"In presenting the dissertation as a partial fulfillment
of the requirements for an advanced degree from the Georgia Insti-
tute of Technology, I agree that the Library of the Institution
. shall make it available for inspection and circulation in accordance

with its regulations governing materials of this type. I agree that
permission to copy from, or to publish from, this dissertation may be
granted by the professor under whose direction it was written, or such
copying or publication is solely for scholarly purposes and does not
involve potential financial gain, It is understood that any copying
from, or publication of, this dissertation which involves potential
finaneial gain will not be allowed without written permission.

/ﬂ, ﬂ { s T .
, v
— )

el




A STUDY OF THE REACTION OF SCME
ARCMATIC AMINES WITH GLYOXAL

4 THESIS

Fresented to
the Faculty cof the Graduate Division

Georgia Institute of Technology

In Partial Fulfillment
of the Requirements for the'Degree

Master of Scilence in Chemistry

. By
BRobert Wade Collier
June 1955

;ﬁb

g




A sTUDY OF THE REACIION CF SCME

ARCMATIC AMINES WITH GLYOXAL

Appnroved:
/’ } P 0:‘.-“ . N -
:._ I /2 \
L [ n j
—— R |

. . - PN
|

| | | |
. !
i v‘,——:—_'_';;_ﬁ;i
(] B
VS U
Date Approved by Chalrman o
g c T

IWQQL/LAQJ ; § |




ii

ACKNOWLEDGMENTS

T wish to ‘express my appreciation to Dr. James ﬁ.
Stanfield for his sdggestion of the problem and his valu-
able assistance and guidarnce during its prosecution and to
Drf A. T. Trimble for his assistance 1ln obtaining the in--
frared absorption spectra. ‘I also wish to express my gra-
titude to my wife for her patience and encouragement, with-

out which the work could not have been done.




TAZLE CF CONTENTS

ACKNOWLEDGMENTS. .« « » = o o o o e e e e e o
LIST OF TABLES .

LIST OF ILIJSTRATIONS.

SUMMARY. .

CHAPTER
I. INTRODUCTION.
IT. GENERAL CONSIDERATIONS.

Aldehyde-Amine Heactions
Glyoxal
The Kulisch Reaction

III. EXPERIMENTAL. . . . . .
The Startiné Materials
Attempted Preparation of Quinoline
Other Experiments with Glyoxal and o-Toluildine
Experiments with Glyoxal and
4-Nitro-E2-aminotoluene
IV. RESULTS AND CONCLUSIONS . « « +« « « o « o &
APPENDIX .

BIBLIOGRAPHY . . . . « « « « o o 0 o o o .

iii

Page
ii

iv

vi

13

50
60
65




Table
1.

LIST CF TABLES

Sdmmary of Experlments on the Preparation
of Glyoxal-bis-o-tolylimine - e

iv

Page

29




Figure

1.
2.

LIST OF ILLUSTRATIONS

Infrared Absorption Spectra of o~Toluidine -

Infrared Absorpticn Spectra of
A-ltre-2-aminotolusne e e e e e e e

Infrared Absorption Spectra of
Glyoxal-bis~-o-tolylimine e

Infrared Absorption Spectra of
N-Methylene-2-methyl-5-nitroaniline

Page
61

6e




vi

SUMMARY

It had been reported that gquinoline éould be obtained
thrdugh a two-step reaction between glyoxal and g:téluidine.
It was thought thet this method could be extended to provide
a convenient synthesis of'57Substitute& quinolines which are
not easily obtained by ex;stigg_methodsi This work was under-
taken to study the feasibility of utilizing this reaction to
obtain substituted Auinolines and to geparate and identify
intermediate products which might be formed.

Wnile the ultimate objective was to prepare substituted
quinolines, it was deemed appropriate to study first the as-
pects of the reaction for guinoline itself. Repeated attempts
under a wide variety of conditions failed to produce gquino-
line, however. In these attempts, glyoxal was used in several
different forms or modifications, viz., a 30 per cent techni-
cal grade water solution, sclid polyglyoxal, meorncmeric glyoxal,
and glyoxal sodium bisulfite. o-Toluldine was used as the un-
modified base and as the hydrochloride salt. 1In one series
of experiments, the reaction was carried ocut as nearly as pos-
sible according to the original reference'wiﬁh the exception

that glyoxal was prepared by a different method. In other

attenpts a variety of conditions were tried. In no case was
quinoline obtained, nor was an intermediate isolated which

could be converted to guinoline.
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In the process of attempting to prepare quinoline a
new compound was isolatecd, glyoxal-bis-o-tolylimine, melting.
point 127.%-128.5° (corr.), which was formed from glyoxal and
o~toluidine. A syntitesis was developed whereby this compound
was obtained in 58 per cent yield.

Since quinbliﬁe'w%s‘ﬁét 6bféinéd from e-toluidine, it
was thought thaf perhaps théqhse of én amine having mcre high=-
ly reactive hydrogens on the methyl group would prove more suc-
cessful. In the compcund 4-nitro-Z2-aminotoluene (nitrotolu-
idine) the methyl group should be zctivated by t‘h_e nitre group
in the para position. Accordingly, nitrotoluidine was used
with glyoxal in an attempt to produce 7-nitroguinoline. This
product was not obtained. Instead, a low yield of a yellow
s0lid resulted, apparently formed from glyoxal and nitrotolu-
idine. The so0lid was not identified, however, due to diffi-
culties in purifying it.

In the course of trying to prepare 7-nitroguinoline
another new compound was isolated. It was shown to have heen
formed by the reaction of nitrotoluldine with the formaldehyde
impurity in the technical grade glybxal which was used. The
analysis of this compound and its molecular welght indicate
that it 1is N;methylene-e-m;thyl-5—nitroaniline, although it
" may exist in a cyeclic trimer structure. It has a welting polint
of 234.3-235.4° (corr.).

Infrared absofptipn spectra were obtained on the new

compounds and on o-toluldine and nitrotoluidine. These were
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helpful in studying the structure of glyoxal-bis-o-tolylimine
but provided"no conclusive evidence in the case of N-methylene-

z-methyl-5-nitroaniline.




4 STULY OF THE REACTICHN OF SCME
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CHAPTER I
INTRODUCTION

Both arcmatic and aliphatic amines are known to undergo
reaction readily with aldehydes. Products of varying struc-
ture are obtained, depending upon the nature of the reactants
and the conditions of reaction. Products which have been iden-
tified from tﬁé-reaction'with primary“amines inciude alpha-
hydroxy amines ff); sqbstituted)imines‘knOWH as Schiff bases
(II), and cyclic trimers of the Schiff bases (III). The step-
wise formation of.these substances is illustrated by the fol-
lowing equatigns in which R and R' may be either aromatic or

aliphatic groups:

R
R-N’GHNR'
RCHO + R'NHz;— RCHOH- NER' —RCHSIR' — |
o RCH HCR
(I) (II) Ny
. R!

(III)

Kulisch (I) has reported a unique varlation of this re-
action in which o-toluidine (IV) and glyoxal (V) yileld quin-
oline (VI). 1In its.simplest form this reactlon involves only

the splitting out of water.

1. Kulisch, V., Monatsh., XV, 276 (1894).




CHz - CHO
+ | —— | + 2H.0
NH,, CHO P
N
(IV) (V) (VI)

Kulisch suggested that a reaction first occurred by
condensation of glyoxal with the methyl group of o-toluidine
to form o-aminocinnamaldehyde. This intermediate was postu-
lated as reacting further to give quinoline as a result of
ring closure by a second condensation between the aldehyde
function and the amino group.

Interest was shown in“the?KUlisch reaction not for its

use as a- synthesis of quinoliné “itself, but as a route to some

substituted quinolines which are obtained only with difficulty.

'For-example: S-methylquinoline might be obtained as follows:

CHx CHz
CHz HO N

+
NHz CHO - 7

There are few atbempts reported in the literature for
the preparatlion of S5-substituted quinoliries and these involve
- long, roundabout methods giving low ovefall yields. The well
known Skraup synthesis if utilized for the preparation of

S-methylguinoline would occur as follows:




CH,
& CH,,=CHCHOC
—

In this case ring closure can occur at either of the two posi-
tions indicated. It so happens .that the formation of T7-methyl=-
gquinoliine is favored and S-methylquinoline is produced only in
swzll amounts.

This work was undertaken to study the feasibility of
utiliéing the Kullsch reaction to obtain substituted guino-
lines. Another objective was to separate and ldentify inter-
mediate products which might be formed, thus testing the val-

idity of Kulisch's "mechanism" for quinoline formation.




CHAPTER IT
GENERAL CONSIDERATIONS

AAldehyde—Amine Reactilons.~~The reactions of aldehydes with

amines have been studied extensively and reported in the 1lit-
erature. Much of this work has been summarized 1n a review
article (2).

The reaction is believed to occur by the attack of the
amino nitrogen on the electron deficient carbonyl carbon atom
(3). A new carbon-nitrogen bond is formed and a proton mi-
grates from the nitrogen to the oxygen atom of the new inter-
mediate. The product of this step 1s the alpha-hydroxy amine
(I) which is formed as shown in the following general equation,

where R and R' .represent either aromatic or aliphatic groups.

ER ER

@_ — 1N O : e N=Ce
NEL/,, o ——=>R %H:_QI——)-R NQOH -

In most cases the hydroxy apine cannot be 1solated and reacts
further in one of several ways (2,3). It may lose watér to
form elther the imine Schiff base (II) or a cycllc trimer (III),

dependling upcn the reaction condltlons

2. Sprung, M. M., Chem. Rev., 26, £97 (1940).

3. Alexander, E. R., “Principles of Tonic Organic Re-
actions," John Wiley and Sons, Inc., New York, N. Y., 1850,
p- 163.
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H R :
R!'N=CR «——R'-N-C-0H ——> | |
H H HC, R
| RMH
(II) (1) | R!
(III)

It is also possible for the Schiff base or the hydroxy-amine
to react with other substznces present, leading to the form-
ation of complex products. . ol

When an aromat}c aldehyde reacts with either an aro-
matic or aliphatic amine (2), usually the.Schiff base can be
easlly isclated. In the case where an aromatic amine is used
with an aliphatic aldehyde, however, the isolation of the
Schiff base seems to occur less readilly, and the products usu-
ally are either the trimeric form or the di-(arylamino)alkanes,

RCH(NHAD) 5.

Glyoxal.--The work reported here was concerned primarily with

glyoxal, which, under somé conditions, can be represented by

the formula (CHO)z. Thls substance reacts in many ways as a
typlcal aldenhyde, but in many ways 1t 1s singularly different. |
In the pure, anhydrous state it can exist in the monomerlc

form as a yellow liquid having a bolling point of 51° Centi-

gradea at 776mm. It boils with the formation of a yellow-

green vapor. Upon cooling, the liquid changes tc a yellow

ap1l temperatures given in this report will be on the
Centigrade scale.




erystalline material mélting at 15° (4). The monomeric form
is very unstable and polymerizes to a hard, yellow, very in-
soluble substance. This polymerization takes place instant-
taneously 1f traces of molsture are present but considerab}y
slower in the anhydrous condition. When the monomer is expos- .
ed to a slight excess of water it polymerizes to a white, water-
soluble solid, which is bzlieved to be a cyciic polymer of the
hydrated glyoxal. This form 1is frequehtly referred to as poly-
glyoxal. The hydrate is stable to the extent that fractional
distillation of an aqueous solution will not liberate glyoxal,
but rather removes water, eventually leaving behind the soiid
hydrated polymer. This property ofeglyoxal to polymerize and
to hydrate so readily is attrlbuted to the strongly actlvatlpg
effect of the ad jacent carbonyl groups, one upon the other.

The hydratlon of gLyoxal and the structure of 1ts hy-

drated polymers are shown by the following reactions:

H
CHO HO-C-CH
+ 2Ho0 ——=
CHO HO-C-0H
B
H 1 Lo H |
HO-C-CH CHC HC-C —CH
, n TN . (]:
HO-C-0H CHO HC- —10
.

4. Harrieg, C. and P. Temme, Ber., 40, 165 (1807).




Since the second reactibn is reversible, the value of n de-
pends upon the concentration of glyoxal. For solutions up to
60 per cent the value is between 1.0 and 3.5 (5).

When an aqueous solution of glyoxal is vacuum distilled,
the viscosity increases and the solution becbmes syrupy. This
syrup, if dried in a vacuum ovén at 120°, yields a lightweight,
tan-colored, friable resin. A procedure for the preparation
of monomeric glyoxal consists of cautiously heating a mixture
of this solid and phosphorous pentoxide and collecting the ex-
pelled vapor in a flask cooled by means of dry ice and acetone
(4). |

Reactions for the préparation of glyoxal, when carried

but 'in the presence of moisture or in agueous medium, result

in the formation of the hydrated forms. The nitric acid ox-

idétion of paraldehyde has been used as a method for prepar-
ing glyoxal in aqueous solution (6). The action of selenium
dioxide upon acetaldehyde results in an almecst quantitative
yvield of polyglyoxal (7). Selenlous acld is the basis for a
method 1n which the product is isolated as the bisulfite ad-

dition compound (8). The selenium dioxide oxidation of

5. Bohnfalk, J. F., Jr., R. W. McNamee, and R. P-
Barry, Ind. Eng. Chem., 43, 786 (1951).

6. deForecrand, M. R., Bull., 41, 240 (1884).

7. Riley, H. L., J. F. Morley, and N. A. C. Friend,
J. Chem. Soc., 1932, 1881,

8. Ronzic, A..R. and T. D. Waugh, "Organic Syntheses,"

John Wiley and Sons, Inec., New York, N. Y., 1944, Vol. 24, p.-6l.




ethylene also leads to high yields of glyoxal bisulfite (9),
and this method has been modified\by the ineclusion of phos-
phorous pentoxide to obtain anhydrous, monemeric glyoxal (10).

While several reactions have been studied for the com=-
merclal preoduction of glyoxal, the air oxidation of ethylene
glycol (5) is apparently the method curréntly'favored in the
United Statess The product which is marketed from this pro-
cess 1s an aqueous solution containing 30 per cent glyoxal
and small amounts of formaldehyde, formic acid, glycolic acid,
and acetals, which are formed in the reaction, together with
a small amount of unreacted ethylene glycol.

In most cases tpe hydrated forms react chemically in
the manner for aldehydes in general. §Since glyoxal is a bi-
functional molecule, its reactions may-lead to polymer forma-

tion which may be troublescme.

The Kulisch Reaction.~~Kulisch (1) reported that the reaction

of glyoxal with o-toluidine reéuitéd~in the formation of quin-
oline. The gsimplest form of ﬁhe reaction which involves only

the splitting out of water 15" shown by the equation:

9. Riley, H. L. and N. A. C. Friend, J. Chem. Soc.,
1932, 2342, ‘ ‘ '

10. Luvalle, J. E. and V. Schomaker, J. Am. Chem.
Soc., 61, 3521 (1939). ~=a=2
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CHS

CHO
+ | —
NH, CH

+ 2 Hx0

The glyoxal used by Kalisch was in the form of solid poly-
glyoxal ﬁrepared by the nitric acid oxidaticn of paréldehyde
according to the method of deForcrand (6). Twénty grams of
this polyglyoxal was.added‘to 5Q,g..of,g}toluidine and heated
on the water-bath until solutionSwééhcomplete; Then 25 g. of
33-1/3 per centls§dium hydroxideVSOldtion Wa,s gdded and the
mixture heated at refTux for 1.5 fiours.  The contents of the
flask, which was dark brown and had an odor‘of guinoline, was
diluted with water and extracted with efher. After further
processing there was obtained a colorless oil, bolling between
226°-228° and having the odor of quinoline. The yield of
crude quincline was about 35 to 40 per cent of the theoreti-
cal.

Kulisch suggested that the formatien of qulnoline took
place in two steps, with a condensation first taking place
with the methyl group. It was postulated that o-aminocinna-
maldehyde (VII) formed as an intermediate which reacted by in-

tramolecular ring closure to form guinoline.

CH CHO -H 0 CH=CHCHO
NHp  CHO
NaOH

(VII)
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The basis for the postulafion‘of the o-aminocinnamaldehyde
was)due to the report that the redﬁétion of o-nitrocinnamal=-
dehyde yilelded quincline, g-aminocinnaméldehyde presumably
being an intermediate (11).

However, 1n the light of present concepts, it éeems
_more likely that the initial condensation would occur first
at the more reactive amino group. For example, the reaction
of o-toluidine with formeldehyde has been reported to give two
different products (12,13), neither of which was due to the
resction of formasldehyde with the methyl group but rather with
the amino groﬁp. It seems more probable that the Kulisch re-

action would proceed by the following reaction paths:

CHz , CHO CHz
+ | — + HgO
NH,  CHO N=CHCHO

NaOH o + Hx0

)

N=CH-CHO

In our work it seemed advisable, therefore, to attempt isola-

tion of the intermediate, or intermediates, in order to help

clarifyy this point.

1l. Baeyer, A. and V. Drewsen, Ber., 16, 2207 (1883).
12. Wellington, C. and B. Tollens, Ber., 18, 5298 (1885).
13. Eberhardt, C. and A. Welter, Ber., 27, 1804 (1894).
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Other Reactions_of Amines with Glyoxgl.—-ﬂ séarch of the lit-

ersture revealed an almost complete absence of accounts of -
other reactions of glyoxal with amines. The notable few in-
cluded the reactions of aniline (14) and o-toluidine (15)
with glyoxal sodium bisulfite ih alcoholic sclution. The pro-
ducts of these reactions were the anilinocacetic acld anilide,
CGH5NHCHéCONHCéH5, and the corfesponding-compound of o-tolui-
dine. '

| It=has been rep6rted that with primary amines the ex-
pected derivatives are obtained as shown in the following
general equation (16,17):

(CHO),, 4 2ZRNH; — RN=CH~CH=IR
No reference to a specific compound of this type could be
- found, however.
Glyoxai and o-phenylenediamine give good yilelds of quin-

oxaline (18). The sodium bisulfite addition compound also

gives good results in the preparation of quinoxaline (19).

14. Hinsberg, 0., Ber., 21, 112 (1888).

15--Hinsberg, 0. and J. Rosenzwelg, Ber., 27, 3254
(1894). :

16. Kirk, R. E. and'D. F. Othmer, "Encyclopedia of
Chemical Technology," The Interscience Incyclopedia, Inc.,
New York, N. Y., 1951, Vol. 7, p. Z246.

17. Carbide and Carbon Chemicals Co. pamphlet, Glyoxal
and Pyruvie Aldehvde. :

18. Hinsberg.vo-, Ber. , 17, 320 (1884).

Soc., 66, 540 (1944). .
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CHAPTER III
EXPERIMENTAL

The Starting Materials

Glyoxal.-~A technical grade of glyoxal in the form of a 50-pér
cent water solution was obtained from the Eastman Kodak Com-
pany; Their designation for this product was number T4435;_
This number will be utilized frequently when referring to the
30 per cent solution used without any further treatment. As
has been mentioned previously, this solution, having a pH of
about 1, contains small amounts of other substances. The
T4435 solution was the starting material for all forms of
glyoxél used iﬁ this work.

A method for the preparation of solid polyglyoxal (20)_
cqnéistsxof edjusting an aqueous solution to pH 4-5 and dis--
tilling off the water at 60O under reduced pressure.. Thie
technigue was used to prepare viscous solutions as well as
solid polyglyoxal. In our work it did not appear to make a
difference whether the pH was adjusted or not; and after the
first few tlmes the pH was not adJusted. A viscous .solution
hav1ng a glyoxal content of approx1mately 48 per cent was made

by distilling water. from the T4435 solution. In another case

20. Walker, J. F., U. S. Patent, £,379,555 (1945).
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a solid rosin-like material having an estimated glyoxal con~
tent of 56 per cent was obtained by continuation of the dis-
tillation.

Solid polyglyoxal also was prepared by a simpler modi-
fication of the above procedure. The T4435 solution was evap-
orated on the water-bath in an evaporating dish until a thick
viscous‘mass was obtalned. The dish and contents were then
placed in a vacuum oven and held between lOOO and 1200 for
-about 4 hours at a pressure of apprOX1mately £5 mm. This pro-
cedure vielded a lightwe:ght foamed, brlttle resin containing
about 64 per cent glyoxal.- This product actually contained
little free water as the differeﬁcembetween 64 and 100 per cent
is mostly accounted for ny water combined in the hydrated poly-
mer apd the other non-aqueous materials originally present in
the technlcal grade solution.

. Monomerie glyoxal was prepared from solid polyglyoxal
by the method of Harries and Temme (4). Ten g. of the poly-
élyoxal, 25 g. of phosphorous peﬁtoxide. and 10 g.,of dry sand
were intimately mixed in a 200 ml., three-necked flask. A
thermometer was inserted into the dry reaction mixture through
a rubber §t0pper which closed the center neck of'the reaction
flask. Oﬁe side neck was connected to a source of dry nitro-
gen and the other was connected to a receiver cooled by means
of dry ice and acetone. A plug of glass wool was inserted

between the flask and the receiver to prevent carry-over of
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phosphorous pentoxide intc the receiver. A long,. slender tube
or flask, similar in design to an ordinary cold-trap, served
as the receiver. With all connections made, a slow current of
nitrogen was allowed to sweep the assembly.

The flask was heated cautiously with an electric mantle

since the reaction proceeded rapidly and vigorously when start-

ed. A temperature of slightly over 100° was required to start
the reaction. It took about 30 minutes to reach this temper-

ature. Once started, a coplous evolution of heavy. green vapor

of glyoxal was observed which lasted only a minute or two, aft-

er which the release of glyoxal ceased. The monomeric glyoxal

which collected in the receiver weighed 3 g.

Glyoxal Sodium Bisulfite.-~-One hundred ml. of the T4435 solu-

tion (0.72 mole of glyoxal) was added to one liter of freshly
filtered, saturated sodium bisulfite solution. The white sol-
id addition product soon began to form and after sitting over-
night was removed by filtration. It wés transferred to 30C ml.
of cold'water; stirred well, and filtered again. After air-
drying overnight 1t was free of tﬁe odor of sulfur dloxide and

‘weighed 181 g. which was 94 per cent of theoretical.

 o-Toluidine.~-This material was the best grade supplied by

Merck and Company. A largéibatch, to serve as the supply for

the entire work, was distilled from zinc dust using a Claisen-

type distilling flask. The distillate was stored in several

small brown bottles, tightly capped, until used.
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o-Toluidine“Hydgochlqride.-—Fifty-two ml. (0.5 mole) of dis-
tilled o-toluidine was poured slowly into 200 ml. of concen-
trated hydrochlorié acid cooled in an ice bath. Crystals of
the hydrochloride salt began to form and the mixture was cool-
ed for an hour in the ice bath. The product was collected on
a fritted glass suction filter after which the resulting cake
was washed on the filter with ether, then twice with acetone,
in order to remove adsorbed hydrogen chloride from the product.
This yielded 32 g. of white crystals which was 44.6 per cent

of theoretical.

4-Nitro-2-aminotoluene.--This material was obtained from the

Eastman Xodak Company. It was their best grade and was used

without further purification.

Formaldehvde.--This material, obtained from Merck and Company,
was a U. S. P. Grade agueous solution contalning 37 per cent

formaldehyde. It was used without further purification.

Attempted Preparation of Quinoline

While the ultimate 6bjective was to prepare S5-substil-
tuted guinolines, 1t seemed appropriate to study first the as-
pects of the reaction for preparing quinoline itself. The
most direct manner was to investigate what results c¢ould be
obtained from_fheu561per cent glybxal‘sélqtion and gfto;uidine.
A test tube experiment showed.that when portions of each were

poured together that a strongly exothermic reaction took place
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with the feormation of a dark colered solid. This was repeated
under more refined conditions as described below.

Thirty-five g. of the T44%5 solution (0.18 mole of gly-
oxal) was placed inm a 100 ml. three-necked flask fitted with
a mechanical stirrer, a dropping funnel, and a thermometér.
The solution was heated to 50° and o-toluidine was added drop-
wise slowly enough that the tempefature did not rise above 52°.
Immediately upon contact of the amine with the solution, a
brown color developed and, as the addition was continued, a
dark solid increased in quantity in the dark-colored 1iquid{
A total of 0.15 mole of c-toluidine was used. Upon sltting,
the contents of the flask became a semi-solid mass. This ma-
terial was stirred with a glass rod, made free of lumps, and
washed with dilute sodium hydroxide solution. The solid which
was obtalned upon filtering was refluxed with 50 ml. of 33-1/3
per cent sodium hydroxide solution for two hours. The product
of refluxing was comprised of a large lump of black tar.in a
dark-colored liquid. It gave no!suggestion of the. presence
of quinoline and the aqueous phase failed to yield quinoline
upon extraction with benzszne.

A variation of the above procedure was made using the
48 per cent concentrated glyoxai? {Fiftyfg.:(o.47 moie).of
o-toluidine and 41.5 g. (0.345 mole) of the viscous glyoxal
solution were placed in a 200 ml. flask. They did not become
miscible after sitting at room temperature for two hours so

the flask was heated slowly on the water-bath. Upon heating
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and stirring, the two phases slowly changed to a brown liguid.
This was removed from the water-bath but in a few minutes a
vigorous exothermic reaction occurred. The flask was cooled
under the tap and the contents stirred. A black viscous tarry
mass formed which was refluxed for 1.5 hours with 25 g. of.
33-1/3 per cent agueous sodium hydroxide. The product was a
thick, black tar, which was not processed further since 1t did
not appear that quinoline was present. In this experiment all
materials were used in the same stolchiometrle proportions as
described by Kulisch (1).

The use of solid polyglyoxal (64 per cent) led to es-
sentially the same résults. The solid did not dissolve in
o-toluidine, but wheh a mixture was heated slowly on the water-
bath for one hour, the temperature reached about 8c° and a
strongly exothermie reaction occurred as before.

In the experiments above, apparently undesirable poly-
merization reactions cc¢curred between the glyoxal and the
amine. It is to be expected that polymerization would decrease
as the concentration of reactants is decreased. Accordingly
reactions were carried out in agueous media at higher dilut-
ions.

In the preparation of gquinoxaline from glyoxal sodium
bisulfite and o-phenylenediamine (19) it was found necessary
to use dilute solutions of both reagents, otherwise polymeric

substances formed and yields were low. Using this procedure
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an attempt was made to prepare gquinoline. A solution was pre-
pared by dissolving 66.5 g. (0.25 mole) of glyoxal bisulfite
in 400 ml. of water at TDO- In another container, Z26.75 g.
(0.25 mole) of o-toluidine was placed in 500 ml. of water and
heated to 70°. Even though 2l1ll of the amine did not dissolve,
the mixture, neverfheless, was poured into the solution of gly-
oxal biéﬁlfite-and'the flask was shaken"vigorously, The amine
soon became cbmpletely dissbl#éd and upon continued shaking a
cloudy brown color.slowly‘developeg. Aﬁper standing overnight
the flasgk contained a clear, I_Light‘ yellow‘colored gsoluticn
with a small amount of black resinous matefial which had set-
tled on the bottom. The solution ﬁas divlided and portions
treated differently in an attempt to isolate the products of
the reaction.

A portion was distilled under reduced pressure to re-
move some of the water. Upon addition of ethanol to the con-
centrate, a white crystalline solid was obtained. This solid,
apparently unreacted glyoxal bisulfite, was removed by filtra-
tion and amounted to about two-thirds of the original weight
of glyoxal bisulfite. The filtrate was made bhasic, extracted
with benzene, then made acidic and extracted again. These ex~
tractions yielded only smell amounts of,dark amorphous material.

The other portion was treated with sodium hydroxide whére-
‘upcen a yellow precipitate formed. This was removed from the

"aqueous phase by extracticn with benzene. The crude yellow
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solid amounted to about 7.6 g. based upon the reaction as a

- whole. An ether extraction following the benzene extraction

failed to yield anything more from the aqueous solution. The

yellow solid was recrystallized several times from benzene and

melted at 126.5-127.5°.° Further characterization of the yel-
low solid and methods for its synthesis are deseribed in sec-
tions which follow.

In another attempt to produce Quinoline, o-toluidine
hydrochleride was used since the amine salt 1s more water-
seluble. A dilute solution of glyoxal was made by adding 25
ml. of the T4435 solution to 250 ml. of water. An egual moler
amount of o-toluldine hydrochloride, 24 g. or 0.175 moles, was
dissolved in 100 ml. of water. The glyoxal solution was plac-
ed in a flask provided with a mechanical stirrer, heated to
70°, and mainteined at this temperature throughout the reazc-
tion. The amine hydrochloride wags added drop-wise over a pe-
riod of 1.25 hours. During this time the solution became
cloudy due to the formation of a dark solid. After holding
the temperature for an additional half-hour at 70° the solu-
tion wes allowed to cool and left overnight at room tempera-
ture. 4 dark brown powder weighing 13 g., was collected upon
filtering the reaction mixture. This powder was a low-melting

amorphous substance and was not processed further. In other

bMelting points 1n all cases were determined with an
electrically heated 2luminum block using an ordinary calibrated
thermometer. No stem corrections have been applied unless
specifically stated.




21

experiments similar meterials had failed to yield quincline
upen refluxing with sodium hydroxide and this did not appear

to offer any greater possibility:of doing sc. In like manner,
no attempt was made to extract meterial from the filtrate since
simlilar experiments-had been followed‘througb by extracticns
without yielding guincline.

The hydrochleride éalt was used alsco with glyoxal bi-
sulfite. Ten g. (0.0C375 mole) of glyoxal scdium bisulfite was
dissclved in 200 ml. of water. - To this was added a sclution
of 4.3 g. (0.03 mole) of o~teoluidine hydrochlorlde dissolved
in-50 ml. cof water. After standing at room tempersture over-
night a yellow solution resulted. Nothing was obtalned upon
extracting this solution with -benzene and with ether. The
solution was treated further by heating for five hours at 60°
wnich caused the evolution of sulfur dioxide. After filtering
off a small amount of blsek residue & clear yellow solutioh
agaln resulted whieh yielded nothing uron extracting with ether.
An egual volume of ethancl was added to the sclution. - This
yielded g white solid, apparently glyoxal bisulfite, welghing
4.%5 g. Further processing of the ethanclic solution yielded
negligible amounts of unidentified material. Upon evaporating
the solution to drynesg, 2.5 g. of a solid which appeared to
be inorganic was obtained.

Conditions of still higher dilution -were tried using

o-toluidine and sclutions of glyoxal. Several experiments
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were performed in which such factors as temperature, and rate
and order of addition of reactants were varied. These were
all carried out in aqueous sclution at relatively high dilu-
tion. The following is a typical example. Twenty-seven ml.
(0.25 mole) of o-toluidine was placed in 1500 ml. water (ap-
proximately the amount found necessary to dissolve the amine
at 80°). An equal molar quaﬁtity'of glyoxal T4435 (38 ml.).

was dissolved in 300 ml. of water and heated to 70°. The

amine solution was heated to about 80° and %he“glyokal4solu-‘-‘:

tion was poured into it, With.querate stirriﬁé beigg majn-
tained. No furthernheatihg was provided.. In this case the
immediate formation of a 1argé émount of bright yellow solid
was observed. The color rapldly darkened, however, and the
product of this reaction was 23 g. of a black low-melting amor-
phoug solid.. Here again no attempt was made to convert this
to quinoline as 1t appeared unlikeiy to be successful due to
the nature of the material. When the order of addition was
reversed with the amine added toc the giyoxal over a period of
1.5 hours, essentially the same results were ovtained. How-
ever,. the slow addition of glyoxal to the amine solution led
to the 1solation of the yellow solid (melting point ;26.5;
127.5°) previously mentioned on p. 20.

Thus far all efforts using some form of the technical
grade glyoxal failed to produce quinoline. It was thought that

the monomeric glyoxal, obtained from the phosphorous pentoxide
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treatment, would be free of impurities or other‘agenté which
might be the cause of the failure to produce guinoline. Since
thé monomeric glyoxal must be kept strictly free from watery
the reaction was carried out in dioxane which had been dried
over sodium wire. Approximateiy 2 g. (C.035 mole) of mono-
meric glyoxal was dissolved in 10 ml. of dicxane. An equal
molar amount (3.7 ml.) .of o-toluidine was added to the diexane
scluticn. AAstrongly exothermic- reaction ensued and the con-
talner was cocled under the tap. The sclution turned jet-
black. Two and one-half g. of sodium hydroxide dissolved in
five ml. of water was added, and the mixture refluxed for two:
hocurs. This resulted in a jet-black liqdid which was dlluted
with 150 ml.. of water and extracted with 100 ml. of bhenzene.
Upon distillation of this extract, about two ml. of an acid-
soluble oil.was obtained wnichadid'not gppear to be guinoline.

This was not characterized further but was concluded to be

| _o-toluldlne due to 1ts 51mllar1ty 1n odor.

In another experiment equal molar prOportlons of mono-
meric glyoxal and g;toluldlne were breught tqgether\w1thout-
the use of solvent. These reacted vigorously as before, form-
ing an amorphous product which failed tc yield Quinoline when

refluxed with sodium hydroxide in.the-usual manner.

Other Fxperiments With Glyoxal and o~Toluidine

More infermation was obtained on the yvellow solid, melt-

ing point 126.5-127.50, which was first produced from o-tolu-
ldine and glyoxal bisulfite as described on p. 20. A study
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was made to characterize the cofpound, to dévelop a satisfac-

tory syathesis of it, and to investigaté its role in the forma-
tion of quinoline.

In order to prepare more’compound, another experiment
was performed similaf to that in which the compound was first
lsolated. A solution was prepared by dissolving.66.5 g. (0.25
mole) of glyoxal bisulfite in 500 ml. of water at 70°.  To
this hot.solution was added directly 26.75 g. (0.25 mole) of
o~toluidine. It was added in smell portions, with shaking, as
fagt as it was taken up by the solution. After sitting for
two days, a small amount of dark resin was‘filtered off to
give a c¢lear, golden colcred solution. The solutlion was made
strongly basic by the addition of 75 ml. of Z0 per cent sodium
bydroxide solutien which caused the formétion of dark colored
material suspended in the liquid. Since the solution was dif-
ficult to filter, the solid product was removed by extraction

with benzene. After evaporation of the benzene, the remaining

solid was recrystalllzed three times from benzene to a con-

stant melting polint of 126.5-127.5°. 4 very poor yield of
0.23 g. was obtained.
After_drYing to constant weight in a vacuum oven, a

sanmple was analyzedc with the following results:

®Analyses were made by the Galbraith Microanalytical
laboratories, Knoxville, Tenn.
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Found, 'ﬂ Caleculated

duplicate results: (for CqgHqgliz)
Carbon | 8l.467 81.474 81.30%
Hydrogen .68 .82 .83
Nitrogen 11.87 11.73 11.86

On the hasis of its method of preparation and the analytical
results, the compound was considered to have the following

structure:

Q N=CH~ CH:N-Q

CHs - CHg
Glyoxal-bis-o-tolylimine

As-additiOmal evidence to substantiate thils sffucture,
atteﬁpts were made unsuccessfully to convert the compound by
hydrogenation to a known derivative, N,N'-di-o-tolyl-ethylene-
diaﬁine, melting point 78° (21). . Three experiments were car-
ried outrusing a Parr low-pressure hydrogenatlon apparatus.

In each case 2.36 g. (0.0l mole) of the glyoxal-bis-o-tolyl~-
imine was dissolved in a solvent. In one experiment 175 ml.
of 95 per cent ethanol was used, whereas 65 ml. and 100 ml.

of benzene, respectively, was used in the other two. Platinum
oxide served as a catalyst. In the experiment when-ethanol
was used, the catalyst weighed 0.25 g.; in the others with
benzene it weighed 0.15 g. each. Hydrogen was admitted to a

gauge pressure of 50 pounds per sguare inch and reduction was

£1l. Bischoff, C. A. and A. Hausdorfer, Ber., 23, 198%
(1890).
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carried out with shaking. With the benzenewsolutions hydro-
gen was absorbed for about 30 minutes and then no further pres-
sure drop was observed.: The ethanol solution absorbed more
slowly, however. In evéry expefiment a pressure drop was ob-
served which correspdnded to the absorption of approximately
0.0 mole of hydrogen. After reacﬁibn the solvents were evap-
crated to obtain the product. When heated in the air, such as
onvthe water-bath, the solutions rapldly darkeped, and thus
distillation at reduced pressure was found to be more satisfab-
tory. Upon removing the solvents, dark colored olls were obh-
tained which could not be induced to crystallize. The pro-
ducts were not further identified.

Tests were made on the soluyblility of glyoxal-bis-o-tol-
'jl;mine (for brevity referred to as_tolylimine) to learn howi
it EOuld best be recrystallized.” The compeund was found to .
be\very soluble in benzene and moderately soluble in ethanol.
It was only slightly solubié in isopropyl alcohol at,rooﬁ tem-
perature, but its solubility.wasﬁsufficiently high when hot
so that isopropyl alcohol could be used guite satisfactorily
for recrystallizing the tolylimine. The compeund ‘was only
slightly soluble in acetone at room temperaﬁure. This fact
was utilized in purification of crude samples of the tolyl-
imine. The crude material could be covered with a little ace-
tone, stirred and filtered; with the result that the acetone

removed resinous impurlities leaving behind the compound with
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mach improved purity. It wés,advantageeus to use this treat-
ment, follewed by recrystallization witﬂ isepropyl alecohol.

Several experiments were performed in a study of the
conditions of reaction which would. give a high yield of the
tolylimine. Previous .work had indicated that too high a tem-
perature tended to lower-the yield but 1t seemed reasonably
satisfactory in the range of 70°.

Another factor which appeared to have a pronounced ef-
fect upon the yield was the pH at which the reaction was car-
ried.out. It was first cbserved in simple exploratory experi-
ments that improved results were obtained if the glyoxal solu-
tions were neutralized with sodium hydroxide before reacting
with o-toluidine. It became the practice to follow this pro-
cedure. |

A series off reactions was carried out in which the re-
action time and ratio of reactants were varied 1n order to
study their effects upon yield. All of these reactions were
alike in certain respects. A volume of from one to two liters
of water was used in each. The amounts of reactants used, for
a given ratio, was such that the theoretical yield of the tol-
ylimine would be elther 0.02Z5 or C.05 mole. A typical experi-
ment will be described to illustrate the procedure.

The reactants were used in a ratio of four moles of
o-toluidine to one mole of glyoxal. A solution was made by

dissolving 7.6 ml. (C.05 mole) of the T443% glyoxal in 15C0 ml.
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of water. This was exactly neutrallzed with Z0 per cént sodium
hydroxidg, as indlecated by litmus paper, and heated to. 70°.
The solution was stirred in a beaker with a mechanical stirrer
and 21.4 ml. (0.20C mole) of the amine was added.  Stirring was
continued and the temperature was maintained for 15 minutes,
during which time a yellow cloudiness formed which gradually
darkened. The sclution was cooled to room temperature by plac-
ilng the beaker in running water,.after which stirring was con-
tinued for two hours. The product was collected on a filter -
as g brown solid weighing 8.5 g. after alr-drying toe constant
Welght. After sitting overnight the filtrate yielded addition-
al crude material which was filtered and welghed 1.5 g., air-
dried. . The quality of the crude material obtained from this
experiment was hlgh enough thaf tﬁé acetone wash was omitted-
After one -recrystallization from lsopropyl alconol, 6.85 g.
of material was obtained having a melting point of 126°-128°.
This 1s a yield of £8.0 per cent, the theoretical yield in this
case belng 11.8 g. or 0.085 mole.

A summary of the experiments in this series is tab-,

ulated in Table 1.
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Table 1. Summary of Experiments on the
Preparation of Glyoxal-bis-~ o—tolyllmlne

Experiment  Mole Ratio, Conditions Percentage

Number - o=-Toluidine: of Heating Yield of
Glyoxal Product,

m. p. 126-128°

36 1:4 15 minutes at 70°, 42.4
cooled quickly,
then two holrs

at 300°.
&7 1:4 Four hours at 70°. _ None. %
41 2:1 Same as 36. 29.7
12 4:1 . Same as 36. 58.0

45 4:1 One hour at 70°, ‘ 48.3
: cooled slowly to -
40° in one hour.

Ry

- #The product was 3.0 g: ‘of black solid, acetone-soluble,
which could not be crystallized. .

The tolylimine was also formed by the reactien of ‘mono-’
meric glyoxal with o-toluLdlne- An unmeasured amount of the
amine was added drOp—Wlse to one ml. of monomeric glyoxal} A
very vigorous reaction occurred and o-toluidine was added un-
til no further reaction was detected. A dark solid was formed
whlch was recrystallized twice from isopropyl alcohol. The
recrystallized material had a melting point of 126-127.5°. Tt
showed no depression of the melting point when mixed with a

known sample of the tolylimine. This information 1s not
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important for preparative purﬁoses but may have theofetical
significance.

It was considered that the tolylimine itself might be
an intermediate in the Kitlisch reaction, and that it might be
converted to quineline by the influence of sodium hydrbxide-

A sample of the tolylimine was placed in a solution of one
part sodium hydroxide and two parts water. After standing
several days at room temperature it was recovered unchanged.
Another sample did not undergo reaction readily upon reflux-
ing in 2 similar sodium hydroxide solutiocn. Six hours of re-
fluxing were required to convert all of it to an insoliable
brown oil. This oil was extracted with benzene, theh‘éxtract-
ed from the benzene with hydrochioric acid solution. Upon
n@Utralizihgvthe acid extract, an oil was recovered which did
not have the odor of quinoline. It was identified as o-tolui~
dine by_preparing a derivative ﬁith acetyl chloride which had
a melting point of 109-110°. The recorded value for acet-
o-toluide is 110° (28). A mixed melting point of this deriv-
ative with an authentic sample of acet-o-toluidide was un-
changed.

To determine the melting polnt of glyoxal-bis-o-tolyl-
imine precisely, a sample was selected that had been recrystal-
lized from isopropyl alecohcl and had a melting point of 126~

1280- It showed a constant melting point when further

22. Alt, H., Ann., 252, 319 (1889).




31

recrystallized from benzene and then again with isopropyl al-
cohol. The melting point was determined with an electrically
heated aluminum block using an Anscheutz thermometer. The ob-
served melting point for glyexal-bis-o-tolylimine was 127.0-
128.2%; the corrected melting point wes 127.3-128.5°.

The tolylimine was found to be soluble in approximately
17.5 per cent hydrochloric aeid and formed & purple solution.
After sittlng overnight thls solution was made basic with so-
dium hydroxide. A brown oil which appeared to be o~teluidine

separated on top of the water solution.

Experiments With Glyoxal and 4-Nitro-2-aminctoluene

It was thought that the inébilify to obtalin quinoline
from glyoxal and o-teluidine might be due to the low order of
reactivity of the methyl group-hydrogens; A more favorabhle
condition for the formation of the quincline nucleus wculd ex~
ist if the reactivity of the methyl hydrogens could be in-
cfeaSed by the substitution of an activating group%on the aro-
matic nucléus of gytoldidine. In the compound 4-nitro-2-
aminotoluene (nitrotoluidine) the methyl gfoup should be ac-
tlvated by the nitro group in thé p@;@rposifion and would re-
sult in the methydl grodp having an increased reactivity in coh-

densation reactions.? Nitrotoluidine (VIII) by reaction with

dFor aldisqussion of activating effects of nitro groups

in condensation reactions, seeé. Alexander, E..R., "Principles
of Ionie QOrganic Reactions," John Wiley and Sons, Inc., New
YOI'-K, N- Y- ] 19501 pp- 221 129'
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glyoxal should- Yead to the formation of 7-nitroquinoline (IX).

CHz CHO - .
+ | —— + 2 HgO
NHg CHO
oy o w
(VIII) (IX)

Experiments were performed using nitrotoluidine to investigate
the possibility of obtaining 7-nitroquinoline in this manner.

Reactlons were carried out both in water and in an or-
ganie solvent. Due to the low solubility of the nitrotoluidine,
some of the experiments resulted in heterogeneous reactions
when water was used. If a large vélume and a sufficlently
high temperature were used, however, the amine could be dise
solved in water.

In an example of a heterogeneous reaction; SOO ml. of
2 neutral ‘Solution of glyoxal was prepared contaiﬂing 7.6 ml.
of the T443%5 solution (0.05 mole of glyoxal). This solution
was placed in a 500 ml. flask equipped With‘a mechanical stir-
rer and heated with a Glas-éél mantle. To the solutien at
room temperature was added. 7.6 g. (0.05 mole) of nitrotolui-
dine. Stirring was malntained and the temperature was raised
slowly to 96° in four hours. Atdall times there was a large
amount of solid present in the reaction mixture. The liquid
was filtered but a large amount of the so0lid product adhered

to the walls of the flask in a fused condition. Solid which




33

had been removed by filtering was returned te the flask and
the entire selid product was extracted by heating for an ex-
tended period in 300 ml. of ethanol. The solid was loosened'
from the walls of the flask by scraping and stirring, but not
all of it dissolved. A brown colored material weighing 1.98
g. was obtalined by filtration. The clear alcoholic filtrate
was concentrated by distillatidn at reduced pressure. This
caused the precipitation of an intermediate portion weighing
1.13 g« Final removal of the alcohel to dryness yielded 3.49
g. more of brown solid. The melting peints of the first and
middle products were not sharp, and were roughly of the order
of 150°. The solid obtained last melted at about 80°. Solu-
bility considerations and the fact that some material melting
at 105-108° was separated from this last fraction led to the
conclusion that it was a mixture of amorphous material and un-
reacted nitrotoiuidine. The recorded melting point for nitro-
toluidine is 105-107° (23).

The alcohol insoluﬁle'portion which was obtained first
was the product of main interest. Washing with acetone was
found to impro&e the color of the material considerably. Cne
treéfment yielded a jet-black filtrate and an 84 per cent re-

turn of a bright yellow solid. Howeﬁénh_little-improvemenﬁ of

23. Iange, N. &., "Handbook of‘Chemistry;“ elghth
edition, Handbook Publishers, Inc.; Sandusky, Chio, 195&,
p. 618. AR S
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the melting point resulted. The amount of acetone used for
washing was not critical inasmuch as the solubllity of the
yellow product was very low in this solvent. Recrystalliza-
tion of the acetone wasned material was attempted from a large
number of the éommonly used splvents, but the soldbiltty of
the solid was too low 1ln all except chlorobenzene.' Ithwas
found that the substance dissolved: satisfacterily when heated
in ehlorobenzene, and that a solid reformed upon cooling. The
substance was not readlly soluble in nitrobenzene, and upon
heating in this solvent, it appeared to decompose and would
not recrystallize from the solution. BEven though it was found
that the solid could be recrystallized from chlorobenzene, its
identity was not determined at this time. Data will be given
later to elucidate this point. 7-Nitroquinoline did not ap-
pear to be formed in the reaction. Any appreciable amount of
it would have been insoluﬁle in the aqueous reaction liguid.
It is reported to be slightly soluble in alcohol and has ar
melting point of 132-133° (24). These properties would have
enabled it to be detected easily in the procedure used in han-
dling the product.

Several other heterogeneous reactlons were carried out
with only minor modifications of the one described above. In

two cases the reactions were carried out with agitation

24. Claus, A. and C. Massau, J. prakt. Chem. /27, 48,
170 (1893).
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provided by a mechanical shaker instead of by a stirrer, and
in these cases the temperature was lower. The yields of ace-~
tone washed material in all of these reactions was of the same
order as for the one described.

Attention was given to the identification of the yellow
solid obtéined in these experiments. Simple recrystallization
did not yield a ﬁure product, and 1t became apparent that two
or more substances were present in this material. It was ob=
served further that part of the material sublimed, this fact
being utilized tc separate one ¢cocmpenent in a fairly pure
state. The yellow solid -was first recrystallized from chle-’
robenzene and then subjected to sublimation. Part of the ma-
terial sublimed and part of it was left behind. The sublimate
was again recrystallized to yileld golden colored plates which
were washed with benzene. Due to-sublimation, all melting |
points of this compound wefe determin§d in .sealed melting
point- tubes. It was observed thét?the compound tended to de=~
compose upon'heatingato its mélting polnt, especially if it
Weré net in a high state of purify- For this reason, samples
in sealed tubes were placed in a block at 2850 as 1t was being
heated up.- Followihg thls procedure, the melting point of the
golden ccolored plates was found to be 255;8550- It was uncer-
tain whether or not decomposition oceurred upon melting-” It
appeéred that very pure samples of this compound melted with-

out decomposition.
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The residue leﬁt'behind in %Eeabéve sublimation was
recrystallized from isopropyl alé&ﬁol tb~yield<light yellow
colored, finetcrystaig,f'The ﬁelting point, as determired in
the blogk prehéated to 200°, mas 295-224° (dec.). There was
not enough of the material isclated to allow it to be identi-
fied. AQ compared with the sublimable compound, this compound
is much more soluble in chlorobenzene. Contréry to.the other,
it can be recrystallized from isepropyl alcohel and it 1s not
caslly sublimed. .c

A small portfon of the acetone washed yellew.solid was ' i
treated with concentrated‘sodium‘h?droxide to seg if it gould !
be'convertéd to 7—nitroquinoliné.in this manner. A gample
welghing 0.1 g. was placed in a solution formed from one part
sodium hydroxide and one part water. This was heated by im-
mersing the container in boiling Wéter for one hour. The so-
1id was stirred frequently but did not dissolve, and did not |
appear to change. After heating was sfopped, tﬁe mixture was
diluted with 2 little water and filtered. The solid was washed
with water followed by ethanol. The melting point was 2£1-
2230 (dec.). This material did not appear to be readily sub-
limable. While this and its melting point are similar to that
observed for the compound‘described in ?he paragraph above,
it is not known whether or not they.are identical. The solid

recovered here had a much more intense yellow color than the

other.



37

Other experiments were carried out in the study ofﬂthe
reaction,of,nitrdtoluidine‘ahd glyoxal in ‘aqueous médium. An
example of'Using a:lafger vdiumé ig én experiment in which
15.2 g. (0.1 mole) of nltrotoluldlne was placed in three li-
ters of water. The reactlon was carrled out in a beaker heat-
ed on a hot plate with the solution stirred by a mechanical
stirrer. Due to the large volume of water used, all of the
nitrotoluidine was dissolved upon heating to 8o°. A separate
solutlon was made by dissolving 15.2 ml. (0.1 mole) of ﬁhe‘gly-
oxal T4435 solution in 200 ml. of water and neutralizing with
sodium hydroxide. This was.added tc the amine solution caus-
ing the temperature to drop to 75°. The temperature was slow-
ly increased to 92° over a period of two hours. The hot plate
was removed and stirring continued while the solution cooled.
The product, a brown granular solid, was collected on a filter.

It weighed 12.5 g. after air-drying. A portion of this was

‘washed with acestone and only 6.3 per cent was recovered as a

slightly dark yellow colored solid. “After one recrystalliza~
tion 1n chlerobenzene and'washing the crystals with benzene
the produet had a melting point of £233-234°%. A 59 per cent
recovery was obtalned from the recrystallization. It should
be noted that in this experiment only one of the components
discussed above was l1solated, also tﬁat it was easily obtained
in a pure form wlithout resorting to sublimation.

. It was thought that the yield might be improved by makl

ing use of an organic solvent in which the nitrotoluidine
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would be more soluble. Dioxane was selected for this pufﬁose.
The procedure for carrying out the reaction was based upon
Experiment No. 45 (see Table 1, p.- 29) which gave a good yield
in the reaction of o-toluidine with glyoxal. It was desired
to carry out the reaction in about one liter of a dioxane-
water mixture, containing Just enough dioxane to dissolve 28.8
g. (0.19 mole) of nitrotoluidine. A mixture of 600 ml. diox-
ane and 400 ml. of water wag found to be satisfactory. When
nitretoluidine was dissolved in this mixture it produced a
clear red solutien. Another seplution was mede by disselving
7.2 ml. (0.047 molesg) of the glyexal T4435 solution in 30 ml.
of water and neutralizing with sodium hydroxide. The nitro-
toluidine solution was heated to 70° in a beaker by means of

a hot-plate and stirred with a mechanical stirrer. The gly--
oxal was added and in about ten minutes the red color, which
was 1lnitially- present, began to darken. The temperature was
held at 7¢° for two hours. During this time the solution turn-
ed progressively darker ﬁntil at the end it was completely
opaque and the color was dark brown to blacke. Heating was
stopped and, with stirring continued, the solution cooled to
45° 1n one hour. No‘solid appeared to have settled out. The
reaction mixture was cooled in the refrigerator overnight,
whereupon a small amount of crystals formed. These were re-
moﬁed by filtration and after air-drying weighed 0.56 g. Upon
washing this solid with two 5 ml. portions of acetone, 0.50 g.

of golden colored crystals was obtalned. This material
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sublimed upon heating. Its melting point was 230-232°. A&
mixed melting point determination indicated that this compound
was the same as the compcund with similar properties which had
previously been isolated.

The dioxane-water filtrate was concentrated to about
one~half its original volume by distillation under reduced
pressure such that its temperature did not exceed 55°. A dark
igspluble oillforme@”on the bottom of the container. After
eooling in. the refrigefator the oil;solidified and could bhe
removed by flltration. A clear flltrate was obtalned but the
material left oﬁ the filter cghéiéted of a mixture of a solid
and a very thick black liquid. This was washed with three 20
ml. portions of acetone and 4.18 g. of an orange-yellow powder
was recovered. This material melted over a wide range start-
ing aﬁ approeximately 1600-

Difficulty was encountered in attemptling to recrystal-
lize the above material. It proved to be insoluble when heat-
ed 1ln a variety of common solvents. In certain high boiling
solvents, such as chlorobenzene, nitrobénzené,»and anisole, it
dissolved upon heating but only-very.minute guantities could
be recovered when the sclutions weré cooléed. This seemed to

indicate that the solid changed when it was heated in these
| solvents, and thét the product formed by thls change was sol-

uble in the respective solvents.
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It appeared, therefore, that the reaction in the di-
oxane-water mixture led to the formation of two -or more pro-
ducts, as was noted before for the reactionS‘carfied out in
water alone. One advantage to be noted is that with the use
of dioxane a virtually complete separation of the golden color-
ed compound, melting point 233-2350, from the other products
of reaction was achleved. It may.be concluded, furthermore,
that reactions in both solvents léd to the formation of a yel-
low powder. It is not certain that the yellow powder had the
same compositien in all cases, but it has been obéerved to be
slmllar in several respects, and no apparent difference was
noted.

The identification of these substances was the object
of chtinued study. As previously mentioned,  the yellow pow-
der could nqt‘be‘recrystailized as the only solvents which dis-
solved it apparently caused 1t to undergo a change. Small por-
tions of the yellow powder from the dioxane reagtioﬁ were used
in recrystaliization attenpts. A sample was dissolved upon
neatingfin chlorobenzene but whéhithe solution was céoled erys-
talsldid nof form. Part of the solvent was removed by vacuum
distillation and the concentrated solution was cooled in the
refrigerator.““fhis yiéldéd'éusmall amount of pale yellow crys-
tals which was filtered off and washed with benzene. The ma-
terial melted af 2120, not sharply. Ahisole‘and nitrobenzene

were tried in like manner on samples of the yellow powder.
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Minimum amounts of the solvents ﬁere used and 1t was not nec-
essary to remove any by vacuum distillation. Pale yellow col-
ored needles were collected and washed in benzene. The melt-
ing point of the material from anisole was 217;2180(dec-);

that from nitrobenzene, 2180(dec.). A mixed melting point of
these two éhowed no depression. A sample which had been re-
crystallized from nitrobenzene, with a melting point of 213-
£16°, was found to be soluble in isopropyl alcohol and benzene,
and uponrfurther recrystallization from benzene it had a melt-
ing point of 2220(dec.). Benzyl-alcohol was also tried. A

small sample diséolVeﬁ in a little benzyl alcohol when boiled

vigeorously. While still hot, two volumes of isopropyl alcohol

. was added and upen cooling & good recovery of fine crystals
regq}ted. -The filtered material was washed with lsopropyl al~
éohéi'ahd had a melting point of 220-2210(dec-)7

In order to characterize the yellow powder it was de-
sirable to have a pure sample, and to obtain its analysis.
Since it did not seem possible under the clrcumstances to iso-
late the material in a pure form, it appeared that an alterna-
tive was to iscolate the material that was formed from the yel-
low powde; upon heating in the solvents mentioned. It seemed
that the best results in the small scale experiments described
above had been obtained by the use of benzyl aleochol followed

by diluting with isopropyl alcohol.
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'Accgrdingly,fall that rémained of the yéllow~solid from
the“dioxanevreactioh, £.86 g.,"wéé placéd‘in five ml. of ben-
zyl alcohol contained in a- small beaker. This made a thick
paste which«ﬁas heated by plaéing the beaker on an asbestos
covered -wire gauze over a burner. .It was stirred while heat-
ing and gave off a considerable azmeunt of cloudy vapor. The
material slowly changed to a dark brown liquid. It was bolled
momentarily, then removed from the heat, and 10 ml. of isopro-.
pyl alcohol was -added. This solution was heated o boiling.
and filtered hot to remove foreign mzterial. A considerable
amount of dark tar formed when the dark liguor was cooled in
the freezer and a2 clear solution was decanted from the tar.
Solvent was removed from this solution by wvacuum distillation
to yield.a yellow-brown pasty residue. Recrystallization was-
attenpted frqm]benzene, but instead of crystallizing upon cool-
‘ing, the material came out of solution as a yellow powder.
Filtration yielded about 0.2 g. of vellow solid which was.not
identified. The overall result of the bengyl alcohol treat-

ment was that most of the material decomposed to resinous sub- -

stances and the expected compound was apparently not formed.
The following résume summarizes-the results described
above of work done with the products derived from nitrotolui-
dine:
a. Beéctions carried out in aqueocus medium yielded a

crude residue, insoluble in alcohol. 3By washing the crude



residue with acetone, a yellow solid of much impreved'qﬁality
was obtained. This solid cculd Be recrystallized from chlpro—
benzene but it appeared to decompose when heated in nitroben-
zene. Sublimatlion indicated that this yellow solld was a mix-
ture. The sublimate was recrystallized from chlorobenzene to
yield the golden colored compound melting at £33-235°.. The
non=-gublimable residue was recrystallized from.-isopropyl alco-
hol to yleld light-yellow colored crystals, melting point 223-
224°(dec. ). |
"b- A small portichn of the acetone washed yellow solid
was treated with concentrated sodium hydroxide solution on
the water-bath. A yellow solid was recovered, melting point
ZEl-BBSO(dec-), which did not appeér to be readily sublimable. |
c. In the reacticn cafried-ouﬁ in dioxane-water mix-
ture, the golden cdlored»compbund, melting .peint 230-252?,
was obtained as a residue, insoluble in the reaction medium. |
d. The dioxane—watér filtrate was concentrated by
vacuum distillation and a residue was obtained which yielded
an orange-yellow powder upon washing with acetone. This pow- !
der dissolved upon heatling in high boiling solvents but did 1
not recrystallize in appreéiable quantities, suggesting that
deccmposition occurred. The use of such solvents yielded very
small samples of crystals having various melting points be-

tween about 8180 and 2220-
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e-iTﬁp:éﬁté@ﬁt to treét‘éfsghple of the orahgeA§éiiow
powderrwith beﬁzylfalébhbl on‘élléfge scale was unsuccessful. -
A large proportion of the material deccmposed and the small
amount recovered was not identified.

A study was aiso made to identify the other substance,
besides the yellow powder, derived from nitrotoluidine. As
previously mentioned, 0.5 g. of the golden colored ecrystals,
melting point-ESD-ESEO, was obtained from the reaction in
diexane-water mixture. This was purified further by recrys-
tallizing three times from éhlorobenﬁene te provide & sanmple
suitable for analysis. After filtering from the liquor the
crystals were washed with benzene to aid in complete removal
of the sclvent. The melting point of the final purified form
was determined using an Anscheutz thermometer. The observed
meltiﬁg peint wes 255.5-234-60;\c®rrected was 254.5-235-40-
After drying in a vacuum oven a sample was analyged with the

following results of duplicate analyses:

Found : Average
Carbon 57.45% 57.27% 57 . 367
Hydrogen 5.14 5.09 5.11
Nitrogen 17.77 17.82 17.70

Oxygen, by difference, was 19.83 per cent. The empirical
formula was calculdted to be C4H , NO.

Molecular weight determinations were made on the com-
pound by the Rast method.- A procedure was employed in which

the necessary freezing points were determined on samples
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sealed in thin-walled glass tubes, similar to but larger than
melting point fhbéé-“-A'smailqaﬁoant'bf eamphor was introduced
into a tube (sealed at one end) after which the other end was
sealed. The tube was fastened to an Anscheutz thermometer and
immersed in an oil bath. By ecarefully controlled heating, a.
point was reached where all the camphor was melted except for
one small crystal. At this point the temperature was alleowed
to drop very slowly and the temperature was determined where
new crystals just began to form. This was taken as the freez-~
ing point of the camphor. Next, a small amount of the com-
pound was introduced into another tube sealed at cne end which
had been carefully weighed previously.  After weighing again,
camphor- was introduced. The tube was sealed and a final weigh-
ing made. The camphor and sample were heated.above the melt-
ing point to insure complete selution and mixing.. The freez-
ing polnt of this mixture was then determined in the manner
described above for pure camphor. Two determinations were
made using mixtures of significantly different concentrations.
The values calculated for thé‘molecular weight of the compound
were 151 and 161. A

A correlaticn of the molecular weight with the empiri-
cal formula C,HaNO, suggests that the molecular formula is
CgHgNgOgp corresponding to a molecular weight of 164.08. These

data are in accord with the structural formula (X), which is
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CH5
N=CH
O3 2

(X}

the substituted methyleﬁeimine that might be formed from the
reaction of nitrotoluidine with formaldehyde. It is not sur-
prising that such a reaction might oécur, inaémuch as formal-
dehyde is known to be an impurity in the glyoxal T4435 solu=-
tion which Waé used in this work. It is soheﬁhat surprising,
however, that,a compound-of this structure would exhibif the
Observed properties, viz., the high melting point and the low
degree of solubility. These prOpertiés suggest that the pro-
duct may be polymeric 5ut which dissociates under the influ-
ence of heat. This idea will be discussed further in Chapter
Iv. | |
As additional confirmation bf‘thqmﬁrigin of this com-
pound, a reacfion was carried Ouf'be£Wéén:hitrotoluidine and
formaldehyde. A éolution wa s pfepared by dissolving 0.47 g.
(0.0031 mole) of nitrotoluidine in 175 ml. of water at 70°.
A hypodermic syringe was used for introducing 0.15 ml. of the
37 per cent formaldehyde solution into the amine solution.
This was a ratio of apprcximately two moles cof formaldehyde
to three mcles of nitrotoluidine. The reactants were ﬁixed
by swirling the flasgk and a yellow coler immediately appeared

Ain the liguid. The mixture was left for several hours at room
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temperature and a large amount of yellow solld formed. This
was collected by flltration and the product was washed with
water followed by acetone. The yield of yellow solid, malfing
point 831—2550, was 0.24 g. or ?ltper cent of theoretical.
This material was recrystallized ffqm'cblorobeﬁzéne to form’
bright yellow-golden plates which were washed with benzene.

The observed melting point, determined with an Anscheutz ther-
0]

mometer, was 254-0-255.40; the corrected value was 234.8-236.2 .

To establicsh that the product from the formaldehyde re-
action was the same, a mixed melting polnt was determined with
the compound obtained from the reaction carried ocut in dioxane-
water solution. No depression of the melting point resulted.
Further proof that they aré the same compound was shown by
infrared analysis (see following section). Abvbsorption curves
of the two samples were identical.

This compound was found to be soluble in approximately
17.5 per cent hydrochloric acid solution. After sitting over-
night the sbluiion was made basic with sodium hydroxide. This
caused the formation of a yellow solidhwhich was collected by
filtration. The melting point was 105-108°, agreeing well

with that for nitrotoluidine.

Infrared Absorption Spéctra

A study was made of the infrared abSorption spectra of
the compeunds encountered in this work to ald in the determi-
nation of the structure of the new compounds. The Perkin-

Elmer, Model 21, Infrared Recording Spectrophotometer was used
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for obtaining the absorption curves. Reproductions of these
curves appear 1n the Appendix.

The spectrum was obtained on a redistilled sample of
o-toluidine. A cell was used having & nominal sample thick-
ness of 0.0Z5 mm. and a2 matched enmpty cell was placed in the
reference beam.

The other materialis whose spectra were needed were so-

lids in their normal state. Due to the low solubility .of the

compound formed from formaldehyde, a suitable solvent was not .

‘found in which it could be dic=zolved for obtaining its spee-

trum. This ﬁade it necessary to obtain its spectrum in the
solid state. A satisfactory method has been described for
doing this by mixing the s0lid sample with potassium bromide
and pressing the mixture into a thin tablet or disk (25). It
was thought that for the purpose intended, it would be appro-
priate to obtain the spectra of the other solids by the same
procedure. Medifications in the basic technidue were necessi-
tated by the equipment avallable. The procedure used in pre-
paring a sample for spectrum analysis ihvolved grinding petas-
sium bromide, C. P., in a mortar until it passed a 100 mesh
sieve. After drying to remove adsorbed moisture it was ready
for use. It was found'that approximately one milligram of

sample mixed with 0.15 g. of potassium bromide gave the best

25. Stimson, M., Mclecular Spectro§e0py.8ympoéiqm,
Ohio State University, Colurbus, Ohlo, June, 1851.
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results as judged by the spectra obfained. The sample and
potassium bromide were weighed out and ground togethner in a
small agate mortar. The mixture was poured into the mold, or
die, of a hydraullc tablet machine and subjected to a pressure
of 20,000 pounds- per square inch. It wes necessary to spread
the sample évenly 1in the die before pressing to get a well-
formed tablet. This resulted in the formation of a tablet
measuring 13 mm. in diameter and approximately 0.5 mm. in
thickness. - A tablet to.serve as a reference blank was pre-
pared in the same menner from 0.15 g. of.potassium bromide

alone. For mounting in the spectrophotometer, the tablets

were fastened over slits made in small cards. These cards.-e. .

were placed in the slots designed for mounting the conyer~
- _.' .5.-:.‘ - ~
tional sample cells. The lnstrument was then operaﬁéd ih.the

—
Pl

regular manner to produce the absorption curve. In‘ﬁﬁig mans "

ner the absorption spectra were obtailned for nitrotolui@iheqf}

glyoxal-bis-tolylimine, the compound formed by reaction of

"nitréﬁoluidine with formaldehyde, and the compound formed from

the T44%5 solution and nitrotoluidine.
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CHAPTER IV
RESULTS AND CONCLUSIONS

It has been shown that the reaction of o-toluidine with
glyoxal results in the formation of a new compound which has
been obtained in good yields. It is proposed that the com-

pound has the structure:

Glyoxal-big-o-tolylimine

The infrared absorption spectrum of this compound is
shown in Fig. 3. Further information regarding its structure
was developed by a comparison with the spectrum for o-tolui-
dine, Fig. 1. Certain absorption bands of these spectra were
given functional group assignments on the basis of data re-
corded in the literature (26). It should be noted that the
curves were obtained on one compound in the liquid state and
the other in the solid state, which in itself introduces
slight differences in the position and intensity of certain

absorption bands. In the three micron reglon o-toluidine has

£6. Randall, H. M., R. G. Fowler, N. Puson, and J. R.
Dangl, "Infrared Determination of Organic Structures," D. Van
Nostrand Company, Inc., New York, N. Y., 1949, p. 20.-
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a strong absorption at 3.00 microns due to the N-H bonds, and
twe medium bands at 3.30 and 3.45 due to the methyl group. In
the spectrum of the tolylimine the N-H absorption at 3.00 mi-
crons 1s completely absent, while that due to the methyl group
is faintly evident as a horizontal break in the curve from
about 3.2 to 3.55. o-Toluldine shows two strong bands at 6.30
and 6.70 which are assigned to N-H bending vibrations and two
strong bands at 7.68 and 7.90 which are characteristic of the
aniline structure. This region also contalns bands caused by
C-H bending vibrations. The %tolylimine spectrum i1s radically
different in this region, having only weak bands between seven
and eight microns, and two medium bandé at 6.21 and 6.75.

This is interpreted to mean that upon reaction with glyoxal,
the amino group of o-toluidine has been modifled extenslvely
causing its characteristic absorpticns to be erased in the new
compound.

It will be noted that the tolylimine has three narrow
bands stpadaling 6.25 microns. The general rule 1s that the
C=N- vibrations give rise to a medium band very close to six'
microns. The band at 6.21 was, therefore, ascsighed to the
C=N- group. The other two adjacent bands and the slightly
stronger one at 6.75 are probably due to C~H bending vibra-
tions which are characteristic for this region. A medium in-
tensity absorption near slx microns 1s the only characteristic

band for the imine type structures.
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‘Between eight and eleven microns both'cufvés show me-
dium strength bands. .This is the region of C-N stretcning
vibrations which would be present in both conmpounds. Primary
amines show absorptions in the 12-15 micron range such as
those at 13.40 and 14.05 for o-toluidine. These have been
replaced in the tolylimine spectrum by three strong narrow
bands. the origins of which were not determined.

In Chapter. III it was repor%ed that hydrogenation of
the tolylimine was attempted. If the known compound, N, N-di-
o-tolylethylenediamine (21), had been procduced it would have
been added proof of the structure of the tolylimine. The cata-
lytic reduction of imines may lead to coupling reactions.in
which tertiary amine groups are formed and the product is poly-
- meric. In view of this, the faiiure to obtain the desired com-
pound should not be taken as evidence against the imine struc-
ture.

As a result of this work, a procedure has been devel-
oped whereby the glyoxal-bis-o-tolylimine can-be easily pre-
pared in good yields. The procedure should be capable of be=~
ing easily extended to numerous analogous amines. These pro-
ducts, having the two reactive imine linkages, may prove to
be useful intermediates for further reactions.

The study of the reaction of glyoxal with o-toluidine .
was undertaken because it was reported by Kulisch (1) that

guinoline had been obtained by this reaction. The resulits
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of thls work show that the method must be viewed with consid-

erable reservation. - Kulisch's statement that o-aminceinnamal-
dehyde probably formed as an intermediate is subject to deubt
in view of presently accepted theories on the reactivity of
amines with .aldehydes. The exlstence of .thls interwedlate is
further to be questioned since our work has shown that the re-
actants readily form glyoxal-bis-o-tolylimine, :thus showlng
initial condensation taking place with the amino group,"ﬁot
the methyl group. Slince the tolylimine was not converted to

guinoline when treated with concentrated alkeli, it also weould

not likely be an intermediate in the Kulisch process. Through-

cut the work efforts were made to isolate substances which
might have been intermediates thaﬁ would produce gquinoline
upen further treatment. Reactions were carried out with equal
molar amounts of the reactants, or with an excess of glyoxal..
These conditions would be favorable for the formation of a
compound (XI) by the reaction of one molecule of amine with

one molecule of the aldehyde in the following manner:

CHy  CHO cH, .

(XT)

This compound (XI) could not be isolated, however, eifher as

the free aldehyde by extraction, or by the formation of a

———————
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sodium bisulfite additicen product. This intermediate certain--
ly would be very reactive. Apparently it reacted more readily
wlith the amine than did glyoxa; since only the compound formed
from two moles of amine per mole of glyoxal was obtalned, re-
gardless of the mole ratios of reactants used.

In further attempts to bring about the ring closure,
as claimed by Kulisch, & molecule was used having more highly
reactive hydrogens on the methyl group. 4-Nitro-Z-aminotolu-
ene was substituted for o-toluidine and several reactions were
éarried out with glyoxal. This compound, if it reacted by the
Kulisch process, would produce 7-nitroguinoline, which, how-
ever, was not the case. The product of the reaction of gly-
oxal with nitrotoluidine was a yellow powder which was not
fully identified. -

The technical grade Qﬁrgégégﬁl used in this work con-
tains a smell percentage of forﬁéidehyde- In addition to the
'yellow péwder, a compéund was isolated in. small amounts which
was-shown to be a product formed from the nitrotoluidine and
formaldehyde. Tﬁis is a new compound and its structure is of
theoretical interest. The results of analyses indicate its
empifical formula to be C4H,NO and a molecular weight determin-
ation in camphor corresponded to the formula GBHSNEOE' This

suggests that the compound has the methyleneimine structure (X).

CH
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The aniline analog (27) of this structure has never been iso-
lated, as such, but a form has been obtained which 1s the trim-
er of the hypothetical Schiff base of aniliné and fdrmaldehyde.
It has a six-membered ring structure similar fo the general

formula (XII) shown below. It showed a molecular weight in

ArN‘cﬁﬂAr
&

camphor of about twice that of the hypothetical monomer. In
the vapor state the molecular weight corresponded to that of
the monomer. The question arises then as to whether the new
compound has the methyleneimine structure (X) or the cyelic
structure (XII).‘ Its wmelting polnt of 234.3-235-40 (corr.)
and its low degree of’ soiubiii%§ in organic solvents are more
consistent with the cyelic form. Molecular weight data, how-
ever, suggest that 1t exists as the monomer.

The inf'rared absorption curve of this compound was
studied in an effort to differentiate between the two struc-
tures. First, a comﬁarison of the specﬁrum of nitrotoluidine,
Fig. 2, with that for the compound, Fig. 4, is helpgful. In
the nitrotoluidine spectrum, two medium bands due to N-H vi-
brations are present just below 3 microns and C~-H vibrations

of the methyl group are represented by the weak absorption'

27. Sprung, M. M., Chem. Rev. 26, 311 (1940).
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at 3.45 microns. In the other spectrum, Fig. 4, the C-H ab-
sorption 1s present in approximately the same place, and an
absorption also agpears‘at £.92 microns which is stronger and
sharper than the N-H bands in nitrotcluidine. Its origin is
not known.u In both curves weak bands are present at about
6.3 micrens and medium bands at 7.25 microns which are due to
the presence of nitro groups in both compounds. A striking
similarity is seen between these two curves ih the 6 tc 8 mi-~
cren region and the 11 to 14 region. An almost one to one
matching, with very little difference in wave lengths oif cor-
responding bands is possible.

A comparison now can be made between the tolylimine
spectrum, Fig. 3, and the nitro compound, Fig. 4. The basic
structure for the methyleneimine (XIII) is closely similar to

that for the glyoxal—bis—ar&limine (XIV), having in common

Ar-N=CHy Ar-N=CH- CH=N-Ar
(XIII) (XIV)

the Ar-N=CH- group. If the nitro compound exists in the
methyleneimine form their infrared spectra should be similar,
the preéence of nitro groups not causing major changes. In
both curves similar bands are present between 6-and 7 microns.
Between‘T and 8 microns, however, a great difference is ob-
served. (The band at 7,22 microns in Fig. 4, due toc the nitro
group, is an expected difference). Frém & microns throughout

the rest of the spectrum a generél similarity exists. In view
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of the difference in the 7 to 8 micron region, and the absorp-
tion at 2.95 in the nitro compound which is absent in the oth-
er, 1t is apparent that the compounds do not have completely
similar spectra. Wnile this situation does not support the
methyleneimine structure, on the other hand neither does it
provide support for the cther. Another fact which snbul@.be
noted is that both spectra have a“medium intensity absorpticen
near 6.2 microns. In the tolylimine spectru@ the band at 6.%21
was assigned to the C=N- group (see .p. 51).° Inlike manner
the band in Flg. 4 at 6.19 mY¥erons also may be due to the
imine linkage.

From these considerations it 1s apparent that the spec-
trophotometric data 1s not conclusive. Likewise, considering
all the evidence, a cholce canneot be made between the mono-
meriec and cyclic structures with any degree of certalnty.
Therefore, until fﬁrther information is available on this
guestion, it does not seem to be improper to asslign tentative-
ly the methyleneimine structure to the compound. Accordingly,
the compound may be considered to be the N-methylene-Z-methyli-
S-nitroaniline.

In the study of the reasction of glyoxal with o-tolui-
dine, an analogous compound, formed by reactlon of the amine
with the formaldehyde impurity, was not lsolated. A reaction
between o-toluldine and formaldehyde undoubtedly took place,

however, as two compounds are known which are formed from

these reactants in neutral solution. The anhydro formaldehyde
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o-toluidine has been reported by Wellington and Tollens (12)
and the bis(o-tolylaminec)methane by Eberhardt and Welter (13).
Both compounds are solids but they are reported to be solublé
in organic solvents. Consequently they would have been easily
removed from the product derived from glyoxal, upon washing
with acetone or recrystallizing in isopropyl alecchol, as was
done in the procedures followed in this work. The situation
was different, however, in the work with nitrotoluidine in .
agueous medium. The compound formed with formeldehyde is not
acetone soluble and hence remained in evidence.

The results and concldsions of this work will be sum-
marized briefly in closing. Reaction of glyoxal with o-tolui-
dine did not produce guincline as reported by Kulisch (1) and
arguments are given against his proposed reaction nechanism.
This reaction was shown tc produce glyoxal-bis-o-tclylimine
instead, and conditioné are described for synthesizing this
new compound 1n good yields. In additiocn to analytical re-
sults, infrared absorpti@n'studies suppert the glyoxal;bis-
o-tolylimine structure for the new‘compognd- Whén the sup-
posedl& more reactive nitrotoluidine ﬁas:used in place of
o-toluidine, the expected 7-nitrcquinoline was not obtained.
The product which resulted could not be identifled despite
intensive efforts. Another new compound was isolated as &
result of-the reaction of nitrotoluidine with formaldehyde,

present as an impurlty in the glyoxal. An attempt was made
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to determine the structure of this compound from infrared stud-
ieg and by a coﬁsideration of molecular welght data and physi-
cal properties of the compound. A choice could not be made
conclusively between the monomeric imine structure and the
trimeric cyclic form. Until further evidence is available

the compound may be considered to be Nenmethylene-2-methyl-5-
nitroaniline. .In view of %the. complete failure to obiain quin-
oline cor 7-nitroguincline, it i1s concluded that the Kulisch
reaction should not be given further consideration as a pos-

sible mezns for obtaining substituted guinolines.
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APPENDIX
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