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CHAPTER I

INTRODUCTION AND HISTORY

A. Introduction

The continuing search of chemists, physiologists and medical
researchers for natural and synthetic compounds which will alleviate
or cure the illnesses of mankind zcushitutes a faseinating episode
in the history of scientific endeavor. One chapter of this history
is necessarily concerned with efforts tc synthesize better, more use-
ful antispasmodics. To present a comprehensive critical review of
these efforts would require an extensive treatise and will not be
attempted here. Several reviews are available which cover the liter-
ature to around 1950.192-"3 The present sturvey will be a brief resume
of the more pertinent material to the present time. It is hoped that
this resume will afford to the reader some background in and appreci-
ation of the field, together with an understanding of the synthetic

approaches involved.

1. Spasm and Antispasmodics

Spasm may be defined as a violent, involuntary contraction due
to muscular action, usually accompanied by pain and imterference with
function. An antispasmodic or spasmolytic is a substance that is cap-
able to producing specific relaxation of such spasticity. For intermal
medieine the most valuable property possessed by an antispasmodic is

the ability to inhibit spasm of the smooth museles, that is, the mus-
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cles which surround the alimentary canal, the blood vessels, and other
tubes of the viscera.h It has been recognized that such smooth musecle
spasm may be caused either by direct stimulation of the muscle or by
indireet stimulation through the nerwve endings. On the basls of this
distinction, antispasmodic¢s may be divided into two classes: (1) the
musculotropic or direct acting amd (2) the neurotropic, which act to
prevent or abolish neuvral exc~itabtion mediated by asetyl sholine. The
neurobropie drugs (or anticholimergics) may be further subdivided as-
cording to whether they ach or the sympathetiec or the parasympathetic
nervous system. The antispasmodics of greatest practical importance
are the musculotropie and the parasympathetie neurotropic compounds.

Nature has supplied useful dxugz in eash of these categories in

atropine (I-1) and papaverine (I-2). However, both of these natural

Hof CH CH ~
- 2 CH» i
CH0
H3C-N H-G-0-8- EH CH3 CH3
¢Hs
H
HoC CH Gy He uie
I-1 I-2

antispasmodics suffer from certain limitations and undesirable side
effects. Atropine is ineffective against spasm of entirely muscular
origing papaverine has little effect against neurotropic spasm. In
addition, papaverine tends to relax all of the smooth muscles equally,
so that when relaxation of the intestinal traet is produced, there also
results a prolonged fall in arterial blood pressure. Atropine affects

all of the organs activated by the autoromisc nerwous system, thereby
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causing cyclopegia, mydriasis, drymess of the mcuth, tachycardia, de-
layed gastric emptying time, and occasionally a rise in arterial blood
pressure.1

Obviously from a clinical point of view, it would be of great
advantage to be able to prescribe an antispasmodic without needing to
determine the mechanism by which the particular spasm had been produced.
It would also be of definite adwantage to psssess more selective drugs.
These factors plus economlc considerations have inspired a tremendous
amount of research during the past twenty-rfive years. All of this re-
searzh has had a common goal: ‘the preparation of a commercially com-
petitive antispasmodic which will possess both museulotropie and neuro-~
tropic activity and in whieh the achivity will be less general, that
is, the compound will have a seleshtiwe astivity on the smooth muscles
of the hollow viscera, but no, or siight, effect on the pupils of the
eye, the salivary glands, and the cirsulatior. To date, this goal has
not been achieved, although a number of syuthetis anhispasmodics have

been placed in clinical use.

2. Evaluation of New Antispasmodics

Before the development of synthetic antispasmodics is discussed
further, it would seem to be of value to tzke a brief look at methods
of testing and evaluating new compounds. The clinical utility of a
spasmolytic depends on its antispasmodic activity, its side effects,
and its toxieity. To be evaluated properly, 211 of these factors must

be considered. Unless there is a considerable difference between the
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dose required for the desired spasmolytic astion and that producing
undesirable peripheral effects, there ig little point in the clinical
investigation of the compounds. Only methods for determining the
anticholinergic and musculotropie¢ activity will be touched upon. For
a detailed discussion of the entire testing procedure, the reader is

referred to the review article in Research Todaz,B

There are essentially two different methods of testing for spas-
molytic activity. The first of these employs an isolated muscle strip
as testing agent. This strip is immersed in a bath containing a stimu-
lating agent. The new compound is then compared to atropine or some
other reference standard with respect to itz ability to block or reduce
the spasm. Experimental variables have a profound effect on the test
and the results are frequently in disagreement. For example, the pub-
lished values for the anticholinergic activity of Trasentin determined
in this manner ranged from 1 per @ents to 20 per cent6 of that of atro-
pine.

The second method employs the whole, live animal as the testing
agent. By means of a balloon inserted through a small incision into
the intestine of the animal or through use of trained dogs with Thixry
fistulas, measurements of the ac¢tivity may be obtained. There is fre-
quently a considerable variation in activity as measured on the isolated
muiscle strip (in vitro) and as measured using the intact animal (in
vivo). The latter test seems to approximate clinical usefulness more
c¢losely, and a good correlation exists between results obtained with

this type of test and clinical effectiveness. However, in vivo test~
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ing is considerably more expensive and time consuming than in vitro
testing and is probably used less.

Because of the large number of factors which must be considered
and tested, the evaluation of a new antispasmodic demands a greater
pharmacological effort than is required for the study of most types of
drug action. If one test is omitted or relied on too heavily, useful
compounds may be overlooked or time wasted on urusarle materials. It
ies often quite difficult for the pharmacologist to maintain a proper
balance between the screening of many new compounds and the thorough

study of a few active drugs.

3. General Approach to the Synthesis of Antispasmodics

The general approach to the synthesis of pharmaceutical materials
has been applied to the preparation of antispasmodies. This approach
consists of preparing modifications and variations of the structure of
a naburally occurring drug and is thus essentially an empirical one.

The present knowledge of the physiological modes of achtion of most drugs
is not sufficient to provide many theoretical concepts on which to base
the synthesis of pharmaceuticals. Until.such understanding is obtained,
an empirical method would seem to be the only procedure available. This
approach has proved surprisingly successful as may be seen by the number
of synthetic drugs in use today. Of course, greater knowledge of the
mechanisms of physiological activity would undoubtedly hasten the de-
velopment of desirable drugs.

A majority of the investigations in the field of synthetic anti-

spasmodics have been concerned with modifications of atropine. The



present survey will consider primarily this work rather than the
development of papaverine type structures. In developing permutations
of the molecular structure of atropine (the tropine ester of tropic
acid) two fundamental assumptions were made. First, since tropine it-
self has no noteworthy spasmolytic activity, its bicyslic structure
was regarded as incidental and it was considered functionally as an
aminoaleohol. The second agsumption was to vlew tropis acid as essen-
tially a branched chain phenylacebic acid. Some of the modifications
have been fairly close analogues of atropine, but ¢thers bear only a
superficial resemblance to the prototype.

The majority of synthetiec antispasmodies reported to date may
be divided into two broad classifications on the basis of their chemical
structure. One group is comprised of derivatives cf carboxylic acids
in the form of esters, amides, and related types. The second group in-
cludes amines, aminoalcohols, aminoethers, and other compounds which
are not aecid derivatives. For obvious reasons it would be desirable
to discuss these materials systematically according to their structural
relationships. The widely varied methods used in reported pharmacologi-
cal data make strict adherence to such an arrangement almost impossible.
However, an attempt will be made to classify the compounds on a struc-
tural basis. These will be divided into three large groups: (1) deriv-
atives of carboxylic acids in which the basiz function is contained in

the non-acidic portion of the derivative™, (2) derivatives of carboxyl-

*The carboxylic acid derivatives may be considered to be composed
of two portions: the agid residue and the ale¢ohol, amine, et cetera which
reacts with the acid to form the derivative. ZEither or both of these
portions may contain the basic function zommon to the antispasmodics.
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ic acids in which the basic group is contained in the acid residwum,
and (3) compounds other than derivatives of carboxylie acids. No

attempt will be made to follow chronological order.

B. History

1. Derivatives of Carboxylic Acids in Which the Basie Group is Contained

in the Non-acidic Portion of the Molecule

a. Esters. (1) Esters of simple disubstituted acetic acids.

The serdies of esters of 3-diethylamino-2,2-dimethylpropanol described

by Fromherz7

in 1933 constitutes the earliest detailed publication in
the antispasmodic field. His results revealed that compounds may simul-
taneously exhibit nenrotropic and musaulotropils activity. They also
showed that the presence of tropic acid was not an essential factor;
relatively simple disubstituted acetic acids were effective. The most
potent member of the series was the benzilie aweid ester but it was
apparently too highly toxic. The tropic acid ester was ultimately
selected for clinical use and was marketed under the name Syntropan.

In 1938 Halpern8 described a series of esters of alpha alkyl
phenylacetic acids in which the alkyl group ranged from ethyl to heptyl.
Maximum activity was obtained in esters of éi-grpropylphenylacetic acid.
Its diethylaminoethyl ester showed a remarkably lew toxicity, being
approximately one-third as toxic as atropine. This compound was intro-
duced into clinical use in Europe under the name Propivan.

Diethylaminoethyl diphenylacetate hydrochloride (Trasentin) was

9,10

first described in a patent in 1936. Tripod.:l‘:L reported that, on
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the isolated rabbit intestine, the relative antispasmodic activities
of atropine, trasentin, and trasentin-H (the corresponding ester of
phenylcyclohexylacetic acid) were 1:0.054:0.1k while the relative
toxicities to mice were 1:1.98:2.,37. The compound also possessed
approximately two-thirds of the musculotropic acstivity of papaverine.,l
It has been used by a number of investigators as a secondary reference
standard for correlating activities.

In line with the previously mentioned results of F‘romherz,7
diethylaminoethyl benzilate was considerably more avtive than Trasentin.
Klosal? reported it to be ten times as astive and also more toxic.
Burtner and Cusic13 found the activity againsh acetyl choline to be 20
(atropine = 100) and against barium chioride, 142 (papaverine = 100).
The amnalogous dimethylaminoethyl ester, first desswibed by Bliske and
Kaplanlh and later studied by Lee, Szott, and Ghemls and by Astrom.l6
was more active. Lee, Scott and Chen repcrted its antizholinergie
astivity as one-half that of atropine. They also suid it was twice as
effective as papaverine against histamine induced spasm. Astrom stated
that the compound was similar to and nearly equal to atropine in its
spasmolytic activity and possessed considerable musculotropic activity.
He reported it to be more effective than trasentin in relaxing histamine
induced spasm in the isolated intestine. In addition the toxicity of
the ester was surprisingly low. Flomsl® stated that both the diethyl-
and dimethylaminoethyl benzilate were mydriatics but did not give un-
desirable drymess of the mouth and had no effect on the blood pressure

or pulse rate.



A study of alpha disubstituted phenylacetic azids where the
substituents were either hydrogen, methyl, or ethyl groups gave com-
pounds whose activity ranged from 1.5 to 15 (Trasentin = 1).17 Buchel,

18 reported that esteras ¢f type (I-3) had important

Levy, and Pernot
C6H5C (R) (OH) COOCH2CHoNE L2 (I-3)
spasmolytic, parasympatholytic and local anesthetis properties. Those
egompounds where R was hexyl, cyclohexyl ox phenyl were the moat potent
of the group studied. Basic esters of phenyleyclohexylacetic acid,
ﬂ-phenylacrylic acid, diphenylaceti> acid, and 5kmethy1pheny1acetic
acid were prepared by Copel9 who claimed that they were useful as anti-

spasmodics of low toxdcity.

(2) Effect of varying the aminoalcohol substituents. Numerous

variations of the aminoalcohol using diphenylaceti and benzilic acids
20

as the acid function were reported. Munoz-Mena and Mavil Bueno™~ said
that 2-N-piperidinoethyl diphenylacetate was equal in activity to
Trasentin while possessing favorable hygroscopicity. The activity of
the analogous benzilic acid ester was found to resemble that of atro-
pine°21’22 Blicke?3 prepared compounds of type (I-L) and stated that
(CoHE) 26 (OH)COOCHCHI (CHp)., (I-L)
they were useful as antispasmodics. Several groups investigated esters
of 3(1-alkylpiperidyl) carbinols. Feldkamp2h found the activity of the
3(1-methylpiperidyl) benzilate hydrochloride to be 9 (atropine = 100).
Quaternization with methyl bromide increased the activity to 33. Chen
and Beckman25 studied 3(1l-ethylpiperidyl) diphenylacetate. They re-

ported that it was at least as active as Trasentin and papaverine on the

sphincter of the 0ddi, the duodenum, and the wreter. It was relatively
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free from undesirable side effects and was no more toxie than Trasentin.
Chen26 also studied the benzilic acid ester of the same alcohol. He
found that the compound was about equal to atropine in activity while
less mydriatic. Its oral toxicity was approximately equal to that of
atropine but when given intravenously, it was four times as toxic.
Bliscke and Lee?? prepared a series of esters of the aminoalcohols

(I~5) and (I-6). 2(1-Methylpyrroiidyl)-methyl diphenylacetate was

[: :: CHzOH CHo0H

B (13 Gy (1-6)
effective against spasm at a dilution of 13:870,000 while the analogous
benzilate was effective at 1:54,000,000. Under the same conditions
atropine was effective at a dilution of 1:50,000,000, again illustrat-
ing the generaliy greater activity of the benzilates as compared to
the diphenylacetic acid esters. A series of substituted piperazyl-

alkyl esters of type (I-7) was reported by Ide, Lorz, and Baltzly28

RCOOCHCH
. 2O-R' \HC1 (1-7)

where RCOO- was benzilic acid, diphenylacetiz acid or related types
and R' was a lower alkyl group. None of these compourds showed more
than 5 per cent of the activity of atropine as an anticholinergic.

(3) Effect of varying the alpha substituent. Several groups

have studied the effect of varying the substituents on the alpha car-
bon of diphenylacetic acid. Buchel, Levy, and Pernotl8 found that
acetylation of the hydroxyl group in benzilic acid esters sharply re-

duced the activity of the compounds. In 1954, Bliecke, Faust and
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Raffelson®’ reported the preparation of a series of compounds in which
the glpha carbon was substituted with chlorine, bromine, ethoxyl, and
basic groups. Only weak activity was shown by all of these substances
except the A-chloro and A -bromo esters. The potency in these cases
was attributed to the fawht that such substituents were readily hydro-
lyzed to give the analogous hydroxy compcunds. Thus the physiological
activities found were actually those of the benzilic azid esters.
Other workersl3 have also observed that A ~halodiphenylacetates and
benzilates displayed identical activities. The preparation of compounds
where phenoxy, 2—dimethyi].aminoe’thoxy_9 thiocyanate, and related groups
were attached to the A carbon was reported in 1955.30 These compounds
showed marked spasmolytic astivity.

(L) Effect of ruciear hydrogenation. Hydrogenation in the

benzene nuclei of diphenylacetic¢ and benzilic asids generally produced
compounds of greater activity than was possessed by their precursors.
The synthesis of diethylaminoethyl phenyleyclohexylglyzolate and the
analogous dicyclohexylglycolate was reported by Miessher and Hoffmann

31,32 ‘Meier and Hoffmann33 published the re-

in two patents in 1941.
sults of work which included a study of the effects of nuclear hydro-
genation. These results indicated that hydrogenation in the aeid por-
tion of the molecule generally increased the activity with 1little if

any change in the toxicity. The stepwise transformation of diphenyl-
acetic acid esters to the dicyclohexylacetate was of particular interest.

The maximum activity was possessed by the phenyleyclohexylacetate which

was approximately ten times as potent as the parent compound against
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acetyl choline., Saturation of both rings resulted in a sharp drop
in the neurotropic activity. When tested on the isolated rat duo-
denum, the relative activities of diethylaminoethyl diphenylacetate
and diethylaminoethyl dicyclohexylacetate were 1003200.3h In 1953
Plummer, Barrett, Rutledge, and Yorkman3® reported the results of a
pharmacological study of 2-N,N-diethylaminoethyl phenylcyclohexyl-
glycolate methyl bromide (Antrenyl). They found the compound to be
readily absorbed and a stable, orally active anticholinergic, Its
antispasmodic activity on visceral smooth muscle was comparable to
that of atropine while Antrenyl possessed less marked mydriatic and
salivary activity than the natural spasmolytic. Its toxicity was low.
In addition to its anticholinergic activity, the ester strongly antag-
onized the action of barium chloride and histamine on the isolated
ileum of the guinea pig. The compound was placed in clinical use. In
1942 Blicke and Maxwe1136 prepared 2-N-piperidincethyl dicyclohexyl-
glycolate as part of a study of synthetic mydriatics.

A series of articles beginning in 1947 reported the preparation
of compounds in which one or both of the alpha substituents were par-
tially saturated rings.37“hl Among this group of esters, 2-diethyl-

aminoethylr-lkz-cyclopentenyL-é&z-cyclohexenylacetate (I-8) appeared

CH-COOCH2CHpN(C2Hs) 2 (I-8)

to have very desirable pharmacological activity. Moffett, Hart, and

Hoehn37 gave it their highest rating. Unfortunately, no reference
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standard was reported. Several compounds among a series of phenyl-
Z&e—cyclohexenylacetic acid esters had activities of the order of one-
eighth or better than that of atropine sulfate on the isolated rabbit

b2 yorrettltd

intestine. patented esters of phenyleyclopentylacetic

acid, claiming that they were useful antispasmodics which acted upon
the involuntary muscle tissues to relieve spasm induced by the autonomic
nervous system. Levy, Rajzman, and Tahoubarhh stated that the diethyl-
aminoethyl esters of alpha-substituted l-cyclopentenylacetic acids had
atropine and papaverine like properties in general more marked than
those of the correspondingly substituted cyclohexylacetic acid and_

phenylacetic acid esters.

(5) Effect of bridging. Work on anesthetics involving binu-

clear systems had indicated that bridging two aromatic nuclei to form
a condensed polycyclic structure sometimes enhanced the activity and
decreased the toxicity. With.the hope that such a transformation would
likewise afford a beneficial effect in antispasmodic activity, several

groups studied modifications of this type. Burtner and Cusic13

prepared
a series of esters of fluorene-9-carboxylic acid with various basic
alcohols. They found that djethylaminocethyl fluacrene-9-carboxylate
(I-9) was approximately six times as active against acetylcholine in-

7N

~OCH2CHoN(C2HSg) 2 ' (I-9)

\
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duced spasm as the analogous diphenylacetate. The musculotropic effect
was also substantially increased and the toxicity was decreased by
about 30 per cent. Unfortunately such an increase was not general;
compounds of lower activity also resulted. Burtner and Brownhs repcrted
that in a series of esters of pyridyl and piperidylalkanols, the
diphenylacetates were generally more active than the corresponding
esters of fluorene-9-carboxylic acid, particularly against spasm induced
by acetylcholine and barium chloride. The fluorene derivatives were
less toxic, however. An analogous fusing of the phenyl rings of amino-
alkyl esters of benzilic acid produzed a somewhat surprising drop in
activity.l’

Expansion of the nuclear bridge in fluorene to include oxygen,
sulfur, and nitrogen gave erratic resuZLts.}'L6 The astivity of diethyl-
aminoethyl xanthene-9-carboxylate (I-10) was at least twice that of
the analogous fluorene ester. Replacement of the oxygen by sulfur (I-
11) caused a slight rise in the musculctropic potenzy and a marked de-

crease in the neurotropic activity while the dihydroacridine derivative

(I-12) was even less effective. All of the heterocyclic compounds were

00CH2CHoN(CoHg) o COOCH2CH2N(C2HS) 2 00CHoCHoN(CoHE) 2
L e a8
(1-10) (1-11) (1:12)

more toxic than the corresponding fluorenecarboxylates. Cusic and
Robinsonh7 also reported a series of basic esters of xanthene-9-car-

boxylic acid, of which some appeared to be more potent than atropine.



15
The introduction of a methylaas group between the two benzene
miclei resulted in a remarkable increase in musculotropic activi‘l:y.h6

Diethylaminoethyl 9,10-dihydroanthracene-9-carboxylate (I-13) was

(1-13)

twenty times as aatlive as papaverine against spasm induced by histamine.
However, the compounds of this series were chara cterized by wsak neuro-
tropic activity and relatively high toxiaity.

(6) Effect of quaternization. The tertisry amino compounds

reported as synthetic spasmolytliecs have for the most part been tested
in the form of their hydrochlorides. It was found that conversion of
the esters into their quaternary salts by means of relatively simple
alkyl halides generally enhanced the neurotropic astivity at the expense
of the musculotropic effect.2h9339h8 The toxdcity sometimes remained
unchanged but more commonly was significantly increased. However, the
weakness of generalizations such as this has been emphasized by numerous
L9

exceptions.

(7) Effect of nuclear substitution. The effect of nuclear

substitution on activity has not been evaluated comprehensively. In a
series of para-substituted phenylcyclohexylacetic acid esters, Hofﬂnannso
found the effect to be variable. In general, esters of the para nitro
acid were less potent; those of the para amino acid, more potent than

the unsubstituted compounds. Several groups studied the effect of
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alkoxyl substituents. Introduction of a para methoxyl group in ben-
zilic acid esters greatly reduced both types of activity.l3’51
Bockstahler and W’right52 prepared a series of alkoxyl substituted
benzilates in which the size of the alkoxyl groups was varied system-
atically. None of these surpassed the activity of the unsubstituted
esters while most were less potent. A group of para xenylacetic acid
esters was reported by Blicke and Grier“53 The results of spasmoiytic
teats, given for seven of these compounds, indicated that all produced
relaxation of the untreated, isolated inteshize aithough detailed in-
formation was not listed. In 1945, Faust, Feldkamp, and MooreSh pre-
pared a similar series of alpha alkyl para xenylgiycolis acid esters.
They found, somewhat surprisingly, that the activities of the glycolztes
were about the same as those of the correspondirng acetates.

Beginning in 1951, the synthesis and testing of aminoesters of

O(1-hydroxyceycloalkyl) O\ -phenylacetic acid (I—All‘t)Wer-ereported.SS’E:7

—COOH
OH
(CH

(I-1Lk)
Several of these were stated to possess neurotropic activity comparable
to that of atropine and musculotropic activity of the order of magni-

tude of papaverine.
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(8) Aralkyl alpha substituents. In 1937 Wagner-Jauregg,

Arnold, and Bornh9 reported the properties of twenty-four esters of
diethylaminoethanol with a variety of disubstituted acetic acids.
Starting with diphenylacetic acid, the workers progressively intro-
duced one to three methylene groups between one or both of the benzene
nuclei and the alpha carbon atom. In most cases this resulted in a
sharp drop in the neurotropic activity along with a rise in the musculo-

tropic potency. From this and other invest:].gza.tionslj”s8

it appears
that for maximum activity the aryl group in a disubstituted acetic acid
derivative should be closely joined, if not directly attached, to the
alphs carbon atom.

(9) Substituted cycloalkylcarboxylic acid esters. Rubin and

Wishinsky59 reported an interesting series of esters in which the glpha
carbon atom of the acid was an integral part of a cyclohexane or cyclo-

hexanone nucleus (I-15). Several investigators have extended this

O

(I-15)
37,60-62

study to include other c¢ycloalkyl rings.-'? A number of these
compounds have proved to be active. Diethylaminoethyl-l-phenylcyclo-
pentane-l-carboxylate (Panparmi’%) possessed one-thirteenth of the
activity of atropine and was about three times as potent as papaverine
against barium chloride.61 Its toxicity approached that of atropine.
Levy and Tchoubar63 reported that, on the isolated rat duoderum, di-

ethylaminoethyl-l-phenylcyclohexane-l..carboxylate and the analogous 1l-
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cyclohexylcyclohexane compound possessed twice the spasmolytic activity
of atropine.

(10) Sulfonium and phosphonium compounds. In a most interest-

ing study, Protiva and Exner replaced the quaternary nitrogen common
to almost all antispasmodics with sulfur and with phosphorus.63“65 Thess
compounds (I-16) and (I-17) were claimed to be much more active than
R'R2CXCOOCHoCHpS (CH3 ) oI (I-16)
R'R2CXCOOCH,CHoP (CoHs )3T (I-17)
analogous nitrogen compounds. (Rl and R» were alkyl or aryl groups; X
was hydrogen or hydroxyl.) Indeed, the authors stated that 2-methyl-
mercaptoethyl phenylcyclohexylacetate methyl iodide exceeded all of the
known and used nitrogen compounds in its anti-~acetylcholine effects.
Protiva and Adlerova66 prepared the analogous ester of phenylcyclohexyl-
glycolic acid, They reported that in vive in rabbits this compound was
equal in activity to atropine but was considerably less toxic.
b, Amides. In the modificétion of the atropine molecule, sev-
eral groups investigated the effect of replacing the ester function
by other acidic derivative linkages. Meier and Hoffmann campared the
activity of diethylaminoethyl esters with that of the corresponding
amides,33 In three out of five examples which they gave, the esters
possessed ten to one hundred times the neurotropic activity of the
amides. The antibarium activity and the toxicity of the two groups
were essentially identical. Others who carried out work in this field
included Miescher, Meisel, and Hoffmann who reperted that dialkylamino-

alkyl amides of benzilic, tropic, and mandelic acids possessed thera-
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peutic properties similar to atropine.67 Fromherz and Spiegelberg
stated that beta picolinylamides of diphenylacetic, benzllic, and tweplc
acids exhibited antispasmodic activity.68 Other amides of tropic acid
were reported to show excellent spasmolytic properties.69'71 Some of
these showed a relatively wide margin between the therapeutic and toxdle
dosages.7o

In 1955 Krapcho, Turk, and Pribyl showed that alkylating the
amide nitrogen appreciably increased the activity of dialkylamincalkyl
benzilamidea.7l Among a wide variety of substituents, they found the
methyl group to be most effective. Some of these had atropine indiceas
as high as 0.5-0.7.

c. Thiol esters. In many pharmaceutizuals, the replacement of

an oxygen atom by a sulfur atom has produced a more favorable activity-
toxicity ratio. For instance, Thiocaine, 2-N-N-diethylaminoethyl p- '
aminothiobenzoate, was four to six times as aztive as Procaine, the
analogous oxygen ester, while the toxicity was not proportionately in-
creased.72 Extensions of this concept into the antispasmodic fileld
produced erratic results. In a series of compounds of type (I-18)

| CgH5CRHCOSCH2CHoN(CoHz) 2 (1-18)
Dupre, Levy, and Tchoubar73 found that, except where R was the phenyl
group, no increase in activity was observed. Diethylaminoethyl di-
phenylthioacetate possessed desirable antispasmodic properties and was
twice as active as the corresponding oxygen compound.73’7h For the
same replacement, a twenty-fold increase in autivity has also been
cla.imed.75 Hunter76 and Woodruff!' prepared aminoalkyl thioesters of

diphenylacetic and phenylcycloalkylacetic acids. Some of these were
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reported to possess both musculotropic and neurotropic antispasmodic

76

activity. Preliminary pharmacological screening of a series of thio-
esters of disubstituted acetic acids indicated that they were less
active than the analogous oxygen esters,78 In 1949 a series of dialkyl-
aminoalkyl thiobenzilates were described in a patent.79 The results

of a pharmacological study of these compounds were reported in 1955.80
The compounds were not outstanding anticholinergis agents but higher
acbivities against barium, potassium, and nicotine than had been pre-
viously known were claimed. However, none of the zompounds was more
active than papaverine on the uterus, bronchial muszles or coronary
vessels. Because of this apparent inaonsistensy, the author suggested
that the generally accepted correlation between anti-barium activity

and musculotropic potency was not valid. Thinesters of types (I-19),

(I-20), and (I-21) were also prepared.81 In (I..20) X is either hydro-

(CgHzg ) 2C(OR)COSCHpTHpNR (I-19)
(pXCgH), } 2CHCOSCH2CESNR; (I-20)
(CgH5) oC=CHCOSCHoCH2NRD (T=27)

gen or a chloro or bromo substituent. No report of their spasmolytic
activity was given but two of the group showed excellent anesthetic
powers with low irritation and toxicity. Other thiocesters were de-
scribed by Oegerholm and Ekelund82 and by W’eston.83

d. Esters with heterocyclic alpha substituents. The replace-

ment of one or both of the benzene rings in diphenylacetic acid with

heterocyclic groups proved rewarding. The group of esters of phenyl-

8L

2-thienylglycolic acid prepared by Blicke and Tsao ~ were quite in-
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teresting. Diethylaminoethyl phenyl-2-thienylglycolate was three times
as potent as the analogous diphenyl ester as a neurotropic spasmolytic.
A slight decrease in the antibarium activity was observed. The gamma
diethylaminopropyl ester of cyclohexyl-2-thienylglycolic acid was
found to be approximately equal to atropine and five times as potent
as papaverine. Replacement of the alpha hydroxyl group by a hydrogen
atom reduced the activity in the phenyl-2-thienyl substituted esters.
Campaigne and Burgeois85 also prepared diethylaminoethyl phenyl-2-
thienylglycolate. They reported that it possessed 63 per cent of the
activity of atropine. The N-piperidino analogue was said to be a
spasmolytic with marked anti-acetylcholine activity and low toxicity.86
A number of aminoesters of alpha cycloalkenyl-o\ —2-thienylacetic acids
were prepared.87"9l Several of these compounds were claimed to possess
excellent spasmolytic properties.

Luduena and La.nds92 conducted a study of the pharmacology of the
hydrochloride and methyl bromide of 2-N,N-diethylaminoethyl-ock-cyclo-
pentyl-dn-2wthienylglycolate. They found that on the isolated rabbit
intestine stimulated with acetylcholine both compounds were twice as
active as atropine sulfate. A basic ester‘of ck-phenyl- A-3-thianaph-

thenylglycolic acid (I-22) was reported to be valuable as an anti-

N2
-/—D-COOCHQCHQN(CQHS)Z . (1-22)

93

spasmodic and antihistaminic.-



22

Khromov-Borisov and Zakharova9h claimed to have prepared the
diethylaminoethyl ester of A_-phenyl-A -2-furylglycolic acid. No de-
tails of the preparation of the acid and no pharmacological data were

given.

2. Derivatives of Carboxylic Acids in Which the Basic Group is Contained

in the Acidic Portion of the Molecule

The compounds discussed thus far hare been rather closely related
to atropine in structure. A more dissimilar group of synthetic spasmo-
lytics is that in which either a or ®he basis grcup is contained in the
acid portion of the molecule.

Two of these types still bear a formal resemblance to the com-
pounds previously described. In 1953 Duschizsky95 reported a series
of esters, thioesters, and amides of A amino-d., d-diphenylacetic acid.
These compounds were useful analgesics, hypnoties, and antispasmodics.
Brender96 stated that diethylamincethyl A -pheryl~d -N-piperidylacetate
possessed one thirty-sixth of the activity of atropine and twice that
of papaverine. It was said to act selectively on the smooth muscles of
the stomach, intestine, and urinary tract.

Compounds less closely related to atropine have been studied.

A British patent in 1954 described a series of compounds similar to

(I-:23).97 An atropine index of one-thirtieth was shown by (I-23) itself.

fets
Q_cﬂchg_ ~CONHz *RX (1-23)
s
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A group of similar compounds of the structure (I-2L) was reported.,98
(CHs) 2C(CHoNRp ) CONHp (I-2L4)
Some of these had atropine indices of fiwe-tenths or more. An inter-
esting study concerning the relative activity of optical isomers was
conducted on a compound of this type.99 The investigators resolved
the d and 1 isomers of (I-25). The racemate had been found to possess
(CgHs) 2C (CONHz ) CH2CH(CE3 ) N(CH3) 2 (1-25)
high anticholinergic activity. After resolution it was shown that the
levg isomer was four times as poteat as the dextro against acetylcholine
in an isolated musecle sﬁrip.

In 1950 Vejdelek and ProﬁivaloOAfeported the preparation of a
compound in which the positions of the dialkylaminoalkyl and diéhenyl-
methyl groups had been reversed from the usual ones (I-26). This com-

(CQHS)ZNCHQCHQGOOGH(CéHg}g (I-26)
pound, a spasmolytic of the papaverine type, possessed 1 per cent of
the activity of atropine and was 10 per cent as effective as benadryl
as an antihistaminic. Numerous other groups reported synthetic anti-
spasmodics which contained the basic function in the acidic portion of

the molecule, but none of these possessed outstanding activity.101ﬂlll

3. Antispasmodics Other Than Carboxylic Acid Derivatives

a. Aminoketones. Other groups of compounds which have been in-

vestigated for spasmolytic activity include aminoketones and amino-
alcohols and alkenes derived from them. The first of a large series
of papers reporting work in this area was published in 19&9.112 In

this paper the authors described the preparation and testing of a group
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of aminoketones of type (I-27) where R was phenyl, naphthyl or a
| RCOCHR®CHpNRZRS (T-27)

heterocyelic group. R! was hydrogen or phenyl and R2R3 were alkyl or
together with the nitrogen formed a ring. Some of these were said to
be as active as Trasentin. The work was later extended to include more
complex amino and aromatic functions.113 All of these were of lower
activity than their more simpie prototypes. i,i-Diphenyl-L-N-piperidino-

114

butanone-2 was prepared by Katz and Karger in 1952. In the same year

.115

Wilson and Kyi prepared materials of the same type but varied the

amino function (I-28). These compounds were not tested as antispasmodics

(C6H5)2CHC-CHQGH2NRQ (1-28)
but were reported to be potent local anesthetics which were unstable
in neutral or alkaline solution. 13laDiphenylml-alkyluh-dialkylamino—
2--butanones were synthesized by Zaugg, Freifelder, and Horrom.116 They
were also tested not for spasmolytic potency but as analgesics,

167

Sprague and Schultz reported ketones and aicohols of type (I-29).

C¢Hg (CgH 1) CHCOCHoCHoNRy
CeHg (CgH1 1 ) CHCH(OH)CHoCH NRy (1-29)
No statement of their physiological activity was given.

b. Aminoalcohols and aminoalkenes. In a patent in 1952, Barrett

and W'ilkinson118 reported that 1,1-diphenyl-f)-amino-l-alkanols and 1-
alkenes were of value as spasmolytic agents. Similar but somewhat more
complex substances were also claimed to possess antispasmodic proper-
tiesoll9 Adamson120 reported in more detail on the preparation and

properties of a group of compounds of the types given below (I-.30 to
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I-32). Preliminary pharmacological data indicated that the compounds

(C¢Hg ) 2C (OH) CHgCH2NRp (I-30)
(CéHg) 2C=CHCH2NRy (I-31)
(C¢Hzg ) 5CHCHpCH2NRp (1-32)

were surface anesthetics, and in some ¢ases comparable to atropine.
A group of 1,1-diacyl-3-dialkylamino-l-propanols where the dialkyl-
amino groups were substituted piperazirnes were claimed to exhibit anti-
spasmodic properties°121 Phenyl-cyeclohexyl carbinols of type (I-33)
CeHe (CgHy 1 )C(OH)CHCHoNR (1-33)
also showed spasmolytic activity. Harfewrist and Magnienl22 stated
that these compounds had substantial activity though somewhat lower
than atropine in maximum activity. When the propane skeleton was
methyl-branched, their potency was decreased severely. 1-Phenyl-l-
cyclohexyl-3-N-piperidino-l-propanol methyl bromide was reported to be
more active than atropine sulfate against acetylcholine induced spasm.92
The effect of dehydration on the activity of aminoalcohols proved

somewhat erratic. Kjaer and Petersen123

prepared a number of 1,1-
diaryl-3-dialkylamino-l-propanols plus the analogous l-propenes. The
alkenes showed marked spasmolytic activity; the alcohols did not. 1,1-
Diphenyl—3-methyl-3.-dimethylamino-l-propene strongly antagonized the
action of acetylcholine and barium chloride on the isolated intestine.1211
Katz, Karger, and Cohent?> reported butanols of type (I-3L). Of these,
(CeHz) 2CHCH(OH) CRR* CHoNRS (I-3L4)
1,1-diphenyl-3,3-dimethyl-L-N-piperidino-2-butanol was claimed to be

twice as active as Trasentin against acetylcholine and barium chloride.
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In this case dehydration to the substituted butene decreased the
activity three fold. The authors also stated that 1,1-diphenyl-L-N-
piperidino-l-butene was 5-10 times as active as Trasentin in vitro,
but showed no activity in vivo. It was felt that this somewhat sur-
prising difference was due to decomposition of the compound into 1,1-
diphenylbutadiene and piperidine when injected into the live animal.
Other workers have noted similar cleavages in beta a.minoketones.1269127

The importance of chain length in producing activity was illus-
trated by the work of Morrison, Long, and Konigstein;28 who found that
a series 1,l-diphenyl-l-hydroxy-2-dialkylaminoethanes possessed no
outstanding spasmolytic properties. Several workers prepared A -2-
thienylalkanols and aI].lcenes.l29_’133 These were repor-ted to possess
favorable spasmolytic activity, but no detailed statements of their
pharmacology were given.

An extensive series of amincalcohols was prepared by the reduc-
tion of the corresponding aminoketones.lBh'lhz These compounds
possessed the general structure (I-35), where R,R' were aryl, cyclo-

RR'C(OH)CHR"CHoR'* . HC1 (I-35)
alkyl, or hydrogen, R"™ was alkyl or hydrogen, and R'" was a tertiary
amino function. The results of this study are somewhat difficult to
evaluate since in most cases a reference standard was not given. A
number of the alcohols were said to be moderately active however.
Some generalizations can be drawn from this work. The investigators

found that: (1) the greatest activity resulted from a 1,3 relation-

ship of the hydroxyl and dialkylamino groups, (2) the alkanols were
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generally more active than their ketonic precursors, (3) the piperidyl
group was the most active amine function of those tested, and (L) in-
creasing the complexity of the compounds lessened the activity.

c. Miscellaneous types. Numerous other types of structures

were tested as antispasmodics. Aminoethers of type (I-3L) were claimed
(CgHsg) oCH-0-CHoCHoNR (I-3L)
to show antispasmodic activity comparable to atropine.lhB‘lhs
Rieveschl1h6 extended the aminoethyl chain to aminopropyl and reported
that the compounds were powerful antihistamines. They were also said
to be useful in preventing smooth muscle spasm induced by histamine,
acetylcholine, or barium chloride. Ethers of structure (I-35) were
Ry RoCH-0-(CHg) nNR3R), (I-35)
claimed to possess antispasmodic activity, especially for the smooth

muscles of the intestine.lh? Some dialkylaminoalkyl ethers of the

heterocycles (I-36) and (I-37) were found to be central nervous system

R o0
CIAN :
(I-36) (I-37)
depressors and also showed appreciable musculotropic aC'l:ivi'l:y.1}"8
Aminothioethers were reported to be antiSpasmodics.lh9 Fahlen, Huber,

150

Laskowski, and Clinton combined ester and thioether functions in

compounds of type (I-38) where RCOO was diphenylacetic, benzilic, or
RCOO(CHp ) g-S—(CHp ) pNR (1-38)
related type acids and m and n were two or three. None of these ex-

hibited high activity against acetylcholine although all were equal
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to or slightly more active than papaverine against barium chloride.
Substituted amines were shown to possess spasmolytic activity.

151 found that some members of a series

Benoit, Jacob, and Eliopoulo
of (p-diphenyl-dialkylaminoalkanes were as active or slightly more active
than Trasentin. Other workers have reported that compounds of this and
related types were stable, useful antispasmodics.152_155 Cyclic amines
were tested. L-Substituted-N-alkylpiperidines possessed spasmolytic
activity as well as antihistaminic and analgesic potency.156 N,N'-
Disubstituted piperazines were reported to be active especially against
neurotropic spasm.157
Antispasmodics which contained no basic function have been pre-
pared. Sperber, Papa, and Schwr—mk:]‘58 claimed that acids of type (I-39)
RRTR"CCOOH (1-39)
showed spasmolytic properties when they totaled 12-17 carbon atoms and
the R groups were of approximately equal length. Koninklijke159’160
reported non-basic antispasmodic esters. He said that esters of mandelic
acid where the alcohol was aliphatic or cycloaliphatic and contained

from five to nine carbon atoms possessed activity similar to that of

papaverine.

C. Conclusion

As was stated previously, the scope of the synthetic antispas-
modic field is limited only by the ingenuity, endeavor, and patience
of the chemist. It may readily be seen that such ingenuity, endeavor,

and patience have led to the preparation of a vast number of compounds
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of many and varied structures. As yet, however, no compound has been
reported which completely satisfies the requirements of the ideal
spasmolytic. Until such a compound is found, work in the field must
be continued. There are yet many areas not touched upon, which may
provide the desired antispasmodic. The work to be reported here was

undertaken to investigate some of these areas.



CHAPTER II

DISCUSSION OF RESULTS

A. Introduction

As previously related, the generally followed approach to the
synthesis of new pharmaceuticals has consisted primarily of preparing
modifications of a compound of known activity. In view of this fact,
it is not surprising that the majority of synthetic anticholinergics

possess certain structural features in common with one another and with

atropine, the potent naturally-occurring anticholinergic (II-1). These

CHZ“'—?H—'IHZ @ HoOH
l H3C_Iv |H—o HCgHg
CHp —— CH—— CHa

(11-1)

compounds are made up of a large blocking group linked by a short con-

nective group to a strongly basic amino function as shown in (II-2).

b x| l
/
D —p ot ne-
R 1 |
Large block- ¢ Connecting |Amino
ing group l group function

(I1-2)
Within the limits of these broad similarities, however, the number of
different compounds appears almost limitless. In the search for better
anticholinergics, chemists have varied each of the three portions,

systematically or at random, producing a multitude of modifications.
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In spite of the tremendous amount of work done in the field, no
correlation between structure and physiological. activity has as yet
been established. It was hoped that the present work might assist in
the determination of such a correlation by an evaluation of the effect
of several systematic structural variations on physiological activity.
The compounds selected to be prepared were all derivatives of
benzilic acid or closely related analogues. A number of substances
derived from benzilic acid have been reporied to possess high anti-
cholinergic activity. These compounds all fit the generic formula

(II-3). In the present work it was proposed to vary the nature of g

CQ@>CPHE

c &-—-CHo CHa N
CeHy

(I1-3)
and for each such variation to prepare the paitially hydrogenated (II-L)
and completely hydrogenated (II-5) arnalogues of the benzilic acid deriv-
06H5::>C/OH

CgHya

g———5~——CH20H2N<:

(II-L)
¢ éigg-g-———z———CH20H2N<:
CeHy
(II-5)
atives. Such a study, combined with the results of other workers,
could provide sufficient information to establish the presence or ab-

sence of a correlation between these structural factors and physiologi-

cal activity.
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Five types of compounds were to be prepared for this study.
These were esters (II-6), amides (II-7), N-methyl amides (II-8), thiol

esters (II-9) and ketones (II-10). To minimize error due to differences

R, H
;>C<8——COOCHQCH2NR3Rh

R?

(I1-6)
L N -

C——CONHCHg CHy NR3E),

k2

(11-7)
Ry H H3

———CON—CH2CH2NR3R),

Ry

(I1-8)

N
>C——COSCHzCHNR3R),

Rp
(I1-9)
Ry, OH
é:>0————COCHQCH2NR3Ru
R
(II-10)

in activity associated with variation of the alkyl substituents on the
amine function, three simple dialkyl amino groups were to be used with
each type of compound.

In the course of the research, it was found necessary to modify
the original aims somewhat. For some of the types it proved impossible
to prepare the reduced analogues of the benzilic acid derivatives by

any of the methods used. In certain of these cases, where the compounds
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had not been previously reported, the non-hydroxy compounds were pre-

pared (II-11 and II-12).

CeHz §H3 Ry
—CON-—CHzCHy

CeH11 R2
(lEL=—elX)
CeH Rl
> CH——COCHQCH2N<:
(6 6Hl Ry
(I1-12)

A total of twenty-two compounds was prepared of which seven
were esters, five were amides, four were N-methylamides, three were
thiol esters and three were ketones. All of these were obtained in
the form of their hydrochlorides; the methyl bromides of two of them
were also prepared.

The synthesis of these compourds constituted the major interest
of this research. The preliminary results of physiological testing,
although incomplete, will be discussed following a consideration of the

preparative methods employed.

B. Synthetic Methods

1. Acids

a. Phenyleyclohexylglycolic acid. For the preparation of all

of the compounds by the originally proposed methods, a supply of phenyl-
cyclohexylglycolic acid and its methyl ester was required. Three dif-
ferent methods of preparation were attempted. Of these, two were

successful.
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(1) Method A. Shacklett™®l

reported the preparation of
phenylcyclohexylglycolic acid from benzilic acid by the partial reduc-

tion of methyl benzilate. This series of reactions is given in (II-12).

OH H
(CéHS)Zb—-COOH '—E——Eﬁgf-9 (CéHs)zg——COOGH3
gH Hy H
(06H5)2 —COOCHB T 'CéHS
Kok 6M11
_EH 1. OH7, HpO _ EH
CeHs—§——€00CHy  ——— >  CgHg—C ——CO0H
611 " 6H11
(I1-12)

The author reported that when hydrogenatioh of the ester was stopped
at a.point corresponding to 50 per cent of complete reduction, a mix~
ture was obtained which consisted of approximately 17.5 per cent methyl
benzilate, 17.5 per cent methyl dieyclchexylglycolate and 65 per cent
methyl phenylcyclohexylglycolate. These products could be separated
by distillation. In the present work, it was found that an easier
separation was obtained when the reduction was carried out only to LS
per cent of complete hydrogenation. Methyl benzilate was prepared from
benzilic acid in 97 per cent yield by the method of Merritt, Levy and
Cutter.162 This compound was reduced in approximately 100 g. batches
by shaking an acetic acid solution of the ester with Adams' platinum
catalyst under initial hydrogen pressures of 6L psi. Shaking was con-
tinued until a pressure drop corresponding to 45 per cent of complete

hydrogenation was noted. The combined acetic acid solutions from
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several runs were placed in a pot attached to an eight-foot Vigreux
column. The acetic acid was removed by distillation under reduced
pressure from a water pump and the residue was fractionated under re-
duced pressure from a vacuum pump. Portions of the fractions were hy-
drolyzed to the acids by heating with base in aqueous-ethanol solution.
The purity of the fractions was determined by the melting points of the
acids and their mixed melting points with authentic phenylcyzlohexyle
glycolic acid. It was found that the middle seven fractions were
fairly pure methyl phenylcyclohexylglycolate. Material of this purity
was used for the major portion of the preparative work. Phenylcyclo-
hexylglycolic acid was obtained from the ester by hydrolysis as de-
scribed above.

(2) Method B. An alternative method of preparation which
gave the acid directly was also used. This procedure was essentially
a modification of the procedure of Smith, Alderman, Shacklett and
Wélch163 for the synthesis of phenyloyeiohexylglycoiic acid. Benzoyl
cyanide was prepared from benzoyl chloride by the procedure of Oakwood

16k By hydrolysis in concentrated hydrochloric acid,

and Weisgerber.
benzoylformic acid was obtained. Addition of =zyclohexylmagnesium chlo-

ride across the carbonyl function then gave the desired acid (II-13).

CEHECOCL —93255522~> CgHECOCN
1. HOL
2. Hp
1. CeHijMeCl
i E+00
CgHg-0—CO0H € C4HZCOCO0H

(I1-13)
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The yields from this series of reactions were not generally very high.
Some difficulty was experienced both in the hydrolysis of benzoyl cyanide
and in the addition of the Grignard reagent. Because of these factors
this method of synthesis was used to prepare only a small amount of the
acid employed in the research.
(3) Method C. It was planned to prepare the acid by the

series of reactions outlined beleow (II-1l).

C00CHS 70002}15
I o NeOEt, o
gis—GH + OB, g gp —
C00CHz 0003Hz
1. OH; Hp0
2. H*
O
H Y% COOH
TS heor
/pf;COOH -
CeH11
Brg, PCl3
CeHs r CgH OH
koo L) < 500w
CéHli/g\\\COOH H20 CgHyq

(II-14)
A similar procedure through step three had been used previously by
Kolloff, Hunter, Woodruff and Moi‘fettJ‘l2 to prepare phenyleyclohexyl-

acetic acid.
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In the present work the substituted acetlc acid was obtained
in good yield with no difficulty. Bromination of this acid was at-
tempted under the conditions of the Hell-Volhard-Zelinsky reaction
using phosphorus trichloride as catalyst. The orly product was a hard
polymeric material which was insoluble in base even after extended
heating.

Since, in general, the acid chloride brominates more easily tham

the acid itself, a modification of the above procedure was tried (II-15).

CeH soc1, . O6Hg CeH
%:>pi:f500H — i oogL —r2y 1j$pf:ffcoc1
CeH

CeHin Celpl

(I1-15)
Schwenk and Papalés have reported the successful bromination in this way
of a number of acid chlorides, including those of phenylacetic acid and
cyclohexylacetic acid. The acid chloride was prepared by heating the
acid with an excess of thionyl chloride for two hours. An equimolar
quantity of bromine was then added to the gently refluxing solution over
one and one-half hours. A copious evolution of hydrogen bromide was
observed. The product of this reaction, after removal of the excess
thionyl chloride, was a dark liquid. It was refluxed for several hours
with a solution of dioxane and excess base. After removing the dioxane
the bulk of the material was found to be base-~insoluble. Only a trace
of organic acid could be obtained. A similar phenomenon has been noted
by Shacklett161 in an attempt to prepare dicyclohexylglycolic acid by

an analogous procedure. Since the successful preparation of benzilic

acid from diphenylacetic acid by bromination and hLydrolysis has been
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166 it would appear that the difficulties

reported by Symons and Zincke,
in the reaction are associated with the cyclohexyl group. However,

the nature of the product has not been determined and no explanation
of the reaction has been proposed. This method of preparation of the

acid was abandoned.

b. L,L'-Dimethoxybenzilic Acid. This acid was prepared by a

benzilic acid rearrangement as outlined below (II-16). This procedurs

OH B
KCN
B CH

CuS0), * 5Hg0
pyridine
H30-0 Q _on ’
LO0H™ H @ E
s o YLDy
\\COOH 2. H }
H3C—O

(I1-16)
gave the acid in good yield with no difficulty.

2. Aminoesters

Three general methods have been reported for the synthesis of
aminoesters of the type to be discussed. These are: (1) the reaction
of an acid chloride with an aminoalzohol (II-17), (2) the reaction of
a lower alkyl ester of the acid with an aminoalcohol (Method A) (II-18),
and (3) the reaction of an acid with an aminoalkyl chloride (Method B)

(I1-19).
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RCOC1 + HOCHp(CHp)xCHoNR) —— RCOOCH (CHo ) CHoNRp
(II-17)
RCOOR' + HOCHo(CHa)4CHoNRS ——l%i——é RCOOCHZ(CHg)xCHzNRS
(II-18)
RCOOH + C1CHp(CH2)yCHoNRY ——> RCOOCH2 (CHp ) xCHoNR)
(I1-19)
Two of these methods, the second and third, were utilized to prepare
the esters of interest in this research.
a. MEEEQQ A. Tt was originally proposed to prepare all of the

esters by an ester interchange reaction between the methyl ester of the

appropriate acid and the desired 2-N,N-dialkylaminoethanol (II-20).

Ar _ PH Ar  _PH ,
C~—COOCH3 + HOCHpCHoNR} —Na C——COOCH2CHoNRY + CH30H

(I1-20)
The procedure described by Hill and Holmes167 was3 used.
When the reactants were refluxed at atmospheric pressure for ten
hours, none of the desired product was obtained. The alternate procedure

167 was then employed. This consisted of heating the

of Hill and Holmes
reaction mixture, at controlled temperatures, under reduced pressure.

Methanol was removed continuously as it was formed in the reaction. By
this method the aminoesters were obtained, although in poor yield. Be-
sides the low yields, the procedure has the disadvantage of being manip-

ulatively difficult and tedious. The compounds prepared by this method

are listed in Table I.



TABLE I

2-N,N-DIALKYLAMINOETHYL ESTERS OF DISUBSTITUTED GLYCOLIC ACIDS

m

1
N’R. X

/OH
¢ —COOCHQCHQ
> G

Method of Per Cent Melting

R R! R" R™ X Preparation Yield Point °C

1. CeHg CeH11 CH3  CH3  HCL A L7 919-220
8 CeHs CgH11 CgHy o HC1 A L7 223-22)
3. CeHg CgH11 CgHyo? CH3Br B 2L 176-177
L. CeH11 CgH11 CH3 CHy HC1 BP 72 258..259
5. CeH11 CeH11 CgHyo? HC1 AP 35 212-213
6. L-CH30CgH), L-CH30CGH), CgHy o2 HC1 B 92 181-182
8 L—CH40CgH), L-CH30C&H), CoHyg? CH4Br B 53 17-148

aPiperidino '

Pro1lowed by hydrogenation

o
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b. Method B. The procedure of Horenstein and Pahlicke168 was
followed in the preparation of some of the esters. The reaction of the
acid and the substituted ethyl chloride was conducted by refluxing
equimolar amounts of the two in isopropyl alcohol for twelve hours (II-
21). The hydrochloride of the aminoester is obtained directly in the
A>c’OH + CICHpCHoNR} 1————%8 D ¢ N
r” “tooH A " R” NCOOCHzCHoNRY -HCL

(I1-21)
reaction. The N,N-dialkylaminoethyl chlorides were obtained from the
analogous ethanols. Treatment with thionyl chloride by the procedure
of Slotta and Behnisch169 gave the hydrochlorides of the desired com-
pounds in quantitative yield. The free N,N-dialkylaminoethyl chloride
was obtained by treatment of this amine salt with excess base by the
method of Gilman and Shirley170 and subsequent distillation (II-22).
RoNCHoCHpOH + SOClyp —— RoNCH2CH2C1 -HC1

RoNCHpCHoCL O

(I1-22)
In general, Method B was found to be much superior to Method A
in yield, time required, and ease of manipulation. The esters pre-
pared by this procedure are listed in Table I.

c. Preparation of dicyclohexylglycolates. These esters were

prepared from the analogous benzilic acid esters by the complete hydro-
genation of the ester hydrochlorides in glacial acetic acid using Adams'
platinum catalyst at room temperature. The reaction was essentially

quantitative and afforded the desired esters with no difficulty. These
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compounds are listed in Table T.

3. Amides
a. Method A. Phillips171 has reported the preparation of

eight amine salts of benzilamides which he obtained in yields of better

than 90 per cent from the reaction of methyl benzilate and the appro-

priately substituted ethylene diamine (II-23). The reaction conditions

s CH0H i
(CetHz) 2C + HoNCHoCHoNRy — 22392 5 (CgHg)oC—CONHCH2CHoNR
C00CH; A
(I1-23)

consisted of a twenty-four hour reflux period in methanol solution
followed by evaporation of the solvent and work-up of the residue through
its amine salt.

In the present work, the use of this procedure gave only low
yields of the benzilamides and essentially none of the analogous phenyl-
cyclohexylglycolamides. The method was therefore discontinued in favor
of a slightly different procedure.

b. Method B. Miescher, Meisel and Ho ffmannS7 also reported a
group of benzilamides prepared by the reaction of methyl benzilate with
the appropriate amine. However, these workers used an excess of the
amine itself as a solvent rather than methanol as Philips171 had done.
By this procedure it was possible to obtain the desired glycolamides
although the yields were not high. These compounds are listed in Table
IT.

c. Preparation of dicyclohexylglycolamides. The dicyclohexyl

substituted compounds were again prepared by the complete hydrogenation

of the corresponding benzilamide hydrochlorides.. The procedure de-
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TABLE II

2-N,N-DIALKYLAMINOETHYL AMIDE HYDROCHLORIDES
OF DISUBSTITUTED GLYCOLIC ACIDS

e 1 e o L A ot e e R e e Tt T
e Tt s o 4 e o)

s e

R._OH T
>C—CONHCH20H2N<R *HC1
Rm

R!
R R! R R Pgieg.gm Plﬁ;lz:igg
CéHs C6H11 CH3 CH3 12 215-216
9. OgHs CgH11 CgHyo® 18 222-223
10. CeHyy CeHyy CH3 CH3 29 233-234
a1 CeHi1 CeH1q CoHg CoHg 50 231-232
12. CgHyq CgHy1 CoHyo? 35 260-261

8piperidino
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scribed for the preparation of the dicyclohexylglycolates was followed.

These amides are also listed in Table II.

L. N-Methylamides

In general, it has been found that amides are much weaker anti-.
spasmodics than the corresponding esters. In 1956, Krapcho, Turk and
Pribyl71 reported the preparation of a number of N,N-dialkylaminoalkyl-
benzilamides which possessed alkyl substituents on the amide nitrogen.
These investigators stated that such substitution increased markedly
the antispasmodic activity over that of the unsubstituted amides.

Among a wide variety of substituents, the methyl group was found to be
the most effective substituent in increasing the physiological activity.

In view of this report, it was decided to prepare several addi-
tional N-methylamides to see if a similar increase in activity was ob-
tained.

a. Method A. Krapcho, Turk and Priby171 prepared their amides
by the reaction of the acid chloride with the appropriate amine followed
by hydrolysis of the d.-chloro group (II-24). The compounds were ob-

tained in 80-90 per cent yield.

: 1 1
(CéH;)gz——COCI + Hﬁ——CHQCHQNRBRh

CeHg
Cet);

(CeHg)2 —COE—CHZCH')NR3R‘ JHCL
1. HY, Hz0

2. OH-
|.3. Et20, HC1 gas

_ B B
(cgg)gg_coi__crizmgmnﬁh-HCl
(II-2L)
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(1) Acid chlorides. The intermediate d.,d.-diphenyl-O. -

chloroacetyl chloride was prepared from benzilic acid by the method

of King and Holmest72 (II-25). The acid chloride was obtained in L5-

H L
(06H5)22——COOH + PClg -—————9(06H5)QZ——0001
(II-25)

50 per cent yield.

Mm@mtom@uédﬁmWdewmmWdeMMwww1
chloride by treatment of phenylcyclohexylglycolic ae¢id with phosphorus
pentachloride or thionyl chloride were unsuccessful. When amides pre-
pared from the product obtained did not give the correct elemental
analyses, a closer study of the purity of the supposed A -phenyl-Ad -
cyclohexyl-d -chloroacetyl chloride was made. A sample prepared by
treatment of the acid with thionyl chloride possessed unsaturation as
evidenced by positive bromine and Baeyer tests. It is possible that
it is a mixture of cL-phenyl- d_-cyclohex;yl- d,-chloroacetyl chloride,
é.-phenyl—d-cyclohex:ylideneacetyl chloride (II-26) and o\.-phenyl-d.-

A}-cyclohexenylacetyl chloride (II-27). A p-toluidide prepared from

Cetls CqHy  H
—coc1 Z coc1

(II-26) (15-27)
the reaction produect did not give a sharp melting point even after
several recrystallizations. The natuwre of the product has not been
established. It does not appear possible, however, to prepare the de-

sired acid chloride by this procedure.
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(2) 2-N,N-Dialkylaminoethyl methylamines. Two methods were

employed to prepare these substituted ethylene diamines. Both proce-
dures involved the reaction of the appropriate N,N-dialkylaminoethyl
chloride with methylamine. The method of Kermack and Wight,l73 which
consisted of refluxing the hydrochloride of the substituted ethyl chlo-~
ride with a saturated ethanolic solution of methylamine in the presence

of anhydrous potassium carbonate (II-28), gave the desired amine in 15-

Et0H CH3
RaNOHCHZOL-HOL + CH3MEp —pZor> RlCHaCHoN-f
(I128)

30 per cent yields. A major difficulty in this procedure was in the
preparation of the saturated solution of methylamine in ethanol since
the anhydrous amine was not available and had to be generated.

The second procedure used was that of Damiens.l7h This method
consisted essentially of shaking a four-iold excess of 4O per cent
aqueous methylamine solution with the free N,N-diaikylaminoethyl chlo-

ride (II-29). The shaking was conducted in a pressure bottle equipped

q

. Ho0 73

RoNCH2CH2CL + CH3NHp —%?-%§SE’ RoNCHoCHoN-F
(1I-29)

with a thermometer and a stopcock. The yields from this procedure were
uniformly in the range of 30 per cent.

With both methods, a large amount of high boiling residue was
obtained. This was presumably the tertiary amine dicondensation prod-

uct (II-30), but in no case was an effort made to isolate it.
. i
RoN—CH2CHz—N—CH2CH2NR2

(II-30)
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(3) N-Methylamides. The procedure of Krapcho, Turk and

Pribyl71 gave the amides listed in Table III in good yield. Two of

& How-

these were previously reported by Krapcho, Turk and Pribyl.
ever, the melting points given by these authors differ from those
found in the present work. In view of the apparent impossibility of
obtaining pure d\-phenyl—Cchyclohexyl—ciwchloroacetyl chloride, it
was decided to prepare the analogous acetamides (II-31) to determine
H 0 C
Z:§5;>0450001 + Hﬁ-E—CHQCHzNRg “{%%%ﬁ:’ ;6H5;>CC§CO EE—GHzCHgNRz'Hcl
1 6HLYL
(II-31)
whether the reported increase in activity for the benzilamides would
also be observed for the acetamides. These compounds were also ob-
tained in good yield and are listed in Table IIT,

b. Method B. Since dL~phenyl—CX_cyclohexyl-Gknchloroacetyl
chloride could not be obtained by the procedures used, the preparation
of the phenylcyclohexylglycolamides by the ester interchange method
was attempted. (This procedure has beeh previously described in con-
nection with the preparation of the unsubstituted glycolamides.)
Equimolar quantities of the methyl ester and the amine were refluxed
with no solvent and with isopropyl alcohol, benzene, toluene and cyclo-
hexanone. In no case was more than a trace amount of the hydrochloride
obtained. Therefore, work on this procedure was not continued further.

c. Attempted preparation of dicyclohexylglycolamides. It was

proposed to prepare these compounds by the complete hydrogenation of

the benzilamide hydrochloride analogues as described previously for



2-N,N-DIALKYLAMINOETHYLMETHYLAMIDE HYDROCHLORIDES

TABLE IIT

OF SUBSTITUTED ACETIC ACIDS

L8

R /X 133 n
>c—co -—CHQCH2N< ~HCL
Rt in
Per Cent Melting
R R! R  RM X Yield Point OC
13.  CgHg CeHg  CH3 CH3  OH 26 272-271°
4. CgHg  CgHg CgHio® OH L6 226-227°
15. CgHg CgHjy CH3 CH3  H 89 206-207
16.  CgHg  CgHiy CgHyp? H 85 208-209
aPiperidino

P rapcho, Turk and Pribyl’l give 252-253°,

CKrapcho, Turk and Pribylll give 212-21L°.
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the preparation of the dicyclohexylglycolates. The products from
these hydrogenations did not possess the correct elemental composition.
The percentage of hydrogen found was consistently low even after re-
peated exhaustive hydrogenations. No explanation for this phenomenon
has been found. However, in view of these results, it seems impossible

to prepare the desired dicyclohexylglycolamides by this procedure.

5. Thiol Esters

175

It has been observed by Clinton, Salvador, Laskowski and Suter
that replacement of an oxygen atom by a sulfur atom in compounds pos-—
sessing physiological activity results in a decrease in toxdcity with-
out a corresponding decrease in activity. Since one of the detractions
of the N,N-dialkylaminoalkylbenzilates is their relatively high toxicity,
it was decided to prepare a group of thiolbenzilates and related com-

9

pounds. Morrison and K'c'migstein7 reported the preparation of several
such compounds, including 2-N,N-diethylaminoethyl thiolbenzilate and
2-N-piperidinocethyl thiolbenzilate. They did not give any melting
point data on the hydrochlorides although their preparation was claimed.
The results of physiological testing of these compounds was reported by
Parkes80 in 1955. These tests showed an anti-barium and anti-potassium
activity so much higher than ever before observed that it seemed worth-
while to repeat the preparation of these compounds in order to verify
their activity.

The procedure of Kolloff, Hunter, Woodruff and befett78 was
followed. The reaction of O, A -diphenyl-A-chloroacetyl chloride with

the appropriate 2-N,N-dialkylaminoethanethiol, followed by hydrolysis
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of the alpha chloro group gave the desired compounds (II-32). These

1
(CéHS)zi-—COCl + RoNCH2CHoSH

lFéHé,lk

1
(céHg)gg——COSCHQCHgNRg-Hcl

1. HY, Ho0

2. NapCO3
3. Et20, HC1l gas

H
(C6H5)2C—COSCHyCHoNRy - HC1

(II-32)

compounds are listed in Table IV. It was not possible to prepare the
desired reduced analogues of the thiolbenzilates because of the lack of
the requisite acid chlorides. Preparation of these compounds by hydro-
genation was not attempted since the sulfur present would probably have
poisoned the platinum catalyst used in the reduction.

The 2-N,N-dialkylaminoethanethiols were prepared by the method
of Albertson and Clinton72 from the corresponding 5-JLN—dialkylamino-

ethyl chloride hydrochlorides (II-33). The mercaptans were not iso-

R,NCH,CHyC1-HC1 + NHg—ii—NH2 bty RQNCH20H28~g:°2HEl
2

NH
R2NCH2CH2—S—iH -28C1 —9E= 5 R,NCH,CHpSH
2
(II-33)

lated but were used as their ether solutions to lessen the amount of

oxidation to the sulfide.
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TABLE IV

2-N, N-DIATLKYLAMINOETHYL THIOLBENZILATE HYDROCHLORIDES

CeH H N/R'
~C“—COSCH,CHy S “HC1

C6H5
. Per Cent Melting
R R! Yield Point ©C
ih CH3 CH3 7 153 - 15k
18. CoHg CoHg 23 138 - 139
19. CgHyo? 17 185 - 187

a’Pi.pericti.n.o
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6. Ketones
The preparation and physiological testing of aminoketones has
been reported by a number of investigators. However, no report of a

ketone of the structure (II-3L) has been noted in the literature.

H
(CéHs)zg-g'-(CHz)nNRz
(II-3k)
Wilson and Kyill5 and Zaugg, Freifelder and Horrom116 have prepared
related compounds, (II-35) and (II-36) respeztively, but these were
tested as anesthetics rather than as antispasmodics.
(CeHg) 2CHCOCHpCHpNRy
(I1-35)
(CéHz) 2CRCOCHCF NRo
(II-36)

a. lyl;Diphenylulfhydroxy3g_§,ygdialkyiaminobutanone—gfhydro—

chlorides. In view of the generally increased astivity of alpha hy-
droxy compounds over their alphs hydrogen analogues, it was decided to

attempt the preparation of a group of ketones of the structure (II-37)

OH
( C6H5) 2& —COCHoCHoNRo

(11-37)
plus their reduced analogues. It was proposed to prepare these com-

pounds by a Mannich reaction (II-38). The first problem to be faced

H
(CéHg)gg——COCH3 + RpNH-HC1 + CH,0

RIOH, A
H
(C6H5)28——COCHQCH2NR2
(11-38)
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was the preparation of the 1;l-diphenyl-l-hydroxypropanone-2 inter-

mediate.

(1) 1,1-Diphenyl-l-hydroxypropanone-2. Several methods of

preparation of this ketone were investigated. Of these, three were
successful. All of the attempts are discussed below.

(a) Method A. A Claisen condensation between methyl
benzilate and ethyl acetate, followed by hydrolysis and decarboxylation,

should have given the desired compound (II~39). The product, a viscous

H
(06H5)22—0000H3 + CH3C00C2Hg

OH-,

H
(CHg) 2C—COCH2C00C2HS + CH30H

J,H+ » H20,

EH
(06H5)2 —-COCHB

(TI-39)
orange liquid, possessed a carbonyl function as evidenced by the form-
ation of a 2,4-dinitrophenylhydrazone and an oxime. The melting point
of this oxime was 150 lower than that reported by Stevens and Sherr176
for 1,1-diphenyl-l-hydroxypropanone-2 oxime. The correct carbon and
hydrogen percentages were obtained on analysis,however. The product
of the Claisen condensation was used in several attempts to prepare
the aminoketones by the Mannizh reaction. The failure of these attempts
led to a search for other ways to prepare the intermediate. This work

was done in the earlier stages of the research when proper conditions

for the Mannich reaction had not yet been determined. It is possible



5k

that the Claisen product was the desired ketone and that improper reac-

tion conditions were the cause of the failure of the Mannich reactions.
(b) Method B. A modification of the procedure of Cason® !/

was employed. The reaction of 1,l1-diphenyl-l-chloroacetyl chloride with

dimethyl cadmium (II-LO) gave no ketonic product, however, as indicated

o C4Hg -
(CéH;)gé-—COCl + (CH3)oCd ———> (CsHg)2C—COCH3
lﬁ*, H20
H
(CgHz)2C—COCH3
(I1-L0)

by the failure of the material to form any carbonyl derivatives.
(c) Method C. The procedure of Stevens and Sherr176 was
employed to prepare the bulk of the material used in the research. This

series of reactions is outlined below (II-41). The desired ketone was

0
CH30~C00H + CoHgOH %8365 omsb-cooc,Hg

CoHg

CH30-C00G2HE + HG(OCHS)3 -QZEEQELa CH3§-———-COOCQH5
CoH3

CaHg CoHy OH

CH (——C00CH; + 20gHglghr ~ 02> CH3§—————-C—-(06H5)2
CoHg CoHg
CoHg OH - ﬁ H
CH3 —C(CgHg)2 —foo >  CHIC—C(Cels)2
(II-L1)

was obtained, but the method was time consuming and tedious, especially

since the last step could be run conveniently only on a small scale.
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178 for the prep-

(d) Method D. The prosedure of Tegner
aration of methyl ketones was followed. This involved the reaction of

the organic acid with methyl lithium (II-42). The present attempts

H H
(CéHS)gE——GOOH + CH3Li ;° ﬁgier’ZS > (CéH;)gi——COCH3
(I1I-L2)

were not successfulj the starting benzilic acid was recovered quanti-
tatively in each case.

(e) Method E. The substituted propanone was to be pre-
pared by hydrolysis of its oxime which ¢ould be obtained by isonitrosa-
tion of propiophenone followed by the addition of phenyimagnesium
bromide to the carbonyl group (II-L3). The procedure was quite success-

ﬁOH
CeH5COCH2CH3 + CgHyONO ——>  CgHgCOC—CH3

0 oK gH NOH
Ceigb-t—cHy + CoggBr —E22 5 (0gHg) 2—C—0H;
iH OH i EH
(CgHg)pC—C —CHy —WIXOLYSIS o (0oneyoC—cocHS

(II-43)

ful up to the hydrolysis of the oxime. A wide variety of conditions
were employed in attempts to effect this hydrolysis, but none of these
proved successful. The method, therefore, had to be abandoned.

(f) Method F. The directions of Stevens and Lenic (7
were followed. 1,l-Diphenylpropanone was prepared by a Friedel-Crafts

reaction. Bromination of this product followed by hydrolysis of the
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alpha bromo group gave the desired compound (II-LL). This reaction
L )
CeH5CHpC—-CH3 + Brp —— CgH5CH-C-CHy
Br
CeHGCHOOCHS + CeHg 218135 (CgHg) sCHOOCH S
) Bw
(CgHg) 2CHCOCH3 + Br2-1¥3¥§—9 (06H5)2é——000H3
Er & H
CGHE) pC—COCHy —=oX&18 5 (CoHy g—-coon
(CeHz) 2 3 o A (CeFz)o 3

(IT-LL)
proceeded nicely and in good yield. It sappears to be the best method
to prepare the propanone in large amounts.

(2) Mannich reaction. A number of different reaction conditions

were used in an attempt to prepare the aminoketones by the Mannich re-
action. All of the methods consisted essentially of refluxing an alco-
holic solution of 1,l1-diphenyl-l-hydroxypropanone-2 with a secondary
amine and formaldehyde. However, they diffemed in respect to the time
of reflux, the alcohol used as solvent, and the presence or absence of
water in the reaction mixture. Only the procedure of Zaugg, Freifelder
and Horrom.l16 gave the desired compounds. This set of conditions is
described in the experimental section of this report. The compounds
prepared by this method are listed in Table V.

b. 1-Phenyl-l-cyclohexyl-l-N,N-dialkylaminobutanone-2 hydro-

chlorides. It was proposed to prepare these compounds by a Mannich re-
action employing l-phenyl-l-cyclohexylpropanone-2. Three methods were
employed to prepare the hitherto unknown propanone. Two of these were

successful.
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TABLE V

SUBSTITUTED L.N,N-DIALKYLAMINOBUTANONE-2 HYDROCHLORIDES

R n
f)cffcocﬂchzuiz “HOL

Rt m
Per Cermt Melting
R R R" R X Yield Point °C
CgHg  CgHs CH3 CH3 OH 19 163.5 - 165
CeHg  CgH11  CHj CH3 H 22 181.5 - 182
CeHg  CgHig CsHio? it 25 21 - 215

a'Piperidino
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(1) 1-Phenyl-l-cyclohexylpropanone-2. (a) Method A. The

simplest way to obtain the desired ketone seemed to be by the alkyla-

tion of phenyl acetone using a cyclohexyl halide (II-L5). A number of

B
CEHEOHaCOCH3 + Cghy X Y2oR 5 GohsG——CoCH;
CeH11
(II-L5)

investigators have alkylated phenylacetone with a variety of alkyl
halides in good yield. The attempts reported here were unsuccessful,
however. In every case, some phenylacetone was recovered together
with a high boiling residue. In wview of the reported success with
other alkyl halides, the difficulty must be associated with the cyclo-
hexyl group in some way. As will be discussed in Method B, the analo-
gous alkylation of phenylacetoritrile with bromosyclohexane gave the
desired product. Why the reaction with phenylacetone did not give
similar results is not as yet clear.

(b) Method B. A modification of the procedure of Hauser

t180 was used. The action of methyl magnesium iodide on

and Humphlet
phenylcyclohexylacetonitrile gave the desired compound although the

yield was not satisfactory (II-L6). The identity of the ketone was

CEHECHRCN + CgHpiBr S22 GeHzG—CN

6H11
? ether
06H5—c|: —CN + CH3llgT —ppo—> GéHgiH ——COCH3
CeHay s6Hy1

(II-Lé)
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verified through the elemental analyses of its 2,4-dimitrophenylhydra-

zone and oxime.
(e) Method C. The reaction of phenyleyclohexylacetyl

chloride and dimethyl cadmium (II-L7) by the procedure of Cason™ !/ gave

c
CéHs—ZHCOCl + (CH3)2 Cd :2‘ ;fHéH = 6H5Pc/—l-{cocn3
6H11 I Ceth

(II-L7)
the ketone. The yields from this method were somewhat better than
those from Method B. This, combined with the relatively more simple
experimental conditions, makes Method C the preferred method of prepa-
ration.

(2) Mannich reaction. For the aminoketomes prepared from

1-phenyl-l-cyclohexylpropanone-2, the reaction gonditions of Wilson and

Kyi115

were used. These differ from thcse employed for the hydroxy-
ketones primarily in the time of reflux and the nature of the alcohol
used as solvent. The conditions are described in the experimental

section. The compounds prepared by this method are listed in Table V.

(c) Attempted preparation of 1l-phenyl-l-cyclohexyl-l-hydroxy-

L-N,N-dialkylaminobutanone-2 hydrochlorides. A Mannich reaction employ-

ing l-phenyl-l-cyclohexyl-l-hydroxypropanone-~2 was to be used to pre-
pare these aminoketones. An attempt was made to prepare the propanone
intermediate by bromination of l-phenyl-l-cycslohexylpropanone-2 fol-
lowed by hydrolysis (II-L8). The product of this reaction possessed
unsaturation as evidenced by positive bromine and Baeyer tests. (Com-

pare these results with those obtained from the bromination of phenyl-



v
CeHg—(H———COCH3 + Bro _99%%_, CéHSi-———COCH3
6H11 - H11
r C()H
CeHz- ———-cocH3-—§4§§§5§ﬁ> DN 0CH
6H11 2 GéHli/

(T1-L8)
gyclohexylacetic acid under different conditions. In both cases, un-
saturation was noted.) The extent of unsaturation was not determined,
but since the material was not pure l-phenyl.-l-syclohexyl-l.hydroxy-
propanone-2, the method was abandoned. Since no altermate synthesis
of the propanone seemed promising, the preparation of the aminoketornes

had to be abandoned.

C. Physiological Testing

The compounds were tested for physiological activity in the Pharm-
acology Branch of the Chemical Coirps Medical Laboratories in Army Chemical
Center by Drs. Gerald Groblewski and J. H. Wills. The results reported
here are of a preliminary nature and are not by any means complete. In
addition, test results on a number of the compounds have not yet been
received. The tables to follow will summarize the data which are avail-
able.

The following tests were made:

1. Ability to prevent mortality from a standard dose of an anti-
cholinesterase compound.

2. Ability to block blood pressure fall produced by a standard

dose of acetylcholine.
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3. Ability to block blood pressure fall produced by a standard
dose of histamine.

L. Ability to stimulate gut and decrease trachael air exchange.

5. Ability to produce changes in diameter of the pupil of the eye.

6. Ability to produce anesthesia of the cornea.

A1l of these tests were conducted in the live, whole animal. In
test (1) the compounds were compared to atropine in ability to prevent
mortality from an anticholinesterase compound. A standard dose of the
latter compound was given to six rabbits, which were then treated with
the test compound. The effectiveness of the test compound is reported
in terms of the mortality rate among animals treated with it as compared
to those treated with atropine. The compounds are classified as less
active, more active, or equal in activity to atropine.

Tests (2) and (3) were run on cats. Injections of acetylcholine
or histamine produce a marked fall in the animal'’s blood pressure. The
activity of the compounds is reported in terms of their ability to block
this fall.

Test (L) was run on animals in which a balloon had been inserted
through a slit into the duodenum. The movement of the gut was then re-
corded on a chymograph. The ability of the compounds to block excita-
tion of the gut by a standard dose of acetylcholine was recorded.

Tests (5) and (6) were conducted on rabbits. In test (5) the
diameter of the pupil was measured before and after administering a
dose of the compound undergoing testing. The degree of anesthesia of

the cornea (test 6) was determined by pressing the cornea with a rod
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before and after the dose of the compound and observing how much pres-
sure was required to produce blinking.

The results of these tests are summarized in Tables VI-VIII.
Of the compounds for which results have been obtained, the most active
in preventing mortality from a standard dose of an anticholinesterase

is compound 1l4. Compound 2 appears to be the most active antispasmodic.
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TABLE VI

ANTICHOLINESTERASE SCREENING

" ~cen ——
R =

(Tests on Rabbits With Standard 2.0 Mg./Kg. Dose
Unless Otherwise Indicated)

Less Active Equally as Active More Active
Than Atropine as Atropine Than Atropine

7 1 14
2

N O U W

10
11

12




TABLE VII

DIRECT EFFECTS OF CHEMICALS ON FUNCTION

Per Cent Block

Effect of Compound on:
of Blood Pressure

Fall After ] ]
Dose Acetyl ' Blood ~ Respiration
(Mg. /Kg.) Choline Histamine Pressure Gut Depth Rate
2.0 93 ' 18 None None None
(77 = 007 mg-)
1.0 - 18 0 o
(68 - 0.5 mg.) Blocks spontaneous _
None activity and response None None
1.0 - 100 6 to acetyl choline and
(63 - 0.5 mg.) histamine
7.0 63 39 -Lo% -100% + +
2.0 7 25 None None None
Sl — 0.5 mg.) (0.5 mg.) Blocks response
( S to acetyl choline
0.5 None None None Tonus increased + None
6.5 Increased 16% Increased 6% None None + +
7.0 5 None -11% None + +

19
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TABLE VIII

EYE EFFECTS

Slight Mydriasis: 1, by IOy 12
Slight Miosis: 3,5 8

Local Irritation: ]




CHAPTER III
EXPERIMENTAL

A1l of the reagents used were obtained commercially except
where otherwise noted. They were of the highest quality available.
The substituted aminoethanols and ethylene diamines were donated by
the Carbide and Carbon Chemicals Company. All melting points were

taken using a Fischer melting point block.

A, Esters

1. Preparation of Methyl Phenyleyclohexylglycolate

The procedure of Shacklett161 was employed.

a. Methyl benzilate. Potassium benzilate was prepared by add-

ing, with stirring, 100 g. (0.4l m.) of benzilic acid to a solution of
30 g. (0.53 m.) of potassium hydroxide in 700 ml. of absolute ethanol.
After filtering and drying, 107 g. (0.4 m., 91 per cent) of an amorphous
white solid was obtained. An additional few grams of less pure potas-
sium benzilate could be recovered from the filtrate by evaporation of
the alcohol.

This salt was refluxed for one hour with 30 ml. (0.48 m.) of
methyl iodide in a solution of 500 ml. of butyl carbitol and 80 ml. of
water. The reaction mixture was poured into two and one-half liters
of water and allowed to cool. A light yellow oil, which quickly solidi-
fied, formed to give, after filtering and drying, 93.5 g. (98 per cent)

of a cream-colored solid. Two recrystallizations were performed from
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hot ethanol by adding sufficient water to produce c¢loudiness and
chilling the resulting solution. Small snow-white needles were ob-
tained, m.p. 76-76.5°. (Klinger and Standkel8L give 7L-74.5°.)
| b. Reduction. Methyl benzilate was reduced in approximately
100 g. batches by shaking an acetic acid solution of the material with
0.5 ge of platimum oxide at room temperature under initial hydrogen
pressures of the order of 64 psi.  Shaking was continued until about
LS per cent of the amount of hydrogen required for somplete hydrogen-
ation had been taken up (about forty-eight hours). The catalyst was
removed by filtration and the filtrate was set aside for subsequent
distillation.

c. Distillation. The acetic acid solutions containing the par-

tially reduced ester from 475 g. of methyl benzilate were placed in a
pot attached to an eight-foot Vigreux column equipped with a total re-
flux-variable take-off distilling head. The acetic acid was removed
under reduced pressure produced by a water aspirator. Distillation of
the residue under reduced pressure from a vacuum pump gave the fractiohé
listed in Table IX. All of the fractions were clear, slightly yellow
ligquids. Fractions 1-9 were quite viscousy 10-11 flowed freely. To
determine which fractions contained sufficiently pure methyl phenyl-
cyclohexylglycolate, samples from each end of the boiling range were
hydrolyzed with alcoholic sodium hydroxide. From the melting points

of the acids thus obtained and their mixed melting points with an au-
thentic sample of phenylcyclohexylglycolic acid, it was determined that

fractions L4-10 were sufficiently pure to be used in further work.
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TABLE IX

DISTILLATION OF REDUCED METHYL BENZILATE

Volume Temgzigture Pressure Refractive
Fraction Mm. oc mn. Index
1. 17.0 162-16L 7 1.4989
2. 33.0 16L-168 7 1.5078
3. 48.5 165 7 1.5097
L. L7.2 166-170 7 1.5120
B% 52.5 168-172 7 1.5174
6. 52.0 170-175 7 1.5218
7. 31.5 173-176 11 1.5270
8. 17.5 175-179 11 1.5295
9. 19.5 177-181 11 1.5269
10. 25.5 177-179 11 1.5314

il 24.5 184-188 11 1.5705
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After standing for several days, fraction 7 spontaneously crys-
tallized. The remaining fractions (L-10) also crystallized after they
were seeded. All of the fractions gave small white crystals, melting
around 40°., It was not possible to obtain a more definite melting point.
The remaining fractions were completely hydrogenated to methyl
dicyclohexylglycolate. This ester was hydrolyzed to give dicyclohexyl-

glycolic aecid, m.p. 168-170°.

2. Preparation of Phenyleyclohexylglysolic Acid

a. Method A. Methyl phenylcyclohexylglycolate was hydrolyzed
as described (A.l.c) to give the crude acid in quantitative yield.
This was recrystallized several times by dissolving it in hot ethanol,
adding sufficient water to produce a slight eioudiness, and chilling.
Small white needles, m.p. 160-162°, were obtained. (Smith, Alderman;
Shacklett, and Welch®3 give 167-168°.)

b. Method B. (1) Benzoyl cyanide. This compound was prepared

from benzoyl chloride by the method of Oakwood and Weisgerber.léh In

a 500-ml. distilling flask equipped with a thermometer were placed 110
g. (1.2 m.) of cuprous cyanide and 143 g. (1.02 m.) of freshly distilled
benzoyl chloride. The flask was shaken thoroughly to moisten all of

the cuprous cyanide and placed in a Woods'! metal bath previously heated
to 145-150°. The temperature of the bath was raised to 220-230° and
maintained between these limits for one and one-half hours. During this
time the flask was removed from the bath about every fifteen minutes
and the contents were thoroughly mixed by vigorous shaking. At the

end of this heating period the flask was connected for distillation.
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The temperature was raised slowly to 305-310° and the distillation
was carried out at this temperature until no more product came over.
There was obtained 124 g. (93 per cent) of a clear, yellow liquid,
boiling from 204-209°. This crystallized into clear, large needles
which melted at 31-33°. (Oakwood and Wéisgerberléh give 32-33°.)
They were used without further purification.

(2) Benzoylformic acid. The procedure of Oakwood and Weis-

gefberlsg was followed.

In a 1-1. flask were placed 50 g. (0.38 m.) of benzoyl cyanide
and 500 ml. of concentrated hydrochloric azid. The flask was stoppered
and shaken occasionally until all of the material had dissolved (about
twelve hours). The stoppered flask was allowed to stand at room tem-
perature for five days. The contents were then poured into a large
excess of water and extracted three times with ether. The dried ex-
tracts were heated to remove the ether. The viscous liquid residue
failed to crystallize on standing in a wvacuum desiccator. Cooling
the chloroform solution gave colorless crystals which weighed 48 g.
(86 per cent) and melted at 63-65°. (Oakwood and WeisgerberlS2 give
64-66°.)

(3) Phenylcyclohexylglycolic acid. A Grignard reagent was

prepared from 12.4 g. (0.51 m.) of magnesium turnings and 60.4 g. (0.51
m.) of chlorocyclohexane according to the procedure of Gilman and
Zoellner.183 This reagent was added dropwise to a chilled, stirred
solution of 25 g. (0.17 m.) of benzoylformic acid in ether. The mix-

ture was stirred for one hour, refluxed for two hours, cooled and
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poured into ice and dilute sulfuric acid. The ether layer was sepa-
rated and extracted with aqueous sodium carbonate. This alkaline solu-
tion was made acidic and the solid thus obtained was separated by fil-
tration. There was obtained 20 g. (50 per cent) of a cream-colored
solid, melting from 143 to 148°. A portion of this was recrystallized
several times by dissolving the compound in hot ethanol; adding water
until the solution became slightly cloudy, and chiliing. White needles,
m.p. 158-160°, were obtained by this procedure. (Smith, Alderman,

16

Shacklett, and Welchi® give 167-168°.)

c. Method C. (1) 3-Bromoeyclohexene. This was prepared ac-

cording to the procedure of Ziegler, Spaeth, Szhaaf, Schumann, and

18k Two hundred grams (1.L4 m.) of ¢yslohexene, 72 g.

Winkelmann.
(0.L8 m.) of N-bromosuccimimide and 300 ml. of carbon tetrachloride

were refluxed until all the N-bromosusecinimide had reasted (thirty
minutes). The insoluble succinimide formed in the reaction was removed
by filtration. Distillation of the filtrate under reduced pressure gave
L8 g. (62 per cent) of 3-bromocyclohexene, a slightly yellow liquid,
b.p. 82-85°/L5 mm. (Crossley185 gives 74°/28 mm.)

(2) Diethyl phenyl—ZS?—qyclohexenylmalonate, The method de-

scribed by Kolloff, Hunter, Woodruff, andﬁMoffetthz was followed. To

a solution of 7.0 g. (0.305 m.) of sodium in 250 ml. of absolute ethanol
was added 70.8 g. (0.3 m.) of diethyl phenylmalonate. The solution was
stirred at reflux temperature during the dropwise addition of L49.1 g.
(0.305 m.) of 3-bromocyclohexene. The reaction mixture was then refluxed.

with stirring for six hours. After cooling and making the solution
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acidic with acetic acid, most of the solvent was removed by distilla-
tion. Water was then added and the organic layer was separated. The
aqueous layer was extracted twice with ether. Distillation of the
combined organic layers gave L8 g. (51 per cent) of diethyl phenyl-[lz-
cyclohexenylmalonate. The product was a faintly yellow liquid, b.p.
155-160°/0.5 mn. (Kolloff, Hunter, Woodruff, and Moffett? give 1260/
0.07 mm.)

(3) PhenylnZ}g-qyclohexenyiaCetic azid. The procedure of

Kolloff, Hunter, Woodruff, and befetth2 was again employed. A solu-
tion of L8 g. (0.15 m.) of diethyl phenyl-z§?~0yclohexeny1malonate and
53.3 g. (0.95 m.) of potassium hydroxide in 250 ml. of 95 per cent
ethanol was refluxed for six hours. Water was added from time to time
to dissolve the solid which separated. Most of the alcohol was removed
by distillation. The product was dissolved in water, extracted with
ether and the aqueous layer cooled and made acidic. An oil, which crys-
tallized after a few minutes, formed. There was obtained 31 g. (95 per
cent) of the crude acid, m.p. 109-112°, (Kolleff, Hunter, Woodruff,

and Moffetth2 give 120-122° as the melting point of the pure compouné.)

(4) Phenyleyclohexylacetic acid. This compound was prepared

by catalytic reduction of the unsaturated acid. Thirty-one grams
(0,143 m.) of phenyl-A\?-cyclohexenylacetic acid was dissolved in 100
ml. of 95 per cent ethanol and shaken with 0.2 g. of platinum oxide at
an initial hydrogen pressure of 6L psi. wuntil no further drop in
pressure was ncted. An attempt to remove the catalyst by filtering was

unsuccessful because the reduced acid crystallized on the filter.
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The solution was therefore poured into an excess of dilute base and
filtered to remove the platinum oxide. The flltrate was poured onto
ice and dilute hydrochloric acid. After filtering and drying, there
was obtained 29 g. (93 per cent) of a white solid, m.p. 143-145°.
(Kolloff, Hunter, Woodruff, and Mof et give 146.5-147.5° as the
melting point of the pure acid.)

(5) Attempted preparation of phenylsyclohexylbromoacetic

acid. It was proposed to prepare this compound by a Hell-Volhard-
Zelinsky type reaction. A mixture of 10.9 g. (0.05 m.) of phenyl-
cyclohexylacetic acid, 8.2 g. (0.051 m.) of bromine, and 0.1 ml. of
phosphorus trichloride was heated to 80-90° for one hour. It was
found that heating to 140-150° was required to cause the reaction to
proceed. (The course of the reaction was followed by the evolution
of hydrogen bromide.) After heating at this latter temperature for
five hours, the reaction mixture was allowed to cool. The contents
of the flask set to a hard polymeric material which was insoluble in
base even when heated for several hours. No attempt to identify this
material was made. The method of preparation was discarded.

(6) Attempted preparation of phenylcyclohexylbromoacetyl

chloride. A modification of the procedure of Schwenk and Papal65

was
followed. A mixture of 21.8 g. (0.1 m.) of phenylcyclohexylacetic
acid and 30 ml. (L8 g., 0.41 m.) of thionyl chloride was refluxed for
two hours. To the gently refluxing solution was added 16.8 g. (0.105
m.) of bromine dropwise over two hours. The reaction mixture was then

allowed to stand overnight. A portion was refluxed for three hours
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in a dioxane-dilute base solution. The dioxane was removed by distil-
lation under reduced pressure. When the residue was poured into an
excess of dilute alkali, a large amount of insoluble material was noted.
The mixture was extracted with ether and the aqueous layer was made
acidic. Only a trace of organic acid was found. No attempt to identify
the insoluble material was made. The reaction was repeated several
times, but each time a base insoluble product was obtained. The method
of preparation was discarded.

Since the necessary alpha bromo intermediates could not be pre-
pared, this method of synthesis of phenyleyclohexylglycolic acid had

to be abandoned.

3. Preparation of L,L'-Dimethoxybenzilic Acid

This was prepared by the benzilic acid rearrangement according

to the procedure described by Sha.ckle’(:’c.ls6

a. L,l'-Dimethoxybenzoin. A mixture of 150 g. (1.1 m.) of

anisaldehyde, 180 g. of 95 per cent ethanol, 30 g. of potassium cyanide
and 120 ml. of water was refluxed for two hours. An additional 30 g.
of potassium cyanide was added and refluxing was continued for an addi-
tional two hours. The solution was cooled rapidly with vigorous shak-
ing and allowed to stand overnight in the cold room. Since no solid
was obtained, small portions of water were added until milkiness
occurred. The solution was then chilled again. The crystalline ben-
zoin was filtered, washed with a cold 80 per cent aqueous ethanol so-
lution and then with water and dried. There was obtained L6 g. of

187

white solid melting at 107-109°. (van Alphe gives the melting point
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as 1130.) An additional 8 g. was recovered from the filtrate by di-

lution with water. The total yield was 36 per cent.

b. L,L4'-Dimethoxybenzil. A mixture of 104 g. (0,38 m.) of L,L'-
dimethoxybenzoin, 229 g. of copper sulfate pentahydrate, 229 g. of py-
ridine and 92 ml. of water was refluxed for two and one-half hours.

The solution was poured into a beaker and cooled by the addition of ice
and water. The chartreuse colored solid was filtered, washed with di-
lute hydrochlorie acid and water and dried to give 102.5 g. (99 per
cent). After recrystallization from carbon tetrachloride and then from
ethanol, there was obtained 91 g. of bright yellew needles, m.p. 132-
133°.  (Klein'®® gives 132-133°.)

c. l,4'-Dimethoxybenzilic acid. To a boiling solution of 17 g.

of potassium hydroxide in 90 ml. of l-butanol was added 35 g. (0.13 m.)
of L,L'-dimethoxybenzil. Reflwding was contimued for ten minutes. The
deep purple solution was cooled rapidly and extracted with water with
the addition of a little ether to help the separation. The aqueous ex-
tract was made acidic with concentrated hydrochloric acid. After fil-
tering and drying, there was obtained 21.5 g. (61 per cent) of a white
solid, m.p. 162-16°. The compound was recrystallized from benzene
and from hot ethanol solutions to which water had been added until
slight cloudiness was produced. This gave small white needles, m.p.

165-167°. (Boslert8 gives 16L°.)

L. 2-N,N-Dialkylaminoethanols

All of the aminoethanols used were obtained commercially except

2-N-piperidinoethanol which was prepared by the procedure of Hazard,
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Cheymol, Chabrier, Corteggiani, and.Nicola.sql9O

2-N-Piperidinoethanol. A mixture of 30 g. (0.37 m.) of ethylene

chlorohydrin, 50 g. (0.70 m.) of piperidine and 200 ml. of benzene was
refluxed on a steam bath for six hours. After cooling, the solid

piperidine hydrochloride which formed was removed by filtration. Dis-
tillation of the residue gave 35.5 g. (79 per cent) of 2-N-piperidino-

ethanol, b.p. 195-196°. (Hazard, Cheymol, Chabwier, Corteggiani, and

190

Nicolas give 198°.)

5. Preparation of 2-N,N-Dialkylaminoethyl Chlorides

The method of Slotta and Behnischt®?

was used to obtain the
substituted aminoethyl chloride hydrochlorides. The free bases were
prepared from these hydrochlorides by the procedure of Gilman and
Shirley.170

al éL—Diethylaminoethyl chloride. To a chilled (ice bath) so-

lution of 156 g. (1.32 m.) of (B-diethylaminoe'bhyl alcohol in 1500 ml.
of benzene was added a solution of 321 g. (2.7 m.) of thionyl chloride
in 300 ml. of benzene. The mixture was stirred rapidly throughout the
reaction. The contents of the flask were refluxed for two hours on a
water bath, cooled and filtered. There was obtained 224 g. (100 per
cent) of a white solid.

One hundred grams (0.58 m.) of this hydrochloride was treated
with 150 ml. of LO per cent aqueous sodium hydroxide. The liberated
chloride was extractéd with 500 ml. of ether. The extract was dried
with anhydrous magnesium sulfate and distilled. The material boiling
at 147-148° was collected. (Slotta and Behnisch169 give 146-147°.)

The 2-N,N- diethylaminoethyl chloride was a colorless liquid which
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weighed 58 g. (7L per cent).
b. llrg,EfDimethylaminoethyl chloride. This was prepared by

an analogous procedure in 53 per cent yield. It was a solorless liquid,
b.p. 109°. (Slotta and Behniseh®® give 109°.)

c. ;L—EfPiperidinoethyl chloride. This was prepared by an

analogous procedure in 55 per cent yield. Its boiling point was 189-
191

[
)

190°. (Gilman and Woods™’* give 36-38°/0.5 mm.)

All of these substituted aminocethyl chlorides tended to dimerize
on standing. This was especially true of 6-N3N—dimethylaminoethyl
chloride, which dimerized completely in twenty-four hours. To retard
this reaction, the compounds were diluted with an equal weight of dry

xylene and stored in the cold room.

6. Drying of Isopropyl Alcohol

Five hundred ml. of isopropyl alcohol (99 per cent) was mixed
with 100 g. of calcium oxide and refluxed for eight hours. The mixture

was distilled and the fraction boiling at 82° was collected.

7. Preparation of 2-N,N-Dialkylaminoethyl Esters of Substituted Glycolic

Acids

a. Method . The method of Hill and Holmes™""

was used to pre-
pare several of the esters. The preparation of 2-N,N-dimethylamino-
ethyl phenylcyclohexylglycolate hydrochloride, which is typical, will
be described. Other esters prepared by this method are listed in Table

X.

2-N,N-Dimethylaminoethyl phenyleyelohexylglycolate hydrochloride.

In a 50-ml. pot attached to a short Vigreux column equipped with a total



TABLE X

2-N, N-DTALKYLAMTNOETHYL ESTERS OF DISUBSTITUTED GLYCOLIC ACIDS

1"
R\CﬁH—COOCHQCHg " x
R NH\{::
Method Per Melting Analyses
of Prep- Cent Point Calculated Found
R R1 R" RM™ X aration Yield ©°C c H c H
1. CgHg CéHil CHj ch HC1 A L7 219-220 63.24 8.25 63.31 8.L6
2. CgHs CoH11 CgH o2 HC1 A L7 223-22L 66.0L 8.L5 66.02 8.55
3. CgHg CéH11 CgHjp2 CH3Br B 2L, 176-177 60.00 7.78 59.97 8.00
L. CgHyy CgHi1 CH; CH3 HCL BP 72 258-259 62.il 9.85 62.58 9.58
5. CgHy CgH11 CgHyo?  HOL AP 35 212-213 65.01 9.87 65.03 9.78
6. L-CH30CgH), L-CH30CgH, CgHig® HC1 B 92 181-182 63.37 6.94 63.08 7.11
7. L-CH30CgH), L-CH30CGH, CsHip? B 53  147-1L8 58.30 6.52 58.10 6.62

CH3Br

8pjperidino

bFollowed by hydrogenation

8.
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reflux-variable take-off distilling head were placed 17.5 g. (0.2 m.)
of 2-N,N-dimethylaminoethanol and 0.02 g. of metallic sodium. After
the reaction of the sodium was complete, 11.4 g, (0.0L6 m.) of methyl
phenylcyclohexylglycolate was added. The pressure was reduced to 100
mm. and the pot was heated with an oil bath, the temperature of which
was raised slowly to 75°. After three hours the temperature was raised
to 120° and maintained there for four hours. During this latter period
the contents of the pot turned dark red. The pressure was lowered to
25 mm., at which pressure the excess aminoalcohol distilled. The
viscous red-brown liquid residue was withdrawn from the pot while still
hot. The pot was washed thoroughly with ether and the combined washings
and residue were shaken until a clear solution was obtained. This was
washed successively with dilute aqueous sodium chloride and three por-
tions of water and dried over anhydrous magnesium sulfate. The solu-
tion was cooled in an ice bath and saturated with dry hydrogen chlo-
ride. A white solid formed. This was filtered, washed wiﬁh cold ab-
solute ethanol, and dried to give 7.5 g. (47 per cent) of a white
amorphous solid, m.p. 220-222°, Recrystallization was performed by
dissolving the compound in hot ethanol, adding sufficient anhydrous
ether to produce cloudiness, and chilling. This gave small needles,
m.p. 222-223°,

Anal. Calcd. for CygHpgNO3Cl: C, 63.24; H, 8.25

Found: C, 63.31; H, 8.L6.
b. Method B. The procedure of Horenstein and Pahlicke’®® was

used to prepare several of the aminoesters. For illustrative purposes
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the preparation of 2-N-piperidinoethyl L,l!-dimethoxybenzilate hydro-
chloride will be described. Other esters prepared. by Method B are
listed in Table X.
~N-Piperidinoethyl L,L'-dimethoxybenzilate hydrochloride. A

mixture of 2.3 g. (0.015 m.) of ﬁ-N-piperidinoethyl chloride, 4.3 g.

(0,015 m.) of h,h'-dimethoxybenzilic acid and 75 ml. of dried isopropyi
alcohol was refluxed for twelve hours. When allowed to cool to room
temperature, the contents of the flask solidified. This solid was fil-
tered, washed with anhydrous ether and dried to give 6 g. (92 per cent)
of the crude ester hydrochloride; m.Po l7h—179°. After recrystalliza-
tion from an ethanol-ether mixture (as described in A.7.a.), the small
white needles melted at 181-182°,
Anal, Calcd. for 023H30N0501z C, 63.373 H, 6.94
Found: C, 63.08; H, 6.9Lk.

c. Preparation of dicyclohexylglycolates. These esters were

prepared by the complete hydrogenation of the analogous benzilate hy-
drochloride in acetic acid using platinum oxide as catalyst at room
temperature. A known amount of the ester hydrochloride was dissolved
in a minimum amount of redistilled glacial acetic acid. Initially
0.4 g. of platinum oxide was added. Further addition was made when
needed. Initial hydrogen pressures were approximately 64 psi. Hydro-
genation was continued until no further drop in pressure was observed.
At the end of the hydrogenation the solution was filtered
through a sintered glass funnel to remove the catalyst. The acetic

acid was distilled from the filtrate under reduced pressure. The
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residue was crystallized by dissolving it in hot ethanol, adding
sufficient anhydrous ether to produce cloudiness, and chilling. Re-
crystallization in the same manner was carried out until a sharp melt-
ing point was obtained. The compounds were then dried and analyzed.
They are listed in Table X.

d. Preparation of quaternary ammonium salts. The method employed

for 2-N-piperidinocethyl L,L'-dimethoxybenzilate methyl bromide, which
is typical, follows. The hydrochloride, 11.6 g. (0.0266 m.), was con~
verted into the free base with dilute sodium hydroxide. The amino-
ester was extracted with ether; the solution dried; and the ether re-
moved. To a methanolic solution of the residue was added 20.5 g.
(0.0533 m.) of methyl bromide in methanol (25 per cent). The stoppered
flask was allowed to stand at room temperature for five days. Evapora-
tion yielded a gummy residue which was crystallized from a hot aceto-
nitrile solution by adding sufficient ether to produce slight cloudi-
ness and chilling the solution. There was obtained 7.8 g. (53 per cent)
of a white solid, m.p. 110-115°. Further recrystallization from the
same solvent mixture and from ethanol containing a trace of ether raised
the melting point to 147-1L8°.

Anal. Calecd. for Cp)H3oNOgBrs C, 58.30; H, 6.52

Found: C, 58.10; H, 6.62.
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B. Amides

1. 2-N,N-Dialkylaminoethylamines

These amines were obtained commercially with the exception of

2-N-piperidinoethyl amine.

192

2-N-Piperidincethylamine. The method of van Alphen was

employed. A solution of 100 g. (0.43 m.) of 1,5-dibromopentane in 200
ml. of absolute ethanol was added slowly to 150 g. (1.9 m.) of ethylene
diamine hydrate. After a one-hour reflux period, an excess of solid
powdered potassium hydroxide was added and heating was continued for
another hour. The potassium bromide was removed by filtration. The
filtrate was distilled at atmospheris pressure until the ethanol and
excess amine were removed. The pressure was reduced and the product
was collected below 1000/20 mm. This distillate was fractionated at
atmospheric pressure. The amine, a colorless liquid boiling at 187-
189°, was obtained in 58 per cent yield (32 g.). (von Alphenl92 gives

218795

2. Preparation of 2-N,N-Dialkylaminoethylamides of Substituted Glycolic

a. Method A. It was proposed to prepare these amides by the
reaction of the methyl ester of the appropriate acid and the substituted
ethylene diamine according to the procedure of Phillips.171 A solution
of 7.4 g. (0.03 m.) of methyl phenylcyclohexylglycolate and L.4 g. (0.05
m.) of N,N-dimethylethylene diamine in 100 ml. of absolute methanol was

refluxed for twenty-four hours. The methanol was removed by distilla-
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tion and the residue was allowed to cool to room temperature. The
glassy mass which resulted was dissolved in ether with some difficulty.
After drying over anhydrous magnesium sulfate, the ether solution was
cooled in an ice bath and saturated with hydrogen chloride gas. No
amine hydrochloride was obtained.

When the procedure was repeated using methyl benzilate instead
of the phenylcyclohexyl ester, a 24 per cent yield of the amide was
obtained, compared to the yields of 90-95 per cent reported by Phillips.
Apparently methyl phenylcyclohexylglycolate is less reactive in this
procedure than the benzilic ester. In view of the absence of reaction
with the former ester and the low yield with methyl benzilate, this
method of preparation of the amides was abandoned.

b. Method B. The method of Miescher, Meisel, and.Hoffmann67
was used to obtain these amides. The preparation of 2-N-piperidino-
ethyl dicyclohexylglycolamide hydrochloride is typical of the procedure.

Other amides prepared by this method are listed in Table XI.

2-N-Piperidinoethyl dicyclohexylglycolamide hydrochloride. A

mixture of 11.0 g. (0.0L5 m.) of methyl benzilate and 10.1 g. (0.08 m.)
of 2-N-piperidinoethylamine was refluxed for two hours. The reaction
mixture was dissolved in ether, the solution extracted three times

with dilute hydrochloric acid and the combined extracts made strongly
basic. An oil which quickly solidified separated to give 6.2 g. (41
per cent) of a yellow orange solid. After recrystallization from
ethanol, a white solid, m.p. 115-116°, was obtained. The hydrochloride,

prepared by saturating an ethereal solution of the amine with hydrogen



TABLE XI

2-N,N-DITALKYLAMINOETHYLAMIDE HYDROCHLORIDES OF DISUBSTITUTED GLYCOLIC ACIDS

H "
R:;c{?—CONHCHZCHgN:z. -HC1
R 1"

Analyses
Per Cent Melting Calculated Found
R R! R" R Yield Point °C C H c H
8. Cgig  Cglhy CH3  CHs 12 215 - 216 63.1i2 8.56  63.70  8.27
9.  CgHg CeH11 CeH o? 18 202 - 223 66.21 8.73  66.18 8.63
10. C¢H;1  CeHl1  CH3 CH3 29 233 - 234  62.31  10.17 62.27  10.39
Bz Cgly;  CeH1  C2Hg  C2Hg 50 231 - 232  6L.06  10.48  63.80  10.L3
12. CgHl1  CgHi1 CgHy o? 35 260 - 261  65.17  10.16  65.05 9.96
8piperidino

8
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chloride as previously described (A.7.a), melted at 203-204°.

Th%s hydrochloride was hydrogenated'as deseribed previously
(A.7.c). The completely hydrogenated amide was a white solid, m.p.
260-261°. Six grams (35 per cent) was obtained.

Anal. Calcd. for CpjH39N20pC1l: C, 65.17; H, 10.16

Found: C, 65.05; H, 9.96.

C. N-Methyl Amides

1. Preparation of 2-N,N-Dialkylaminoethyl Methylamines

a. Method A. The procedure of Kermack and Wightl73 was followed.

(1) 2-N-Piperidinoethyl methylamine. A mixture of 72 g.

(0.39 m.) of 6—N—piperidinoethyl c¢hisride hydrechloxride, 180 g. of a
saturated solution of methylamine in absolute ethanol, and L8 g. of
anhydrous potassium carbonate was refluxed with stirring for two hours.
The reaction mixture was diluted with water, made strongly alkaline and
extracted with ether. The dried extracts were distilled to give 16 g.
(29 per cent) of colorless liquid, b.p. 185-190°. The dipicrate, pre-
pared by the usual procedure, melted at 175-176° after recrystalliza-
tion from ethanol. (Kermack and Wightl73 give the boiling range as
190-200°. They give 174° as the melting point of the dipicrate.)

(2) 2-N,N-Diethylaminoethyl methylamine. This compound was

prepared by an analogous procedure from 66 g. (0.39 m.) of ﬁnN,N-di-
ethylaminoethyl chloride hydrochloride. The substituted ethylene di-
amine was a colorless liquid, b.p. 157-167°. There was obtained 8 g.

(16 per cent). (Kermack and Wightl73 give the boiling range as 157-
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160°.)
b. Method B. The method of Damiensl?h was used.

(1) 2-N,N-Diethylaminoethyl methylamine. In a pressure

bottle equipped with a thermometer and a stopcock were placed 61 g.
(0.LS m.) of B-N,N-diethylaminoethyl chloride and 270 ml. of LO per
cent aqueous methylamine solution. After the stopcock was closed, the
bottle was shaken on a mechanical shaker. The temperature rose to 50°,
at which point the stopcock was opened to release the pressure which
had developed: The reaction was allowed to proceed with continued
shaking until the temperature had returned to that of the room. When
the solution had been made strongly basic, an organic layer separated.
The alkaline mixture was extracted three times with ether and the
dried extract was fractionated using a two-foot helix-packed column.
The product was a colorless liquid, b.p. 152-154°/7L0 mm. (Kermack

173

and Wight give 157-160°.) There was obtained 18 g. (31 per cent).

(2) 2-N-Piperidinoethyl methylamine. This compound was

prepared by an analogous procedure from ﬁ-N-piperidinoethyl chloride.
The colorless liquid was collected from 187-192°/740 mm. (Kermack
and Wightl73 give 190-200°.) The amine was obtained in 30 per cent
yield.

(3) 2-N,N-Dimethylaminoethyl methylamine. This amine was

prepared by an analogous procedure in 27 per cent yield. The material

distilled at 115-117°. (Damiensl7h gives the boiling range as 115-117°.)
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2. Preparation of Acid Chlorides

The acid chlorides were prepared from the acid and phosphorus

pentachloride by the method of King and Ho:lm.es.lT2

a. ©.,0 -Diphenyl-~chloroacetyl chloride. In a flask which

was immersed in an ice bath were placed 38 g. (0.18 m.) of phosphorus
pentachloride and 20 g. (0.088 m.) of benzilic acid. The contents were
mixed thoroughly. After two to three minutes a wvigorous reaction began.
When this reagtion had ceased, the flask was heated to 100° for fifteen
minutes. Phosphoryl chloride was distilled from the flask under re-
duced pressure produced by a water aspirator and the residue was

poured into ice and water. This mixture was stirred wvigorously until
the organic material solidified. The sream w=olored solid was collected
on a filter. It was dissolved in iigroin without heating. The ligroin
solution was rapidly dried over anhydrous magnesium sulfate and then
distilled under reduced pressure until about one-third of the original
volume remained. This residue was chilled in an ize-water bath. There
was obtained 11 g. (L6 per cent) of the acid chloride, a white crys-
talline solid, m.p. 47-49°. (King and Holmesl'? give L48.5-49.5°%;
Billman and Hidy*°?, £0-51°.)

b. Attempted preparation of A -Phenyl-Q —cyelohexyl-o —chloro~

acetyl chloride. The preparation of this substituted acetyl chloride

was attempted by an analogous procedure starting with phenylcyclohexyl-
glycolic acid. A brown liquid product, presumed to be the acid chloride,
was obtained in LO per cent yield. Distillation of this under reduced

pressure gave a light yellow liquid, b.p. 136-139°/3 mm.
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Because of difficulties which arose in obtaining correct analyses
of the compounds prepared from this acid chloride, it was suspected that
the compound was not ci-phenyl-ci—cyclohexylnci—chloroacetyl chloride.

A sample of the acid chloride was prepared by heating the acid with an
excess of thionyl chloride. After removing the excess thionyl chloride
by distillation under reduced pressure, the residue was divided into

two portions, one of which was distilled. Both portions showed positive
tests for unsaturation as evidenced by the deecoloration of permangénate
solutions and bromine solutions. A p-toluidide was prepared from the
acid chloride by standard procedures. After four recrystallizations
from ethanol-water, it still melted over a range, from 1h5-152°. Since
it was apparent that the product was not the desired acid chloride, this
method of preparation of the phenylcyclohexylglycolamides was abandoned.

c. Attempted preparation of d, _d;-diayclohezgylm . d~-chloroacetyl

chloride. The preparation of this compound was attempted by the pro-
cedure of (C.2.a) starting with dicyclohexylglycolic acid. The brown
liquid product, presumed to be the acid chloride, was obtained in 68

per cent yield. Because of possible dehydrohalogenation, it was not
distilled but was used in the crude state. Difficulty in obtaining

pure compounds was also observed with this aeid chloride. In view of
the results with phenylcyclohexylglycolic acid, it seems probable that
the material obtained in this reaction was not the desired acid chloride.

d. Attempted preparation of o ,@.-(p,p'-dimethoxyphenyl)-g. -

chloroacetyl chloride. All attempts to prepare this compound by the

procedure of (C.2.a) were unsuccessful, a tarry material being obtained

in each case. Several attempts to prepare the compound by treatment of
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the acid with thionyl chloride or a benzene solution of thionyl chlo-

ride were also unsuccessful.

3. Preparation of 2-N,N-Dialkylaminoethyl Methylamides of Substituted

Glycolic and Acetic Acids

a. Method A. These compounds were obtained by the method of

Krapcho, Turk, and Priby'l.71

The preparation of 2-N-piperidinoethyl
methylbenzilamide hydrochloride, which is typical, will be described.
Other amides which were obtained by this procedure are listed in Table
) B I8

2-N-Piperidinoethyl methylbenzilamide hydrochloride. A solution

of 2.3 g. (0.0085 m.) of A, A-diphenyl- A-chloroacetyl chloride in 6
ml. of hexane and 4 ml. of benzene was maintained at 20-30° during the
dropwise addition of a solution of 1.18 g. (0.0083 m.) of 2-N-piperidino-
ethyl methylamine in 2 ml. of benzene. A heavy white precipitate formed
during this addition. After the amine had been added, the mixture was
stirred for one hour at room temperature, refluxed for one hour, cooled
and treated with water. After the mixture had been stirred for a few
minutes, all of the solid had gone into solution. The layers were sep-
arated and the organic layer was extracted with dilute hydrochloric
acid. The aqueous extracts were combined, washed with ether, and heated
on a steam bath for ten minutes to hydrolyze the A —chloro group. The
solution was made strongly basic and extracted with ether. The dried
solution was saturated with hydrogen chloride gas as described pre-
viously (A.7.a).. There was obtained 1.5 g. (47 per cent) of a white

solid, m.p. 215-217°. Recrystallization was performed by dissolving



TABLE XII

2-N,N-DTALKYLAMINOETHYLMETHYLAMIDE HYDROCHLORIDES OF SUBSTITUTED ACETIC ACIDS

x GH3
R\\ci—CON——CH20H2N<Z “HC1
1
Analyses
Per Cent Melting Calculated Found
R R! I R™ X Yield Point °C C H C H
13.  CgHg cgﬁg CH3 CH3 OH 26 272-274P  65.L1  7.22  65.28  7.29
1.  CgHg  CgHg CgHyo® OH L6 226-227°  67.9L  7.52  68.01  7.28
15.  CgHg  CgHyp  CH3 CH3 H 89 206-207 67.3L  9.22  67.23  9.38
16.  CgHg  CgHyq CgHy o2 H 85 208-209 69.71  9.3L  68.85  9.3L
@Piperidino

Pkrapcho, Turk and Pribyl" give 252-253°.

Ckrapcho, Turk and Pribyl ® give 212-21L°.

06



91
the compound in hot ethanol, adding sufficient anhydrous ether to
produce cloudiness, and chilling. This gave fine white needles, m.p.
226-227°. (Krapcho, Turk and Pribyl’t give 212-214°.)

Anal. Calcd. for CogHpgN20oCl: C, 67.9L; N, 7.52

Found: C, 68.01; H, 7.28.

b. Method B. Since it was not possible to obtain pure .-
phenyl-0\ -cyclohexyl- A—chloroacetyl chloride, the synthesis of the
phenylcyclohexylglycolamides by the previously described ester inter-
change method (B.2.a) was attempted. Equimolar amounts of methyl
phenylcyclohexylglycolate and the substituted ethylene diamine were
refluxed in a variety of solvents but-only trace amounts of the hydro-
chloride could be obtained. The solvents used were: isopropyl alco-
hol, excess amine, toluene, xylene, and cyclohexanone. In view of the
extremely poor yields, the method of preparation was not pursued fur-
ther.

c. Attempted preparation of phenylcyclohexylglycolamides.

Prior to the discovery that the compound presumed to becd;-phenylsci-
cyclohexyl-d-chloroacetyl chloride was evidently not what it had been
thought to be, two amides were prepared by the procedure described in
Method A. The fact that it was not possible to obtain a correct anal-
ysis for these compounds helped to lead to the closer study of the
purity of the intermediate acid chloride.

(1) 2-N-Piperidinoethyl methylphenylcyclohexylglycolamide.

The hydrochloride was obtained in 57 per cent yield as a white solid,

m.p. 192-193°,
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Anal. Caled. for C22H35N202Cl: C, 66.89; H, 8.93
Found: C, 68.88; H, 8.78.

(2) 2-N,N-Dimethylaminoethyl methylphenylcyclohexylglycol-

amide. The hydrochloride was obtained in 27 per cent yield. It was
a white solid, m.p. 156-158°.
Anal. Calcd. for C19H31Np0oCl: C, 6L.30; H, 8.81
Found: C, 60.L42; H, 8.59.

d. Attempted reduction to dicyclohexylglycolamides. The reduc-

tion of the benzilamides was attempted using platinum oxide as pre-
viously described (A.7.c).. The resulting products did not give the
correct analyses although the theoretical amount of hydrogen appeared
to have been consumed. Even after repeated exhaustive hydrogenations,
the compounds gave analyses which were high in carbon and low in hydro-
gen.

(1) 2-N-Piperidinoethyl methyldicyclohexylglycolamide. The

hydrochloride was a white solid, m.p. 2L41-2L2°.
Anal. Caled. for CppHjaNs0oCl: G, 65.895 H, 10.31
Founds C, 66.41; H, 8.7L.

(2) 2-N,N-Diethylaminoethyl methyldicyclohexylglycolamide.

The hydrochloride was a white solid, m.p. 177-1780.
Anal. Caled. for Cp1H)1No02Cls C, 6L.83; H, 10.62

Found: C, 65.70; 65.913 H, 8.78, 8.92.
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D. Thiol Esters

1. Preparation of 2-N,N-Dialkylaminoethyl Isothiouronium Chloride

Hydrochlorides

The procedure of Albertson and Clin'bon72 was followed for the
preparation of these compounds.

a. 2-N,N-Diethylaminoethyl isothiouronium chloride hydrochloride.

To a refluxing solution of 15.7 g. (0.207 m.) of thiourea in 50 ml. of
absolute ethanol was added over a period of one and one-half hours a
slurry of 35.2 g. (0.205 m.) of P-N,N-diethylaminoethyl chloride hydro-
chloride in 100 ml. of ethanol. The solution was refluxed for six
hours, cooled and diluted with 200 ml. of ethyl acetate and 50 ml. of
ligroin. There was obtained 46 g. (90 per cent) of a white solid, m.p.
183-185°. (Albertson and Clinton ° give 194-195°.)

b. 2-N,N-Dimethylaminoethyl isothiouronium chloride hydrochloride.

This compound was prepared by an analogous procedure in 60 per cent
yield. It was a white solid, m.p. 184-186°. (Renshaw, Dreisbach, Ziff
and Greenl?3 give 181-182°.)

c. 2-N-Piperidinoethyl isothiouronium chloride hydrochloride.

The reaction of thiourea and ﬁLN—piperidinoethyl chloride hydrochloride
gave a 60 per cent yield of white solid, m.p. 223-226°. (Clinton,

Salvador, Laskowski, and Sutertd4 give 225-225,5°.)

2. Preparation of 2-N,N-Dialkylaminoethanethiols

The substituted thiols were prepared by alkaline hydrolysis of

the analogous isothiouronium compounds. A calculated amount of the
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2-N,N-dialkylaminoethyl isothiouronium chloride hydrochloride was dis-
solved in a small amount of water and an excess of LO per cent aqueous
sodium hydroxide solution was added. The solution was extracted three
to four times with ether and discarded. The dried ether extracts were

used immediately in the preparation of the thiol esters.

3. Preparation of 2-N,N-Dialkylaminoethyl Thiolbenzilate Hydrochlorides

-

The procedure of Kolloff, Hunter, Woodruff, and Moffett!S was
followed. The preparation of 2-N,N-diethylaminoethyl thiolbenzilate hy-
drochloride is typical. Other thiol esters prepared by this method are
listed in Table XIIT.

2-N,N-Diethylaminoethyl thiolbenzilate hydrochloride. The ether

extract from the decomposition of 25 g. (0.1l m.) of 2-N,N-diethylamino-
ethyl isothiouronium chloride hydrochloride was added dropwise to a
cooled (ice-bath) solution of 22 g. (0.083 m.) of A , A -diphenyl-A -
chloroacetyl chloride in 100 ml. of benzene. After the addition, the
reaction mixture was refluxed for three hours. The white solid was
filtered and dried. The crude 2-N,N-diethylaminoethyl 1,l-diphenyl-l-
chlorothiolglycolate hydrochloride weighed 12.9 g. and melted at 145~
150°. The compound was recrystallized from hot methyl ethyl ketone
by the addition of sufficient ether to produce cloudiness. The chilled
solution gave white crystals, m.p. 153-155°. (Morrison and Konig-
stein!® give 160°.)

Twelve grams of this compound was dissolved in very dilute hydro-
chloric acid and heated on a steam bath for five minutes to hydrolyze

the alpha chloro group. Ice was added and the thoroughly cooled solu-
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TABLE XIII

2-N, N-DIALKYLAMINOETHYL THIOLBENZILATE HYDROCHLORIDES

CgHg. OH
%} -——OOSCH20H2N<2 JHC1
1

CeHg
Analyses
Per Cent Melting Calculated Found
R R!  Yield  Point °C c H c H
17. CHy  CH3 7 153-15L  61.46  6.30 61.22 6.L5
18. CgHg CoHg 23 138-139  63.21 6,90 63.31 6.90
19. CgHyo? 17 185-187  6L.3L  6.69  6L.06  6.L7

e e et
e et

a‘Piperidino
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tion was made basic with solid sodium carbonate. The free base was

a white solid, m.p. 108-110°. (Morrison and KBnigstein79

' give 111-
112°.) It weighed 9.5 g.

Without further purification this solid was dissolved in ether.
The hydrochloride was prepared as described previously (A.7.a). It
was an oil which crystallized after heating with ethyl acetate. Re-
crystallization was performed by dissolving the compound in hot aceto-
nitrile, adding sufficient ethyl acetate to produce slight cloudiness,
and chilling the solution. This operation was carried qut three
times. The thiol ester was then recrystallized from hot ethanol by
adding anhydrous ether until the solution became cloudy, and chilling
the solution. It was jthen recrystallized two more times from aceto-
nitrile as described above. The thiol ester hydrochloride was obtained
in the form of small, white needles, m.p. 138-139°.

Anal., Calecd. for CpgHpgNO2SCl: C, 63.21; H, 6.90

Found: C, 63.31; H, 6.,90.

E. Ketones

1. Preparation of 1,l-Diphenyl-l-~hydroxypropanone-2

a. Method A. In a 1-1. three-necked flask containing 280 ml.
of sodium-dried toluene was placed 6.9 g. (0e3 m.) of sodium cut into
small pieces. The flask was heated with stirring until the sodium had
melted and formed small globules. Then 17.6 ml. of absolute ethanol
was added in small portions. When the reaction of the sodium was com-

pleted, L8.4 g. (0.2 m.) of methyl benzilate was added, followed by
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35.2 g. (0.4 m.) of dried ethyl acetate. The mixture was refluxed
with stirring for twenty-four hours. The toluene was then removed by
distillation and the residue heated with an excess of sulfuric acid
(122) for one hour to decompose the keto ester. This mixture was ex-
tracted with ether. The dried extracts were distilled. Two fractions
were collected, one boiling at 147-167°/27 mm. and another at 177-185°/
30 mm. The combined viscous, orange liquids were redistilled
through a Vigreux column. The material which distilled at 110-120°/
17 fm. was collected. This weighed 25.0 g. (55 per cent). An oxime
was prepared from this liquid by standard procedures. The compound
was recrystallized from hot ethanol by adding water until the solution
became slightly cloudy. The oxime then precipitated from the cooled
solution. After several recrystallizations in this mamner, the white
small needles melted at 1L5-1L6&°. (Temnj.ko‘val95 gives 159-1600; Stevens

176

and Sherr give 161-162°,)%
Anal. Caled. for CygHigNop: C, 7L.673 H, 6.27
Found: C, 7L.90; H, 6.08.

b. Method B. The procedure of Casont ! was followed. A Grignard

reagent was prepared from 2.4 g. (0.1 m.) of magnesium turnings and ex-

*Mhen this material was used in the Mannich reaction, no amino-
ketone was obtained. This prompted the search for an alternate method
of preparation of the substituted propanone. This work was done in
the early stages of the research when optimum conditions for the
Mannich reaction had not been worked out. It is possible that, in spite
of the differences in the melting points of the oximes, the compound
prepared by this reaction was indeed,as the analysis indicates, 1,1-
diphenyl—l-hydroxypropanone-2 and that failure of the Mannich reaction
was due to the use of incorrect reaction conditions.
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cess methyl iodide. To the cooled (ice-bath) solution was added 9.2
g. (0.05 m.) of anhydrous cadmium chloride during five minutes. The
mixture was stirred under reflux for thirty minutes until a Gilman
testl95 for the Grignard reagent was negative. The ether was dis-
tilled to near dryness, 65 ml. of benzene was added, and the solution
was again distilled to near dryness. After the addition of 120 ml.
of benzene, the solution was heated to boiling. Without external
heating, 26.5 g. (0.1 m.) of O ,~diphenyl-O -chloroacetyl chloride
in 30 ml. of benzene was added as rapidly as was consistent with con-
trol of the exothermic reaction. The solution was stirred under re-
flux for two hours, after which the complex was decomposed with ice
and dilute sulfuric acid. The aqueous layer was separated and ex~-
tracted with benzene. The combined organic solutions were washed
with water, 5 per cent sodium carbonate solution, and water. The
benzene was distilled from the dried solution. The residue was a dark
viscous liquid which would not distil below 2000/20 mm. It did not
form a 2,4-dinitrophenylhydrazone or oxime.

The reaction was repeated using the same procedure except that
the dimethyl cadmium solution was cooled in an ice bath during the ad-
dition of the acid chloride. Again no ketonic material was obtained.
This method of preparation was therefore abandoned.

c. Method C. The procedure of Stevens and Sherr176

was em-
ployed to obtain the substituted acetone.

(1) Ethyl pyruvate. Two hundred grams (2.3 m.) of pyruvic

acid was esterified with 165 g. (3.6 m.) of absolute ethanol without
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the aid of the usual inorganic acid catalyst by adding 4OO ml. of
benzene to the reaction mixture and using a water separator to elim-
inate the water formed in the reaction. A reflux period of twenty
hours was required to remove the major portion of the water. The
benzene and excess ethanol were removed by distillation at atmospheric
pressure. The residue was distilled under reduced pressure to give
161 g. (61 per cent) of ethyl pyruvate, b.p. 63-64°/35 mm.

(2) Ethyl Q, _O_L_—Dietho;qypropionate. In a 1-1. flask equipped

with a reflux condenser and a calcium chloride drying tube were placed
333 g. (2.25 m.) of redistilled ethyl orthoformate, 276 g. (6 m.) of
absolute ethanol, 156 g. (1.35 m.) of ethyl pyruvate and 15 drops of
concentrated sulfuric acid. The mixture was allowed to stand at room
temperature for twenty-four hours. It was then refluxed for eight
hours. The organic material was removed from the acid catalyst by dis-
tillation, using a minimum of heat, at reduced pressure, first by the
use of a water aspirator and finally a vacuum pump. The distillate
was fractionated to give 215 g. (8L per cent) of a colorless liquid,
b.p. 84-88°/18 mm. (Stevens and Sherri7® give 93-94°/26 mm.)

(3) 1,1l-Diphenyl-2,2-diethoxypropanol-l. In a 5-1., three-

necked flask equipped with a reflux condenser, calcium chloride dry-
ing tube, stirrer, and dropping funnel were placed 83 g. (3 m.) of
magnesium turnings and sufficient anhydrous ether to cover them.
Through the dropping funnel was added 502 g. (3.2 m.) of bromobenzene
in 550 ml. of ether. The solution was added at such a rate that
gentle refluxing took place. This required two hours. After reflux-

ing for three additional hours, the contents of the flask were cooled
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in an ice bath and 240 g. (1.3 m.) of ethyl A ,C.-diethoxypropionate
in 300 ml. of ether was added dropwise over two hours. After a two-
hour reflux period, the flask was allowed to cool to room temperature.
The complex was hydrolyzed by the slow addition of four 200-ml. por-
tions of saturated aqueous ammonium chloride solution. The ether
layer was separated and the aqueous layer was extracted twice with
ether. The dried extracts were distilied. Two fractions were col-
lected, one of 124 g., b.p. 70-140°/2 mm. and a second of 13k g.

(35 per cent), b.p. 140-165°/2 mm. (Stevens and Sherrl75 give 130-
1600/1 mm. as the boiling range.) Both fractions partially crystal-
lized. Fraction two gave small crystals, m.p. 68-70°. (Stevens and

176

Sher'r give 73-74°.)

(4) 1-1-Diphenyl-l.hydroxypropanone-2. Five grams (0.01l7

m.) of 1,l-diphenyl-2,2-diethoxypropanol-l was refluxed for three hours
with a mixture of 100 ml. of 95 per cent ethanol and 100 ml. of 1l:1l
hydrochloric acid. The solvent was removed by distillation under re-
duced pressure (2 mm.) at room temperature. The receiver was cooled
in a "Dry Ice'"-acetone bath. A brownish white solid residue was left,
m.p. 47-50°. Recrystallization from ether and from acetone (with
cooling in a "Dry Ice"-acetone bath) gave 2.0 g. (50 per cent) of a
white solid, m.p. 60-61°. (Stevens and Sherrl® give 66-67%
Temnikova195, 65-66°.) Additional ketone could be obtained from the
filtrate by further chilling. The oxime, prepared by standard pro-
cedures, melted at 157-158° after recrystallization from ethanol-
water as described in E.l.a. (Temnikoval95 gives 159-160°; Stevens

and Sherrl7®, 161-162°.)



10l

d. Method D. The procedure of Tegnerl78 for the preparation
of methyl ketones was followed.

Finely cﬁt lithium wire (6.9 g., 1.0 m.) in 300 ml. of anhydrous
ether was treated during the introduction of a small flow of nitrogen
gas with 5 ml. of methyl iodide. The mixture was heated gently until
it began to reflux. The heating was stopped and the remainder of 71 g.
(0.5 m.) of methyl iodide in 300 ml. of anhydrous ether was added
dropwise at such a rate that gentle reflux was maintained. After this
addition, the mixture was refluxed for one hour longer and ailowed to
cool to room temperature.

In a flask equipped with a stirrer, reflux condenser, dropping
funnel, and nitrogen inlet tube was placed 25 g. (0.11 m.) of benzilic
acid in 300 ml. of ether. The solution of methyl lithium was added
to this at such a rate that reflux was maintained. Following the addi-
tion, the mixture was refluxed for thirty minutes longer and allowed
to cool to room temperature. Fifty milliliters of water was added
slowly to hydrolyze the complex. After the vigorous reaction had sub-
sided, an additional 450 ml. of water was added and the layers were
separated. The ether layer was washed with water, dried, and the
ether removed by evaporation. No residue was found. After acidifi-
cation of the aqueous extract, the original benzilic acid could be
recovered quantitatively.

e. Method E. (1) Amyl nitrite. The method of Vogel™' was

used.
A 1-1., three-necked flask was equipped with a stirrer, a ther-

mometer, and a separatoxry funnel with the stem extending to the bettom
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of the flask. The flask was placed in a salt-ice bath and a solution
of 117 g. of potassium nitrite in 375 ml. of water was added. When
the temperature of the stirred solution had fallen to 0°, a mixture
of 25 ml. of water, 62.5 g. of concentrated sulfuric acid, and 110 g.
(1.25 m.) of n-amyl alcohol (cooled previously to 0°) was added slow-
ly through the separatory funnel. The rate of addition was controlled
so that the temperature was maintained at O * 1°. The reaction mix~
ture was allowed to stand for one and one~half hours and then was
filtered from the precipitated sodium sulfate. The upper yellow or-
ganic layer was separated, washed with a solution containing 1 g. of
sodium bicarbonate and 12.5 g. of sodium chloride in 50 ml. of water,
and dried. The crude n-amyl nitrite was distilled at atmospheriec
pressure to give 112 g. (59 per cent) of a clear yellow liquid, b.p.
104°. (Vogel?7 gives 104°.)

(2) Isonitrosopropiophenone. The procedure of Hartumg and

Crossleyl98 was followed.

In a 3-1., three-necked flask equipped with a reflux condenser,
a stirrer, a dropping funnel, and a gas delivery tube extending below
the surface of the liquid was placed a solution of 258 g. (1.9 m.) of
propiophenone in 1300 ml. of ether. The stirrer was started and hy-
drogen chloride gas was introduced at the rate of 6-~10 bubbles per
second. Amyl nitrite (224 g., 2.2 m.) was added slowly from the drop-
ping funnel. The solution became a deep red-brown and began to reflux
after about fifteen minutes. The rate of addition of the nitrite was
adjusted so that the ether continued to reflux gently. It required

about two hours to complete the addition. During this time the solu-
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tion turned a clear yellow. After all the amyl nitrite had been
added, stirring and addition of hydrogen chloride gas was continued
for another thirty minutes. The reaction mixture was allowed to stand
overnight. It was then extracted repeatedly with 250-ml. portions of
10 per cent aqueous sodium hydroxide until the extracting medium re-
mained practically colorless. This required five portions of the base.
The combined alkaline extracts were poured slowly with vigorous stir-
ring into a mixture of 375 ml. of concentrated hydrochloric acid in 500
g. of ice. The crystals of isonitrosopropiophenone were filtered and
dried. Recrystallization from toluene yielded white crystals, m.p.
108-109°. (Hartung and Crossleyl98 give 112-113°.) These weighed
222 g. (72 per cent).

(3) 1,1-Diphenyl-l-hydroxy-2-propanone oxime. A Grignard

reagent was prepared from 38 g. (1.6 m.) of magnesium turnings and 273
g. (1.7 m.) of bromobenzene by the procedure described previously
(E.1.c¢(3)). To this was added an ethereal solution of.81.5 g. (0.5 m.)
of isonitrosopropiophenone at such a rate that gentle reflux was main-
tained. This required one hour. The reaction mixture was refluxed
for an additional hour and then poured into ice and dilute sulfuric
acid. The ether layer was separated and extracted several times with
10 per cent aqueous sodium hydroxide. The combined alkaline extracts
were added to a mixture of ice and hydrochloric acid. The white solid
was filtered and dried to give 75 g. (62 per cent) of the oxime, m.p.
158-160°. ('I‘emnikoval9s gives 159-160°; Stevens and Sherrl76, 161~

162°.)
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(4) Hydrolysis of the oxime. Several different attempts

to hydrolyze the oxime to the corresponding ketone were made. These
are summarized below.

(a) Ten grams of the oxime were heated on a steam bath
for two hours with 8 ml. of concentrated hydrochloric acid and 8 ml.
of 4O per cent formalin solution. A black solid which was insoluble
in water or ether was obtained.

(b) An alcoholic solution of the oxime was heated with
an excess of LO per cent formalin. The starting material was recovered
unchanged.

(¢c) A dilute &cidic suspension containing 10 g. of the
oxime was steam distilled. A black oily residue was obtained. No
material could be recovered from the distillate.

(d) The oxime was heated with dilute hydrochloric acid
for one-half hour. A black oil was obtained.

(e) The oxime was heated with an excess of LO per cent
formalin solution. The unchanged starting material was recovered.

f. Method F. The procedure of Stevens and Lenid 77 was employed.

(1) 1,1-Diphenylpropanone-2. This product was prepared by

the method of Schultz and Mickey.l?? In a 3-1. flask equipped with
stirrer, dropping funnel, and reflux condenser were placed 148 g.

(1.1 m.) of phenylacetone and 800 ml. of dry, thiophene-free benzene.
To the vigorﬁusly stirred solution was added dropwise over a period of
one hour 180 g. (1.12 m.) of bromine. After the addition, a rapid
stream of dry nitrogen was passed through the solution by means of an

inlet tube which replaced the dropping funnel. This was continued un-
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til no more hydrogen bromide fumes could be detected (three hours).
The benzene solution of l-phenyl-l~bromopropanone-2 was transferred
to a 1-1. separatory funnel.

Into the original flask were placed 300 g. (2.24 m.) of anhy-
drous aluminum chloride and 600 ml. of dry, thiophene-free benzene.
The stirred solution was heated to gentle reflux and the solution of
1l-phenyl-l-bromopropanone-2 was added dropwise over a period of two
hours. After the addition, the almost blagk reaction mixture was
refluxed for an additional hour, cooled and poured with stirring onto
2 kg. of ice and LOO ml. of concentrated hydrochloric acid. After
the ice had melted, the benzene layer was separated, the aqueous layer
was extracted twice with ether, and the combined organic solutions
washed with water and with a saturated aqueous solution of sodium bi-
carbonate. After drying for one hour over anhydrous magnesium sulfate,
the solvents were distilled under reduced pressure produced by a
water aspirator. The residue was distilled under reduced pressure to
give 134 g. (58 per cent) of orange liquid, bep. 132-136°/0.6 mm.
This was triturated with low-boiling petroleum ether and chilled to
give 117.5 g. of white solid, m.p. 58-60°. (Schultz and Mickeyl??
give 60-61°.) Material of this purity was used in the subsequent re-
actions.

(2) 1,1-Diphenyl-l-bromopropanone~2. This was prepared by

the direct bromination of 1l,1-diphenylpropanone-2. A solution of 3L g.
(0,162 m.) of 1,1-diphenylpropanone-2 in 250 ml. of dry carbon tetra-
chloride was cooled with vigorous stirring to -15° with a "Dry Ice"-

acetone bath. To the solution was added dropwise 25.9 g. (0.162 m.)
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of bromine. The resulting solution was stirred for an additional hour
at this temperature. The solvent was removed by distillation under
reduced pressure. The dark liquid residue was dissolved in low-boil-
ing petroleum ether. With some difficulty, a solid product was ob-
tained by cooling the solution in a "Dry Ice'-acetone bath and vigor-
ously stirring the liquid which separated. The crude ketone (30 g.,
6L per cent) was a light tan solid, m.p. 49-50°. (Stevens and Lenlc-7?
give 55-56° as the melting point of the pure product.) The bromo-
compound was hydrolyzed without further purification.

(3) 1,1-Diphenyl-l-hydroxypropanone-2. This product was

prepared by hydrolysis of the bromoketone. A solution of 30 g. (0.104
m.) of 1,l-diphenyl-l-bromopropanone-2 in 430 ml. of 1l,L4-dioxane and
100 ml. of water was refluxed for three hours. The solvents were re=-
moved by distillation under reduced pressure produced by a water as-
pirator. The residue was dissolved in low boiling petroleum ether.
The crude ketone, 20 g., (84 per cent) was obtained by chilling the
solution in a "Dry Ice" bath and vigorously stirring the liquid which
separated. A portion of this was recrystallized from ligroin to give
small white needles, m.p. 58-60°. A mixed melting point with an au-
thentic sample of 1,1-diphenyl-l-hydroxypropanone-2 showed no depres-
sion. A similar mixed melting point with 1,1-diphenylpropanone-2

showed a marked depression.
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2. Preparation of 1,l-Diphenyl.l-hydroxy-l-~N,N-dialkylaminobutanone~2

Hydrochlorides

A modification of the procedure of Zaugg, Freifelder, and Horrom116

was used to prepare these ketones by a Mannich reaction. The prepara~
tion of 1,l-diphenyl-l-hydroxy-4-dimethylaminobutanone-2 hydrochloride
is typical and will be described. Other aminoketones are listed in
Table XIV.
(a) 1,1-Diphenyl-l-hydroxy-l-dimethylaminobutanone-2 hydrochloride.

A mixture of 5.3 g. (0.02 m.) of 1,l1-diphenyl-l-hydroxypropanone-2, 2.4
g. (0,03 me) of dimethylamine hydrochloride, and 1.6 g. of paraformalde-
hyde in 30 ml. of n-octyl alcohol was refluxed for ten minutes. Then
a further 1.6 g. of paraformaldehyde was added in small portions over
thirty minutes with continued refluxing. After the add;tion was complete,
0.3 ml. of concentrated hydrochloric acid was added and the mixture was
refluxed for an additional five minutes. The mixture was extracted with
water and with dilute hydrochloric acid. The combined extracts were
made basic with sodium carbonate. The oil which separated was extracted
with two portions of ether. These extracts were washed with water until
the washings were neutral. The dried ethereal sclution was saturated with
hydrogen chloride gas while cooled in an ice bath. There was obtained
1.2 g. (19 per cent) of a white solid, m.p. 152-156°. Two recrystalli-
zations were performed by dissolving the hydrochloride in hot ethanol,
adding anhydrous ether until the solution became cloudy, and chilling.
This gave white crystals, m.p. 163.5-165°.

Anal. Caled. for CjgHpoNOpCl: C, 67.603 H, 6,94

Found: C, 67.7L4; H, 6.73.



TABLE XIV

SUBSTITUTED L4-N,N-DIALKYLAMINOBUTANONE-2 HYDROCHLORIDES

R\/C/—X—COCHQCHQ 'f *HC1
R| NEI" ; %
) ‘ ' ' ‘ Analyses
Per Cent Melting Calculated Found

R R! R" R X Yield Point ©C C H c H
20. CgHy Cgly  CH3 CH3 OH 19 163.5 - 165 67.60 .6.9%  67.75  6.75
21. c6H5 Cgn  CH3 Cﬁ3 H 22 181.5 - 182 69.76 9.11  69.96  8.95
22. CgHg  CgHyy CgHy o2 H 25 21y - 215  72.06  9.22 71.85  9.09

2piperidino

Q0T
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(b) 1,1~Diphenyl-l-hydroxy-k-N-piperidincbutanone-2 hydrochloride.

Several attempts to prepare thils compound were made. The products ob-
tained did not possess the correct composition as indicated by elemental
analyses.

Anal. Caled. for CppHpgNOoCl: C, 70.083 H, 7.28

Found® C, 65.93, 61.08, 57.01, 59.2Ls H, 7.65, 8.32, 9.03,
9.58.

The melting points of the sampies were 166-.167°, 168-169°, 168~
165°, and 199.-200°, respectively. It is possible that piperidine hy-
drochloride was present as an impurlty slace mixed melting point deter-
minations of the compound with this amine hydrochloride showed no de-~
pression.

(¢) 1,1-Diphenyle~l-hydroxy-k-N,N-diethylaminobutanone~2 hydro-

chloride. The only product obtained from several abttempts to prepare

this ketone was recovered diethylamine hydrochloride.

3. Preparation of l-Phenyl-l-cyclohexylpropanons-2

a. Method A. Sodium isopropoxide was prepared from 18.4 g.

(0.8 m.) of finely cut sodium and 600 ml. of anhydrous isopropyl alco-
hol. After the solution had cooled to room temperature, 107 g. (0.8 m.)
of phenylacetone was added followed by the dropwise addition over thirty
minutes of 143 g. (0.88 m.) of bromowyclokexane. The mixture was re-
fluxed for two hours, duwring which time a white solid separated. After
the addition of 250 ml. of water, the isopropyl alcohol was removed by
distillation. Additional water was added as the last of the alcohol

was removed. The organic layer was separated and the aqueous layer
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was extracted with ether. The dried organic solutions were fractionally
distilled. There was obtained 30 g. of colorless liquid, b.p. 88-90°/
L mm. The 2,4-dinitrophenylhydrazone of this liquid melted at 136-138°
and showed no depression of melting point when mixed with an authentic
sample of the 2,4-dinitrophenylhydrazone of phenylacetone, m.p. 137-
139°. A large amount of high boiling residue was left in the distilling
flask.

Alkylation under similar conditions using sodamide as alkylating
agent also did not give any of the desired ketone. Since no l-phenyl-
l-cyclohexylpropanone-2 was obtained by this direct alkylation of
phenylacetone, the method was abandoned and other methods of synthesis
were investigated.®

b. Method B. (1) Phenyleyclohexylacetonitrile. This was pre-
203

pared by the method of Hancock and Cope. In a 1-1. flask were placed
200 ml. of liquid ammonia and a small crystal of hydrated ferric nitrate.
To the vigorously stirred solution was added a small cube of metallic
sodium. When the deep blue color had disappeared, the remainder of 8.1
g. (0.35 m.) of dry sodium was added about as rapidly as it could be
cut.

The flask was cooled in a "Dry Ice"-acetone bath during the ad-
dition over a period of ten minutes of 41 g. (0.35 m.) of phenylaceto-

nitrile. The cooling bath was removed, after which the solution was

*The failure of this method of preparation must be in some way
associated with the nature of the cyclohexyl group. The alkylation of
phenylacetone with a variety of alkyl halides has been described by
a number of investigators, includiné Tiffeneau and Levy,200 Levy and
Jullien,20l and Suter and Weston.20Z2 However; no one has reported
alkylation of the compound using a c¢yclohexyl halide.
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stirred for fifteen minutes. Then 200 ml. of dry toluene and 25 ml.
of ether were added dropwise while the ammonia evaporated. The flask
was allowed to stand overnight to permit further evaporation of the
ammonia. The last traces of ammonia were removed by warming the flask
until the ether had distilled over.

To the warm solution was added 65.2 g. (O.4 m.) of bromocyclo-
hexane during a twenty minute period. The reaction mixture was refluxed
for two hours, cooled and washed with 300 ml. of water. The aqueous
layer was extracted with two 50-ml. portions of benzene. The combined
organic layers were washed with two 50-ml. portions of water and dis-
tilled. There was obtained 33 g. (50 per cen%t) of phenyleyclohexyl-
acetonitrile, a colorless liquid, b.p. 127-129°/0.7 mm. This solidified
to a white crystalline material, m.p. 55-56°. (Hancock and Cope203 give
56-58°.)

(2) 1-Phenyl-l-cyclohexylpropanone~2. A modification of the

procedure of Hauser and Humphlettl8o was used to prepare the substituted
propanone. A Grignard reagent was prepared from 17.5 g. (0.72 m.) of
magnesium and excess methyl iodide. To the refluxing solution of this
reagent was added during a twenty minute period an ethereal solution

of 33 g. (0.18 m.) of phenylcyclohexylacetonitrile. The resulting solu-
tion was refluxed for five hours. The cooled mixture was decomposed

by the addition of ice and hydrochloric acid. The solution was allowed
to stand overnight to insure complete hydrolysis of the water soluble
ketimine intermediate. The organic layer was separated and distilled

to give 13.7 g. (35 per cent) of a clear orange liquid, b.p. 1L40-141°/

1.5 mn. The oxime was prepared by the standard method. Recrystalli-
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zation was performed by dissolving the compound in hot ethanol, adding
sufficient water to produce slight cloudiness, and chilling the solu-.
tion. After several recrystallizations, the white solid melted at 123-
12L4°.
Anal. Calcd. for CygHpNO: C, 77.87; H, 9.15
Found: C, 78.27s H, 9.10.
The 2,L-dinitrophenylhydrazone was prepared by the standard procedure.
After several recrystallizations from ethanol, long, 3ilky,orange needles
were obtained, m.p. 155-156°.
Anal. Caled. for CpyHp)N)0): C, 63.6235 H, 6,10
Found: C, 63.52;3 Hy 6.15.

c. Method C. (1) Phenyleyclohexylacetyl chloride. A solution

of 43.6 g. (0.2 m.) of phenylcyclohexylacetic acid in 60 ml. (0.82 m.)
of thionyl chloride was refluxed for two howrs. The excess thionyl
chloride was removed by distillation under reduced pressure. The last
traces of the compound were removed by adding dry benzene to the residue
and distilling the major portion of it under reduced pressure. The
residue was distilled to give LO g. (85 per cent) of a clear yellow
liquid, b.p. 136-139°/3 mm.

(2) l-Phenyl-l-cyclohexylpropanone-2. Dimethyl cadmium was

prepared as previously described (E.l.b.) from 2.9 g. (0.12 m.) of mag-
nesium turnings, excess methyl iodide and 11 g. (0.06 m.) of anhydrous
cadmium chloride. To the hot benzene solution of this reagent was
added, without external heating, 26 g. (0.1l m.) of phenylcyclohexyl-

acetyl chloride in 30 ml. of benzene. The aclid c¢hloride was added as
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rapidly as was consistent with control of the exothermic reaction
(about two minutes). The solution was stirred and refluxed for five
hours, after which procedure the complex was decomposed with ice and
dilute sulfuric acid. The aqueous layer was separated and extracted
with benzene. The combined benzene solutions were washed with water,
5 per cent aqueous sodium carbonate and water and dried over anhydrous
magnesium sulfate. Distillation of the solution gave a clear yellow
liquid, b.p. 124-150°/L4 mm. This was redistilled through a modified
Claisen head to give 11.7 g. (L9 per cent) of a clear yellow liquid,
bep. 132=136°/2.5 mm. The 2,lL-dinitrophenylhydrazone of this liquid
melted at 152-153° after recrystallization from ethanol. It showed
no depression of melting point when mixea with an authentic sample of

the 2,4-dinitrophenylhydrazone of l-phenyl-l-syclohexylpropanone-2.

L. Preparation of l-Phenyl-l-cyclohexyl-l-N,N-dialkylaminobutanone-2

Hydrochlorides

The procedure of Wilson and Kyil15 for the Mannich reaction was
followed. The preparation of l-phenyl-l-cyclohexyl-l~N,N-dimethyl-
aminobutanone-2 hydrochloride will be described. Other compounds pre-

pared by this procedure are listed in Table XIV,

a. 1-Phenyl-l-cyclohexyl-L-N,N-dimethylaminobutanone-2 hydro-
chloride. A solution of 8.0 g. (0.037 m.) of l-phenyl-l-cyclohexyl-
propanone-2, 4.9 g. (0.06 m.) of dimethylamine hydrochloride, 1.8 g.
(0,06 m.) of paraformaldehyde, 8 drops of concentrated hydrochloric
acid and 25 ml. of absolute ethanol was refluxed for sixteen hours.

The solution was cooled and poured into anhydrous ether. There was
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obtained 8.5 g. of white solid, m.p. 159-161°. Recrystallization
from ethanol-ether gave 6.5 g. of white solid, m.p. 152-153°. This
was converted to the free base by treatment with excess dilute base.
The free aminoketone was extracted from the solution with ether. After
drying over anhydrous magnesium sulfate, the hydrochloride was prepared
in the usual way (A.7.a). This gave 2.5 g. (22 per cent) of white‘
crystals, m.p- 177-178°. Two recrystallizations from ethanol-ether gave
small, white crystals, m.p. 181.5-182°.
Anal. Calcd. for C1gHpgNOCl: C, 69.76; H, 9.11
Found: C, 69.965 H, 8.96.

b. 1-Phenyl-l-cyclohexyl-L-N,N-diethylaminobutanone-2 hydro-

chloride. The product obtained was not the desired ketone. It was a
white solid, m.p. 231-232°. A mixed melting point determination with
diethylamine hydrochloride showed no depression. The elemental analysis
also indicated that the material was recovered diethylamine hydrochloride.

Anal. Calcd. for CppH3pNOCl: C, 71.093 H, 9.55

Founds C, L6.11; H, 11.15.

5. Attempted Preparation of 1-Phenyl-l-cyclohexyl-1l-hydroxypropanone -2

Five grams (0.023 m.) of 1l-phenyl-l-cyclohexylpropanone-2 was
dissolved in 35 ml. of carbon tetrachloride. After the solution had
been cooled to -150, 3.8 g. (0.023 m.) of bromine was added dropwise
with vigorous stirring. The mixture was stirred for an additional hour.
The solvent was removed by distillation under reduced pressure and' the
clear liquid residue (5.6 g.) was refluxed for three howrs with 80 ml.

of 1,h-dioxane and 20 ml. of water. This solvent mixture was also re-
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moved by distillation under reduced pressure. The residue was dis-
tilled to give 3.5 g. of light orange liquid, b.p. 160-170°/5.5 mm.
This was checked for unsaturation by the Baeyer and the bromine tests.
Both were positive, thus indicating that at least a portion of the
material was unsaturated. Since the desired ketone was not obtained

or at least not in pure form, the method was abandoned.



CHAPTER IV
SUMMARY

Several compounds have been prepared in order to investigate
their physiological activity. All of these are derivatives of benzilic,
disubstituted glycolic and acetic acids or of the analogously substi-
tuted 2-butanones.

The following compounds were prepared in the course of this re-
search.

(1) 2-N,N-Dimethylaminoethyl phenylcyclohexylglycolate hydro-
chloride.

(2) 2-N-Piperidinoethyl phenylcyclohexylglycolate hydrochloride.

(3) 2-N-Piperidinoethyl phenylcyclohexylglycolate methyl bromide.

(4) 2-N,N-Dimethylaminoethyl dicyclohexylglycolate hydrochloride.

(5) 2-N-Piperidinoethyl dicyclohexylglycolate hydrochloride.

(6) 2-N-Piperidinoethyl L,4'-dimethoxybenzilate hydrochloride.

(7) 2-N-Piperidinoethyl L,L'-dimethoxybenzilate methyl bromide.

(8) 2-N,N-Dimethylaminoethyl phenylcyclohexylglycolamide hydro-
chloride.

(9) 2-N-Piperidinoethyl phenylcyclohexylglycolamide hydrochloride.

(10) 2-N,N-Dimethylaminoethyl dicyclohexylglycolamide hydro-
chloride.

(11) 2-N,N-Diethylaminoethyl dicyclohexylglycolamide hydrochloride.

(12) 2-N-Piperidinoethyl dicyclohexylglycolamide hydrochloride.

(13) 2-N,N-Dimethylaminoethylmethyl benzilamide hydrochloride.
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(14) 2-N-Piperidinoethylmethyl benzilamide hydroshloride.

(15) 2-N,N-Dimethylaminoethylmethyl phenyleyclohexylacetamide
hydrochloride.

(16) 2-N-Piperidinoethylmethyl phenylsyclchexylacetamide hydro-
chloride.

(17) 2-N,N-Dimethylaminoethyl thiolbenzilate hydrochloride.

(18) 2-N,N-Diethylaminoethyl thiolbsnzilate hydrochloride.

(19) 2-N-Piperidinoethyl thiolbenzilate hydrochloride.

(20) 1,1-Diphenyl-l-hydroxy-L-N,N-dimethylaminobutanone-2 hydro-
chloride.

(21) 1-Phenyl-l-cyclohexyl-L~N,N-dimethylaminobutanone-2 hydro-
chloride.

(22) 1-Phenyl-l-cyclohexyl-l-N-piperidinobutanone-2 hydrochloride.

Krapcho, Turk, and Priby171

have reported the previous prepara-
tion of 13 and 14. However, the melting points listed by these authors
differ from those found in the present work.

The previously unreported ketone, l-phenyl.l-cyclohexylpropanone-
2, was prepared for use as an intermediate. Its oxime and 2,4-dinitro-
phenylhydrazone are also reported.

Incomplete preliminary pharmacological testing indicates that
compdund 1L is more active than atropine in preventing mortality from

a standard dose of an anticholinesterase compound. Compound 2 appears

to be the most active antispasmodic.
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APPENDIX
2-N,N-DIETHYLAMINOETHYL METHYL PHENYLCYCLOHEXYIACETAMIDE HYDROCHLCRIDE

The reaction of A-phenyl-O.-cyclohexylacetyl chloride and 2-N,N-
diethylaminoethyl methylamine was carried out as previously described
(C.3.a). The white solid oroduct was hygroscopic. This hydrochloride
was recrystallized three times by dissolving it in ethanol, adding ether
until the solution became cloudy, and chilling, Each time a white crys-
talline material was obtained which became gummy after it had been fil-
tered. This material melted at 110-1130. It was recrystallized from
hot acetonitrile by adding ether until cloudiness resulted and cooling.
The product was again a white hygroscopic solid which melted at 110-
113°. The hydrochloride was converted to the free base by treatment
with aqueous base., The dried ether extract from this solution was sat-
urated with hydrogen chloride gas while cooled in an ice bath. This
material was recrystallized from hot ethanol as described above. The
product was again a white crystalline material which became gummy after
being exposed to the atmosphere. It melted at 110-113°. Since it was
nﬁt pOSS;ble to obtain a pure, non-hygroscopic material, attempts to
prepare the compound were discontinued. This decision was reached too

late to allow inclusion of these results in ths bodj of the dissertation.
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