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P R E F A C E .

In the field of organic chemistry there are a number
of elementary laboratory manuals, any one of which
may be used to the student's advantage. When it
comes to the choice of a guide for an advanced course,
however, there is a vast amount of material available
from which a selection in the form of a laboratory
manual has never been made. Hence the student is
often permitted to follow some line in which he is
interested, regardless of its practicability or its value
from the standpoint of training, or else the planning
of the experiments devolves entirely upon the instructor.

With the object of providing a brief advanced course
in manipulative organic chemistry embodying experi-
ments scattered as widely as possible over the important
types of substances and reactions, the author desires
to present this little book in the hope of rendering
simpler the task both of the advanced student and his
instructor.

It has been the writer's aim to select experiments of
greater difficulty than those ordinarily included m ele-
mentary manuals, but to avoid preparations of so diffi-
cult or involved a nature as to become a source of dis-
couragement rather than a stimulus to the student. In
this connection a word of apology may be necessary
for including as much as has been done of the work
of Dr. Walter A. Jacobs of the Rockefeller Institute
and the writer, but it is very strongly felt that the value
of a volume such as the present one depends largely on
the personal experience of its author, and for this rea-
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6 -PREFACE

son the writer has drawn freely on his own work an
that -of his colleagues. It has been attempted also 1
preserve as just a balance as possible between the chen
istry of aliphatic and aromatic compounds, and to u
elude products of technical and biological, as well \
theoretical importance, in order to provide as broad
foundation as possible for the student in his futui
work. In the selection of experiments, care has bee
taken to exclude those involving great expense, and
further economy is effected by the use of many of tl
initial products as steps in the synthesis of others.

Finally, the author takes great pleasure in acknow
edging his indebtedness to his colleagues at the Rock
feller Institute for Medical Research for the use <
their records in individual experiments, to Prof Ma
ston T Bogert of Columbia University for some ve
pertinent suggestions, and to Prof John 'M Nelson <
Columbia University, whose encouragement and hel
ful advice stimulated the writer to the preparation <
this manual

MICHAEL HEIDELBERGER.

New York City, December, 1922.
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INTRODUCTORY WARNING.

The student will remember from his elementary
course that many organic reactions, harmless under con-
trolled conditions, may gather speed and violence if not
carefully watched. Every experiment should therefore
be considered as a whole from the point of view of its
potential sources of danger, and a plan of procedure
mapped out accordingly.

If the reaction is accompanied by a rise of tempera-
ture, even if no minimum is specified m the directions,
accidents may often be prevented by keeping a pot of
ice water or freezing mixture at hand, into which the
vessel may be plunged in time to prevent boiling over or
decomposition. If gases such as hydrobromic acid, for
example, are evolved, the reaction should be carried out
under the hood, and the vapors led into a flask of water
by a tube terminating above the surface.

Many a weary repetition may also be avoided by
keeping in pots as much as possible large flasks or
beakers containing material on which much time has
been expended.

It should also be kept in mind that most organic
compounds are more or less toxic and many are ex-
tremely dangerous. Distillations other than under
diminished pressure should therefore be carried out
under the hood, and care should be taken to avoid con-
tact of the substances handled with the skin, or inhala-
tion of their vapors or dusts. The writer still has vivid
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12 INTRODUCTORY WARNING

recollections of several extremely uncomfortable days
many years ago as a result of getting minute traces of

/ \ C H B r 2

co-tetrabromo-o-xylene, [ j , on his finger tips
\ / C H B r 2

and thence indirectly on his face and into his eyes.
When working therefore with substances which are
known to be irritating the student will find it advisable
to wear rubber gloves. Dried crystalline material or
powders should also be transferred under the hood, a
precaution which it is particularly unsafe to overlook in
the case of the alkaloid, arsenic, and mercury deriva-
tives of which the preparation is described in the fol-
lowing pages.

The student will also frequently handle highly in-
flammable solvents, and must therefore remember that
many painful and even fatal accidents have resulted
from working with these near a flame or electric switch.

While there need be no occasion for timidity, it must
be borne m mind that constant vigilance and concen-
tration are the price that must be paid for the joys, the
satisfaction, and the thrills that come to those who work
in organic chemistry.



A N A D V A N C E D L A B O R A T O R Y

M A N U A L O F O R G A N I C

C H E M I S T R Y

I. NITRATION AND NITROSATION.

(See also p. 92)

A. Nitration.

o-Nitraniline, o-O2NCaH4NHfl.
In the nitration of benzene, it will be remembered,

only one mononitro compound was capable of forma-
tion, and the by-product occurring in the reaction was
w-dinitrobenzene:

NO2 NO 2

If one substituent ia already present in the benzene
nucleus,1 however, the case becomes more complicated,
and using aniline or its acetyl derivative as an example,
three fsotineric monotiitro derivatives are theoretically
possible c

13



14 ADVANCED LABORATORY MANUAL

NHCOCH3

|NO2

o-Nitro-acetamlide.

NHCOCH3

w-Nitro-acetamlide.
JNO,

NHCOCHa

p-Nitro-acetanilide.

NO2

The relative amounts of the position isomers formed
vary within wide limits according to the conditions
used, for if one nitrates aniline itself in cold, concen-
trated sulfunc acid a relatively large proportion of
metQr and para- mtranilines are the chief products,
while if acetanilide is nitrated in the same solvent the
para- nitro derivative is obtained almost exclusively.
If the nitration is carried out in an excess of fuming
nitric acid the main product is again the para- com-
pound, with only 6 to 8 per cent of o-nitramline. Witt
and Utermann1 found, however, that by carrying out
the nitration in glacial acetic acid in the presence of
acetic anhydride as dehydrating agent, about 75 per
cent of the acetanilide nitrated was converted into the
ortho- compound, the remainder being p-nitro-acetan-
llide. By this method large amounts of o-nitran-

1Ber. 39, 3901 (1906), 41, 3090 (1908).



OF ORGANIC CHEMISTRY 15

ihne can readily be prepared. Batches of the size
given below may be conveniently handled in the labora-
tory.

Nitration.
90 g. of acetanihde are dissolved by warming

gently in a mixture of 80 g of acetic anhydride and
44 g. of glacial acetic acid, and the solution is then
chilled in ice-water. 50 g. of fummg nitric acid
(d 1.52) are mixed with 46 g. of glacial acetic acid,
also cooled, and added in small portions to the chilled
acetanilide solution, from which a portion of the
acetanihde may separate. The mixture is stirred well
with a thermometer, adding the nitric acid solution
slowly enough to prevent the temperature from rising
above that of the room, and controlling the speed of the
reaction by immersing in ice-water when necessary.
When the tendency of the temperature to rise becomes
very slight the reaction mixture should be removed
from the ice-water and allowed to stand 24 hours at
room temperature. Care should be taken by cooling
occasionally if necessary during the first hour or two
that the reaction does not become too vigorous. The
next day the mixture is poured on to ice, stirred well,
and the crude crystalline o-nitro-acetamhde filtered off,
washed well with ice-cold water, and sucked as dry as
possible.

Separation of Isomers.
In the meantime a mixture of one volume, of 50 per

cent aqueous potassium hydroxide, 4 volumes of water,
and one volume of alcohol is prepared, cooled to o°,
and the nitration product thoroughly rubbed up (in
portions) in a chilled mortar with about 600 cc. of the
solution. The onitro-acetanilide dissolves, while the
bare*- compound remains insoluble in the cold mixture
ind is sucked off and washed with a little of the cold
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solution, then with a little ice-cold water. After re-
crystalhzation from water the yield is 20 g , melting at
207 °.
Saponification.

The filtrate and washings from the crude paro nitro
derivative are now allowed to come to room tempera-
ture, and on letting stand for 24 hours saponification
occurs and pure o-nitraniline separates in long, orange
red needles, the reaction being as follows:

o-CH8CONHC6H4NO2 -f H2O > CH8COOH +
H N C H N O

just as acetamide, CH8CONH2, when warmed with
dilute alkali, splits into acetic acid and ammonia. After
washing with ice-cold water the yield of o-nitraniline is
30-40 g., melting at 71 50 .

B. Nitrosation.

OH

p-Nitroso-o-cresol, 1 j CHa.

NO

While the nitrosation of phenols occurs at least as
readily as that of tertiary aromatic amines -such as
dimethylanilme, the conditions must be very carefully
controlled owing to the ease with which most phenols
oxidize. For this reason a higher proportion of tarry
by-products is formed and the yields are smaller than
in the case of the dialkylanilines. Taking o-cresol as
a typical example of a phenol with an unsubstituted
para- position, the main product of the reaction is
^-nitroso-o-cresol«
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54 g. of o-cresol are dissolved in 4 liters of ice-water
in a battery jar provided with an adequate mechanical
stirrer, and 34 5 g of 100 per cent sodium nitrite (or an
equivalent amount of a less pure salt) are then added.
Since nitrosation is effected by means of free nitrous
acid and not its salts no reaction takes place at this
point A solution of 18.5 cc. of concentrated sulfuric
acid in 500 cc. of water is then added through a
dropping funnel during one-half to three-quarters of
an hour, keeping the temperature between 50 and io°
by means of additional ice, and stirring continually.
In this way the nitrous acid reacts with the cresol as
fast as liberated to yield the ^-nitroso compound, and
since any local excess of nitrous acid is largely avoided
by the slow addition of the sulfuric acid and the efficient
stirring, the formation of tarry by-products is reduced
to a minimum While the nitroso compound may
separate oily at first, it soon crystallizes. After stand-
ing in the cold for one to two hours after the addition
of the sulfuric acid the mixture is filtered on a large
Buchner funnel and washed with ice-cold water. The
resulting brown solid is purified by dissolving in 10
per cent sodium carbonate solution, stirring with bone-
black to collect insoluble tar, and filtering into an excess
of dilute sulfuric acid. 40-45 g. of the nitroso com->
pound should be obtained in this way as glistening,
orange-brown scales melting at 1340.
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I I . HALOGENATION.

A. Chlorination.

Chloroacetone, C1CH2COCH8
If acetone be treated with a chlorinating agent such

as phosphorus pentachloride, the keto group is at-
tacked and 2,2-dichloro-propane, CH8CClaCH8, results.
If, however, elementary chlorine is used, the hydrogen
atoms of the methyl groups are successively replaced.
Not only is a mixture of mono- and poly-chlorinated
acetones formed, but the hydrochloric acid liberated
condenses the acetone to products of higher molecular
weight, of which mesityl oxide may be taken as an
example.

CH8 CH8
> C O + H8CCOCH8 => > C .CHCOCHa.

CH8 CH8

Thus, unless some substance is at hand to bind the
hydrochloric acid as fast as formed, exceedingly com-
plex mixtures are obtained from which it is virtually
impossible to isolate pure products; mesityl oxide, for
instance, boiling at practically the same point as mono-
chloroacetone. Fritsch1 found that small pieces of
marble were very satisfactory, as these reacted at once
with the hydrochloric acid liberated, and his method
is accordingly the basis of that given below.

M«« 279, 313 (1894).




