ” in automobiles (p. 199). Many salts of organic acids, such
as those of sodium, potassium, ealcium, ete., are found in nature or
may be prepared in the laboratory.
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Analysis of Organic Compounds.—(Detailed directions are
given in laboratory manuals.)! Before a quantitative analysis of
a compound is made, 2 qualitative analysis, involving the detection
of the elements present, is undertaken. In the course of the
qualitative analysis, carbon in most organic compounds may be
detected by heating the compound with copper oxide, the carbon
thereby being oxidized to carbon dioxide, the presence of which
may be shown with lime water. The same process oxidizes any
hydrogen present to water, which is usually séen to collect in the
upper (cooler) part of the tube. Nitrogen may be detected either
by heating the substance with soda lime (NaOH--CaO), thereby
converting the nitrogen into ammonia, or by fusion with sodium,
whereby sodium cyanide is formed (Na+-C of organic compound
~+N), which is then converted into ferrocyanide by heating with a
ferrous salt, and ultimately to *“ prussian blue "’ by the addition of
a ferric salt. Halogens may be recognized by heating the com-
pound with copper oxide in a non-luminous flame, whereby a green
coloration is obtained, due to the volatilization of the copper halide,
or by making use of the sodium fusion test, whereby the halogen is
converted into the corresponding sodium salt, which may then be
tested with silver nitrate. (Remember that the halogen in organic
combinations is mainly in a non-ionizable form, and therefore does
not react with a solution of silver nitrate prior to its decomposition.)

If sulfur is present it may be recognized by fusion with sodium,
whereby sodium sulfide is formed; and a solution of this compound
when placed on a silver coin forms silver sulfide (brownish-black).

Phosphorus and any of the other eléments (such as the metals)
are detected just as in inorganic analysis. The test for phos-
phorus requires a preliminary fusion with an oxidizing mixture
(such as potassium nitrate and sodium carbonate).

We have no satisfactory test for oxygen.

Many of the qualitative tests serve as the basis for the quan-
titative determinations. The carbon dioxide and water formed
by the oxidation of a compound containing carbon and hydrogen

1 Benedict, Elementary Organic Analysis; Cohen, Laboratory Manual of
Organic Chemistry; Fisher, Laboratory Manual of Organic Chemistry;
Gattermann, Practical Methods of Organic Chemistry; Kingscott and
Knight, Methods of Quantitative Organic Analysis; Mulliken, Identification
of Pure Organic Compounds; Price and Twiss, A Coursé of Practical Organic
Chemistry; Pregl, Quantitative Organic Microanalysis; Sudborough and
James, Practical Organic Chemistry.
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are collected and weighed, and from the amounts of the products
formed, the percentages of carbon and hydrogen in the original
compound are calculated. The nitrogen in a compound may either
be determined by the “ Kjeldahl ” method, whereby the element
is converted into ammonia, or by the “ Dumas "’ absolute method,
whereby nitrogen gas is set free and its volume measured.

In the determination of the halogens, the compound is either
oxidized with fuming nitrie acid in presence of silver nitrate, the
resulting silver halide weighed and the halogen calculated; or the
compound is heated with pure calcium oxide, and the halogen in
the resulting calcium halide determined either by precipitation or
titration with silver nitrate.

Sulfur in an organic compound is determined by heating with
fuming nitric acid, thereby converting it to sulfuric acid. This is
then precipitated as barium sulfate with barium chloride. The per-
centage of sulfur is.caleulated from the weight of barium sulfate.

For estimating phosphorus and other elements, the methods
outlined in inorganic quantitative analysis are followed.

Neither in its detection nor in its determination is there a good
method available for oxygen when present in an organic com-
pound. The general procedure is to determine the percentage of
all the other elements present in the compound, subtract the total
from 100, and “ call ”” the difference the per cent of oxygen.

The principles underlying the analytical methods are quite
simple, but the details for the quantitative determination of C,
H, N and the other elements, are rather complex.

Experimental details have been worked out to determine
percentages of elements even when as small a quantity as .002-.003
gram of a compound is available.!

The analysis just discussed is what is known as “ ultimate ”’ or
“ elementary ”’ analysis. It refers to the precentage of the ele-
ments present in the compound. There is still another type of
analysis, known as “ proximate,” with which the clinical, phar-
maceutical or food chemist has much to do. This “ proximate ”
organie analysis deals with the determination of ingredients present
in a mixture, such as the fat or protein in milk, or the various
nitrogenous constituents and sugar in urine, or the percentage
of aleohol in wine, ete.

The quantitative analysis enables us to arrive at what is known

! Pregl, Quantitative Organic Microanalysis,
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as the ‘ empirical ” or * simplest ”’ formula; but this may not
necessarily prove to be the “true” or ‘molecular” formula.
For example, a quantitative analysis of acetylene and benzene
would yield the same “ empirical ” formulas for both, namely,
CH; yet acetylene is written CoHz and benzene C¢Hs. In order
“to arrive at the actual or ‘‘ molecular ” formula, whether CoHo
or CgHg, we must further proceed to a molecular weight deter-
mination, based on vapor density, or boiling-point, or freezing-
point, etc. Here again the reader is referred to laboratory man-
uals or to books on physical chemistry for further details.t
*Valence and Structure in Inorganic Chemistry.—Our studies in
inorganic chemistry have led us to define valence as the number
of atoms of hydrogen with which one atom of an element combines
or replaces. To show such relationships graphically in any com-
pound, we indicate valencies by lines or ““ bonds,” each line repre-
senting one valency. Thus:

H—C, H—0—H N H &% o/ X
N I\Cl
\Cl Cl

where not only are hydrogen, oxygen, nitrogen, carbon and phos-
phorus shown to be mono-, di-, tri-, tetra- and pentavalent elements,
respectively, but these valencies are indicated by bonds, each
bond representing one valency.

In organic chemistry, the use of graphic formulas is very
extensive indeed, for only by some such method can the dis-
tinguishing features of a compound be brought out at a
glance.

The difficulties that confront us may be seen from the following
example, which has already been touched upon once before. HNOs
is the formula for nitric acid and for this compound alone, but
CoHgO stands for grain alcohol or methyl ether, and CsHio may
represent two different compounds. Although the molecular
formulas are the same, the physical and chemical properties are
more or less different. We say that in these cases the different
compounds are due to differences in the internal structure of the

1 Findlay, Practical Physical Chemistry; Getman, Laboratory Exercises
in Physical Chemistry; Gray, Manual of Practical Physical Chemistry.
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molecule, and our graphic formulas, which we shall use so much,
attempt to give us a picture of such differences. Of course, these
graphic formulas do not, and cannot represent the .actual dif-
ferences of any two compounds, or for that matter the actual
structure of any one compound. Matter, to begin with, has
three, not two, dimensions in space, and no structure drawn on
paper can truly represent actual conditions. Nevertheless, these
two-dimensional formulas have proved of inestimable value in
clearing up many difficulties, as the student will appreciate when he
proceeds to the various chapters.

The Fundamental Bases underlying the Structural Theory of
Organic Chemistry:

1. The valence of carbon, almost without exception, is four,!
and is represented as

_(Ij__

where any one bond bears exactly the same relationship to the
carbon atom as any other bond. These valencies may be repre-
sented as directed toward the corners-of a regular tetrahedron,
constructed around the carbon atom as a center, and are, therefore,
equidistant from each other in space.

2. Carbon atoms may be united either by single, double or
triple bonds:

—(:J—(:J— C—C —C=C—

144 b

3. Carbon atoms may form a “ straight ”’ or ‘“‘ open’ chain;
for example,
T
l |
v
HHHHH

1 There are several striking exceptions, however, such as CO (p. 163),
C=NOH (p. 164), R—N=C (p. 162), and (C.H;);C (p. 218).

2 It is suggested that at this point the instructor illustrate by means of
models the probable spatial arrangement (in the form of a regular tetra-
hedron) of the methane molecule. )



FUNDAMENTAL BASES UNDERLYING STRUCTURAL THEORY 13

4. Carbon atoms may form a “ closed ”’ chain; for example,

i
/N
H—C C—H

[
H—C C-H

&/

|
H

5. Other elements besides carbon may enter a carbon chain, or a

ring: e.g.,
' H

5N HHHH
B¢ O-H . T
I | or H—C—C—-N—C—H
H-C C-H | |
\N/ H H H

6. Elements may substitute one another in compounds; that is,
one element in a compound may be removed, and another may take
its place; for example,

H H H i1
H—(|3—~H H~—(|J—~H H—(|3—~Cl Cl—(ll——C]
1‘{ & a &

) Cl H
Cl—(li—_Cl ]Z——CIJ——I H—C=N
b i

§=C=8 0=C=0 H-—(ﬁ—H
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It must not be supposed that when we write methane,
H

H—C—H, we have any intention of fixing the atoms in space.

H

In any case—and this has already been referred to—two-dimen-
sional configurations cannot truly represent the structure of any
form of matter. But we do wish to emphasize that in the formula
for methane the four hydrogen atoms are to be regarded as of equal
value, so that when a hydrogen atom is replaced by a chlorine
atom, it does not matter whether we write

T i i |
|
H—C—H or Cl—(|3—H or H—(ll——H or H—(I}—Cl
H Cl

for they all represent one and the same compound, namely, mono-
chloromethane; nor, if two hydrogen atoms are replaced by two
chlorine atoms, does it matter whether we write

(lJl ?1
CI—?—H or H——(IJ—H
H Cl

/

for both represent the same compound, dichloromethane.

The Electron Conception of Valence.—Based on modern work
on the structure of the atom, many chemists have been busy
recently developing ideas of valency in accord with the electronic
conceptions of matter. As early as 1907 J. J. Thomson stated that
for each valency bond established between two atoms, the trans-
ference of one—negatively charged—corpuscle (electron) from
one atom to the other has taken place, the atom receiving the cor-
puscle (electron) acquiring a unit negative charge, while the atom
losing the electron acquires a unit positive charge. Thus, a neu-
tral H atom and a neutral Cl atom would become positively and
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negatively charged, respectively, should the H atom lose an elec-
tron to the Cl atom:

H-& — Ht
Cl +6 - CI-
H++Cl- — HCl

An atom is eapable of losing or gaining as many electrons as it
has valencies and may function either as a positively or negatively
charged atom. (Most elements have a greater tendency to
behave one way than another.) If the Cl atom loses an elec-

tron, it becomes positively charged; e.g., hypochlorous acid,
+ - + ,
Cl O H; butif it gains an electron, it becomes negatively charged;

4+ -
e.g., H Cl:

A divalent atom may function in three ways: through the gain
of two electrons; through the loss of two electrons; and through
the simultaneous loss of one electron and gain of another; e.g.,

++ +=

0 0 0

With a trivalent element there are four possibilities:

+++

N- N3 Ni N

An atom, then, whose valence is n» may function electronically
in n+1 different ways.

If this conception be applied to ecarbon, we might expect the
carbon atom, with its tetravalency, to function in five different
ways:

———- -t -—++ —t++ ++++

el - C C C

A2

Applying the electronic conception of valence to a few simple
carbon compounds—te  methane, methanol (wood alcohol), for-
maldehyde, formic acid and carbon dioxide—we get the fol-
fowing:
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o+ H+ Ht
+ —l— + —I+ -~ + —l+ -
h—G i A—C 01 c=0
I!I“L I—|I+ 1—11+
CH, CH,0 CH;0
H+
& tod
i O
.
CH.0» COs

(Consult the references at the end of the chapter—Falk and
Nelson, Noyes and Langmuir.)

Classification of Organic Compounds.—There are two main
divisions, the ‘¢ aliphatic ”” and the ‘¢ aromatic.”

The aliphatic compounds are related to methane, CHs4, and
are ““ open chain.” They get their name from the fact that animal
and vegetable fats belong to this series.

The aromatic (“ring” or “ cyclic ’) compounds are related
to benzene, CsHg, and many are characterized by fragrant odors;-
hence the name.

The line of demarcation of aliphatic and aromatic compounds
is not a sharp one, for not all aliphatic compounds can be directly
traced to fatty substances, nor do all aromatic compounds have
odors. On the other hand, many aliphatic compounds possess
very characteristic odors. Nevertheless, there are, as a rule, some
general differences which help to differentiate the two great divi-
sions, perhaps the most important being differences in a number of
chemical properties (p. 213).
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CHAPTER II

SATURATED HYDROCARBONS OR PARAFFINS AND
PETROLEUM

As its name implies, a hydrocarbon is a compound containing
hydrogen and carbon.

Methane, CHy, is the simplest compound of the hydroecarbon
group.

Occurrence.—The decomposition of vegetable and animal
matter gives rise to this gas. One of the gases arising from marshes
is methane, hence its name “marsh gas.” It is also one of the gases
produced in intestinal putrefaction. It forms a large percentage
of the constituents found in natural gas (80 per cent and above)
and coal gas (3040 per cent). Fires and explosions in coal mines
are mainly due to the ignition of mixtures of methane and air;
hence methane is also known as “ fire-damp.”

“ Preparation.—Methane may be syntheswed from its elements
by passing hydrogen over carbon in presence of nickel (catalyst)
at 475°. ~

C+2H; 5 CH,

It may also be obtained by the action of water on certain carbides,
such as aluminum carbide:

AlLCs+12H;0 — 3CH,+4AI(OH)s

This reaction is of interest since it led Moisshn, the French chem-
ist, to speculate on the origin of natural gas. He held this to be
due to the action of water on various metallic carbides. (It must
be remembered that methane is not always the product formed
when water acts on a carbide. The student will recall that water
acts on calecium carbide, for example, to give acetylene.)

The laboratory method depends .upon heéating a mixture of
fused sodium acetate and soda lime (NaOH+Ca0):

CH3-[EOONa+Na(ﬂ H — CH.:+NayCO3
18
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LA LG SUULULE ausi8UE 1S The SOULUIL salt of acetic acid, CH3 COOH.
The latter, in turn, may I}e regarded as methane, CHy, havmg one
of its hydrogens replaced by the COOH group, known as the
“ carboxyl ” group. See p. 85.) RESR
Properties.—It is a “colorless gas with . a shght odor, and burns
with an almost non-luminous flame:

_CH4+20§ - COz+2H20

Methane has high fuel value. If mixed with air and ignited, it
explodes; this explains many explosions in coal mines (¥ fire-
damp ).

_ The chemical properties of methane apply to the entire group

of saturated hydrocarbons (p. 26) of which methane is the first
member. Methane is an inactive anid stable compound. (Methane
and other hydrocarbons of this series are known as paraffins, which
means “little affinity.”) The common reagents, such as hydro-
chloric, nitrie, sulfuric and chromic acids, and sodium and potas-
sium hydroxides, do not react with it. On the other hand, the
halogens such as chlorine and bromine, react rather vigorously
Wlth methane, particularly in the presence of sunlight:

H H
| .
H~(|3~ H +,Cl|Cl — H—cl>—01+ﬁm
& b
(CH3CI)
H ajc Cl
l
H—C—-[H _ Cl - H—C—Cl+2HC]
|
b b
(CH5Cl)
H cll a Cl
: + o
Cl|C+H|—C—[H I Cl — Cl—C—Cl+3HCl
| l
H : H

CHCla)
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H + CliCl Cl
I
Cl|Cl+H|—C— |H + CljCl - Cl—C—-Cl+4HC]
|
H 4+ Cl|C Cl
(CCly)

You will notice, in these examples, that the chlorine replaces
the hydrogen in the molecule. Whenever an element or a group
of elements replaces another element or group of elements in a
compound, the process is known as * substitution.” Such reac-
tions are characteristic of saturated hydrocarbons. CHz(l,
CH:Clz, CHCIls and CCly are chlorine substitution products of
methane.

CH;3Cl =methy! chloride or monochloromethane;
(CHs =methyl group) (monovalent).

CH2Clz =methylene chloride or dichloromethane;
(CHz=methylene group) (divalent);

CHCI; =trichloromethane or chloroform.

CCly=tetrachloromethane or carbon tetrachloride.

(Many of these names need not be memorized. If the student
will but remember that these compounds are substitution products
of methane, he will have little difficulty in naming them. In
CH3Cl, for example, the compound may logically be regarded as
methane in which one of the hydrogen atoms has been replaced by
chlorine; hence the name “ monochloromethane.” But it must
also be remembered that the CHs group is known as a “ methyl ”
group; hence also the name “ methyl chloride.”)

Ethane, CoHg. This is the second member of the paraffin
series, and in its general physieal and chemical properties shows
resemblances to methane. It is found in natural gas and petro-
leum and is separated by fractional distillation from other hydro-
carbons. Its formula is represented by

Ll
H—C—-C—H

|
H H
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and it differs from methane by CHs. It may be regarded as
methane in which one of the hydrogens is replaced by a CHjs
grdup; that is, Cl13- CHs, methyl methane, or dimethyl.

Further light on the structure of ethane is shed By the way in
which it can be synthesized. Methyl iodide reacts with sodium
in the following way (Wurtz synthesis):

i I
H—([)— 1+ 2Na + I —CI—H - H~CI—LI*-H + 2Nal

In other words, the formation of ethane is here shown to be a
coupling of two methyl groups.

Isomerism.—Experience has shown that only one mono-sub-
stitution product of ethane can be obtained, but it is possible to
obtain two di-substitution products, both having the same molecu-
lar formula, C2H4Cly, but differing from one another in physical
and chemical properties. Here we clearly have a case of isomer-
ism, and the graphic formulas bear this out:

ma T
H——(|J-(|J——Cl : H—?—(IJ—CI
B Cl Cl H
1) 2

for in (1) we see two chlorine atoms attached to the same carbon
atom, and in (2) the two chlorine atoms are attached to two dif-
ferent carbon atoms. Whenever we have two or more com-
pounds having the same molecular formula, but dlffermg, in phy31-
cal and chemical properties, we have an example of isomerism, and
the. individual compounds are known_as.isomers. (Let us illus-
trate this question of isomerism with an analogy. Suppose we
take the figures 4, 7, 5. It obviously makes very much of a dif-
ference as to whether we write 475 or 754 or 547 or 745 or 574 or
457. Yet all we have done is to rearrange the figures; and by
merely rearranging the numerals we have obtained totally different
sums. So it may be with two compounds such as are illustrated
above: they may have the same empirical formulas, yet be quite
different substances because of the different arrangement of the
atoms within the molecule.)
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Experience has also shown that there are but two tri-, two
tetra-, one penta-, and one hexa- substitution products of ethane;
and ,the student can confirm this by studying the graphic for-
mulas;.

H Cl Cl C Cl Cl
Bo-ba  moba mbda
& "W i &
cl a cl Cl Ci
CI—(lJ—C‘J—Cl,_ . a-b—ba b
O S O & &

In naming substitution products of ethane, the system adopted
for methane is used:

CHq CHj;
Methane Methyl radical

C2Hs C2Hs

Ethane Ethyl radical

C2Hsl, for example, is ethyl iodide, or iodoethane, and CoHs0H is
ethyl hydroxide, or hydroxyethane.

(The name for the radical corresponding to the hydrocarbon is
obtained by changing the suffix-ane into -yl.)

Propane, CsHs—We have seen that ethane, CoHs, may be
regarded as methane, CHy, to which CHz has been added. Sim-
ilarly, propane, CsHs, may be regarded as ethane, CoHs, to which
CH: has been added; or as C2Hg in which one of the hydrogens
has been replaced by.a CHj group. Its structure becomes evident
by examining its synthetic method of preparation. Ethyl iodide
and methyl iodide react in the presence of sodium to form propane.
The principle was made use of in the synthesis of ethane, and may
be made use of in the synthesis of other hydrocarbons.

H H H HHH

| | Ll
H—(I}— I+2Na+1 —C—(IJ—H — H— (ll—O—H + 2Nal

]

H H H HHH

In this reaction ethane and butane, CgHy, are also produced.
(Why?)
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(Why may propane be called ethylmethane, or dimethyl-
methane, or methylethane, or methyl ethyl?)

(If CsHg is propane, what would its radical, C3Hz, be called?)

We pointed out that in ethane we have but one mono-sub-
stitution product and two di-substitution products, and we saw
how the graphic formulas helped to explain these facts. When
we come to propane, we find that two mono-substitution products
are possible, one differing from the other in physical and chemical
properties. Here again the graphic formulas are helpful in ex-
plaining experimental facts: '

i o
e
HH I H I H
(0)) 2)

for it will be seen that in (1) the iodine atom is attached to a carbon
atom, which in turn is attached to two hydrogen and one carbon
atoms, whereas in (2) the iodine atom is attached to a carbon atom
which in turn is attached to two carbon and one hydrogen atoms.
Butanes, C4Hi0o.—Two butanes with this formula are known.
In the preceding paragraph we pointed out that there are two
isomeric propyl iodides which, for convenience, we shall now
write according to the ‘structural” or * constitutional ” for-
mulas. -
' CH3-CHz-CH2I and CH;-CHI-CHj!
(1) 2

Now, it may be asked, what will happen if first (i) and then (2)
are treated with methyl iodide in the presence of sodium? Are

i Periods are often used in place of bonds when writing structural
or constitutional formulas, so that CH;-CH;-CH;I really means
CH;—CH—CH,], which in turn indicates ’

HHBEHB

As the student proceeds with his studies in organic chemistry, he will find it
unnecessary to indicate either dots or dashes for at least some of the simpler
types of compounds.
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we going to get two identical compounds? This is hardly likely,
since (1) and (2) are different. In reality, the two compounds
obtained are different,—different in properties, but alike in having
the same molecular formula, C4Hio.

CH3-CH2-CH2|I+2Na—|—I CH3; — CHj3-CH, CH,-CH3+2Nal

&)
CH;-CH| I |-CH3 — CH3-CH-CH; + 2Nal
-+ 2N CHs
+| I |CH;3 4)

(3) and (4) are isomeric, (3) being known as normal (“ straight-
chain ”’) or n- butane, and (4) as ¢so- (““ branched-chain ') butane.

(Why may normal butane be given any one of the following
names: methylpropane, ethylethane, diethyl, propylmethane and
symmetrical dimethylethane? Why may isobutane also be called
trimethylmethane and unsymmetrical dimethylethane?)

(If two of the hydrogens in ethane which are attached to two
different carbon atoms are replaced by methyl groups, we get
butane or symmetrical dimethylethane:

T e
|

H—(!)—(IS—H - H-(lj——(I)—H
H H H H

If, however, the two hydrogen atoms replaced by two methyl
oups are on the same carbon atom, then we get isobutane, or
isymmetrical dimethylethane.)

Propane and the butanes are used for refrigerating purposes.

Tentanes, CsH:2.—Three pentanes are known:

CH3-CH:-CH2-CHz-CHs n-pentane

CH;—CH—CH,-CHs isopentane

CH;
CHj;

|
H;C—C—CHj; tetramethylmethane

or
CH3 nannantana

Y o R
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Nomenclature of Saturated Hydrocarbons.—Select the longest
~ chain of carbon atoms in the molecule and number ‘the carbon
atoms. Consider the side chains as substituents. For example,

1 2 3 4 5 6
CH;—CH—CH>—CH—CH;-CHj

| ]
CH; . CoHs

2-methyl-4-ethyl hexane.

The table on page 26 includes a few normal hydrocarbons and
the corresponding monovalent radicals.

From the table we conclude the following:

1. Every hydrocarbon in this series is saturated (single bonds).

2. The name of each hydrocarbon ends in ane.

3. The hydrocarbons from CHs to C,Hyp are gases, from
Cs to Cis, liquids at ordinary temperatures, and from Cis,
solids.

4. The melting- and boiling-points i increase with the increase in
molecular weight.

5. The difference between any two consecutlve members in this
series is CHa.

(Whenever we have a series of compounds where the difference
between any two consecutive members is CHz, we get what is
known "as a homologous series. The word ‘ homologue 7’ sig-
nifies  a member of the series.” Homologous series are frequently
met with in organic chemistry, and we shall refer to them repeat-
edly. The great value in the study of these homologous series
lies in the fact that members of such a series are really members of
the same family, and, therefore, show strong family resemblances;
or, to speak in terms of chemistry, strong chemical resemblances.
This does not mean that the members of an homologous series are
exactly alike chemically; but it does mean that they have certain
common characteristics which distinguish them from other
classes of compounds.)

6. Their type formula may be represented algebraically by
CoHon, 2.

7. The names of the radicals end in ““ yl,” the suffix “ ane ”’ of
the hydrocarbon being changed to ““ yl ”’ (methane — methyl).

8. The type formula for radicals is CyHan,; (monovalent.)

9. The paraffins are knaown as “ alkanes? - henne the groun is



26

SATURATED HYDROCARBONS OR PARAFFINS

PARAFFIN SERIES *

Boiling- | Melting- | Name of Mono- Formula
Forriula Name Point Point valent Radical Of_
Radical
CH, Methane —164 —184 Methyl CH,
C.Hg Ethane — 89.3 [ —172 Ethyl C.H;
C;H, Propane - 441 A Propyl C:H;
CH,o | Butane - 0.1 ] —-135 Butyl CH,
C;Hy: | Pentane 4+ 36.3 | —130 Amyl or Pentyl | C;H,
CeHis | Hexane + 68.9 | — 94 Hexyl CsHis
C/His | Heptane 4+ 98.2 1 — 97 Heptyl C;His
CsHis | Octane +125.8 | — 56 Octyl CsH;
CsHy | Nonane +149.5 | — 51 Nonyl CoH,y
CioHz | Decane 4173 — 32 Decyl CioHy
CuHa | Undecane - 4194.5 | — 26.5 | Undecyl CuHa;
Ci:Hss | Dodecane 4+214.5 | — 12 Dodecyl CoHas
Ci:Hzs | Tridecane +234 — 6.2 | Tridecyl CHy
CiHy | Tetradecane 4+252.5 | + 5.5 | Tetradecyl CiHzo
CisHs: | Pentadecane +270.5 | + 10 Pentadecyl CisHa
CicHis | Hexadecane +287.5 | + 19 Hexadecyl Cy6Ha
Ci;Hss | Heptadecane +303 4+ 22.5 | Heptadecyl CirHs
CeoHiz: | Hexacontane +101 Hexacontyl CeoHint
CnHm+2 Alkane Alkyl CnHZn-H

* A fairly complete table is given at this point to illustrate to what extent a series has

been investigated.

the first few members of a series will be included.

In the other portions of the book where tables will be given, only
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spoken of as an “

by the letter “ R.”
Lower members have anesthetic properties while the higher
ones beginning with Ci2Hag have no ph¥s12h;gyl effects.

General Methods of rewaotg

R rCOONa + NaOjH — RH + Na;CUs
CHyCOONa + NaOH — CH, + NagCOs
R[X + 2Na + X|R — R—R+2NaX (Wurtz>

alkyl group.” The alkyl group is represented

syn-
;Q21{5I + 2Na + IC:Hs — C,Hjo + 2Nal chsis
R|X + H|H — RH + HX

C.HsBr + H; - — CoHg + HBr

(X refers to halogens.)

General Properties.—The paraffing are insoluble in, and
lighter than water, and soluble in alcohol, ether, chloroform, ben-
zene, ete. As a rule, their odor is rather pleasant. They are
flammable.

General Chemical Properties.—All the paraffins are very stable
and inactive. At ordinary temperature they are not acted upon
by nitrie, sulfurie, hydrochloric or chromic acids, or sodium
hydroxide. Chiorine reacts in sunlight to form substitution
products. Bromine reacts less readily. Iodine does not react at
all. (The student will be puzzled at this point to explain how the
various iodide compounds used in the Wuriz synthesis for par-
affins are prepared. We must refer him to the chapters on unsat-
urated hydrocarbons—p. 34—and alcohols—p. 57-—for an answer.)

Petroleum or Crude Oil.—The history of the development of
the petroleum industry in the United States is instructive. The
Indians in Western Pennsylvania first discovered oil floating on
surface waters. By them it was used as a remedy for all physical
ills. In the middle of the last century, it occurred to a Colonel
Drake that, since oil came to the surface of springs, it was probably
present in much larger quantities beneath the earth’s surface. He
thereupon proceeded to drill a well near Oil Creek, Pa. and,
before he had dug 100 feet, oil came to the surface in such quan-
tities that all of it could not be collected.
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The industrial importance of petroleum is recognized the
world over. Coal alone takes precedence over it as a fuel. It is
largely, though not entirely, made up of hydrocarbons, but not all
the hydrocarbons belong to the paraffin series—the series we have
studied in the present chapter. Some of them belong to a type
of hydrocarbons with which we shall become acquainted in the
next chapter.

Petroleum is found in many parts of the world, but more par-
ticularly in the United States (Pennsylvania, California and
Texas), Mexico, Russia (the Baku region), Roumania and Persia.
The natural product is usually dark in color, with a characteristic
sdor, ahd with a specific gravity that is usually, but not always,

ss than water. It may be regarded as a mixture of substances,
mostly hydrocarbons.

The various products derived from petroleum are obtained
oy means of fractional distillation, the first fraction consisting of
sroducts which pass into the distillate below 200°, the second,
those that pass over between 200°-275° and the third, those
which pass over above 275°. Each fraction is again redistilled
and divided into more fractions, ultimately yielding substances of
sommercial value. In many refineries the division into fractions
is based on specific gravity.

The light oils (up to 200°) include petroleum ether, benzine,
zasoline and ligroin; the illuminating oils (from 200°-275°)
nclude kerosene; and the lubricating oils (275° and up) include
spindie, machlne and cylinder oils, etc. In addition, many
products of commercial value are obtained, such as vaseline,
paraffin, etc.; and the tar residue in the still is used in road-making,
artificial asphalt, roofing, ete. If the temperature is high enough,
petroleum coke in the place of tar is formed. Due to its high
purity, this coke finds extensive use in the manufacture of elec-
trodes.

Commercially, the most important product obtained from
petroleum is gasoline, a mixture of hydrocarbons of relatively low
molecular weight, such as pentane, hexane, heptane, etc. The
process of purlﬁcatlon consists of treating the gasoline with sul-
furic acid—incidentally one of the most important uses for this
acid—whereby many objectionable impurities are removed; the
sulfuric acid in turn being removed by washing with water and
subsequently with sodium hydroxide solution.
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By a careful study of the physico-chemical reactions involved
(such as temperature and pressure), American chemists have
developed methods of increasing the yield of gasoline. The
“ eracking ” process, used so extensively to-day, consists in break-
ing up the more complex into the simpler hydrocarbons; for

example, $
CisHss — CioHoe + C/Hyg + C
kerosene gasoline carbon

In this way fuel oil (b.p. 275°-350°) is converted into the
simpler hydrocarbons. At the present time approximately one-
third of the gasoline being produced is derived from cracking
heavy oils. '

Albolene, nujol and petrolatum are petroleum products used
extensively in medicine as intestinal lubricants, and, in pharmacy,
as bases for'ointments, salves, ete.

Recently, Bergius has perfected a process for the  liquefaction
of coal ”’ so that from 50-60 per cent of the latter can be trans-
formed into oil by hydrogenation under high pressure; and
Fischer has synthesized hydrocarbons from earbon monoxide and
hydrogen at atmospheric pressure and at relatively low tempera-
ture.

(Times have changed, indeed. Less than thirty years ago,
kerosene cost more than gasoline; the latter, in fact, was regarded
little more than a nuisance. To-day it would be hard to conceive
of many substances more valuable in commerce than gasoline.
Wherever minute quantities of the fuel can be found, it is care-
fully extracted. KEven the small amount found in natural gas is
extracted and recovered. Gasoline recovered from: the gas that
comes from a producing oil well is known as “casinghead ”
gasoline.)

The chart facing p. 29 outlines the salient features of petro-
leum refining at a typical plant and names the important com-
mercial products obtained.
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CHAPTER 111

UNSATURATED HYDROCARBONS OR OLEFINS AND
ACETYLENES

So far we have been dealing with hydrocarbons that are sat-
urated. When bromine comes in contact with a hydrocarbon of
the methane series, CoHan 2, it can enter the compound by sub-
stitution only, not by addition; that is, by eliminating one or more
hydrogen atoms from the molecule and substituting other atoms,
but not by adding an outside atom without any elimination. In
this chapter we take up two series of unsaturated compounds,
where, as we shall see, atoms can enter the molecule without
others leaving it. One series is known as the olefins, C,Haj,
characterized by

11
]
H H

and the other, the acetylenes, CoHon 2, characterized by
H—C=C—H

(The student must not draw the conclusion that because there is
more than one bond between two atoms, the union between such
atoms is correspondingly stronger. On the contrary, since bonds
represent strains, the greater the number of bonds between any
two carbon atoms, the greater the strain, ay_i@me the greater
the chemical reactivity of the compound; so that ethylene is more”
reactive than ethane and acetylenc more than ethylene.) !

1 The instructor may illustrate these “strains” by the use of Kekuld

models.
231
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OrLerFIN SERIES, CpH2,—ALKENES

CH; (hypothetical) Methylene

C2H4 Ethylene or ethene

CsHe Propylene or propene

CsHg - Butylene or butene
"CsHio Amylene

etec. (Compare with the paraffins, p. 26.)

These compounds constitute an homologous series, just as the
paraffins, for there is the same difference between any two con-
secutive members—CHaz; but it will be noticed that the corre-
sponding olefins have two hydrogen atoms less than the paraffins.
The simplest known member of the olefin series, ethylene, com-
bines with chlorine to form an oil (CsH4Cls); hence the name
olefin (* oil-forming 7).

In naming these compounds, we change the ending ane of the
paraffin containing the same number of carbon atoms into ylene or
ene; e.g., CoHg (ethane)—CoHa (ethylene or ethene).

We shall describe one member of this series, ethylene, in some
dstail, and the general characteristics of the other members can be
gleaned from a study of this one.

Preparation of Ethylene, CoH4.—One method is by the action
of an alcoholic solution of sodium or potassium hydroxide on ethyl
bromide, a method of preparation that gives us an insight into the
structure of the compound:

HH H H
I alcoholic KOH | |

H—C~({3— Br] ———m ((3:([) 4+ KBr + H:0
!

'HH H H

If, instead of using an alcoholie solution of sodium or potassium
hydroxide, we use an aqueous solution; ethyl alcohol, CoHs0H, is
produced (p. 54).

Another is to treat ethyl alcohol with a strong dehydrating
agent, such as P05 or H2S04.
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l

[
H—C—C— [OH| — ?=C + He0
| H

i

(An alcohol contains an OH group; see p. 49.)
Ithylene is now obtained commercially from ethane, whicn
in turn is derived from natural gas (see chart facing p. 142):

heat to 850°
elle —————————> CzH4+H2, etc.
(““ cracking”)
Also, by the action of sodium or zinc on ethylerie bromide

(dibromoethane):
H H

[ ]
H—(’}——(!]—H s C2H4 -+ ZnBrs

Br Br
+7Zn

(C2H4Brs may be regarded as ethylene, CoHy, to which two bro-
mine atoms have been added; or ethane, in which two of the hydro-
zens attached to different carbon atoms are replaced by bromine.)

Properties.—FEthylene is a colorless gas with a sweetish odor.
[t burns with a smoky, luminous flame, and forms explosive
mnixtures with air. It is present in coal gas to the extent of
1-6 per cent, and is partially responsible for its luminosity. It is
produced, therefore, in the destructive distillation of coal.
Recently, Dr. Luckhardt, of the University of Chicago, has shown
that ethylene is a powerful anesthetic and has even some advan-
tages over nitrous oxide. Recently, ethylene has also been
introduced in California for coloring mature citrus fruits (oranges,
lemons, etc.). For industrial developments of ethylene chemistry
see chart facing p. (42.

The characteristic properties of ethylene are dependent upon
the presence of a double bond, and therefore upon its unsaturated
character. It combines with halogen acids, with halogens, with
hydrogen, with sulfuric acid, with hypochlorous acid, with ozone,
ete., and is used as the starting material for the preparation of
many organic compounds.
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S
|
(‘3=_C + HBr — H*’C*(‘)—'BT
‘ .
HH HH
E (BEtnyl bromide or bromoethane)
iy
l .
CHy + Bre — H——(ID—(IJ~H .
Br Br

: (Ethylene bromide or dibromoethane)

C.Hy + H — CyHs
(Ethane)

01
l

CoH, + Ho804 — CoHj5 -HSQ,, ?‘C—H
H.

O\
. (Ethy! uydrogen sulfate)

HH

|, |
C:H, + HOCl — H—C—C—H

(Hypochlorous

acid) (lzl &H

(Ethylene chlorohydrin)

. (Whenever a compound has a halogen atom attached to a carbon
atom, and an OH group to another carbon atom, we speak of it as
a “ halohydrin ”; hence chlorohydrin, as in the above,)

H H

l l
C:Hs + 03 » H—C——C—H

d—0—0
(Ethylene ozonide)

A test sometimes used for the detection of the double bond is
based on the_action of very dilute potassium permanganate; the
violet color of the permanganate disappears, due to its decompo-
sition. The reaction may be represented thus:

CoHs + H20 4+ O or 2(0H) — CH:-OH
(KMnOQs,) CHz-OH

(Ethylene hydroxide
or ethylene gjycol)
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(The student must clearly understand that C2Hs alone rep-
resents the gas ethylene, but CoH, may be present as a divalent
group in a compound; for example, ethylene bromide, 02H4Br2)

HHH

]
Higher homologues. C3Hg, H—C—C=C

l I
H H

(Propylene or propene)

4 3 2 1
CsHz=(a) CH3-CH,-CH=CH; (1-Butene or ethyl ethylene)

-4 3 2 1 .
(b)) CH3-CH=CH-CH3 (2-Butene or sym-dimethyl
: ethylene)
3 21 _
(¢) CH3—C=CH - (2-Methyl-1-propene or un-
: CH, sym-dimethyl ethylene)

{In naming an olefin, a number is employed to indicate the posi-
tion of the doublc bond; this number denotes the unsaturated
carbon atom which lies nearest to the end of the chain.)

Sometimes the Greek letter A is used to denote the double
bond, so that (@), (b) and (¢) may also be written Al-Butene;
A2-Butene; 2-Methyl-A'-propene. (The methods of preparation
and properties are analogous to those given for ethylene.) '

. AcETYLENE SERIES—C,H2, o—ALKINES

C2H. Acetylene or ethine
CsH; Propine or methyl acetylene
CsHe Butine or dimethyl acetylene or ethyl acetylene

These also constitute a homologous series. The members con-
tain two hydrogen atoms less than the correspondlng members of
the olgaﬁns or four hydrogen atoms less than the corresponding
paraﬁ?i’ns "They are named by changing the ane ending of the
paraffins mto tne, so that ethane, CoHs, for example, becomes
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ethine, CoHo. This series is known as the acetylene series, for
acetylene is the most important member.
As before, we shall discuss a typical member in some detail.
Acetylene, CoHp, has the formula H—C=C—H, which shows it
to have a triple bond and therefore indicates that it is even more
unsaturated than ethylene,! a view which is confirmed by a study
of its reactions. Acetylene is an extremely reactive compound.
Its formula may also be written as =C=CHs (p. 40).
Preparation.—One method is probably already familiar to the
student. It is the action of water on calcium carbide:

CaCz + 2H20 — 02H2 + Ca(OH)z
Another is similar to a method used under the olefins:

Er H

L]
H—C—C—H + alcoholic 2KOH
(R —H—C=C—H + 2KBr + ZH,0
H Br !

f

(Ethylene bromide
or dibromoethane)

So'is the following:

Br Br + Zn

|
H—(IJ—(;/—H — CoHy + 2ZnBry
- {Br Br
+ Zn

(Acetylene tetrabromide
or tetrabromoethane)

Acetylene is a colorless gas. When mixed with air in a special
type of burner, it burns with a very brilliant white light and is
used for illuminating purposes. When burned it gives out a large
amount of heat. This is made use of in the oxy-acetylene torch
(for cutting steel, etc.) wherein acetylene, supplied under pressure,
is burned in the presence of oxygen. The gas is apt to explode if
stored under pressure, but can be safely handled if it is first dis-
solved in acetone (as in “ prestolite ”” tanks). Liquid acetylene is
highly unstable and highly explosive.

{ The instructor may illustrate this by the use of the Kekulé models.



PROPERTIES 37

Properties.—Since acetylene is an unsaturated compound, it
will form addition products (like ethylene), but since it is more
unsaturated than ethylene, it can add to itself more atoms than
CoHjy.

H H H H HH
| I +Hs | l +H: { [
e ks
HH H H
L i
||
H-—-C=C-—-H + Br; — (|3=(|3 + Brs -» Br—C—C—DBr
l
Br Br Br ]!’;r
(Acetylene dibromide (Acetylene tetrabromide
or dibromoethylene) or tetrabromoethane)
I L
. o
H—C=C—H + HBr —- H—C=C—Br 4+ HBr— H——C[——C—Br
(Bromoethylene) ‘ |

H Br

(Ethylidene bromide)

.(CHzBr - CH2Br, ethylene bromide, or symmetrical dibromoethane,
is isomeric with CHs - CHBry, ethylidene bromide, or unsymmetrlcal
dibromoethane.)

(The student must clearly understand that C2Hz alone repre-
sents the gas acetylene, but CoH2 may be present as a divalent
group in a compound; for example, acetylene dibromide, CoHyBr2.-
It may also be present as a tetravalent group; for example, acet-
ylene tetrabromide, C2H2Br4.)

When acetylene is passed over finely divided nickel, three
molecules of it polymerize to form benzene:

3C:Hs — CsHs

(Polymers are substances havihg the same percentage compo-
sition, but different molecular weights. C2Hz and CgHs have
the same percentage of carbon and of hydrogen, but the molecular
weight of. acetylene is 26 and that of benzene is 78.)

Acetylene combines with ammoniacal silver chloride or copper
chloride solution to form metallic derivatives (acetylides):
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oEr Ty
l
C=C - C=C or C=C
(Silver acetylide) (Copper acetylide)
Many of them are highly unstable and explosive, particularly
in the dry state. In fact, many of the explosions involving acety-
lene are due to the formation of these acetylides.

CaCz, C=C, calcium carbide or calcium acetylide.

Ca
Higher homologues.
CsHy, CHz-C=CH (Propine or methyl acetylene)
CsHs, (@) CH3-C=C-CHj; (2-Butine or dimethyl acetylene)
) C:H;C=CH (1-Butine or ethyl acetylene)

(The general properties correspond to those of acetylene, except
that only the compounds with the structure —C=C—H can form
acetylides.)

(At this point review the nomenclature of hydrocarbons on the
“ Organic Type Formula ”’ chart, p. 16.)

Compounds containing two double bonds are isomeric with
those containing one triple bond; for example, CH3—C=CH is
isomeric with CHy==C==CH.. The name of a compound having
one double bond ends in ene; a compound having two double
bonds has the ending diene, e.g., CHo=C=CH> is propadiene.
The most important among the compounds containing two double
bonds is isoprene .

' CHz=C—CH=CH:
L
or 2-methyl-1,3-butadiene, which has been shown to be one of the
decomposition products of caoutchouc (natural rubber), and which
is obtained by the distillation of the latter. ~Isoprene itself (in
presence of catalysts, as HCI, Na, etc.) has been polymerized back
into a substance resembling caoutchouc, the resulting product
showing some striking resemblances to natural rubber. The
synthesis of rubber on an industrial scale, however, is a problem
that still awaits solution. There seems to be little doubt in the
minds of chemists that isoprene, or some substance closely analo-
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gous to it in structure, will prove to be the starting-point of such
a synthesis,

It has recently been shown that rubber when stretched shows
an X-ray spectrogram similar to those of ordinary well-defined
crystals. All X-ray interferences agree to a rectangular-rhombie
crystal with a basic céll of (CsHg)s. The number of combined
molecules needed to produce the interferences are about 2600.

“Very recently a very promising method of synthesizing rubber-
like substances in the laboratory has been announced. In the

. BI‘Z
C,H, C,H,Br

Br2

C,H, : CH,Br-CH,Br

Ethylene bromide

CH?,‘CHBI‘Z

Ethylidene bromide

2 Brg

Czﬂz CZHZBr4
e 2 Zn
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presence of complex cuprous salts, acetylene may be polymerized
to vinylacetylene:

CH=CH + =C=CH; —» CH=C—CH=CH:

(The CHe==CH monovalent group is known as-the vinyl
group.)

When vinylacetylene is treated with hydrogen chloride, cloro-
prene is obtained:

CH=C—CH=CH; + HCl — CH,—~C—CH=CHj
l
Cl
2-Chloro-1,3-butadiene
By allowing the chloroprene to stand at room temperature
and in the absence of direct light, it gradually polymerizes to a
stiff, pale yellow, elastic mass, and resembles a ‘ completely vul-
canized soft rubber.”
The diagram on page 39 makes clear some of the intercon-
nections of compounds already discussed.
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CHAPTER IV
HALOGEN DERIVATIVES OF HYDROCARBONS

We have already observed that the action of chlorine on
methane gives us the following substitution products: CH;Cl,
CH2Clp, CHCI3, CCls (p. 19). It ought to be possible to pre-
pare any one of these substances by employing the proper amount
of chlorine. (Bromine is less reactive than chlorine. It produces
analogous substitution products. Iodine does not react with
methane.)__It is found in practice, however, that a series of simul-
“faneous reactions occur, vielding a mixture of chlorides. (Men-
tion may be made at thls point of the many attempts to produce
chloroform, CHCl3, on a commercial scale by the action of chlorine
on methane; and also of methyl chloride, CH3Cl, by a similar
reaction. Methyl chloride can be easily hydrolyzed to methanol
or wood aleohol, CH3OH, and thus the synthetic methanol could
then be prepared starting from natural gas, which contains
methane. Research is being carried on at the present time along
these lines.)

Monohalogen Derivatives of the Paraffins.—An alkyl halide
(or monohalogen derivative of a hydrocarbon, p. 43), may be
regarded as a saturated hydrocarbon in which one of the hydrogens
is replaced by a halogen (F, Cl, Br, I). The following will make
this clear:

CoHan 42 CuHan 41 Group CuHzn 41X (alkyl halide)

Methane, CH;H  Methyl Group, CH;  Methyl chloride, CH;Cl
Ethane, C,H:H Ethyl Group, C,H; Ethyl bromide, C.H;Br

 ete. ete. ete.
Alkane, RH . Alkyl Group, R Alkyl halide, .RX

(RX is the type formula for an alkyl halide.)
41
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AvLryL HaumEs

For- | B. P. For- | B. P. For- |B.P.

Chloride mula | °C. || Bromide mula | °C. Todide mula °C.

Methyl | CHzCl|{—24 |[Methyl |CH,Br| 4.5 ||Methyl |CH,I| 43
Ethyl C.H,Cl| 12.5 ||Ethyl C.H;Br| 38.4 {|Ethyl C.H;1| 72
Propyl C;H:Cl| 46.5 ||Propyl C;H;Br| 71 Propyl C;H/I|102
Isopropyl | C;H:Cl| 36.5 ||Isopropyl | CsH;Br| 59 Isopropyl | C;H,I| 89
n-Butyl * | CH,Cl| 77.5 |[n-Butyl |C,H,Br| 101 . [in-Butyl | C,H,I|129

ete. ete. ete.

* n- is the abbreviation for * normal.”

In each group the specific gravities decrease as the molecular
weights increase. The specific gravity increases as we pass from
a certain alkyl chloride to the bromide and in turn to the iodide
having the same alkyl group.

These halides are inscluble in water but soluble in ether, ben-
zene and alcohol. The halides are generally colorless liquids with
a pleasant odor. On standing, they develop color (this is especi-
ally true of the iodides), due to decomposition, and are generally
kept in amber-colored bottles.

General Methods of Preparation.—By the action of a halogen
acid on an alcohol in presence of a dehydrating agent. (An alcohol
contains the —QH group. Examples of alcohols are CoH5;0H, ethyl
aleohol, C3H,OH, propyl aleohol, and in general ROH.)

CeH; |OH + HI Br —-C>HsBr + H:0

Ethy] aleohol

Or, more generally,

R|OH 4+ H|X =2 RX + H:0

(Whenever throughout the text “ R ” is used in an equation,
it implies that the reaction is a general one; or, in other words,
is a “type” reaction. This does not necessarily imply that
where specific examples are given, they cannot illustrate general
type reactions. As a matter of fact, in most cases the specific
examples do illustrate type reactions.)
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4 ’

This reaction is analogous to the “ neutralization ” reaction
in inorganic chemistry, such as Na |OH 4 H| Cl — NaCl + H;0.

However, the production of NaCl is an instantaneous reaction,
whereas the formation of RX is a comparatively slow process;
and in the production of RX we must have a dehydrating agent
present to remove the water as fast as it is formed, otherwise the
reaction is reversible. ‘

Another Thethod is the action of a phosphorus halogen com-
pound on an alcohol; e.g., '

C3H7OH + PCls —> C3H7Cl + POCl3 + HCI

Propy! aleochol Propyl chloride

3CgH7OH + PBI‘3 —_ 3CsH7BI‘ —I— H3P03

Phosphorous acid

or
ROH + PCls — RCI + POCl; + HCI
3ROH 4 PX3 — 3RX 4 P(OH)s

A third method consists in the addition of halogen acids to
unsaturated compounds; e.g.,

1 i
C‘z(f + HBr — H—(}?——(F—Br
or

CoHon + HX — CpHoapiX or RX

Properties.——The halogen compounds react with many reagents
to form diverse products. The following are examples of a number
of type reactions:

2‘CZH5I + 2Na — CzH5—CzH5 + 2NaI

Butane
(The Wurtz Synthesis.)
CoHs
CoHsI 4+ Mg — Mg
1

Magnesium ethyl iodide (T)
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Compounds of type (If are known as Grignard’s reagent, tne
general type formula being R-Mg-X.

CoHsI + KCN — CHsCN + KI

Ethyl cy amd e

CoHsI + KOH (aqueous) —— C2H;0H + KI

Ethyl alcohol

14
CoHsI + AgNO; — ) CHsNO, + Agl
) \1troethane
CoHsI + NaOC.Hj ———) 02H5OCZH5 4 Nal
Sodium ethylate Ethyl ether
» . /H
CoH:I + NH3 — CzH'N\
H
I
Ethyl ammonium iodide
C.HsI + HOH -—-——)'CszOH + HI
CzH5I + ale. KOH — CHy + KL + H20

(At this stage the student is not ‘expected .to memorize these
equations,  but rather, by exdmining them, to unders’cand why the
halides find such extensive applications.)

(Many of -the reactions illustrated are of the “ double decom-
position ¥ type.)

Methyl: chloride, CH301 and Ethyl chloride, CoH5Cl are
used as local anesthetics, for when sprayed upon the skin the
liquids evaporate rapidly, thereby cooling the tissue. To some
extent they are used for refrigerating purposes. Ethyl chloride
is used in the preparation of lead tetraethyl (p. 199). Ethyl
bromide, CoH;sBr, has also been used as an anesthetic.

CHs-CH;- CHI : CHz-CHI-CHj

n-Propyl iodide Isopropyl iodide
Dihalogen Derivatives of the Paraffins.—These have the general
formula CH2,X2(C2H4Brs, dibromoethane, and C3HeCls, dichlo-
ropropane, are examples). They are usually prepared by the
addition of a halogen to an unsaturated hydrocarbon:

CzH4 + BI‘2 brd CzH4BI‘2
, Ethylene bromide
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(CH,z is of interest since it is the heaviest organic liquid, its specific
gravity being 3.292 at 18°, ethylene dichloride, CH2Cl—CH2(Cl,
is used as a fumigant and also as a solvent for oils, fats, etc.,
and for the préparation of ethylene glycol (p. 63).

Trikalogen Derivatives of the Paraffins. —The important com-
pounds of this type are chloroform, CHCls, bromoform, CHBrs,
and iodoform, CHIs.

.Chloroferm, CHCls, i Is prepared by the action of chlorine (m
the form of bleaching povyder) 01: (1) ethyl alcohol or (2) acetone.

yH+:|01 ' (_Cll_ '

" v
HvC—C——«OH ,CHa-({:—o H| - CH3-C<
. H
T II‘I v M \ H (Acetaldehyde)
e @
) - .
B "s 4 : ! Cl
0 I 0
CHa ¢+ 30k — a—C—cd
L \H ) l, . H
: a
(Trichloro&a.cetaldghyd? or
'¥.

Ca(OH)z Y
—_— CHC]3 + (muuujua
+ .; t -'“ ! (Calcium formate)
(4) represents a hypothetical compound, or, at leaqt one Whlch
has not so far been isolated. Its 1nstab1hty,»1t ‘would seem, 1s due

to the Cl and OH groups belng attached cto the same carbon

atom The type formu]a for an aldehyde is R——C{ .« We shall

ot i
o’

discuss these aldehydes later; p. 73. ‘
: .
Cl i L *
|
(2) CHq CO- CH3 + 3Clz — CI-—(|3—~ CO CHs~ + NaO | H
(Acetone)
Cl

(Trichloroacetone) ,

-— CHCIl3 + CH3COONa

(Sodium acetate)



HALOGEN DERIVATIVES

Acetone is the simplest of the group of compounds known as
“ ketones.” Their type formula is R-CO-R (p.73).
In practice the necessary chlorine is obtained by the use of
bleaching powder.
Chloroform is'now made on a large scale by the reduction of
CCly: oo
.+ CCL + Hz — CHCls + HCl

Chloroform (trichloromethane) is a- colorless liquid with a
sweet taste and suffocating odor. Its bip:-is 6i°. It is slightly
soluble in water. It is non-flammable.” Its anesthetic properties
were discovered by Dr. Simpson of Edinburgh, in 1848.

Chloroform has a tendency to decompose when exposed to air
and light:

CHCl; + O — COCl, + HCI

(Phosgene)

2CHCls + 30 — 2COCl; + Cl; + H»0

To prevent this, ethyl alcohol (to the extent of about 1 per cent) is
added to it. It is usually kept in dark (amber) colored bottles.

Pure CHCl3 does not react with silver nitrate, but, if any
decomposition has occurred, a precipitate of AgCl forms.

(CHCI3 alone is now rarely used as an anesthetic, for ether and
ethylene have largely taken its place. Sometimes a mixture of -
ether and chloroform isused. The advantage of ether over chloro-
form is that it is less dangerous and the after-effects are not so
pronounced.)

Acetone and chloroform ecombine to form chloretone,
(CH3)2-C(OH)-CCls, used extensively as a hypnotic, anodyne
and preservative. Chloroform reacts with concentrated nitrie
acid to form chloropicrin, or nitrochloroform, a substance that was
used in the late war as a lachrymator (“ tear gas ”’):

CHCls + HN 03 — CC13N02A + Hzo
When prepared on a large scale, the chloropicrin is made by the
action of bleaching powder on picric acid (p. 279).

Chloroform is sometimes used as a * preservative” for the
prevention of bacterial growth, though for most purposes toluene
has largely taken its place. Chloroform is an excellent solvent
for many organic compounds. It dissolves fats, rubber, ete.
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Bromoform, CHBr3, is prepared in a manner quite analogous
to chloroform. Its anesthetic properties are less marked.

Todoform (triiodomethane), CHI3, is prepared by, adding lodine
to a warm solution of sodium carbonate contalnlng alcohol or
acetone—in principle analogous to the preparation of chloroform.
The odor of iodoform is not only characteristic, but powerfal,
hence the reaction is used as a test for either alechol or acetone.
Iodoform is a powerful antiseptic and disinfectant. (The anti-’
septic properties are dlie to its gradual decomposition with the
liberation of iodine.)

Tetrahalogen Denvatlves of the Paraffins, CFy, CCl4, OBry
and Cls. Of these, only the second, carbon tetrachloride, is
important. It is made commercially by passing chlorine into
carbon disulfide, using iron, iodine or antlmony pentasulfide as a
catalyst:

CSs '+ 3Cl; — CCly + s2012

(We have already mentioned th'e;production of CCly from
methane by the action of chlorine:

CH, + 4Cl; — CCly + 4HCL)

Carbon tetrachloride is a colorless liquid with an ethereal odor.
It is a good solvent for gums and resins and is also a constituent
of many cleaning solutions. It is an anesthetic, but is not used
because of its bad effect on the heart. It is used in fire extin-
ruishers ( Pyrene 7). Its vapor produces severe headaches.

Dichlorodifluoromethane, CCloFs, is now used as a refrigerant.

(During the past few years a number of chlorinated paraffins,
used as solvents, have been prepared on a commereial scale. One
such is tetrachloroethane, made by the action of chlorine on

acetylene:
CzH; + 2Cl; — C2HCls.)

Halogen Derivatives of Unsaturated Hydrocarbons.—The
names and structures of a few of these will be given:

Cl Cl (]31 -(lll
[
H—C=C—H Cl—C=C—Cl
Dichloroethylene - Tetrachloroethylene

or
Acetylene Dichloride
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(These are used as solvents.)

CH;=CHBr CH,=CHCI
Monobromoethylene Monochloroethylene
(Vinyl chloride)
1 2 3 )
CHBr=CHCHj; CH,==CBrCH3
1-Bromopropylene 2-Bromopropylene

CH,=CH-CH2Br

3-Bromopropylene (allyl bromide)

(CH>=CH-CH:; is known as the allyl group.)

Br H I I
Cc=C Cc=C
Bromoacetylene Diiodoacetylene
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CHAPTER V
ALCOHOLS

MEeraANOL, which is methyl (or wood) aleohol, and ethyl (or
grain) alcohol, are the two most important substances belonging
to this group.

The alcohols may be considered as hydrocarbons in which one
or more of the hydrogens are replaced by OH groups. (They may
also be regarded as derived from water in which one of the hydr04
gens is replaced by R; H—OH — R—OH.)

The relationship of the hydrocarbons to the alcohols is shown

here:
CHsH (methane) === CH3OH (methanol or methyl alcohol)
CoHsH (ethane) == CoH;0H (ethyl alcohol)
CsH7H (propane) == C3;H7OH (propyl alcohol)
ete. ete. ete.
RH - (alkane) === ROH (alkyl alcohol)
Nomenclature of Alcohols.—There are a number of systems

employed. (1) The ending ¢ of the hydrocarbon containing the
same number of carbon atoms is changed to the ending ol:

C2.H;50H, ethanol
C3H50H, propenol

C2Hg, ethane

CsHg, propene

(2) The alcohol is nalmed according to the alkyl group it con-
tains: CoHsH, ethane C2Hs, ethyl group CoH;s0H,

ethyl alcohol, or ethyl hydrox1de
49
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(3) The alcohols are looked upon as “ carbinol” derivatives:

)
H—C—OH is “ carbinol

»>
+

CH3-CHy-OH, methyl carbinol

CH;
CH -OH, ethyl methyl carbinol
C.Hj5

(Methyl carbinol is carbinol in which one of the hydrogen atoms
is replaced by CHs, and ethyl methyl earbinol is carbinol in which
one hydrogen atom is replaced by CoHs and another by CHs.)

Alcohols may contain more than one OH group provided they
are attached to different carbon atoms; e.g.

H H H H H
H—C—C—H H—C—C—C—H
OH J)H’ OH OH OH
1, 2-Ethanediol 1, 2, 3-Propanetriol
or | or
1, 2-dihydroxyethane 1, 2, 3-trihydroxypropane
o or
g]y;ol glycerol
ete.

‘We shall see in a later chapter that the sugars contain several
OH groups.

(Two or more OH groups attached to the same carbon atom
give rise, as a rule, to unstable compounds:

A
R—C——0H —» R—%=0
\[GHE N
. H (an aldehyde)

the unstable dihydroxy compound being converted into an alde-
hyde. We shall explain the oxidation of an alcohol to an aldehyde
in tzhis manner.)
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An aleohol with one OH group is monatomic, with two OH
groups, diatomic, with three, triatomie, etc.

If we take an alcohol, such as ethyl alcohol, C2HgO, and treat
it with sodium, only one atom of hydrogen (out of the six present)
is liberated:

CzIIeO + Na = CszONa + H

This particular atom of hydrogen obviously differs in some way
from the other five atoms. The possibility that: this difference is
due to a difference in position within the molecule is borne out
by the fact that when we treat the alcohol with, say, hydrogen
iodide, one atom of iodine replaces one atom of hydrogen and
one atom of oxygen,—one iodine, in other words, replaces one
hydroxyl group:

CoH;0H + HI — CoHsI + HOH

It would seem, therefore, as if one hydrogen in ethyl alcohol is
attached, not to the carbon atoms (like the other five hydrogen
atoms), but to the oxygen atom:

B
H——(lj—(IJ——O—H
H H

and all the reactions of the many alcohols known (some of which
will be discussed presently) strengthen this view.

Types of Alcohols.
H

| i
1. The presence of the group —|C—OH indicates a primary
H

alcohol: e.g., CH3-C<OH
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: |
2. The group —(ll—OH indicates a secondary alcohol: e.g.,

H
N
CH;—C—OH {sopropyl alcohol
or
H dimethyl carbinol

3. The group —(lJ—OH indicates a tertiary. alcohol: e.g.,
CH; |
Cﬂgf(|3~OH Dimethyl ethyl carbinol
C2Hs

These three types of alcohols yield various oxidation prod-
ucts. When a primary alcohol is oxidized, we first get an
aldehyde; e.g.,

Tl Tl i
O*
H—C—C—O0H — H—C—C—O0[H — H—C—C=0 + H,0
|
OH

| | |
H H H H H

Ethyl aleohol ( A) Acetaldehyde

(It is believed that (A) is an intermediate compound, though
it has not, as yet, been isolated. It has already been pointed out
that a compound containing two OH groups attached to the same
carbon atom is usually unstable, water splitting off in the manner
shown.)

The aldehyde on further oxidation yields the corresponding
acid:

O O
CHs— / s CHy— /

Acetaldeby de Acetic acid

*Q refers to oxidation
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. 40
(Let us inform the student at this point that the group'—C<
H

¥

. 0
is characteristic of aldehydes, and the group ——C< is com-
: OH

monly characteristic of organic acids.)

We see then that the oxidation of a primary alcohol yields
first an aldehyde and then an acid containing the same number of
carbon atoms as the original alcohol.

When a secondary alcohol is oxidized we get a ketone, eg.,

(|3H3 ’ |CH3 ) (l:H3
0
CH;—C—O0H —— CH3—C—0[H —— CHz—C=0 —+°
“H. OH

Isopropyl alcohol (not isolated) Acetone
or
2-propanol

R>C=O represents ketones, and acetone is the simplest
R

member of the series®” On further oxidation we get acids con-
taining less carbon atoms than the original ketone or alcohol.
(There are two isomeric propyl alcohols, the normal,

CH3 CH2-CH20H, and the iso, CHa—C/OH The latter,
Ly
bemg a secondary alcohol, yields a ketone—acetone—on oxidation;
the normal, being a primary aleohol, yields first an aldehyde—
propionaldehyde—and then an acid—propionic acid.)
When a tertiary alcohol is oxidized, a mixture of acids and

ketones are obtained, each substance' formed having less carbon
atoms in its molecule than the original tertiary compound: e.g.,

?Hs H-COOH (Formic acid)
CHj-COOH (Acetic acid)
CH3z—  — .
Ha (lj-OH CH;3-CO-CHs (Acetone)
CH; CO: + H20
Trimethyl carbinol
Tertiary ‘gutyl alcobol
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‘We therefore see that on oxidation

primary alecohol — aldehyde — acid
secondary alcohol — ketone — decomposition products
tertiary alcohol — decomposition products

Methods of Preparation.—Alcohols are produced in the course
of destructive distillation (p. 58) and fermentation (p. 59).
Other methods are the following:

The action of moist silver oxide or aqueous NaOH or KOH
solution on an alkyl halogen compound, as

CoHs [I~ + Agl OH — CoHs0H + Agl

or

CH;s [Br + K| OH — CH;0H + KBr
The reduction of aldehydes (yielding primary alcéhols); as

O s .
CH3-C<H + H, — CH;-CH,0H

Acetaldehyde

(The student will recall that the oxidation of a primary alcohol
yields an aldehyde; we may therefore expect that the reduction of
the aldehyde will yield the aleohol. The reducing agent may be
sodium amalgam and water, or hydrogen in the presence of
nickel, etec.) '

The reduction of ketones (yielding secondary alcohols); as

CH3> + Hp, CHs

Acetone Isopropyl alcohol

The action of nitrous acid on a primary amine (that is, a sub-
stance formed when one of the hydrogens in NHj is replaced byR,
giving R-NHz; (see p. 138); as

C2H5NH2 + HON'O 4 CzH(,OH + Nz + Hzo

. Ethyl amine Nitrous acid
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The hydrolysis of esters; as
CHj3-CO0C;H; 4 HOH — CH3COOH + C.H;OH

Ethyl'acetate In presence of acids  Acetic acid
or bases

(An ester is an acid in Whlch the ionizable hydrogen is replaced
by an alkyl group R-COOH — R-COOR.)
/ ”3 (Acid) (Ester) '
Various secondary and tertiary alcohols can be prepared by
means of the Grigriard reaction; e.g.,

-~ R——C/

R
b o
H \H

Aldehyde Alkyl Addition compound Secondary alcohol
magnesium halidq :

0]
e Mg X — R—

Hlu s‘oration : '
C2H5 02H5
/ | H-0
WH3 I‘I +- CQH5 Mg -I— CH-- C—OMgI —> CH3—-C—OH
Acetaldehyde . Ethyl magnesium ] |
iodide - H “H

Ethyl methyl carbinol

MgX < H OH
(@ —»R—C/OH

R——-C</\ + R-Mg-X - R—C

Ketone Tertlary alcohol
Tilustration:
T O OMgB H
CH3-0< + CHs-Mg- Br—+CH3——C<@0
CH3 CH3
Acetone
CH3'
hand CH3——C£OH
\CH;

Trimethy! carbinol
From aldehydes, therefore, we can get secondarvy alcohols”
and from ketones, tertiary alcohols.
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Physical Properties.—The monatomic alcohols are colorless
substances. The compounds from CH3zOH to CsHoOH are limpid
liquids; those from Cj5 to C1i are of oily consistency, and from Ci2
up are solids. The solubility in water decreases with increase in
molecular weight. An increase in the number of OH groups
in a compound tends to increase the .sweetness; e.g., methanol
CH30H, is not sweet; glycol, CeH4(OH)2 is somewhat sweet;
glycerol, C31\~_]}’.5(OH)3, is sweet; and mannitol, CeHg(OH)s, is still
sweeter. The lower alcobols have characteristic odors; the
Cg—Ci2 have rose- or lily-like odors and are used in perfumery,
while the higher ones are practically odorless.

Chemical Properties.—The alcohols, like water (which they
resemble in many ways), are neither acidinor alkaline in reaction.
Like water again, the alcohols combine with compounds to form
crystalline products; for example,

CaCl;-4CH30H, PtCly-2C.H;0H, “and MgCls-6CH3;0H

These compounds are said to contain “alcohol of crystallization.”
Sodium reacfs with alcohol as it does with water; only less
violently; e.g.,

2C;H;0H 4+ 2Na — 2C:Hs0Na + H

Sodium ethylate

or
sodium alcoholate

As we have seen, the primary alcohols, on oxidation, yield
aldehydes and acids; the secondary alcohols, ketones; and the
tertiary alcohols, various decomposition products.

The OH group in the alcohol can be replaced by a halogen in a
number of ways:

ROH + HX — RX 4+ H20O (in presence of dehydrating
agents)

ROH + PCl; — RCl 4+ POCls + HCI
3ROH -+ P(Cl; — 3RCl + P(OH)s

Alcohols combine with acids to form esters: e.g.,

CH;3-COO (H + HO| C:Hs — CH3z-COOC:Hs + H30

Acetic acid Ethyl acetate



ALCOHOLS

MoxaTOMIC ALCOBOLS

Alcohol Formula

Methyl. ... ... irm CH,OH
Ethyl ................................ ' ool CHa CHzOH
Propyl. o oo CH3 -CH,-CH,O0H
Isopropyl. ... .o CH; -CH(OH)-CH,
n-Primary butyl.......... ... ... ... ... . CH,-CH,-CH,-CH.OH
n-Secondary butyl......... ... .. ... oo CH,;-CH.-CH(OH)-CH;
Primary isobutyl......... T >CH -CH;0H

o CHa\
Trimethyl carbinol (tertiary butyl)............. CHa—C(OH)
Cetyl ................ e e e e e e C15H330H
Myricyl ..................................... C;onOH

Methanol,! CH3;0H (also calied methyl alecohol, wood alcohol,
methyl hydroxide, carbinol, Columbian spirit and wood spirit).
This aleohol does not oceur free in nature. On a commercial scale
it is obtained by the destructive distillation of hard wood (maple,
beech, birch, oak, etc.). When wood is heated in retorts to about
400°, we obtain gases (used as fuel under the retorts), an aqueous
distillate (known as ‘‘ pyroligneous acid ’’), wood tar and char-
coal (which remains in the retorts). The wood tar is a source for
antiseptics (wood creosote), disinfectants, fuel, road-making, ete.
The pyroligneous acid _contains the acetic acid, as well as the
methanol and acetone. The acetone of commerce 1§ 1ot obtained
from this sourcs (See p-76).

Using a catalytic process, synthetic methanol is now manu-
factured from carbon monoxide and hydrogen,

CO + 2Hy; — CH30H

The catalyst is zine oxide; the temperature is about 400° and the
pressure about 150 atmospheres

A very recent process is from the by-products of the ethyl
alcohol, butanol, acetone fermentation process (pp. 63, 84).
In this fermentation pure hydrogen and carbon dioxide gases are

! The name “ methanol >’ has now been officially adopted, largely with
& view to preventing its uge in the place of grain alcohol,
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Yeast is now added, and the enzyme zymase, present in the
yeast, converts the glucose into alcohol and carbon dioxide:

«

-'C‘;leoe — 2CzH50H -I— 2002

The best temperature for this fermentation ranges from
25-30°. . K

(Small quantities of impurities, such as glycerol, aldehydes,
esters, succinic acid, butyl aleohol, isoamyl alcohol, etc., are also
found.) The alcohol in the ‘‘ wort ”’ (which is the name given to
the liquor formed in the course of the fermentation process and
which contains from 6-10 per cent of aleohol), is purified by frac-
tional distillation. Commercial ethyl alcohol contains about 95
per cent of alecohol. A still higher percentage of alcohol’
(“‘ absolute,” or nearly 100 per cent alcohol) may be obtained by
the addition of calcium oxide {quicklime) or anhydrous copper
sulfate (which are dehydrating agents) to the liquid and allowing
it to stand a day or two; it is then distilled.

(Such substances as grape juice, corn syrup and molasses are
already rich in glucose. Here the preliminary diastase treat-
ment, consisting in the conversion of starch into glucose, is un-
necessary.)

A recent process for the preparation of synthetic ethyl alcohol
involves the following reactions:

CzH4 + HzSO4 - C2H5°HSO4

H20 .
C2H5 . HSO4 — CzH5OH + HzSO4

Properties and Uses.—Ethyl alcohol is a colorless liquid,
has a characteristic odor and a sharp burning taste*(b.p. 78.4°).
In the form of tinctures (alcoholic solutions or extracts of
medicinal substances) it is extensively used in medicine., In
certain diseases, such as pneumonia, it has proved a valuable
therapeutic agent.

The use of alcohol in the industries is very extensive. As a
preservative, as an antiseptic, in the preparation of denatured
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aleohol and various drugs and medicinals, as a solvent in per-
fumery, ‘“ anti-freeze ’, as an essential constituent necessary for
the manufacture of iodoform, chloroform, vinegar and ether,
alcohol is in constant demand. (Additional uses will be found in
the chart facing p. 60.)

Denatured Alcohol.—This is alcohol which has been made
unfit for drinking purposes and external applications, but which
can still be used in the industries. Some of the substances used in
“ denaturing ”’ are methanol, benzine, ““ aldehol,” ether, acetone—
substances with disagreeable odors and flavors, and possessing
poisonous properties. No less than seventy different formulas
have been granted in the United States for the preparation of
denatured alcohol for various industrial uses. Denatured alcohol
is tax-free.

Medicated Alcohol is alcohol unfit for drinking purposes, but
suitable for external applications. Some of the substances used in
the ‘preparation of medicated alcohol are tartar emetic, formalde-
hyde, phenol, diethyl phthalate, benzene, acetone, zinc phenolsul-
‘onate, etc.

-~ Percentages of Alcohol in Beverages.—Beer=2-5 per cent;
~ine=7-11 per cent; fortified wine=17-20 per cent; whiskey,
brandy, gin, rum, etc. =40-75 per cent.

The percentage of alcohol in a number of pharmaceutical
preparations is relatively high. Aromatic spirits of ammonia
=68 per cent; spirits of camphor=90 per cent; tincture of
iodine=383 per cent, etc. For further details consult U. 8. Phar-
macopeia X.

(Whenever fermented liquors are distilled, not only do we
get ethyl alcohol, but also small quantities of esters and a number
of the higher alcohols, the mixture of these higher alcohols being
substances known_ as fusel oil. Some claim that the presence
of fusel oil in liquors is far more harmful than the ethyl aleohol
itself. In this connection the following information may be of
interest. We know that the principal constituent of fusel oil is

CHs
isoamyl alcohol, >CH-CH2-CH20H, and we know that the
CHs;

source of this is isoleucine, an amino acid obtained from the
protein present in cereal or potato (see the chapter on proteins,
p. 143. The bacteria present convert the isoleucine into isoamyl
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alconot. It has, however, been shown that this conversion—
and hence the production of isoamyl alcohol—may be prevented
by the addition of ammonium salts, which the bacteria prefer.)
Amyl alcohol is at present manufactured on a commercial scale
from the pentane fraction of natural gas by the following series
of reactions.

Chlorination Alkaline hydrolysis
CsHyg ~—————— CsHy;1Cl — CsH;:0H

CHs H
Isopropyl alcohol, >C< , is made by the reduction of
CH3 OH

acetone. It is now made by passing propylene gas into sulfuric
acid and subsequent hydrolysis:

CH;-CH=CH; + Hs80s —— CH3-C'3H-CH2H
SOoH

Isopropyl acid sulfate

HOH
—— CH3-CHOH-CHs+H2S04

n-Butyl alcohol, n-butanol, CHz.-CHz-CH:-CHs-OH, is pro-
duced by the action of bacilli on materials containing starches
and carbohydrates (corn) and is used on a large scale as a solvent
in the nitrocellulose lacquer industry and for the preparation of
esters. Isoamyl alcohol, CsH11OH, is converted to isoamyl acetate
and thus used in the manufacture of varnishes and fruit essences.
Cetyl alcohol, Ci;sH3sOH, forms (as palmitic ester) the chief
constituent of spermaceti (a wax-like substance found in the head
of the sperm whale), while myricyl alcohol, C30Hes1OH, is present
as palmitic ester in beeswax and in Carnauba wax. The alcohols
are prepared from all these esters by hydrolysis with boiling
aleoholic KOH solution.

Diatomic Alcohols.—The simplest of these is dihydroxy-
ethane, known as ethylene glycol, CH2OH. It is a compound

CH:0H
intermediate in composition between ethyl aleohol and glycerol.
Its properties are intermediate between these two compounds.
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It may be prepared by the action of silver hydroxide on the
corresponding dibromo-compound:

CH OH CH:0H
+ — | + 2AgBr
CH, OH  CH.OH

but commerecially it is made from ethylene:

HOCI CH>—Cil NaOH CH:0H
CHy=CH; —— | _—
CH;—OH CH:0H

Ethylene chlorchydrin

or

: NaOH
CH2=CH2 + Clz - CHzCl'CHQCI —— CH20H~ CHzOH

Ethylene glycol is used as 4 solvent, “ anti-freeze ” and pre-
servative. The general chemical properties resemble the alcohols,
except that we here deal with two OH groups instead of one OH
group. ’

Ethylene glycol combines with HNO;z; (in the presence of
H2S804) to produce ethylene dinitrate (glycol dinitrate)

CH,OH HONO:; CH>—ONO.
l + - | + 2H,0
CHOH HONO. CH>—ONO,

/CH2
Ethylene oxide, O\

[, may be looked upon as an.anhydride
CH,

of glycol. It is produced by the following reaction.

CH.0 [H CHa\
l +NaOH — | >0
CH. |Cl CHz

Ethylene chlorohydrin

It is a very reactive compound and is used in synthetic organic
chemistry.
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+ H2 4 CH3 . CHon
CH. + HOH — CH:OH -CH;OH
o | + HNH, — CH,0H-CH.NH,

CH 2 8-Hydroxyethylamine

4+ HCI — CH,Cl-CH:0H

Ethylene oxide is also used in fumigation and as an insee-
ticide.

Triatomic Alcohols.—The best known of this group is glycerol
(also called glycerine), CH20H (or 1, 2, 3-propanetriol), which is

CHOH

|
CH:0H
produced as a by-product in the manufacture of soap (p. 99).

03H5(OOC . 017H35)3+3N30H —> 3017H35 . COON&+C3H5(OH)3
(A typical compound in a fat) (A typical compound in a soap) (Glycerol)
(Details of this process will be éiven in the chanter an esters
p. 99.)

Properties and Uses.—Glycerol is a colorless, 0QUriess, Syrupy
liquid, having a sweetish taste. It is miscible with water and
alcohol and is a good solvent and a dehydrating agent. It is used
in medicine; as a sweetening agent; as a preservative for tobacco;
in perfumery; in cosmetics; in ink for rubber stamps, ete. -

When glycerine is heated alone or in the presence of a dehy-
drating agent such as KHSOq, acrolein is produced:

CH:0H CHz
I —2H:0 ||
CH

HOH ——— C

(I3H20H éHO

(The odor of burnt fat is due to the production of acrolein.)

As may be seen from its formula, glycerol is both a primary -
and a secondary alcohol, and may, therefore, be expected to show
the properties of both types of alcohols. When oxidized, alde-
hydes, acids and ketones are formed. Treatment with acids gives
esters. One of the compounds obtained when nitric acid and
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glycerol react is of importance; and that is the glyceryl trinitrate
or, as it is commonly called, nitroglycerine.

(IDHzOH HONO; (sz*ONOz
(‘JHOH + HONO; — CfH—ONOz + 3H=20
CH;OH HONO: CHz:—ONO;

(Cone. sulfuric acid is added to remove the water that is formed.)
When nitroglycerine explodes the products formed are COsq,
H20, N5 and N20.

The nitroglycerine is a dangerous explosive to handle, but when
mixed with an inert substance, like infusorial earth, ¢ kieselguhr,”
thereby becoming dynamite, it can be handled with much less
risk, though none of its explosive properties are lost. (Starch and
sawdust are now used in the place of “ kieselguhr,” and oxidizing
agents such as ammonium or potassium nitrate are added to aid
combustion.)

We owe the invention of dynamite to Alfred Nobel, a Swedish
engineer, who accumulated a fortune as a result of his invention
and who bequeathed it to the Swedish Academy for the purpose
of founding the Nobel Prizes.

(Vapors of nitroglycerine produce severe headache. In medi-
cine, a 1 per cent solution in alcohol is used. It has a powerful
action on the arteries and is used as a heart stimulant.)

Since nitroglycerine freezes in winter and must be thawed
before use, it is now being mixed with glycol dinitrate (ethylene
dinitrate), which freezes at —22.7°. Glycol dinitrate is less
sensitive to impact than nitroglycerine and is safer to use.

(Glycerol is formed in the digestive tract when the fat in food
is hydrolyzed by the enzyme * lipase” of the pancreatic juice.
It is also believed that glycerol plays an important part in the oxi-
dation of fats and carbohydrates in the body, for it would seem
that one of the intermediate substances formed in such oxidations
is glycerol, or a substance very closely allied to it.)

Polyatomic Alcohols.—The careful oxidation of the penta-
and particularly the hexa-hydroxy alcohols, leads to the com-
pounds known as sugars; but these we shall discuss later. In the
meantime, we shall merely mention the names of a few polyatomic
aleohols, and write their formulas:
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?HZOH (IJHzOH CH.0H
(i)HOH (‘}HOH (IJHOH
CHOH (IlHOH CITHOH
CH,OH CHOH (I]HOH
Erythritol I l
CH.OH CHOH
Arabitol I
CH.0H
Mannitol

Erythritol occurs in nature, either in the free or combined
state, in algae and certain lichens. A source of arabitol is gum
arabic. The source of mannitol is the manna ash tree, which,
" however, is not believed to be related to the ‘ manna ”’ of the
Bible. The hexanitrate of mannitol is a high explosive. Duleitol
and sorbitol are isomers of mannitol.

UNSATURATED ALCOHOLS

CH»>=CHOH, ethenol.

CH>=CH  CH20H, allyl alcohol, or A2-1-propenol is present
in pyroligneous acid.

(Remember that “ A” indicates a “‘ double bond,” and that
“ A?” jindicates double bond in position 2. The ending “ol”’
in propenol indicates an aleohol, and the “ 1" before the name
means that the OH group is in position 1.)

These compounds possess the general characteristics of alcohols,
and being unsaturated compounds, they form additive products
with hydrogen, with halogens, with halogen acids, ete.
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CHAPTER VI
ETHERS

Erurrs may be considered as derived from alcohols in which
the H of the ROH is replaced by an R group; or they may be
looked upon as derived from HOH in which both hydrogens are
replaced by R groups. The ethers are really organic oxides.
(HOH =H20 =water=hydrogen oxide; and R-—O—R=Rz0.
For example, CoHs;—0—Colls=(CoH;)20=¢ethyl oxide, com-
monly known as ‘‘ ether.””)

Types of Ethers.—If the two R’s represent the same groups,
then we get a simple ether.

CH3 —0—CHj3, methyl ether
CoH5—0—C:Hs, ethyl ether

If the two R’s represent different groups, we get a mixed
ether.
CH3—0—C3Hj, ethyl methyl ether
CoHs;—O0—CsHy, ethyl propyl ether

" General Methods of Preparation.—The action of an a,lkyl
halide on the sodium alcoholate; e.g.,

. C:Hs0[Na + I|CsHr — C3H;-0-CsHy + Nal

Sodium ethylate propyl iodide Ethyl propyl ether

(This method, the Williamson’s synthesis, enables one to pre-
pare either a simple or a mixed ether.) ‘
Heating a mixture of silver oxide and alkyl halide; e.g.,

202H5I -+ AgzO ad (Csz)zO -+ 2AgI

Ethyl oxide or
ethyl ether or ether

This reaction proves that ether is an oxide.)
69
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General Properties —The ethers of low molecular weight are
_colorless, neutral liquids, more volatile than the corresponding
" alcohols and lighter than water. They are very stable and inac-

tive, and are therefore used as solvents. The ethers, especially
the lower members, are highly flammable.

Sodium, ammonia, alkalies and dilute acids have no action on

them. Hydriodic acid acts in one of two ways:

ROR + HI — ROH + RI
ROR + 2HI — 2RI 4+ H:0

(When heated)

Phosphorus pentachloride has no action in the cold, but when
heated,
ROR + PCi; — 2RCl1 + POCl3

Steam at 150° decomposes them:
ROR 4+ H;0 — 2ROH

Chlorine replaces the hydrogens in the alkyl groups.

Ether, CoHs—0—C2H; (also known as ethyl ether, sulfuric
ether and ethyl oxide) is the most important substance of this
" group.
~ Etheris manufactured by the * continuous etherification proc-
ess.” Equimolecular proportions of alcohol and sulfuric acid are

mixed:

CoHs [OH + H|— CaH:0,_
>so -

02
10

Ethyl hydrogen sulfate
or ethyl sulfuric acid -

The mixture is now heated to:130-140° and more alcohol added:

Soz< TH] 0CsHs| — (CsHiO + HaSOs

(The sulfuric acid is regenerated and used over again until the acid
becomes too weak to react with the alcohol.)




PROPERTIES

The equation may be expressed:

HoS04
CoHs [OH + H | OC:Hj — CoH;—0—C2Hs + H>0

Ethyl
Alcohol Condenser
Ether Vapor
and C,H 4
Ether
t -Condenser
E\trllwerr‘ W%shed 2 |z
= ith a Base \
Alcghal T
H,S0;

Manufacture of Ether.

Ether is now also made by the dehydration of two mols. of
ethyl alcohol using Al:O3 as a catalyst (temperature, 240-260°).
Still another method employs the following reactions:

2CoHy + HoSOy ———— (CoH3)2804
hydrolysis
(CoH5)2804 ————— CoH;—0—C.H;5 + Hz_SO4

Properties.—Ether is a colorless, volatile liquid, with a very
characteristic odor. b.p. 34.6°. Specific Gravity=.736 at 0°.
It is highly flammable, burning with a luminous flame, and is
explosive when mixed with air and ignited. It is slightly soluble
in water and is used for extracting certain substances from an
aqueous solution. As a solvent for fats, qils, resins, alkaloids, ete.,
ether is unsurpassed. It can be used -as a solvent for quite a
number of organic substances. It also dissolves iodine, bromine,
sulfur, phosphorus, ferric chloride, ete. It is used with aleohol
in the manufacture of guncotton. Due to its rapid evaporation, it
can be used for refrigerating purposes. As an a‘ﬁesthetic, it was
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introduced in surgery by Dr. Morton, a Boston dentist, in 1846.
As an anesthetic, ether is preferred to chloroform, for the physio-
logical effects can be better controlied. Ether for this purpose
must be highly purified.

(Ether, chloroform and other anesthetics are, chemically, more
or less inert substances and are more soluble in lipoids—typical
cell constituents—and lipoid solvents than in water.)

Other Ethers.

CH,0C.H; CH,=CH-CH
I /O, ete.
CH,0C:H; CH,=CH -CH;

Glycol ether Allyl ether

CH-0C.Hj;
The mono ethyl ether of glycol, | , is an excellent solvent
O
2

for cellulose nitrate (p. 182).
~ For other ethers see chart facing p. 142,
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CHAPTER VII
ALDEHYDES AND KETONES

An aldehyde, R-CHO, may be regarded as a hydrocarbon
wherein a hydrogen atom has been replaced by the - CHO group.

0
The type formula for an aldehyde is R—C\//\ , and for a ketone,
H

R
R>C=O ; so that a ketone may be regarded as an aldehyde in

which the H of the CHO group is replaced by R; and, on the
other hand, an aldehyde may be regarded as a ketone in which

one of the R groups is replaced by H. Both have the >C=O

or carbonyl grouping, have a number of common properties and
they are, therefore, considered in the same chapter. The double
bond both in the aldehydes and ketones indicates reactive sub-
stances.

(In the chapter on sugars, the student will discover that most of
the sugars contain either aldehyde or ketone groupings, and that a
number of their properties depend upon these groups; so that
much that is gleaned from this chapter can be applied later.)

Nomenclature of Aldehydes.—(1) Change the ¢ ending of the
hydrocarbon having the same number of carbon atoms (or the ol
ending of the alcohol) to al.

CoHp, ethane C2Hs0H, ethanol —— CHj3-CHO, ethanal

(2) The aldehydes may also be named after the eorresponding
acids ! formed when the aldehydes are oxidized.

H-COOH, formic acid —— H-CHO, formic aldehyde or
formaldehyde

CH;-COOH;, acetic acid - —— CHs-CHO, acetic aldehyde or
) acetaldehyde

! Refer to p. 85
73
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Cq2Hs- CHO, propionic aldehyde
or prqpionaldehyde
CsH7-COOH, butyric acid —— C3Hz-CHO, butyric aldehyde

or butyraldehyde

C2Hs-COOH, propionic acid
oL

.

etc.
R-COOH —— R-CHO
(Never write the group -C—OH to represent the aldehyde
grouping, but always -CHO. Remember that OH stands for
alcohol and in alcohols the linking is R—O—H and in alde-
hydes, R—C=0.)
N\H

When an aldehyde is treated with phosphorus pentachloride,
the reaction is quite different from that obtained when PCl;
acts on an alcohol. Taking acetaldehyde as an example,

C2H40+ PCL—', hand CQH4C]2 + POClg
Dichloroethane
An examination of the dichloroethane reveals that it is the
unsymmetrical variety, the two chlorine atoms being attached to
the same carbon atom:

HH

]
H—C-2C—Cl

L]
H.Cl
which suggests that the oxygen atom in aldehyde occupies a posi-
tion in the chain corresponding to these two chlorine atoms; that is,

tH H

[
H—C—C or CH;-C=0
1 N0 \H

Nomenclature of Xetones, R-CO-R.—(1) Change the e
ending of the hydrocarbon with the same number of carbon atoms
to one:

C3Hsg, propane CHj-CO-CHs, propanone

C4Hjo, butane ——— CHjs-CH.-CO-CHjs, butanone

CsHi2, pentane : CHj3-CO-CHz-CH,-CHs, 2-pentanone
CH;3;CH;COCH;- CHs, 3-pentanong

ete.
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(The type structure for ketone, R-CO- R indicates that even the
simplest ketone must ‘contain at least’ three carbon atoms.) (2)
Name the compound in accordance with the type of group rep-
resented by R, remembering that > C=0 is the ketonic grouping:

CH; —CO—CHs, dimethyl ketone
CoHs~CO—CHs, ethyl methyl ketone -
C2H5~—C0O—CoHis, ethyl nonyl ketone

ete.

As with ethers, so with ketones: there are simple and mixed
ketones. When R=R’' we have a simple ketone; when R is
different from R’, we have a mixed ketone; so that CoHs-CO-CeHs
is a simple ketone, and CsH5-CO-CaHp is 2 mixed ketone.

Preparation of Aldehydes and Ketones.—The oxidation of a
primary aleohol yields an aldehyde; e.g.,

H ,

| . (KoCr2074+H2804) !
CH;—C—OH + O 4 CH;:,—C—< H

i H

Ethyl alcohol 0"
- CH—C{__ %, Hi0
H »
Acetaldehyde

The oxidation of a secondary alcohol yields a ketone; e.g.,

/CH /e
CH;—CLH + 0 — CH;—C4&0 [H
\OH \l

Isopropyl alcohol '

- CH3—‘(”}—CH3 + Hzo

Acetone

" Hydrolysis of dihalogenated hydrocarbons; e.g.,

d H :

. -0
CHg—CZ Cl.+ H|OH _, CHa—-C{O H CH3~C<

H

[C_H] om k=

Ethylidene chloride
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(CH2CI—CHCl is ethylene chloride, but CH3- CHClz is ethyl-
idene chloride.) :

IC1 H|OH y OH
] . .
CH Jc —CH, + —>CH;C—OH—> CH,~C—CH,
\ u
[Cl HOH CH,

2, 2-Dichloropropane

Aldehydes may be obtained by heating the calcium’ salts of
certain organic acids with calcium formate; e.g.,

CH;- [COOca !
4+ — CH3CHO + CaCOs
H-CO |Oca
When the calcium salts alone are heated we get ketones; e.g.;
CH,(C00
Ca —— - CH;COCH, +CaCO;,
CH,CO{0 ‘
or
CH;\COOca
—_— CH3 ¢ CO ° Csz +CaC03
C,H;CO|Oca

Chemical Properties of Aldehydes and Ketones.—We have
already mentioned the fact that since both aldehydes and ketones

contain the carbonyl, >C=0 group, they have many properties

in common.
The >O=O group may be looked upon as an unsaturated

group, for it contains a double bond; which means that certain
types of addition compounds are possible.

Acetaldehyde (CH3-CHO) and acetone (CHs-CO-CHj) are
here taken as typical examples of aldehydes and ketones respect-
ively. ’

CH,;-CO
CH;-COO0.
“of convenience we have halved it, and write the symbol for calcium in small
letters: ca=4Ca.

1 The true formula for calcium acetate is a, but for the sake
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ALDEHYDES
Formaldehyde, H-CHO (also known as methanal) is manufac-
tured by passing methanol vapor and air over copper gauze:

CH3;0H 4+ O — HCHO + H:0

The reaction is exothermic and the copper need not be heated
except to start the reaction. It isa gas with irritating odor, soluble
in water. The formalin of commerce is a 3540 per cent aqueous
solution of the gas. A small amount of methanol must be present
in the formalin to prevent the polymerization of the formaldehyde.
For disinfecting purposes, specially constructed lamps are used
containing methanol, which when burnt (in the presence of copper
or platinum) yields formaldehyde. It is used as a food preserva-
tive, disinfectant and germicide, both in the form of gas and in
solution. In the manufacture of dyes, such as indigo, the harden-
ing of photographic films, the preservation of tissues (hardening
the albuminous material), the manufacture of synthetic resins,
such as Bakelite (see the chapter on phenol, p. 252), formal-
dehyde finds uses. The chart facing page 80 shows in detail
the uses of formaldehyde.

Ammonia and formaldehyde combine to form hexamethylene-
tetramine:

6HCHO 4+ 4HNH, — (CH2)sNs 4 6H20
commonly known as urotropine or “aminoform,” which finds a
wide use as a diuretic, urinary antiseptic, liberating formaldehyde;
and which is also used in the manufacture of synthetic resins.

It is believed that in the formation of sugars from carbon
dioxide and moisture (in the plant kingdom), formaldehyde is an
intermediate product. Emil Fischer, the eminent German chem-
ist, has actually been able to obtain a sugar (acrose) from formal-
dehyde, by freating the latter with barium or calcium hydroxide,
thereby forming ¢ formose ” (a mixture of sugars), and isolating.
the acrose from the formose. We shall take this up again in the
chapter on sugars.

The conversion of formaldehyde into a sugar involves polymer-
ization, and may be represented as

6HCHO — CgH1204
Another polymer of formaldehyde may be obtained by treating
the substance with sulfuric acid and evaporating the solution.
The paraformaldehyde (also known as “ paraform ”’) so obtained
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is a solid and is represented by the formula (CH20),, where x
stands for a number not yet definitely fixed. The formaldehyde
gas may again be obtained by simply heating this polymerized
formaldehyde. There are lamps on the market which liberate
formaldehyde in this way.

Acetaldehyde, CH;3 - CHO (also called ethanal), is manufactured
by passing acetylene into dilute H2SO4 in presence of mercury
salts (catalyst)., It is probable that what happens may be repre-
sented thus:

H H H H _ H H
| | +HOH| | + HOH | /
= I= N H—(ID—C—O H — CH;-CHO
N
H OH H @

Acetaldehyde may be polymerized, just like formaldehyde.
If acetaldehyde is treated with sulfuric acid we get paraldehyde:

3CH;-CHO — (CHs-CHO)s or CHg-—(‘/ /Z\CH
3

""" K,

which, since it does not contain the carbonyl (>CO) group, no
longer behaves like an aldehyde. If the temperature be lowered
(say to 0°), instead of getting paraldehyde (a liquid), we get an
isomeric compound, metaldehyde (a solid), with the same formula.
Paraldehyde when heated with dilute acids is converted back to
acetaldehyde. (Paraldehyde is used in medicine as a soporific
1t is not nearly so volatile and flammable as acetaldehyde, and for
this reason acetaldehyde is often transported in the form of
paraldehyde and reconverted into acetaldehyde by distillation
with dilute acids.) Whereas PCls reacts with aldehydes, replacing
the O of the CHO group by two Cl atoms, chlorine gas displaces
the hydrogen atoms in the alkyl part of the molecule; so that, if
acetaldehyde be taken as a type, we may get the fo]lowmg

CH3—C/ + 3Cl; — CCly-CHO + SHCI

\H Trichloroacetalde-
hyde or chloral
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Chloral is prepared on a large scale from ethyl alcohol (see
page 45). Chloral is an oily liquid with a penetrating smell. It
reacts with water, forming chloral hydrate,

0
CCl;- CKOH or CCl-¢Z M0
N\OH i

which is used as a soporific. In large doses, it acts as an anesthetic.
Chloral also combines with aleohol to form a crystalline body

CCls- 040}1
NOCoHs

Chloral alcohol

Bromal, CBr3-CHO, and iodal, CIs-CHO are also known.

By means of dilute alkali, or a zinc chloride solution, two
molecules of acetaldehyde may be made to combine with one
another to form aldol, a derivative of butyraldehyde.

CHa—C/ + HCHz—C/ = CH3—040H2 CHO
\H \OH

2- Hydroxy—4—butanal (or aldol)

This is known as the aldol condensation, and, among other
things, serves as a working hypothesis to explain the synthesis of
fats in the plant kingdom and the conversion of sugars into fats in
the animal body.

Higher aldehydes up to Cao are used in the preparation of
synthetic perfumes and artificial fruit flavors.

Aldehydes are detected (a) by their reduction of an ammoniacal
silver nitrate solution to silver (silver mirror); (b) by the “ resin ”
formation obtained with NaOH; (c) by the formation of a reddish
violet color with magenta, which has been decolorized with SO.
(the Schiff test); (d) by reduction of an alkaline copper sul-
fate solution (Fehling’s test), giving the red cuprous oxide.

CHO
Glyoxal, | , is a dialdehyde. Its dimethyl derivative is
CHO ’

CHs-C=0 .
dimethyl glyoxal, | , and the dioxime of the latter is
CH;-C=0
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UNSATURATED ALDEHYDES

CH;—C=NOH
dimethyl glyoxime, | , a substance used in the
CH3;—C=NOH
gravimetric determination of nickel. 4
Unsaturated Aldehydes.—Acrylaldehyde, CH=CH-—CHO,
(commonly called acrolein, and sometimes called propenal), is
prepared either (1) by the oxidation of allyl aleohol, or (2) by heat-
ing glycerol with a dehydrating agent, as KHSOy, or (3) by heating
fats and oils to a somewhat high temperature.

0
(1) CHy=CH—CH,OH —— CH,=CH.CHO 4 H20

CH,
CH

2
@ Gif,

CHO

(The odor of burning fat is mainly due to acrolein. Due to its"
toxic and lachrymatory properties, it was used as a  tear gas”’
during the late war.)

The properties of acrolein depend, first, upon the fact that
it has a double bond (and is, therefore, ap unsaturated com-
pound), and second, that it is an aldehyde; so that we get reac-
tions such as these:

CH,  CH
I o |
(|3H — ((JH
CHO COOH
Acrylic acid
It
CH. CH;
I Hy |

(llH —_— ?Hz
CH.0H CH:0H

Allyl alcohol Propyl alcohol

Geranial or citral.
CH; e
>C—CH—-CH2—CH2—C=CH—CHO

is found in 011 of lemons and citrons.
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_ KETONES

Acetone, CH;—CO—CHj (also called propanone and dimethy:
ketone) is prepared commercially by beating calcium acetate; by
the catalytic dehydrogenation of isopropyl aleohol, and from the
products obtained in the fermentation of corn, ete. (Weizmann
process.)

This liquid has a characteristic odor, a peppermint-like taste,
and is miscible with water. b.p. 56.1°. It is lammable.

Acetone is used in the manufacture of chloroform, iodoform,
sulfonal, smokeless powder, celluloid, ete. The chart facing p. 84
shows in detail the uses of acetone.

Acetone is an excellent solvent for animal and vegetable oils
and for fats, gums, resins, cellulose acetate, nitrocellulose, ete.

Its chemical reactions have already been given (pp. 77-79).

(Acetone is present in the urine and in the breath of persons
suffering from severe diabetes.)

Higher ketones up to Cs2 are used in the preparation of syn-
thetie perfumes and artificial fruit flavors.

Ketene is CH,=CO. Aldoketenes have the formula RCH=CO
and ketoketenes RoC=CO. They are very reactive substances.
They react with water, alcohols, amines, ammonia, aeids, ete.

R20=CO + HOH — R;CH-COOH
RCH=CO + R'OH ~» RCH,-COOR’

Ester

RoC=CO + HNH, — R.CH-CONH:

Acid amide
Dimethyl ketene may be prepared by the following reaction:

CHs CHs
CCl1-COCl + Zn — >C=CO + ZnCls
CHs CHs

a-Chloroisobutyryl chloride Dimethyl ketene
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CHAPTER VIII
ACIDS
An organic acid contains the “ carboxyl” group,
—COOH <——C<ZH>, and may be ‘regarded as a hydrocarbon

in which one or more of the hydrogens is replaced by COOH-
groups; e.g., CHzH CH3-COOH. If the compound con-
tains one COOH group, it is known as a monobasic acid; if two
such groups, dibasic; if three, tribasic; etc. The basicity depends
on the number of -COOH groups present in the molecule. We
have analogous types in inorganic chemistry; e.g., HCl—H2S04+—
H3POQy, ete. ‘

Nomenclature.—Several acids have names that suggest their
origin (formic from * formica,” butyric from butter, valeric from
“ yaleriana,” palmitic from palm oil, etc.). The acids may also
be named by changing the ending e¢ of the hydrocarbons con-
taining the same number of carbon atoms, to oic; so that

CH4, methane becomes H-COOH, methanoic acid

C:Hs, ethane becomes CHs- COOH, ethanoic acid

CsHg, propane becomes CHgz- CHs- COOH, propanoic acid
C4Hi1o, butane becomes (a) CHs—CH,—CH>—COOH, butanoic

acid
® @ H o
(b) CH3—C&——COOH, 2-methyl-1-
AN H propanoic acid

This type of nomenclature is seldom used.

Or they may be named as derivatives of acetic acid,

0
N R
CH3 C\OI-]_" e.g.,
/H . .
CoHs—C COOH, ethyl methyl acetic acid
\CHj

! Although other groups, like SO;H, ete., are also acid groups.
85
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or as the acids of the corresponding aldehydes:

H-CHO, formaldehyde —— H-COOH, formic acid
CHs-CHOQ, acetaldehyde —— CH3-COOH, acetic acid
G2H;s- CHO, propionaldehyde —— C:Hs- COOH, propionic acid

R-CHO —— R-COOH

Types of Acid Derivatives.—Acids in which some element or
group has been substituted in the - COOH group are called “ acid
derivatives 7’ (they will be taken up in detail in a later chapter):

0 0
R-C< , & salt; as CHg‘_C/
OM* NO—Na
Sodium acetate
M =metal.
0 ) 0
R-C< , an ester; as CH3—C<
OR 0—C.H;
Ethy] acetate

0 0
.7 : o
R C\X , an acyl halide, as CHjz C<Cl

Acetyl chloride
O Q)
The R——CZ group is known as the “acyl” group; CH3-C’//—
group is the acetyl group.

0 0]
R—CZ CH:—CZ
(/O, an acid anhydride, as >O

Acetic anhydride

0 0
R-C< % an acid amide, as CH3———C/
\NH, | \NH.
Acetamide
R-C=N, An acid nitrile or an
alkyl cyanide, as CH;-C=N

Acetonitrile or methyl cyanide

Types of Substituted Acids.—Acids in which the -COOH
groups remain, but substitution has taken place in the residual
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groups (as CH3), are known as * substituted acids.” (They will
be taken up in detail in later chapters.)
Hlustration with acetic acid:

CH;-COOH
CH>;—COOH, chloroacetic acid
L
Cl
CH.—COOH, hydroxyacetic acid
OH
CH>,—COOH, cyanoacetic acid
l
CN
CH,—COOH, aminoacetic acid
|
NH,
CH;—COOH, carboxyacetic acid (known as malonic acid)
\COOH
CH.—COOH, sulfoacetic acid
\SO3H

(The —803H group is known as the sulfonic acid group or
sulfo group.)

The student should at this point thoroughly familiarize him-

self with these type compounds, as frequent allusion will be made
to them.

MONOBASIC ACIDS (FATTY ACID SERIES!), R—COOH

General Methods of Preparation. —L. Ox1dat10n of a primary
alcohol, or of an aldehyde; e.g.,
0 -0
CHs - CH:OH — CH;-CHO — CHs;-COOH

2. Hydrolysis of esters (in presence of acids or alkalies); e.g.,
CH;-COOC.Hs + HOH — CH3;COOH -l- C.H;0H

Ethyl acetate

1 Named Fatty acids because many of them are contained in fats, or are
formed from fats on hydrolysis.
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3. Hydrolysis of acyl halides with water; e.g.,
CH;-COCl + HOH — CH3COOH + HCI

Acetyl chloride

4. Hydrolysis of alkyl cyanides or of acid amides; e.g.,

H:0 O H:0 0O
CHs O=N —— CH3—C< . cH—?
NH, ONH.H:
Methyl cyanide Acetamide Ammonium acetate
H2S04 /O
= CHy—¢Z  + NH,HSO:
OH

(—CN group hydrolyzes to a —COOH group.)

5. Decomposition of salts of organic acids with mineral acids;

CH3-COONa + H280; — CHj3-COOH + NaHSO4
Sodium acetate
General Properties. The lower members up to CoH;4- COOH
are liquids with strong odors, and the higher ones, waxy solids.
They ionize to a slight extent (e.g., CHsCOO-H?*) but their
salts ionize quite considerably. They are stable substances and
difficult to oxidize.
The acids form:

(a) Salts with bases; e.g.,
CH3~COO[§ + HO|Na — CHs-COONa + H20

Sodium acetate

(b) Esters with alcohols; e.g.,

H—COOH + HO|C:Hs — HCOOC:H; + H0

Ethyl formate
(¢) Acyl halides with PCls; e.g.,
CH;COOH + PCls — CoH;COCl + POCI; + HCI
Propionic acid Propionyl chloride
(d) Halogen substitution products (where halogen sub-
stitutes in the alkyl group); e.g.,

CH3COOH + Cl; — CH:-COOH + HCI

&

Chloroacetic acid


file:///ONH2H2

NORMAL FATTY ACIDS

Normar, Farty Acips *

Name Formula
1 ,Formic acid................... H.COOH

’ ’Acetic acid. . ... ... oL, CH;-COOH
4 Propionic acid. . .............. C.H;-COOH
¢’Butyricacid. . ................ C;H;-COOH

Valericacid................... CH,-COOH
Caproic acid. ...... [ CsH,; -COOH
Heptoicacid.................. CeHy-COOH
Caprylicacid, . ............... C;H;;-COOH
Nonylicacid.................. CsH,y7-COOH
Capricacid........coveennnn.. CyHy5-COOH
Undecylicacid.........c....... CioHy. -COOH
Lauricacid. ...........c...... CuH2z COOH
Palmiticacid. ................ CysHs, - COOH
Margaric acid.....cooiniaannn CiHa-CQQH
Stearicacid................... Cy7H;;-COOH
Arachidic acid ................ C19H39 ‘COOH
Melissicacid.................. C:oHse- COOH

* For source of these acids, see chapter on, fats, (p. 105) p

Formic Acid, H—COOH (also known as methanolc acid) is a
colorless liquid, with an odor resembling sulfur dioxide. It is the
strongest acid of this series. It occurs in bees, ants, nettles and
pine needles. (The “stinging ” by bees is due to penetration of
formic acid under the skin.)

Formic acid is manufactured by heating sodium hydroxide to
150°~170°with carbon monoxide under 6-7 atmospheres of pressure:

CO + NaOH — C&0 -
“\ONa
Sodium formate
In the laboratory, it is prepared by heating oxalic acid with
glycerol. The reactions involved are somewhat complex, but the
essential feature may be represented thus:

‘COOH — HCOOH + COy’
000 |H_
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When formic acid is heated with sulfuric acid, we get carbon

monoxide and water:
HCOOH — CO + H.0

(CO cannot be regarded as the anhydride of HCOOH since CO
mixed with water does not give formic acid.)

Formic acid is a reducing agent. This may be explained on the
theory that it contains an aldehyde (CHQ) as well as an acid
(COOH) group:

H— [C=0]

OH

Formic acid is used in the manufacture of dyestuffs, in dyeing
and finishing of textiles, in tanning, ete.

Acetic Acid.—CHj3-COOH (ethanoic acid), occurs in fruits
and oils in the form of esters. The common form, known as vine-
gar, is produced by the fermentation of fruit juices (such as the
apple), which contain sugar. The sugar is first converted to aleo-
hol (due to the presence of the enzyme, zymase), giving us cider,
and the latter is oxidized to acetic acid by oxidizing bacteria pres-
ent in the juice. For large scale production, dilute (6-9 per cent)
aleoholie liquor (produet of fermentation) is allowed to trickle over
beechwood shavings, which are impregnated with ¢ Bacterium
aceti,” or mother of vinegar. Air is admitted on the side of the
vats to oxidize the CoH;OH into CH3-COOH. The tempera-
ture is kept at about 35°. After the conversion of the alcohol to
acetic acid, the product is sold as vinegar.

Vinegar contains from about 3-6 per cent of acetic acid, but
also contains other acids (derived from fruit), esters, albuminous
matter, etc. Stronger concentration of the acid is obtained from
“ pyroligneous acid,” which contains acetic acid (4-10 per cent),
this being separated from the other constituents of pyroligneous
acid by conversion into calcium acetate, (CH3C0O0)2Ca and the
subsequent liberation of the acid by the addition of sulfuric acid.

Synthetic acetic acid is now made by the catalytic oxidation
of acetaldehyde, which, in turn, is made from acetylene. (See
p. 81.)

Glacial acetic acid is practically 100 per cent acetic acid, and,
as its name implies, resembles ice when frozen.

Acetic acid is used as a solvent and to prepare acetates. It
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is also employed in the manufacture of dyes, drugs (like acetanilide,
p. 237) and white lead. The chart facing p. 90 shows the exten-
sive uses of acetic acid.
Propionic Acid.—C2Hjs-COOH, is present in small amounts in
pyroligneous acid.
Butyric Acid.——CHj-CHy- CHz- COOH, ocecurs in two form
as the normal (the formula for which has just been given), and tt
CHa\ o : .
iso, /CH-COOH. The normal variety is present in ranci
CH;
butter, muscle, sweat, cheese, feces, etc. It has a oh'sagreeabf
odor. (Caleium n-butyrate is one of the few substances mo

soluble in cold than in hot water.)
CH3s
Isovaleric Acid, cH >CH-CH2-COOH, occurs in angelica
3

and valerian roots.

Palmitic Acid, C;5H3; - COOH, and stearic acid, C;7Hz5- COOH
are widely distributed, accompanied by oleic acid, C17H3z3- COOH,
in most animal and vegetable oils and fats, as the glyceryl esters.
(See Chapter X.) From these esters the acids are obtained
by hydrolysis; e.g.,

C3H5(00C- Cy5Ha1 )3+ 3HOH — 3Cy5Hs: - COOH + C3Hs(0OH);

Palmitin (Superheated Palmitic acid Glycerol
steam 4 HaSOQy)

The stearin candles of commerce consist of a mixture of
palmitic with excess of stearic acid, and some paraffin added to
prevent crystallization and brittleness.

UNSATURATED MonNoBasic AcCIDS

Acrylic Acid, CHy=CH-COOH (also called propenoic acid)
shows characteristic properties due to its double bond and to its
carboxyl group.

Crotonic Acid, CHs—CH==CH-COOH, derives its name from
croton oil. o '

Oleic Acid, CH3(CH.),CH=CH(CH,)7COOH, (C,7H33-COOH)
is present as the glyceryl ester in fats and oils (p. 106), and is
-usually found associated with palmitic and stearic acids. Oleic
acid is a liquid and on a large scale it is separated from the solid
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palmitic and stearic acids by squeezing it out under hydraulic
pressure. Commercial oleic acid is known as ““ Red oil 7 and is
used for the manufacture of soap, greases, in the dry-cleaning
industry, etc. It is an unsaturated acid, having its double bond
between the ninth and tenth carbon atoms. With hydrogen, it
is converted into the saturated stearic acid. v

Linoleic Acid, C;7H3;COOH, contains two double bonds. It is
present in the form of a glyceryl ester in linseed oil and other
drying oils.

Disasic Acins, CyHan(COOH),

These compounds contain two carboxyl groups. (They are
analogous to H2SOy4, which contains two replaceable hydrogens.)
They are capable of forming two series of salts, viz., acid and nor-
mal, and likewise two series of amides, esters, chlorides, ete. The
general type reactions are analogous to those given for monobasic
acids.

Oxalic Acid, CIJOOH, is present, in the form of salts (potassium,

COOH

calcium, etc.) in some plants (oxalis variety). Rhubarb is rich in
it. The urine often contains small quantities of calcium oxalate.

Preparation.—Sugars, cellulose and starch, when oxidized with
nitric acid, yield oxalic acid. The commercial method is to heat
sawdust with NaOH at 240°, which yields sodium oxalate. A still
more recent method is to heat sodium formate (obtained from
carbon monoxide and sodium hydroxide, p. 89) to 400°:

+ Ho

H| COONa ?OONa
ﬁ
H{ COONa COONa

/
Another method of preparation will be referred to.because it is
based on a reaction already discussed.
When cyanogen is hydrolyzed, we get oxalic acid:

CN COONHy COOH
| 4+ 4H20 — | — | + 2NH;
CN COONH; COQH
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When oxalic acid is heated with sulfuric acid, we get carbon
monoxide, carbon dioxide and Hz0:

COOH
| =00z + CO + Hy0
COOH |

(The student will remember the reaction as a laboratory
method for the preparation of CO. The COs is removed by pass-
ing the mixture of gases through alkali.)

Oxalic acid is a highly poisonous substance. It is used in
analytical chemistry, in the manufacture of dyes, bleaching, metal
polishes, tanning, ete. Oxalic acid is the strongest organic acid.

/COOH
Malonic Acid, CHz\ , was first obtained by oxidizing
COOH

malic acid (the acid present in apples, p. 131). Its synthesis is
accomplished as follows:

Cl, KCN
CH3-COOH —— CH:-COOH ——— CH2-COOH

l
& b

Cyanoacetic acid
Hydrolysis COOH
CH2<
: COOH

When heated, malonic acid is first converted into acetic acid
by the loss of COq:

— CH3-COOH + COq
H

and this proves malonic acid to be a dicarboxylic acid derivative -

of methane.
Succinic Acid, CH-COOH, occurs in amber, fossil wood and

I
CH:-COOH

in the urine of animals. It is produced in processes involving
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fermentation and may be obtained by distilling amber. Its
synthes1s may be accomplished thus:

CHs Clz CH:Cl 2NaCN CH2CN Hydrolysis CH:COOH
“ — | —_— —_—
CH; CH.Cl CH.CN CH.COOH

Ethylene cyanide

When the acid is heated, it loses a molecule of water and is
converted to its anhydride:

0
CH,-COOH  CHy—Z
| ] >0 + H,0
CHy-CO0H  CHr—C

Sucecinic anhydride

Other examples of dibasic acids are methyl malonic acid (iso-
succinic acid),

coon

CH3-CH< ,
COOH

glutarie acid,
CH.-COOH
1

CH.-COOH

; ete.

UNSATURATED DiBAsIC AcIDs

Two compounds with the formula CoHo(COOH), are known,
one being maleic acid and the other fumaric acid.

Fumaric acid occurs in various fungi, iceland moss, ete.
Maleic acid is not a natural product. The formulas ascribed to
the two isomers are:

H—ﬁ——COOH H—(”)——COOH
H—C—COOH HOOC—C—H
Maleic acid (cis-form) Fumaric acid (trans-form)

This type of isomerism is known as the ‘ethylene” or
“ geometric type,” ! When maleic acid is heated it produces an
anhydride.

114 is suggested that the instructor show this type of isomerism with the
Kekulé models.
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' 0
H—C—COOH H—C——C<
O = 0 + Ho,
H—C—COOH H—(C—C

No

Fumaric acid does not yield an anhydride, which suggests
that a compound represented by two -COOH groups in juxta-
position has the maleic acid formula.

(The system of nomenclature adopted to distinguish between
the two isomers is o term the compound with similar groups on
the same side ‘as the cis-form, and the compound with similar
groups on opposite sides on the molecule as the frans-form.)

Maleic acid is prepared on a commercial scale by the catalytic
(air) oxidation of benzene vapor:

Y

H—C-COOH
CeHs + 90 — ” &L COOH + 2002 "l‘ Hzo

Both fumaric and maleic acids on reduction yield succinie
acid:
CH-COOH CH,- COOH
| + Hp — |
CH-COOH CH.-COOH

READING REFERENCES
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“neering Chemistry, 23, 482 (1931). :



CHAPTER 1X

SALTS AND ESTERS OF INORGANIC AND ORGANIC
ACIDS

SALTS

Savts of organic acids are important for a number of reasons.
In the first place, they are used in the preparation of various
organic compounds (see below); then again a number of them are
the source of certain elements which the body needs; and finally a
group of them belong to the household substances which go under
the common name of ““ soap.”

In inorganic chemistry, a salt may be looked upon as an acid in
which the acid hydrogen is replaced by a metal; e.g.,

HCI NaCl HzSO4 NaHSO4 Na2804

Acid Salt Acid Acid salt Neutral salt

In a similar way, when the acid hydrogen of an organic acid
is replaced by a metal, we get a salt:

R-COOH R-COOM *
Acid Salt
For example: CH3COONza (sodium acetate), (H-CO0Q):Cu
(copper formate), C;7H3zs- COONa (sodium oleate), ete.

The naming of these salts is analogous to the naming of inor-
ganic salts: : '

H2804 ~+ NapS0y, sodium sulfate
CH3COOH — CHj;-COOK, potassium acetate
COOH COONa, .

| — | sodium oxalate
COOH COONa .

CH:-COOH CH2COO

I — |
CH:-COOH CHCOO
* M =metal.
96

>Cd, cadmium succinate
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General Methods of Preparation.—1. The action of an acid
on a base; e.g.,

CH;-COOH 4+ NaOH — CH3-COONa 4 H:20
2. The action of an acid on an oxide, or a carbonate; e.g.,
2CH;-COOH + CaC0z — (CHs-CO0):Ca 4+ COz + Hz0

General Properties.—They are usually crystalline substances
and often contain water of crystallization. Some, when heated
with soda lime, yield hydrocarbons; e.g.,

C;H;-[COONa + NaO|H — CeHsH + NasCOs

Sodium. propionate Ethane

others yield aldehydes;

CH{COONa —» CHyCHO +Na,CO;
-+
H-CO|ONa

and still others, ketones;

CH,CO00
Ca ———= CH;-CO-CH;+ CaCOs

CH,CO0 |

The free acid may be liberated from these salts by the addition
of a stronger acid; e.g.,

CH;-COONa + H,80; — CH;COOH + NaHSO,

The ammonium salts, when heated, are first converted to the
acid amides and then to the cyanides (the reverse process of
converting a cyanide into the acid being one of hydrolysis); e.g.,

. —H>0 —H:0
CH3-COONHy —— CH3-CONH; ——— CH3-CN
_ —— —m

+H:0 +H20



98 SALTS AND ESTERS OF INORGANIC AND ORGANIC ACIDS

Very many salts are known. The names and composition of
otily a few of these will be given:
A Y

H-COONa COO
Sodium formate I >Cu
COO0
Copper oxalate
CHs- coo\ ‘ clzoom
CHy- 007 COOH
Manganese acetate Lithium hydrogen (acid) oxalate
/COO
CHz\ Pb CH;-CH,-COONH,
CO0O7- Ammonium propionate
Lead malonate
CH3 . CHZ . CHz . COOK 017H35COON3,
Potassium butyrate Sodium stearate
CHjs-COO

>Pb-3H20 is “sugar of lead ”’; the  basic lead
CH;-COO

acetate,” used to purify sugar and many blologlcal substances, is
; ““verdigris,” or ‘“green pigment,” is a com-

bination of copper hydroxide and copper acetate, Cu(OH).-
(CH3CO00)2Cu; “ Paris green,” the insecticide, is a combination
of copper arsenite and copper acetate, (CH3{COO0)2Cu-CusAs2Os;
iron, aluminum and chromium acetates are used as mordants in
dyeing and calico printing.

Soaps.—The sodium or potassium salts of some of the higher
acids (obtained from fats and vegetable oils), such as palmitic,
015H31'COOH,' sbearic, C17H35000H; and oleic, Cl7H33COOH,
are known as soaps. Without going into the details of manufac-
ture of these soaps, it may be pointed out that the principle
involved is the conversion of the fat into soap and glycerol by
boiling with alkali, and the separation of the soap from the glycerol
by a process known as  salting out,” which means that salt (NaCl)
is added to the mixture, whereby the soap comes to the surface
and is then ladled off. The reaction may be represented thus:
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CIJH2.~ 00C-Ci5Hzs; NaOH (szOH
CH —{00C-C1sHs; + NajOH — CHOH + 3Ci5Hs:COONa
, Sodium palmitate (a soap)

|
CH;—[00C-Ci15Hs: NaOH - CH:0H

Glyceryl] palmitate Glycerol
or palmitin (a fat) .

The solid soaps are sodium salts while the soft soaps are
potassium salts. Soaps added to “hard 7 water (containing cal-
cium or magnesium salts in solution) have their sodium atom
replaced by either calcium or magnesium, thereby forming soaps.
insoluble in water:

2C17H35- COONa+Ca(HCO3);—(Ci7Hzs- CO0)2Ca-+2NaHCO3

Sodium stearate Calcium stearate

113

This explains the
water.

(“ Lead plaster ” is a lead soap made from lead oxide or lead
acetate, which has been boiled with fat and water. Lead, man-
ganese or cobalt soaps are used as “ dryers ”’ in paints, to hasten
the process of drying. Calcium soaps are used for lubricating
greases. Zinc stearate finds extensive use in toilet powders. The
“ medicated ” soaps contain one or more of such substances as
carbolic acid, salicylic acid, sulfur, cresol, resorcinol, etc. Per-
fume and coloring materials are often added to soaps.)

The cleansing action of soaps depends upon the power to emul-
sify oils and fats which are then washed away in the form of small
globules.

curds ”’ formed when soap is used in hard

EsTERS

An ester is either an inorganic or organie acid in which the acid
hydrogen has been replaced by an R group (or a salt in which the
metal is replaced by an R group):

HCI, acid R(], ester
H280y, acid RHSOq, acid ester

or ReSOy . ester
HONO,, “acid RONO., ester
HONO, acid RONO, ester
CH;-COOH, acid CHj;-COOR, ester
Cc0o0H, ' COOR, COOR,

acid | ester or | acid -ester

I
COOH, COOR, COOH,
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Esters are widely distributed in nature, ind are respon-
sible for the characteristic odors of many fruits, figvors and flowers.
They have very agreeable odors and are used as flvoring materials
and in perfumes. Since they are volatile, the esters are also called
‘“ ethereal salts.” They ionize to a very shght extent and are
usually insoluble in water.

General Methods of Preparation.—1. By the interaction of an
alcohol and an acid; e.g.,

C:Hs;0H + H|I — CoHsI + Hz0

C:H;/0H + HOOC-CHs — CH;s-COOC:H; + Hz0

Ethyl acetate

CoHsOH + HHSO:,  — C.H;HSOs + H0

Ethyl hydrogen sulfate

C:Hs;{0H + HONO — CpH5—0—N=0 + H,0
Ethyl nitrite
2. By the interaction of a salt of an acid with an organic
halide; e.g.,
CH3000M03H7 — CH;s-COOCsH; + Agl

Propyl acetate

3. The action of an acyl halide on an alcohol or an alcoho-
late; e.g.,

CszolNa + CIIOC -CHs — CHj- COOCzH5 + Na(Cl

Acetyl chloride

General Properties.—The esters are neutral substances, insol-
uble in water. Though the salts ionize quite readily, the esters
do not. TUpon boiling with dilute’ acid or alkali, hydrolysis takes
place, the process being known as saponification (a process em-
ployed in making soap); e.g.,

CH;-COOC:H; + HOH — CH3COOH + C:H;O0H

Ammonia converts them to the corresponding amide; e.g.,
CH;-CO|0C3H; + H|NH; — CH3-CONH:; 4+ C3H,OH

Acetamide
Esters of Inorganic Acids.—(The alkyl halides discussed in
Chap. IV (p. 44) are esters of hydriodic, hydrobromic and hydro-
chloric acids. They will not be discussed again in this section.)
Ethyl nitrite, CoH5-ONO, has an apple-like odor. Ifs alco-
holic solution is the ‘sweet spirit of nitre.”” Isoamyl nitrite,
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Cs5H11-ONO, is used in medicine as an antispasmodic and ano
dyne.
Ethyl nitrate, CoHs0NOQo, has a fruity odor. It is explosive.
Dimethyl sulfate, (CHj3)2804, may be prepared thus:

CH30H -+ HHSO, — CH3HS0, 4+ H20
2CH3HSO4 heated — (CH3)2SO4 4+ H.804

It finds use as a methylating agent (to introduce methyl group:
into compounds). It is poisonous.

Ethyl sulfuric acid, CoHsHSO. (also called ethyl hydroger
sulfate), may be prepared by the action of cone. sulfuric acid or
ethyl alcohol at 100°:

C.H;OH + H:80, — C:HsHSO, + H20

It may be recalled at this point that when ethyl hydrogen sulfate
is heated to about 170° we get ethylene (p. 32) and when treatec
with aleohol it yields ether (p. 70).

Diethyl sulfate, (C2Hs)2804, is used as an ethylating agent. It
has a peppermint-like odor. Unlike dimethyl sulfate, it is non-toxic.

Glyceryl trinitrate, commonly, but erroneously, called nitro-
glycerine, is_prepared by the action of nitric acid on glycerine
(H2S0y is used as dehydrating agent):

CH:0H HONO; (EHz—ONOz
(JJHOH + HONO; — CH—ONO: + 3H30
H-OH  HONO: CH:—ONO;

It is used in medicine as a circulatory depressant and is the active
constituent of dynamite (see p. 66).
Glyceryl phosphate (ortho) is prepared in a similar manner:

AN
O— P=(Q —> C3H15P04 4+ 3H:0

Glyceryl orthophosphate

O/

1 The C;H; group, if trivalent, is known as the glyceryl group; if CsHs
is monovalent, it is known as the allyl group.
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(RCN may be regarded as an ester of HCN. This type o
compound will be treated later—p. 161).

Esters of Organic Acids.—When an inorganic acid and a
alkali react, a salt is immediately formed; when, however, ai
organic acid and an alcohol (in some respects the analogue of ‘th
alkali) react, the ester is formed, but slowly:

CH5CO [OH + H| OCoHs = CH3;COOC:Hs + Hz0

When equimolecular quantities are used, only 66 per cent of th
ester is produced. An increase of temperature increases thi
velocity of the reaction, but not the yield of ester. The latte
may be increased by the addition of a catalyst, or a dehydratiny
agent, such as H2804 or HCI gas.

Saponification to which we have alluded (p. 100) is hydrolysi:
and esterification is the reverse of this:

Esterification
(strong acids)
R-COOH + HOR’ R-COOR’ -+ H20
Saponification
(weak acids or bases)

Many of these esters are known. They are used extensively i1
artificial fruit essences, flavors, perfumes, extracts, etc. Ver
many soft drinks on the market are artificially colored ‘and fla
vored. Synthetic esters are used to flavor them and a number o
coal-tar dyes to color them. Only a few can be mentioned here.

Ethyl acetate, CHj3-COOC2Hs, is used as a solvent for nitro
cellulose, in the preparation of photographic films, and in resin
and ‘essences.

Isoamyl acetate, CHs-COOC;sH 4, is found in pear oil and i
used as a solvent for gun-cotton and in the preparation of banan:
oil or .bronzing ”” liquid.

Ethyl butyrate, C3H7-COOC:Hs5, is a constituent of pine-
apples.

Isoamyl isovalerate, C4Hg- COOC5H 3, is found in apples.

Octyl acetate, CH3- COOCsH7, occurs in oranges.

Ethyl formate, H-COOC.H s, is a constituent of artificial rum.

Amyl butyrate, C3Hz- COOCsH1,, has an apricot flavor.
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Ethylene acetate, CHs- COOCHx, is used as solvent for cellu-

CHj3-COOCH.
lose acetate and in cellulose nitrate lacquers.

*As a result of the development of the lacquer inqustry during
the last few years, many of these esters are now finding extensive
use. :

Myricyl palmitate, C;5Hz;: - COOC30He1, is present, in beeswax.
The esters of dibasic acids are also well known; e.g.,

COOC,H; COOCH; _CO0C,H;
1 | CH,

COOC,Hj COOH T NCO0C, H;

Ethyl oxalate Methyl acid oxalate Ethyl malonate (malonic ester)

uses of Malonic Ester.—Malonic ester can be used to synthe-
size homologues of malonic and acetic acids.

‘When malonic ester is treated with sodium or sodiug, alcoholate,
the following reaction takes place:

/00002H5 /COOCzH5 ’
+ NaOC:H; ~— CH:

NCOOC,H; L N\CO0C:Hs
a

Sodium malonic estex

CH, + C.H;0H

If-an alkyl halide is now added; e.g.,

COOCH; COOC,H;
C’—/—H + [I|CoHs — oLH
N\COOC:H; INcoocH,
Nfb_j . CoHs -

Ethyl malonic ¢gper

a derivative of malonic ester is obtained.
A second alkyl group (the same or a different one) ‘may be
.introduced by repeating the above operation; e.g.,

CH;
. COOC:H, COOC,H; | Co0C:H
oLH - C{[Na ¥ 1ICH; — c< ’

| \COOC:H; | \COOG:H; GOOC:H; (2)
C.Hjs CeHj ' C.H

Sodium ethyl malonic ester Ethyl methyl malonic ester
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On hydrolysis with sodium hydroxide and subsequent acidifi-
cation the following acids are formed:

) (l)Hg 00
COOH COOH
o - clu @ -
N\ AN
| \COOH | \COOH
C2Hs CoH5
Ethyl malonic acid Ethy! methyl malonic acid

On heating, malonic acid and its derivatives lose carbon
dioxide.

Coor nfCooln o,

I/ /
(1) CH — C—~H (2) C—COOH —
[\COOH | \COOH | CII\COOH
C2Hs CqoHs CoH; C-Hs
Butyric acid Ethyl methyl acetic acid

(Fats and vegetable oils are glyceryl esters. They will be
taken up in detail in the next chapter.)
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CHAPTER X
FATS AND OILS, WAXES AND LIPOIDS

Fars anp Omws

TuesE are glyceryl esters of fatty acids (usually of high molecu-
lar weight). An example of one of these substances is glyceryl
palmitate (tripalmitin).

(I}Hg——OOC -CisHax
(IJH —Q0C-Ci5Ha:
CH>—00C-Cy5Hs,

The glyceryl esters of stearic (Ci7HzsCOOH), palmitic and
oleic (Ci7H33COOH) acids constitute the main bulk of the fats
and oils in food and of body fat.

If the three acid radicals in a fat or oil are the same, it is known
as a simple glyceride, e.g., tripalmitin. A fat containing radicals
of two or three different fatty acids is known ag a mixed glyceride,
e.g., :
CH,—00C: Cy17Hss

{
(IJH —Q0C-C;5Hs;
CH;—O00C-CzH>

Butyropalmitostearin

There is no essential chemical difference between fats and
vegetable oils. Stearin, C3;H;(OOC-Ci;H3s)3, and palmitin,
C3H,5(OOC . C] 5H31)3 are SOlidS, while olein, C3H5(OOC . 017H33)3
is a liquid. The consistency of a fat or oil depends on the amount
of solid or liquid esters present. The fats are solid at the ordinary

temperatures, whereas the oils are liquid.
105
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FATS AND OILS, WAXES AND LIPOID!

IMPORTANT FATS AND OILS

Fat or Oil Contains the Glyceryl Ester of Source of Fat or Oil
Almond oil | Oleic, palmitic, linoleic acids, etc. | Bitter or sweet almonds
Butterfat Butyrie, caproie, caprie, palmitie, | Cow’s milk
stearic, oleic acids, ete.

Cacao butter | Palmitic, oleic, stearie, myristic | Seeds of cocoa nibs
acids, ete.

Castor oil Ricinoleie, stearie, oleic acids, etc. | Seeds of castor beans .

Cocoanut oil | Caproic, caprylic, capric, lauric | Seeds of “cocos nucifers
acids, ete. kernel of nuts

Codliver oil | Oleic, myristic, palmitic, stearic | Livers of cod fish
acids and cholesterin, etc.

Cottonseed oil| Oleic, stearic, palmitic, linoleic | Seeds of the cotton-plar
acids, ete.

Hemp oil Isolinolenic, oleic acids, ete. Seeds of hemp

Human fat | Stearic, palmitic, oleie, butyric, | Human beings
caproic acids, ete.

Lard Stearic, palmitic, oleie, linoleic | Body fat of swine
acids, ete.

Linseed oil | Linoleic, linolenic, oleic, palmitic, | Seeds of flax
myristic acids, ete.

Maize oil Arachidie, stearic, palmitic, oleic | Seed germs of corn oil
acids, ete.

Menhaden oil| Palmitic, myristic, oleic, stearic, | Bodies of menhaden fis|
and other unsaturated acids, ete.

Mustard oil | Erucic, arachidic, stearic, oleic | Seeds of mustard
acids, ete.

Neatsfoot ‘oil { Palmitic, stearic, oleic acids, ete. | Hoofs of cattle

Olive oil Linoleie, oleic, arachidic acids, ete. | Fruit of olive tree
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IMPORTANT FATS AND OILS—Continued

Fat or Oil Contains the Glyceryl Ester of Source of Fat or Qil

Palm oil Palmitic, lauric, oleic acids, ete. Palm seed’

Peanut oil Arachidie, linoleie, hypogoeic, pal- | Peanuts
mitic acids, ete. Y

-

Poppy oil Linoleic, isolinolenie, palmitic, stear- | Poppy seeds
ic acids, ete.

Rape oil Erucie, arachidic, stearic acids, etc. | Rape seeds

Sperm oil Oleic, palmitic acids, waxes, etc. Head and blubber of
sperm whale

Tallow Stearic, palmitic, oleic acids, ete. | Fat of ox or sheep

Whale oil Linolete, isolinolenic acids, etc. Blubber of whales

Oleomargarine consists mainly of refined lard, “oleo oil ”
(the soft part of beef fat) and cottonseed oil, often mixed with a
small amount of butter and churned with milk or cream.

Hydrogenation of Oils.—Liquid fatty oils can be converted to
fatty bodies of almost any desired degree of consistency by means
of hydrogenation. The unsaturated liquid oils unite directly
with hydrogen in presence of catalysts (nickel being used on com-
mercial scale) to form saturated bodies.

C3H5(00C- Cy7H33)s + 3Hy — CsH5(00C-Cy7Hss)s

Olein (liquid) Stearin (solid)

Stearin has greater commercial value than olein. The “ hardened
fats ” now find extensive use in the preparation of lard substitutes,
in the manufacture of soap, etc. ‘ Hardened” cottonseed oil,
peanut oil and other edible oils have largely replaced lard com-
pounds. “.Criseo,” “ vegetol,” are examples of * hardened”
(or hydrogenated) vegetable oils.

Crude fats and oils range from yellow to red in color. The
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refined products are generally yellow to colorless. Sometimes
vegetable oils are green, due to the presence of chlorophyll (the
green coloring matter of plants). Fats and oils are insoluble in
water, but readily soluble in ether, benzene, chloroform, ete.
The rancidity of a fat (as in butter-fat) is mainly due to hydrolysis
(bacterial decomposition, or otherwise) and oxidation yielding
the free fatty acids. Bufter in this way produces butyric acid,
which has a disagreeable odor.

Properties.—Fats can be hydrolyzed or saponified. When the
glyceryl esters of stearic, palmitic or oleic acids are saponified with
NaOH or KOH, soaps are formed:

(IJHZ——OOC—C 15Ha1 CH.0H
|
CH —OOC—C15H31 + 3NaOH - CHOH* 3C15H3 1—COON&

Sodium palmitate

| |
CH;—00C—C;5Hs; CH.0H (a soap)

This is the principle employed in the manufacture of soap.
(The reaction also explains the hydrolysis of fats in the small
intestine by the enzyme (lipase) which is formed in the pancreas.)

A number of methods used for identifying fats are:

1. Saponification value: the number of milligrams of KOH
needed to saponify 1 gram of fat or oil.

2. The 1odine number: the percentage of iodine absorbed by the
sample. (The amount of “ absorption,” or extent of ¢ addition ”
will depend upon the amount of unsaturated glycerides present—
such as in olein, for example.)

3. Specific gravity.

4. Melting point.

5. Index of refraction.

6. Viscosity and other physical constants.

(As has been stated, the fats in the body are first hydrolyzed
into fatty acids and glycerol. A little soap is also formed, due to
the alkalinity of the medium. The fatty acids and glycerol are
absorbed as such through the lining of the small intestine, where
they are re-synthesized again into fat, most of which passes into
the lymphatic system, and finally finds its way into the blood
stream. Some of the fat is oxidized in the cells fo COz and
water—see the steps in this oxidation p. 189—but much of it
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is often deposited in the adipose tissue, and acts as a reserve
fuel.)

The fats and oils, when strongly heated, either alone, or with
a dehydrating agent like KHSOy4, develop a penetrating odor, due
to the formation of acrolein. This acrolein is really derived from
the glycerol part of the molecule:

— 2H,0 ﬁHz
- ~  CH
B |
CHHOB) CHO
Glycerol Acrolein or acrylaldehyde
Waxgs

Wazxes, like fats, are esters, but instead of containing the
trihydroxy alcohol, glycerol, they contain high molecular weight
monatomic alcohols, such as cetyl aleohol, Ci¢H33OH, carnaubyl
aleohol, C24H49OH, myricyl alcohol, CsoHg1OH, ete.

Among vegetable waxes, we have *“ carnauba wax,” and among
animal waxes, we have wool wax (or ‘“lanolin ”’), beeswax, sper~
maceti, Chinese ingect wax, ete. :

Waxes (like fats) are soluble in ether, benzene, chloroform, car
bon tetrachloride, ete. Since they do not contain glyceryl radical,
they do not yield acrolein when heated. The waxes do not
become raneid like fats and are less easily hydrolyzed.

Carnauba wax is derived from a species of palm; it is used in
varnish, for candle making and for adulterating beeswax. Lanolin,
obtained from wool grease, is used in pharmacy as a basis for salves,
ointments and emulsions. Beeswax is derived from the honey-
comb of bees and 1s used in candle making, in pharmacy, ete. Sper-
maceti, found in the head of the sperm whale, finds uses in candle
making, in pharmacy and in confectionery. Chinese wax, secreted
by an insect, is also used in candle makmg, in medicine and as a
furniture pohsh etc.
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Liroips

These are a group of substances, soluble in ether and tue usum
fat solvents, which are found in abundance in animal tissues, par-
ticularly in the brain. We know little at present about their
physiological significance. They may be classified as follows:

1. Containing nitrogen and phosphorus (phosphatids); e.g.,
lecithin and cephalin (N : P as, 1: 1), and sphingomyelin (here
N:Pas2:1).

2. Containing nitrogen: e.g., phrenosin and cerasin (the so-
called ““ cerebrins ”’ or ‘ cerebrosides ).

3. Nitrogen and phosphorus are absent; e.g., cholesterol.

Lecithin is a combination of glycerol, fatty acid, phosphoric
acid and choline, and its structure may be represented as:

CH>—O0O0C-R
(IJH —OQO0C-R/
(IJHQ——O

HO— B0

|
/ C.H,—O
N=(CHzs)s

\OH

(R and R’ represent groups present in acids. As in fats, R
and R’ may be the same or different.)

C.H,OH

. CH3

o CHs

or trimethyl-g-hydroxyethyl ammonium hydroxide, is closely
related to muscarine—the aldehyde hydrate of choline—

CH oH
CH§>N< _OH
CHy” CHz—CH\OH
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which 1s the poisonous constituent of the deadly toad-stool, and
to betaine—the acid anhydride—

CHgx_
CH3 >00
CH,” \CHo

a non-toxic plant product. In a crude form, lecithin may be
obtained by extracting egg yolk with ether and preCIpltatlng with
acetone.

Cephalin is similar to lecithin in that it contains glycerol,
fatty. acids and phosphoric acid, but in the place of the base
choline, it contains aminoethyl alcohol, CHz- CH20H. Its con-

NH,
stitution may be represented as CHz-OOC-R

l
CH-00C-R/

/2
CH;0—P—0—CH,-CH,-NH,»

oH

Unlike lecithin, cephalin is insoluble in alcohol. (Cephalin is
sometimes written ““ kephalin.”)

Sphingomyelin is a complex combination of phosphoric acid,
choline, a base, sphingosine, C17Hz2(OH)NH,, and an acid, ligno-
ceric acid, CasHar- COGH.

Phrenosin is a combination of cerebronie acid (the hydroxy acid
of lignocerie), galactose and sphingosine.

Cerasin, like phrenosin, yields when hydrolyzed, galactose
and sphingosine, but in the place of cerebronic acid gives lignoceric
acid.

Cholesterol, C27H4s0H, is an unsaturated secondary alcohol
and a member of the terpene series, though its exact structure
is not yet known. It is widely distributed in animal tissues,

- particularly in egg yolk and nervous tissue. (Isomers, phytosterols,
are found in the wvegetable kingdom.) * Lanolin,” the fatty
matter obtained from sheep’s wool, is an ester of cholesterol.
This aleohol i. zlso present in bile and in blood. The determina-
tion of the amount of cholesterol in the blood is often of chemical
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significance, since mn gall stones, pregnancy, nephritis, diabetes,
ete., the quantity may be in excess of the normal value.

Recently it has been shown by Hess and Steenbock that ulta-
violet rays convert ergosterol into a substance showing antirachitic
properties, a characteristic usually ascribed to vitamin D (p. 359).
It is now believed that the precursor of vitamin D is probably
this ergosterol, Co7H4;OH.
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CHAPTER XI

ACID ANHYDRIDES, ACYL HALIDES AND ACID AMIDES

o /O
TaE type formula for an acid anhydride is R—C\

0
e
R—C{,

/O
The type formula for an acy! halide is R——C\X

/°
The type formula for an acid amide is R—C\
NH,

Acip ANHYDRIDES

Acid anhydrides are similar in many respects to inorganic
acid anhydrides. Sulfur trioxide, for example, is the acid
anhydride of sulfuric acid, for 803 + H>0 — H2804. Simi-
larly, acetic (acid) anhydride is the anhydride of acetic acid, for

0
C:EI3’ C ) /0
=
o CH,-C
' N +H,0
-H,0——> 0 2 2CH; COOF
7 «

CHS'C Acetic anhydride

0

(An anhydride may be looked upon as an acyl oxide.)
: 113
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General Methods of Preparation.—1. By heating an acyl
halide and the salt of an acid, e.g.,

P, 0
CH5CO [Cl + Na| O0OCCH; - CHs-C/ + NaCl

(fused) CH C
3 \\\\0

2. By the action of a dehydrating agent (such as P2O5) on the
acid. Acetic anhydride may in this way be prepared from glacial
acetic acid. However, the yield is poor.

Acetic anhydride is the most important member of the series
and the general properties of these anhydrides can be illustrated .
by summarizing the properties of acetic anhydride. (Formic
anhydride is not known.)

It has already been mentioned .that acetic anhydride reacts
with water to form acetic acid. With alcohol, a mixture of acid
and ester is formed:

l CH3CQ
, 0 + H|0C.Hs; — CH3;COOH + CHs-COOC;Hj;
CH3CO Ethyl acetate

With propionic acid, a mixed anhydride is obtained:

CeHj;-CO
‘CH3C0)20 + C2H;COOH — 70 + CHsCOOH

CH:CO

With ammonia, the corresponding amide is formed:

CH3CO
+ H|NH, — CH3;CONH:; + CH3COOH

CH3CO Acetamide
Chlorine and bromine yield substituted anhydrides; e.g.,
CH.Cl1-CO
CH;3-CO

(Chloroacetic anhydride)

Acetic anhydride is a liquid with a pungent, suffocating odor.
It finds extensive use as a means of introducing the CH3CO (acetyl)
group into compounds (for example, cellulose acetate.)
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Succinic anhydride may be obtained by heating succinic acid:

CH.COOH CH.CO
| - | -+ H20
CH,COOH CH.CO
Similarly maleic anhydride may be obtained from maleic acid:
CH-COOH CH.CO
] — | >0 + H0

CH-COOH  CH-CO

The properties of these compounds are analogous to acetic
anhydride

AcyrL Havipes
| 0 .
Acyl Halides, R~C\ , may be regarded as acids in which
X

"the OH of the COOH group 1s replaced by a halogen:
R-COOH — R-COClI
(The acyl chloride compounds are common, but few of the
corresponding iodide and bromide compounds are known, and
they are used only infrequently.) '
0.
Nomenclature.—The group R—C\' is known as the “ acyl ”

group;

/°
The group CHg——C\ is known as the ““ acetyl ”’ group.

'/O .
The group Csz——C\ is known as the ‘‘ propionyl ” group.

Therefore, in naming the acyl halide, we need merely change
the z¢ (last two letters) of the acid to yl.

(Formyl chloride is not known. When the attempt is made
to prepare it, it breaks down into CO and HCI:

H-COCl - CO + HC)

- Acetyl chloride finds extensive use in organic syntheses and
its preparation and properties will, therefore, be considered.
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Preparation.—1. By the action of phosphorus pentachloride,
phosphorus trichloride, or phosphorus oxychloride on acetic acid,
or sodium acetate: v

CH3COOH + PCls —» CH3;COCl + POCl3 + HCI
CH3COONa + PCl; = CH3COClI + POCl; + NaCl
3CH3;COOH + PCl; — 3CH3COCI + P(OH)s

These reactions are analogous to those of ROH — RCL
(See p. 43.)

2. The commercial method of obtaining the chloride is to heat
sodium acetate and to pass sulfur dioxide and chlorine over it.
The sulfur dioxide and chlorine combine to form sulfuryl chloride:

S0z 4 Cls — 80:Cl:
which then reacts with the sodium acetate:
QCH3COONa + SOzClz — 2CH30001 + Na2804
3. R-COOH r;t SCI)Cé}z — R-COCI 4 802 4+ HClL
ionyl chloride
Properties.—Acetyl chloride is used extensively to introduce

; 0]
the CHs—C< (acetyl) group into organic compounds. It is a

very reactive substance. The moisture of the atmosphere very
readily converts it to acetic acid:

CH;CO|Cl + H{OH — CH3COOH + HCI

Acetyl chloride reacts with sodium acetate to form acetic
anhydride:

CH5CO{CI + Na|OOCCH; — (CH3C0)2:0 + NaCl

and with ethyl aleohol to form an ester:
CH3CO|Cl + H{0C:Hs — CH3-CO0C.Hs + HCI
Ethyl acetate
and with ammonia to form an amide:

Acetamide

H

If the OH groups in carbonic acid, Qég are replaced bv Cl.
OH

Cl :
we get C%O (chloro-formy]l chloride), which is comrmonly known
Cl :
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as phosgene. This substance is a colorless, suffocating gas,
Owing to its poisonous character, the comparative ease with which
it can be liquefied and prepared (by passing chlorine and carbon
monoxide over ‘charcoal), phosgene was used very extensively in
the late war. 1t was loaded in shells and bombs and exploded
when the shell struck ground. Phosgene is also used in the
manufacture of dyes.
Water decomposes phosgene as follows:

C=0 + — CO + 2HCl

N won  “on

— COy + H.0 + 2HCI

(The poisonous effects of phosgene are said to be due to th
liberation of a high concentration of HC] gas.)
Ethyl alcohol forms an ester:

_[Cl”"H]0GHs _~0C:H,
¢o n — €0 .yt 2HC
NJOT HJoGHs ONOCH:

Ethyl carbonate

Ammonia transforms phosgene into urea (or carbamide):

/@1 H|NH, __NH;
0

C\ + — CQ
~J[O___H|NH; o CN\NH;
Other acy! halides are: '._,‘,;Q
COCl coqCl
l CHz/ ete.
cocl \cocl
QOzalyl chloride Malonyl chloride,

Acip AMipEs

79 .
Acid Amides, R—C\f,:-" -, may be looked upon as acids in
' . NH: .

which the OH group is replaced by NH. Or, they may be
regarded as”derived from ammonia, NHs, in which one of the
hydrogen atomis Jjs replaced by the RCO (acyl) group. The
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—NH; group when attached to an aeyl group is known as the
“amido” group. If the —NH; group is attached to an alkyl
group, it is known as the “ amino ” group.

The nomenclature is based on the names of the corresponding
acids (amides of acids); e.g.,

H-CONH,;, formamide
CH3-CONH,, acetamide
CqoHs- CONH,, propionamide
C3H7-CONHj;, butyramide, ete.

(With the exception of formamide, which is a liquid, all the
others are solids.)

Preparation and Properties.—(Acetamide will be taken as a
type.) 1. The action of ammonia on acetyl chloride:

CH:CO |Cl 4+ H| NH; — CH3CONH: + HCI
2. The partial hydrolysis of methyl cyanide:
CchN + Hzo g CHgCONHz

3. The action of ammonia on acetic anhydride:

CH3CO
>0 4+ H| NH; — CH3;COOH -+ CH;CONH_

CH5CO .
4. The dehydration of ammonium acetate (by heating):

CH;CO| O [NH; | Hp | - CH;CONH; + H;0

Acetamide is transformed into ammonium acetate when boiled
with acids or bases (compare with reaction 4 above):

CH;CONH; + H0 — CH3COONH,4

and when dehydrated forms methyl cyanide (compare with
reaction 2 above);

CH3:CONH;—H:0 — CH3CN
5. CH3CO ]OCsz + Hl NH; — CH3CONH: + C.Hs0H

Hofmann’s reaction.—This is a method by which the CO group
2an be eliminated from an amide, so that R-CONH, becomes
RNH: (amine). When acetamide is treated with bromine in an
alkaline solution the following reactions take place:
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CHaCONI:Iz + Br: — CH3;CONHBr -+ HBr

Acetbromoamide

CH3CONHBr + 3KOH — CH3NH:; + KBr + KoCOs + Ha(

Methylamine

- . NH,
Jrea (carbamide or aminofcrmamide), CO , may b

2

, _—~—0H
considered as the diamido derivative of carbonic acid, CO .
T~0H

Its imide formula is
NH

OH

HN=C

This is a substance of great biological importance, since it i
the chief end product resulting from the changes that protein:
undergo in the body. (The amount of urea in the urine is directly
proportional to the amount of protein present in the food which i

eaten.)
Preparation.—1. By heating ammonium cyanate:

NH,-CNO = CO(NH:):

This method was discovered by Wohler in 1828. The student
will recall that Wohler’s preparation is one of the earliest recorded
instances of the laboratory preparation of an ‘ organic " substance

(p. 1).
2. By the action of ammonia on phosgene:
]Cl H|NH;
+ — CO(NHz): + 2HCI
G H|NH,

3. By the action of ammonia on ethyl carbonate:

/ C.H; H|NHz
C\ — CO(NHy): + 2C.Hs;0H
1002H5 _H H|NH.

4, ‘A very recent process depends upon the interaction of liquid
NH3; and liquid COs:
2NH3 + COz g CO(NHz)z + H2O
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This synthetic urea is now used extensively as a fertilizer.

Properties.—Urea is easily hydrolyzed, yielding carbon dicxide
and ammonia. These same products are also obtained when the
enzyme urease (found in the soya bean, ete.) is allowed to act on
urea. (Incidentally, by far the best method for the determination
of urea is based on its reaction with urease.) Nitrous acid liber-
ates nitrogen, etc.:

CO(NH2): + 2HONO — CO: + 2N; + 3H:0
So does sodium hypobromite:
CO(WNHz): 4+ 3NaOBr — CO: + N: + 3NaBr + 2H.0

{This method was for a long time used to determine urea. The
nitrogen evolved was measured, and from it the amount of urea
in the sample was calculated. The determination at best is only
approximate for the errors involved are high. The method has
been entirely replaced by the urease method.)

Urea combines very readily with nitric and oxalic acids to
form urea nitrate, CO(WH_:)2- HNQOj3, urea oxalate, [CO(NHz)2]s
(COOH);, respectively. These salts crystallize very readily and
are often used for identifying urea.

When urea is heated, two molecules combine to form a sub-
stance known as biuret:

/ NH2
\NH H C\NH + NH;
_—|NH,
\NHz \NH2
Biuret

When a drop of copper sulfate and a few cc.’s of fairly
concentrated alkali are added to biuret, a violet color is formed.
This is known as the ‘ biuret reaction.” All proteins give the
biuret reaction—a reason for assuming that the protein molecule
has, among other things, a * biuret ” configuration.

Urea combines with formaldehyde to form synthetic res-
ins.
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NH.
Guanidine, HN=C'<NH, is related to urea. Creatine
2

NH;

HN=
l}T——CHz-COOH, or methylguanidino-acetic  acic
CHs

is a constituent of muscle; and its anhydride, creatinine.
NH

HN=C  CO, is a normal constituent of urine.

I
N—CHs

|
CH3
H
/O
CO is earbamic acid.
\NH,
’ NHz
(A number of derivatives of urea, such as urethane C=0
NOC:H;

NH——C CoH;5
or ethyl carbamate, barbital, C._O >C< , or diethyl-
NH—-C CqHs

NH—CZ  CoHs
malonyl urea, luminal, C&=0 >C< , or phenyl ethyl
\NH—C Cg, “CeHs
O

0)
NH—CZ  ,CyHs,
SN
propyl malonyl urea (allyl isopropyl barbituric acid), are used
extensively as hypnoties.)
CONH,
Oxamide, | , is formed as follows:
2

malonyl urea, and allonal, C or allyl iso-

COOH PCl; CO|(Cl H{NH; CONH.

ClJOOH Co[Cl H|NH, CONH;


file:///OC2H5
file:///C2H5
file:///C3H7
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CONH-
CH2<C is malonamide,
ONH;

CH.-CONH:
is succinamide
CH.-CONH:

When succinamide is heated, we get succinimide, the >NH
group being known as the imido group:

CH>CO[NH: CH—CO
| — | >NH + NH;
CH,CONH CH—CO
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CHAPTER XII

HALOGEN SUBSTITUTED ACIDS AND HYDROXY ACIDS

TrESE are acids in which one or more of the hydrogen atoms
in the group, which is attached to the COOH group, is replaced
by X, OH, CN, NHp, etc. For example, ?Hz -COOH, acetic acid,

H-

gives rise to
(IJHz-COOH CH,-COOH (|3H2-COOH c|:H2.000H
Cl OH NH, CN

Chloroacetic acid  Hydroxyacetic acid Arminoacetic acid Cyanoacetic acid

HavroceN SUBSTITUTED AcCIDS

Preparation.—The action of chlorine on acetic acid:

CH3;COOH + Cl; —» CH,CICOOH 4+ HCI
CH3COOH + 2Cl; — CHCI,COOH + 2HCI

Dichloroacetic acid

CH,COOH + 3Cl, — CClCOOH + 3HCI

Trichloroacetic acid

(The number of hydrogen atoms replaced by chlorine atoms
depends upon the amount of chlorine used, the temperature and
the time of the reaction. These reactions are carried out in the
presence of sunlight and * carriers —catalysts—such as iodine
or sulfur.) ' ‘

Analogous compounds may be formed by substituting bromine
for chlorine, but here the reaction proceeds only under pressure
“and at higher temperatures. Iodine does not react. (In order
to make such a substance as iodoacetic acid, we allow potassium
iodide to react with chloroacetic acid: CH2Cl-COOH + KI

— CHI-COOH + KCL)
123
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Better yields are obtained in the following way:

3CH3-COOH + PBrs — 3CH3-COBr + P(OH);
CH3-COBr + Br; — CHyBr-COBr -+ HBr

Bromoacetyl bromide

CH2Br-COBr + H,O0 — CH,Br-COOH <+ HBr

Direct halogenation always replaces the hydrogen attached
to the a-carbon. The nomenclature may be gathered from this
graphic llustration:—CH,—CH;—CH.—CH,—COOH.

8 % B a

The B-halogenated acids may be obtained in the following
way: ’

CH,-CH:COOH
CH,=CH-COOH + HBr — |

Acrylic acid Br
S-Bromopropionic acid

(The halogen enters the position as far removed from the COOH
group as possible.)
a- and B-halogenated acids may be prepared thus:

CH,—CHCOOH
CH2=CHCOOH + Brz - | I
Br Br

a, f-Dibromopropionic acid

Halogenated acids may also be prepared from hydroxy-acids:

CH.-CH.COOH CH,—CH:COCI
1 + PCl; — |
OH Cl
p-Hydroxypropionic acid B-Chloropropionyl chloride
CH,—CH,;COOH
+ H0 — |
Cl

B-Chloropropionic acid

Properties.—Some of the properties (such as the formation
of salts, esters, etc.) are due to the presence of a carboxyl group
and some to the radical attached to the carboxyl group. For
example, the greater the number of halogens attached to the
carboxyl group, the stronger the acidity. Trichloroacetic acid,
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CCIzCOOH, is a strong acid. The o-halogen acids in the
presence of hot alkali yield the corresponding hydroxy-acids:

CH>COOH. CH,COOH
| 4+ HOH - | + HCI
Cl OH

The 8-halogen acids yield unsaturated acids when heated with
water or alcoholic KOH; e.g.,

CH;-CH—CH-COOH
— CH;3-CH=CH:COOH

Cl H Butenoic acid (Crotonic acid)

(In certain cases—where, for example, sodium carbonate is
used—COs is also evolved, so that butenoic acid is converted to
the corresponding unsaturated hydrocarbon, CHs - CH==CHs.)

The vy-halogen acids form with water inner anhydrides or
lactones; e.g.,

H-0 —
CH,-CH,-CH,-COOH ——— CH;r—-CHz——CHz-COl OH

Cl - O|H
~v-Chlorobutyric acid = CH2 . CH oY) CHZ_C=O

]

Butyrolactone

With ammonia, the halogen-substituted acids form amino-
acids:

CH,Cl-COOXK+HNH; — CH2NH,-COOK — CH,NH.-COOH
With potassium cyanide, we get the cyano-acids; e.g.,
CH»Cl-COOK + KCN — CH,CN-COOK — CH,CN:-COOH

Very many of these halogen-substituted products are known.
Chloroacetic acid, CHzCl- COOH, is used in the manufacture of
synthetic indigo. The vapors attack the eyes, and they also act
corrosively on the skin. Trichloroacetic acid, CCl3-COOH, also
acts corrosively on the skin and is used to remove warts and
other growths. It has recently come into use as a protein pre-
cipitant. When boiled with water we get chloroform:

.CCl3-COOH — CHCIl3 + CO»
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Maﬁy other halogenated acids of higher molecular weight are
known. It is also possible to have halogenated acid derivatives.
For example,

Cl—CH,—CO CHz—COOC:Hs
o - |
CH;—C0 ° cl

Chloroacetic anhydric}e Ethyl chioroacetate

CH,—COCl /Cocl

| Cl—CH

G Ncocl
Chloroacetyl chloride ) Chloromalonyl chloride

ete.

Hyproxy Acips

/OH
C&0 , carbonic acid or hydroxyformic acid
\OH

(|3H2 -COOH
OH

s 3
, hydroxyacetic acid or glycolie acid
/H
CH3—C<COOH, a-hydroxypropionic acid or lactic acid.
OH

CH>—COOH

, hydroxysuccinic acid or malic acid.
CHOH-COOH

CHOH-COOH

|
CHOH-COOH
CH,-COOH

I
HO—(IJ-COOH , citric acid.
CH,-COOH

, dihydroxysuccinic acid or tartaric acid.

General Methods of Preparation.—1. Hydrolysis of halogen
acids (base); e.g.,

/H H-20 /H
CH;—CZ-COOH ——s CH;—CZCOOH
\Cl \OH

a-Chloropropionic acid e-Hydroxypropionic acid or lactic acid
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4 1uc uywuyss of the addition product formed when
hydrogen cyanide reacts with an aldehyde e.g.,

0 HCN OH Hydrolysis -
CHa——C< 0 oo S oL o00H
H \H \H
Acetaldehyde hydrogen cynﬁide Lactic acid

3. The oxidation of a pgjr}lary al‘ét)'hol containing another hy-

droxyl group; e.g.,
] / Ode S
_ ?Hz—%ngoH o CH2~CH—COOH S
OH OH OH OH k:f o

Glycerol a-B-Dihydroxypropionic acid’or glyceric acid

. . N .
4. Action of nitrous acid on amino-acids; e.g.,

CH3—C<COOH + HONO — CHa—Ci-COOH + N + H:20

a-Aminopropionic acid

Properties.—As might be expected, these compounds show the
properties both of hydroxy and carboxylic substances. The
chloro-acids are formed with PCls; e.g.,

CH;-COOH + PCls — CH>COCI] 4 POCl; + HCl

OH Cl — CH,COOH
H-20
. Cl
When the a-hydroxy-acids are heated, two molecules unite with
the elimination of two molecules of water:

CH,-COO[H .~ ' (|3H2— (Izo

s A .

OH) .-~ 0 0

- > I [

HI0O0C—CH, CO —CH,
Glycolic acid Glycolide '

In a similar manner lactic acid is converted to lactide.
When B-hydroxy acids are heated, we get unsaturated acids;
e.g.
’ CH;-CH-COOH
— CH,=CH-COOH

OH H Acrylic acid or propenoic acid

B-Hydroxypropionic acid
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When vy-hydroxyacids are heated an inner anhydride (lactone
is formed; e.g.,

(l]Hz—CHg—CHz-CO i—[OH CHs—CHo—CH,-C=0

— | 0

OlH

This is also true of §-hydroxyacids.
Hydroxyacetic acid, CH,OH-COOH (also known as glycolic
acid) occurs in unripe grapes.

Butyrolactone

H

a-Hydroxypropionic acid, CH3—0<SI?IOH (better known
as lactic acid), is known in three forms, the dextro and levo optically
active modifications, and the racemic, or inactive form (which,can,
however, be resolved into the two optically active forms).

Optical Activity.—Three forms of lactic acid are known.
These three varieties have the same chemical and physical proper-
ties but behave quite differently towards polarized light. One
turns the plane of polarized light to the right (and is, therefore,
known as dextro, or d-lactic acid); the other turns it to the left
(levo, or l-variety); and the third is inactive (dl). This last is
made up of equal parts of the dextro and levo forms.1

Le Bel and van’t Hoff, quite independently of one another,
discovered that all optically active substances have at least one
carbon in the molecule attached to four different atoms or groups.

For example, in lactic acid: -
H

[
CH;—C*—CO0OH
(
OH
we have a carbon atom marked* which is attached to H, OH, CH3

and COOH. Such a carbon atom is known as an asymmetric car-
bon atom.

1 By polarized light we mean light in which all the vibrations lie in one
plane. An ordinary ray of light vibrates in every direction. Polarized light
may be obtained by passing ordinary light through a Nicol prism or tourmaline
plate—as illustrated in the instrument known as the ‘‘polarimeter.” An
optically active substance has the power of rotating this plane of polarized
light, the extent depending, among other thihgs, upon the nature of the
substance. For further details, consult a practical physical chemistry; for
example, Firth—Practical Physical Chemistry.
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Structurally, the d-form of lactic acid is related to the I-form
as an object is to its mirror image:

L T
HO—(|)——H , H—C—OH
COOH (IDOOH
d-form ) l-form

Usually, when a compound containing an asymmetric carbon
atom is synthesized, we get equal parts of the dextro and levo
varieties. Such a mixture is designated as di-, or ¢ (inactive), and
is known as ““ racemic.” This inactive mixture can, as a rule, be
resolyed into the active constituents in a number of different ways.
One of these depends upon the property which certain organisms
possess of destroymg one component more rapidly than another.
For example, bacteria destroy the I-lactic acid and pemcﬂhum the
d-lactic acid. : ]

The souring of milk is due to the formation of lactic acid (the
inactive variety), and this is brought about by the action of cer~
tain bacteria (which are also present in the air) on the milk sugar
or lactose present in the milk. The acid so formed precipitates
the principal protein (caseinogen) in miik, giving rise to what is
known as “curdling.” The synthetic lactic acid of commerce
is prepared from acetaldehyde, as follows:

OH Hydrol
o OnHydrolysis o o
\H \H

Lactic acid is manufactured in the United States by the
comparatively high temperature fermentation of cane or beet
sugar, corn starch or corn sugar, by a pure culture of lactic acid
bacteria. It is a colorless, viscous liquid and is used in medicine,
dyeing and calico printing. The antimony, zinec and iron lactates
are used as mordants. Silver lactate is a powerful antiseptic.
Ethyl lactate is one of the best solvents for nitrocellulose and is
therefore extensively used in the lacquer industry.

Dextro-lactic acid, or d-lactic acid (also called sarcolactic acid
and paralactic acid) is found in muscle tissue, meat extract, blood
and urine. Inactive muscle is alkaline and after activity it
becomes acid, a change which has been ascribed to the formation

0
CHs—CZ  +HCN—CHs—
\H
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of lacticacid. When the d-acid is heated it loses its optical activity
and is converted to the inactive or dl-variety.

Iﬁvo-lactm acid, or IHlactic acid, is obtamed when sugar is fer-
mented Wlth bacz?lus acids levolactici. '

The - and l- Jactic acids and the dl- or ¢- variety show the
sarhe physical and chemical properties; they differ only as regards
optlcal activity.

- (The intermediate changes that proteins, fats and particularly
sugars undergo in the body in their ultimate breakdown to carbon
dioxide, water #nd simple n1t1ogenous bodies, are associated with
the formation, it is believed, of lactic acid, among other sub-

-stances: The evidence is accumulating to show that lactic acid
is an important intermetiate product in the decomposition within
the body of the:common foodstuffs) '

(An isomer of lactic acid is" B-hydroxypropionic acid, or
hydracryhc acid, CH2—~CH2 COOH in which the hydroxyl

OH .
group is in the B-position.)
Hydroxysuccinic acid, CHz-COOH (commonly known _ as

CH(OH)-COOH
mauc acia) is present in unripe apples, cherries, grapes, ete.
It may be prepared from bromosuccinic acid by the actlon of
s1lver hydroxide:

CH,-COOH CH:-COOH .

| + AgOH - | + AgBr
1CH-COOH ‘ CH-COOH

Br - OH

‘the commercial method of preparation is from maleic acid:

CH-COOH - CH.-COOH
Il + HOH — |
CH-COOH CH- COOH '

OH ~
Malic acid is optically active and has the general pronerties

of hydroxy acids. « :
Dihydroxysuccinic acid, CH(OH) COOH (commonlv known

CH(OH)- COOH

a * " - . .
as tartaric acid). contains two hvdroxvl erouns and is a dibasic
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acid. It'can be prepared. from dibromosuccinic acid by the
action of silver hydroxide:

‘CHBr-COOH - *CH(OH)-COOH .

, + 2AgOH — | + 2AgBr
CHBr COOH CH(OH) COOH

The reductlon of tartaric acid (with hydrogen iodide) first
yields malic acid and then succinic acid. Interesting, also, is the
fact that maleic acid, or fumarie a.cld representing the unsaturated
dibasic acids, may be converted to tartanc acid by omdatlon with
pota,ssmm perma,nganate

CH COOH . CH(OH)-COOH
) +H:0 + 0 — | .
CH-COOH .~ CH(OH)-COOH

Maleic acid or fumarlc acid

The followmg four forms of tartaric acid are known‘

(IDOOH ) (IDOOH (EOOH
‘$
H—C*—OH HO—(IJ *—H °* Equal mixbure H—(ll *—OH
- of
HO~C*——H H-7C"‘—_OH (4) and (B) H—C*—OH
CO0H COOH dl—Tarba,rlc acid . COOH
. (inactive)
d-Tartaric acid ~Tartaric acid B Meso-Tartaric acid
(A) B) .© (D)

Thus we have two forms of tartaric acid ‘which are optically
active [(4) and (B)] and two which are optically inactive
[(C) and (D)]. (A) is the mirror image of (B), while in (D) the
upper part of thevgraphlc‘formula is a mirror image of the lower
part. (C) can beresolved into the d- and I-forms, while (D) can-
not. (C) is said to be optically inactive by external compensation,
while (D) is optically inactive by internal compensation.

- d-Tartaric acid s the one found in grapes in the form of potas-
sium acid tartrate. [-Tartaric acid may bé obtained from the in-
active form by “ splitting ”’ or resolution into the .active isomers.

Racemic (inactive) or dl-acid, is found in grapes‘dnd is formed
when the d-acid is boiled with NaOH solution. It may be resolved
into the d- and l-forms.

A fourth variety, meso-tartaric acid (first prepared by Pasteur by
heating the cinchonine salt of d-tartaric acid) is also inactive, but,
unlike the racemic acid, cannot be resolved into the d- and [-forms.



(1he nistory ot tartaric acid is mumately associated with the
development of our ideas of optical activity and of the asymmetric
carbon atom; and with these ideas the- na,mes of Pasteur, van’t
Hoff 'and Le Bel will forever be-linked. Tt was Pasteur who first
showed that the racemic. acid was really a mixture of two- types of
crystals, onesthe image of the other, and that when mechanically
separated and disslved in water, the one type turned polarized
light to the nght and the other turred 1t to thesleft, suggesting at
once that the Yacerhic acid was' really 3 mixture of the d- and -
forms. The later researches of van’t Hoff and Le Bel connected
optical .activity with the’ presexfce of one or more asymmetric car-
bon atoms within the molecule There dre two asymmetnc carbon
atoms in the, molecule of tartaric a01d _these have already been
referred to.) o S

Salts of Tartaric Acid. —Potasszum acxd tartrate,
CH(OH)- COOK (also 'known as cream of tartar) is a constituent

CH(OH) COOH

of bakmg powders, and is'used in dyeing.
Sodium potassium’ tartrate, CH(OH) COOK 4H2O (com-

CH(OH) COONa

monly known as Rochelle salt), is a constltuent of Fehling’s
‘solution and is also used as a purgative (in “ Seidlitz powders).
Potassium antimonvl tartrate. CH(OH) COOK (also known

CH(OH) COO(SbO)

as tartar emetic), is used 111 medlclne as an emetlc ‘and also in
dyeing.
Citric acid, CHo- COOH is a monohvdroxv tribasic acid. and

HO—({J———COOH -H20
CH:-COOH *
is found in lemons (from the juice of which it is commonly pre-
pared), berries, limes andiother acidulous fruits. It is also pre-
pared on large scale by the fermentation of glucose or sucrose,
by certain mould fungi as citromycetes pfefferianus. It is used in

Jemonade and other beverages, and in calico printing.
Magpesium citrate (CeHs07)2Mgs is used as a laxative, and
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ferric ammonium citrate, in biue-print paper manufacture and in
calico printing. Sodium citrate is used extensively for the pre-
vention of blood coagulation.

Acetoacetic acid, CH;-CO-CHz-COOH, or acetyl acetic acid,
and its ethyl ester, acetoacetic ester, CHz-CO-CHz-COOC:Hj5
are here considered because the ester may be looked upon ss a
derivative of a 8-hydroxy unsaturated acid:

CH;3-CO-CHz-COOC2H; or CHs- ([3=CH -CO0C.Hs
OH
Acetoacetic acid is one of the “ acetone bodies ” present in
the urine of persons suffering from diabetes, and it is commonly

known as ‘“ diacetic acid.” It is an unstable acid and decomposes
into acetone:

CH;-CO-CH,-|COO |H — CHs-CO;CH; + CO:

which explains the presence of acetone in the urine and breath of
diabetics.

Acetoacetic ester, CH3-CO-CH.-COOCoHs (or, more cor-
rectly, ethyl acetoacetate) is a compound of considerable impor-
tance in synthetic organic chemistry. Claisen’s explanation of
its synthesis, which follows, is the one generally accepted to-day:

v
1. 202H50H + 2Na — 2CzH5ON& + H2

/O Na
2. CH3—C< 4+ NaOC,Hs — CH;—CZ-0C.Hs
0CoH; . \OC,H,

ONga,

L
3. CHy—CK- 88252 + H| DCH-COOC;H;

/ONa, |
4 CH3—%CHCOOCQH5 + 2C2H50H
Sodium acetoacetic ester
ONa,
4. CH3—C&=CHCOOC:H; + CH3COOH
) OH
— CH3~CéCHCOO(32H5 + CH3COONa
X Acetoacetic ester
Tautomeric forms: )

/OH /O
CH3—C=CHCOOC:H; == CH3—C~CHCOOC:Hj;

Bnnlis Katonin
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Acetoacetic ester is prepared by the action of sodium on
ethyl acetate. A small amount of alcohol is needed for reaction
(1); additional quantities of alcohol are formed as shown in (3).

_The enolic form (— £ CH—~) first produced [see (4)], rear-

ranges to the more stable keto form (—— /—CHz——). An equi-

librium mixture of the enolic and ketonic forms contains 7 per cent
and 93 per cent respectively.

(The type of isomerism wherein, under certain conditions, a
compound passes from one structural form into another, is known
as tautomerism.)

This is characteristic of many compounds having the carbonyl
group attached to a carbon or nitrogen atom to which also one or
more hydrogens are attached..

—‘.‘(I?—CHz—— = —(|3=CH~——

OH
Ketonic form Enolic form
—C—NH— 2 —C=N—
e OH
Lactam form Lactim form

Acetoacetic ester is a colorless liquid with a fruity odor.

Uses of Acetoacetic Ester—Depending upon the reagents
used, as well as the concentration of solutions, the following two
types of decomposition take place:

(a) Ketonic hydrolysts:

CH;-CO-CH;-| CO | O-CzHs
H |0 H
Dil. aqueous or ale.
acids or alkalies

CH;-CO-CHs + CO; 4+ CH;0H

(b) Acid hydrolystis:
CH;3-CO | CH2-CO [ O-CoHs
HOH HO|H
Cone. ale. KOH or
Conc. aqueous KOH

CH3;COOH + CH3COOH + C.H;OH

One or both hydrogens in the —CO-CHy— part of the aceto-
acetic ester may be replaced by various groups, giving rise to sub-
stituted acetoacetic ester derivatives. (A somewhat analogous
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case may be found in malonic ester, p. 103.) If one mole of
sodium ethylate reacts with one mole of acetoacetic ester, the
compound

/ONa
CH3;—C=CHCOO0C.H;
is produced. This reacts with an alkyl halide, for example, as
follows:

ONa 040 ‘Nal

CH3—CéCH00002H.5 +I1CH5—CH;3— CHCOOC.Hs

~ 0
—*CHs—CZ(l)HCOO(Jsz M

CqHjs

Ethylacetoacetic ester

, . /2

(D sf';ill contains a replaceable hydrogen atom{ —CZ-CH—
NC.H;

and by means of a series of analogous reactions another alkyl

group may be introduced, giving, for example:

‘ /O /CH3

CH3;—C=C~CO0CH; (2)

\C.H,

Ethylmethylacetoacetic ester
On acid hydrolystis, (1) decomposes thus:
CH;CO | CH—COO l CoH;

C2H5
HOH H|OH

— CH3COOH+C:H;-CH:-CO0H 4 C.H;0H
and (2):

_/CHy
CH;CO | —CZ£CO00 | C,H;
\C.H3
HO |H H|OoH
CHs

—» CH;COOH + CH—COOH -+ C,H:OH
\C,Hs
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which means that we are able to build up (synthesize) mono-

R
basic acids of the types R—CHzCOOH and >CHCOOH.
R

On ketonic hydrolysis, (1) decomposes thus

CH3COCH— | CO | OC2Hj5 :
(Ij - — CH3-CO-CH2-CHg+COz+CoH;0H
2t

H| O|H
and (2):

/CH3
CH3CO—C. CO | OCzH5

\C;H;

H| O|H .
.~ /CHs _
— CH3-CO-C&H + CO; + C2Hs0H
\C.H;s .
which means that we are able to synthesize higher ketones of the
& |
types R—CO—CH; and R-CO-CH
\R \Rl

Acetoacetic ester 1s also used in the manufacture of anti-
pyrine—p. 306—and a number of dyes.)
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CHAPTER XIII
AMINES OR ORGANIC BASES

THESE compounds are derivatives of ammonia:

H R R R
N—/-H NéH NéR NLR
H \H \H \R
Ammonia Primary Secondary Tertiary
amine amine amine
oHs Hs CHs
N o O -
\H \H \CHs
Ethylamine Ethyl methyl- ]t%in]leth.yl
amine etnylamine

R
(In R-NH. the —NH> is an amino group, in >NH the
R

=NH is an imino group).
We have similar relationships in NH4OH, where one or more
hydrogens in the NH4 group may be replaced by R groups.

H CHs CZHS
éH '4CH3 /02H5
NZ-H N—H N—C.H;
S H OH ) CZHs
\OH \OH \OH

Ammonium hydroxide Dimethylammonium hydroxide Tetraethylammonium hydroxide

Methods of Preparation of Primary Amines.—1. Theoreti-
cally the simplest method should involve the reaction between
ammonia and an alkyl halide:

CoH;|I + H|NH, — C;HsNH, + HI

but due to the basicity of CoHs-NHz, an addition compound
(CsH;NHsl, ethylammenium iodide) is first formed, which may
138
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PROPERTIES OF PRIMARY AMINES

be decomposed by means of alkali just as an ammonium salt may
be decomposed by means of alkali:

| H

i

(This method is little used because of complicated secondary
reactions which take place (p. 140) ).
2. The action of bromine and a strong base on an amide; e.g.,

5r.GH;NH,+ H;0 + Nal

. H
CHs-CONH:; + Brz + NaOH — CHz—CO—N
Acetamide ' Acetbromoanu?er

CH3CO-NHBr + 3NaOH — CH3NHz + Na2COs + NaBr +H,0
Methylamine
In bI'lef, CH3 . CONHz —> CH3 -NH2
(This is known as the Hofmann reaction.)

Notice that the conversion of acetamide to methylamine
involves the loss of a carbon atom. The Hofmann reaction is
often used in the conversion of one member of a series to another
containing one less carbon atom. (See indigo, p. 309.)

3. The reduction of alkyl cyanides; e.g.,
CH;CN + 2H; — CH3-CH;:NH;
Methyl cyanide Ethylamine
Properties of Primary Amines.—These compounds are more
basic than ammonia and are readily soluble in water. They
have a strong, fish-like odor, and their vapors are flammable.
They combine with acids, giving such compounds as methyl-
ammonium bromide, CHsNHz-HBr; methylammonium nitrate,
CH3NH:2-HNO;s;, and methylammonium sulfate (CH3NHg)e-
HsS04.
The amines are acted upon by nitrous amd yielding the
corresponding hydroxy compounds: .

CHs-NH,; + HONO — CH30H 4+ N: + H,0
(The Van Slyke method for determining the rate of hya}91y51s

of a protein is based on this reaction, See under amino. acids,
p. 146.)
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Chloroform and alcoholic potassium hydroxide react with
primary amines with the formation of isocyanides (isonitriles).

fH O
cuN|  + Jo-B EOE cn -n=osm\ KcH N
\H Cl | Ethyl isocya

Cl

{This is known as the carbylamine reaction and is used to dis-
tinguish primary from secondary and tertiary amines. The
isocyanides have characteristic and highly disagreeable odors.)

Methylamine is a common constituent of many putrefactive
mixtures.

Secondary and tertiary amines may be obtained by the fol-
lowing series of reactions:

H
CH3NH,; + ICH3; — CH3;—N.
/1 \H

CHz1

Dimethylammonium iodide

(CH3);NH-HI + NaOH — (CH3).NH 4+ Nal + H.0

Dimethylamine (a secondary amine)

(CH3):NH -+ ICH3 — (CH3)sN-HI

Trimethylammonium iodide

(CH3)sN-HI 4+ NaOH — (CHs)sN + Nal + H20

Trimethylamine (s tertiary amine)

(Trimethylamine can combine with methyl iodide to form
tetramethylammonium iodide (CHj3)4-N-1. Since the reactions
given above proceed more or less simultaneously, it becomes
somewhat difficult to separate the different amines.)

(For another method. see p. 240.)

The physical properties of the secondary and tertiary amines
are similar to those of the primary amines. Dimethylamine is
used in the manufacture of rubber accelerators. Trimethylamine
is produced by the destructive distillation of the residue obtained
in the sugar beet industry. They, and the primary compound,
are found in herring brine and in the products obtained from the
distillation of nitrogenous substances.

By the action of ammonis on ethylene oxide we get the fol-
lowing:
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HO-CH;-CH2-NHj, monoethanolamine
(HO-CH;-CH;).NH, diethanolamine
(HO-CH;-CH2)sN, triethanolamine

These compounds.are viscous, hydroscopic liquids. They are
organic bases of mild alkalinity and react with fatty acids to pro-
duce soaps which are used in dry cleaning. These soaps are excel-
lent emulsifying agents. Triethanolamine is a very good absorb-
ent for acid gases.

The Action of Nitrous Acid on Primary, Secondary and
Tertiary Amines.—It has already been stated that the action
of nitrous acid on a primary amine forms the corresponding
hydroxy compound: e.g.,

CzH5'NI‘Iz + HONO — CszOH + Nz + Hzo
With secondary amines, nitrous acid forms nitroso compounds
e.g.,
(CzHs)2N [H + HO| NO — (C;Hs)sN—NO + Hz0
Diethylnitrosoamine

(The mtroso-compounds are usually yellow-colored, volatile
liquids of aromatic odor.)

Tertiary compounds do not react with nitrous acid (though
oxidation of an indefinite type may take place).

Nitrous acid is, therefore, used to distinguish the amines.
(The “ carbylamine reaction ”” given above, p. 140, is specific
for primary amines.) ’

“ Quaternary basges” are compounds related to ammonium
hydroxide; e.g.,

NH.OH — N(CH3)4 -OH

Tetramethylammonium
hydroxide

(Choline, neurine and muscarine, compounds of physiological
importance—See Chapter X—may be regarded as derivatives
of quaternary bases.)

Tetramethylammonium hydroxide may be prepared thus:

N(CHs)s[T + Ag| OH — N(CHa)(OH + Agl

It is a colorless, hygroscopic solid, the solution of which is
strongly basic, resembling potassium hydroxide. When heated,
it decomposes into trimethylamine:

N(CHs)4OH — N(CHs)s + CH30H
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which is really a very good method for the preparation of tertiary
amines.
Compounds containing two amino groups are known as diamines:
Ethylenediamine may be made from ethylene bromide:
CH:Br HNH, CH,-NH;
| + — | + 2HBr
CHgBI‘ HNHz CHz . NH2

/CHz-Nﬂz
Trimethylene diamine has the formula CHz\CH NE
2-NHz

CH;-CH;-NH, ,
Tetramethylene diamine, | or putrescine, and

CH,-CH;-NH,
pentamethylenediamine, (CHz)5(NHbz)e, or cadaverine, are putre-
factive products of the corresponding amino acids, ornithine
and lysine (p. 148), and are found among the putrefactive
products in the intestine. It is the belief that the putrefactive
products in the intestine are formed by the action of bacteria
on various amino acids, which are converted into the corre-
sponding amines by loss of COz; e.g.,

CH;-NH; CH,-NH,
((JJH2)3 — (CHp)s + CO2
CH-NH; CHz-NEz
(|JOOH Cadaverine

a, eDiaminocaproic acid
or Lysine

(The chemical properties of the diamines are similar to the
monoamines, except that as we have to consider two primary
NH; groups instead of one NHj group.)

(For a group of compounds related to the amines and of
great physiological importance, such as choline, neurine, lecithin,
betaine and musearine, see Chapter X, p. 110.)
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CHAPTER XIV
AMINO ACIDS AND PROTEINS

Amino Acips

AN amino acid is a compound in which a hydrogen in the group
attached to the COOH is replaced by an NH2 group; e.g.,

CHyCOOH, ' CFa-COOH
H NH:
Acetic acid Aminoacetic acid or

glycocoll or glycine

(The nomenclature is analogous to that used in the halogen
and hydroxy substituted acids, so that

B8 a
'(I3Hz -CH2-COOH
NH:

is S-aminopropionic acid; and

Y i} a
CH;-CH:-CH-COOH

1|\THQ
is e-aminobutyric acid.)

The a-amino acids are of great importance physiologically,
since these are the main products obtained when proteins are
hydrolyzed.

Methods of Preparation.—1. The action of ammonia on
halogen acids; e.g.,

CH,;-COOH + HNH,; — Clin-COOH + HCI
a o NH;
Chloroacetic acid

2. The action of hydrogen cyanide on aldehydes and ketones,
143
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and the subsequent reacti(l)n with ammonia and ultimate hydroly-
sis; e.g.,

0 H
CHs-C< + HCON — CHa-clcoN
N\H \H

Acetaldehyde hydrogen cyanide

[OHTH| NH, NH.
CE-C—%N - CHs-C—\/—CN + H0
S \H

N

/LTHQ /NHz
CH3-C&CN + 2H,0 — CH3-C4COOH + NH;

\H \H

3. The hydrolysis of proteins (either by enzymes, acids or
alkalies) yields a succession of products (metaproteins, pro-
teoses, peptones, polypeptides), the final products being amino
acids. (In the digestive tract, the enzymes pepsin, trypsin
and erepsin hydrolyze the various proteins of the food into
different amino acids.)

Properties.—Since the amino acids contain NHp and COOH
groups, they may act as bases or acids; e.g.,

C{Hz'COOH + HCl — C’)Hz'COOH
NH: NH,;-HCI -

Glycine Glycine hydrochloride
(’3H2-COOH + NaOH — (IEHg-COONa
NH, NH,

c'\

(They are, in reality, amphoteric substances, like aluminium
hydroxide or zinc hydroxide. Glycine, for example, is a feeble
electrolyte and is partially dissociated thus: ’

HoN-CH,-COOH = HzN-CH.COQ- + H+ (A)
HO-Hs;N-CH,-COOH = HO- + H;N-CH,-COOH* (B)

At some particular hydrogen ion concentration, the dissocia-
tion represented by (A) will be equal to the dissociation repre-
sented by (B). This is the “isoelectric point,” and at this point
the solution is electrically neutral. The significance of ‘the
“isoelectric point” and its-bearing on thé behavior of such
substances as proteins is only now beginning to be appreciated.).
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When dissolved in alcohol and saturated with hydrogen

chloride (dehydrating agent), the amino acids form esters; e.g.,
CH,-COOH + C,Hs0H — CHz-COOC,Hs;

AN N\ + H20
NH; NH:

(Emil Fischer has used this “ ester ” method to separate the
amino acids obtained by the hydrolysis of proteins.)

Nitrous acid converts amino acids into the corresponding
hydroxy compounds with the liberation of nitrogen; e.g.,

(IJHQ-COOH + HONO — CH,-COOH
NH; OH

+ Nz 4+ H20

(This is the principle of the Van Slyke method for the deter-
mination of amino acids in blood and tissues, and for following
the rate of protein hydrolysis.)

Aldehydes react with amino acids to form methylene deriva-
tives; e.g.,

R-CH-COOH ——— R-CH-COOH

| H | + H0
N=E—H N—CH,

(This reaction converts an approximately neutral substance—
because of the presence of the NHs and COOH groups—into an
acid substance, by a substitution in the NH; group. Soérensen
has used this principle for determining amino acids in blood, urine
and tissues, and for estimating the extent of protein hydrolysis.
The greater the hydrolysis, the more free NHz and COOH groups
are formed and hence, when the NH, group is removed by
formaldehyde, the greater the acidity of the hydrolytic products.)

Since an amino acid contains a basic and an acidic group,
internal neutralization is possible, with the resulting formation
of “inner ”’ salts:

0
_COOH /c(

/ /
CH, - ¢éH, 0
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When an a-amino acid is heated, two of its molecules combine
to form an anhydride:

CH;-NH[H _ HO|OC CH;—NH—CO

| -

(|30|OH H|HN - CH: (|30 NH—CH;

Glycine anhydride

B-Amino acids, when heated, lose ammonia and yield unsat-
urated acids:

CH,-CH-COOH — CH2==CH-COOH
Acrylic acid
NH; H '

f-Aminopropionic acid

y-Amino acids give “lactams”;
CIH2°CI‘I2'CH2'CO OH| — CH;-CHp-CH:-CO
|
NH‘H ' HN. |

y-Aminobutyric acid Butyrolactam

(These reactions are analogous to those given under hydroxy
acids, p. 127.)

Several amino acids obtained from the hydrolysis of proteins are
listed.

Glycocoll, CHz- COOH, also called glycine,I is aminoacetic acid. |
NH, ‘
Alanine, CHj-CH.COOH, is a-aminopropionic acid.
NH;

CH :
Valine, >CH .CH-COOH, is a-aminoisovaleric acid.
CHs
NH,

CH;
Leucine, >CH -CH;-CH-COOH, is «~-aminnisocanroic
CH;

NH,
acid.
Phenyl alanine, CH.-CH.COOH, is B-phenyl-a-aminopro-

CeHsNH;
pionic acid.
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Tyrosine, CH,-CH - COOH, is a-amino-B-para-hydroxyphenyl-
NH,
CsHs-OH
propionic acid. '

(The student will appreciate the naming of some of these sub-
stances after he has studied the sections devoted to aromatic
chemistry.)

H
7

Y
Tryptophan, H—C'J C——C—CH,-CH-COOH

i l
H~C C C—H NH

N\
l l
H H
is a-amino-8-indolepropionic acid.
CH;—S—S—CH-

l
Cystine, CH-NH, ~ CH-NH,

| l
COOH COOH
is di-(8-thio-a-aminopropionic acid.)

(|3H2-COOH
Aspartic acid, CH-COOH, is aminosuccinic acid.

NH,
CH:-COOH

CH,

Glutamic acid, | , is e-aminoglutaric acid.
CH-COOH

dm,

On a commercial scale, glutamic acid is made by the hydrolysis
of gluten or soy bean. The acid possesses decided meat-like
taste, and because of this the monosodium salt has been introduced
as a chemical condiment.

CH;-CH,-CH,-CH.-CH-COOH,

Lysine, | I '
NHz :NHZ
is @, e-diaminocaproic acid.
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HN \ '
Arginine, >C .NH-CH,-CHz-CH,-CH-COOH,
N{'Iz NH2
is a-amino-s-guanidino-valeric acid.

/CH
AN
NH N
Histidine, | |
CH==C-CH,-CH-COOH

NH;
is a-amino-B-imidazolepropionic acid

ProTEINS

Proteins are essential, and in many ways, the most charac-
terigtic - constituents of protoplasm. They may be regarded
as combinations of e-amino acids. Their chemical properties
are dependent upon the presence of these amino acids. Their
physical properties, on the other hand, are largely due to the
fact that they form colloidal solutions. Among the three classes
of foodstuffs, fats, carbohydrates and proteins, the proteins
alone contain the element nitrogen, and, as a rule, sulfur. The
average percentage composition of proteins is (in per cent) C =53,
0=23, N=16, H=7, and S=1.

They may be classified as follows:

Albumins.—Soluble in water and coagulated on boiling.
(Examples: ovalbumin in egg white, lactalbumin in milk, serum
albumin in blood, ete.)

Globulins.—Insoluble in water, but soluble in dilute solutions
of a number of salts (such as sodium chloride) and coagulable
on heating. (Examples: serum globulin in blood, edestin in
hempseed, ovoglobulin in egg white, etc.)

Protamines.—Basic substances forming stable salts with
mineral acids. In comparison with some of the other proteins,
these yield relatively few amino acids on hydrolysis, They are
soluble in water and not coagulated on heating. (Examples:
salmine in salmon sperm, and in general, in the heads of ripe
spermatozoa and in ova.)
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Histones.—Somewhat similar to protamines. These are
soluble in water and precipitated by ammonia. (Examples:
globin in hemoglobin, scombrone in mackerel sperm, thymus
histone, etc.)

Glutelins.—Proteins common in the vegetable Lkindgom.
These are insoluble in neutral solvents, but soluble in dilute acids
and alkalies. (Example: glutenin in wheat.)

Prolamines.—These are also common in the vegetable king-
dom. They are soluble in 70-80 per cent alcohol (which dis-
tinguishes them from glutelins and other proteins), but, like
other proteins, insoluble in absolute alcohol. They are also
insoluble in water and neutral solvents. (Examples: zein in
corn, gliadin in wheat and rye, hordein in barley, ete.)

Albuminoids.—These are found in the skeletal and connec-
tive tissue of animals, and are characterized by their far greater
insolubility in reagents than other proteins. (Exhinples: keratin
in hair, collagen in connective tissue, ete.) o

The proteins which have so far been enumerated are known
as “ simple protems,” to distinguish them from the followmg

“ conjugated proteins ”’

Nucleoproteins ——These are combinations of protein and-
nucleic acid, and are characterized by yielding purine bases
(p. 151) on hydrolysis. (Examples: nucleoprotein in thymus,
pancreas, spleen, and in glandular tissue in general. They are
found in nearly all cells, and particularly in the nuclei of cells.)

Glycoproteins.—Combinations of protein-and a compound
containing the carbohydrate group. They. are characterized
by yielding, on hydrolysis, a sugar which reduces Fehling’s-
Benedict solution. (Examples: mucin in saliva, osseomucoid
in bone, tendomucoid in tendon, etc.) !

Phosphoproteins.—These proteins, like the nucleoproteins,
are rich in phosphorus, but, unlike the latter, do not yield purine
bases on hydrolysis. (Examples: casein in milk, vitellin in egg
yolk, ete.)

Hemoglobins.—Combinations of protein with a pigment-
containing substance. (Example: hemoglobin in blood, which
on hydrolysis yields the histone, globin, and the 1ron-contammg
substance, hematin.)

In addition to these, we have a number of “ secondary ’’ or
“ hydrolyzed ” proteins, obtained in the course of hydrolysis
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of proteins when acted upon by certain enzymes, acids or
alkaliés. They are:

Metaproteins.—These represent the first stage in protein
hydrolysis. They are soluble in acids andyalkalies, but insoluble
in neutral solvents (from which they are coagulated on boiling).

Proteoses.—The primary proteoses are soluble in water,
not coagulated on boiling, and precipitated by one-half saturated
solution of ammonium sulfate. The secondary proteoses show
similar properties, except that they require a completely satu-
rated solution of ammonium sulfate for precipitation, a crude
distinction, it must be confessed.

Peptones.—These are similar to the proteoses, but are not
precipitated by ammonium sulfate.

As hydrolysis proceeds, we arrive at the polypeptide stage
(compounds of a somewhat simpler type, chemically, than
peptones), and finally obtain the individual amino acids. .

Composition of Proteins.—The various proteins, when com-
pletely hydrolyzed (by acid, alkali or enzyme) yield amino acids.
The essential difference among proteins is in the number and
in the amount of amino acids which they yield. Up to the
‘present, about 20 of these amino acids have been isolated (see
amino acids, p. 152), and the extent to which they occur in a num-
-ber of proteins is given in the table on the following page.

The isolation of the various amino acids is a laborious task
and cannot be discussed here.

Constitution of- Proteins.—Emil Fischer has shown' jnan e
proteins may be regarded as combinations of amind' acids,
linked in the following way (to take the SImplest case): W

CH:-CO |OH] C|H2 -COOH CH;- CO——NH -CH;-COOH
. s -
NH, HI|NH NH,
Glycine - Glyeylglycine

Glycylglycine (dipeptide) is the simplest example of a poly-
peptide. It, in turn, may combine with another molecule of
glycine to form diglyeylglycine (tripeptide).

(lle -CO—NH CHz-CO—NH-CHz-COOH
NH:
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PeErR CEnT OF AMINO AciDS ISOLATED FROM VARIOUS PROTEINS

g 819 e

Ll gl LalE sl Ll bR |

SelgElSsl2e|le3|g=|2El £ |8 £

EE g§3|legis Fleslezla g & 3 | 2

= SW|s®» SOE2| cm| gl g g 8

T e X O[O & (8 |0 olo &
Glycocoll.. ... 0.02| 0.00] 0.45{ 0.00} 0.00{35.00] 0.00/16.5 | 0.45|25.75
Alanine. . . ... 2.001 0.00; 1.6 | 2.22|..... 22.6 | 4.2 10.8 | 1.85 6.58
Valipe. ...... 0.211 4.3 |14.512.50.....}.....]..... 1.0 {7.95] 1.4
Leucine. ..... 5.611 0.00i15.3 {10.71| 8.781 0.7 {26.0 | 2.1 | 9.7 {21.38
Proline....... 7.06/11.0 1 3.7 | 3.56/ 2.281 0.7 | 2.3 | 5.2 | 7.63| 1.74
Phenylalanine.| 2.35/ 0.0 | 1.9 | 5.07| 4.90| 1.3 | 4.2 { 0.4 { 3.88] 3.89
Aspartic acid..| 0.58} 0.0 | 2.5 | 2.20( 3.47] 1.3 | 4.4 | 0.56{ 1.77
Glutamic acid.}42.98} 0.0 {17.2 | 9.10{14 .88} 0.07| 1.7 | 1.88[21.77{ 0.76
Serine........ 0.13{ 7.8 1 1.1 ? |.....|..... 0.60.41]0.5
Cystine. . .... 045100751 2 {.....{..... 0.310.0]0.07] ?
Tyrosine. . ... 120000136 11.77419519.711.310.00{4.5
Arginine.. . ... 3.16j87.4 | 2.7 | 4.91} 7.38]..... 5.4 17.62] 3.81] 0.3
Histidine. . . .. 0.61{ 0.0 ? 1.71 2.02]..... 11.01 0.4} 2.5
Lysine....... 0.00, 0.0 | 0.2 | 3.76| 5.77|..... 4.312.75]7.62
Ammonia. .... 511(..... ? 1.34] 1.08[.....0.....}..... 1.61
Tryptophan...} Pres.[| 0.0 |.....|..... Pres.}..... Pres| 0.0 | 1.5

and so on. Of course, the combinations need not involve glycine
only, but other amino acids may take a part in such reactions—
in fact, any substance confaining the WNH,; and COOH groups;
so that the number of such possible polypeptides is very large.

Fischer has prepared an octadecapeptide, consisting of three
leucine and fifteen glycine units, which is not easily distinguish-
able from a protein found in nature. Apart from being a colloid,
this octadecapeptide is hydrolyzed by the enzyme trypsin (of
the pancreas) into amino acids, just like any of the common
proteins.

As further evidence of the polypeptide nature of proteins, it
should be recalled that when proteins are hydrolyzed, poly-
peptides (such as glycyltyrosine) have actually been isolated from
among the hydrolytic products.

General Reactions.—Biuret.—When the protein is mixed
with a cone. solution of sodium hydroxide and a drop or two of
dilute copper sulfate solution is added, a violet to pink color is
obtained. (Generally the simpler the protein the more pinkish
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the color, so that peptones show a distinet pink and albumins
a distinet bluish-violet.) The reaction is given by nearly all sub-

stances containing two
O H

A
groups attached to one another, to the same nitrogen atom,
or to the same carbon atom. The name * biuret” is derived
from the fact that biuret (which is obtained by heating urea,
p. 120) gives this reaction.

Xanthoproteic.-——Heating a protein solution with cone. nitric
acid produces a yellow color. This is changed to orange on the
addition of an excess of ammonium hydroxide. (The yellow
color is dependent upon the formation of a nitro compound.)

Millon’s—Heating with Millon’s reagent (essentially, mer-
cury dissolved in nitric acid), a brick-red color or precipitate is
obtained. (This reaction is given by phenol and phenolic deriva-
tives.) The substance in the protein molecule responsible for
this test is probably tyrosine.

Glyoxylic acid (Hopkins-Cole).—When the protein is mixed
with glyoxylic acid and cone. sulfuric acid added, a violet ring
~ is obtained. (This reaction is due to the presence of tryptophan
in the protein molecule.) o

Molisch—With alpha-naphthol and conc. sulfurie, the pro-
tein solution forms a violet ring. (The reaction is due to the
presence of the carbohydrate glucosamine in the protein molecule.)

(While no one of these color tests is evidence of the presence
of a protein, any substance which gives two or more of these
tests may be suspected of being a protein.) The following
reactions are further confirmatory tests.

Proteins are precipitated by the salts of heavy metals, such
as lead acetate, mercuric chloride, copper sulfate, ete.

The proteins are precipitated by the ‘ alkaloidal reagents,”
such as phosphotungstic, phosphomolybdic, tannie, picric acids, ete.

Proteins are precipitated by strong alcohol.

Many of the proteins, like the albumins and the globulins,
are coagulated on heating.

Recently proteins from beef blood have been introduced as food
products. Serum albumin is mixed with dried egg yolks and used
in preparing cakes, cookies, omelets, etc,
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An even more important industrial development in the use of
proteins is in the production of karolith, a product made from the
casein of skim milk by hardening it with formaldehyde. The
material is really a synthetic horn with advantages over horn itself.
Karolith softens when moderate heat is applied and can therefore
be bent and embossed. It can be dyed or stained and is now used
quite extensively in the manufacture of a variety of buttouns, pens,
pencils, cigarette holders, ete.
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CHAPTER XV

NUCLEOPROTEINS, PURINES, URIC ACID AND PYRI-
MIDINES

Nucleoproteins are a group of combined proteins of especial
interest to us, since, on the one hand, they are principally con-
stituents of the nuclei of cells (animal and plant), and on the
other, they yield, on decomposition, a group of important
organic substances (purines and pyrimidines). They may be
extracted from animal or vegetable sources by water or dilute
alkali, and precipitated by acid (for example, the nucleoprotein
in yeast may be extracted with dilute alkali and then precipitated
by acid, or the lymphatic glands of the ox or sheep, or the thymus
of a calf, may be extracted with water, and the nucleoprotein
precipitated with acid.)

A careful study of the hydrolytic products of nucleoproteins
shows that they, like the proteins and higher carbohydrates,
“gplit up” in stages. The following is a schematic repre-
sentation:

Nucleoprotein

Protein Nuclein

Amino acids

Protein Nucleic acid (nucleotid) .

/

Amino acids

Phosphoric acid Nucleoside
Carbohydrate Purine and pyrimidine bases

The nucleoprotein, in other words, may be regarded as a

combination of protein and nucleic acid, the latter, in turn,
155
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being a combination of phosphoric acid, carbohydrate (usually
a pentose if the carbohydrate is of plant origin, and a hexose

if of animal origin), and pyrimidine bases.
Among the common pyrimidines are uracil, thymine and

cytosine. Pyrimidine itself has the formula:

1 ITT=(IIH 6
2 (ﬁH (l’,iH 5
8 N—CH 4
and uracil, thymine and cytosine have the following structures:
e e
O=(|3 (”)~H O=(I3 (ﬁ—CHa
H—-N—C—H H—N—C—H
Uracil Thymine

or or
2, 6-diketopyrimidine 2, 6-diketo-5-methylpyrimidine
or
5-methyl uracil

 N—C—NH,

[
_O=(|3 (ﬁ—H
H—N—C—H

Cytosine

6-amino—2—kg€opyrimidine
Among the purine bases are adenine, hypoxanthine and
Purine itself has the formula:

guanine.
1 N=6C—H
| | 7 /H
| ] o-m
3 N—4 C—N7
9
and the structures for adenine, hypoxanthine, guanine and
xanthine are:
N——=(|3—NH2 H—-lTT—(|3=O
| H H
H—C C——N< H—C C—N<
L1 _yo-H R
N7 N—C—N7
Adenine Hypoxanthine
o G-ketg;urine

6-aminopurine
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R e
v H
NH—C C— < ~C C—N<
| ] o H ) CH
N—C—N H——N—C—N
Guanine . Xanthine
2-amino-6?;{etopurine 2, 6-dik?:§opurine

The purines are very largely oxidized to uric acid in the body:
H—-N—C=0

| H
0=C C—N¢
BN N0

\H

Unc acnd
2, 6, 8- tnketopunne
{also "called 2, 6, 8-trioxypurine)

Uric acid is an important nitrogenous constituent of the urine.
It is present in the joints, bladder, and in abnormally high
amounts in the blood of persons suffering from gout and rheu-
matism.

We shall give one of several syntheses of uric acid. This
will illustrate not only the synthetic preparation of an important
purine derivative, but incidentally that of a pyrimidine deriva-
tive, namely, a methyluracil:

CHs-C—|OH + H |NH-CO-NH; —

Urea

CH.-COOC.Hs

Acetoacetic ester }

CHz-C-NH-CO-NHz Hydrolysis CHs-C-NH-CONH|.

BN 1 - | —H0
.CH-COOC.Hs; (acid) CH-CO|OH —
Ethyl-8-uramido- g-Uramidocrotonic (dehyd
crotonate acid agent)
NH—CO NH—CO'
| [ HNOz | | - ~ Boiled
CO CH -~ CO C-NO. _
| i (Oxid. and | [ with water

|
NH—C—CHs mtratlon) NH—C—COOH (—COyg)

4-Methyluracil . 5-Nitrouracilic acid
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NH—CO
do ¢xo,
Y dn
5-Nitrouracil
With tin and HCI, part of the 5-nitrouracil is reduced to the

corresponding 5-amino-compound (5-aminouracil) and part of it

to 5-hydroxyuracii:
NH—CO

(:?O (|3—OH
xu-bm

This compound is oxidized by bromine water to 4,5-dihy-
droxyuracil, which, when heated with urea and H:SOs, yields
uric acid:

NH—CO NH—CO

(}30 (IIJ—I\TH H;80, (Izo Cl—-—NH\C
| 0

¥ 0 —s
NH—C—[OH _H|NH/ NH—C—NH

4, 5-Dihydroxyuracil *  Urea Uric acid

The oxidation of uric acid may yield any one of the following
products {depending on the reaction and the reagent employed):

I\|TH2 NH_(FO
(|JO (|3O—NH>C cO CaQ
O
NH—CH—NH II\TH——(l)O

Allantoin Alloxan
IT'H——CO /NHz
co ({’
| NH;
NH—CO
Parabanic acid Urea

Allantoin occurs to a small extent in human urine, but
in mammals, other than man and anthrapoid apes, it takes the
place of uric acid, it being the principal end product of purine
metabolism.



ALLANTOIN

Other important, purine derivatives are:

CH;-N-—CO " HN——CO
| | | | /CHz
CcO C—N-\CHs and CO ﬁ—N\
1
o en S S
CHz-N——C—N7 CHs-N—C—N7
Caffeine or theine Theobromine
1, 3, 7-trimethy1(ir2, 6-diketopurine 3, 7-dimethyl-2,oﬁr-diketopurine
1, 3, '7-trime€£ylxanthine 3, 7-dimeﬁlrylxant,hine

Theobromine is present in cocoa beans (chocolate) and
theophylline (isomeric with theobromine) occurs in tea leaves,
while caffeine is a constituent of coffee (about 1 per cent) and
tea (about 1-4 per cent). S

Caffeine, theobromine and theophylline are strong diuretics,
but caffeine is peculiar in having a strong excitant action upon
the central nervous system.

READING REFERENCE
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CHAPTER XVI

CYANIDES, ISOCYANIDES AND OTHER NITROGEN
COMPOUNDS

TeE student having taken inorganic chemistry is already
familiar, to some extent, with cyanide compounds. He has
used potassium ferrocyanide and potassium ferricyanide in
testing for iron salts; and he remembers potassium cyanide and
hydrogen cyanide as examples of deadly poisons.

Cyanogen (CN)g, is a colorless, poisonous gas, with a pungent
odor, and burns with a blue flame, giving carbon dioxide and
nitrogen. It may be prepared:

1. By heating ammonium -oxalate with a dehydrating agent:

| = | + 4H,0
COONH; Hydrolysis C=N

(The cyanogen can be hydrolyzed back to the ammonium
oxalate.)

2. By heating mercuric cyanide:

Hg(CN); — Hg + (CN):

Hydrogen Cyanide, HCN (also called hydrocyanic acid), is a
colorless, poisonous volatile liquid, burning with a violet flame.
Its water solution is called ‘ prussic acid.” (Some attempt
was made during the war to use it as a * poison gas.”) It occurs
in bitter almonds, wild cherry bark and other plant products.
It is a very weak acid. Its formula may be represented as
H—C=N =2 H—-N=C. It may be prepared by heating sodium
cyanide with sulfuric acid: .

NaCN + Hz80;s — HCN + NaHSO,
a reaction quite analogous to the preparation of the halogen acids.
Hydrogen cyanide hydrolyzes to formic acid:

HCN 4 2H:0 — H-COOH + NHj;
160
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and reduces to methylamine:
HCN + 2H2 b CH3NH2

It is used in medicine (a 2 per cent solution) in respiratory
diseases and to quiet a cough. Recently, it has been recom-
mended as.a fungicide and insecticide (spraying trees). Ships
are very often disinfected with HCN gas. ‘

By the action of liquid hydrocyanic acid on calcium carbide
(in the.presence of a small quantity of water as a catalyst), cal-
cium cyanide, Ca(CN)g, a solid, is obtained. This substance
liberates HCN on mere exposure to the air, and, being a solid,
can be more easily handled than HCN.

Cyanogen Chloride, CN-Cl, is a poisonous liquid of low boiling
point, and was used as a “ poison gas” in the late war. It may
be prepared by the action of chlorine on hydrogen eyanide:

HCN -+ CICl — Cl—C=N + HCl
Recently it has been recommended to replace HCN for disin-
fecting purposes.

Cyanamide, CN-NHz, is prepared by the action of ammonia
on cyanogen chloride:

CN-[Cl + H|NH, — H;N-CON + HCl
(Calcium cyanamide, CN-NCa, made by heating calcium
carbide and nitrogen, CaCs+Nz — CaCNy+C, finds extensive
use as a fertilizer, for in the presence of water it decomposes in
the soil; liberating ammonia:
ON-NCa + 3Hz0 — 2NH3z + CaCO;

The caleium cyanamide of commerce (CaCN2+4-C), goes
under the name of “ nitrolime.”)

AvrkyrL Cyanipes, R—C=N

Nomenclature.—CH3CN may be called either methyl cyanide,
or cyanomethane, or acetonitrile. The —C==N is the “ nitrile ”’
group, and the name of the substance depends upon the acid ob-
tained when the substance is hydrolyzed. For example, CH3CN
is acetonitrile because it hydrolyzes to acetic acid. Similarly,
C2Hj5-CN is propionitrile.

Preparation.—1. The action of NaCN on an alkyl halide; e.g.,

CH, CN — CH3CN + Nal
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2. Heating the corresponding amide in the presence of a dehy-
drating agent: e.g.,

(P20s)
CH3CONH; — HoO ——— CH3CN

Properties.—The alkyl cyanides are reactive on account of
their unsaturated character (a triple linkage):

CH3—C—"N + H:0 — CH;CONH:; 4 H:0 — CH3;COONH:

Acetamide Ammonium acetate

CH;-CN + 2H: — CH3-CH:-NH;

Ethylamine
AvLkyL Isocyanipes, R——N=C/ , (or R—N=C)

Nomenclature. CH3-N=C< may be called methyl iso-
cyanide or methyl carbylamine. (C;Hs—N=—=C< is commonly
spoken of as “ carbylamine.”)

In organic cyanides the R is connected to the carbon atom:

R—C=N
whereas in the organic isocyanides the R is connected to nitrdgen:

R—N=C{ (A
C W

[The formula (A) is selected because the isocyanides are
highly reactive substances, forming, among other things, addi-
tive compounds.]

Preparation.—1. Action of silver cyanide on alkyl halide; e.g.,
RCl + AgNC — RNC + AgCl
(whieh suggests that silver cyanide may exist in one of two forms,
elther as AgCN or AgNC).
. The reaction of a primary amine with chloroform in an
a,lkaline solution; e.g.,
CH3NH: + CHCls + 3KOH — CH3sNC + 3KCl + 3H:0

(This is a test for primary amines. See p. 140.)

Properties.—The isocyanides are colorless, poisonous liquids,
with an extremely disagreeable and characteristic odor. They
are very reactive; e.g.,
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H
R-N=C< + HCl — R~N—_C<C
1

cl
R-N=C< + L — R—N=C{

el

RN=C( +8 — R—N=C=S

R-N=C< +0 — B—N=C—0
(The Cin R-N=C< seems to be very reactive and, therefore,

unsaturated.)

(In this connection, it may be of interest to point out here
that the reactivity of carbon monoxide is in reality due to the
divalency of its carbon atom, e.g.,

Cl

—0 + Cl — c£0
\c1

Phosgene

or

whereby the divalent carbon is transformed into the tetravalent
form.) _

To distinguish between the cyanide and the isocyanide, it is
merely necessary to hydrolyze the compounds:

R-C=N + 2H,0 — R-COOH + NH;
R—N=C< 4+ 9H,0 — R-NH; + H-COOH

We may also distinguish them by reduction:

R-C=N + 4H — R-CH;-NH;, primary amine.

R——N=C< + 4H — R-NH.CHjs, secondary amine.
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OtHER NITROGEN COMPOUNDS

R-C=N R—0—C=N R—S—C=N
Alkyl cyanide Alkyl cyanate Alkyl thioeyanate

R—N=C< R—N=C=0 R—N=—C—=S

Alkyl isocyanide Alkyl isocyanate Alkyl isothiocyanate

Isocyanic acid, HNCO, is an unstable liquid, but a polymer,
eyanuric acid (HNCO); is known.

RNCO compounds are prepared thus:

RI + AgNCO — RNCO + Agl

Silver cyanate

Fulminic Acid, C=NOH, is a poisonous, very unstable liquid.
Here again we have a divalent carbon represented.

C=N—0
Mercuric fulminate, >Hg, and silver fulminate,
C=N—0

C=N—OAg, are prepared when the respective metals are acted
upon by nitric acid and alcohol. They are used as detonators in
percussion caps to explode gunpowder, dynamite, T.N.T., and
other explosives.

Allyl isothiocyanate, CHo=CH - CH;-N=C=S, is present in
black mustard seeds and is used in medicine as a powerful rube-
facient and counterirritant. It is employed as a substitute for
the mustard plaster.

0 0
Nitro Compounds, R——N<O. The nitro group is ——N<O.

0
These may be looked upon as nitric acid, HO—N<O, in which

the OH is replaced by R. The aliphatic nitro compounds are not
important, but the aromatic ones are, as we shall see later

(p. 230). The nitro compounds, R—N\{g , are isomeric with
the alkyl nitrites, R—O—N==0, which have already been dis-

' 0]
cussed on p.100. For example, nitroethane, Csz—N( . s
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isomeric with ethyl, nitrite, CoH;—O—N=0, though it differs

0
from ethyl nitrate, C2H5—O——N<<O.

The nitro compounds may be prepared by the action of silver
nitrite on halogen compounds; e.g.,

CoHs ( 1+ Ag| NOz — CoH5-NO2 + Agl
They are easily reduced to the corresponding amines; e.g.,

CzH5'N02 + 3H2 - CszNHg + 2H20

Ethylamine

~ The nitroso group 1s represented by —N==0; e.g., :

CHa\ CH;
CH5—>C—N==0 N—N=0
CHz” CH
Nitrosotrimethylmethane Nitrpsodimethylamine
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CHAPTER XVII
CARBOHYDRATES ! AND RELATED COMPOUNDS

Tae name carbohydrate (carbon hydrate) is derived from the
fact that compounds belonging to this class contain C, H and O,
the H and O being in the proportion of 2 : 1, respectively (asin
water). There are, however, substances other than carbohy-
drates, such as acetic acid, (CH3-COOH), and lactic acid
(CH;3-CHOH-COOH), which contain H and O in the propor-
tions such as are found in water. On the other hand, a number
of compounds belong to the carbohydrates although the pro-
portion of Hto QO isnot 2 : 1; e.g., thamnose (CsH1205).

The more modern view is to regard carbohydrates as con-
taining aldehyde-aleohol or ketone-aleohol groups; or compounds
which upon hydrolysis are converted into substances containing
such groups. " (Organic Type Formulas, p. 16.)

Carbohydrates are mainly derived from the vegetable king-
dom. Physiologically, the carbohydrates represent one of the
three great classes of foodstuffs. Many of them are also of
extreme importance in the industries.

In general, carbohydrates fall into two main classes; the
sweet and crystalline compounds, called sugargtff and the taste-
less and non-crystalline compounds, termed starches, celluloses
and allied products. *

Carbohydrates are classified into:

A. Monosaccharides (no further hydrolysis with dilute acids):
Diose, C2H40s, as glycolaldehyde, CH,OH - CHO.
Trioses, C3HegO3,asglyceraldehyde, CH.OH - CHOH - CEO

or dihydroxyacetone, CH;OH-CO-CH:0OH.
Tetroses{ C4HgOy, as erythrose, ete.
Pentoses, CsH100s5, as arabinose, xylose, ribose, ete.
Hexoses, CsH 1206, as glucose, mannose, galactose, fruc-
tose, sorbose, ete. e

B. Disaccharides, C12Hs2011 (yield two molecules of mono-

saccharides upon hydrolysis). Sucrose, maltose, lactose.

1 Recently The International Union of Pure and Applied Chemistry

proposed the term * Glucides ” for carbohydrates and glucosides.
. 166
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C. Trisaccharides:" C18H32016 (yieia upon hydrolysis three
molecules of monosaccharides) :
Raffinose.

D. Polysaccharides, (C¢H100s5)2, (yield upon hydrolysis more
than three molecules of ‘molnosaccharides):
Starch, cellulose, dextrin, glycogen, inulin, gums,
pectins, pentosans, etc.

(The ending ““ ose ”” generally refers to carbohydrates.)

The monosaccharides, or simple sugars, are aldehydes or

ketones linked directly to carbon with OH group as

l l
H—C—OH H—C—OH

H—C=0 C=0
An llldose]J d ,
(hydroxy-aldehyde) CH.0H
A ketose

(hydroxy-ketone)

The trioses and tetroses are of theoretical rather than practical
importance.

The pentoses in the form of more complex combinations, the
pentosans, occur extensively in the plant kingdom and are found
more particularly in the pectins and gummy substances of plants.
The pentoses are obtained from the pentosans by hydrolysis with
acids. Treated Wlth concentrated hydrochloric acid and distilled,
furfural is obtained (see p. 304), a process which forms the basis
for the estimation of pentoses-and pentosans. Among the more
common pentose sugars are arabinose, obtained by hydrolyzing
gum arabic; xylose, obtained by the hydrolysis of straw; and
ribose, a constituent of nucleic acid (p. 155), found in yeast.

Extremely important, from our point of view, are the hexoses
the disaccharides and some of the polysaccharides.

Among the hexoses, C¢H120s, d-glucose (also called dextrose)
is the most important. It is present in the juice of many sweet
fruits, such as grapes (hence grape-sugar). It is a normal, and
very necessary constituent of blood, and, in pathological con-
ditions (as in diabetes), accumulates to an abnormal degree in
the blood and in the urine. Commercially, glucose is prepared
by the hydrolysis of starch in presence of dilute acids.

(CeH1605)x + x-H20 — x(CgH;206)
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It may be obtained from many poly- and disaccharides. Since
it rotates the plane of polarized light to the right, it is also called
dextrose or d-glucose. Its formula may be written:

CH0H
(IDHOH
émon
(IZHOH
C|3HOH

C=0

|
H

Some indication of how we arrive at such a structural formula
may be given. In the first place, elementary analysis and
molecular weight determinations give us the empirical formula
CeH1206. The substance behaves like an alcohol, because it
reacts with acetyl chloride or acetic anhydride to form acetyl
derivatives:

R—O[H + CI]JOC—CH; — R—00C—CHj

Since glucose forms a penta-acetyl derivative, it must contain
five OH groups. On reduction, glucose first yields the corre-
sponding alcohol, and ultimately (if HI is used) a normal six-
carbon chain iodohydrocarbon, proving glucose to contain a normal
chain of carbon atoms:

(|3H20H (|3H20H (|3H3
(lJHOH (lJHOH (lJHz
CHOH H, CHOH HI CH:

| — | — ]

CHOH CHOH CHI

I l l
(‘3HOH (IJHOH _ CIHz
C=0 CH,0H CHs

\H " Sorbitol 3-Iodohexane
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Glucose forms a cyanohydrin with HCN:

CleOH : (IJHQOH
(CHOH)s + HCN — (CHOH),
| H
C=0 <
g | \CN
OH
and an oxime with hydroxylamine, NH,OH:
CIJHzOH C|H20H
(CHOH)4 (CHOH)4
l - + H.0
C=[0 + H:|NOH C=NOH
\H \H

proving the presence of a carbonyl, >CO, group (see n.73). 'The
presence of this group may be further shown by the reaction of

glucose with phenylhydrazine: &
CHO0H CHOH
| l

(CHOH)3 (CHOH)3

CHOH — CHO[H T HoN. | NHCHg

l l
C= 2 |N—NH—CcHs (IZ——N—NH——CGH5

\ Phenylhydrazine
H H
Glucose Glucose phenylhydrazone
CH.0H '
| .
(CHOH)3 v
— (IJ=I0 (+ NH; + CoHyNH,)
: Aniline or
C‘-—=N—NH——CGI‘I5 Phenylamine
|
H
ICHz()H
(CHOH)3
+ [Ho|N-NHCeH; | _
— (|3=N—NHC(,H5

C|=N—NHC6H5
H
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It now merely remains to determine the position ot the CO
group. This can be done in the following way: glucose is com-
bined with HCN *and the resulting produect hydrolyzed (seef p.
88).

(|3H20H C|H20H CH.UH
C!‘,HOH (IJHOH CHOH
|
CHOH CHOH CHOH
| HCN | 2H,0 | -
(llHOH —— (|JHOH 22 e A (I:HOH
(|3HOH (IDHOH CHOH
-~
C=0 C—O0H CHOH:*
AN A\ |
‘H H «'ON COOH

The hydroxy acid.is a normal, seven-carbon compound. The
COOH group must be attached to the sixth caibon atom, and
this, in turn, must have contained a CO group to have reacted
with HCN. But the sixth carbon atom in glucose is the end
carbon atom; therefore the posmon of the CO group in glucose
must be at the end carbon atom.

If we have gone into the constitution of glucose at some
length, it is merely to illustrate the methods used in assigning
formulas to the various carbohydrates.

The osazone formed when glucose and phenylhydrazire are
brought together (p. 169), undergoes a very interesting trans-
formation whqen warmed with concentrated hydrochloric acid:

CH=E\T-—I:IH—06H5 HJO CH=O0
“+ —

C =[N-NH—CeHs HJO (=0 + 2C¢H;—NH—NH:

(CHOH)3 (CHOH);
CH;0H CH,OH
(A)

(A) is known as glucosone and is as an example of a class of
compounds called osones.
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By reducing glucosone we change the aldehydic into an
alcoholic group and get

CH:0H

C=0
(lo_HOH_)3

CH20H

which, as may readily be %een, is a compound isomeric with glucose,
but different from it in having a keto instead of an aldehyde group.
This compound is none other than fructose (see p. 177). -So that
by means of the osoné reaction we can pass from glucose to fructose.
(Aldose — Ketose.) A

We have seen how by the use of HCN we can pass from a

six to a seven carbon compound (p. 170). Now it is possible to
TPd“("P Q.“("h a, oomnound

|CHzOH (IJHzOH
. Hz .
(CHOH)5 — (CHOH)s

COOH CHO

and obtain a product analogous in constitution to glucose except
that it contains seven instead of six carbon atoms.

It is evident that this new compound may again be treated
with HCN and the various steps repeated:

CH,0H (|3H20H (|)H20H s (I3H20H
(CHOH); HCN (CHOH)s 2H;0 (CHOH); H, (CHOH)s
— —_ —

CHO C—O0F CHOH CHO
AN l
o N COOH

thereby obtaining an eight-carpon compound. Obviously, we
have here a method by which thé~carbon»content of a sugar
may be 2ncreased—a very important process:in synthetic chem-
istry.
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An equally important and interesting procedure is to decrease
the carbon content of a compound. This is done by first forming
the oxime with hydroxylamine, then converting the product into
the nitrile (by loss of water), and finally, by treatment with am-
moniacal silver nitrate solution, splitting off HCN:

CH/O + Hj N—OH ?@;mo_fg]

|CHOH — CHOH -

((IJHOH)g (<|3H0H)3
CH:0H CH:0H
CN

CHO ‘f[_ CHO

((|3HOH)3 - ((IZHOH)3
(|:H20H CH,0H

Properties of Glucose.—Like all carbohydrates, glucose reacts
with the Molisch reagent (a-naphthol) and cone. HoSO4 to give a
violet ring or color, a reaction said to be due to the formation of

CH—CH

furfural, yJH %—CHO (see p. 305), or its derivatives. Glucose
o’

forms an osazone with phenylhydrazine, a reaction already dis-
cussed. These osazones are of the utmost importance in the
identification of a number of sugars, since they show definite
crystalline forms and have definite melting points. Owing to
the presence of the CHO group, glucose reduces ammoniacal silver
solutions and the alkaline solutions of a number of metals, such as
copper, bismuth and mercury. The best known of these reactions
is the Fehling’s test, which consists in heating glucose with a
solution of copper sulfate, to which potassium hydroxide and
Rochelle salt have been added; a yellowish red precipitate of
cuprous oxide is obtained. (The theory of the reaction may be
cxplained thus: in the absence of a reducing agent, such as glucose,
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the cupric hydroxide that is first formed would be converted to
black cupric oxide:

Cu(OH); — CuO + H0

but when glucose, or any other appropriate reducing agent is
present, cuprous oxide, Cu20, which is yellow to red in color, is.
formed instead: '

ZCU(OH)Q — Cug0 + 2H»0 -+ 0

Benedict has modified the Fehling reagent by mixing the cop-
per sulfate with sodium citrate and sodium carbonate, pro-
ducing a reagent which does not deteriorate even after long
standing. The Benedict modification also has the advantage
over Fehling’s solution in that, when it is applied to test for
glucose in the urine, neither uric acid nor creatinine—nitro-
genous substances present in the urine—interfere with the test;
nor does chloroform, which is often used as a preservative for
the urine.)

Heated with picric acid, in the presence of KOH, glucose
gives a red color—a reaction which forms the basis for a colori-
metric determination of glucose in blood. (The reaction is said
to be due to the reduction of picric (p. 280) to picramic. acid;

(NO3)s (NO)
06H2< — CelLANH,
OH \OH

though the question has not been definitely settled.)
Yeast  ferments 7’ glucose forming ethyl alcohol and COj:

CeH1206 — 2CH;0H 4 2CO:

Glucose is optically active, turning the plane of polarized light
to the right. If its formula be examined, it will be seen that
glucose contains four asymmetric carbon atoms:

CH;0H—CHOH—CHOH—CHOH—GHOH—CHO
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From the number of asymmetric carbon atoms in a compound, we
can, with the help of a simple equation supplied by van’t Hoff,
calculate the possible number of isomers. The equation is A =27,
where A represents the number of isomers and n the number of
asymmetric carbon atoms. Applying this equation to glucose,
A=2%=16; or there should be in all 16 possible stereoisomers.
So far, no less than 14 of these have been isolated.

Glucose (both in the solid and in the form of syrup, as corn
syrup) is used extensively in making confectionery, jellies, pre-
serves, as table syrups, in the manufacture of alcoholic beverages,
as a diluent (to increase bulk and weight) for dyes, in chewing
gum, tobacco, ete.

.+ On oxidation, glucose may give rise to the following prod-
w~uets:

(I3H20H (|3H20H ?HO (ﬁOOH
(CHOH); — (CHOH)4 — (CHOH)s — (CHOH)4
|
CHO COOH COOH COOH
Gluconic acid Glycuronic acid Saccharic acid

(Gluconic acid is now made by the electrolytic oxidation of
glucose and also by the action of Penicillium luteum purpuro-
genum on glucose.) '

(Glycuronic acid is of importance physiologically, since it may
combine with poisonous substances, such as phenol, chloral, ete.,
to make them inert.)

The optical activity of freshly prepared glucose solution dimin-
ishes on standing. This ¢ mutarotation,” as it is called, is due to
the fact that there are, in reality, two forms of glucose, a- and
B-glucose present, having different rotatory powers, and the
optical activity of the resulting mixture will depend upon the
amounts of each present. This view is further strengthened by
the fact that two isomeric methyl glucosides are known (p. 176),
one of them, o-methyl glucoside, yielding on hydrolysis one form
of glucose (a-glucose), and the other, g-methyl glucoside, yielding
on hydrolysis the other form of glucose (3-glucose). The optical
rotation of the two forms of glucose varies widely, the alpha form
being +109° and the beta form +22°. If a solution of either
form is allowed to stand, the rotation slowly changes and finally
comes to an equilibrium at 52.5°.
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These changes of glu(_:ose may be explained by the following
changes:

HO-C-H
?f - /OH

H-C-OH H—I—OH H~C=0

HO-C-H —-OH H-C—OH

H-0—OH HO-C-H HO-C-H

H-C-0H = H-C-OH

H,0H H-C-0H H-C-0H
ﬁ-Glucose é
H,0H ILOH
Glucose aldehydrol Glucose

(Hydrate form) (Aldehyde form)

H,0H

o -Glucose

These facts, together with the additional fact that glucose is
really not so reactive a compound as the usual structural formula
indicates, has led to the conception of the lactone structure for the
compound. This depends upon the possibility that a hydroxy
compound of the glucose type may form an
amylene oxide ring. - CH:0H

Besides the amylene oxide configuration, we |
may also have the ethylene, propylene or buty- CH
lene oxide ring (1:2, 1:3, 1:4 ring). These (|3HOH
types are collectively known as “ gamma
sugars,” and they are more reactive than the = CHOH 0
1:5 or amylene oxide sugar. One theory has . | Ny
it that a funetion of insulin (see p. 361) is to CHOH
change the relatively stable 1 : 5 sugar into one

of the more reactive gamma sugars. H—C-0H
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Glucosides.—When glucose reacts with methanol in presence
of HCI, two compounds, a- and g-methyl glucosides, are obtained,
the formulas of which may be represented thus:

(I)HzOH CHzOH CHzOH
H—C—
H(|30H . H?OH H(LOH
+
HOCH HOCH HOCH
6] — [ (8]
HCOH HCOH / - HCOH /
l/ / ’ |/
H—C—O0 iH + HO{CH?,— H—C—0CH; CH30—C—H
Lact(f)mlz formula a-Methyl glucoside g-Methyl glucoside
of glucose

The two glucosides have different physical properties. They
also behave differently towards enzymes. Maltase hydrolyzes
the a- variety, but not the B— and emulsin hydrolyzes the §-,
but not the a-.

The naturally occurring g1u0051des belong to the B-form.
On hydrolysis, glucose and other products are produced. The
following glucosides oceur in nature: phloridzin, found in the
bark of fruit trees, which yields fructose and phloroglucinol when
hydrolyzed. Phloridzin is often used to induce a form of diabetes
. iy /0 CeH1i0s :
in animals. Salicin, C6H4\CH o on hydrolysis yields glu-

cose and saligenin, or salicyl alcohol. Salicin occurs in willow

/CN

bark. Amygdalin, CeH5-CH
\O‘CI2H21010

molecules of glucose, HCN and benzaldehyde. It is found in

. /O . CsH1 105
bitter almonds. Arbutin, CGH4\O
H

, hydrolyzes to two

, hydrolyzes to glu-

cose and hydroquinone. It is present in the leaves of the berry
tree. Indican, present in the indigo plant, hydrolyzes into
glucose and indoxyl, which rapidly oxidizes to indigo. Myronic
acid is present in black mustard seed. On hydrolysis, it is con-
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verted to dextrose, KHSO,4 and allyl isothiocyanate (CsHs-NCS).

Ruberythric acid is present in madder root. On hydrolysis or

fermentation, it is converted to the dye alizarin and glucose.
CH20H

((‘JHOH)g
Glucosamine, | , a substance closely related to glucose,
-.. (I:HNH
RN
.CHO
is an important constituent of glycoproteins, such as mucin and
the various mucoids, and may be obtained from them by hydroly-
sis. It is also present in chitin, a constituent of the shells of the
lobster. Glucosamine reduces Fehling’s solution, and its general
properties are much like those of glucose.
Galactose is an aldohexose, like glucose

(IJH::OH
((IJHOHM
CHO

It is obtained by the hydrolysis of lactose or milk sugar. It is
also an important constituent of the cerebrosides of the brain.
Like glucose, it forms an osazone with phenylhydrazine (differing,
however, in structure), and reduces Fehling’s solution, but fer-
ments slowly with yeast. On oxidation, it forms mucic acid
(stereoisomer of saccharic acid), which also differentiates galac-
tose from glucose. .

Fructose, or levulose, or fruit-sugar, found in honey, has the
formula:

CH:OH
((|3HOH)3
Co

(|3H20H

and is, therefore, a ketohexose, isomeric with glucose and galactose. '
Fructose, glucose and ,galactose are, physiologically, the three
important hexoses. TFructose may be obtained by hydrolysis of
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cane sugar or sucrose. Like the other two common hexoses,
fructose reduces Fehling’s solution and forms an osazone. The
osazone with phenylhydrazine is the same as the one formed with
glucose. It may be distinguished from glucose and galactose by
the Seliwanoff test, which consists in heating fructose with resor-
cinol dissolved in dilute HCl, whereby a red color and a red pre-
cipitate are obtained. Fructose is 50 per cent sweeter- than
sucrose. A method has recently been proposed to prepare fructose
in large quantities from the Jerusalem artichoke.

i-Fructose, C¢H1206, is obtained by polymerization of six
moles of formaldehyde with calcium hydroxide. A mixture of
sugars 1s obtained known as ‘ formose ” from which <-fructose
has been isolated. <-fructose is the racemic (dl) form.

The stereo-configuration of four of the hexoses can be shown by
the following formulas:

CH20H CH0H CH,0H CH:0H
HO—é——H HO——é—H HO——(‘J—H HO—(I}——H
HO—(ID—H HO—(I)——H HO—(|3——H H—(ID—OH

H——(‘}—OH H——(lj—OH H~—(i3—OH H—(ll——OH
HO—-(‘)—H H—(II“OH (l?=0 HO—(!E—H
' (IJHO C‘HO (!SH2OH (lJHO
d-Glucose d-Mannose d-Fructose d-Galactose

What differences do you notice in these formulas?

Sucrose, or cane sugar, C;2H29011, is one of three physiologi-
cally important disaccharides, the other two being, lactose and
maltose. On acid hydrolysis, sucrose yields a mixture of glucose
and fructose (“ invert sugar ”’). The same result is brought about
by the enzyme sucrase, found in the small intestine. On a large
scale, sucrose is obtained from sugar-cane, sugar-beet, etc.
Unlike dextrose, fructose, galactose, maltose and lactose, five
other important sugars, it does not reduce Fehling’s solution,
nor does it form an osazone—that is, it does not behave like
an aldehyde or ketone sugar. To explain this, the suggested
formula for sucrose does not contain a ““ free ’ CO group:



SUCROSE 179

|

o

e N

CHOH | Vo —

bpog O bmon

ron Lron

| o

Smom Smon
QGlucose part - Fructose part

A recent noteworthy achievement has been the synthetic pro-
duetion of sucrose in the chemist’s laboratory. Pictet has accom-
plished this by combining the tetraacetate of glucose with the tetra-
acetate of garmmma-fructose. The octaacetate of sucrose so formed
was hydrolyzed under pressure, giving sodium acetate and sucrose.

When sugar is beated above its melting-point, caramel is
formed. This is a brown substance and is used extensively as a
coloring material in food preparations. - .

(Whether the sugar is obtained from the sugar-cane or the
sugar-beet, the principle involved in the extraction process consists
in first separating the juice from the insoluble fiber, next in pre-
cipitating albuminous material and neutralizing the acids present,
and finally in evaporating the filtrate and separating the crystals
from the mother-liquor. The latter contains some 50 per cent of
sucrose and is known as ““ molasses,” a product used in the making
of alcohol. If the ““ molasses ” is derived from the sugar-cane, it
may be used as table syrup and in the preparation of rum.)

(,JHOH—— - CH

?HOH CHOH
?HOH ) (l) - Cno 5
?H '  bnom
— o
CH0H C'JHon

Glucose part Lactose Galactose part
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Lactose, C12H22011, or milk sugar, occurs in milk to the extent
of about 4 per cent. On hydrolysis, or by ‘the actlon of the
enzyme lactase in the small intestine, it yields glucose ‘and galac-
tose. Since it reduces Fehling’s solution and forms an:osazone;
we assume that it contains a ‘‘ free ” CO group. (See formula
on bottom of page 179.) et e

Maltose, Ci12H22011, or malt sugar, is found in malt; vshlch
is the ‘Sprouted grain of barley. This sprouted gram contamc
an enzyme, diastase, which converts the starch in the grain
into maltose. A similar action occurs in the body when the
enzyme ptyalin, found in saliva, acts on the starch in foods.
When maltose is hydrolyzed by acids, or by maltase (ah enzyme
found in yeast and also in the small intestine) two molecules
of glucose are obtained. (The maltase in yeast acting on
maltose, forms glucose, and then the zymase in yeast acting
on glucose, produces ethyl alcohol and COs.) Ma,ltose behaves
similarly to lactose, but the latter forms galactose as “one of its
products of hydrolysis, whereas maltose forms onfy gfucose

Raffinose, CigH32016, is a trisaccharide occun'mg,m cotton
seed, etc. It does not reduce Fehling’s solution. Onxhydrolysm,
it yields fructose, -glucose and galactose. This hydro'lysw may
cither be brought about by acids or by certain Bacteria and
yeasts.

Chitin, a tetrasaccharide, .is probably composed of four
glucosamine (p. 177) units. 1t is prepared from the shells of
lobsters or crabs. R

Chondroitin, another tetrasaccharide, is contajned in cartilage,

often in combination with protein. '
) Starch one of & number of polysaccharides having the general
formula (CeH100s)s, is widely distributed in the vegetable kingdom
It is synthesized in the plant by the combined action of carbon
dioxide and water in the presence of, chlorophyll. It is hydro-
lyzed in the body first to soluble starch, then to a number of
dextrins, then to maltose and finally to glucose, and in the latter
form is absorbed into the blood stream. Boiled' with water,
the granules swell and burst, and starch paste” is obtained.
Starch gives a blue color with iodine. =~ , *

Dextrins of the general formula. (CeH100s5)s, are considered
somewhat less complex than starch itself, for the dextrins are
obtained in the course of the hydrolysis of starch by enzymes.
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DIYUATOUEXTIIN (gIVes 4 reddish-brown dolor with iodine anc
achrodextrm fails to give any color.

‘Glycogen, or * animal starch ”’ (CeH100s5)2, is found almos
exclusively in the animal kingdom, and particularly in the liver
It is the form in which carbohydrate is stored in the body . Witk
iodine it gives a red color.

Inulin is a polysaccharide found in the tubers of the artlchoke
dahlia, etc. Unlike starch, it is soluble in hot water and’ gives g
negative reaction with. iodine. On hydrolysis, it yields the
monosaccharide levulose. :

Cellulose, (CeH100s5)s, is the chief constituent of the cell wall
of plants. Cotton fiber is almost pure cellulose, or “ normal ”
cellulose. When hydrolyzed cellulose yields glucose. Ligno-
cellulose is probably a combination of cellulose with gums and
resins, while pectocellulose is a combination of cellulose and a
substance pectin, the latter being responsible for the formatlon
of jellies from fruit. L

-Cellulose is, chemically, highly inert. It may be dissolved
(possibly with some changes) in Schweitzer’s reagent (ammoniacal
solution of copper oxide). .

Acetyl derivatives may be obtained with g]amal‘acetlc ac1d
and acetic anhydride, showing cellulose to‘ contam OH groups.

s Industrially, cellulose is of 1mmensr= 1mportanoe It'is the
chlef mgred1ent of cotton, hnen, hemp, ete., and of paper (whict
in turn, may be made F rom cotton and lmen rags or from. wood).
Parchment paper” 1s cellulose treated with conec. “sulfirie acid
Mercerized cotton'is cotton wtreated w1th sodiung hydro‘ode
:olutlon, whereby the cotton is convertedunto 4 stronger fiber
with-a. glossv appearance. somewhat resembhng silk. | It take‘
1yes rhore. readily than cotton. - o '

’Rayon, “or as it was called for a. tune, artificial szlk 'is manu-
actured"ln one of four different’ ways. In* the ' nitrocellulosé
orocess, the cotton linters are treated with a mixture of nitric and
>ulfunc acids, and the, nitrocellulose so obtained is dissolved in
1lcohol and et,her The solution is then forced by pressure througk
sapillaty. glass tubes “and, by the apphcatlon of blasts‘of hot air,
:he filaments which form, solidify. These filaments are still nitro-
sellulose.in composition and highly flammable. The nitro groug
s theréfore removed by treatment with sodium hydrosulfide. In
she ‘cuprammonium processythe linters or wood pulp are mixed with
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copper * hydroxide and the mixture dissolved in concentrated
ammonia. The solution is forced through fine holes into a bath
of caustic ‘s_oda' or sulfuric acid, thereby causing the filaments to
coagulate. Inthe acetate process the linters are treated with acetic
anhydride, glacial acetic acid and sulfuric acid also being present.
The cellulose acetate so formed is precipitated with water and
dissolved in acetone. The viscous solution is now forced under
pressure through the capillary tubes to give rise to the fine fila-
ments which, when spun in groups and twisted, gives rise to a yarn
known in the trade as “ Celanese ”’ and “ Lustron.”” Unlike the
other varieties of rayon, which are really pure cellulose, this
product is really cellulose acetate.

Cellulose acetate is more stable to heat and light than is cellu-
lose nitrate. The former is now extensively used in the manu-
facture of non-inflammable photographic films, cellulose plastics,
non-shatterable glass, phonograph records, lacquers, transparent
wrappers, ete.

The method most commonly used in the preparation of rayon
is the wviscose process, a process by which 80 .per cent of the total
world’s production of rayon is made. Spruce .pﬁlp or cotton linters
are soaked in an 18 per cent caustic soda solution, thereby causing
a swelling of the fibers and the production of a compound known
as soda-cellulose. The soda-cellulose is next treated with carbon
disulfide forming a product known as cellulose xanthate, which,
unlike the cellulose, is a water-soluble compound, and which is
known as “ viscose.” , The solution is forced through fine holes
and into sulfuric acid, the filaments so formed consisting of regen-
erated cellulose. In this process, as in the other three, the fila-
ments are finally converted into skeins of twisted yarn. Here,
as in the other processes, the skeins are bleached with chlorine.
(In the viscose process, sulfur impurities arising from the use of
carbon disulfide are removed by treatment with sodium sulfide
prior to bléaching with chlorine.)

Within a generation rayon has taken a commanding place in
the textile industry and is finding applications in all phases of the
textile trade.

With nitric acid, cellulose forms various nitrate compounds.
The higher nitrates (hexanitrate), such as gun-cotton (soluble
in aleohol-ether-mixture), are explosives; and the lower nitrates
are used in the manufacture of celluloid. Pyroxylin, a mixture
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of lower cellulose nitrates, is used in preparing lacquers and
making rayon and celluloid. It is soluble in amyl acetate and
methanol.

An important produet containing pyroxylin is known under
the name of “ Duco ” and is used very extensively as a lacquer
finish. The pyroxylin is dissolved in amyl acetate or other sol-
vents, and small amounts of gums or resins are added, producing a
lacquer. By the addition of finely ground pigments, pyroxylin
enamels are produced. When a lacquer film is exposed to
the air the solvents, which have acted as a vehicle for the
pyroxyhn gums, pigments, immediately begln to evaporate,
and in a short time a hard, tough film i§ produced Linseed
oil and other vegetable oil paints dry by air ‘oxidation while
the pyroxylin lacquers dry entirely by evaporation. Col-
lodion, similar to*pyroxylin in composition, is used for photo-
graphic films, as a protective covering for wounds, ete., and in
the making of dialyzing bags. It is soluble in an alcohol-ether
mixture. Celluloid is made by subjecting pyroxylin and camphor
to heat and pressure. Cordite, a smokeless powder, is made by
treating gun-cotton and nitroglycerine with acetone and some
vaseline.

Mannans, Galactans, Hemicellulose, etc.—These substances,
present in the seeds of numerous plants, resemble cellulose, but
dissolve in dilute alkali and on hydrolysis yield not only glucose
(as cellulose does) but other hexoses as well. Agar-agar is a
galactan which yields galactose on hydrolysis. Mannans, as
their name implies, yields mannose when hydrolyzed.

Gums, Pectins, Mucilages—These are also polysaccharides
containing pentose and hexose groups. The gums are probably
carbohydrates combined with acids. Some are soluble, and
others insoluble in water. Gum arabic, gum tragacanth, etc.,
are used as vehicles to suspend insoluble substances in aqueous
emulsions. Muecilages form ‘ viscous "’ liquids with water. The
gelatinization of fruit extracts is due to the pectin present.
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CHAPTER XVIII
FOODSTUFFS AND THEIR CHANGES IN THE BODY

THE , foodstuffs may be divided into carbohydrates, fats,
proteins, mineral salts, water and vitamins. Some include
oxygen in the list because of the very necessary part it plays
in the oxidation of the foodstuffs in the body. We may dismiss
the mineral salts, water and vitamins, because, so far as we know,
they undergo no chemical changes preparatory to their absorp-
tion by the blood and tissues. We will confine ourselves to the
carbohydrates, fats and proteins, because they do wundergo
profound chemical changes in the digestive tube and after they
have left the digestive tube and enter the liver and various
tissues of the body.

The fats and carbohydrates are ultimeately oxidized to carbon
dioxide and water, and eliminated as such. The proteins, aside
from being oxidized to carbon dioxide and water, also form a
nurmber of nitrogenous products which appear chiefly in the urine,
such as urea, uric acid, creatinine, etc. These nitrogenous
products really represent incomplete stages in the oxidation of
the protein, for the complete oxidation of protein would yield
carbon dioxide, water and nitrogen.

Complex substances of the types of fats, proteins and carbo-
hydrates are not immediately oxidized in the body to carbon
dioxide, water, and relatively simple nitrogenous substances;
there must be a number of intermediate steps in the process.
During the past few years, organic and physiological chemists
have been very busy tracing these steps, While there is still
much to be elucidated, much has already been done, and a
brief résumé of the work accomplished will be given here. For
those desiring a more detailed account we must refer them to
the references at the end of the chapter, particularly to Dakin’s
masterly monograph.

Carbohydrates.—The digestible carbohydrates are all broke..
down to monosaccharides before absorption. The enzyme
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ptyalin (in saliva), amylopsin (in pancreatic juice), sucrase,
maltase and lactase (in intestinal juice) hydrolyze the more
complex carbohydrates to the hexoses,—glucose, levulose and
ralactose (p. 167). These are then absorbed through the walls
f the small intestine, pass into the blood, thence to the liVér‘“
ind there are synthesized to glycogen (p. 181) and, stored as such.
Whenever fuel is needed by the body, the glycogen reserve Is
salled upon, and the glycogen is hydrolyzed to glucose, but
his time to glucose only. Then this glucose is oxidized in the
issues to—ultimately—carbon dioxide and water.

It is believed that the first step in the oxidation of glucose
15 the splitting of the glucose molecule into two three-carbon
molecules. It was believed at one time that the most probable
three-carbon compound to be formed was lactic acid, since this
substance is always produced by working muscle; but the view
more generally held now is to regard either glyceraldehyde,
CH.0H-CHOH-CHO, or pyruvic aldehyde (methyl glyoxal)’
CHs-CO-CHO, as the first step in the decomposition of glucose,
and lactic acid as a by-product obtained either from glycer-
aldehyde or pyruvic aldehyde. So that we may represent the
first steps thus: .

(CgH1206 — 2CH.0H-CHOH-CHO

. Glucose Glyceraldehyde

CeH1206 — 2CH;-CO-CHO + 2H20

Pyruvie aldehyde

or

and lactic’ acid could then be formed in one of two Ways:
Glucose — CH,OH-CHOH-CHO

Glyceraldehyde
‘o — CH3-CO-CHO — CH;-CHOH-COOH
, Pyruvic aldehyde Lactic acid
or, still better, 4

Glucose — CH3-CO-CHO — CH3-CHOH-COOH

(The action of alkali on glucose has been shown to yield the
products mentioned in these reactions. Further, using surviving
liver tissue, it has been possible to convert both pyruvic aldehyde
-and glyceraldehyde into lactic acid; and in diabetes, where the
mechanism of the cell is disturbed, glyceraldehyde, pyruvic alde-
hyde and lactic acid have all been shown to produce glucose.)
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True oxidation probably comes into play at this point; that
is to say, with the conversion of either pyruvie aldehyde, or lactic
acid, into pyruvic acid;

CH3-CO-CHO

Pyruvic aldehyde

“NCHs -CO-COOH
CI‘I;; . CHOH . COOH/‘ Pyruvic acid
Lactic acid ’

Now it has been shown that in the organism, a-ketonic acids
(of which pyruvic acid is an example) are changed into the fatty
acid with one less carbon atom; in this case into acetic acid. It
seems probable that the intermediate step here is acetaldehyde.
(In this connection, it may be mentioned that yeast juice ferments
pyruvie acid into acetaldehyde and carbon dioxide.) So that the
steps are probably

CH; CH3 CHs

| | |

CO —- CHO - C00H
I Acetaldehyde Acetic acid

COOH

Pyruvic acid

The acetic acid is finally oxidized to carbon dioxide and water.
Summarizing the various steps:

Glucose
Glyceraldehyde i Pyruvic aldehyde < lactic acid
Pyruvic acid
Acetalldehyde
Acetic acid

Carbon dioxide and water

Fats.!—The straight fats, that is to say the glyceryl esters of
stearic, palmitic and oleic acids (p. 105), are hydrolyzed in the
digestive tract into glycerol and fatty acids. (Some fatty acid

1 The lipoids, such as lecithin and cholesterol (p. 110) often associated

with fat in food, undergo changes in the body which are either too complex,
or too little understood to be discussed here,
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is also converted 1mto soap, due to the alkalinity of the medium.)
This is mainly brought about by the enzyme lipase (in the pan-
creatic juice), which, in turn, is very actively assisted by the
“hile salts,”” the sodium glycocholate and sodium taurocholate
(found in bile). The fatty acids and glycerol, immediately after
absorption through the walls of the small intestine, are synthe-
sized back again into fats, and as such pass from the lacteals into
the lymph, into the thoracic duct, and thence into the general
circulation. The fat not needed for immediate use is largely
stored in the adipose tissues.
~ The preliminary step in the oxidation of fats is probably one
of hydrolysis into glycerol and fatty acid. It may be assumed
that the glycerol is first oxidized to glyceraldehyde, which would
then, of course, follow the usual scheme of carbohydrate oxida-.
tion (p. 187). The oxidation of the fatty acid part of the mole-
cule probably takes place in accordance with a theory first
advanced by Knoop and known as Knoop’s “ g-oxidation theory.”
According to this view, the fatty acid is first attacked in the
B-position, being changed to a hydroxy and then to an oxy
(keto) acid. The a and B carbon atoms (with their hydrogen
atoms) are probably next oxidized to carbon dioxide and water,
leaving a fatty acid containing two less carbon atoms. Then
the process is repeated until finally carbon dioxide and water -
are produced. At each stage of the process, two carbon atoms
are removed, so that, if we start with stearic acid, containing
Ci1s atoms, we pass to palmitic, Ci6, then to Cia, ete.

To illustrate the process, let us assume, that we have reached
the Cg stage with caproic acid. The changes can be illustrated
as

oo
(IJHz (Ile (’3H2 (IJHz
CHa CH: CH; CH:
BCH: CHOH co . COOH
I' ! l Butyric
aCIH2 CHz (lez acid
|
COOH COOH COOH
Cap_rgic g-Hydroxy  B-Keto gaproic
aci caproic aci

acid
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o

(FHOH (|30

CH; CH, CHj;

COOH COOH CCOH

B-Hydroxy Acetoacetic Acetic
butyric acid (diacetic acid
acid ) acid)

In diabetes, the poisonous ‘‘acetone bodies” or “ acid
bodies ” which are so often produced, are ‘derived from fats.
These “ acetone bodies ” include butyric acid, g-hydroxybutyric
acid, acetoacetic acid and acetone. The acetone is a by-product
obtained probably from acetoacetic acid by the loss of CQOp. It
would seem as if the diabetic has not only difficulty in oxidizing
glucose, but also in completely oxidizing fats; the fats in his
case are oxidized to the four-carbon stage and no further. Kahn,
working with the knowledge that the naturally-occurring fats
all contain an even number of carbon atoms, and stimulated by
Knoop’s theory that fatty acids are oxidized in such a way as to
lose two carbon atoms at each stage, has synthesized an odd-
carbon fat—from margaric acid, CieHaz-COOH, a Ci; acid—,
which, when given to the diabetic, is said not to produce * ace-
tone bodies,” because in the oxidation of this odd-carbon fat,
the four-carbon acids are avoided; thus

Cir 5 Cis »Ci3—>Ciit 2C>Cr -G > CG -G

Proteins.—The proteins! are hydrolyzed in the digestive
tract by the enzymes pepsin (in gastric juice), trypsin (in
pancreatic juice) and erepsin (intestinal juice). The final hydro-
lytic products are amino acids (p. 152). The amino acids are
absorbed as such, and either finally pass into the tissue to form
tissue protein, probably in some such way as outlined in Fischer’s
synthesis of polypeptides from amino acids (p. 151), or are
eliminated principally in the form of urea, by a process of
“ de-amination,” which occurs very largely in the liver, but
may also occur in other tissues. This process of *“ de-amination ”
is essentially the splitting off of the NHs group from the amino

1 We refer here to the “simple” proteins (p. 149). The ‘“‘conjugated”
proteins (p. 150) present many difficulties.
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acid. Dakin has shown that an a-amino acid, in water, under-
goes spontaneous dissociation into the corresponding a-ketonic
aldehyde and ammonia; so that if we take alanine as an example
of an e-amino acid, we would get"

(|3H3 ' C|H3
(IDH-NHg — NH3 + CO

COOH CHO

Alanine Pyruvic aldehyd,

The pyruvic aldehyde would then most probably be further
oxidized according to the scheme outlined under carbohydrates.
(This, by the way, explains how proteins may -also serve as a
source of energy; and it also suggests how, in cases of diabetes,
the carbohydrate is formed from protein.) The ammonia com-
bines with carbonic acid, a constant product of metabolism,
to give ammonium carbonate, which, by a process of dehydration,
is finally converted into urea:

NH4O — H,0 NH; — H0 NH.
D=0 ——  S0=0 —— =0
NH4O NH4O NH,
Ammonium : Ammonium Urea
carbonate - carbamate

It has already been mentioned that in the urine we find
nitrogenous products other than urea. Since protein is the only
one of the three classes of foodstuffs which contains the element
nitrogen, it is reasonable to assume that these nitrogenous
products are of protein origin. Even under normal conditions
a small quantity of ammonia (in the form of ammonium salts)
is eliminated. We also find uric acid and purine bases, which
are obviously derived from the nucleoproteins of the food (or body
tissues) and the purine substances, such as are found in meat,
for example (see p. 156). An appreciable amount of creatinine,
and, to a less extent, creatine (see p. 121), is also found in the
urine.

The probable interrelationships of protein, fat and carbo-~
hydrate in the body.—The connecting links between protein and
carbohydrate have already been indicated. They will be shown
schematically here:
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Glucose Protein

Glycleraldehyde

Pyruvic aldehyde < Amino acids including Alanine |
Pyruvie acid

Acetlaldehyde

Acetic acid

C,Ozl-}- H20

What are the connecting links between fats and carbohy-
drates? How are we to explain that an excess of carbohydrate
is so easily deposited in the foim of fat? The glycerol part of
the fat is obviously connected with the gylceraldehyde from
glucose:

Oxid.
Glycerol === Glyceraldehyde
Reduc.

But how are we to suggest the possible formation of a complex
fatty acid from the glucose molecule?

It has been suggested that the synthesis may be along the
lines of an aldol condensation (p. 80). Starting with acetalde-
hyde, a product formed in the oxidation of glucose, two mole-
cules of the aldehyde may condense to give:

CH3;CHO + CH3CHO -» CH3-CH(OH)-CH,-CHO

B-Hydroxy butyraldehyde

which may then combine with another molecule of acetaldehyde
to give a 6-carbon compound, and so on, until the Cis or C;g
is reached. By simultaneous reduction and oxidation, or the
transfer of the oxygen attached to the g-carbon to the end carbon,
the hydroxy aldehyde may be converted to the normal, satu-
rated acid.

Another theory, largely due to Miss Smedley, and based on
sound experimental evidence, may be summarized as follows:
Pyruvie acid and acetaldehyde—both products formed in the
oxidation of glucose—condense thus:

CH;3;CHO + CH;-CO-COOH—CH;-CH: CH-CO-COOH + H,0
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The ketonic aeid is next converted into its aldehyde and car-
bon dioxide in a manner similar to the conversion of pyruvie
acid to acetaldehyde (p. 188).

(4) CH;-CH: CH-CO-COOH — CHs-CH: CH-CHO + CO»

This aldehyde has two more carbon atoms than the acetalde-
hyde with which we started; it now condenses with another
molecule of pyruvic acid, forming a ketonic acid with more car-
bon atoms; and so on.

The oxidation of the unsaturated ketomc acid (A) yields an
unsaturated acid with one less carbon atom:’

CH;-CH : CH-CO-COOH + 0 — CHs-CH : CH-COOH + CO»

By rediiction we obtain a fatty acid containing two more carbon
atoms than the aldehyde from which we started.

READING REFERENCES

DaxiN-—Oxidations and Reductions in the Animal Body.

'‘Lusk—The Science of Nutrition. (1928), chaps. 10 (Protein) and 14
(Carbohydrate). @ :

SuermMaN—Chemistry of Food and Nutrition. (1927), chap. 5 (Fate
of Foodstuffs in Digestion). :
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SULFUR, PHOSPHORUS, ARSENIC AND ORGANO-

METALLIC COMPOUNDS

Al
Y PN S A
SuLrur- COMPOUND:

SULFUR 18 Just below oxyg:en' in'the periodic table, and the

;wo elements should, therefore, show close rélationships.
abundant evidence of such structiiral relatiouships in organic

chemistrgr. An entire series of analogous compounds - may be
formed by substituting sulfur for oxygen in organic compounds.

ROH

Alcohol

RSH | CHLSH.

Mercaptan or

They are called mercaptans for they combine with mercury
zompounds (corpus mercurium captans.).
¢

RO Metal

Alcoholate

ROR

- An ether or
alkyl oxide

HO—O1
or

H>0,
e
NH
Aldehyde
R
>C—'—70
R /

v

Ketohe «

RS Metal CoHs8Na
Thioaleoholate Qndium ethyl mercantid -
or
merecaptide
R—S—R CeHs—S—CoHs
Alkyl sulfide Ethyl sulfide
or or
+ a thipether ethyl thioether
T H—S—8—.. R—S—S—R
or " Organic disulfide
H53; as in NagSp
. H NH/ 4
Ttioaldehyde ioacetaldehyde
.
R . CHz
>e—s >c—s
R CHz
Thioacetone

-Thioketone

1na

We find

Methyl mercapian o1
thioalcoho! methyl thioaicohol
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In addition to these types of compounds we have:

P oM A
SH . N \OH
Thioacids . Thioacid amides Alkanesulfonic acids, or

alkyl sulfonic acids

R—N=C=S8

Alkyl isothiocyanate

and others, showing in every case -the close analogy of these
sulfur compounds to the corresponding oxygen ones.

Many of these sulfur compounds may-be prepared from their
oxygen analogues by the use of phosphorus pentasulfide; e.g.,

: 5R-—O——’RI+ P2S5 — 5R—S—R + P205

Most of' the compounds having the structure R—S—H and
R—S—R have exceedingly putrid disagreeable odors and are
poisonous.

Mercaptans may ve preparea:
1. By the action of potassium hydrogen sulfide on the halogen
compound: e.g., A

CoHs[T + KJSH — C;HSH + KI

2. By the action of phosphorus pentasulfide on an alcohol;
e.g., '
5CoH;0H + PoSs — 5CoHsSH + P20s
<

Mercaptans are converted to mercaptides thus:
C;H:SH + KOH — CoHSK + Hz0

On oxidation; R—S—H (where the S is divalent) becomes

O .
R——S/ OH, an alkanesulfonic acid (where the S is hexavalent).

W
Sulfides.—These may be prepared:
1. By the action of a thloalcoholate on the halogen compound:

R[X + Na|SR - R—S"R + NaX

(Analogous to ROR — ROR~— an ether— -+ NaX)
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2. By the action of potassium sulfide on the halogen compound
2RCl + K28 —» R—S—R .+ 2KCl
The thloethers on oxidation give, first, R—S=0, a sulfoxide

and then > , a sulfone. R
R

Mercaptans, sulﬁdes, disulfides, ete., occur in petroleum,

~ Mustard gas (one of the most toxic gases used in the late war)
is
CICHz-CH
CICH.-CH:
It was manufactured by passing ethylene into sulfur monochloride,
CH;=CH_ CICH,—CH:
+ SzClz bl + S
CH,=CH> CICH,—CHz

Oil of garlic contains allyl sulfide:

B, B’-dichloroethyl sulfide

CHz=CH- CH2>S
CH>=CH-CH:

Sulfonal may be prepared from acetone by combining it with
ethyl mercaptan in presence of a dehydrating agent and oxidizing
the product with KMnOy:

HCl gas
CHj; H |SC.H5
>C= o + —
CHs H [SCoHs
/O
CHa  SCiHs Oxid CHy S§82H5
—_—
Hs \02 5
Acetone ethyl mercaptol dli)i?&);'lldri\s:t}lflgﬁz
sulfor:na.l

Sulfonal has hypnotic properties and is used as a soporific.
Trional is the ethyl derivative in place of one methyl group.
The starting substance for its synthesis is CoHs- CO-CHs.
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PHOSPHORUS AND ARSENIC COMPOUNDS

Thioacetic acid, CH3COSH is prepared by the following
reaction:

CH;-COCl + KSH — CH;-COSH + KCI

Sulfoacetic acid is CHz\ .
COOH

. Trithioacetaldehyde, (CHg—C{s and thioacetone,
CHj

>C—~S are prepared by the action of H.S on acetaldehyde

and acetone, respectively.
The alkane sulfonic acids (or alkyl sulfomc acids) 6f the type

R—Séo are not of particular importance in the aliphatic
OH v

series, but they are in the aromatic series.
CHz—NHg
Taurine, or -amino ethanesulfonic acid, | / , is a

CH,—S&
\OH

constituent of taurocholic acid, which in the form of its sodium
salt is an important constituent of the bile.

SH ‘

Xanthic acid, C4S , is the ethyl ester of dithiocarbonic
<002H5

/SNa

O cellulose _
lulose is heated with CSz and NaOH solution. This is the basis
NH2
for the “wscose artificial silk. Thiourea, cis , is the sulfur
NH;
analogue of urea, C—<—0 , which in turn is the prmmpal nitrogen
Hs
end product in the metabolism of proteins in the body. Allyl
isothiocyanate, CHy==CH—CHo—N=C=S) is present in mustard
oil.

acid. Cellulose xanthate < ) is produced when cel-

ProspEORUS AND ARSENIC COMPOUNDS

According to the periodic table, nitrogen, phosphorus, arsenic
and antimony belong to the same family of elements. This
implies that compounds of P, As and Sb, analogous to N com-
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pounds, should exist. These do exist. We have, for example,
in inorganic chemistry:
NH;3 PH; AsHj SbHj3

Ammonia Phosphine Arsine Stibine

and in organic chemistry:

(CHz)sN (CH3)sP (CHz)3As (CHs)3Sb
Trimethylamine Trimethylphosphine Trimethylarsine Trimethylstibine
(CoH5)aN—OH (C2Hs)4P—OH ete.
Tetraethylammonium hydroxide Tetraethylphosphonium hydroxide

(The phosphorus compounds are, as a rule, more reactive than
the corresponding nitrogen compounds).

(A number of proteins, such as the nucleoprotein found in the
nucleus of cells, the casein in milk, and the phosphatides—of
which the lecithin of egg yolk and brain tissue is an example—
contain the element phosphorus as an integral part of a complex
molecule.) (See p.110.)

CH;

As
CHs/ N
Cacodyl oxide, 0, is obtained when arsenic tri-

Z;IZ>AS/

oxide and potassium acetate are distilled:
ASzO3 + 4CH3000K —d (CH3)4A820 + 2K2003 + 2002

The name cacodyl—* stinking ’—was given to the group
(CHz)2As—by Bunsen, its discoverer. The cacodyl compounds

0O
are highly poisonous. The salts of cacodylic acid, (CH3)2AS<OH
as the sodium, caleium, iron and mercury cacodylates, are used
in the treatment of syphilis, tuberculosis, malaria and pellagra.

Ethyl dichloroarsine, CoH3AsClg, and CH=CH - AsCls, chloro-

&

vinyl dichloroarsine, known as ‘ Lewisite ’—were used as war
gases.

The antimony compounds are similar in structure to those of
arsenic.

A number of very important arsenic compounds will be dis-
cussed under the aromatic series (p. 338).
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Organo-METALLIC COMPOUNDS
Various combinations of organic radicals with metallic ele-
ments are known. The following are examples:

CH; CoHjs
Zn< Zn<
1 CqoHs
Zinc methyl iodide Zinec ethyl
CsH;
/ CH; - CsHs
Gox Gtz AZCH, Mgl
\ C31':[7 CH \I
N\CsH; 3
Germanium tetrapropyl Aluminum trimethyl Magnesium ethyl iodide
?2H5 3 lcsz
CoHs CsHs CoHj5
snd’ Si< Pb<
NCH; | \CoHs | \CH;
CoHs ’ CoHj5
Tin diethyl Silicon tetraethyl Lead tetraethyl

Compounds of the type R—Mg—X, are highly important
since they are extensively used in organic chemistry. Only ¢
few examples are given.

CH?,I + Mg —> CHa'Mg'I

CH;-|Mg-1 + HO|H — CHs + Mg(OH)I

For the preparation of secondary and tertiary alcohols se
p. 55. Using the Grignard compounds, we can synthesiz
alcohols, ethers, aldehydes, ketones, acids, esters, nitriles, organo
metallic compounds, ete.
(Lead tetraethyl is used as the ‘anti-knock ”’ compound ir
automobile engines. It may be prepared thus:
N&4Pb + 4C2H5Cl — Pb(CzH5)4 + 4NaCl

i« y

The product sold as “ ethyl gas ” is gasoline containing a smal
quantity of lead tetraethyl and carbon tetrachloride or ethylene
dibromide.)

READING REFERENCES

WreN—Organometallic Compounds of Zinc and Magnesium.
WesT aNp GrzmaNn—Organomagnesium Compounds in Synthetic Cherm-
istry. National Research Council, Washington, 1922.

Norris—The Opportunities for Research in Aliphatic Chemistry. In-
dustrial and Engineering Chemistry, 18, 262 (1926). '
Kraus—The In-Organic Side of Organic Chemistry. Journal of Chemical

Education, 6, 1478 (1929).
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From now on compare the following chapters with the cor-
responding ones in the aliphatic series.

CHAPTER XX
INTRODUCTION TO CYCLIC COMPOUNDS

So far we have been studying the * open-chain,” or * ali-
phatic ” series of compounds. Now we are about to take up
the * closed-chain”” or * ecyclic” compounds, which, in many
respects possess properties differing from those of the aliphatic
series.

The cyclic compounds may be subdivided into two main
‘divisions:

I. Carbocyclic compounds, containing a closed ring of carbon
atoms such as benzene, for example,

0
75\
H—C C—H

nd bom

N/
]

II. Heterocyclic compounds, containing a closed ring which,
in addition to carbon atoms, may contain one or more atoms of

CH—CH
other elements, such as thiophene, || I
CH CH
III g
/N
. H-C C—H
or pyridine | l
H—-C C—H
N

Combinations of carbocyclic and heterocyclic rings are also
possible; for example, quinoline,
200
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i
B /NN

C

I u 1
1 \o/

f
H

We have seen how the aliphatic series of compounds can b
divided into typical groups, such as hydrocarbons, alkyl halides
alcohols, ethers, etc., and how the members of any one grou
show certain common characteristics which distinguish then
from members of another group. Such typical divisions ca
also be made in the aromatic series, and here, to a certain extent
we find a series of compounds strictly analogous to those in the
aliphatic series. Many of the type reactions which we shall
consider in the following pages are those with which the student
is already familiar.

We have seen how the hydrocarbons of the aliphatic series
can be classified into paraffins, C,Hoyn, o, olefins, C Hg, and
acetylenes, C Hs,_2. A series of compounds isomeric with the
olefins are the following:

" CHe—CHs; CHo—CH, CHz
CH,—CHa CHy CHa CHz H2
Cyclobutane \ /

or tetramethylene CHz CHz CI’IZ

o N\,
Cyclohéxane
or hexamethylene

Unlike the olefins, these compounds are not readily oxidized
with potassium permanganate, and they form substitution rather
than addition products. They cannot, therefore, be represented
as compounds having double bonds. In fact, to a certain extent,
they rather resemble the paraffins, despite the fact that they
are isomeric with the olefing; hence they are spoken of as the
cycloparaffins,

The cycloparaffins, (CHz)x, are really the connecting link
joining the aliphatic compounds on the one hand, and the
aromatic, on the gther.
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CHAPTER XXI

CONSTITUTION OF BENZENE AND THE AROMATIC
HYDROCARBONS

TrE division of our carbon compounds into  aliphatic”
and ““ aromatic ”’ is no less arbitrary than the division of chem-
istry into ‘“ organic”’ and ‘‘inorganic.” The word ‘‘aromatic ”
came into use because many of the naturally occurring substances
had an agreeable aroma (such as oil of bitter almonds, oil of
wintergreen, vanillin, gum benzoin, turpentine oil, etc.), and these
were put into a class by themselves. But a classification based
on odor is of little value. Many of the aliphatic compounds
(such as the esters) have an agreeable odor, and many belonging
to the aromatic series possess little, or no odor. o

Aliphatic compounds (the compounds so far considered)
have been represented as straight chain compounds while the
aromatic compounds will be represented by closed chain or ring
formulas.

The aromatic compounds, as a whole, play a less important
part in the chemical composition of living matter than do the
aliphatic series. The proteins, fats, carbohydrates and phos-
phatides are largely of the aliphatic variety. On the other
hand, many of the medicinals (drugs, entiseptics, ete.) come
under the aromatic series. From the industrial standpoint,
the vast group of synthetic dyes are largely recruited from the
aromatic series.

As we have seen, the mother substance of the aliphatic series
is methane, CH4. The mother substance of the aromatic series,
on the other hand, is benzene, C¢Hg. It will at once be seen
that compared with methane, benzene is low in hydrogen; its
structure ought, therefore, to show double or triple bonds. But
its properties, however, are more those of a saturated hydro-

carbon, and any constitution assigned to it similar in type to
’ 4 203



FRIEDRICH AUGUST KEKULE (1820-1896)
FIRST PROPOSED THE RING STRUCTURE FOR BENZENE AND ITS COMPOUNDS
(p. 205).
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the one selected for ethylene or agetylene would grossly mis-
represent the facts. This led Kekulé as far back as 1865 to
propose a ring structure for benzene of the type:

i
C
H—(IB/ No—m
nd b
o/
&

and this formula is the one generally accepted to-day. It is no
exaggeration to say that this benzene conception of Kekulé
has proved of the utmost importance to the organic chemist,
in giving him a tool with which to devise various possible chemieal
reactions.

The structure of benzene, as suggested by Kekulé, is essen-
tially that of a hexagon, containing six carbon and six hydrogen
atoms. Any one hydrogen attached to a carbon atom is of
equal importance to any other hydrogen attached to another
carbon atom, and the carbon and hydrogen atoms all bear the
same relationship to the molecule as a whole. There are, then,
no preferences: any one atom in the molecule has exactly the
same valu‘e as any other atom of the same element. The alternate
double and single bonds satisfy the tetravalency of the carbon
atom.

Kekulé’s conception of the structure of the benzene molecule
helps to explain many of the properties of benzene. According
to this structure, the maximum number of hydrogen or chlorine
atoms which can be added to benzene are 6, giving

CH> " CHCI
VN VN
H,¢ CH, clHC  CHC

| | and |
HC CH, CIHC CHCI

N N
CH; CHCI
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The addition of 6 hydrogen or 6 chlorine atoms implies the pres-
ence of three double bonds in the molecule.

If the benzene molecule is symmetrical and its carbon and
hydrogen atoms are or equal value, then there can be but one,
and no more than one, monosubstitution product, and the most
extensive experimental work supports this view. For example,
but one monobromobenzene,

Br

|
C
AN
H—C/ o—n

|
H—C C-H

A4

|
H

is known; it does not in the least matter to which carbon the
bromine atom is attached.

On the other hand, Kekulé’s benzene structure should allow
for the possibility of three isomeric disubstitution products.
If we number the carbon atoms as follows:

H
|

2N

then we may have 1, 2, or 1, 6, or 2, 3 (or any adjacent pair) of
hydrogen atoms replaced, giving an ortho (0-) compound;
substitution in the 1, 3, or 2, 6, or 3, 5, or 1, 5 position will give
a meta(m-) compound; and substitution in the 1, 4, or 2, 5,
or 3, 6 position will yield a para(p-} compound.
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T e
2o | /9N
BH—C C—CH3 CH;—C C—H
[ | and - || |
H—C C—H H—C C—H
o/ o’

& &
P

may be supposed at first sight to be different compounds, since
in the one case the methyl groups are attached to two carbon
atoms having a double bond in between, whereas in the other
there is no double bond. But we must make the assumption
that the double and single bonds are in continuous oscillation
and not statie.

Examples of disubstitution products are -

T 1 i
/9N /9N /N
H—C C—Cl H-—-C C—CHz; H—C C—H

(A I |
H—C C-H H-C C-H H-C C-H

\C/ 4 \\C/ ’ \C/
l : l !
H CHj3 NO.
o-Dichlorobenzene m-Dimethylbenzene p-Dinitrobenzene

But three trisubstitution products are theoretically possible
where the substituents are the same, and only three are actually
known; e.g.,

(131 (|3H3 ITIOz

O\ /9N A
H——ﬁ (|3—Cl H—~(”] (IJ—H H——ﬁ (,J—H
"H—C C—Cl CHz—C C—CH; H—C C—NOq,

o &’ \o”
H H NOe
1, 2, 8-Trichlorobenzene 1, 3, 5-Trimethylbenzene 1, 3, 4-Trinitrobenzene

{adjacent) (symmetrical) (unsymmetrical)
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Where the tetrasubstitution products have like constituents,
three isomers are possible: e.g.,

Cll CI3H3 1?02
/9N /9N N\
H~ﬁ (I}—-Cl H—(”3 (l)—CHe, H'—(”) (l)—Noz
H—C C—Cl CH;—C C—CHz O:N—C C—H
o/ o/ o’
| | |

Cl H NO;
1, 2, 3, 4-Tetrachlorobenzene 1, 2, 3, 5-Tetramethyl- 1, 2, 4, 5Tetranitro-
(adjacent) benzene (unsymmetrical) benzene (symmetrical

With five substituents, but one compound is possible: e.g.,

Cl

|
C

7N
H—C -

]
c—C  c—al

N4
&

Pentachlorobenzene

With six constituents but one compound is possible; e.g.,

(|3H3

/N
CH3—(|TJ (lz—cm
CH;—C C—CHj

o/

o

Hexamethylbenzene

There were many objections in the past in representing
the benzene molecule as having double bonds.. The objections
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are still raised by every beginner in the subject. His studies
of the unsaturated hydrocarbons (p. 34) lead him to believe
that a compound whose formula has one or more double bonds
is “ unsaturated,” and by virtue of that fact, shows some very
specific properties; *but, as has already been pointed out, the
properties of benzene are not really those of an unsaturatec
compound at all. For example, benzene, unlike the olefins
or other unsaturated aliphatic compounds, does not react witk
dilute potassium permanganate; it does not react with hydroger
bromide; and with bromine it forms substitution rather thar
addition compounds. This has led a number of investigators
to suggest formulas for benzene which do not contain the usua
type of double bonds, such as:

C C
/N /N
H-—(lz\ /cl:—H - H—clz Cl—H
H—c. ¢ C-H H—C C—H
% N/
C
- h B
Armsit;g;ﬁlzaeyer Claus formuls Thiele formula

and others. (For those interested, we may refer them to Richter’s
Organic Chemistry, Vol. II, p. 41 (1922) ). . However, Kekulé’s
formula is still preferred by the majority of organic chemists,
because it explains many of the chemical characteristics of benzene
and its derivatives. .

To simplify the writing of benzene and its derivatives we shall
henceforth represent its structure as

(Heavy lines indicate double bonds and light lines single bonds)
bearing in mind that what is really meant is
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In the compounds CH;

Methylbenz

the CH3 and CoHj group*are spokeg©of®
benzene residue being the’ «
place in the side chgih, oOr in the r
various productS' forekample ’

CHzcl CHzCl .
Benzyl chloride 1 p-Chlorotoluene . p—Chlorobenzyl,

chloride

Benzene differs from the paraffin hydrocarbons by the fact
that whereas the latter are not acted upon by nitric or su]func
acids, the former forms

NO: " SOzH

1
and
- g
Nitrobenzene ~ : Benrenesulfonic acid

1 The C¢H;.CH, (monovalent) group is known as the “benzyl” group.



BENZENE AND -SOME OF ITS HOMOLOGUES

Sources of  Aromatic Hydrocarbons.—The accompanyin
chart gives a list of the products obtained from the destructiv:
distillation of coal and those of coal tar (among which we fin
the mother substances of the aromatic series 6f compounds
such as benzene, toluene, ‘xylenes, naphthalene and anthracene)

(‘“ Benzene ” is to be sharply distinguished from  benzine.’
The latter represents a mixture of hydrocarbons obtained fron
petroleum, Whereas the former, as we have seen, is a definits
chemical compound CeéHes. Benzene is also sometimes callec
“ benzol,” a word.<we owe to German chemists. This name ha
little to recommend it; and is confusing, since the endmg "ol
is usually reserved for substances containing the OH -group
In the industries, the éxpression “ 90 per cent berizol,” 51gn1ﬁe‘
the fraction which distills below 100° C.; it contains about 7(
per cent-of benzene. )

Benzene and Some of 1ts *Hgmologues ~Like the hydro
carbons of the aliphati¢ series, ‘and like the various classes o
otganic substances, benzene is the starting point 6f a homologou:

L] *

series: .
Benzene, CeHgr | CeHsv group= phen3;l (monovalent)
Toluene, C;Hg . CyH; group=tolyl (monovalent)
Xyler‘le.s,: CsHio Cng group =xylyl (monovalent)

Mésitylene, CgH_m The monovalent radxcals of the aromatic
ete. hydrocarbons are known as the ary
' radicals. (Cf. alkyl groups.)

General Methods of Preparing - Aromatic Hydrocarbons.—
The hydrocarbons . may, be prepared by the Fittig synthesis,
analogous to the Wurtz reaction already studied (p. 21), whict
consists of treating a <mixture of the apvropriate halides witk
sodium; e.g.,

T CH,
+ 2Na + BriCH; s
‘ + 2NaBr

Bromobenzene Toluene

Br
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or by the Friedel-Crafts synthesis, in which the aromatic hydro-
carbon and the appropnate halogen compound are made to react
in the presence of alummum chloride; e.g.,

H

+_CLiCH, él_C_])g_ +  HC

-

In this reaction HX is eliminated; the H atom must be linked to
a carbon in a ring, while the X atom must be linked to a carbon
not in a ring.

They may also be prepared by heating the salts of aromatic
acids with soda lime—a reaction similar to one used in the prepara-
tion of the paraflins (p. 18); e.g.,

/COONa, + NaO[H — + NapCOs

Sodium benzoate
or, by the elimination of the SO3H group from benzene com:-
pounds (by the use of steam, in the presence of acids); e

/30311 T HOlH - + Ho804
\____'._______ \

*y

v
Py

e

Benzenesulfonic acid

or, by distilling phenol with zinc dust; e.g.,

_ ,IOIH -+ lZni——> O + ZnO

Phenol or
phenyl hiydroxide



REACTIONS OF AROMATIC HYDROCARBONS

General Reactions of Aromatic Hydrocarbons.*—Aromatic
compounds react with nitric acid, forming nitro derivatives; e.g.,

H + HO|NO: — O——NOz + H0

Nitrobenzene

(This is known as nitration.)
They also react with sulfuric acid forming sulfonic acids; e.g.,

H + HO SOsH
/ >S< — '
HO
+ H:0

Benzeneéulfonic acid
(This is known as sulfonation.)

The “side chain,” whether CHz or any other group, may be
oxidized to the carboxyl group, COOH; e.g.,

COOH
6 Oxidation [j
Toluene or Benzoic acid

phenylmethane

(These reactions—nitration, sulfonation and oxidation—
bring out the essential differences of aromatic and ahphatlc
hydrocarbons.)

Benzene, CgHg, is the mother; substance of the aromatic
hydrocarbons. Commercially, it is obtained fifom coal tar. It
is also present in California petroleum. It is & colorless liquid
(b.p. 80.4°), burning with a smoky flame (due to' the high per-
centage of carbon), and when its vapor is mixed with air and ignited
it is explosive. It is used as a solvent for fats, resins, ete., and'in
the manufacture of a large number of aromatic compounds e.g.
nitrobenzene, chlorobenzene, ete. Crude benzene (benzol) is
used extensivelv in motor fuel. Benzene is a narcotic which
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when swallowed or inlialed produces vertigo, delirium and
convulsions.
Preparation.—One method is to pass acetylene through a
red hot tube:
3CHy — CgHg

Here we have an example of how we can pass from an aliphatic
to an aromatic compound—in this particular method, by “ polym-
erization:”

With nitric and sulfuric acids, and with chlorine (long exposure
to sunlight) we get, respectively, nitrobenzene, benzenesulfonic

H C
H Y H
NSNS
Ccl—C C—Cl
acid and benzene hexachloride, | | ; chlorinated
H C—H
N\
Cl /N Cl
. H d
in the presence of iron, aluminum iodine, etc. (catalysts or
“carrier="" o ~o + Cl
(j 4+ HCI
Chlorobenzene
CH,

To}uene, , or phenylmethane, or methylbenzene, 1s



RULES FOR SUBSTITUTION IN BENZENE RING

obtained from coal tar and also by the distillation of balsam of

-Peru and Tolu, b.p. 111°. (C¢Hs:—monovalent is known as
the “ phenyl ” group.) It may be prépared by the Friedel-Craft .
synthesis which has already been given (p. 212). Its properties
are similar to those of benzene. When oxidized, it yields benzoic
acid (p. 213).

Rules for Substitution in the Benzene Ring.—1. If any one
of the elements or groups, F, Cl, Br, I, R, OH, OR, CH:X, NH;,
NHR or NR;(these contain single bonds) s present in the ring,
an element or group :that may next be introduced urll take the p-
and o- positions with respect to the first group.

2. If any one of the groups, NO2, SOsH, CHO, COOH, CO-R
or CN (these contain double or triple bonds), is in the ring, an
element or group that may next be introduced will take (largely)
the m- position with respect to the first group. (The amounts
of m~, p-, and o- products formed depend very largely upon such
factors as temperature, concentration of reacting substances, the
type of dehydrating agent, and other experimental factors.)

(It is essential before the student proceeds any further with
the text that he thoroughly master these rules.)

An example of the application of these rules is immediately
seen in the case of toluene. Toluene contains a methyl (R)
group; hence, a second group will proceed simultaneously to
the p- and o~ positions; for example,

CH; CH;
__HNOs | -
TS0 NO:
as dedydrating
agent

o-Nitrotoluene
NO.
p-Nitrotoluene
CH; CH; CHj
HoS0s v
L —>"k —S0sH  and

SOsH

o-Toluene- p-Toluene-
sulfonic acid sulfonic acid
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At low temperatures, the o- predominates, while at high tem-
peratures the p-.

Xylenes, or dimethylbenzenes.—Since these are di-substitution
" products, three isomers are known:

CH; CH; CH;
/
w4
\J‘Cﬂg \ :

CH

o-Xylene m-Xylene »-Xyleno 3

They are obtained from coal tar. On oxidation, the xylenes
give the corresponding dibasic acids, indicating at the same time
the position of the CHj groups:

COOH COOH COOH
e
—CO0B
—COOH
COOH
(|32H5
VAN
Ethyl benzene, | , is an isomer of the xylenes, but is

easily distinguished from them by the fact that on oxidation it
COOH

yields benzoic acid, 6

CH:
Mesitylene, 1,3, 5 or symmetrical tri-
ch—(j—cm ’

methylbenzene, is found in coal tar.



CYMENE

CH;

Cymene, ] or p-methylisopropylbenzene, is found

I
CH .

VAN
CH; CH;
in oil of thyme, oil of caraway, oil of eucalyptus, etc.
The number of hydrocarbons containing the benzene nucleus
is large. Some are derived from coal tar, others are synthesized.
A few of these compounds will be mentioned:

CH=CH, C=CH
Phenylethylene Phenylacetylene
or
styrene
0CH==CH© :jC—C©
Symmetnml diphenyl- Dipheny Iacetylene
eth y ene
tolane
stl]bene
O‘C——C—
Tetraphenylethylene

QE——H OEO

Diphenylnethane Triphenylmethang
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C—C— N |

| >C——C—

H H | |
Symmetrical O O
diphenylethane .

Hexaphenylethane

(Gomberg, of the University of Michigan, in studying the
action of zinc upon triphenylchloromethane, has obtained a
.substance, triphenylmethyl (C¢H5)s=C, in which one of the car-
bon atoms is apparently trivalent. (CeHs)sC—C(CeHs)s <
2(CeH5)3C. Since the structure of organic compounds is so
intimately bound up with the view that the carbon atom is
tetravalent, Gomberg’s triphenylmethyl, with its trivalent car-
bon atom, opens up many new lines of research.)

. 2'N\___
3 1

Diphenyl, Q
A4

dehydrogenation of two mols. of benzene at an elevated tempera-
ture. Its high boiling point and its stability render this compound
a very useful substitute for steam in boilers; it enables the appara-
tus to run at a higher temperature. Diphenyl, like benzene, may
be chlorinated, nitrated, sulfonated, ete.

0O 000 0

Naphthalene Anthracene Phenanthrene

, or phenylbenzene, is made by the

B
l

The last three compounds mentioned belong to the * con-
jugated ” or condensed cyclic series, and will be taken up in
detail in Chapter XXVIIL ,

Hydroaromatic hydrocarbons are hydrogenated aromatic
hydrocarbons; e.g., dihydrobenzenes: .
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HC CH; HC CH
| or N
HC\/CH HC\/CH
7
CH . CH:
CH;
N\
HC CH:
tetrahydrobenzene || | and hexahydrobenzene or hexa,
HC CH;
N/
CH:
CH.
AN
HC CH;
methylene, | | . The last is found in Caucasian petro-
HzC CHZ
N
CH:

leum. It and its homologues are known as the naphthenes.
The hexamethylene may be prepared by the Sabatier and Send-
eren’s reaction (passing benzene vapor and hydrogen over finely
divided nickel): '

CH.

N\
. HzC CH2
+3H:—> | |
H,C CH:

CH;
A derivative of hexahydrobenzene, known as hexahydroxy-

hexahydrobenzene, or inositol, | | ,is found in
/ N
HO \/C<

OH H
heart muscle and other animal organs, but is present in larger
amounts in unripe beans and peas. The empirical formula for
this compound is-CgH1206, and it has often been called a cyclic
sugar, though in reality it possesses none of the common properties
of the sugars.
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*CHAPTER XXII

HALOGEN DERIVATIVES, SULFONIC ACIDS AND NITRO
COMPOUNDS OF THE AROMATIC HYDROCARBONS

Harvogen Compouxps!

TuE halogens may react in one of three ways with aromatic
hydrocarbons: (1) they may form addition producté; €-&-

Benzene hexachloride

or
“pexatiurSnezinyarSoenzene

(This needs exposure to sunlight, but no carrier O catalyst.)
(2) Substitute in the side chain; e.g.,

CHs CH,Cl
/

! + Cl; — + HC1

Benzyl chloride

1At this point the student is advised to review the chapt®T 01 aliphatic
halogen compounds, p. 41.
’ 222
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(This is accomplished at the boiling temperature of toluene,
in the presence of sunlight, or artificial light containing ultra-
violet rays, but in the absence of a catalyst or halogen carrier.)

(3) The halogen may enter the ring; e.g.,

/CH3 CHj3 /CH3

—Cl
+ Cl; — and + HCI

-

o-Chlorotoluene

Cl

p-Chlorotoluene

(This needs ordinary temperature, no sunlight and a carrier.)

The usual halogen “ carriers ” or catalysts, are FeClg, FeBrs,
AlBrs, Fe, P, S, 1, ete.

Preparation.—The halogen derivatives of the aromatlc series
may be prepared by direct halogenation with Cls or Brg, as just
described (iodine does not react), or by the conversion of the
corresponding amino compound into the halogen derivative.

where the halogen takes the place of NHq : e.g.,

NH, I
(See p. 243 for further details of the reaction.)

~ (Ethyl alcohol can be treated with hydrogen bromide, in the
presence of sulfuric acid, to give CoHjsBr, but when phenol,

OH

, 1s treated with hydrogen bromide, no analogous reaction
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takes place. Again, when ethyl alechol is acted upon by phos-
phorus pentachlonde, PCl5, we get C2H5Cl, but when phenol is
C1

’
/

similarly treated, only a small yield of chlorobenzene, is

obtained. On the other hand benzyl aleohol is readily trans-
formed into benzyl chloride by PCls:

CH0H CHCl

/ /

Notice that here the side-chain reacts. (The side-chain, in fact,
behaves like an aliphatie, rather than like an aromatic group.)

In the place of chlorine the following substances are sometimes
used to introduce the element: thionyl chloride, SOClz; chloro-
sulfonie acid, CISOszH; sulfuryl chloride, SO2Clg; and sulfv
mono- and sulfur dichloride, SCt and SCl,. .

Properties.—Where the X is attached to the ring, as in

CHj;

we get substances which may be colorless liquids or

Cl

solids, with an agreeable odor, and which are stable; where the X
CH,(Cl1

is attached to the side-chain, asin (\/l , the compounds have

strong, disagreeable, pungent odors, are very reactive, and act as
lachrymators. In general, they show the properties of the
aliphatic halogen compounds of the type RX.

Some of the properties of the two types of halogen compounds
may be summarized thus
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CH,Cl CHj3;
Reagents 6
Benzyl chloride p—chlorotolu(ezie
CH,0H
KOH 6 No reaction
Benzyl alcohol
CH:NH
NH; (j _ No reaction
Benzylamine
CH:CN
KCN No reaction

N

Benzyl cyanide

225

from which it may be seen that where the halogen is attached to
the nucleus, we get a relatively inactive compound; but where
it is attached to the side~chain a very active compound, similar
in its properties to the aliphatic halogen derivatives, is obtained.
(The Futig reaction exemplifies a typical reaction for the type
where the halogen is attached to the nucleus.) The above reac-
“tions hold good only when carried out under atmospheric pressure.
It has been noticed that at higher pressures reactions may be

obtained even when the halogen is connected to the nucleus.

Whether the X is attached to the ring or to the side-chain,
may be determined in some such way as the following:
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COOH

CHs
6 oni. @
—_—
A a

p-Chlorobenzoic acid

(|3H201 (IZ‘OOH
Oxid.

—_—

Benzoic acid

Hundreds of halogen compounds are known; only a few will
be mentioned:

Cl Br l Cl CHCl CHs;
Br Cl 1 Cl I
Chloro- p-Dibromo- p-Dichloro-  p-Iodochloro- p-Chloro- p-Todo-
benzene benzene benzene benzene benzyl toluene
chloride or
p-Tolyl
iodide

Chlorobenzene is manufactured by chlorinating benzene in
presence of iron. It is used for the manufacture of dye inter-
mediates.! p-Dichlorobenzene is used extensively to protect
woolen goods from moths, and to protect the peach trees from the
peach tree borer. .

We may again refer to the preparation of these halogen com-
pounds. Toluene, when acted upon by chlorine—in the presence
of sunlight, in the absence of a “carrier,” in the absence of
moisture, and at boiling temperature—gives the following products:

1 A dye intermediate is an organic substance used in the manufacture
of dyes.
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CH,CI

Clhlg ' '
e ‘u»!. - Cls - + HC(CI

Yy ~ Benzyl chloride

Y
CHCI,

i 2
O + 2HCI1
o,

Benzal chloride or -
benzylidene chloride -

@ + 8HCl

Benzotrichloride

When, however, the chlorine and the toluene are made to
react in the absence of sunlight and at room temperature, but in
the presence of a, ‘carrier, we get: :

CH, CH,

CH,
' o Cl
—Clz 0 +HCI

; ;a-Chlorotoluene

p-Chlorotoluene

CH, CH,

Cl— Cl - Cl
Gl

1 "

2. 4, 6-Trichlorotoluene 2, 4-Dichlorotoluene
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(A number of halogen derivatives of the aromatic series
were used during the late war as poison gases. Some of
these were benzyl bromide, CgHs-CH2Br, diphenylchloroarsine
(C¢Hs)2As-Cl, phenylcarbylamine chloride, CgHs-N=C=Cl;
and xylyl bromide, CHj-Ce¢H4-CH3Br, -chloroacetophenone,
CgHs-CO-CHCl. Since we are on the subject of war gases,
we may include a few other compounds also used during the late
war, although they really belong to the aliphatic series: bro-
moacetone, CHzBr-CO-CHjs; bromoethyl methyl ketone,
CH;-CO-CHBr-CHs; chloroacetone, CH2Cl-CO-CHjz; nitro-
trichloromethane — or chloropicrin — CClz-NOgz; g-dichlorodi-
ethyl sulide — mustard gas — (CoHaCl)oS; dimethyl sulfate,
(CH3)2804; dichloromethyl ether, (CH2Cl)20; phosgene, COCl;
trichloromethyl chloro-formate, Cl-COOCCl3, and hydrocyanic
acid, HCN.)

SurronNic Acos

Sulfonic acids are a very important class of organic compounds
since from them phenolic compounds (p. 250), naphthols (p. 297),
etc., are prepared. They are generally prepared by the direct
sulfonation of the hydrocarbon; e.g.,

/O
H HO 0 —S=0
( - q \OH

w0 ()

Benzenesulfonic acid

3

CH; CH CH;
H2S04 OsH ‘
—_— +
Oz:H

o-Toluenesulfonic acid
8 p-Toluenesulfonic acid

Benzenesulfonic acid when further sulfonated gives m-ben-

?Osﬂ

zenedisﬁlfonic acid:
OsH
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Properties. With alcohol, the sulfonic acids form esters; e.g.,
0]
—S0sH SZ
+ CoHsOH — N\OC,H; + Hz0

Ethyl benzenesulfonate (an ester)

The corresponding chloride is obtained with PCls; e.g.,

— /O PCls
O OH—'—~—> O \01 + POCl; + HCI

Benzenesulfonyl chloride

—S30sNa.
and with NaOH we form the sodium salt; e.g., '

(Notice the analogous reactions of the
COOH group and the SO3H group above,) Sedium benzenesulfonate

With steam under pressure. they are decomposed, yielding the
hydrocarbon, e.g.,

—30:H
+ H0 — + H>S804
and with hydrogen are reduced to thiophenol; e.g.,
SH
—S0sH : .
’ + 3Hs — + 3H,0

Thiophenol

When fused with NaOH, the sulfonic acids yield the sodium salts
of the phenols; e.g.,

/SOgNa ONa
+ 2NaOH — + Na2803 + Hzo

Sodium phenolate
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—OH
from which the phenol, , can be obtained by treating

the solution with COs. (H2CO3).

(This is an extremely important commercial method used in
the preparation of phenol and phenolic compounds. The sulfonic
acid is first made from the hydrocarbon, then the formeris fused
with NaOH, and the resulting compound acidified.)

The sulfonic acids (salts) can be distilled with NaCN yielding
the corresponding cyanides; e.g

SO3N&

+ NaCN
+ N32803

The free sulfonic acids are usually very soluble in water. In
order to separate them from the excess of H2SQ4, the Pb, Ca
or Ba salts are usually prepared. The Pb, Ba and Ca sulfonates
are soluble in water while the sulfates are insoluble. (For sul-
fonation, concentrated H2SO04 at elevated temperature must be
used. Very often it is necessary to resort to fuming HoS804.)

(Quite often organic compounds insoluble in water are
sulfonated, converting them to water-soluble sulfonic acids.
This is a procedure extensively used in the dye industry.)

Nitro CoMroUNDS

These are a very important class of organic compounds. They
are generally prepared by direct nitration with HNQs;. In some
instances the nitration proceeds readily, in others it does not.
In some cases dilute nitric acid can be used (provided no oxida-
tion takes place); in others the nitration will proceed only with
concentrated or fuming nitric acid. Sometimes NO- is used in
place of nitric acid. In most cases the presence of sulfuric acid
is necessary to absorb the water just as fast as it is formed in the
reaction. Sometimes only fuming sulfuric acid will serve the
purpose. In reality, a number of factors play their part in nitra-
tion—such as strength of nitrating acid (‘“ mixed acid ”—HNOQ; -+
H3804), amount of acid used, temperature of the reaction, length
of time of nitration, agitation of the liquids, etc,
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Preparation. _ .
NO; I’\TOQ
~ (H2804) (H2804) i
, + HONO. ——> + HONQ; ——— .
» NO,
Nltrobenzene m-Dinitrobenzene
(“Hs
(H2804)
K + HONO: -
o-Nitro-
p_ﬁgﬁ_ tolugne
toluene

i + HONO2(4-H2S804)

CH, CH;
pd

—NOg HONO; OoN— —NOg
+ .
(HzS05)
NOo NO2
2, 4-Dinitrotoluene 2, 4, 6-Trinitrotoluens
or T.N.T.
NH;

0sN—"""N—NO;
_NO,

' (T.N.A., tetranitroaniline, , and tetryl,

NO:
CH;
N<
NO;
02N —NO; :
U , or, 2,4, 6-Trinitrophenyl methyl nitroamine

l
NO;

are the most important high explosives.)
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Properties.—The nitro compounds are usually pale yellowish
liquids or solids, many of them being volatile with steam. Some
of them—the higher nitro compounds, such as T.N.T.—are high
explosives.

/Y\NOZ—‘

Nitrobenzene _IJ , sometimes called “oil of mirbane,”

is a yellowish oil possessing the odor of bitter almonds, and is
sometimes used in place of the latter in perfumes. It is also used

' in soaps, polishes and grease (due to its odor). It is manufactured
from benzene on a very large scale for the purpose of preparing
aniline, which is an important ‘“dye intermediate,”

NH

|
N[O;
I l + 2H,0
N/

H,
Aniline or
H2 phenylamine

Reduction products of nitro compounds under varying condi-
tions:

NOz+H, NO-+H, (\NH0H+H2 N NH,
—_ ————)KJ —!

Nitrosobenzene Phenylhydroxylamine Aniline

Dimolecular Reduction Products:

+ —

N—N~O + Ha O~N=NO
N [
3

Azoxybenzene Azobenzene

+ H,
NH, N—
2 i H |
2 H H
H—_

Aniline Hydrazobenzene

O—NOZ 02N + 3H;
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CHAPTER XXIIT

AROMATIC AMINES,! DIAZO AND AZO COMPOUNDS

ARoMATIC AMINES

Tue NHz group may be attached to the nucleus or to the side-
chain; e.g.,

NH CH.-NH,
Amnopenzene or phenylamine or aniline Benzylamine

‘As might be anticipated, the benzylamine shows the general
properties of an aliphatic amine, since the NHy group is in the
side-chain.

The aromatic amines, like those of the aliphatic series (p. 138),
may be either primary, secondary or tertiary; e.g.,

/CH3

en %
=<

H
s
N/
\CH,

T
Monomethylaniline Dimethylaniline Benzylphenylamine
or methylphenylamine or dimethylphenylamine "

|
H

00 ¢

Diphenylamine Triphenylamine
or Phenylaniline

1 The student should review Chapter XIII on aliphatic amines.
234
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The aliphatic amines are stronger bases than the corresponding
aromatic amines. The primary, secondary and tertiary amines
form salts such as

CH;
—N/ CHj;
|
; \H

Dimethyl phenyl ammonium chloride
or Dimethylaniline hydrochloride

but if all the groups attached to the nitrogen atom are aryll
then no salts are formed. Triphenylamine, for example, does
not form a salt with hydrochloric acid.

Preparation.—The amines are generally prepared by reducing
the nitro compounds; e.g.,

N|O2 H, NH,
. 4+ Hs| — + 2H,0
He
(It may be remembered that the aliphatic amines can be
prepared by the action of ammonia on the halogen compound:

CH3 Cl + Hi{NH; — CHgNHz;

but chlbrobenzene, Cl, does not react with ammonia except

under pressure.)
Reactions with Nitrous Acid.—The aliphatic prunary amunes
yield aleohol when treated with nitrous acid; e.g.,

but with the aromatic primary amines, the reaction is quite
different; e.g.,
—NH: ~+ HCI

 ——

1 The “aryl” (Ar) groups refer to C¢Hs and its homologues, just as the
“alkyl” (R) groups refer to the aliphatic groups.



236 AROMATIC AMINES, DIAZO AND AZO COMPOUNDS

&
H N=N
(0]
NTFHe + >/N N
| P 0 - | + 2H;0
\/ Cl (NaNO; + HCl
at low temperature)

Aniline hydrochloride Benzenediazonium chloride

(This reaction—the *diazo reaction ”—will be taken up later
on p. 241.)

The secondary amines of the alipilatic series, it will be
recalled, yield nitroso compounds; e.g.,

(CH5):N—[H + HO|NO — (CHs)s=N—NO + H:0
Nitrosodimethylamine

and so do the aromatic amines; e.g.,

A JETEFENO N0
. \CH;

) - \CH; + H:0

The tertiary amines of the aliphatic series—e.g., (CHs)sN,
do not react with HONO, but those of the aromatic series do.
(There are 2 few exceptions which need not be discussed here);
e.g.,

Nitrosomethylaniline

\CH; \CH;
— + H.0
(B + HO|NO  NO
p-Nitrosodimethylapiline

Very many amines are known, and many are used in the
industries. A few of them will be mentioned.
NH:
Va
Aniline, , or phenylamine, or aminobenzene, was
first produced by the distillation of indigo. (The Portu-
guese word for indigo is “ anil,” hence the name  ani-
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line.””) Tt occurs in small quantities in coal tar and bone oil.
On an industrial scale, it is manufactured from nitrobenzene:

( —NOs _ NH,
4 3Hs — + 2H,0
\ (Fe+HCD)

A recent commercial process for the preparation of aniline
involves the reaction of ammonia on chlorobenzene when heated
and under pressure. .

Aniline, when freshly distilled, is a colorless oil, which darkens
on standing; b. p. 184.4°. It is the basic substance from which
hundreds of dye intermediates are manufactured. (The first
synthetic coal tar dye, “mauve,” was made on a commercial
scale by Perkin, who used aniline as his starting material.)
Aniline is poisonous, producing vertigo, weakness and cyanosis.
An aqueous solution of it, when mixed with bleaching powder,
gives a violet color; with potassium dichromate, a blue color is
obtained. Being a base, aniline forms salts with acids, such as

NH:-HCI

Aniline hydrochloride

With bromine, aniline forms 2, 4, 6 (sym)-tribromoaniline
NH,

Br— —Br
and with nitrous acid, we get a diazonium com-

Br
pound (“diazo reaction,” see pp. 236, 241).
NH-0C-CHs

A

Acetanilide, U or acetyl aniline (also called “antifebrin,”)

is formed when aniline is acted upon by glacial acetic acid or
acetic anhydride. It is used in medicine as an analgesic and
antipyretic, and is used in neuralgia, rheumatism and in headache
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powders. When-amune is heated with HoSO4, sulfanilic acid is
produced:

NH, NH;
l
+ cone. Ha804 — 4+ H0
0Oz:H
Sulfanilic acid

Anilhne reacts with carbon disulfide, CSg, to form

Thiocarbanilide

which is used as an “accelerator ”” in the vulcanization of rubber.
(By an “accelerator ” we mean a substance which ‘“hastens”
the reaction between the sulfur and the rubber.) It also has an
effect on the physical properties of the vulcanized rubber, in that
it increases the tensile strength. Besides thiocarbanilide, the
following are the more important accelerators: hexamethylene-
tetramine (p.80); diphenylguanidine,

WD

C=NH
H>N—<_/‘

and triphenylguanidine,
|
N~
&
AN
AN
<

H

g
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‘t'he toluidines or aminotoluenes,

CHj; CH; CHs
—NH;
—NH,
o-Toluidine or o-aminotoluene m-Toluidine .
NH.
p-Toluidine

Of the three toluidines, the o- and p- may be obtained by the
reduction of the corresponding nitro compounds. A few other
amines are

: CH CH
NH: NG N
? AN N
/s H / “CHs
—CHs
CH3 Methylaniline Dimethylaniline

m-Xylidine or 1, 2, 4-xylidine

The last two are manufactured by heating aniline and methanol,
or aniline and methyl chloride under pressure, the one or the other
amine being obtained, depending upon the ratio of the reacting
substances used. Both the methylaniline and the dimethylaniline
are used extensively in the manufacture of dye intermediates and
dyes.

Nitrous acid reacts with dimethylaniline as follows:

N(CHzs)2 /N(CHa)z

N,

\H—l—HONO NO

p-Nitrosodimethylaniline

the product being used in the manufacture of dyes and for the
preparation of pure dimethylamine:
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{N/ s + KolH
0K
JN\CH; /
| | — H-N(CHs); + q
Dimethylam?n: \/

NO NO
Potassium p-
nitrosophenolate

Diphenylamine or phenylaniline, is manufactured by heating
aniline with aniline hydrochloride around 240° in an autoclave
(under pressure).

lH,
N
H
N\O 1NH,CI

It is added to smokeless powder to increase its stability;
and is also used as a test for nitric acid and nitrates, and in the
manufacture of dyes.

The diaminobenzenes,

NH NH. NH;
._\NHz
—NH,
e
Diaminob e
o-Liaminobenzene
or NHZ
o-phenylenediamine m-Phenylenediamine p-Phenylenediamine

are known as the “ diamines.” The m- and p-compounds are
used very extensively in the manufacture of dyestuffs. (The
CgH .4 group (divalent) is known as the * phenylene ” group.)
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Diazo AND Azo CoMPOUNDS

(“ Azote ” is the French word for nitrogen. ¢ Diazo,”

_therefore, indicates two nitrogens.)
A diazo compound has one aryl group attached ta one nitrogen:

—N=N—X J—N—N

An azo compound has two aryl groups attached to two

nitrogen atoms:
O~N=N—[ ]

(The diazo and azo substances are an extremely important class of

organic compounds. They have played a very important part

in the development of synthetic and industrial organic chemistry,

especially in the manufacture of dyestuffs. These facts will be

appreciated as we proceed.) :
Type Reaction Illustrated (Griess’ diazo reaction),

N=N
a1 + 2H:0
H H-O
N/ H + >N—> or '
I\H o|” N=N—(l
Cl (NaNOs + HCI

. atlow_temp.)

In the place of the phenyl group we may use any other sub-
stituted aryl groups, such as are illustrated in the following com-

pounds

-0 ¢ 4 G

SOaH
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as well as the naphthalene group (p. 298), containing the NHa
-attached to the ring; 0 that the reaction is of the widest possible
application.

The action of nitrous acid on an aromatic amine whereby a
diazonium compound is formed, is known as diazotization.

The diazo compounds in solution are highly unstable at
ordinary temperatures. (They are not prepared in the dry state
for they are more or less unstable and explosive.) They are
usually soluble in water and show many properties analogous to
the ammonium salts, such as conductivity and salt formation
The structure is written with this analogy in mind; e.g.,

H
[ ]—N—H E Tl\ =N
| \H T\
Cl 1

Phenyl ammonium chloride Benzenediazonium chloride (A)

where one N in (A) is pentavalent. Compounds of type (A)
are known as “ diazonium,” the ending ‘“ium ”’ suggesting the
ending in “ ammonium.” Benzenediazonium chloride may be
looked upon as phenyl ammonium chloride, wherein the three
hydrogens are replaced by one nitrogen.

Compounds of type (A), like the ammonium compounds, show
salt-like properties. In some reactions, however, the diazotized
product does not show salt-like properties. hence (A) is also
written as

N=N—CI

Diazobenzene chloride (B)

We probably have both (A) and (B) present in compounds of
the diazo type:

N=N —N=N—Cl

Many types of aromatic compounds are prepared from these
diazonium or diazo compounds; e.g.,
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0

243

N=N OH .
/ \ / “
cl theat)
4+ HOH —— 4+ HCl 4+ Nj .
Phenol
N=N OCHj
N
Cl
J + HOCH3 —> + HCI + Nz
Methyl phenyl ether
=N
-/ \
O + HOC:H; —— -+ CH3CHO + N2 + HUC
N—N I
/
Cl
+ KI —_— + KCl + N,

The following are knoWn as the Sandmeyer reactions:

N=N
Cl

N\
O 4 CuCl

N=N
N
Cl

+ CuBr

N=N

5

“+ CllCN——————)k

Cl
/S
in HCI
—_— -+ N2
N=N Br
N
in HBr Br
—_— - + N2
N= CN
AN
in KCN CN
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We may summarize these reactions to show the preparation
of various types of aromatic compounds:

OH

OR

COOR
CONH COOH

X\\\Omémé
OOO\

COO Metal

g

which gives an idea of the wide applicability which these dia-
zonium compounds possess.
We must now proceed to reactions which are better explained

COCl1
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N=N—Cl

by the structure Upon partial reduction, the

following reaction takes place:

H H
—N—Cl L]

N—N-HCl1
+ 4H — |
H

Phenylhydrazine hydrochloride
N—NH,
and the base, phenylhydrazine, " , may be obtained

by the addition of NaOH. (Hydrazine is HoN-—NH,.)

Phenylhydrazine, a poisonous liquid, has been used very
extensively by Fischer and others in determining the structure
of sugars. It is used in the identification of sugars (p. 169), in
tests for aldehydes and ketones (p. 79), in the manufacture of
antipyrine (p. 306) and various dyestuffs.

Diazobenzene chloride may be ‘ coupled ” with aniline (in
neutral or weak acid solution) thus:

N=N-—-NO GN=N—NO
' —

Diazoaminobenzene
and with dimethylaniline:

N=N—@—O

—_—

—N(CHjs)e

o v
N(CHz)2

p-Dimethylaminoazobenzene
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and with phenol:

N=N—«Q
—_
OH

10

p-Hydroxyazobenzene
—reactions which are much better explained on the basis of a
“diazo " rather than on a “diazonium ’ configuration.
Reactions of the type just given are of great importance in
the manufacture of azo dyes (p.324).
The azo compounds are far more stable than the diazo com-
pounds.

N— '
Azobenzene, 0 0 , is prepared by distilling

N—N—
azoxybenzene, 0 A4 , with iron filings; or by the
0

action of an alkaline solution of stannous chloride on nitrobenzene.
It may be reduced to hydrazobenzene

000

which, when boiled with strong HCI undergoes an intramolecular
rearrangement into p,p’-<diaminobiphenyl, better known as

benzidine:
HzN‘O—Omz

which is an important dye intermediate. (Benzidine is also used
in one of the tests to detect blood.)-
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CHAPTER XXIV
AROMATIC ALCOHOLS, PHENOLS AND ETHERS

WE have already pointed out (p. 222) that in aromatic com-
pounds substitution may occur either in the side-chain or in the
nucleus, and that the products obtained when substitution takes
place in the side-chain are quite different from those obtained
when substitution takes place in the nucleus.

We have seen, in the case of the amines, for example, how
the NH, group may be attached either to the nucleus or to the
side-chain. This is equally true of the OH group. Where the
OH is attached to the nucleus, it is known as a phenolic com-
pound, and where it is attached to the side-chain it is an aromatic
alcohol; e.g.,

OH CH:0H
Phenyl hydroxide Phenylearbinol
or or
hydroxybenzene benzyl alcohol
or phenol (An aromatic alcohol)

(A phenolic compound)

(In the aromatic alcohols, the OH group is attached to an
alkyl residue, or side-chain; the properties of these compounds,
therefore, are closely analogous to those of the aliphatic alcohols.
See Chapter V.)

AromaTIiC ALCOHOLS
CH.0OH

Benzyl alcohol, , or phenylcarbinol occurs as esters

in balsam of Peru and Tolu, storax resin, in oils of flowers, ete.

It may be obtained as follows:
248



AROMATIC ALCOHOLS 249

CH:|Cl + H|OH

O—CHzOH
—_——
Benzyl chloride

CHO CH,0H

or

Hs

—_——
(Sodium amalgam

: and water)
Benzoic aldehyde or benzaldehyde

It is used in perfumery, and in medicine as a local anesthetic.
Diphenylcarbinol, or benzohydrol, is a secondary alcohol,
and may be prepared by reducing the corresponding ketone.

0100 =0

Diphenylketone or Benzophenone Diphenylearbinol or benzohydrol

' CH=CH-CH:0H
Cinnamyl alcokol, ., is present in

storax, and has an odor like that of hyacinth. It is used in
perfumery.

CH,—CH0H
Phenylethyl alcohol, , is present in oil

of rose and is used in perfumes.

PHENOLS

The aromatic alcohols, like those of the aliphatic series, are
neutral bodies, but when the OH enters the ring and we get a
phenolic compound, then we obtain a very weak acid. The most
important among these phenolic compounds is:
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OH

Phenol, , or phenyl hydroxide, or carbolic acid. It is

present in wood tar and coal tar (see chart facing p. 211), from
which much of it is obtained. It is also manufactured by making
use of the following series of reactions:

SOsH SO3Na
4 /
H,S80, NaOH /) : INaOH
s __(
1 3 <]
N N (fusion at 350
Sodium benzenesulfonate
<ONa < OH

-+ acid
rj (4 Na280;
N or CO2 + water N

It may also be prepared by the diazo reaction (p. 243).

The most recent method for the preparation of phenol is by the
hydrolysis of chlorobenzene with NaOH solution under high
pressure.

Properties.—Phenol is a very weak acid but slightly disso-
ciated (less so than carbonic acid). It is very corrosive and
poisonous. Some of its general reactions may be illustrated by
the following:

O|H[ + Na|OH ONa
d + Hzo
Sodium phenolate
OH OH
Br Br
+ 3Br. - . + 3HBr
|
Br

2: 4, 6 (sym.)-Tribromophencl
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0-0C-CHj

4+ CH3COCl — + HCI

(j——NOz

- Nltrophenol o-Nitrophenol

N

Phenyl acetate

4 dil. HNO3z —

Q

—SOsH
+ H.80y —
SO3H o- Phenolsulfomc
pheno]sulfomc acid
Zn dust
T distilled + Zn0
_
O
+ P00k — 0=F—0- + 3m01
\O—O
Tripheny! phosphate (a camphor substitute)
Na OCHj3
+ I CHa b d

Methyl pheny! ether
or gnisole or mechoxybenzene
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Phenol gives a violet coloration with ferric chloride. It is a
colorless, crystalline substance which becomes liquid upon the
addition of 15 per cent of water. It is a powerful antiseptic,
disinfectant and germicide, and is used to a certain extent (in
3 per cent solutions) as a dressing for wounds, for disinfecting
surgical instruments, rooms, etc.

Phenol is also used in the manufacture of explosives, dyes,
developers, various medicinals, bakelite and other resins, etc.

The resins, of which bakelite is an example, are suffi-
ciently important to warrant a few words of description. Phenol
combines with formaldehyde to produce a resinous material.
These products—known as bakelite, etc.—vary in properties,
for the particular type of resin obtained will depend upon
the exact method employed in its preparation. Pure phenol
and pure formaldehyde react very slowly, even when heated,
but in the presence of catalytic agents, particularly bases—
ammonia seems t0 be used in many cases—the action is accel-
erated. Where ammonia is used, it is believed that what first
takes place is a reaction between the formaldehyde and the
ammonia, forming hexamethylenetetramine (p. 80), and that
the latter then combines with phenol, forming a resin, the
chemical composition of which is not clear. This resin undergoes
further changes when heated. It then becomes less fusible and
less soluble. The raw bakelite, for example, is both soluble and
fusible, but when heated becomes insoluble, infusible, very hard,
strong and resistant. This bakelite is used in moulding materials,
varnishes, enamels, lacquers, eements, pipe stems, cigar holders,
handles, insulating substances, ete.

Recently glycerol and phenol have been made to combine to
form a synthetic resin (called “ acrolite ”’) which has properties
similar to the phenol-formaldehyde resin.

Cresols.
o-Hydroxzytoluene or o-cresol m-Cresol

p—Cresol
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All three are present in coal tar and in wood tar, and all three
act as antiseptics. They are known as “ cresylic acid” or
“tri-cresol.”  The properties of these cresols are, in general,
similar to phenol. The cresols have greater germicidal power
than phenol and are less poisonous. They are slightly soluble in
water and are rendered more soluble by the addition of soap.
Preparations such as lysol, creolin, phenoco, etc., contain
cresols. Cresols are also used for the manufacture of synthetic
resins, dyestuffs, explosives and organic chemicals.

CHs
Thymol, , or 3-hydroxy-1-methyl-4-isopropyl-
OH benzene,
CH
AN
CHs CH;

oceurs in oil of thyme, mint., and other essential oils, and
is an important antiseptic. It is very often used in the
treatment of hookworm and to preserve urine. Diiododithymol
(prepared from thymol and iodine) is known as ‘““aristol” and
has largely displaced iodoform as an antiseptic.

Polyhydroxy phenols.

H
| OH
o-Dihydroxybenzene, , or pyrocatechol, occurs in

“catechu ” resin and is prepared from resins by fusing them with
KOH, or from o-phenolsulfonic acid;

It is used in the manufacture of adrenaline and guaiacol.
Resorcinol, or m-dihydroxybenzene, or resorcin, is prepared
thus:



PHENOLS

SOzH (l)H
NaOH i
K on | Jom
—S03H  fusion —
/ ete. \

m-Benzenedisulfonic acid Resorcinol

1t is used as an antiseptic and an antipyretic, and in the prepa-
ration of dyestuffs.

Hexylresoreinol, ‘/j
' OH

CH2 CH;-CH;-CH,-CHo,- CH3
recently been introduced as an internal urinary antiseptic. It is
one of the most powerful among organic germicides.

Quinol, or p-dihydroxybenzene, or hydroquinone, is prepared
from p-benzoquinone (p. 265) by reduction:

OH

I (HZSO3) \
o

It is used as a photographic developer (that is, as a mild
reducing agent, it being converted into benzoquinone).

Of the three trihydroxybenzenes, pyrogallol (or pyrogallic amd)
is obtained by heating gallic acid:

OH OH
7 /
HO | —OH HO | —OH
/ .
\ P}hgallql
COOH

Gallic acid
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It is a strong reducing agent and absorbs oxygen in alkaline
solution—a property used in estimating oxygen in gas mixtures.
Pyrogallol is also used as a photographic developer and in the
manufacture of dyestuffs.

Phloroglucinol, or sym. (1, 3, 5)~trihydroxybenzene, may be
prepared from the corresponding triamino compound:

HoN— —NH: hydrolysis HO— —OH
—_—
(HCY)
AN
NH- OH
sym-Triaminobenzene Phloroglucinol

It occurs in the glugoside phloridzin and in different resins.

(The behavior of phloroglucinol towards reagents is worthy
of discussion. That it is a trihydroxy compound is shown by
the fact that it forms a triacetyl derivative with acetic anhydride.
On the other hand, it forms a trioxime with hydroxylamine,
indicating a ketonic structure—compare p. 135:

I
0=C C=0

where, under certain conditions, the same compound may exist
in two different forms, we have a case of tautomerism. This
is to be distinguished from isomerism, where we have two different
compounds having the same molecular formula.)

Phloroglucinol is used for the determination of furfural (p.
305)—a test based upon the production of a red color.
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Ethers!
OCH; 002H5 '
Methyl phenyl ether Fthyl phenyl ether Phenyl ether
or anisole henetole or phenyl oxide
or methoxybenzene or e oxybenzene

Ethers of the type of anisole and phenetole are produced thus:

/o Na + 1|CHj /OCHs

/
(

Sodium phenolate
or

ONa OCz H5

/
| + (CsHy)s804 — | + C5H;NaSO04
Diethy! sulfate
The phenyl ether is prepared by heating phenol with zinc chloride:
(\—[OH T H]0— N—o—
NS AN AN

It has a geranium-like odor.
These ethers are used in synthetic perfumes.

READING REFERENCES

SLossoN—Creative Chemistry. (1920), chap. 7 (Synthetic Plastics).

EvvLis—Synthetic Resins.

BAErRELAND AND BENDER—Phenol Resins and Resinoids. Jowrnal of
Industrial and Engineering Chemistry, 17, 225 (1925).

Howe—Chemistry in Industry. (1924), chap. 19 (Synthetic Resins).

1The student is advised to review Chap. VI, p. 69.
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McIntosa—* Acrolite”’—A New Synthetic Resin. Industrial and
Engineering Chemistry, 19, 111 (1927).

Hare axp BrirroN—Development of Synthetic Phenol from Benzene
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Kiente—Synthetic Resins. Industrial and Engineering Chemastry, 22,

590 (1930). )

A motion picture on ““ The Story of Bakelite ”’ can be secured
from the Bakelite Corporation, 247 Park Ave., N. Y. City.



CHAPTER XXV

AROMATIC ALDEHYDES,! KETONES! AND QUINONES

. 20
TreE aromatic aldehydes and ketones contain the —C

H
and >C=O groups, respectively (like the aliphatic compounds).

The quinones have no analogues in the aliphatic series.

AROMATIC ALDEHYDES

The most important aromatic aldehyde is

CHO
’

Benzaldehyde, , or phenyl formaldehyde, or benzoic

aldehyde, or artificial oil of bitter almonds. This compound
may be prepared in several ways:

CH; CHClz CHO
2C12 20
(hot sunlight; Ca(OH)z
no carrier) under pressure
Toluene Benaal
chloride
or .
CHs CHO
’
partial oxid.
————)
Mn02

1 The student should review Chap. VIL p. 73, on the aliphatic aldehydes

and ketones.
259
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Benzaldehyde occurs in bitter almonds, the kernels of fruits,
etc. In bitter almonds, the aldehyde is present in the form of a
glucoside (amygdalin). An enzyme (p. 357) present in amygdalin
and known as ‘“ emulsin,” hydrolyzes the glucoside into glucose
(hence the name ‘“ glucoside ”’), hydrogen cyanide and benzalde-
hyde. (This hydrolysis may also be brought about by means
of acids.) Benzaldehyde is used extensively in flavoring extracts,
perfumes, the manufacture of dyes, and in the preparation of
various organic compounds.

Properties.—Many of the properties of benzaldehyde resemble
those of the aliphatic aldehydes. When exposed to air, it is

COCH
/

oxidized to the corresponding benzoic acid, ; it reduces

ammoniacal silver nitrate solution; it forms addition compounds
with NaHSO; and HCN; and reacts with hydroxylamine and
phenylthydrazine to form oximes and hydrazones, respectively.
With ammonia, sulfuric and nitric acids, and with chlorine, the
following reactions take place:

CHO CH
e ’

3 + 2NH; - O 3 N2 + 3H,0

Hydrobenzamide

CHO CHO
i 7
! + H:80, — + H:0
—SOsH
m-Sulfobenzaldehyde
CHO CHO
i S
+ HNOs - + H20
NO-

m-Nitrobenzaldehyde
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In the presence of alkali, benzaldehyde undergoes a simulta-
neous oxidation and reduction of two molecules of the aldehyde
with the formation of one molecule of each of the corresponding
aleohol and acid.

alkali
ZCGH:;-CHO m— CsHs-CHgOH + CeHs'COOH

This is a type reaction for many aromatic and aliphatic alde-
hydes and is known as the Cannizzaro reaction.

CHO COCl

+ Cl + HCI

Benzoyl chloride

The reaction with hydroxylamine is as follows:

CH{O + H:|NOH - CH=NOH
+H20

Benzaldoxime
Two forms—stereoisomeric forms—p. 94, are known:
C—H C—H

N
N—OH HO—N

Syn-Benzaldoxime (m.p. 125°) Anti-Benzaldoxime (m.p. 35°)

Other reactions for benzaldehyde will be given in subsequent
chapters (pp. 272, 325).

CH.-CHO
Phenyl acetaldehyde, ] , has a hyacinth odor and is
) N
used in perfumes.
CH=CH—CHO

Cinnamaldehyde, or B-phenyl acryl-
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aldehyde, is the chief constituent of oil of cinnamon, and is used
in perfumery. It can be synthesized by condensing benzalde-
hyde with acetaldehyde

—CH[0+H|CH-CHO (NaOH) sol. CH=CH—CHO
—_——

Aromatic KETONES

The aromatic ketones are divided into those containing aryl

O-CH;
and alkyl groups; e.g., and those in which both

CO
the groups are “aryl ”; e.g.,

CO-CH;

Acetophenone, , or methyl phenyl ketone, or “hypnone,”

is used as a soporific. It may be prepared by heating a mixture of

CO -CHjs

[COOcal + ¢al0]OC-CHs

Calcium acetate - U + CaCOs;

moc -CHj3 (A1013) CO-CH;3
Acetyl chloride + HCI

Calcium benzoate

or

The last is an application of the Friedel-Crafts reaction.
-CH
/CO CH.Cl

Ch.loroacetophenone,| , is the most commonly

1ca here indicates § Ca.
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used ‘““tear” gas. It is now added to methanol to serve as a
“ warning agent.”

o/
Benzophenone, l l , or diphenylketone, may be

prepared by an application of the Friedel-Crafts reaction:

¢ \—Co [CL+ H]—"Y (AICl) " \—co—
j | — + HC

Benzoy! chloride

or by the distillation of calcium benzoate:

COC\ Oc |
Ca N + CaCo,

V7

00

or by the oxidation of diphenylmethane:

_CHZO Osid. 000—0

Benzophenone, when reduced, forms benzohydrol, or diphenyl-

carbinol:
H
£
\OH

When benzophenone is treated with hydroxylamine, benzo-
phenone oxime is produced. If this compound is treated with
PCls, acetyl chloride, ete., and then with water, benzanilide is -
produced. This is.-a general type reaction for ketoximes and is
known as the “ Beckmann Rearrangement.”” These changes may
be illustrated by the following scheme:
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CeH;5-CO-CgHs + Ho2N-OH — Ce¢Hs—C—CsHs5

~ NOH
CeHs—C—CeHs PCl; CoHs—C—CsHs
! — i
NOH N—Cl

rearranges  CgHs;—C—Cl  H;0 Ce¢Hs—C—OH

5 -
N—CeH; N—CeHj
Hydrogen rearranges Ce¢H;—C=0
! H

~

CeHs
Benzanilide

(Michler’s ketone, or p, p’-tetramethyldiaminodiphenyl ketone
is manufactured as follows:

A —QN(CHg)z /Q’\I(CHa)z
N[al H]_<_>_N(CH3)2 }N(CHa)z

Phosgene
It is an important dye intermediate.)

/H
C—C—
Benzoin, \OH || , is obtained from benzalde-

hyde when freated with aleoholic KCN solution, two molecules
of the former condensing,. / r\
S

TR

QuINoNESs

The CO group in an aromatic ketone is not part of the ring.
Quinones are aromatic compounds in which the CO is part of the

ring; e.g.,

0 CO-CHs
] J

k |
il A ketone

A quinone
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(When the 2CO groups are in the p-position with respect to
one another, we get p-quinones, and when in the o-position,
o-quinones. No m-quinones are known.)

The quinones may be regarded as derivatives of dihydro-
benzenes in which 2(CHs) groups are replaced by 2(CO) groups:

0
CHz CH; I
HC CH PAON
2 R ) C=0
HC CH
0
(II}
7N
Quinone,I ” , or benzoquinone, may be prepared by the
¢
1l OH 0)
0 ( l
Oxid.
oxidation of hydroquinone: — ‘k ‘ or by the oxida-
I
- OH 0

tion of aniline with NaoCr207 + HaSO04; or, by oxidizing amino
and hydroxy compounds belonging to the p-series; such as

{ ¢

S0sH

p-Aminobenzenesulfonic acid p—Ammophenol

Benzoquinone is a yellow, crystalline solid, volatile with steam
and possessing a pungent odor. It is reduced to hydroquinone;
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(I) OH
" | {802 + H:0) l\ 7
l I
0] OH
Quinone forms mono- and di- oximes:
O+H; |[NOH (1{\7—011 IIT—OH
] ,
- | -] |
' I (
O O + H;|NOH N—OH
Benzoquinone monoxime Benzoquinone dioxime
and halogen derivatives; e.g.,
0 I i
+Bn HC C<E +B. O56 U<p
e N sy o
(in CHCls) H—C C<Br : Br>C C<Br
| | |
0 0 0
Benzoquinone dibromide Benzoquinone tetrabromide
O (¢]
I I
4cl; ci—( }01
— |~ +4ma
Cl— Cl
| N
0

Tetrachlorgbenzoquinone
or chloranil

(The halogen compounds as shown above illustrate either addi-
tion products within the ring—a fact which suggests that these
quinones are quite unlike benzene derivatives—or substitution
products.)
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When hydroquinone is heated with ferric chloride, quin-
hydrone precipitates. This quinhydrone may be looked upon
as a molecular complex of one mol. of quinone and one of hydro-
quinone, CeH4(OH)2-CeH4O2. This quinhydrone is used very
extensively in pH determinations.

0-Benzoquinone is prepared from catechol by oxidation:

OH (l)
—OH Oxid. =0
—
(Ag20) 7

(The structure of quinones has been used to explain the chem-
istry of dyestuffs and the relationship between color and chemical
structure. See p. 317.)

READING REFERENCES

Boeerr—Recent Progress in Synthetic Perfumes. Journal of Chemical
Education, 8, 1311 (1931).

SampEy—Addition Reactions of Conjugated Double Bonds. Journal of
Chemical Education, 4, 872 (1927).



CHAPTER XXVI
AROMATIC ACIDS AND THEIR DERIVATIVES!

Tre aromatic acids contain the COOH group attached
directly to the ring or to the side-chain; e.g.,

COOH CH.COOH
Benzoic acid or phenylformic acid Phenylacetic acid

Many of the aromatic acids occur in nature (either in the
free state or in the form of esters). We shall select benzoic acid
as representative of the group.

Benzoic acid may be prepared by the oxidation of toluene,
benzyl alcohol or benzaldehyde:

CH,4
OXI.d
CH,0H COOH
oxid
CHO
0""&

1 The student should review Chaps. VIII, IX, XI, and XTI
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or by the hydrolysis of benzotrichloride:

—— OH
H{OH

or by the hydrolysis of the corresponding cyanide:
COOH

(-

Benzonitrile or cyanobenzene

or by the application of the Friedel-Crafis reaction:
COOH

(AlCla)

O— H¥al-c-a_ CcO[Cl + H|oH
-

Phosgene Benzoyl chloride

Benzoic acid occurs (as the free acid or as the ester) in gum
benzoin, resins, balsams of Tolu and Peru, berries, etc. The
free acid is generally purified by sublimation. Its properties are
similar to those of compounds containing, on the one hand, a
benzene nucleus, and on the other hand, a carboxyl group. Some
of its reactions may be summarized as follows:

COOH i —COONa .
+ NaOH —_— . + H20

Sodium benzoate
(used as a food preservative)

COOC2Hs
-CO|OH + H|OC-Hs (HzSO4)1
—

Ethyl benzoate
(used in artificial flavors and in perfumery)
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: i

—COOH + PCls COCl
— + POCl3 + HCI

Benzoyl chloride

—C0 OOMO (\—C{)
RS,

—CO

\O + NaCl

C o> o

Benzoic anhydride

—COO0.
(Heat) CO
Ca —— + CaCOs
C 0 Benzophenone
Calcium benzoste
CONH: CN
CO|Cl + H|NH: —H20
— ——
(P=0s)
Lo Benzamide Benzonitrile
COOH ' COOH
’.' ‘T\S::%
Vg d
& +~HNO # e
- NO,
m-Nitrobenzoic acid
COOH
SO, H

m-Sulfobenzoic acid
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| with NaOH) —
!

N

oo [CI¥ H|0CH; ¢ \—CO0C:Hs
L) + NaCl + H:0

Ethyl benzoate

By the action of Na202 on benzoyl chloride, benzoyl peroxide,

C0-0-0-0

is formed. The compound is highly explosive. It is used for
bleaching, for oxidation, and as a polymerization reagent.

CO _Cl + H[0C:Hj5 COO0OC:Hj;
| (with NaOH) —> + NaCl + H.0

Etbyl benzoate

Benzoic acid itself finds use in medicine as an antlseptlc and
also in the manufacture of dyes. Sodium, lithium and ammonium
senzoates are used as internal a,ntiseptics. Sodium benzoate is
1sed as a food preservative. Benzyl benzoate is used in per-
umery, as an anesthetic, and it possesses much of the pain reliev-
ng qualities of opium without any of the latter’s toxic or habit-
forming dangers.

An interesting synthesis of hippuric acid in the body—by the
kidneys-—is brought about by the combination of benzoic acid
(obtained from fruits, vegetables and, to some extent, pro-
teins) and the amino acid, glycine, (obtamed from the decompom—
tion of proteins):

—CO|OH + H 1‘\T—H " Y—CO-NH.CH,-COOH

® CH.-COOH
Hippuric acid or benzoylglycine
CH3 CH; CH;
—COOH
The toluic acids,
—COOH
COOH

can be prepared by partial oxidation of the corresponding xylenes, or
from the correspondingtoluidines. (Diazo and Sandmeyer reactions.)
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) —CH;COOH
Phenylacetic acid, ‘ : , has its carboxyl group

in the side-chain and is isomeric with the toluic acids, It may be
prepared from benzyl chloride:

} —CH: |Cl + K| CN
- -—>

/TCHZ-CN Hydrolysis CH:COOH
| —
AN

Benzyl cyanide

The acid and its esters are used in perfumery.

o CH=CHCOOH
Cinnamic acid, k\/ , or B-phenylacrylic

acid, may be prepared by Perkin’s reaction:

CH|O + H;|CH-COONa —CH=CHCOONa,

| —
In presence of acetic
anhydride (dehydrating
a'gent) Sodium cinnamatg

+ acid

CH=CHCOOH

Esters of cinnamic acid and the acid itself are present in oil of
cinnamon, resins, storax, balsams, gums, etc. The esters are
used in flavoring materials and perfumery. The properties of
cinnamic acid are those of a compound containing (¢) a benzene
nucleus, (b) a double bond structure, (¢) a COOH group.

CH,—CH,COOH
Hydrocinnamic acid, » or B-phenyl-

propionic acid, is prepared from cinnamic acid by reduction
(sodium amalgam and water).
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Of the phthalic acids,
(IJOOH COOH COOH
7/ \I—COOH A
9 oo |
Phthalic acid Isophthalic acid

10/0]0) 1

Terephthalic acid

the first, or phthalic acid, is the most important; it is used in the,
preparation of over 200 compounds. It may be prepared by

oxidizing o-xylene: o
CHj; COOH
, Oxid.
/' N—CH,
| (HNOz or KMnOy) |
\ \
The commercial method ‘is to pass the vapor of naphthalene and
air over vanadium pentoxide (V20s) (or other catalysts) at

about 400°:

NN\ oxid. i/T—co H,0 COOH

\—COOH

>0 ——

l\ ) '\ /~CO COOH

Phthalic anhydride

Some of the reactions of phthalic acid may be summarized:

~—COOH Heat
O + H: | NH r
‘\ ~—COOH l7700 - ” j—

Phthalic anhydride Phthalimide

—C00 |H HO| C.H; N\'—COOC:H;
+ - } + 2H,0
—COO [H HOj| CoH; COOC.H;

Diethyl phthalate
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(The diethyl phthalate is & bitter substance and is used as a
denaturant for ethyl alcohol.)
1

+ PCls <
co

Thikalyl chioride

OH
Phenolphthalein (colorless)

COONa
B NI
alkalies I
psi—
acids
-
ONa

(Quinoid Structure) (pink)

Phenolphthalein is one of the best-known indicators. It is
also used as a purgative. Phthalic anhydride is used in the
manufacture of anthraquinone (p. 302), and in the manufacture
of several important dyes.

A considerable amount of phthalic anhydride is now being
used in the manufacture of synthetic resins, such as glyptal, etc.
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OH OH
Phenolsulfonephthalein, >C\> and phenol’oetrachloro-
N

so/z
OH  OH
' Q-I I
N, .
05 oS
ca co b

phthalein, and tetralodophenolphthalein, are used to test the func-
tional activities of the kidney and liver.

COOH

HOOO_[/ —COOH

Mellitic acid, , or benzene hexacar-
boxylic acid, may HOOC—\ —COOH  pe prepared by the
oxidation of graph- ite with HNOz. Its
aluminum salt oc- COOH curs in nature as the

mineral ‘ honey stone.” When heated with soda lime, the acid
is converted into benzene:

COOH

|

—_—

__| o
HOOC \ COOH

HOOC~(""\~C00H —800; 4

|
COOH
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CHAPTER XXVII

ADDITIONAL AROMATIC COMPOUNDS CONTAINING
MIXED GROUPS'!

So far we have largely considered compounds containing
single groups attached to the benzene ring, such as nitro com-
pounds, sulfonic acids, phenols, aldehydes, etc.; and also, to
some extent, a number of compounds containing dissimilar or
mixed groups. In this chapter we shall consider additional
compounds with unlike or mixed groups attached to the benzene
ring. As thousands of such substances are known, only a few
of the common and important ones can be mentioned. '

(Note to student: In studying the following compounds, the
student should bear in mind that each group attached to the
ring is responsible for certain characteristic reactions, and that
the properties of the compound as a whole are, as a rule, the
summation of properties exhibited by the individual groups
present. For example, such a compound as

IOH
—OCH;

I

CHO
shows properties due (a) to the presence of the benzene ring,
(b) to the OH group, (¢) to the OCHj3 group and (d) to the CHO
group.)

1'The student is advised at this point to review the rules for substitution

in the benzene ring. (p. 215).
277
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Chlorotoluenes, or tolyl chlorides.—Three isomers are known:

CHj; CHj; CH;
| | |
¢ Y—Cl
Cl
|
Cl
A mixture of the first two (o- and p-) is obtained when toluene
is chlorinated (in presence of a halogen carrier). Direct chlori-
nation of toluene does not yield the third, or m- variety; but we

N

may start with m-toluidine, /\ , diazotize it, and apply
2
the Sandmeyer reaction (p. 243).
Three isomeric chloroanilines are known. When aniline is

.
Cl —Cl
treated with chlorine, sym.-trichloroaniline, | , is ob-
Cl
tained.
Of the three nitroanilines
NO; ll\TOz 1?102
—NH-,
NH:
’ NH»

the second (m-variety) is prepared by treating benzene with
nitric and sulfuric acids to produce the m-dinitrobenzene, and
then employing a sufficiently mild reducing agent to reduce but
one of the NO2 groups:
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NO: 1?’02
‘/\2HON02 3H,S
—_— — > 4 2H0 + 38
(H2S04) NOs NH,

The p-nitroaniline is obtained as follows:

NH; NH.-OC-CHg
CH3COOH ¢\ HONO;
Aocetanilide
NH-OCCH3s l\lTHz
HOH
—_———
| .
NO: NO;
p-Nitroacetanilide p-Nitroaniline

(The object of first acetylating is- to “ muzzle” the NH,
group; or in other words, the NH; group must be protected
against the oxidizing action of nitric acid.)

The o- and p-nitrophenols are prepared by direct nitration
of phenol; the m- variety is prepared from m-nitroaniline:

NO2 ' 1\|702 1\|702
N Diazotize HOH
V—NHz (HCI + NaNO) N<_—-N OH
‘ Cl

(‘)H

0O:N NOg, o ’
Picric acid, or sym.-trinitrophenol, may

NO:
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be prepared from phenol by nitration. Commerecially, it is manu-
factured thus:
OH OH
! !
| ]
H,S04 3HNO3
‘[ _ _—

(H2804)

SOzH
p-Phenolsulfonic acid

C[)H

02N NO:
5 + H,80: + 2H:0

NO:

Picric acid is more strongly acidic than phenol, the increased
acidity being due to the presence of the nitro groups. It is used
in a colorimetric method for determining glucose in the blood,
as a test for creatinine, as a precipitant for organic bases and
proteins, as a ‘“fixing” agent in histological work, in the treat-
ment of the skin diseases and of burns, as an antiseptic, and in
the manufacture of explosives. Pieric acid is also used for the

OH

02N | —NHo:

preparation of picramic acid, and sodium pi-

NO:
cramate, which in turn are converted into several green and brown
dyes. (Many of the nitro compounds of the aromatic series,
such as picric acid and T.N.T.—p. 231 —are powerful explosives.
They were used extensively during the late war.)
I\ITHZ

Sulfanilic acid, I , or p-aminobenzenesulfonic acid, is

7
SO:H
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prepared from aniline by treatment with sulfuric acid, which first

NH;-H2S04

forms aniline acid sulfate, , and this on heating to 180° is

converted to sulfanilic acid. The acid is used in the manufacture -
of several dyes. (Since this compound contains a basic—NHy—
and an acidic—SO3H—group, an “inner salt,” of the type

is possible. Compare with amino acids, p. 144.)

NH,
|
is metanilic acid. It is prepared by reducing
SOsH
m-nitrobenzenesulfonic acid and is used in the preparation of
azo dyes.

Of the phenolsulfonic acids,

OH OH OH
SO:H
' S0;H
o= mr
SOsH

-

the o-variety is prepared by treating phenol with H28O4 (in the
cold), the p-, by heating phenol with H2S04 to 96°, and the m-,
by cautiously fusing (with NaOH) the m-benzenedisulfonic acid.
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A mixture of the o- and p- is used as an antiseptic under the name
« a,septol.”
T

OszH
The o-Toluenesulfonic acid, , is used in the preparation

of saccharin (p.291).

P

Chloramine-T, | ,or sodium-p-toluenesulfon-N-chloramide

/O /Na«
SN
No \ai

or “chlorazene ”’ (a derivative of p-toluenesulfonic acid), is used as
an irrigating fluid in the treatment of wounds, as a mouth wash,
and, in general, as an active germicide. (It has approximately
four times the antiseptic value of phenol.) It was introduced
by Carrel and Dakin during the late war.

¢

Dichloramine-T, , or p-toluenesulfon-N-dichloramide, is

|
S0z-NCl2
also used in the treatment of infected wounds.

(])H

| OCH3
Guaiacol, , or o-methoxyphenol, or the monomethyl

ether of catechol, is found in gum guaiacum and in beechwood
tar, and is obtained from guaiac resin by distillation. (The
guaiac resin, dissolved in alcohol, is the ‘“guaiac reagent” used
in tests for oxidizing enzymes, blood, milk, etc.) Gualacol, as
well as some of its salts and esters, is used as internal antiseptic.
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CH,—CH=CHa;
|
Eugenol, I , or 4-allyl-2-methoxyphenol, is
—OCH;
OH .
present in oil of cloves. It is an antiseptic and local anesthetic
CH=CHCH3;
used in dentistry. An isomer is isoeugenol, B
—OCH;
OH
CH,—CH=CH;
|
Safrole, o , or l-allyl-3, 4-methylenedihydroxy
>CH;
O—

benzene is the chief constituent of oil of sassafras. It is used as
an anodyne.

?H=CHCH3

Anethole, , p-propenylanisole is found in anise

‘ OCH;
seed oil and is used as an antiseptiec.

'NHz

N . .
p-Aminopliénol, , is prepared as follows

0)51
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H
NO: N OH
| | NoH |
Reduction Rearrangement
—_—
(Zinc dust (m presence of
and aleohol) HCQl)

Phenylhydroxylamine

and is used as a photographic developer and in the manufacture
OH
|

of such dye intermediates as p-hydroxydimethylaniline,

| CHs
N
Hs
The 1, 4, or p-aminophenol type of compouffd and its derivatives

make the best photographic developers. Some of the compounds
used as photographic developers are:

(I)H ITIHz -HCl

Q QNHz-HCI
NHs-HCl OoH

Rhodinal or Amidol or

p-aminophenol hydrochloride 1, 3-diamino-4-hydroxybenzene
dihydrochloride

?H

2-HsS04
NH-CHj;

Metol

and there are number of others.
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0OC:H;
p-Phenetidine, L , or p-aminophenetole, is used in the

|
NH,

preparation of phenacetin, and often appears in the urine when
phenacetin is administered.

0OC.Hj
Phenacetin, , the acetyl derivative of p-phenetidine, is

|
NH-OC-CH;
used as an antipyretic and analgesic.

0C:H;
Dulcin, , or p-phenetyl carbamide, is also

NH-OC-NH;
called ““ sucrol.” It is two hundred times as sweetf as cane sugar.

(I)H

—CH.0H,
Salicyl alcohol, or o-hydroxybenzyl alcohol,

or saligenin occurs in combination with glucose in the glucoside
salicin (present in willow bark). It has been recently recom-
mended as a local anesthetic.
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OH

I
CHO
Salicylaldehyde, , or o-hydroxybenzaldehyde, is

prepared by the Rezmer—Twmann reaction:

/ + acid
OINa ONa

CHO
+ CHCIl3 + 3NaOH — + 3NaCl + 2H.0

(The p-modification is also produced, but the o- and p- can be
separated by steam distillation, the o- passing over with the
steam.) This aldehyde occurs in oil of spiroea and oil of certain

flowers and is used in perfumery and in the preparation of
coumarin (p. 309).

OCHs
l

Anisaldehyde, , or p-methoxybenzaldehyde, is found
i
CHO
in anise seed oil and is used in perfumery.

?HO

Vanillin, , or m-methoxy-p-hydroxybenzaldehyde,
OCHj3
I

OH

is present in vanilla bean and is the chief constituent of extract of
vanilla. It is manufactured by the oxidation of isoeugenol:



SALICYLIC ACID

OH (l)H
—OCH3 03 -—0CHj3
or
[ KMnO4
CH=CHCH3 CH~—i{ CH—CH3
\ AN
RN
0—0—0

and also from guaiacol by the Reimer—Tiemann reaction (see
above). It is used in perfumery, as a flavoring agent and as a
gastrie stimulant.-

?H

—COOH
Salicylic Acid, , or o-hydroxybenzoic acid, occurs

in blossoms of meadow sweet, and, as its methyl ester in oil of
wintergreen. It is prepared by the Kolbe—Schmitt reaction:

ONa ' Heat in

COq O—C—ONa autoclave

— I e
at 0] at 130°

110°

Sodium phenyl cgrbonate

0—]C—ONa —OH acid —OH

A - —
—H«—|O —COONa —COOH

Salicylic acid is sometimes used in medicine for the treatment
of rheumatic diseases, to check gastric fermentation and also as
an antipyretic and intestinal antiseptic. It is most commonly
administered in the form of some of its derivatives, such as salol,
aspirin, sodium salicylate, strontium salicylate and methyl
salicylate. It is employed to some extent in the preparation of
corn cures and skin disease salves. Large quantities are used in
the manufacture of dyestuffs.
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OH

—COOCH;
Methyl salicylate, , is the chief constituent

of “oil of wintergreen,” and is the artificial oil of wintergreen.

It is prepared by heating salicylic acid with methanol (esterifi-
cation):

oH

coo [+ T0]om,

A number of the salicylates, and their derivatives, such as

?H ON a
O~COON& 0—000021{5 O—COON&
Sodium salicylate Ethyl salicylate Disodium salicylate

0-0CCHs; O OCCHs

O-cooceﬂs @—COOH O—-COONa

Pheny! salicylate or “*salol” Acetyl salicylic acid, or ‘““aspirin” Sodium acety! salicylate

are used as intestinal antiseptics and as antipyretics.
There are three isomers of nitrobenzoic acid:

COOH CcOo0oH COOH

| | |
NO2 :
NO2
NO;
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the first two being prepared from toluene; e.g.,

CH3 (|JH3 CH;
—NO2
+ HNO;3; — +
' l : NO.
: 4 oxidation |
(IIOOH (IDOOH
-—~NQOg
NO.

and the m-variety, by direct nitration of benzoic acid. On
reduction they yield the corresponding amino acids.

NH.
A number of derivatives of p-aminobenzoic acid, are
l
COOH
NH,
|
important local anesthetics. Anesthesine is , ethyl
COOC.H;

NH

p-aminobenzoate. Novocaine is

COO-CH,-CHz-N(C:Hsg)z- HCL
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It is only one-seventh as toxic as cocaine. Procaine is another
name for novocain. Butyn is

NH;

COO-(CHy)s- N(C4H9)2J 2-HoS0s4,

and is extensively used in dentistry and in ophthalmic surgery.
COOH

—NH;
Anthranilic acid, , or o-aminobenzoic acid, is pre-

pared either from o-nitrobenzoic acid by reduction, or from
phthalie anhydride:

Co
—[0 + H;|NH — O:/NH —
Co

Phthalimide
CONH_ —C NH,
COoH (H ofmann COOH
reaction, p. 139)
Phthalamidic acid

It is used as a dye intermediate and in the synthesis of indigo.

. NH,
Methyl anthranilate, , is a constituent of orange
COOCH;
blossoms, and it is used in flavors (grape) and in perfumery.
SIO3H
—COOH
o-Sulfobenzoic acid , is prepared by the sul-

fonation of toluene and the subsequent oxidation of the CHs
group.
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. —S02
Saccharin; >NH, or o-benzoic sulfinide, may be
CO

prepared as foHOWS'

CH3
HzSO4 SO3H S0:Cl1 NH3
PC15

o-Toluene- o-Toluenesul-
sulfonic acid fonyl chloride
COOH
—SOzNHz SOzNHz —CO
>NH
—————)
(HCI)

o-Toluenesulfonamide

(When toluene is sulfonated a mixture of o- and p-compounds
is, of course, formed. These are separated at the sulfonyl-
CH3

chloride stage : by filtering them with ice, the p-com-~

S0:Cl pon
pound, bemg a solid at that temperature, remains on ‘the filter,
the o- going through in the form of a thick, oily liquid.) .

Saccharin was first prepared by Remsen. It is said to be.
about 550 times as sweet as sugar, and is used as a substitute for
sugar in diabetes, and as sweetening agent in mouth-washes,
tooth-pastes, etc. The substance has no nutritive value. (Since
saccharin itself is not very soluble in water, the sodium salt

S0;
>N—Na, which is very soluble, is manufactured.)

p-Toluenesulfonylchlorlde, is "employed with p-toluenesul-
fonamide as a camphor substitute. p-Toluenesulfonic acid is
also used in the manufacture of dyes. p-Toluenesulfonadee is
employed in the preparation of chloramine-T.
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cood

3, 4, 5-trihydroxybenzoic acid, is
HO— —HO

OH
found free, or as a glucoside in a number of plants (sumach, gall
nuts, etc.), and may also be obtained by hydrolyzing tannins with
acid. When heated, COqis evolved and pyrogallic acid is formed (p.
255). Gallic acid is used in photography, ink and as an astringent.
Tannic acids.—These acids are found in gall nuts and other
plants. Their exact constitution is not known, but since, on
hydrolysis, they yield hydroxybenzoic acids, particularly gallic
—OH
and protocatechuie, ~, it is assumed that they are com-
plex anhydrides of such acids.

COOH N

The mother substances of these tannic acids are tannins,
which are glucosides. (The names “ tannic acid ” and * tannins ”’
are commonly used interchangeably.) Thesé  tannins are found
in gall nuts, oak, chestnut, pine, hemlock, etc. They give char-
acteristic blue-black or green-black colors with ferric chloride
and are valuable astringents. They precipitate proteins and
alkaloids. They are largely employed in the making of leather,
as mordants in dyeing, and in the manufacture of inks.

READING REFERENCES

TiLpEN—Chemical Discovery and Invention in the Twentieth Century.
(1916), chap. 22 (Drugs).

FiscEER—Synthesis of Depsides, Lichin Substances and Tannins.’
Journal of the American Chemical Soctety, 36, 1170 (1914).

Harrow—Eminent Chemists of Our Time. (1927), chapters dealing
with Remsen. ]

Brown—TForest Products. (1919), chap. 3 (Tanning).

Crark—Applied Pharmacology. (1923), pp. 80-84 (The Action of.
Salicylates).

GiLman—Local Anesthetics. Journal of Indusirial and Engineering
Chemistry, 14, 812 (1922).



CHAPTER XXVIII

NAPHTHALENE, ANTHRACENE AND THEIR
DERIVATIVES

So far we have considered aromatic compounds containing
the benzene nucleus; but now we begin to discuss compounds
containing two or more condensed benzene rings, in which—to
take an example—two carbon atoms are common to both rings:

Lol

|
79N/
H—-C (”3 CI}—H
H—(I3 C C—H
N/ o/

| |
H H

Naphthalene

Naphthalene and anthracene are the most important of such
compounds. ,

Naphthalene.—This hydrocarbon is obtained from coal tar
in the fraction distilling over between 170-230° (middle or car-
bolic oil fraction. See chart facing p. 211); the crude product
so obtained is purified by sublimation. Naphthalene crystallizes
in lustrous plates, having a m.p. of 80° and a b.p. of 218°, It is
very volatile and has a characteristic odor. It is used in the
preparation of naphthalene compounds, in moth-balls, as an
insecticide and germicide, in the manufacture of phthalic anhy-
dride (p. 273), and dye intermediates (p. 311).

Naphthalene has the formula CioHs and on oxidation yields

—COOH :
phthalic acid, , which proves the hydrocarbon to

294
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contain a benzene ring, as well as some side-chaing containing
two carbon atoms in the o-position with respect to one another.
That the actual constltutlon of naphthalene corresponding to

CioHs is Jor two condensed benzene rings, is suggested
\

by a number of reactions, of which two will be mentjoned.

Naphthalene, like benzene, can be readily nitrated, yielding
nitronaphthalene, and the latter reduced, giving amjnonaphtha-
lene. When nitronaphthalene is oxidized, we get nitrophthalic
acid, but when aminonaphthalene is oxidized, we do not get
aminophthalic acid, but just phthalic acid. If we write the
structure for nitronaphthalene as

112
NO:

then it is plain that on oxidation, ring (2) must be oxidized to
yield nitrophthalic acid

—COOH
—COOH

I
NOs

whereas if we write aminonaphthalene as

VAVAN
09
NE

then it is equally evident that ring (1) must here be oxidized to

yield phthalic acid
HOOC—/W
2
HOOC—k/
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Obviously, then, there must be two benzene rings in naphthalene—
two benzene rings having two carbon atoms in common.

/DN

3

Naphthalene has 8 replaceable hydrogen atoms: ! .
5 /\4

Since the molecule is symmetrical in structure, positions
1, 4, 5 and 8 are identical, and positions 2, 3, 6 and 7 are identical.
We, therefore, have two possible monosubstitution products, 2
substituent at position 1 (or 4, 5, 8) being known as a- (alpha),
and a substituent at position 2 (or 3, 6, 7) being known as
B-(beta). For example, '
Cl

'03H

a-Chloronaphthalene 8-Naphthalenesulfonic acid

With disubstitution products, where the substituents are the
same, 10 isomers are possible: 1:2, 1:3, 1:4, 1:5, 1:86,
1:7,1:8,2:3, 2:6, 2:7; but where they are dissimilar,
14 isomers become possible. Many substitution products and
derivatives of naphthalene are manufactured, since they are used
as dye intermediates, but only a few of these will be discussed
here.

a-Chloro (or bromo) naphthalene

Cl (or Br) .

is prepared by the direct action of chlorine (or bromine) on boiling
naphthalene. (The 8-chloro—or bromonaphthalene—is prepared
by indirect methods.) On the other hand, when chlorine
{(from potassium chlorate and HCI) is allowed to act on the hydro-

CHCI
7\ \cHal
carbon, naphthalene tetrachloride, an addition
N\ CHCI,
CHCI

product is obtained.
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Some other reactions are:
NO2 NH,

HNO; ' 3H,

' ————— —_—

a-Nitronaphthalene a-Aminonaphthalene |

~or
a-naphthylamine

SOsH

HzSO4 Heated SO3H
! —_— _—
- (heated to " to 160°
80-100°)

a-Naphthalene- B-Naphthalenesulfonic acid
sulfonic acid

The sulfonic acids are used in the manufacture of naphthols:

S|03H
' NaOH
(fus1on)
a-Naphthol
—S0sH NaOH —OH

(fusion) l\)

B8-Naphthol

These reactions, it will be noticed, are entirely analogous to

the preparation of phenol from benzenesulfonic acid (see p. 229).

The naphthols are very important dye intermediates. «-naph-

thol is also used to test for the presence of earbohydrates (p. 172).

B-naphthol is employed internally as anintestinal antiseptic,

and externally, in the form of omtment for the treatment of skin
diseases.

—O0—CHs,
B-naphthyl methyl ether is known as

synthetic “yara-yara” and is used in perfumery. The
B-naphthyl ethyl ether is known as synthetic “ nerolin” and is
also used in perfumery. -
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.L\!'O
N\ OH,

k/ a-nitroso-B-naphthol is used to determine

cobalt in quantitative analysis.

—CO
, B-naphthyl benzoate is used inter-

nally as an intestinal antiseptic in aiarrnea ana typnold iever.

O:COO
, B-naphthyl salicylate is useful 'in

intestinal fermentations.
a-Naphthylamine is prepared from naphthalene:
NO: NH.
5
HNO; 3H,
E—

o

and f-naphthylamine from g-naphthol:

N[O oA N,
(ZnCly) \)

The g-naphthylamine may also be obtained by heating
B-naphthol with ammonium chloride and NaOH in an autoclave
at 160°. The naphthylamines are used extensively for the manu-
facture of dye intermediates and azo dyes (p. 325). . )

(Just as the NHz group in aniline, ete., can be diazotized—
see p. 241—so can the NH» group in naph?;halene sompounds.)

Examples of acids derived from naphthalene are: . .

COOH ) : ' COOH COOH

0 WO 0

a-Naphthoic acid " B-Naphthoic acid Nanhthalic a
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and of quinones:

0]
o «/j&lz“ oy
‘\ ‘ NN\ | /\/
a-Naph'tl(l)oqujnone g-Naphthoquinose Amphi-Naphthoquinone

(The o-variety may he prepared by oxidizing naphthalene
with chromic acid in the presence of glacial acetic acid.)
CH;

, / CH,
 (“Tatralin ?  ar mnanhthalene tetrghydride,
(/Hz

which has been suggested as a motor fuel and solvent is prepared
by reducing ,naphthalene with hydrogen in the presence of nickel

as catalyst. A somewhat similar compound, “decalin,”
H, Hz

; has also been suggested as motor fuel and

so.lven;o They are also used in textile soaps and in detergents.-
" Many" dye intermediates containing different substituents in
the naphthaléne ring are manufactured. A few of these are:
NH,, OH.

SO.H SO;H

a-Naphthylamine . a-Naphtholsul-
sulfomc acid or naphthionic acid fonic acid
OH OH NH

R S-bihydroxy, 3, 6-naphthalene- 1 1-Amino-8- hydroxy' 3, 6- naphthalen&
sulfonic acid or chromotropic acid *  disulfonic acid. or H-acid
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ANTHRACENE

Anthracene, C14Hio, or

00 -0
or
W\ \) A\ VAV AV

is separated from coal tar in the fraction which boils over 270°
(see chart facing p. 211). (From this fraction carbazole,

/ AN
L and phenanthrene, L/ are also recov-
N\ .

2
NH

ered).

The process by which this hydrocarbon is purified is a rather
laborious one. The final purification is carried out by sublima-
tion with superheated steam (m.p. 216° b.p., 360°). Anthra-
cene comes in the form of colorless, glistening leaflets, having a
blue . fluorescence. It is used in the manufacture of anthra-
quinone and its derivatives.

The structure of anthracene has been confirmed by a number
of syntheses of the compound, one of which will be given: In
the presence of AlCl;, two molecules of benzene combine with
one molecule of tetrabromoethane to form anthracene (Friedel-
Crafis reaction.)

H
III I
H Br—C—|{Br H|— (AICls)
+ T+ A
H Br[—C—{Br H|— ' N
| C
H |
H

The positions of the replaceable hydrogen atoms are numbered

thus:
AN
e 1L
N NN\

and from its structure it may be seen that positions 1, 4, 5 and 8

bear exactly the same relationship to the molecule. This is also
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true of positions 2, 3, 6 and 7, and of 9 and 10. There are pos-
sible, therefore, three mono-substitution products; 1, 4, 5 or 8-
being known as a-; 2, 3,6 or 7, a8 8; and 9 or 10 as v (gamma);

e.g.,
al Br
a-ChloroaI;thracene B-Anthracenesulfonic acid y-Bromoanthracene

The most important derivative of anthracene is anthraqui-

none,
CO
/II\
ey
AN
CO
which is prepared irom anthracene by oxidation with chromic
acid (NagCrz07 and H2S0y).

(Nitric acid does not give rise to nitro-derivatives with anthra-
cene, but converts it to anthraquinone—an indication that the
central nucleus in anthracene is somewhat different from the two
outer benzene nuclei.)

Anthraquinone is manufactured on a large scale, for it is used
in the manufacture of dyes (such as alizarin) and dye inter-

mediates. It is synthetically produced from phthalic anhydride
by condensing the latter with benzene.

CO
CO
CO
H,S04
_—
(dehydrat-
bore) ing agent)

CO

o-Benzoylbenzoic acid
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A number of other important anthraquinone derivatives used
in the manufacture of dyes are:

S0sH
[ I )ﬁ [ T jij—sogH C —NH,
\co \co
a-Anthraquinone- B-Anthraquinone- B-Aminoanthraquinone
sulfonic acid sulfonic acid

A few other condensed ring compounds obtained from coal
tar are:-

CH CHz
Phenanthrene Acenaphthene

CiqHio Ci12Hio

Chrysene
CisHie

READING REFERENCES

BarnNsTT—Anthracene and Anthraquinone. .

KvripsTEIN—The Development of Synthetic Anthraquinone. Industrial
and Engineering Chemastry, 18, 1327 (1926).

PrirLips—Chemistry of Anthraquinone. Chemical Reviews, 6, 157 (1929).

A careful survey of the compounds so far studied will reveal
that they have been prepared by making use of one or more of
the following type reactions: halogenation, reduction, alkylation,
oxidation, condensation, nitration, sulfonation, amidation, alkali
fusion, nitrosation, hydrolysis, internal rearrangement, etc.
Many of the substances prepared in this way are classed as dye
‘“ intermediates "-and are used in the preparation of dyes, which
are taken up in Chapter XXX.



CHAPTER XXIX

HETEROCYCLIC COMPOUNDS

TaE “cyelic” or “ring”’ compounds so far considered, with a few
exceptions,such as succinic anhydride, lactones, etc.,bave contained
the same elements within the ring (in this particular case, carbon
atoms; hence carbocyclic). There are, however, very many com-
pounds containing ““cycles” in which elements other than carbon
are also present; these are known as heterocyclic, for example,

(EHz o (‘JHz—(‘JHz (“}H—ﬁH (ﬁH—?H CH—C
I 1
CH, co €O cH CH CH CH (llJH gﬁ
e N0/ N N0/ Ny
Sueeinic Thiophene Furan I
anhydride
H
CHz Pyrrola
'/ \\\ Hzc/\CHZ ‘/ { \\\
k ) HthJCHz N\ )
N N _ N
Pyridine | Quinoline

H

Piperidine or Hexahydropyridine

|
0t tx(
[l =0, ete:
H—N—C—N
\H

VUric acid or 2, 6, 8-triketopurine

(trioxypurine}
CH—CH

Furan, || , or furfuran, occurs in pinewood tar. Its
C

|
CH
o/ CH—CH
most important derivative is furfural, || I
C—CHO

o
aldehyde, which may be, obtained from a pentose sugar, or pen-

tosans, when boiled with hydrochloric or sulfuric acid (see p. 167):
304

, or furfur-



PYRROLE

H-Q C-H
YoH! [HOY
P
-

H-c\{\g_ 1| HfC-CHO
(OH  HO

e — e

(This serves as the basis for the detection and estimation of
pentoses and pentosans.) Commerecially, furfural is prepared
from corn and maize cobs, oat hulls, and other waste cereal products
rich in pentoses or pentosans. It is used in the manufacture of
synthetic resins, disinfectants, deodorizers, solvents, paint and
varnish remover, etc. The general properties of furfural are
similar to those of benzaldehyde. On oxidation, we get pyromucic

CH—CH

acid, || I , which, as its name implies, may also be
CH C—COOH
\O/ '

prepared by heating mucic acid, COOH-(CHOH)+-COOH, an
oxidation product of galactose (p. 177) or lactose. (The Molisch
test for carbohydrates—p. 172, is said to be dependent upon the
production of furfural or its derivatives.)
CH—CH
Pyrrole, || || , is present in coal tar and in bone oil
CH CH

N
B
(Dippel’s oil), which is a product of the destructive distillation
of bones. (The pyrrole ring is present in a number of alkaloids.)
CH;—CH: :
It may be reduced to pyrrolidine, | | , a carboxylic acid
: CH; CH. .
N2
1
H.
CH,—CH;
derivative of whichis proline, | | . one of the decom-
CH, CH.-COOH

N

|
H

position products of proteins (p. 152). Pyrrole compounds may be
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obtained from tne aestrucuive aistiation of ledther scrap and ot
gelatin,
I~-C—C—I ]
Iodol, | |, or tetraiodopyrrole, is an antiseptic, and
g SR g

N\

|
H
- sometimes used in place of iodoform.

Other nitrogen-containing’compounds are:

Hl(lj——(”)H Hz?—CH H,C——-CH
: B | :
HC N HC N oCc | ll\lT
| | o
H H - H
Pyrazole Pyrazoline (dihydropyrazole) . Pyra'z_olone

A derivative of the last compound is antipyrine:

H(il4=3(;)——‘CH3
0Cs 1 o N—CHj3
%
f.
CeHs

or 2, 3-dimethyl-1-phenyl-5-pyrazolone, which.is made by con-
densing acetoacetic ester with methylphenylhydrazine:

CHs—C[0 H|N-CH;
T :
C|H|H-CO[0GH, _ H|N—CsH;

Antipyrine is used as an antipyretic and analgesic. (The
4-dimethylamino derivative of antipyrine is known as “pyrami-
don ’ and is used for similar purposes.)

Phenyl methyl pyrazolone is used in photography and is known
as “developer Z.”

© CH—CH «
Thiophene, || ||/ /occurs in crude benzene and is the
CH CH*
NS
S

mother-substance of many sulfur-containing compounds, b.p. 84°.
It ie ecanaratad fram henzend hv reneated eviraction with .80,
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thiopheneé is readuly suliondted, wnile benzeng! is not), and may
oe identified by_ the mdophenm teaction (4 mixture of isatin,
thinnhana and H2804 glves a hlie anldeY

Pyridine, (which .may *be: looked upon #8, benzene In

N 4
which one CH is replaced by N), is found in coal tar in the “light
oil fractlon' Ain tobacco, smoke, ‘in> Dippel’s, oil, and in crude
ammonia. Pyndme ds soluble in water, the .°>0111t1011 being
:hghtly alkaline in reaction. It has«a charactenstlc, putrid odor
and Is-“an extremely stable substance, not being attacked by
chromic acid (Cr()g) of nitric deid. It is used to denature alcohol.
(The_pyridine r1ng is presenj; in a number of alkaloids.)
The positions in pyrldme are numbered

.y .
A
:C!Jﬁi Ja’.
4
N
The ‘compound has three mono-substitution pr6dﬂ£?sj_9f ‘the tvpe
X
X. , :
N# E N : N

When reduced ‘pyridine y1elds piperidine, a substance which
occurs in pepper and has a pepper-like odor.

CH,

CHZ CHz

| I
CHZ N CHz

\NE

yumoune, Oi), a condensation of one benzene and one
NT
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pyridine ring, is present in coal tar and bone oil, and may be
prepared by the Skraup’s reaction, in which a mixture of aniline,
glycerol, Ha804 (dehydrating agent) and nitrobenzene (oxidizing
agent) are heated:

H H
CH / /N/\ / N/\
(\_NH2+ \>CH_) (‘:H2 —H:0; CH:
C

Acrolein
(from glycerol+H2S0y)

Acroleinaniline

(addition)
mtrobenzene
°/ \/
COOH
On oxidation, quinoline yields quinolinic acid,
—COOH

N
N
(What does naphthalene yield on oxidation?)
(The quinolire ring is present in certain alkaloids.)
A quinoline derivative known as “ plasmochin” has been
introduced as a new remedy for malaria.
8-Hydroxyquinoline is used in the quantitative determination
of metals, especially aluminum.

Isoquinoline, l | | . is found in coal tar. (The iso-
N B

quinoline grouping is present in a number of alkaloids.)

Coumarin, I ‘ , is the sweet-smelling constituent of
CO
AN
.0

tonka hean, and freshly-mown hay. It is used extensively in
flavoring extracts, flavoring tobacco, perfumery and as an adulter-
ant for vanillin. It is made by the following series of reactions:
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/" \—ONa + CHCl; + 3NaOH ¢ \—OH  + CH;COONa
l and Acetic an-
'\ Rezmer—Tzemann N /~CHO hydride —
Reaction (p. 286) (Perkin reaction,
Sahcylgldehyde p. 27’2) .
= : Neo
—CH=CH—CO OH
o-Hydroxycinnamic acid Coumarin
Indole, , represents a condensation of the benzene
|
H

and pyrrole rings, and is an intestinal product formed when
proteins putrify. Indole is a highly toxic substance and is
de-toxified by being converted into indican, in which form it is

eliminated in the urine:

CH O C(OH) + H2S04
—_—
1
I H
Indoxyl
]-——HC(O-SO3H) + K salts O -C(0-805K)
1\lr N
H H

Indoxy! sulfuric acid Indoxyl potassium sulfate or indican

(The amount of indican in the urine is a rough indication of the
extent of putrefaction within the intestine.) :
Indigo is a natural product cbtained from the indigo plant
(in which it occurs as the glucoside “indican ”’)—which grows in
tropical countries—and is one of the oldest and best known vat
dyes. Its synthesis in the chemist’s laboratory (by Baeyer)



JOHANN FRIEDRICH WILHELM ADOLF BAEYER (1835-1917)

RESPONSIBLE FOR THE SYNTHERIS OF INDIGO (p. 309), WAS ONE OF THE MOSt
FRUITFUL WORKERS IN ORGANIC CHEMISTRY DURING THE NINETEENTH CENTURY,
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ranks as one of the great achievements in the history of organic
chemisiry. It may be produced artificially by the following
series of reactions:

0 CO NH; CO
_— —0— _—=NH
co G0
Naphthalene Phthalic anhydride Phthalimide
H0 COOH
P
CONH;

Phthalamidic acid

NaOCl —CO0OH
—_—
(Hofmann —NH[H + Cl]| CH.-COOH
reaction, p. 139) ¥
Anthranilic Chloroacetic
acid or acid
o-aminobenzoic
. acid
—COOH

NH—CH;—COOH

Phenylglycine-o-carboxylic acid

NaOH(fusmn) C(OH) —-—COz C(OH)
HO) c COOH
H H

Indoxylic acid Indoxyl (enol form)

oxid. /N /N
— >C=C< ) I

(air)

Indigo
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On a commercial scale at the present time, indigo is prepared
as follows:

NH/H+CICH,- COOH

H-CH; COOH] Heated
w1t

NaNHZ

(Sodamide)

Phenylglycine Indoxyl (keto form)
NH NH
air oxidation
— o=
(2 mols.)
CO CO
Indigo

Prior to the World War the production of synthetie indigo
accounted for 28 per cent of the total production of coal-tar dyes.
Despite the fact that there are over one thousand chemically dif-
ferent dyes now in commercial production, indigo has maintained
its position as the leader in quantity.

(The disodium salt of indigodisulfonic acid, known also as
“indigo carmine,” is used as a food color.)

H, ,
Skatole, , or B-methylindole, is also a putre-

N

|
H

factive product formed in the intestine and its fate in the body is
similar to that of indole. It is present in feces and has an
extremely disagreeable odor.

CH—CH-COOH
Tryptophan, | , or a-amino-g-in-
NH.
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dolepropionic acid, has already been referred to under amino
acids (p. 148).
H

C
/ \/\
Two other heterocyclic compounds are acridine, Y
N
N

present in coal tar, and carbazole, or dibenzopyr-

N

|
H

role, present in anthracene oil. Carbazole is used in the manu-
facture of dyes.

Two important derivatives of acridine have recently been
introduced in medicine:

OO

6 3|INT .

HQN\V\::\? N NH:-HCI LN / \N NH,
/N

CH; Cl H SO04H
Acriflavine or Proflavine
3, 6-diamino-10-methyl- or
acridinium chloride 3, 6-diaminoacridinium
hydrochloride . hydrogen sulfate

They are strongly antiseptic and non-toxic.

READING REFERENCES
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3, 1259 (1926).

Hexrica—Adolf von Baeyer. Jowrnal of Chemical Education, T, 1231
(1930).



CHAPTER XXX

DYES AND STAINS:
DyEs

Dygss have a wide application. They are applied to cotton,
linen, silk, wool, paper, straw, wood, leather, feathers, hair, fats,
waxes, soaps, inks, food, condiments (jams, macaroni, candy),
varnishes, paints, etc. In analytical chemistry, dyes are used as
indicators (e.g., phenolphthalein, congo red, methyl orange).
In histology and bacteriology, they are used for staining miero-
scopical preparations (e.g., methylene blue, acid fuchsin, safra-
nine, eosin, gentian violet, neutral red, Bismarck brown).
Dyes are also used as explosives (picric acid, picrates, trinitro-
cresols, ete.); in photography (eosin, erythrosin, etc.); as anti-
septics (acriflavine, proflavine, malachite green, mercurochrome-
220, etc.); in geographic and sanitary investigations, dyes (eosin,
fluorescein) have been used to reveal whether any connection
existed between flowing waters, sewage contamination, ete.

Dyes have been used from the very earliest times. Until the
middle of the last century, those used for dyeing and printing
were the vegetable dyes, coloring substances from certain insects
(as cochineal) and molluses, and a number of mineral colors. In
1856, Perkin, in attempts to prepare quinine artificially, found that
aniline (a coal-tar produet) could be oxidized with chromic acid to
yield a violet dye, to which was given the name *“ mauve.” This
was the first coal tar dye to be prepared, but since then no less than
3000 dyes derived from coal tar products have appeared on the
market.

The dyes, then, may be either “natural” or “ artificial.”
Among the former are logwood, fustic, Brazil wood, turmeric,
natural indigo, ete., and they still find uses. The artificial dyes,
however, play a much more important part in the industries. The
ones of particular value are * fast ”’ to light, rubbing and washing.

Dyes are also classified in accordance with their behavior
towards fabrics as ‘“ substantive ” or ¢ direct ”’ and “ adjective ”’
or “ mordant ”’ dyes. The “ direct ” dye can be applied directly
(without a mordant) to the fabric, usually silk or wool. The
‘“ adjective” or ‘“mordant” dye needs a ‘ go-between "—a
third substance which attaches itself to the fabric on the one
hand, and the dye on the other; this third substance is the
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WILLIAM HENRY PERKIN (1838-1907)

PREPARED THE FIRST COAL-TAR DYE, ‘‘MAUVE” (p. 314), AND IS THEREFORE
CALLED THE "I-‘AT}!ER" OF THE COAL TAR DYE INDUSTRY.
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“ mordant ”’—* bite into ”’—(e.g., various aluminium, chromium
and iron salts, tannic acid, etc.). The combination of a mordant
and a dye is known as a color ‘““lake,” the color of the “lake”
varying with the type of mordant used. By using different
mordants with the same dye, various colored lakes are produced.
“ Mordant ” dyeing is mainly used for cotton goods. (In
“ direct 7 dyeing, the fabric is immersed directly in the prepared
dye bath, heated to the required temperature, and agitated for
a certain length of time.)

We cannot in this volume go into the various theories which
have been suggested to explain the process of dyeing, beyond
merely enumerating them: the chemical .theory—a combination
of the dye with the components of the fabric or certain constitu-
ents of the cell; the mechanical theory, based on adsorption;
the solution theory, somewhat like the solution of one metal in
another, as in an alloy; and the colloid theory, based on the col-
loidal properties of the reacting substances.

From the practical standpoint, the classification of dyes
depends upon their behavior towards fibers.

The dyes are divided into:

(1) Acid dyes, which include nitro compounds and the sodium
salts of sulfonic and carboxylic acids. These are direct dyes for
wool and silk (in an acid bath), but are not adapted for the dyeing
of cotton. The usual method employed here is to boil the material
with the color solution in the presence of Glauber’s salt and dilute
sulfuric acid. (These dyes fade rapidly when the fabric is washed
with soap or washing powders, but are resistant or ‘“ fast ” to the
effects of sunlight.)

(2) Basic dyes, substances which readily combine with acids
to form salts. They are “ direct ” dyes for silk, artificial silk
and wool, but not for cotton and linen. The last two have first
to be “mordanted,” the mordant used being acid in character
(such as tannic acid, for example), since the dye itself is basic.
Fabrics dyed with basic dyes fade when exposed to sunlight. The
basic dyes owe their basic character to the presence of an amino
group, and usually appear on the market as hydrochlorides, zine
double salts, compounds with oxalic acid, etc. The basic dyes were
the first coal-tar colors, mauve itself (p. 314), being a basic dye.

(3) Direct cotton dyes, usually sodium salts of sulfonic and
carboxylic acids and generally contain the azo (—N=N-—)
grouping. They are adsorbed by the fiber directly and are used
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mainly for dyeing cotton material (in the presence of NaCl or
NasS04).

(4) Sulfur dyes—produced from various aromatic organic
compounds by the action of sulfur and sodium sulfide. They
are used for dyeing cotton and are fairly ‘‘ fast ”’ to washing.

(5) Vat dyes. These dyes are first reduced (generally with
sodium hyposulfite, usually called sodium hydrosulfite, NagS204),
the fabrie being then agitated in the reduced dye bath and exposed
to the air (whereby the dye is oxidized). Examples of such dyes
are indigo and anthraquinone dyes. They are very stable, being
the ¢ fastest ”’ colors known. - '

(6) Mordant dyes, which are generally of a phenolic or acidic
character. Here mordants must be used to fix the dye to the
fabric. Examples of mordant dyes are the coloring matters of
dye woods (such as logwood and fustic) and alizarin.

(7) Ingrain dyes. These include substances (such as aniline
black and para red) which are really only formed in the dye bath
as a result of the chemical combination of two or more compounds.

" They are mainly cotton dyes.

The classification just described is a somewhat empirical one -
and arose in response to the practical needs of the dyer. There
is still another classification, a more scientific one, based on the
presence of certain groups in the molecule of the dyestuff. All
dyes, in the first place, contain a chromophore, or color-producing
group, such as the nitro, —NOs, the azo, —N=N—, the-nitroso,

—NO, the quinoid {5 __\’ co s, CN, >o

(azoxy) groups, ete. But before the colored body can hecome a
dye, it must also possess either acidic or basic characteristics, so
that it can attach itself to the fiber, or to the tissue (within the cell).
These acidic or basic properties are given to the dye when auxo-
chrome groups are present, such as OH, SH, NH,, NHR, NRo, etc.
For example, azobenzene,

g

which is a colored compound, is not a dye, but p-dimethylamino-
azobenzene,
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N=N—
N(CHs)z
is a dye.

The entire subject of dyes is so extensive, that nothing more
than a few members of the class can be mentioned here. How-
ever, the latest, and generally accepted classification of dyes will
be given, and each type will be illustrated by one or more examples
of dyes, stains or indicators in use. (The student should make a
point here of noting the presence of chromophore and auxochrome
groups in these compounds.) ’

CLASSES OF
DYESTUFFS ExaMpLES

Nitroso dyes
0

l
—NOH

0

I
NOH

Resorcin green
(Dye)

Nitro dyes
ONa

I
NaO3S—— ——NOz

2
Naphthol yellow S1
(Dye and food color)
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CLAssES OF
DyestUurrs ExampLES
on
O0:N—¢" Y—NO:
NO:
Pieric acid

(Dye and explosive)

Stilbene dye
SOsH S0;H

e e
CH—CH3~—N=N—CsHs—CH

|

CH—CgHs—N—N—CeH;—CH
Non NN

SO0:H O S0;H

Sun yellow 1
(Dye)

Pyrazolone dyes

COOH

H  C=N

|
CoHy—N—N=C

I
S0sNa ~ O=C—N-CeHs-SO0sNa

Tartrazin 1
(Dye, stain and food color)

Azo dyes
e

— N=N—
NH-HCI

Chrysoidine

(Dye)

1 Notice the presence of the sulfonic acid grouping, or of its salt, as part
of the structure of some of these dyes. The presence of this group increases
the solubility of the dye in water.
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CLASSES OF
DYESTUFFS ExampLEs

—N(CH3z)z-HCI

Butter yellow
(Dye and indicator)

N=N—
NaOgS—\/ N(CHj)2

Methyl orange
{Dye and indicator)

1
Nz N ‘

SOgN&

"
N=N—

|

SOgNa

Congo Red

(Dye and indicator)

Diphenylmethane dyes
C—

NH-HCl

&(Cﬂa)z 1{T(CH3)2

Auramine
(Dye)
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CLASSES OF
DYESTUFFS ExAMPLES

AN
]

N(CH3)2 N(CHs)z lllT(CH:s)z

Crystal violet
(Dye and stain) Cl

Triphenylmethane dyes

C
/
/ \
g
N(CHye ’1>II<CH3>é
L

Malachite green
(Dye and stain)

Xanthene dyes
(lJI

4 v
{CoHs)2N- /N \\|—N(C2H5)2

o/ J
|
COOH

Rhodamine B
(Dve and stain)
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CLASSES OF
DyEestUrrs ‘Examerws

=

Acri(iine dyes

Chrysaniline,
ye) -

Quinoline dyes o
|

) e
LCH-_ﬁ"J
0

Quinoline yellow
(Dye)

Indophenol dyes

i§=

Indophenol blue
(Dye)

(CH3z)oN—

N\/@

E

Oxazine dyes

/ /1\1

(CH3)21T= /\O

Cl

Meldola’s blue
(Dye)
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CLASSES OF
Dygsrurrs” EXAMPLES
- ) X -

Thiazine dyes

/ =N (UH3)2
N(CHs)z2 S N
Methylene blue «
. 5 -.~- * , (Dye and stain)
Azine dyes
1{30_'0 _CH3
A2 N= ) —NH
\N 2
Cl H
Safranine
(Dye and stain)
Sulfur dyes

HO— \N/ N

Sulfur black
{Dye

Anthraquinone dyes
I
»CO
N\ —0H

co”

Alizarin
(Dye and indicator)
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CLASSES OF
DyEesTUFFS ExamMpLES
,CO
Nco (" N_m
H=X /(?/\
CO
Indanthrene blue R
(Dye)
Indigo dyes
CO
90N /0
>G-C/ */
\NH/ \NH
Indigo

(Dye)

While the preparation of all of the above dyes cannot be given
here, the principles employed in the synthesis of a few of them will
be included.

Methyl Orange

NH: =N— CI
Diazotized coupled with
_—

SOz:H SOzH . N(CHs)2

i+

l
SOsH  N(CHs)z

Methyl orange (sodium salt)

Hj
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T
‘~I=N-— Cl 4+ H]—— 1TI=
| N\

Congo.-Red

di-diazotized
—%

or tetrazotized

v -_\_( >§ E

Malachxte Green, N(CHa)z

C/F+H

\H

)

325
NH:

SOz;H SOzH
LY

/N

Y NHz \(
Bgfie N_—N—IC: 1+H ‘@ N=N——Cij

SOzH . SOz;H

Naphthionic acid Congo red

N(CHg)z

OO

dehydrating agent
as HCl or ZnClg’

N(CH3z)2 N(CHaj):

|
Q QOXJ dation
O/

—_—

\ PbO2-tacid

Leuco-base .of Malachite green

N(CHz3)2

0.

< /\——N (CH3)2

Color base of Malachite green (colorless)
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N(CH,), I\(CH3)2

J g

Alizarin,

/ Oxid

1 Q 3))(0 H3)2

Malachite green

+ H:804 —
N N

Anthraquinone

SO3H fusion with 3NaOH
* and oxidizing agent

8- anthraqmnonesulf onic acid

ONa

OH

|
/\/CO\/\*ONa SO on
U UM
\co \co

Alizarin
(The preparation of phenolphthalein is given on p 274 and
of indigo on p. 309).

STAINS

Dyes have come into use in bacteriology, because very often
various bacteria can be differentiated by * staining ”’ them with
dyes. A stain is a dye or any other substance which colors tissues

so that they can be submitted to microscopic examination.
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Basic aniline dyes are the type of stains commonly used;
these show special affinity for the nuclei of cells. Acid dyes are
also sometimes used; these usually have a selective affinity for
the protoplasm. Some of the most commonly employed aniline
dyes are methylene blue, gentian violet, fuchsin, crystal violet,
safranine, etc.

The chemistry of the process involved in staining is probably
not unlike that which occurs in dyeing; there may be a chemical
combination between the dye and the protoplasm of the cell, or
a process of adsorption may be involved, or possibly both processes
are operative.

(Recent research has resulted in the production of a “tripan-
red ” type of dye, of unpublished composition, known as ¢ Baeyer
2905,” which appears to be the most active trypanocide yet dis-
covered. It has been used with success in advanced cases of
African sleeping sickness.)
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CHAPTER XXXI
TERPENES AND RELATED SUBSTANCES

THE terpenes are complex hydrocarbons, usually with the
formula CioHig, present in, or obtained from, such substances as
camphor, oil of turpentine and particularly ‘‘essential oils.”
(“Essential oils ” are the products obtained when certain plants—
such as the conifer and citrus—barks, leaves or flowers are dis-
tilled with steam; or when the oil is pressed or extracted with
organic solvents. They are usually sweet-smelling substances
containing a number of related organic compounds and are
extensively used as flavors, in perfumery and in medicine.)

The compounds classified as terpenes fall into several classes:

CsHg—hemiterpenes,
CioHi6—terpenes (true terpenes),
CisHzs—sesquiterpenes,
(C10Hi16)—polyterpenes.

The terpenes are hydroaromatic hydrocarbons, closely related

CH;

l
VAN
to cymene, U , or p-methylisopropylbenzene. Every terpene
|
CH

N
CH; CHs3

contains a hydrogenated benzene nucleus and either a methyl
and isopropyl group, or radicals related to these groups.
328
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Some of the more important compounds belonging to the
terpene group are as follows:

CHj3

(I)\
/ A
HC CHs  “cH

CHg——é}/

HzC\' - JCHe
N

CH

Pinene, , is the chief constituent

of oil of turpentine. Owing to the presence of a double bond, it
forms addition products with halogens, halogen acids, nitrosyl
chloride, nitrogen peroxide, etc. One such product, pinene
hydrochloride (obtained by uniting pinene with hydrochlorie
acid), is “artificial camphor,” which resembles camphor.

(When crude turpentine is distilled with steam, pure turpen-
tine or “oil of turpentine ” ¢ollects in the distillate and “rosin,”
or “colophony,” a solid resin, remains in the still. The oil of
turpentine is used in paints and varnishes and the rosin is used
in soap making, varnishes, sealing wax, etc.)

e
s
HCZ \CH,

Limonene, , is present in oil of lemon, lime, etc,
H,C CH; :

(’3H
C
N\
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7
i
CH
H.C{ Y\ CH; -
Menthane, ‘ , or hexahydrocymene, is not a
H,CC ,3CH,
CH

|
CH

8

CH; CHs
9 10

natural produect, but we have a number of important substances
related to it.

CH3

Hs CH:
Menthol, H or menthanol, occurs in oil of
H,C

/\
CHs CHj

peppermint. It has a peppermint-like odor and finds extensive
use as a flavoring agent.

I

/CH

HyC CHq

Menthone, , or menthanone, is the ketone cor-
H.C CH C=0

I
CsHy

responding to menthane, and is also found in oil of peppermint.
Like other ketones, it may be reduced to a secondary alcohol (in
this case to menthol).
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L
Q
H,C( N\CH
Terpineol, , is found in essential oils and has an
HC CH,
CH

I
C—OH

AN
CH3 CH;
odor resembling that of lilacs. .
CH;
&
o/ N\C=0

Carvone, , is the principal constituent of oil of
HC CH.

(FH

C .
AN
CH; CH,
caraway and possesses the characteristic odor of this oil.

.

H,C C=0 -
Camphor, H3C—C—CHs is obtained from the
H

2 CHZ

camphor tree by steam distillation. It may also be obtained
synthetically from pinene hydrochloride (p. 329). It is largely
used in the manufacture of celluloid (p. 184) and in pharmaceutical
preparations. (The artificial camphors on the market are either
pinene hydrochloride or triphenyl phosphate, p. 251. Artificial
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camphor does not have the same structure as natural or syn-
thetic camphor.)

C/ \\C/H

H,
Borneol, H;C—C—CHs
HZC /

CH

hol obtained from camphor (a ketone) when the latter is reduced.
It occurs in nature, being known as ““Borneo-camphor,” and has a
camphor-like odor.

The following are the important olefin terpenes:

Isoprene, CHy=C—CH=CH,, or 2-methyl-1, 3-butadiene

be

(see p. 38), is optained by the distillation of rubber or caoutchoue.

Citrene, CH3—C=CH—CH,-CHs—C=CH—CHj, is a ter-

\OH is the secondary alco-
CH,

(|3H3 (|3H3
pene obtained from lemon oil.
Geraniol (the alcohol),
CH3—C=CH—CH2—CHy;—C=CH—CH-0H
L i,
is found in rose and geranium oils; and citral (the aldehyde),
CH3;—C=CH—CH;—CH>—C=CH—CHO,
(IJHg ICH3
in lemon and orange oils.

CHs
\(C.CH;-CH;-CH,-CH-CH;-CHO  oceurs

Citronellal,
cHY

l
CHs
in oils of citrus fruits, '



o1l
Allspice
Angelica Root
Anggelica Seed
Anise
Birch
Bitter Almond

Camphor
Caraway
Cedar Wood
Celery Seed
Cinnamon Bark
Citronella
Clove

Cognac
Eucalyptus -
Fennel

Garlic
Geranium
Ginger

Guaiac Wood
Hops

Jasmine
Juniper Berries
Lavender
Lemon

Lime
Mustard
Neroli
Nutmeg
Onion
Orange
Pepper
Peppermint
Rose
Sassafras
Spearmint
Thyme
Tolu
Turpentine

TABLE OF ESSENTIAL OILS

TABLE OF ESSENTIAL OILS

Chief Known Constituent

Eugenol; sesquiterpene
Phellandrene; valeric acid
Phéllandrene; valeric acid
Anethole; anisaldehyde
Methyl salicylate
Benzaldehyde; hydrocyanic acid;

nitrile .
Camphor; borneol; pinene
Carvone; d-limonene

. Cedrene; cedar camphor

Limonene; phenols
Cinnamaldehyde; eugenol
Geraniol; citronellal

Eugenol

Esters of caprylic acid
Phellandrene; cineol

Anethole; fenchone

Allyl propyl disulfide; diallyl disulfide
Geraniol; citronellol

Phellandrene

Guaiacol

Humulene; geraniol; terpenes
Benzyl acetate; linalol

Pinene; cadinene; juniper camphor
Linalyl acetate; linalol

Limonene; phellandrene; citral; citronellol; geranyl

acetate; linalol
d-Limonene; citral; methyl anthranilate
Allyl isothiocyanate
Linalyl acetate; linalol; geraniol: limonene
Myristicin; pinene
Allyl propyl disulfide
Limonene
Phellandrene; dipentene
Menthol; menthyl esters; menthone
Geraniol; citronellol; geranyl acetate

Safrol; eugenol; camphor; pinene; phellandrene

Carvone; limonene; pinene

Thymol; carvacrol; cymene; linalol; borneol
Esters of benzoic and cinnamic acids

Pinene

phenyloxyaceto-
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Valerian Borneol; bornyl formate, acetate and isovalerianate;
pinene; camphene

Wintergreen Methyl salicylate

Ylang-ylang Linalol; geraniol; benzoic esters; methyl ester of
p-cresol.

(0il of Chenopodium, an old household remedy for worms, is a
mixture of various terpenes.)
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CHAPTER XXXII
VEGETABLE ALKALOIDS

VecETABLE alkaloids are basic nitrogenous substances which
oceur in plants usually in combination with organic acids (citric,
tartaric, oxalic, malic, ete.) and which are characterized by power-
ful physiological activity. They contain the elements C, H, N
or C, H, O and N and are complex in constitution, generally con-
taining pyrrole, pyrrolidine, pyridine, quinoline or isoquinoline
groups in their structure. Only a very brief presentation of the
subject can be given here.

Alkaloids occur in dicotyledonous plants. Most of them are
crystalline (coniine and nicotine are liquids) and most of them
are levorotatory. They are insoluble in water, soluble in alcohol,
ether, chloroform, etc., to a greater or less extent, form water-
soluble salts with acids, have a bitter taste and some are exces-
sively poisonous. Most of the alkaloids are used in the form of
salts, such as hydrochloride, nitrate, bisulfate, sulfate, phos-
phate, etc.

The following substances, known as “alkaloidal reagents,”
precipitate alkaloids from their aqueous or acid solutions; tannic
acid, potassium-mercuric iodide (KI+4Hgls), phosphomolybdic
acid, pieric acid and phosphotungstic acid.  (The “alkaloidal
reagents *’ are quite often used to precipitate proteins.)

Color reactions -are frequently used to identify certain alka-
loids.

The method of extraction from plants often consists in extract-
ing with acidified (HCI or Hs804) water and reprecipitating with
bases.

The number of alkaloids known is very large; only a few of

the more important ones can be mentioned here.
335
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CHq
H.C CHa
Coniine, ' ) , or a-propylpiperidine,
H, CH-CH.-CH,-CHj3
N
|
H

is obtained from the seeds of spotted hemlock and has been

produced synthetically. It is very poisonous, has a disagreeable

odor and an acrid taste. (Chemically, it is the simplest alkaloid.)
CH:—CH; '

Nicotine, | [, or a-pyridyl-N-methyltetrahy-
°CH CH;

v
X dm
dropyrrole, is present in tobacco leaves and is used as an insecti-
cide.

Piperine, C;7H19NOs, occurs in pepper, from which it is
extracted.

Atropine, C;7H,3NQ;3, obtained from the Deadly Nighishade
(belladonna), is used as a mydriatic (dilating the pupil) in oph-
thalmic surgery.

Homatropine, an artificial alkaloid derived from atropine,
dilates the pupil more rapidly than atropine and the effect is
not as lasting.

Cocaine, C17H21NOy, is contained in coca-leaves. It is used
as a local anesthetic in minor operations, though, owing to its
extreme toxie properties, it has been largely replaced by novocaine,
butyn, ete. (p. 290).

Quinine, C20H24N202, is obtained from cinchona bark, etec.
It is used in the treatment of malaria, as a “bitter ”’ (fo increase
appetite), to reduce fever, etc.

Cinchonine, CioH22N20, from cinchona bark, resembles
quinine in its physiological properties, though its effects are not
so pronounced.

Strychnine, 021H22N202, and brucine, C23H26N204, oceur
together in“the seeds of nux vomica and in St. Ignatius’ beans.
Strychnine'is an extremely poisonous substance, acting on the
spinal cord and producing characteristic convulsions. In very
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small doses, it is usea as a tonic, to 1ncrease the appetite, as a
heart stimulant and in various forms of’paralysis:. Brucine acts
similarly. : .

. Morphine, C17H;9NOs3, is the chief alkaloid of opium (which
is the dried juice of the seed capsules of a variety of poppy). It
is used as an analgesic and as a soporific.

Heroine is a diacetyl derivative of morphine. Its effects are,,
in general, similar to those of morphine. It is used as a sedative
and to lessen coughing.

Narcotine, C22H23NO7, and codeine, C;sH21NQs, are also
present in opium and are closely related to morphine.

Dionine is an artificial alkaloid made from morphine (ethyl
morphine) and is used to produce sleep and relieve pain.

Pilocarpine is the active principle obtained from the lesves
of Pilocarpus jaborandi, a Brazilian shrub. It is used principally
to increase perspiration,

Emetine, the active alkaloid of ipecac, is used in the treatment
of amoebic dysentery (because of its destructive action on
amoebae) and also in the treatment of pyorrhoea alveolaris, an
infected condition of the teeth sockets.
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CHAPTER XXXIII

ARSENIC AND MERCURY COMPOUNDS OF THE
AROMATIC SERIES

ArseNic and mercury compounds, particwarly the former,
have found wide application in the treatment of diseases caused
by protozoa (such as in syphilis). The organic combinations of
these metals have an advantage over the inorganic compounds
in that they are less toxic to mammals and more toxic to pro-
tozoan parasites.

ArseNic CoMPOUNDS

T

Arsanilic acid, , or p-aminophenylarsinic acid, may

A°

| \OH

OH
be regarded as being derived from arsenic acid, AsO(OH)s, in
which one OH group is replaced by aniline, and is prepared by
combining aniline with arsenic acid. The monosodium salt is
known as “atoxyl ”’ and “‘soamin ”’ and, though used at one time
in the treatment of syphilis, relapsing fever, etc., it is now chiefly
of interest as an intermediate in the preparation of salvarsan.

As=—=As

Arsenophenylglycine, 0 O
l |

HOOC -H:C-NH NH.CH:-COOH
338
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was introduced by Ehrlich as a substance even less toxic than
atoxyl and of a higher trypanocidal power."
| T

HCl-HoN— NH,-HCl1-2H20
Salvarsan,

As—==As
or 3,3’-diamino-4,4’-dihydroxyarsenobenzene dihydrochloride,
known also as arsphenamine and “606,” was first synthesized by
Ehrlich and introduced by him for the treatment of syphilis.
One method of preparing it is as follows:

Cll
l\lTHz l\lTH2 N=
diazotization HOH
+ H3As04 — —_—_—— L
0 : .
As< AsO(OH)z
| NOH
OH
(?H OH
i
—NOz Reduction
+ HNO; — _—
(Sodium
hydrosulfite)
AsO(OH)2 AsO(OH).
pheﬁ}gﬁg;gi?;cid
OH OH
HZN—— ' NH2
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(|)H (‘)H
HCl-HN— NH,-HCI

As=—=As

Salvarsan

While we cannot, in this book, enter into a prolonged discus-
sion regarding the interesting question of the effect of chemical
structure upon physiological action, Ehrlich’s discovery of sal-
varsan deserves a few words of comment. When Ehrlich first
began his celebrated research, he was aware of the fact that
trypanosomes—a. group of parasites—are killed by a number of
dyes and a number of organic arsenic compounds, of which
“atoxyl 7’ was the most important. This compound contains
pentavalent arsenic. The important discovery was made that
although it would cure animals of trypanosomiasis, it had no
toxic action upon trypanosomes in vifro. After many trials with
many arsenical compounds, Ehrlich was in a position to formulate
this general rule: that only compounds containing trivalent
arsenic were effective in killing trypanosomes, and that the
effectiveness of compounds containing pentavalent arsenic
depended upon their reduction in the body to the trivalent form.
The most efficient substances were found to be compounds con-
taining trivalent arsenic joined to a benzene ring and containing
also an amino group. This was later still further improved upon
by the discovery that the most effective compounds were those
containing an OH group in the p-position, an amino group, and
arsenic—as in salvarsan itself.

Salvarsan, that is the dihydrochloride salt, is soluble, but it
forms an acid solution, and is irritant and toxic. By the addition
of two gram molecules of NaOH to one of salvarsan, the neutral

base is obtained:
OH OH

l I
HoN NH;

As=—=As
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This is insoluble.  Upon the further addition of two gram
molecules of NaOH, the sodium salt is produced:

(,)Na (,)Na
HoN —NHo

As==—As

and this is soluble in water. It is the form of salvarsan generally
used.

(I)H (|)H
HoN— —NH-CH:-0.SONa
Neosalvarsan, or sodium
|
As==As

3,3’-diamino-4,4’-dihydroxyarsenobenzene - N -methylenesulfinate,
is also known as neoarsphenamine or “914” and was intro-
duced by Ehrlich because of its greater solubility than salvar-
san. It is prepared by combining salvarsan with sodium formal-
dehyde sulfoxylate (HOCH,-OSONa).

Silver salvarsan and silver neosalvarsan have the same uses
as salvarsan, but it is claimed that the presence of silver in the
molecule raises the toxicity to parasites without increasing the
toxicity to mammals. “Luargol,” which contains antimony in
addition to silver and arsenic, is another salvarsan derivative
for which therapeutic claims have been made. “Galyl” is a
salvarsan derivative containing phosphorus in addition to arsenic.

Sulfarsenol (Sulfarsphenamine),

OH QH

| |
NaO-80;- CHZ-HN—( / \|~NH-CH2-SOZ~ONa,

I |
NSNS

|
As=——As

or disodium 3,3" - diamino - 4,4’ - dihydroxyarsenobenzene - N - di-
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methylenesulfonate, is similar in its uses to neosalvarsan, but it
is claimed that its solutions are more stable in the presence of air.
OH

As=0
| \ONa

{(“Tryparsamide,” (\1 , recently synthesized by Jacobs and

N
NH
|
CH,CONH,
Heidelberger, has been successfully applied in the treatment
of human sleeping sickness.)
(CeH5)24s-Cl, diphenylchloroarsine, was used as a ‘“sneeze”
gas i the war.
MEercurRY COMPOUNDS

7 /° \\
Hg
coo”
Mercuric salicylate, is used as an antiseptic
and antisyphilitic. NS
HOIl{g
O
Na0/ Y \l/ =0
«“Mercurochrome-220,” ‘ | i , @ mercurial
B A

C|6H4COON3,
derivative of fluorescein, has recently been introduced as a very
active germicide and is gradually replacing tincture of iodine
used for that purpose.
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CHAPTER XXXIV

A BRIEF OUTLINE FOR THE IDENTIFICATION
OF ORGANIC COMPOUNDS

Tre identification of an organic compound is not a simple
matter. We have no methods quite as clearly defined as those of
inorganic chemistry.

In the identification of an organic compound, the first step is
to make certain that the compound is in a pure state—a fact
which may very often be determined by ascertaining the boiling
point or melting point, or by associating the compound with some
other physical constant, such as specific gravity, ete.

In the next place, an elementary analysis should clearly indi-
cate the elements present in that compound. Once this is
determined, certain limits are immediately set as to the kind of
compound it can be. For example, a compound which upon
analysis shows the elements C, H and O only, cannot be an
amine.

The classification of organic compounds and many of their
most characteristic reactions are intimately bound up with the
presence, within the molecules of these compounds, of various
“groups,”’ such as OH, NH, COOH, etc. In this chapter the
attempt will be made to give a brief résumé of some of the reac-
tions used for identifying such groups. Incidentally, this chapter
ought to serve, to some extent, as a review.

Hydrocarbons.—Usually, these are colorless gases, liquids or
solids, insoluble in water and soluble in alechol and ether. (Where
tests reveal that no elements other than carbon and hydrogen
are present, the indications would immediately point to the
presence of a hydrocarbon.) The paraffin hydrocarbons are very
inert substances. The olefins add two bromine atoms to form
saturated compounds, and the acetylenes generally respond to the

344
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formation of metallic acetylides. The aromatic hydrocarbons
may, as a rule, be nitrated, to form nitro derivatives:

Ce¢Hs + HONO:; — CgH5-NO, 4+ H,0

Benzene Nitrobenzene

Where the aromatic compounds contain a side-chain (as a CHj
group, for example), this can be oxidized (by chromic acid or
potassium permanganate or dilute nitric acid) to the carboxyl
group. The hydrocarbons with condensed benzene nuclei (such
as naphthalene, anthracene, etc.) are solids and may be identified
by their oxidation products and, very often, by the fact that they
form well-defined picrates (with picric acid) with definite melting
points. The terpene hydrocarbons (such as pinene) present many
difficulties when attempts are made to isolate them. . Sometimes
a number of physical properties (boiling point, density, specific
rotation, ete.) prove helpful.

Halogen compounds.—The aliphatic compounds are almost
non-ionizable and practically insoluble in water. The alkyl
chlorides are lighter than water while the bromides and iodides are
heavier. They are hydrolyzed to the corresponding alcohols; e.g.,

lkali
CoH[ B+ H]OH ——

— CeH;OH + HBr

With the aromatic halides, where the halogen is attached to the
benzene nucleus, we get substances which are either liquids or
solids, with a faint, agreeable odor, and insoluble in water. They
are stable compounds and do not, for example, react with potas-
sium hydroxide. They are utilized in the Fittig synthesis. The
aromatic halogen compounds, with the halogen in the side-chain,
behave similarly to the aliphatic halogen compounds and possess
lachrymatory properties.

Alcohols.—As a rule, the monohydroxy alcohols are colorless
liquids, neutral in reaction and some of them have a characteristic
odor and taste. The solubility in water decreases with increas-
ing molecular weight. The polyatomic alcohols are oily liquids
or crystalline solids, soluble in water, and less soluble, or alto-
gether insoluble in ether.

Primary alcohols when oxidized (with chromic acid, for
example), give first an aldehyde and then an acid; secondary
alcohols yield ketones; and tertiary alcohols break down into
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carboxylic acids containing fewer carbon atoms than the original
compound.

The OH group is very often identified by forming esters,
either with acetyl chloride or acetic anhydride; e.g.,

R-OH + (CH3CO):0 — CH3-COOR + CH3;COOH

Many of these esters have characteristic odors and by sub-
mitting them to a quantitative hydrolysis, it becomes possible
to determine whether the original compound contains one or
more OH groups. (For every OH group, one acetyl group is
used.)

Phenols.—These are usually crystalline solids. (The solubility
in water increasing with the number of OH groups present in the
ring.) They are weak acids, being dissolved in alkalies forming
salts.

Nearly all phenols give a precipitate of a polybromophenol
when treated with bromine water; e.g.,

CGH5OH + 3BI‘2 hand Cst(OH)BI‘g + 3HBr

and yield deeply colored solutions with ferric chloride. Many
give the Liebermann test (a deep blue or green color, when the
phenol is dissolved in cold conc. Ho804, and a little NaNOs
added). (This test is also used for identifying the nitroso group.)

Phenols, like alcohols, combine with acetic anhydride to form
esters; they also form esters with acyl chlorides and these can be
identified by their melting or boiling points; e.g.,

_coldl + H|O COOCH3
l N + HCI

Ethers.—These are neutral, chemically inactive liquids.
They are often identified by their boiling points, or by the follow-
ing reaction:

R—O0O—R + 2HI heated — 2RI 4+ H,0

Aldehydes and Ketones.—The lower aldehydes are liquids pos-
sessing a characteristic odor, and, unlike ketones, reduce Fehling’s
or ammoniacal silver nitrate solution. For purposes of identifi-
cation, aldehydes and ketones may be combined with hydroxyl-
amine to form oximes, with phenylhydrazine to form phenyl-
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hydrazones, and with semicarbazide (aminourea) to form semi-
carbazone; e.g.,.

CH3;-CH|O + H:|NOH — CH3-CH : NOH + H.0

CH 3 CH3
Se— N-NHCgHs = C : N-NHCH; + Hz0
CH; Hs

*——CHIO -+ H2'N-NH'CO'NH2 —

CH=N.NH-CO-NH.
+ H.0

Benzaldehyde semicarbazone

Most aldehydes give the Schdff test (restoring the pink color to a
solution of magenta which has been decolorized with SO2).

Carboxylic acids.—The lower aliphatic monobasic acids (as
formic and acetic) are liquids, soluble in water, but the solubility
decreases with increasing molecular weight. The higher members
(like palmitic and stearic) are solids, insoluble in water. The
aliphatic polybasic acids (like oxalic and suceinic) are solids, soluble
in water. Many of the aromatic acids (like benzoic and o-toluic)
are not very soluble in cold, but more so in hot water.

The acidity of the substance may be determined by titrating
with standard alkali. The conversion of the. acid to the \cqr-
responding ester (with alcohol and a dehydrating agent) and the
elimination of the carboxyl group (in the form of COg2) by heating
with soda lime, are often of help in identifying the acid. Often
the acid is converted to its acyl halide; e.g.,

CoHs-COOH + PCls — CyHs-COCl + POCl3 + HCL

Aromatic sulfonic acids.—As a rule, these are soluble sub-
stances, difficult to crystallize. For purposes of identification,
the corresponding amide is prepared by first forming the sul-
fonchloride with PCls and then converting the latter to the amide—
with definite m.p.—:

SOsH  PCls —S02-C1 HNH, —S02-NH

—> —
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Fusion with alkali to form the corresponding phenol is also
sometimes employed:

—S03Na ONa
+ 2NaOH — + NagS03 + H0

Acid anhydrides.—As a rule, the aliphatic compounds are
colorless liquids, insoluble in water and soluble in alcohol and
ether. The aromatic compounds are solid. They are usually
identified by hydrolyzing them to the corresponding acids or
salts; e.g., '

CH,—CO_ .
on —oo>—+ I ——> 2CH,C00H
3

Acyl halides.—These are pungent-smelling liquids, easily
convertible (hydrolysis) into the corresponding acids; e.g.,

CH3CO|Cl + HIOH — CH3COOH + HCI

Acid amides.—These are, as a rule, well defined, crystalline
substances. They can be hydrolyzed with boiling alkali to the
corresponding acids (salts); e.g.,

alkali
CH3-CO{NH: + H|OH —— CH3COOH + NH;
or
CgHs-CONH: + HONO —— CgH5-COOH + N2 + H20
Acid imides, like the amides, are hydrolyzed by boiling with
alkalies:
CHZ—CO> HOH CH:-CONH:; HOH CH;—COOH

l NH —— —_—
CH,—CO CH:-COOH CH.—COOH

Esters.—These are volatile compounds, insoluble in water,
with agreeable odors. The esters may be hydrolyzed with alkali;

e.g.,
CHacoolCsz -4 HO IH — CH3COOH + C.HsO0H
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yumones.— 1 nese are colored compounds (yellow or red).
The p-benzoquinone is volatile with steam. As a rule, they can
be reduced;
9) .
’ OH
red.
—_

| oo

Carbohydrates. These are solids soluble in water (except
the polysaccharides, such as starch, etc.). Among the poly-
saccharides, starch gives a blue color with iodine, and glycogen
and the dextrins, a violet to a violet-red. The sugars (lactose,
maltose, galactose, levulose, glucose) reduce Fehling’s solution
and form osazones with phenylhydrazine. Sucrose or cane
sugar is a notable exception. They are optically active.

Glucosides.—On hydrolysis, these yield glucose, in addition to
one or more substances; e.g.,

-[0CeH1105 + H|OH —OH
— glucose +
—CH.0H CH.0H
Salicin Salicyl alcohol

Amines.—The lower members of the aliphatic amines (like
methylamine) are flammable gases, with an odor resembling
ammonia; the higher members (like butylamine) are liquids.
With acids they form salts, soluble in water and in alcohol. The
aromatic amines are either liquids (like aniline) or solids (like
diphenylamine).

With aliphatic amines, nitrous acid converts the primary
amine into the corresponding alcohol:

R-NH; + HONO — R-OH + N: + H0
the secondary amine is converted into the yellow nitrosoamine:
R:NH + HONO — RyN-NO + H,0
and the tertiary amine is not acted upon. ‘
With the aromatic amines, the manner in which nitrous acid

behaves will be dependent upon whether the NHz group is in the
nucleus or in the side-chain. If the amino group is in the nucleus,
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diazonium salts are formed (in the cold) which are converted to
phenols on heating; if the NH group is in the side-chain, then the
compound behaves like an aliphatic amine. With secondary
aromatic amines, nitrous acid yields nitroso derivatives similar
to those obtained with aliphatic secondary amines. A tertiary
amine such as dimethylaniline reacts with HONO¥to produce
p-nitrosodimethylaniline.

The primary amines, whether aromatic or aliphatic, give the
carbylamine reaction (the isocyanide is formed which has a dis-
gusting odor); e.g.,

N H2 N:C
+ CHCl; + 3KOH — + 3KCl + 3H:0

Nitro compounds.—Only the aromatic nitro compounds are
of importance. Usually, these are oily liquids or solids, insoluble
in water and dilute HCl. They are identified by belng reduced
to the corresponding amines; e.g.,

NQz + 3i‘12 NH,
I + 2H,0

Cyanides and Isocyanides.—The cyanides'are liquids or solids
with an agreeable odor. They are hydrolyzed to the correspond-
ing acids; e.g.,

CH:CN + 2H,0 — CH:COOH - NH3
and are reduced to the primary amines; e.g.,
CH;-CN + 4H — CHj3-CH,-NH;

The isocyanides or carbylamines possess a disgusting odor. On
hydrolysis, they yield formic acid and an amine; e.g.
CH;-N=C 4+ 2H;0 — CH;-NH, + H-COOH
Azo compounds.—These are colored solids and include a
large class of important dyes. They yield, on reduction, amino
compounds; e.g.,

O~N=N-O 4H QNHz
N 2

Azobenzene
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Purines, of which uric acid and caffeine are examples, are not
easily identified. Most of them give the murezide test (evaporate
the substance on a water bath to dryness with cone. HNQj, cool
and make alkaline with ammonia or NaOH; "a violet or red color
is produced).. '

Alkaloid$:™These are mostly solids (nicotine, and ' coniine
are exceptions), soluble in alcohol, somewhat less soluble in ether,
chloroform and benzene, and usually insoluble in water. Most
of them are levorotatory. They dissolve in acids, forming salts,
and are reprecipitated by alkalies. Alkaloids are not easily
identified, but as a class they are precipitated by the “alkaloidal
reagents,” such as tungstic, phosphomolybdie, tannic and pieric
acids, potassium-mercuric iodide, etc. Many of them are
identified by color reactions with HySO4 and an oxidizing agent.

Sulfur compounds.—The sulfonic acids have already been
treated. The only others that need be mentioned here are the
mercaptans (e.g., CeHs;SH) and the sulfides (e.g., (CoHs)2S).
Both types of compounds have very disagreeable odors.

Terpenes and allied compounds.—These substances are
flammable, mostly volatile, possess Characteristic odors and are
insoluble in water, but soluble in many organic solvents. They
do not belong to the aliphatic or to the aromatic series of com-
pounds and are, as a rule, complex in structure. Certain deriva-
tives are usually prepared in order to identify them.

Proteins.—These are complex substances consisting, in the
main, of linkages of amino acids. They are identified by a
number of color tests. With the Millon’s reagent (mercuric
nitrate containing nitrous acid) most of them give a red color or
precipitate. When heated with HNOs a yellow color is developed
and this is changed to an orange on the addition of ammonia
(zanthoproteic reaction). When mixed with a strong solution of
KOH and a drop or two of CuSQy4 is added, a violet color is obtained
(biuret reaction).

General Solubilities of Classes of Organic Compounds

General Rule.—A solvent dissolves those compounds which
are chemically closely allied to it.

Hydrocarbons and their halogen substitution products are
either insoluble or only very slightly soluble in water. They
dissolve in alcohol, ether, benzene, cte.

The solubility of a compound in water increases with the
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increase of oxygen content; especially is this true when the oxygen
atoms are combined with hydrogen as in —OH groups.

The homologues of low molecular weight of the aliphatic series,
such as aleohols, aldehydes, ketones, amines, and acids, are soluble
in water; but the solubilities decrease with increasing molecular
weight.

Alkali salts of acids, salts -of amines, sugars, polybasic acids,
hydroxy acids, sulfonic acids, and polyhydroxy alcohols are
soluble in water.

Esters are very slightly soluble in water, but soluble in alcohol
and ether.

Ether dissolves very many organic compounds. (Not salts
of acids.) It is slightly soluble in water and is used for extracting

. products from aqueous solutions.

Acid anhydrides are soluble in alcohol and ether.

Fats and oils are insoluble in water, but readily soluble in
benzene, ether, chloroform, etc.

Nitro compounds are insoluble in water but soluble in alcohol
and ether.

The presence of a sulfonic acid group increases the solubility
of an organic compound in water.

The hydroxy derivatives of aromatic hydrocarbons are soluble
in water, but more so in alcohol and ether.

The p-compounds are less soluble in the various solvents than
the isomeric o- and m- compounds.

Alkaloids are usually insoluble in water, but soluble in alcohol,
chloroform, benzene, ete.

Homologues are mutually soluble.
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CHAPTER XXXV
PLANT AND ANIMAL PIGMENT

CrroroPHYLL, CAROTIN, XANTHOPHYLL, FLAVONES, ANTHO-
CYANINS, HEMOGLOBIN AND BILE PIGMENTS

Chlorophyll.—The chemistry of chlorophyll, the green pigment
in plants, has been worked out by Willstitter and his pupils.
Without going into any details, some of the essential points as
to its structure and general characteristics may be given.

Chlorophyll is really a mixture of two substances:

/C00020H39 COOConag
MgCalegNa—‘COOCHg MgC32H2302N4
;>co \COOCH3
HN:
Chlorophyll a Chlorophyll

Both contain the element magnesium in organic combination,
‘and both are esters of a tribasic acid, chlorophyllin, combined
with phytol, C20H39OH (an unsaturated alcohol) and methanol.
With alkali the ester groups in chlorophyll are hydrolyzed,
giving the corresponding carboxylic acids (chloropbyllins). The
COOH groups can next, be removed by heating with alkali. Acids
(oxalic or HCI) remove the magnesium from the molecule; e.g.,

/Coocongg /C00020H39
MgC32H2802N4\ — C32H3002N4\
NCOOCH3 COOCHs3
Chlorophyll b Pheophytin b

‘When chlorophyll a or chlorophyll b is oxidized, we get, among
CHz-C—CO

other products, methyl ethyl maleinimide “ >NH

C:H5-C—CO
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CH;-C—CO
and hematinic acid >NH, products which

HOOC-CH:-CH;-C—CO
are formed in the oxidation of hemoglobin.

Carotin is associated with chlorophyll in the green leaf, It is
a hydrocarbon with the formula CyoHsg.

Xanthophyll, also associated with chlorophyll (and carotin),
has the formula CsHs602. By oxidation, xanthophyll may be
obtained from carotin, and vice versa by reduction, xanthophyil
. yields carotin. It is assumed that both these pigments play an
important rdle in plant respiration. (Pigments from the egg
yolk and blood serum have been isolated which are identical with
carotin and xanthophyll.)

Flavore$.—A number of yellow substances derived from

flavone occur in plants
D

(0]

Some of these are chrysin (1, 3-dihydroxyflavone) which occurs
in several varieties of poplar; apigenin (1, 3, 4’-trihydroxyflavone)

¢
H“‘Q/ )QOH
AN
CO
OH

found in parsley and celery in the form of glucosides; ete.

Anthocyanins are red, violet and blue pigments present in
flowers, fruits, leaves of plants, etc., in the form of glucosides.
By hydrolysis, the anthocyanins are converted into glucose (or
other monosaccharide) and anthocyanidins.

It is believed that these anthocyanins are reduction products
of flavones (and vice versa, that flavones are oxidation products
of anthocyanins), and that changes from one to the other are
brought about in the plant by oxidizing and reducing enzymes.



- HEMOGLOBIN

1ne anwwocyanin in the cornflower and the rose is known as
“cyanin,” and this, on hydrolysis, yields two molecules of glucose
and cyanidin (an anthocyanidin):

Cl

OH
]
OH

Cyanidin

This cyanidin, Willstétter has also obtained by reducing’ quercitin,

a hydroxyflavone:
OH
0 I
Y <o
OH
N
CO
OH

Quercitin or 1, 8, 3, 4’-tetrahydroxzyflavonol

Hemoglobin, the red pigment in blood, is a combination of
hematin, an iron-containing substance, and globin, a protein
belonging to the group of histones. It forms compounds with
oxygen and carbon monoxide, forming oxyhemoglobin and car-
boxy-hemoglobin, the latter being the more stable. “Hemin ”
(or “hematin hydrochloride ”’) is obtained from dried blood by
boiling with glacial acetic acid. Very characteristic dark plates
and prisms are obtained, which may be identified -under the
microscope. This method is made use of for the detection of
blood. When hemoglobin is treated with H2SO4, the iron is set
free as ferrous sulfate and hemotoporphyrin, an iron-free hematm,
is obtained. From this substance, hemopyrrole,

CHs—I(I“}—(f——Czl-Is
CH;—C éH
NH
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may be obtained—a substance, which is also a decomposition
product obtained from chlorophyll.

Bile pigments (bilirubin, biliverdin, bilicyanin, etc.) are the
substances which are responsible for the characteristic color of
bile. They are formed in™thg liver and originate from the hemo-
globin of the blood. Bilirubin, Csz2H36N4O6, a reddish-brown
pigment, found in abundance in carnivora, is oxidized (even by
the oxygen of the air) to biliverdin, C3oH3zsN4Os, 2 green pigment,
found largely in the bile of herbivora. (Hydrobilirubin, a reduced
product of bilirubin, is probably isomeric with stercobilin, the
pigment of the feces, and with urobilin, a pigment in urine.)
The Gmelin's test for bile pigments—the play of colors obtained
when cone. HNO; is added to bile—is dependent upon the pro-
duction of various colored oxidation products of the type of
bilirubin, biliverdin, etc.

Melanins.—This group includes several different varieties of
amorphous black or brown ‘pigments which are insoluble in
water, alcohol, ether, chloroform, dilute acids, and which occur
in skin, hair, etc. They are said to be derived from the amino
acids tyrosine (p. 148) and tryptophan (p. 312).
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CHAPTER XXXVI
ENZYMES, VITAMINS, HORMONES

ENZYMES

TuEsE are catalytic substances produced as a result of cellular
activity. They are responsible for many of the chemical changes
which oceur in the body. -

So far enzymes have not been isolated in the pure condition,*
but they can be classified because they are “‘specific ” in their
action; that is to say, ptyalin, the enzyme found in saliva, will
act on starch and one or two other carbohydrates, but not on
proteins, whereas pepsin, the enzyme found in the gastric juice
of the stomach, will act on proteins but not on carbohydrates.

A few of the common enzymes, giving their distribution, the
substances acted upon (“substrates’”) and the end productas
formed, are given on the following page.

The ending ase has been adopted to denote an enzyme; for
example, sucrase is an enzyme, its name also suggesting that it
acts on the sugar sucrose. However, old names, such as pepsin,
trypsin and rennin, still remain.

Enzymes are soluble in water, dilute salt solutions, dilute
alcohol and glycerol. Like the proteins, they are precipitated
by ammonium sulfate and concentrated alcohol. They are very
easily adsorbed by various substances and show colloidal prop-
erties. They are, as a rule, destroyed at the temperature of
boiling water, and their action is inhibited, but not destroyed at
0 °C. The enzymes act best (or show an optimum activity)
around 37-45° C,

Enzymes are extremely susceptible to changes in hydrogen
ion concentrations, and for each enzyme there is a particular py
at which its reactivity is at a maximum (“optimum reaction ).

*Recently Nothrop has isolated pepsin and trypsin in what appear to be
in pure forms, and the same may be said of Sumner’s urease,

357
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For example, the pg of trypsin is 8.0, that of pepsin 1.4, and of
ptyalin 6.7. Since the neutral point is py 7, this means that
trypsin acts best in an alkaline solution, whereas pepsin acts
best in a decidedly acid solution, and ptyalin is most reactive in
a slightly acid medium.

Name
and Distribution Substrate End-products
Class
Ptyalin Saliva, Starch, dextrin, etc. | Maltose
Lactase Intestinal juice and] Lactose Glucose and
mucosa galactose
Maltase Blood serum, liver,| Maltose Glucose
saliva, pancreatic and
intestinal juices and
lymph
Sucrase or| Intestinal juice and| Sucrose Glucose and
invertase| mucosa fructose
Zymase Yeast Sugars Alcohol, COs,
ete.
Urease Micrococcus ureae, soy| Urea Carbon dioxide
bean, ete. and ammonia
Steapsin or| Pancreatic juice Fats Fatty acid and
lipase glycerol
Catalase | Plant and animal tis-| Hydrogen peroxide { Oxygen or oxi-
sues : dation prod-
ucts .
Peroxidase | Plant and animal tis-| Organic peroxides Active oxygen
sues or oxidation
products
Erepsin Intestinal mucosa and| Peptids, also pep-| Simpler peptids
juice, other tissues tones and casein and amino
acids
Rennin QGastric juice Casein Paracasein
Thrombin | Blood Fibrinogen Fibrin
Trypsin Pancreatic juice Proteins Proteoses, pep-
' tones, peptids,
amino acids
Pepsin Gastric juice Proteins Proteoses, pep-~

tones, and
peptids




VITAMINS

VITAMINS

It has recently been found that besides proteins, fats, carbo-
hydrates and mineral salts, there are other, as yet, ill-defined
substances which, though needed in but minute quantities, are
essential to life. These substances are known as vitamins. At
least five vitamins have been detected. For purposes of identifi-
cation, the vitamins are often called A, B, C, D and E. The
presence of all five of these vitamins is essential to well-being.
As a matter of fact, very few foods contain all five. Milk is one
of the rare exceptions, but even then the quantity of vitamin C
which it contains is dangerously small. It is only by eating a
variety of foods that we assure ourselves a liberal allowance of all
five types of vitamins.

Vitamin A.—This is present in abundance in milk, butter,
egg-yolk, cod-liver oil, and to a lesser extent, in beef fat and in
many vegetable foods (lettuce, spinach, cabbage, carrots, pota-
toes, ete.). Lard and vegetable oils, such as olive oil are practi-
cally devoid of it. Cereals in general (wheat, rye, barley, etc.)
contain little. In a general way, the statement may be made
that this vitamin is present in green leaves and in the embryos of
many seeds. Recently carotin, CsoHse, has been shown to be
transformed into vitamin A in the liver.

Vitamin B.—This is more abundant than either of the other
two. In fact, nearly all natural foods contain some of it. Yeast
is particularly rich in this vitamin; so are milk and orange juice.
The cereals contain it but only the outer layers, so that in patent
flour there is much less of this vitamin than in whole wheat flour.
Vitamin B really consists of two vitamins—vitamin Bi(F), the
anti-neuritic vitamin; and vitamin B2(G) the- anti-pellagra
vitamin.

Vitamin C.—Most fresh fruits and fresh vegetables contain
this vitamin. The emphasis is advisedly put on fresh material.
The orange and the tomato are particularly good examples.

Vitamin D s present in greatest abundance in cod-liver oil
and in much smaller quantity in milk. It is apparently produced
when some foods are irradiated with ultra-violet light. Vitamin
D is apparently synthesized when ergosterol is irradiated.

Vitamin E is particularly present in the wheat germ.
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Effect of heat and ozidation.—All five vitamins are more or
less susceptible to heat, so that any process involving this opera-
tion—cooking or canning—is apt to destroy, or greatly lessen,
the efficacy of the vitamins. The general experience has been
that heating for a long time at a comparatively low temperature
is even more harmful than heating for a short time at a compara-
tively high temperature. Of the five, the vitamin C seems the
most susceptible to heat. The activity of a number of the vita-
mins is lessened by exposure to air or omdatlon This is particu-
larly true of vitamins A and C. .

Diseases due to lack of vitamins.—Four diseases have been
identified as being due to vitamin deficiency. One of them is
beri-beri, involving a general paralysis of the system and is due to
a lack of vitamin Bi(F); a second is the vitamin the absence of
which gives rise to pellagra—B2(G); another is scurvy, involving
choppy gums and loose teeth and is due to lack of vitamin C; the
fourth is xerophthalmia, and eye disease, involving a lack of vita-
min A; and the fifth is rickets, a disease involving faulty bone
construction, due to lack of vitamin D, Vitamin E is concerned
with the process of reproduction.

HorMONES

In the body there are various ductless glands (glands without
tubes), such as the thyroid, the pituitary, the adrenals, etc.,
which manufacture specific substances that find their way into
the blood stream and influence other organs of the body. The
substances so manufactured are called ‘ hormones” (from the
Greek “ to excite ”’) or “ chemical messengers.” These hormones
profoundly influence various activities of the body. In at least
two instances hormones have been isolated in the pure con-
dition.

Adrenaline.—One of the hormones of the adrenal glands
may be isolated from the latter by first treating concentrated
adrenal extracts with alcohol, lead acetate, etc.; then precipitat-
ing the active substance by the addition of concentrated ammonia.
The precipitate is purified by repeatedly dissolving in acid and
reprecipitating with ammonia. The adrenaline may be synthe-
sized by the following reactions:
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HO—
_J + CH,CI-COCl -
HO ’ Chloroacetyl chloride
Catechol
1, S T-co.cmm
HO-——l

Chloroacetyl catechol .
HO—/ \—CO.CHy-NH.-CH;  + H;
! J
HO—_
HO—l/ —CHOH-CH,-NH.-CHj
HO—

Adrenaline

+ CH;3-NH, —

Adrenaline is most frequently used to conmstrict the blood
vessels and thereby increase the blood pressure. It is by far the
most powerful known hemostatic (checks bleeding).

Recently an extract from the cortex of the adrenal gland has
been obtained which cures a rare ailment known as ‘ Addison’s

disease.”

T
—C——:C—CHj3;
Ephedrine.— | l ,  a-hydroxy—g-methyl-
OH 1‘\T~—H
CHj3

aminopropylbenzene, or its hydrochloride, has uses similar to

adrenaline. ]
Thyroxine is the hormone in the thyroid gland. Kendall has iso-

lated it from the gland. Harington has determined its formula to be-

| I
¢ >0~ >—CH.CH.COOH
I I | NH,
B-[3, 5-diiodo-4-(3', 5'-diiodo-4’-hydroxyphenoxy) phenyl-a-amino-
propionic acid, and he has also succeeded in synthesizing the
substance.
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It is administered in diseases involving a deficient secretion of
* the thyroid gland.

Insulm —This is the hormone present in the pancreas, and its
absence as Bantmg and Macleod have shown, gives rise to diabetes.
Abel has recentlywobtamed insulin in erystalline form, and while
he has not yet determined its formula, he and Funk find that it
contains a high percentage of sulfur. An extract containing
insulin is now universally used in the treatment of diabetes. The
extract has to be injected.

Pituitrin, an impure extract of the p1tu1tary body, which
contains the hormone, is used to promote uterine contractions
and to stimulate peristalsis.

The anterior part of the pituitary has recently been shown to
consist of at least two hormones, one dealing with the. growth
process and the other having an accelerating effect on the sex
process.

Secretin represents a hormone present in the intestinal mucosa

. which plays an important part in controlling the flow of pancreatic
" juice into the small intestine, and thereby aids in digestion.

A parathyroid hormone has recently been obtained by Collip
which seems to play an important part in regulating the calcium
metabolism of the body.

Doisy has obtained an active extract (hormone) from the
ovaries; and active extracts have also been obtained from the
male glands.
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CHAPTER XXXVII
NOMENCLATURE OF ORGANIC COMPOUNDS

Tue number of organic compounds is m excesq of 225,000,
and the raming of such compounds presents ‘no little difficulty.
Some of the methods adopted for naming organic compounds
have been referred to in the various chapters of the book. In
the present chapter, the methods adopted will be briefly sum-
marized. In addition, the naming of various groups, and the
principles involved in the naming of a number of somewhat
complex compounds, will be given. It is hoped that such an
outline will prove of value to the student of chemistry who is
about to begin more advanced work in organic chemistry, or in
one of its many applications, and who will have occasion to con-
sult the standard reference books and the current literature.

It would be well, at the outset, for the student to review the
chart at the beginning of the book, which gives type formulas.
From this chart, as well as from various chapters in the book,
we may deduce the following rules:

A word ending in Indicates
-ane paraffin
-ene or -ylene olefin
-ine - acetylene
~diene diolefin
-diine diacetylene
-ene aromatic hydrocarbon (as a rule)
-0l hydroxyl group
-diol ) two hydroxyl groups
-al aldehyde
-one ketone (or quinone)
-ic (sometimes -0ic) - acid
-ase enzyme -
-0s€e sugars
-ate, -ile salts, esters

In naming?! a ecompound so as to indicate that oxygen is replaced

1 These suggestions are taken from the publication§ of “the Americar
Chemical Sociely.
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by sulfur, the prefix thio is used; e.g., HCNS, thiocyanic acid;
CS(NHy)2, thiourea. s

Hydroxyl derivatives of hydrocarbons end in -ol, as glycerol,
resorcinol, pyrocatechol. b

The names of the groups NHz, NHR, NR2, NH or NR end in
-ido only when they are substituents in an acid group, otherwise in
-no; e.g., CHg-C\=NH, ethyl imidoacetate; CHs-CHs-COOH,

OCq.Hjs NH,
B-aminopropionic acid.
Hydroxzy is used to designate the hydroxyl group; e.g.,
CH,-COOH, hydrozyacetic acid.

OH
Salts of organic bases with hydrochloric acid are called hydro-
chlorides; e.g., /W /NHz-HCI, aniline hydrochloride.

N

Compounds which are not alcohols, but have received names
ending in -0l are spelled -ole, as anisole, indole. CeHpg is called
benzene (not benzol), C;Hs toluene, ete.

The endings -ine are used for basic substances, and -in for
glycerides, glucosides, bitter principles, proteins, ete.; e.g.,
aniléne, purine, morphine; but gelatin, palmitin, amygdalin,
albumsin, protein.

In naming organic compounds the connective o0 is used in
such names of substituent radieals as amino-, bromo-, cyano-, and
7odo-; e.g., bromobenzene, chloroacetic acid, nitroaniline.

Acid radieals, such as CeH5CO, end in -yl, and their compounds
with halogens, as CeH5;COCI, are called chlorides, bromides, ete.;
e.g., benzoyl chlorzde

The names butane, pentane, ete., are used only for the normal
hydrocarbons, with the prefix cyclo— for saturated cyclic hydro-
earbons. . .~

To designate ortho-, meta-, para-, dextro-, levo-, racemic,
symmetrical, secondary, tertiary and meso, we use o-, m-, p-, d-,
l-, dl-, sym-~, sec-, tert- and meso-, respectively.

me, et, etc:, are abbreviations for methyl, ethyl, etec., groups.

Numerals precede the part of the name to which they refer
e.£., 2-bromo-3-methylbenzenesulfonic acid.
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For complex cyelic compounds"-requiring fixed numberings,
the student is referred to Richter’'s Lexikon der Kohlenstoff-
Verbindungen, Vol. 1.

The following list gives the names of a number of important
organic radicals: !
acenaphthenyl CioHo—
acetamido CH;CONH—
acetenyl =ethinyl _
acetimido CH3C(: NH)—
acetonyl CHsCOCHo—
acetoxy CH3CO-O—
acetyl CHzCO—
acetylene=CH-CH==
acridyl ClgHsN—
acrylyl CHz : CHCO—
adipyl —OC- (CHs),- CO—
alanyl CH3-CHNH, - CO—
alkoxy RO—(any alkyl radical attached by oxygen)
allyl CHs : CH-CHo—

B-allyl =isopropenyl
amidoxalyl HoN-CO-CO—
amino (amido) HoN—
amoxy CHjs-(CHgz)s-O—
amyl CH3- (0112)4— or CsHu
CH;CH, o
(CHz)y”
amylidene CHj- (CHg)3- CH==
anilino CgHsNH—
anisal p-CH30-CgH,-CH=
anisoyl p-CH3O-CeHy- CO—
anisyl (0, m or p) CH30-CeHs—
anisylidene =anisal

tert-amyl

/CO
anthranilo 0-CgHa |

G
anthranoyl! o-HaN - CgH, - CO—
Yanthraquinonyl (from anthraquinone, 2 isomers)
anthryl (from anthracene, 5 isomers)

1 The list is taken from one prepared by the editors of Chemical Abstracts
or the “Decennial Index” and brought up to date in subsequent editions.
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anthrylene (from anthracene, 11 isomers)

l l
antipyryl (from antipyrine) OC-N(CgHs)-N(CHs)-C(CHjz): C—
51 2 3 4

arseno —As=—As—

arsino (from arsinic acid) (OH)OAs=
arsinoso O : As—

arsono (from arsonic acid) (HO)20As—
arsyl HoAs—

arsylene HAs:

asaryl 2,4,5-(CH30)3-CeHo—
asparagyl HoN-CO-CH,-CHNH:-CO—
aspartyl —CO-CHz- CHNH,-CO—
auro Au—

azido = triazo

azimino (azimido) —N : N-NH—
azino =N:N=

azo —N : N—
_ | [
azoxy —N-O-N—

benzal CeHs . CH=
benzamido CeHs- CONH—
benzenyl C¢Hs-C==
benzilyl PhoC(OH)CO—
benzidino (from benzidine) HoN - CeHy  CeHy  NH—
benzimido CsHs-C(: NH)—
benzohydryl (C¢Hj)2CH—
benzohydrylidene = diphenylmethylene
benzoxy CeHs-CO0O—
benonl CeHs-CO—
benzoylene —CgHy-CO—
benzyl CGH5 . CHz——-*
benzylidene = benzal
biphenylene —CgHy - CeHs—
biphenylenedisazo —N : N-CgHy-C¢Hy-N : N—
bornyl (from borneol) 7
—C(CHg)e—
(!Z‘-Hg -CH-CH;-CH2-C(CHs) - (|3H—
3 4 5 6 1 2
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boryl O ::B—
bromo Br—
Al-butenyl CH3CH.CH : CH—
AZ-butenyl CHs-CH : CH-CHy—
A3-butenyl CHy : CH- (CHz)s—
butoxy CHs- (CHz)3-O—
. butyl CH3(CHz)3—
CH;CH
sec-butyl CH—
CH;
tert-butyl (CHjz)3C—
butylene —CHz-CH, - CHs - CHy— [1,4-form]
butylidene CHs- (CHg)s- CH=
butyryl CHs-(CHg)s- CO—
camphanyl (from camphane) CioHiz
camphoroyl (from camphoric acid) CgH14(CO)3:
camphoryl (from camphor) C1oH150— :
camphorylidene (from camphor) C1oH;40:
» carbamido HoN-CO-NH—
carbamyl HoN-CO—
carbanilino = phenylcarbamyl
carbazyl (from carbazole, 5 isomers) CyoHgN—
carbethoxy CoH50-0C—
' carbomethoxy CH30-0C—
* carbonyl OC==
carbonyldioxy —0-C0O-0—
-earboxy HO-OC—
(4) (CH;)CH

+ carvacryl CeHs—(2) |
Tw CH3> o
cetyl CH3(CHz)14CH2—
- chloro Cl— .

¢ chloromercuri ClHg—

cinnamal C¢Hs-CH ; CH-CH=

. cinnamenyl =styryl
cinnamyl C¢HsCH : CHCO—
« cinnamylidene = cinnamal

cresotyl (from cresotic acid) 2, 3-(OH)(CH;3)CsH3CO)—
- cresoxy = toloxy

cresyl (10 isomers) (o, m or p) (HO)(CHj)-CeHz—
_ cresylene = tolylene

crotonyl CH;CH : CHCO—
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cumal p-(CHz)2CH-CgHs-CH=
cumenyl (CHz)z-CH- CeHy—
cuminal = cumal

cyano NC—

cyclobutyl C]Hz -CH2-CHo- (jo—

cycloliexenyl (from cyclohexene, 3 isomers) CgHg—

cyclohexyl (from cyclohexane) CeH;1—

cyclohexylidene CHz-CHs-CHz-CHy-CHy-C=
L l

cyclopentenyl (from cyclopentene) CsH;—
cyclopentyl (from cyclopentane) C5;Hc
eyclopropyl CHz-CH:-CH—

() (CHs)ch\
/CGH3_ 3)
(1) CHs

C(;Hs
desyl /\CH—

CeH;-CO
diazo —N.: N—
diazoamino =azimino
diazodxy —N(: O): N—
epoxy —O-— (to different atoms olready united in some other way)
ethene =ethylene
ethenyl CH3C=
ethinyl CH : C—
ethoxalyl CoH3s0-0C-CO—
ethoxy CoHs0—
‘ethyl CH3CH,—
’ethylene —CHz . CH2—
ethylenedioxy —O - (CHg)z-O—
ethylidene CH;CH=
fenchyl (from fenchyl alcohdl) CioHir—
fluoro F—
fluorylidene (from fluorene) CisHs :
fluoryl (from fluorene, 5 isomers) CizHg—
formamido HCONH—
CeH5-N : N\

C—
CoHs-NH-N7Z
formyl OCH—

cymyl

formazyl
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fural (2 ssomers) C; CH:CH-CH: C|}-CH=
furfural = fural

furfuryl =furyl

furfurylidene = fural

|
furoy!l (B-CH :CH.CH : C-CO—

furyl (2 4somers) 6-CH\: CH-CH : ([3—
furylidene = fural

geranyl (from geraniol) CioHir—
glutamyl —OC-CHNH;- (CHy)s- CO—
glutaryl —OC- (CHz)s- CO—

glyceryl —CHy-CH-CHa—
glycolyl HOCH, - CO— '
glyeyl HoNCH, - CO—
glyoxyl OCH-CO—

guaiacyl = o-anisyl

guanido HoN -C(: NH)-NH—
guanyl HoN-C(: NH)—
hendecyl CHz - (CHa)10—
heptyl CHs- (CHz)s—
hexadecyl = cetyl

hexyl CHs- (CHz)s—
hippuryl PhCONHCH,CO—
homoplperonyl (3 4)(CH202) -CsHz - CHz - CHo—

hydram >(to same atom)

hydranno HoN-NH—

hydrazo —HN-NH— ({0 different atoms)
hydrazono HoN - N=

hydroxamino HONH-—

hydroximino = isonitroso

hydroxy (hydroxyl) HO—

369

¢idene added to any radical usually means a double bond at point of

attachment
imidazolyl (from imidazole, 4 isomers) C3H3N2——
imino_(imido) NH==
indenyl (from indene, 7 somers) CoHg—
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'indyl] (from indole, 7 isomers) CsHgN—
indylidene (from indole) CsH7N :
iodo I—

iodoso OI—

iodoxy OsI—

lsoallyl propenyl

isoamoxy (CHj3)z- CH-CH.-CH20—
isoamyl (CH3)z-CH-CHz-CHo—
isoamylidene (CHj3)s-CH-CH,-CH=
isobutenyl (CHs)e- C=CH—
isobutoxy (CHs)e-CH-CH20—
isobutyl (CH3)CH-CHo—
isobutyryl (CHz)2-CH-CO—
isocyano C : N—

isodiazo | /(to some atom)
# N

isohexyl (CHg)o-CH - (CHp)e—

isoindyl (from isoindole, 4 isomers) CsHgN
isoleueyl CH3-CHa- CH(CH;:,) CHNH,-C
isonitro HOON= -

isonitroso HON=

Aq-isopentenyl (CHs)e-CH-CH : CH—
isophthalal (m) =HC-C¢Hs-CH=
isophthalylidene =isophthalal

) CH3\

1sopropeny1 /

1SOpropoxy (CH3)2 -CHO—

isopropyl (CHgz)2- CH—

isopropylidene (CH3)2:-C=

isoquinoly! (from isoguinoline, 9 isomers) CoHeN—
isothiocyano S ; C : N—

isovaleryl (CHj3)2-CH-CH,-CO—

isoxazolyl (from isoxazole, 5 isomers) CaHON—
keto O= (to same atom)

leucyl (CHs)2-CH:-CH- CHNH, - CO—
malonyl —OC-CH,-CO—

menthyl (from menthane)

| |
CHz-CH-(CHb,)s - CH(+-CsH-)-CH,-CH-—
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A
Accelerator, 238
Acenaphthene, 303
Acetaldehyde, 76, 81
Acetamide, 114, 118
Acetanilide, 237
Acetic acid, chart, facing p. 90
Acetic acid, 90
glacial, 90
Acetic anhydride, 114
Acetoacetic acid, 134
Acetoacetic ester, 134
uses, 135
Acetone, chart, facing p. 84
Acetone, 76, 84
Acetonitrile, 161
Acetophenone, 262
Acetyl acetie acid, 134
Acetyl chloride, 115
preparation, 116
properties, 116
Acetylene, 31, 35, 36
series, 35
Acetylides, 37
Acetyl salicylic acid, 288
Acid amides, 117
identification, 348
preparation, 118
properties, 118
Acid anhydrides, 113
identification, 348
preparation, 114
Acid imides, identification, 348
Acids, 85
identification, 347
nomenclature, 85
preparation, 87
properties, 88
substituted, 86

INDEX

Acids,
type of, 87
Acids, aromatic, 268
Acids, dibasic, unsaturated, 94
Acids, halogen substituted, 123
preparation, 123
properties, 124
Acids, monobasic, 87
Acids, table, 89

Acridine, 313
vAcriflavine, 313
Acrolein, 65, 83, 109
Acrolite, 252 |
Acrylaldehyde, 83, 109
Acrylic acid, 83, 91, 127
Acyl halides, 115
identification, 348
Adenine, 156
Adrenaline, 360
Agar-agar, 184
Alanine, 147
Albolene, 29
Albumins, 149
Albuminoids, 150
Aleohol, denatured, 62
ethyl, 59
preparation, 59
Alcohols, 49
absolute, 61
aromatie, 248
identification, 345
nomenclature, 49
polyatomiec, 65
preparation, 54
primary, 51
properties, 57
secondary, 52

table, 58

399

Acids, unsaturated, monobasic, 91
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Alcohols, Aminoanthraquinones, 303
tertiary, 52 Aminonaphthalenes, 297

Aldehydes, 73 Aminophenols, 283
aromatie, 259 Ammonium carbamate, 191

properties, 260 Ammonium cyanate, 1

identification, 346 _ Amphi-naphthoquinone, 299
nomenclature, 73 Amygdalin, 176
preparation, 75 Amyl butyrate, 102
properties, 76 Analysis, elementary, 10

Aldol, 82 proximate, 10
condensation, 82, 192 , ultimate, 10

Aliphatic compounds, 16 Anesthesine, 289

Alizarin, 323, 326 Anethole, 283

Alkaloids, 335 Anhydrides, inner, 125
identification, 351 v Aniline, 232, 236

Alkyl cyanides, 161 Aniline hydrochloride, 237
preparation, 161 Anisaldehyde, 286
properties, 162 Anisole, 251, 257

Alkyl halide, 41 Anthocyanins, 354
preparation, 42 Anthracene, 301
properties, 43 Anthracenesulfonic acids, 302
table, 42 Anthranilic acid, 290, 311

Alkyl isocyanides, 162 Anthraquinone, 302
preparation, 162 ' Anthraquinonesulfonic acids, 303
properties, 162 Antifebrin, 237

Allantoin, 158 ’ Antipyrine, 306

Allonal, 121 ’ Apigenin, 354

Alloxan, 158 Applications of organic chemistry, 4

Allyl aleohol, 83 Arabinose, 167

Allyl ether, 72 Arabitol, 67

Allyl isothiocyanate, 164, 197 Arbutin, 176

Aluminum carbide, 18 Arginine, 149

Amidol, 284 Aromatic compounds, 16

Amines, alipbatic, 138 Arsanilic acid, 338
aromatic, 234 Arsenic compounds, 197, 338

preparation, 235 Arsenophenylglycine, 338

identification, 349 Artificial silk, 181
preparation, 138 Aseptol, 282
primary, 138 Aspartic acid, 148
properties, 139, 141 Aspirin, 288
secondary, 140 Asymmetric carbon atom, 128
tertiary, 140 Atoxyl, 338
types, 138 Atropine, 336

Amino acid, table, 152 Auramine, 320

Amino acids, 143 Auxochrome group, 317
nomenclature, 143 Azobenzene, 232, 246
preparation, 143 Azo compounds, 241

properties, 144 identification, 350



Azo compounds,
reactions, 246
Azoxybenzene, 232, 246

B

Baekeland, portrait, 253

Baeyer, portrait, 310

Baeyer-205, 327

Bakelite, 80, 252

Barbital, 121

Bases, organic, 138

Beckmann rearrangement, 263

Beeswax, 109

Benedict’s reagent, 173

Benzal chloride, 227

Benzaldehyde, 259

Benzaldoxime, 261

Benzamide, 270

Benzanilide, 264

Benzene, 203, 211, 213
constitution, 203
preparation, 214
structure, 205

Benzenediazonium chloride, 236

Benzenedisulfonic acid, 228

Benzenesulfonic acid, 228

Benzenesulfonyl chloride, 229

Benzidine, 246

Benzine, 211

Benzohydrol, 249

Benzoic acid, 268

Benzoic anhydride, 270

Benzoin, 264

Benzol, 211

Benzonitrile, 270

Benzophenone, 249, 263, 270

Benzoquinone, 265, 267

Benzotrichloride, 227

Benzoylbenzoic acid, 302

Benzoyl chloride, 270

Benzoyl peroxide, 271

Benzyl aleohol, 248

Benzylamine, 234

Benzyl bromide, 228

Benzyl chloride, 222, 227

Benzyl cyanide, 272

Benzylidene chloride, 227

Benzylphenylamine, 234

INDEX

!

Betaine, 111
Bile pigments, 356
Biuret, 120

reaction, 120, 152
Bogert, portrait, 202
Boiling points, 382
Borneol, 332
Bromal, 82
Bromoacetone, 228
Bromoanthracenes, 302
Bromoethyl methyl ketone, 228
Bromoform, 47
Brucine, 336
Butanes, 23
Butanol, 63
Butanone, 74
Butenes, 35
Butines, 38
Butter yellow, 320
Butylenes, 35
Butyn, 290
Butyraldehyde, 74
Butyric acid, 91, 104, 19
Butyrolactam, 147
Butyrolactone, 128

o

C

Cacodyl, 198
Cacodyl oxide, 198
Cadaverine, 142
Calffeine, 159
Calcium carbide, 38
Calcium cyanamide, 161
Calcium cyanide, 161
Calcium formate, 76
" Camphor, 331
¥ Candles, 91
Cane sugar, 178
V Cannizzaro reaction, 261
Caproic acid, 189
Caramel, 179
Carbamic acid, 119
Carbazole, 301, 313
Carbinol, 50, 58
Carboceyclic compounds, 200
Carbohydrates, 166, 186

identification, 349

Carbon monoxide, 90, 117, 163

401
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Carbon tetrachloride, 47
Carbonyl group, 73
Carboxyl group, 85
Carboxylic acids, 347
Carbylamine, 162
reaction, 140
Carnauba wax, 109
Carnaubyl alcohol, 109
Carotin, 354
Carvone, 331
Catalase, 358
Celluloid, 184
Cellulose, 181
Cellulose acetate, 182
Cellulose nitrate, 182
Cellulose products, 183
Cellulose xanthate, 197
Cephalin, 111
Cerasin, 111
Cetyl alcohol, 63, 109
Chinese wax, 109
Chitin, 180
Chloral, 81
Chloral alcoholate, 82
Chloral hydrate, 82
Chloramine-T, 282
Chloretone, 46 '
Chloroacetic acids, 123
Chloroacetic anhydride, 126
Chloroacetone, 228
Chioroacetophenone, 228, 262
Chloroacetyl chloride, 126
Chlorosailines, 278
Chloroanthracenes, 302
Chlorobenzene, 226
Shlorobenzyl chloride, p-, 228
Chloroform, 45
preparation, 45
properties, 46
uses, 46
Chloromalonyl chloride, 126
Chloronaphthalenes, 296
Chlorophyli, 353
Chloropierin, 228
Chloroprene, 40
Chlorotoluenes, 223, 227, 278
Cholesterol, 111
Choline, 110

INDEX

Chondroitin, 180
Chromophore group, 317
Chromotropic acid, 299
Chrysaniline, 322
Chrysene, 303

Chrysin, 354
Chrysoidine, 319
Cinchonine, 336
Cinnamaldehyde, 261
Cinnamic acid, 272
Cinnamyl alcohol, 249
Cis-form, 94

Citral, 83, 332

Citrene, 332

Citrie acid, 126, 133
Citronellal, 332

Closed chain compounds, 200

Coal, destructive distillation, 6, 211

Coal gas, 18
Cocaine, 336
Codeine, 337
Collodion, 184
Cologne spirit, 59
Colophony, 329
Congo red, 320, 325
Coniine, 336
Cordite, 184
Coumarin, 308
Cream of tartar, 133
Creatine, 121
Creatinine, 121
Cresols, 252
Cresylic acid, 254
Crisco, 107
Crotonic acid, 91, 125
Crude oil, 27
Crystal violet, 321 °
Cyanamide, 161
Cyanides, 160
identification, 350
Cyanidin, 355
Cyanin, 355
Cyanogen, 160
Cyanogen chloride, 161
Cyanuric aeid, 164
Cyeclic compounds, 200
Cyclobutane, 201
Cyclohexane, 201



INDEX

Cyecloparaffins, 201 Diphenylethane, 218
Cyclopentane, 201 Diphenylethylene, symmetrical, 217
Cymene, 217, 328 Diphenylguanidine, 238
Cystine, 148 Diphenylmethane, 217
Cytosine, 156 Dippel’s oil, 305, 307
Disaccharides, 166 °

D . | Disodium salicylate, 288
De-amination, 190 Distillation, destructive, 6
Decalin, 299 fractional, 7
Denatured alcohol, 62 “Duco,” 184
Developer Z, 306 Dulcin, 285
Dextrins, 180 Dyes, 314
Dextrose. See Glucose: acid, 316
Diacetic acid, 134, 190 adjective, 314
Diamines, 142, 240 artificial, 314
Diaminobenzenes, 240 basic, 316
Diastase, 59 direct cotton, 310
Diazoaminobenzene, 245 ingrain, 317
Diazobenzene chloride, 242 mordant, 317
Diazo compounds, 241 natural, 314
Diazo reactions, 241 substantive, 314
Diazotization, 242 sulfur, 317
Dibromobenzene, p-, 228 theory, 317
Dichloramine-T, 282 ’ uses, 316
Dichloroacetic acid, 123 vat, 317
Dichlorobenzene, p-, 226 Dyes, acridine, 322
Dichlorodifluoromethane, 47 anthraquinone, 323
Dichloroethyl sulfide, 196 azine, 323
Dichloromethyl ether, 228 azo, 319
Diethyl nitrosoamine, 141 diphenylmethane, 320
Diethyl phthalate, 273 indigo, 324
Diethyl sulfate, 101, 255 indophenol, 322
Dihydrobenzene, 218 . nitro, 318
Dimethylamine, 140 nitroso, 318
Dimethylammonium iodide, 140 oxazine, 322
Dimethylaniline, 234, 239 pyrazolone, 319
Dimethyl glyoxal, 82 quinoline, 322
Dimethyl glyoxime, 83 stilbene, 319
Dimethyl ketone, 84 sulfur, 323
Dimethyl sulfate, 101, 228 thiazine, 323
Dinitrobengzenes, 231 triphenylmethané, 321 -
Dionine, 337 ] xanthene, 321
Dipeptide, 151 «Dynamite, 66
Diphenyl, 218
Diphenylacetylene, 217 B ,
Diphenylamine, 234, 240 Ehrlich, 4, 339
Diphenylcarbinol, 249, 263 Elements in organi¢ compounds, 8
Diphenylchloroarsine, 228, 342 Emetine, 337
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Enzymes, so¢
table, 358
“Iphedrine, 361
irepsin, 358
irgosterol, 112
Irythritol, 67
Issential oils, table of, 333
Isterification, 102
Tsters, 99
identification, 348
preparations, 100
propertiegz 100
Ethane, 20
Ethanol, 59
Ethenol, 67
Ethereal salts, 100
Ethers, 69
aromatic, 257
identifications, 346
manufacture, 70
mixed, 69
preparation, 69
properties, 71
uses, 71
Ethyl acetate, 102, 114
Ethyl alcohol, 59
chart, facing p. 60
manufacture, 60
percentages in beverages, 62
properties, 61
uses, 61
Ethylamine, 138, 162
Ethylbenzene, 216
Ethyl benzenesulfonate, 229
Ethyl benzoate, 269, 271
Ethyl bromide, 44
Ethyl butyrate, 102
Ethyl carbonate, 117
Ethyl chloride, 44
Ethyl,chloroacetate, 126
Ethyl dichloroarsine, 198
Ethyl ether, 69
Ethyl formate, 102
Ethyl gas, 199
Ethyl hydrogen sulfate, 100
Ethyl lactate, 129
Ethyl malonate, 103
Ethyl methyl carbinol, 55

INDEX

Ethyl nitrate, 101
Ethyl nitrite, 100, 162
Ethyl nonyl ketone, 75
Ethyl oxalate, 103
Ethyl oxide, 69

Ethyl propyl ether, 69
Ethyl salicylate, 288
Ethyl sulfide, 194

Ethyl sulfuric acid, 101

| Ethylene, chart, facing p. 142

Ethylene, 32
preparation, 32, 33
properties, 33, 34

Ethylene acetate, 103

Ethylene bromide, 44

Ethylene chiorohydrin, 64

Ethylene cyanide, 94

Ethylene oxide, 64, 304

Ethylenediamine, 142

Ethylene dichloride, 45

Ethylene glycol, 63

Ethylene nitrate, 64

Eugenol, 283

Fats, 105, 188

properties, 108

table, 106
v Fehling test, 82, 172
Fermentation, 7, 59
Ferric ammonium citrate, 134
Fire damp, 18

Fischer, portrait, 145
Fittig, synthesis, 211, 225
Flavones, 354
Foodstuffs, 186
Formaldehyde, 80
chart, facing p. 80
Formalin, 80
Formic acid, 89
Formula, empirieal, 11
molecular, 11
structural, 23

269, 301
Fructose, 177
Fulminic acid, 164

Fumaric acid, 94

“Friedel-Crafts’ reaction, 212, 262, 263,



Furan, 304
Furfural, 304
Fusel oil, 62

' G
Galactans, 184
Galactose, 177
Gallic acid, 255, 293
- Gamma sugars, 175
Gasoline, 28
- purification, 28
Geranial, 83
Geraniol, 332
Germanium tetrapropyl, 199
Globulins, 149
Glossary, 379
Glucides, 166
Gluconic acid, 174
Glucosamine, 177
Glucosazone, 169
Glucose, 167
proof of structure, 168
properties, 169, 172
Glucosides, 176
identification, 349
Glucosone, 170
Glutamic acid, 148
Glutaric acid, 92
Glutelins, 150
Glyceraldehyde, 187
Glyeeric acid, 127
Glyecerol, 65, 99
properties, 65
* uses, 65
Glyceryl phosphate, 101
Glycery! trinitrate, 101
Glycine, 147
Glycine anhydride, 147
Glycocoll, 147
Glycogen, 181
Glycol dinitrate, 66
Glycol ether, 72
Glycolic acid, 126, 128
Glycolide, 127 .
Glycoproteins, 150
_Glycuronic acid, 174
Glycylglycine, 151
Glyoxal, 82

INDEX

MGlyoxylic reaction, 153
Gomberg, 218
portrait, 219
“Griess’, diazo reaction, 241
“Grignard’s, reagent, 44
portrait, 56
reaction, 55
Guaiacol, 282
Guanidine, 121
Guanine, 157
Gum arabic, 184
Gum tragacanth, 184
Gums, 184
Gun-cotton, 182

H
H acid, 299
Halogen compounds, 222
identification, 345
Halogen substituted acids, 123
preparations, 123
properties, 124
Hemicellulose, 184
Hemoglobin, 150, 355
Heroine, 337

Hexahydrobenzene, 220
Hexamethylene, 220
Hexamethylenetetramine, 80
Hexaphenylethane, 218
Hexylresorcinol, 255
Hippuric acid, 271
Histidine, 149
Histones, 150
vHofmann reaction, 118, 139,
Homatropine, 336
Homologous series, 25
Hopﬁins—Cole reaction, 153
Hormones, 360
Hydrazobhenzene, 232, 246
Hydrobenzamide, 260
- Hydrocarbons, 18, 31
acetylenes, 31
aromatic, 211, 213
hydroaromatic, 218
identification, 344
‘nitration, 213
olefins, 31

Heterocyelic compounds, 200, 304



Hydrocarbons,

oxidation, 213

preparation, 211

properties, 213

reactions, 213

sources, 211

sulfonation, 213

unsaturated, 31
Hydrocarbons, saturated, 25

preparation, 27

properties, 27
Hydrocinnamic acid, 272
Hydrocyanic acid, 160, 228
Hydrogen cyanide, 160
Hydroquinone, 265
Hydroxy acids, 126

preparation, 126

properties, 127 .
Hydroxyazobenzene, p-, 246
Hydroxydimethylaniline, 284
Hydroxyquinoline, 308
Hypnone, 260
Hypoxanthine, 156

1

Identification of compounds, 344
Indanthrene blue R, 324
Indican, 176, 309

Indigo, 309, 324

Indigo carmine, 312
Indole, 309

Indophenol blue, 322
Indoxyl, 309, 311
Indoxyl sulfuric acid, 309
Indoxylic acid, 311

Inner anhydrides, 125
Inner salts, 146

Inositol, 220

Insulin, 362
Intermediates, dyes, 226
Inulin, 181

Invertase, 358

Todal, 82

Iodine number, 108
Todochlorobenzene, p-, 228
Todoform, 47

Todol, 306

Iodotoluene, p-, 228

INDEX

N

Isoamyl acetate, 102
Isoamyl alcohol, 63
Isoamyl isovalerate, 102
Isoamyl nitrite, 100
Isobutane, 24
Isocyanic acid, 164
Isocyanides, identification, 350
Isoelectric point, 144
Isoeugenol, 283
Isomerism, 21
anti-type, 261
cis-type, 95
optical, 128
stereo, 128
syn-type, 261
trans-type, 95
Isopentane, 24
Isophthalic acid, 273
Isoprene, 38, 332
Isopropyl alcohol, 63
Isoquinoline, 308
Isosuccinic acid, 94
Isovaleric acid, 91

K
Karolith, 154
Kekulé, portrait, 204
Ketenes, 84
Ketones, 73

aromatic, 262

identification, 346

mixed, 75

nomenclature, 74

preparation, 75

simple, 75
Ketonic hydrolysis, 137
Knoop’s S-oxidation theory, 189
 Kolbe-Schmitt, reaction, 287

L
Laequers, 182
Lactase, 358
Lactic acid, 127, 128, 188
Lactones, 125
Lactose, 180
Lake, 316
Lanolin, 109, 111
Lead acetate, basic, 98




Lead tetraethyl, 199
Le Bel, 128
Lecithin, 110
Leucine, 147
Levulose, 177
Lewisite, 198
Lignoceric acid, 111
Limonene, 329
Linoleic, acid, 92
Lipdse, 358
Lipoids, 110
Luminal, 121
Lysine, 148

M

Magnesium citrate, 133
Magnesiwm ethyl iodide, 199
Malachite green, 325
Maleic acid, 94, 130
Maleic anhydride, 94, 115
Malic acid, 126, 131
Malonamide, 122
Malonic acid, 93
Malonic ester, 103

uses, 103
Maltase, 358

INDEX

Mesitylene, 216
Metaldehyde, 81
Metanilic acid, 281
Metaproteins, 151
Methane, 18
occurrence, 18
preparation, 18
properties, 19
Methanol, 58
chart, facing p. 58
preparation, 58
properties, 59
uses, 59
Methyl aleohol, 58
Methylaniline, 239

Methylbenzene, 214
Methyl! chloride, 44
Methyl cyanide, 161
Methyl glucoside, 176
Methylene blue, 323
Methylene iodide, 45
Methyl isocyanide, 162
Methyl isonitrile, 162
Methyl orange, 324

Mercury compounds, 338

Methyl anthranilate, 290

Maltose, 180
Manna, 67
Mannans, 184
Mannitol, 67
Mannose, 178
Marsh gas, 18
Medicated alcohol, 62
Melanins, 356
Meldola’s blue, 322
Mellitic acid, 275
Melting points, 382
Menthane, 330
Menthol, 330
Menthone, 330
Mercaptans, 194, 195
preparation, 195
Mercaptides, 195
Mercaptol, 196
Mercerized cotton, 181 N
Mercuric fulminate, 164 Naphthalene, 294
Mercuric salicylate, 342 Naphthalene substituents, table, 300
Mercurochrome-220, 342 Naphthalene sulfonic acid, 296, 297

Methylphenylamine, 234
Methyl phenyl ether, 243, 251, 257
Methyl salicylate, 288
Metol, 284
Michler’s ketone, 264
“Millon’s reaction, 153
“Molisch, reaction, 153, 30
Monosaccharides, 167
Mordant, 316
~Morphine, 337
Muctc acid, 305
Mucilages, 184
Muscarine, 110
Mustard gas, 196, 228
Myrieyl aleohol, 63, 109
Myricyl palmitate, 103
Myronic acid, 176




Naphthalic acid, 29
Naphthionic acid, 2..
Naphthoic acids, 298
Naphthol yellow S, 318
Naphthols, 297
Naphthoquinones, 299
Naphtholsulfonic acids, 299
Naphthylamine, 8-, 298
Naphthylamine, a-, 298
Naphthyl benzoate, 208
Naphthy! methyl ethers, 297
Naphthyl salicylate, 298
Narcotine, 337
Neosalvarsan, 341
Nerolin, 297
Nicotine, 336
Nitration, 213
Nitrile, 161
Nitroanilines, 278
Nitrobenzene, 231, 232
Nitrobenzoic acids, 270, 283
Nitrocellulose, 181
Nitro compounds, 164, 230
identification, 350
preparation, 231
properties, 232
reduction products, 232
Nitroethane, 44
- Nitroglycerine, 101
Nitrolime, 161
Nitronaphthalenes, 207
Nitrophthalic acid, 295
Nitrophenols, 251, 279
Nitrosobenzene, 232
Nitroso compounds, 141
Nitrosodimethylamine, 165, 236
Nitrosodimethylaniline, 236 239
Nitrosomethylaniline, 236
Nitroso- 8- Naphthol, 298
Nitrotoluenes, 231
Nobel, 66
Nomenclature, 363
Novocaine, 289
Nucleic acid, 155
Nugclein, 155
Nucleoproteins, 150, 155
Nucleoside, 155
Nujol, 29

INDEX

0

Octyl acetate, 102

Oil of anise, 286

Oil of bitter almonds, 260
Oil of caraway, 331
Oil of cinnamon, 262
01l of cloves, 283

Oil of garlie, 196

O3 of Jermon, 329

Oil of lime, 329

Oil of mirbane, 232,
Oil of peppermint, 330
01l of sassafras, 283
Oil of thyme, 254

Oil of turpentine, 329

Oil of wintergreen, 288

Oils, 105
essential, 333
hydrogenation, 107
properties, 108
table, 106

Olefins, 31

Oleic acid, 91

Olein, 105

Oleomargarine, 107

Optical aectivity, 128

Organic compounds, 2
analysis, 9
nomenclature, 363
purification, 7

Organic type formulas, facing p.

Organo-metallic compounds, 19¢

Qszzrozes, 270

Osones, 170

Oxalic acid, 92
preparation, 92

Oxalyl chloride, 117

Oxamide, 121

Oxidation, 213

P
Palmitic acid, 91
Palmitin, 99, 105
Paraffins, 18
Paraffin series, table, 26
Paraform, 80
Paraformaldehyde, 80
Paralactic acid, 129



INDEX

Paraldehyde, 81
Parathyroid hormone, 362
Parchment paper, 181
Paris green, 98
Pasteur, portrait, 130
Pectins, 184 :
Pentanes, 24
Pentosans, 167
- Pentoses, 167
Pepsin, 188, 358
Peptones, 151
Perkin, portrait, 315
reaction, 271, 309
Peroxidase, 358
Petrolatum, 29
Petroleum, 18, 27, 28
cracking, 29
distillation, 28
distillation chart, facing p. 29
occurrence, 27
products derived, 28
Phenacetin, 285
Phenanthrene, 301, 303
Phenetidine, 285
Phenetole, 257
Phenol, 243, 250
properties, 250
Phenols, identification, 346
Phenolphthalein, 274
Phenolsulfonephthalein, 275
Phenolsulfonic acids, 251, 281
Phenoltetrachlorophthalein, 275
Phenylacetaldehyde, 261
Phenylacetate, 251
Phenylacetic acid, 272
Phenylacetylene, 217
Phenyl alanine, 147
Phenylcarbylamine chloride, 228
Phenyl cyanide, 230
Phenylenediamine, 240
Pheny! ether, 257
Phenylethyl alcohol, 249
Phenylglycine, 312
Phenylglycine-o-carboxylic acid, 311
Phenylhydrazine, 169, 245
Phenylhydroxylamine, 232
Phenyl salicylate, 288
Phloridzin, 176

Phloroglucinol, 256
Phosgene, 117, 228
Phosphoproteins, 150
Phosphorus compounds, 197
Phrenosin, 111
Phthalic acids, 273
Phthalic anhydride, 273, 311
Phthalimide, 273, 290, 31
Phthalamidic acid, 311
Phthalyl chloride, 274
Phytosterol, 111
Picramic acid, 280
Picric acid, 279, 319
Pigments, 353
animal, 355
plant, 353
Pilocarpine, 337
Pinene, 329
Pinene hydrochloride, 329
Piperidine, 307
Piperine, 336
Pituitrin, 362
Polarized light, 128
Polymers, 37
Polypeptide, 151
Polysaccharides, 167
Potassium acid tartrate, 133
Potassium antimonyl tartrate, 133
Procaine, 290
Profiavine, 313
Prolamines, 150
Proline, 150, 305
Propane, 22
Propanone, 74
Propenol, 67
Propine, 38
Propionaldehyde, 74
Propionic acid, 91
Propylene, 35
Protamines, 149
Proteins, 151, 190
composition, 151
constitution, 151
identification, 351
reactions, 152
Proteoses, 151
Prussic acid, 160
Ptyalin, 358
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Purines, 156
identification, 351
Putrefaction, 7
Putrescine, 142
Pyramidon, 306
Pyrazole, 306
Pyrazoline, 306
Pyrazolone, 306
Pyrene, 47
Pyridine, 307
Pyrimidine, 156
Pyrocatechol, 254
Pyrogallol, 255
Pyroligneous acid, 58, 90
Pyromucic acid, 305
Pyroxylin, 182
Pyrrole, 305
Pyrrolidine, 305
Pyruvic acid, 188
Pyruvic aldehyde, 187

Q

Quaternary bases, 141
Quercitin, 355
Quinhydrone, 267
Quinine, 336
Quinol, 255
Quinoline, 307
Quinoline yellow, 322
Quinolinic acid, 308
Quinones, 264, 265

identification, 349

R
Racemic acid, 132
Radicals, 363
Raffinose, 180
Rayon, 181
Red oil, 92

Reference Books, 384
Reimer-Tiemann, reaction, 286, 309
Remsen, portrait, 292

Rennin, 358

Resorcin, 254

Resorcin green, 318

Resorcinol, 254

Rhodamine B, 321

Rhodinal, 284

Ribose, 167

Rochelle salt, 133

Rosin, 329

Ruberythric aecid, 177

Rules, substitution in the benzene
ring, 215

8

L Sabatier and Senderens, reaction, 220
Saccharic acid, 174
Saccharin, 291
Safranine, 323
Safrole, 283
Salicin, 176
Salieyl alcohol, 285
Salicylaldehyde, 286
Salicylic acid, 287
Saligenin, 285
Salol, 288
Salts, 96

preparation, 97
properties, 97
Salvarsan, 338

~Sandmeyer, reaction, 243
Saponification, 100, 102
Saponification number, 108
Sarcolactic acid, 129
Saturated hydrocarbon, 18, 25

nomenclature, 25
properties, 27

. Schiff test, 82

I»Schweitzer’s reagent, 181

Secretin, 362

Seidlitz powders, 133

. Seliwanoff test, 178
Serine, 152
Silicon tetraethyl, 199
Silk, artificial, 181
Silver fulminate, 164
Skatole, 312

«Skraup’s reaction, 308

-Smokeless powder, 184
Soaps, 98
Sodium benzenesulfonate, 229, :
Sodium benzoate, 269
Sodium acetyl salicylate, 288
Sodium cinnamate, 272

Sodium citrate, 134



Sodium ethylate, 57

Sodium ethyl mercaptide, 194

Sodium formate, 98
xdium palmitate, 99
sdium phenolate, 229, 250
odium salicylate, 288
odium stearate, 99
olubilities, 351
ources of organic compounds, 5
permaceti, 109
phingomyelin, 111
phingosine, 111

wtains, 326

Starch, 180

Steapsin, 358

Stearic acid, 91

Stearin, 105

Stereoisomerism, 128

Stilbene, 217

Strychnine, 336

Styrene, 217

Substitution, 13, 20
rules, 215

Sucecinamide, 122

Succinie acid, 93, 95

Succinic anhydride, 94, 116

Succinimide, 122

Sucrase, 358

Sucrol, 285

Sucrose, 178

Sugar, 178

Sugar of lead, 98

Sulfanilic acid, 238, 280

Sulfarsenol, 341

Sulfides, 195
preparation, 195

Sulfoacetic acid, 197

Sulfobenzoic acid, 270, 290

Sulfonal, 196

Sulfonation, 213

Sulfonic acids, 228
identification, 347
preparations, 228
properties, 229

Sulfur black, 323

Sulfur compounds, 194
identification, 351

Sulfuric ether, 70

INDEX

Sun yellow, 319
Sweet spirit of nitre, 10

T

Tannic acids, 293
Tannins, 293
Tartar emetic, 133
Tartaric acid, 126, 131
Tartrazin, 319
Taurine, 197
Tautomerism, 135, 256
Terephthalic acid, 273
Terpenes, 328 '

identification, 351
Terpineol, 331
Tetrahydrobenzene, 218
Tetraiodophenolphthalein, 275
Tetralin, 299

| Tetramethylammonium hydroxide,

141
Tetramethylmethane, 24
Tetraphenylethylene, 217
Tetryl, 231
Theine, 159
Theobromine, 159
Theophylline, 159
Thioacetic acid, 197
Thioacetone, 197
Thioacids, 195
Thioalecholate, 194
Thiocarbanilide, 238
Thiophene, 306
Thiophenol, 229
Thiourea, 197
Thrombin, 358
Thymine, 156
Thymol, 254
Thyroxine, 361
Tin diethyl, 199
T. N. A, 231
T.N. T, 231
Tolane, 217
Toluene, 214
Toluenesulfonamide, 291
Toluenesulfonie acids, 228, 282, 291
Toluenesulfonyl chloride, 291
Toluic acids, 271
Toluidines, 239
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Trans-form, 94

Tribromoaniline, 231 Valence, electronic conception, 11, 14
Tribromophenol, 250 Valine, 147
Trichloroacetic acid, 123 Vanillin, 286
Trichloromethyl chloro-formate, 228 | Van Siyke, 146
Tricresol, 254 van’t Hoff, 128
Triethanolamine, 141 Verdigris, 98
Trimethylamine, 140 Vinylacetylene, 40
Trimethylarsine, 198 Vinegar, 90
Trimethyl carbinol, 55 Viscose, 182
Trimethylphosphine, 198 Vitamins, 359
Trinitrotoluene, 231 w
Trional, 196 ® Waxes, 109
Triphenylamine, 234 ’

8 Williamson, synthesis, 69
Triphenylguanidine, 238 Wahler. 1. 1 lgn =

Triphenylmethane, 217 Wood aleohol, 58

Triphenylmethyl, 218 ~Wurtz, synthesis, 21, 3"
Triphenyl phosphate, 251

Trisaccharides, 167 * X
”£nthloacetgldehyde, 197 Xanthic acid, 107
ryparsamide, 342 )
: Xanthine, 157
Trypsin, 150, 188, 358 . . .
Xanthoproteic, reaction, 153
Tryptophan, 148, 312 Xanthophvll. 354
Tyrosine, 148 OpDyL,

Xylenes, 216
U Xylidine, 239
Xylose, 167

gz;’:l’lig,ﬁ 158 Xylyl bromide, 228
determination, 120 .
preparation, 119 . Y
properties, 120 Yara~yara, 207

Urease, 358 V/

Urethane, 121 Zinc ethyl, 199

Uric acid, synthests, 157 Zinc methyl iodide, 1'

Urotropine, 80 Zymase, 358



