
November 22� 1957 

To the Graduate Council: 

I am submitting herewith a dissertation written by Thomas 
Alexander Magee entitled "Preparation of Compounds of Potential 
Physiological Activity: Derivatives of Benzilic, Substituted Acet·o 
and Substituted Glycolic Acids and Subst.it;uted Butanones o" I recom­
mend that it be accepted in pa.:r."tial fulfillme .. .t. of the requiremen:t,s 
for the degree of Doctor of Ph:i..losophy 9 with a majo:r in Chemistry o 

�J/.w Major Professor 

--.2%�- c;bL;K 
Major Professor 

We have read this dissertation 

3);;/o/if?r )!�J� .. 
w.-r. &eck 

Ac:cepted for the Coun.cil: 



) 

PREPARATION OF COMPOUNDS OF POTENTIAL PHYSIOLOGICAL AC'I'IVITY: 

DERIVATIVES or BENZILIC, SUBSTITUTED ACETIC 

AND SUBSTITUTED GLYCOLIC ACIDS AND 

SUBSTITUTED BUTANONES 

A DISSERTATION 

Submitted to 
The Graduate Council 

of 
The Universi.ty of Tennessee 

in 
Partial Fulfillment of the Requirements 

for the Degree of 
Doctor of Philosophy 

by 

Thomas Alexander Magee 

December, 1957 



To Ruby 

3932GO 



ACKNOWLEDGMENT 

The author wishes to express his gratitude to Drs. C. A. 

Buehler and H .  A.  Smith for their encouragement and counsel during 

the course of the research. Appreciation for financial support of 

this investigation is due to The National Institutes of Health. The 

physiological tests were conducted in the Pharmacology Branch of the 

Chemical Corps Laboratories in the Army Chemical Center by Drs .  

Gerald Groblewski and J. H .  Wills to whom appreciation is expressed. 

Thanks are extended to the Carbide and Carbon Chemicals Company who 

donated samples of the aminoalcohols and amines used in the research. 



CHAPTER 

I .  

TABLE OF CONTENTS 

INTRODUCTION AND HIS'J.'ORY. 

A. Introduction . . . o • • o Q 0 • • • • • • 

1 .  Spasm and Antispasmodics . •  

2, Evaluation of New Antispasmodics. 

3. General Approach to the Synthesis of Anti-

spasmodics. 

B .  History • . • . 

' . . 

. . . 

1. Derivatives of Carboxylic Acids in Which the 
Basic Group is Contained in the Non-Aoidi 

PAGE 

1 

1 

l 

3 

5 

7 

Portion of the Molecule 7 

a .  Esters . . . . . . • • 7 

(1) Esters of siffiple disubstituted acetic 

acids o • • • o g • o 

(2) Effect of ·vaz�ng the aminoalcohol 

substituents . • • • . . • . • • . 

(3) Effect of varying the alpha sub-

stituent . • . • . • .  

(4) Effect of nu .. lear hydrogenation 

(.5) Effect of bridging . • . . 

(6 )  Effect of quaternization . 

. . 

(7) Effect of nuclear substitution. . • , 

( 8) Aralkyl alpha substituents . . • • .  

(9) Substituted cy loalkylcarboxylic acid 

7 

9 

10 

11 

13 

15 

1.5 
17 

esters. . . o • • • • • • • • • • • • 17 



iv 

C HAPTER PAGE 

I. (Continued) 

c. 

(10) Sulfonium and phosphonium compounds. 18 

b. Amides . •  o o 

c .  Thiol esters. 

d. Esters with heterocyclic alpha sub-

18 

19 

sti tuents • o • • • • • • • • • • • 20 
2. Derivatives of Carboxylic: Acids in Which the 

Basic Group is Contained in the Acidic Portion 

of the Molecule . o • • • • • • • • • • • 22 

3. Antispasmodics Other Than Carboxylic Acid 

Derivatives . . . . 0 . 

a. Aminoketones. 

b. Amino alcohols and aminoalkenes. 

c. Miscellaneous types . . . 0 . . . . 

C onclusion. 0 . 0 . . 

. . 23 

23 

24 

. . 27 

. . 28 

II. DISCUSSION OF RESULTS . • 30 

A. 

B. 

Intro ductiono . • . 

Synthetic Meth0ds . 

l. Acids • . • o . 

a. Phenylcyclohexylglycolic acid 

(1) Method A. . 

( 2) Method B . .  

(3)  Method C .  • 

. . . . . . ' 

b. 4,4v-Dimethoxybenzilic Acid . 

30 

33 

33 

33 

34 

35 

36 

38 



v 

C HAPTER PAGE 

II . (Continued) 

2 .  Aminoesters • •  

a. Method A • • 

• • 38 

39 

b. Method B 0 • • • • 4J. 

c .  Preparation of dicyclohexylglycolates. 41 

3. Arnides • . • 42 

a. Method A . 

b. Method B o 

42 

42 

c. Preparation of dic:ycl.ohexylglyeol�des. . 42 

4. N-Methylamides 44 

a. Method A . . o • o o • o • 44 

( 1) Aeid chlorides . 45 

(2) 2-N,N-Dialkylarninoethyl methylamines • 46 

( 3) N-Methyla.rnides • • • • 4'7 

b. Method B . • • o • • 

c. Attempted preparation of dicyclohexyl-

glycolamides • • • . . • • • 

5. Thiel Esters o • 

6. Ketones . . . •  

a. 1, 1-Di phenyl-1-hydro:ll::y-4-N, N-dialkylamino-

47 

47 

49 

52 

butanone-2-hydrochlorides. o • • • • • • • • •  52 

( 1) 1,1-Diphenyl-1-hydroxypropanone-2. 53 

( a) Method A • o • • • • o • • 53 

( b) Method B 54 

(a) Method C 54 



vi 
CHAPTER PAGE 

II . (Continued) 

(d) Method D • 

( e) Method E 

( f) Method F . 

( 2 ) Mannich rea.cti on . . . . . 

b. l-Phenyl-l-cy¢lohexy1�4-N�N-dia.lkylamino-

butanone-2 hydrochlorides. . . . . . . 

(1) l-Phenylwl-cyclohexylpropa.none-2 . 

( a) Method A • . 

( b) Method B . 

( c) Me·thod C 

( 2) Ma.nnich reaction o 

c. Attempted preparation of l-phenyl-l-cyclo­

hexyl- l-hydroxy-4-N�N-dia.lkylaminobuta.none-

2 hydrochlorides • 

C.  Physiological Testing . • .  

III. EXPERIMENTAL 

A. Esters • 

1. Preparation of Methyl Phenylcyclohexyl-

glycolate . . . • . • .  

a. Methyl benzilate 

b. Reduction. • 

55 

55 

55 

56 

56 

58 

58 

58 

59 

59 

59 

6o 

66 

66 

66 

66 

67 

c. Distillation . . . • . • 67 

2. · Preparation of Phenylcyclohexylglycolic Acid . 69 

a. Method A . . • o • • • • o • • • • • • • 69 



vii 

CHAPTER PAGE 

III. (Continued) 

b .  Method B . . . . . .  . 

(1) Benzoyl lyanide. 

( 2) Benzoylformic acid 

(3) Phenylcyclohexylglycolic acid . 

c .  Method C . . . . . .  o 

69 

69 

70 

70 

71 

(1) 3-Bromocyclohexene 71 

( 2) Diethyl phenyl-.62-.cy lohexenyl-

malonate . . • • o • • • • • • • 71 

(3) Phenyl-Li2-cyclohexenylacetic acid 72 

(4) Phenylcyclohexylacetic acid. . . • 72 

(5) Attempted prepara·tion of phenylcyclo-

hexylbromoacetic aei.d . o • • • • • • • 7.3 

(6) Attempted preparation of phenylcyclo-

hexylbromoacetyl chloride . . . • . 73 

3 .  Preparation of 4,41-Dimethoxybenzilic Acid 74 

4 .  

a .  4,4'-Dimethoxybenzoin. 

b .  4, 4'-Dimethoxybenzil . 

c. 4,4'-Dimethoxybenzilic acid . •  

2-N,N-Dialkylaminoethanols o • • • 

74 

75 

75 

75 

5 .  Preparation of 2-N, N-Dialkyla.minoethyl 

Chlorides . . • . . • • . . . • . . 76 

a .  � -Diethylaminoetbyl chloride. . 76 

b .  � -NJ>N-Dimethylaminoethyl chloride . 77 

c .  � -N-Piperidinoethyl chloride . . . 77 



CHAPTER 

viii 

PAGE 

III. (Continued) 

6 .  Drying of Isopropyl Alcohol . . . . . . . . . • 77 

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

of Substituted Glycolic Acids . 

a .  Method A 

b .  Method B 

77 

77 

79 

c. Preparation of dicyclohexylglycolates . 80 

B .  Anti des . . .. . . . . �.� " " . . Q 

l. 2-N, N-Dialkylaminoethyl.amines .  

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

82 

82  

Substituted Glycolic Acids . 82 

a.  Method A 82 

b. Method B . • . . 83 

C .  N-Methyl Amides . . • • • . . • . . 85 

1. Preparation of 2-N, N-DiaJ..kylaminoethyl Methyl-

amines • . . 85 

a .  Method A . 85 

(1) 2-N-Piperidinoethyl methylamine . 85 

( 2 ) 2 -N, N-Diethylaminoethyl methylamine . 85 

b. Method B • . • • • • • • . . • . . • . . . 86 

(1) 2-N, N-Diethylaminoethyl methylamine . • 86 

( 2) 2-N-Piperidinoethyl methylamine. • . 86 

(3) 2-N,N-Dimethylaminoethyl methylamine . 86 



ix 
CHAPTER PAGE 

III . (Continued) 

2. Preparation of Acid Chlorides . . o • • • • • • 87 

a. QL, d...-Diphenyl-d.-chloroacetyl chloride 87 

b. 1\,.ttempted preparation of 0.-Pheny;L-6.-

cyclohexyl-Cl-chloroacetyl chloride . . 87 

c .  Attempted preparation ofd.., 0..-d:i.cyclo­

hexyl- d.-chloroacetyl chloride • . . . . . 88 

d. Attempted prepat'ation of�' 0..-(p,p1-di­

methoxyphenyl) -6.-chloroacetyl chloride . . 88 

3 .  Preparation of 2-NJN-Di.a1kylaminoethyl Methyl­

amides of Substituted Glycolic and Acetic 

Acids. 

a. ME?thod A 

b .  Method B 

89 

89 

91 

c .  Attempted preparation of phenylcyclohexyl­

glycolamides . . • • • . . . • • . . . . . 91 

(1) 2-N-Piperidinoethyl methylphenylcyclo-

hexylglycolamide . . . . o • • • • • • 91 

( 2) 2-N,N-Dimethylaminoethyl methylphenyl­

cyclohexylglyco1amide . . • . . . • . • 92 

d.  Attempted reduction to dicyclohexylglycol-

amides . . o • • • • • 92 

(1) 2-N-Piperidi.noethyl methyldicyclohexyl-

glycolamide • • . .  o • • • • • • • • • 92 



X 

CHAPTER PAGE 

III. (Continued) 

( 2) 2-N,N-Diethylaminoethyl methyldi­

cyclohexylglycolamide. 

D. Thiel Esters . . . . . . . . . . . • 

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

92 

93 

thiouronium Chloride Hydrochlorides . . • . 9 3 

a .  2-N, N-Diethylaminoethyl isothiouronium 

chloride hydrochloride . 93 

b. 2-N, N-Dimethylaminoethyl isothiouronium 

chloride hydrochloride . 93 

c. 2-N-Piperidinoethyl isothiouronium chloride 

hydrochloride. . . . . . . . . . . • 93 

2 .  Preparation of 2-N,N-Dialkylaminoethq.nethiols . 93 

3 .  Preparation of 2-N,N-Dialkylaminoethyl Thiel-

benzilate Hydrochlorides . 94 

:E;. Ketones. . . . . . . . . . 96 

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

2 . • • • . . 0 

a. Method A . 

b .  Method B 

c .  Method C . 

(1) Ethyl pyruvate . 

. ' . . 96 

96 

97 

98 

98 

( 2) Ethyl 0-., cl-Diethoxypropionate . 99 

(3 ) l,l-Diphenyl-2 , 2-diethoxypropanol-l . . 99 

-



xi 

CHAPTER PAGE 

III. (Continued) 

(4) l-l-Diphenyl-l-hydroxypropanone-2 . . .  100 

d. Method D . • • • 101 

e. MethodE . 

(l) Amyl nitrite 

101 

• • • •  101 

(2) Isonitrosopropiophenone. • • 102 

(3) l,l-Diphenyl-l-hydroxy-2-propanone 

oxime • . .  

(4) Hydrolysis of the oxime . 

f. Method F • . . • • ' g Iii • • 

• • • •  103 

. . 104 

. • 104 

(l) l, l-Diphenylpropanone-2 . • . . • 104 

(2) l,l-Diphenyl-l-bromopropanone-2 . • 105 

(3) l,l-Diphenyl-l-hydroxypropanone-2, • 106 

2. Preparation of l, l·-Diphenyl-l-hydroxy-4-N, N­

dialkylaminobutanone-2 Hydrochlorides • • • • .  107 

a. l, l-Diphenyl-l-hydrox:y-4-dimethylamino­

butanone-2 hydrochloride • • • • • • • • • 107 

b .  l, J,..-Diphenyl-l-hydroxy-4-N-piperidino-

butanone-2 hydrochloride • . . . . . . • 109 

c. 1,1-Diphenyl-l-hydroxy-4-N, N-diethyl­

aminobutanone-2 hydrochloride . • . . . • •  109 

3. Preparation of l-Phenyl-1-cyclohexylpropanone-

2. . • . . • 

a. Method A 

. 109 

109 



CHAPTER 
xii 

PAGE 

III . (Continu�d) 

b. Method B • • . . • • • . • • • • . . 110 

(1) Pheny1cyc1ohexy1acetonitri1e . . . • •  110 

(2) 1-Pheny1-1-cyc1ohexy1pr9panone-2 . 111 

c • Method C • • • • • • • • • • • • • • • • • 112 

(1) Pheny1cyc1ohexy1acety1 chloride • • . •  112 

(2 ) 1-Pheny1-1-cyc1ohexy1propanone�2 • 112 

4. Preparation of 1-Pheny1-1-cyo1ohe�1-4-N,N­

dialky1aminobutanone-2 Hydrochlorides • • • • •  113 

a. 1-Pheny1-1-cyc1ohexy1-4-N,N-dimethy1-

aminobutanone-2 hydrochloride. • . . . 113 

b. 1-Pheny1-1-cyc1ohexy1-4-N,N-diethy1amino-

butanone-2 hyqrochloride • • . • • . . 114 

5. Attempted Preparation of 1-Ph�ny1-1-cyclo-

hexy1,-1-hydroxypropanone-2 • • . , • • 114 

IV. St.JMl(AR!'. • • • • • • • • • • • • • • • • 116 

BIBLIOGRAP!q. 

APPENDIX • . •  

. . • . • • • • 118 

. . . . . . 130 



LIST OF TABLES 

TABLE PAG E 

I. 2-N,N-Dialkylaminoethyl Esters of Disubstituted 

G lycolic Acids . . . . . . .  . 

II. 2-N, N-Dialkylaminoethyl Amide Hydrochlorides of Di-

4o 

substituted G lycolic Acids. . • . . • • • • • . . . 43 

III. 2-N, N-Dialkylaminoethylmethylamide Hydrochlorides of 

Substituted Acetic Acids. o • o o • •  o o • • • • 48 

IV. 2-N,N-Dialkylaminoethyl T hiolbenzilate Hydrochlorides 51 

V. Substituted 4-N,N-Dialkylaminobutanone-2 Hydro-

chlorides . . . . • . . . . . 

VI. Anticholinesterase Screening . .  

VII. Direct Effects of Chemicals on Function 

VIII. Eye Effects . . . . . o • • 

IX. Distillation of Reduced Methyl Benzilate. 

X. 2-N, N-Dialkylaminoethyl Esters of Disubstituted 

G lycolic Acids . . . . .  

XI. 2-N, N-Dialkylaminoethylamide Hydrochlorides of Disub-

57 

63 

64 

65 

68 

78  

stituted G lycolic Acids . . • . . . . . . . 84 

XII. 2-N, N-Dialkylaminoethylmethylamide Hydrochlorides of 

Substituted Acetic Acids. . . . • • • . • . . . . 90 

XIII. 2-N,N-Dialkylaminoethyl T hiolbenzilate Hydrochlorides  95 

XIV. Substituted 4-N,N-Dialkylaminobutanone-2 Hydro-

chlorides . . . • . . . . . . . . . . . . . . . 108 



CHAPTER I 

INTRODUCTION AND IUSTORY 

A. Introduction 

The continuing search of chemists, physiologists and medical 

researchers for natural and synthetic ompounds which will alleviate 

or CTire the illnesses of mankind �onst.i.tut.es a fascinating episode 

in the history of scientific endeavor. One chapter of this history 

is necessarily concerned with efforts to synthesize better, more use­

ful anti�asmodics. To present a comprehensive critical review pf 

these efforts would require an extensive tr·eat.ise and will not bEjl 

attempted here. Several reviews are available which cover the liter­

atTire to around J..95o.1'2'3 The present su!"V"ey 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 a,ppreei­

ation of the field, together with an understanding of the synthetic 

approaches-involved. 

L Spasm and Antispasmodics 

Spasm may be defined as a violent, i.nvoluntary contraction due 

to muscular action, usually accompanied by pain and interference with 

function. An antispasmodic or spasmolytic is a substance th�t is cap­

able to producing specific relaxation of such spasticity. For internal 

medicine the most valuable property possessed by an antispasmodic is 

the ability to· inhibit spasm of the smooth muscles9 that is, the mus-
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oles which surround the alimentary canal, the blood vessels, and other 

tubes of the viscera . 4 It has been recognized that such smooth muslJle 

spasm may be caused either by di.rect stimula:tion. of the muscle or by 

i.ndirect s·timulation th.T.'ough the ne:rve endings. On the basis of this 

distinction, antispasmodi.os may be divided into two classes: (1) the 

musculotropic or direct acting and ( 2) the neurotropic� which act to 

prevent or abolish neural emd:ta:tb:i.on medi.a:ted by acetyl -�..holine. The 

n�iJ.J."otropi.e. drugs (or anti.clholinergi.cf:i) may be .further sU:bdi-v'ided ao-

corc:tlng to whether they act on the s:ympatheti.c or  the parasympathetie 

nervous system. The ant,ispa.s'IDDdi�Cs o.f gr.eatest praetical importance 

are the musculotropic and the parasympathetj.c neurotropic compounds. 

Nature has supplied useful d:cu.gs in ea�;:h of tb.e se categories :i.n 

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

I-1 I-2 

antispasmodics suffer from certain limitations and undesirable side 

effects. Atropine is ineffec·tive against spasm of entirely muscular 

origin; papaverine has li.ttle effect agai.nst 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 autonomic nervous system, thereby 
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caus ing cyclopegi.a.!l mydriasis, dryness of ·t.he m.outh9 tachycardia., de­

layed gastri c emptying time, and o ccasional.ly a rise in arterial blood 

pressure .1 

Obvious ly from a clinical poi.nt of view9 i'ti would be of great 

advantage to be able to prescribe an antispasmodic wi tho ·llt needing to 

determine the mechanism by which the particular spasm had been produced. 
It wo·uJ.d. aJ..so be of defi:ni'te adv·�:�.ntage ·t0 pwssess mo:r.'e sel.e�:th·e drugs. 

·These factors plus economic considera·M.ons ha:\Te inspired a tremendous 

amount o.f research during the past twenty-.t'.i.U�·e yea:J:"S. All of this :re­

sear1h has had a common goal: ·the preparation of a commercially com­

pet.:i tive antispasmodic which will possess both musculotropic and neuro-

t:ropic acti Yi ty and in which the aci;,:i:;r:i.ty wil.. be less general, that 

is _9 the compound will have a sele�t:i:ve a.,-:·f�i ir:i.ty on the smooth muscles 

of the hollow viscera, but no, or sli.g:trt., effec:t on the pupi.ls of the 

eye, the saJ..ivary glands, and the c:i.r·�·ale.tion.. To da·te, t.his goal has 

not been achiev·ed, although a number o:t sryr,thei:.ic arJ.tispasmodics ha·�re 

been placed in clinical use. 

2. Evaluation of New A..T'ltispasmodics 

Before the development of synthetic antispasmodics is discussed 

f'urther, it would seem to be of value to take a brief look at methods 

of testirl..g and evaluating new compounds. The clinical utility of a 

spasmolytic depends on its antispasmodic acti,�ty? its side effects, 

and its toxicity. To be evaluated properly� all of these factors must 

be considered. Unless there is a considerable difference between the 
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dose required for the desired spasmolytic action and that producing 

undesirable peripheral effects, there ie little point in the clinical 

investigation of the compounds. Only methods for determining the 

ant;icholinergic and musculotropi.c activity wi.ll be touched upon. For 

a detailed discussion of the entire testing procedure� the reader is 

referred to the review article in Researoh To�.3 

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 referenae standard with respect to ita ability to block or reduce 

the spasm. Experimental variables haire a profound effect on the test. 

and the results are frequently in. disagreement. For exampleD the pub-

lished values for the a.nticholi.:o.ergi" a�ti'lfi.ty of T:r.asentin determined 

in this manner ranged from 1 per cent5 to 20 per cent6 of that of a.tro-

pine. 

The second method employs the wholes �ive 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 Thiry 

fistulas, measurements of the activity may be obtained. There is fre­

quently a considerable variation in adti'vi ty as measured on the isolated 

muscle strip (in vitro) and as measured using the intact animal (in 

vivo) . The latter test seems to approximate clinical usefulness more 

closely, and a good correlation exists between results obtained with 

this type of test and clinical effectiveness. However, in� test-



ing is considerably more expensiv·e and time .onsuming than in vitro 

testing and is probably used less. 

5 

Because of the large number of factors which must be considered 

and tested9 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 waste· ..... oJt tmusa:ble mater ... a1.s, It 
is often quite difficult for the pharmaco1ogis·t:. 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 syrrthe�d.s of pha:rmac.�uticaJ. materiaJ.s 

has been applied to the preparation of ant,ispasmodics. This approach 

consists of preparing mod.if:i.cations and varia·tions of the structure of 

a na·turally occurring drug and "s thus essent:l..ally an empiri .aJ. one. 

The present knowledge of the physiological modes of action 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 modif'ications of atropine. The 
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present survey will consider primarily this work rather than the 

development of papaverine type structures. In dev·eloping 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 ac·ti·�ri ty � its biayolic structure 

was regarded as incidental and it was considered functionally as an 

aminoalcohol. . The second. assumptio:n wa�:: 1;o view tropi _, a .id as essen-

tially a branehed chain pherzy'laceti • add. Some of the modific:at.ions 

have been fairly close analogues of atropine� 'but othe:rs bear only a 

superficial resemblance to the prototype. 

The majority of synthetic ant.:ispasm dies reported to date may 

be divided into two broad classif.i.c:atlon::: on the balftis of their chemical 

structure. One group is comprised of. de:ri:va.t.ives of c:arbo:xylic a ids 

in the form of esters, amid.es9 and re .. ated types. The second group in-

eludes amines, amino alcohols 9 amino ether ... , and other compounds which 

are not acid 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 basic function is contained in 

the non-acidic portion of the derivative*� (2) derivatives of carboxyl-

-3�The carboxylic acid derivatives may be considered to be composed 
of two portions: the acid residue and the al�ohol, amine, et cetera whieh 
reacts with the acid to form the derivative. Either or both of these 
portions may contain the basic function common to the antispasmodics. 
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ic acids in which the basic group is contained in the acid residtrum, 

and (3) compounds other than derivativ·es of carboxylic acids . No 

attempt will be made to follow chronological order. 

B .  History 

l .  Derivatives of Carboxylic Acids ?-n Whi� the Basic:: Grou;e is  Contained 

in the Non-acidic Portion of the Molecule 

a. Esters . (1) Esters of simple disu'bstituted aceti acids . 

The ser�es of esters of 3-diethylamino-2,2-dimethylpropanol described 

by Fromherz7 in 1933 constitutes the earliest detailed publication in 

t,he antispasmodic field. His results re·vealed that .ompou.nds may simul-

taneously exhibit neurotropic and musr;rulctrop:� ':l a!lti·rl ty. They also 

showed that the presence of tropic acid was not &� essential factor; 

relatively simple disubstituted aceti.c acids were effeetive . The most 

potent member of the series was the benzili� acid ester but it was 

apparently too highly toxic . The tropic ai(J.id est,er was ultimately 

selected for clinical use and was marketed under the name Syntropan. 

In 1938 Halpern8 described a series of esters of al;eha alkyl 

phenylacetic acids in which the alk,yl group ranged from ethyl to heptyl . 

Maximum activity was obtained in esters of 0..-g-propylphenylacetic acid. 

Its diethylaminoethyl ester showed a remarkably low t�xicity, being 

approximately one-third as toxic as atropine . This compound was intro-

duced into clinical use in Europe under the name Propivan. 

Diethylaminoethyl diphenylacetate hydrochlor�de (Trasentin) was 

first described in a patent in 1936.9910 Tripod11 reported that, on 
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the isolated rabbit intestine� the relative antispasmodic activities 

of atropine, trasentin, and trasen.ti.n-H ( the oorresponding ester of 

phenylcycloh�lacetic acid) were 1:0.054:0.�. while the relative 

toxicities to mice were lsl.98 : 2  • .37, The compound also possessed 

approximately two-thirds of the musc'q.]..otropic a.�ti vi ty of papavezi.ne, 1 

It has been used by a number of investigators as a se�ondar,y reference 

standard for correlating acti'vi ties. 

In line with the previously :mentioned results of F.romherz, 7 

diethylaminoethyl benzilate was considerably more ae·t,i ve than Trasentin. 

KlosJ-2 reported it to be ten times as a "t:i'\re and also more toxic. 

Burtner and Cusic13 found the activity against acetyl choline to be 20 

( atropine = 100) and against barium chloride_, lb.2 (papaverine = 100). 

The analogous dimethylaminoethyl este�, first desc1:bed by Bli�ke and 
)· 1'5 16 Ka.plan14 and later studied by Lee, St:'\ott,, and C heY�: · and by Astrom 

was more active. Lee, Scott and Chen reported i.ts anti"'holinergic 

artivity as one�half that of atropine. They a so said 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 musculotro pic activity� 

He reported it to be more effective than trasentin in relrudl�g histamine 

induced spasm in the isolated intestine. In addition the toxicity of 

the ester was surprisingly low. Klo;:la12 sta·ted that both the diethyl­

and dimethylaminoethyl'benzilate were mydriatj.cs but did not give ll.!!-

desirable dryness of the mouth and had no effect on the,blood pressure 

or pulse rate. 
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A study of alpha d:isU:bsti tuted phenylaoe't;ic: a.::ids where the 

substi tuents were either hydrogen, methyl .9 or ethyl groups gave com­

pounds whose activity ranged from 1 • .5 to 1.5 (T:r.asen'tin ., 1).17 Buchel, 

Levy, and Pernot18 reported that esters of type (I-3) had important 

( I-3) 

spasmolytic, parasympatholytic and local anest.hetic properties . Those 

compounds where R was hexyl, cyclohexyl o�· phenYl we�e the most potent 

of the group studied. Basic esters of phenyl·yclohexylacetic acid, 

# -phenylac:r.ylic acid, diphenylacetil:l acid� and b..-e·thylphenylacetio 

acid were prepared by Cope19 who claimed that they were useful as anti-

spasmodics of low toxicity. 

( 2 )  Effect of varying the amino8.1.Clohol substi tuents. Numerous 

yariations of the aminoalcohol using diphenylacetie and benzilic acids 

as the acid function were reported. Munoz-Mena and Mavil Bueno20 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 Blicke23 prepared compounds of type ( I-4) and stated that 

( I-4) 

they were useful as antispasmodics. Several groups investigated esters 

of 3 (1-alkylpiperidyl) carbinols .  Feldkamp24 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(1-ethylpiperidyl) diphenylacetate . They re-

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

sphincter of the Oddi, the duodenum, and the m·eter . It was relatively 
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free from undesirable side effects and was no more tori/; tha.u T:r.:•asentin. 

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. 

Blicke. and Lee27 prepared a series of esters of the aminoalcohols 

(I-5) and (I-6). 2(1-Methylpy:t<Tol. dyl)--m.ethy dipheeylacetate was 

9- CH2<JH rl CH2(JH 
H3 ( I-5) 't; (I-6) 

effective against spasm at a dilution of lg870,000 while the analogous 

benzilate was effective at 1R54,ob09000. Under t.he same conditions 

atropine was effectiv·e at a dilution of 1�5o.,ooo,ooo, again illustrat-

ing the generally greater ac·ti vi ty 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 

(I-7) 

where RCOO- was benzilic acid, diphenylacetic acid or related types 

and· R' was a lower alkyl group. None of these compounds showed more 

than 5 per cent of the activity of atropine as an anticholinergic. 

( 3 )  Effect of v}U"Ying the alpha subs·�i tuent. 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, Bli�ke., Faust and 
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Raffelson29 reported the preparation of a series of compounds in which 

the alpha carbon was substituted with chlorine� bromine, etho:xyl jl and 

basic groups . Only weak activity was shown by all of these substances 

except the �-chloro and �-bromo esters . The potency i.n these cases 

was attributed to the fa�t that such substituents were readily hydro­

lyzed to give the analogous hydroxy compounds. Thus the physiological 

activities found were actually those of the 'benz:ili.rc� acid esters. 

Other workers13 have also obse:Mred that J. �halodiphenylacetates and 

benzilates displayed identical activ'i.ties . The preparation of compounds 

where phenoxy, 2-dimethylaminoethoxy_9 thiocyanate, and related groups 

were attached to the J. carbon was reported in 1955.30 These compounds 

showed marked spasmolytic acti'vi ty. 

(4) Effect of nuclear hydrogenation . Hydrogenation in the 

benzene nuclei of diphenylacetic and benzil:' c acids generally produced 

compounds of greater activity than was possessed by their precursors . 

The synthesis of diethylaminoethyl phenyl yclohe:xylglyeolate and the 

analogous dicyclohexylglycolate was reported by Miescher and-Hoffmann 

in two patents in 1941.31,32 -Meier and Hoffmann33 published the re­

sults of work which included a study of the effects of nuclear hydro­

genation. These results indicated that hydrogenation in the acid por­

tion of the molecule generally increased the activity with little 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 phenylcyclohexYlacetate which 

was approximately ten times as potent as the parent compound against 



acetyl choline. Saturation of both rings resulted in a sharp drop 

in the neurotropic activity. When tested on the isolated rat duo-

12 

denum, the relative activities of d.iethylaminoethyl diphenylacetate 

and diethylaminoethyl dicyclohexylacetate were 100:200.34 In 1953 

Plummer, Barrett, Rutledge� and Yorkman35 reported the results of a 

pharmacolo gioal. study of 2-N, N-diethyla.minoethyl phenylcyclohexyl­

glycolate methyl bromide (Antrenyl). They fO'I.:oo.d tt.e .. ompound to be 

readily absorbed and a stable, orally acti·1re a:1ticholinergic, Its 

antispasmodic aotivi ty on visceral smoot.h mu::;c- e was . omparable to 

that of atropine while Antrenyl possessed less marked mydriatic and 

salivary activity than the na.tl.lral spasmolytic. Its toxicity was low. 

In addition to its anticholinergic a�rt.i'vi ty, the ester strongly a.:ntag ... 

onized the action of barium chloride and hi.stamin.e on the isolated 

ileum of the guinea pig. The compound was placed in clinical use. In 

1942 Blicke and Maxwe11J6 prepared 2-N-piperidinoethyl 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 substi tuents were par­

tially saturated rings. 31-Ll Among' this group of esters, 2-diethyl­

aminoethyl- A 2-cyclopentenyl- A 2-cyclohexenylacetate (I-8) appeared 

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

Hoehn37 gave it their highest.�ating. Unfortunately, no reference 
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standard was reported. Several compounds among a series of phenyl­

�2-cyclohexenylacetic acid esters had activities of the order of one-

eighth or better than that of' atropine sulfate on the isolated rabbit 

intestine .42 Moffett4J patented esters of phenylcyclopentylacetic 

acid, claiming that they were useful antispasmodics which acted upon 

the involuntar,y muscle tissues to relieve spasm induced by the autonomic 

nervous system. Levy, Rajzman, and Tcboubar�·�· s·tated that the diethyl-

arninoethyl esters of alpha-substituted 1-cyc�lopentenylacetic 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 diethylaminoethyl fluorene-9-carboxylate • 

(I-9 ) was approximately six times as active against acetylcholine in-

( 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 JO per cent. Unforta�ately such an increase was not general; 

compounds of lower activity also resulted. Bur-tner and Brown45 reported 

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 produced a somewhat surprising drop in 

activity.13 

Expansion of the nuclear bridge in fluorene to include oxygen� 

sulfur, and nitrogen gave erratic results.46 The activity 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 musculotropic potency 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 

OOCH2CH2N(C2H5) 2 
"': 

( I-li) (I-12) 

more toxic than the corresponding fluorenecarboxylates .  Cusic and 

Robinson47 also reported a series of basic esters of xanthene-9-car-

boxylic acid, of which some appeared to be more potent than atropine . 
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The introduction of a methylana group between the two benzene 

nuclei resulted in a remarkable increase in muso·u.lotropic activity . 46 

Diethylaminoethyl 9,10-dihydroant.hraaene-9 ... carboxylate (I-13) was 

(I-13) 

twenty times as aQtive as papaverine against spasm induced by histamine . 

However, the compo·unds o.f this se:cies we:t:•e oha:ra.:�rte:r.-ized by weak ne·uro-

tropic activity and relatively high toxi�ity. 

( 6) Effect .2.£ guaterniza:bi9ll· �f.lhe ·tertia:ry amino compounds 

reported as synthetic apasmolytics ha:ve fo:r• the most part been tested 

in the form of their hydrochlorides . It was found that oomrersion o.f 

the esters into their quaternary salts by means of relatively simple 

alkyl halides generally enhanced the neurotropic a�ti�2ty at the expense 

of the musculotropic effect . 24,33,48 The toxicity sometimes remained 

unchanged but more commonly was significantly increased. However, the 

weakness of generalizations such as this has been emphasized by numeroU.'3 

exceptions . 49 

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

substitution on activity has not been evaluated comprehensively. In a 

series of para-substituted phenylcyclohexylacetic aoid esters , Hoffmann50 

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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alko:x:yl substi tuents . Introduction of a p_ara metho:x:yl group in ben.­

zilic acid esters greatly reduced both types o f  aetivity. 13J 5l 

Bockstahler and Wright52 prepared a series of alkoxyl substituted 

benzilates in which the size of the alkoxyl groups was varied system-

atically. None of these surpassed the ac-tivity 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 spasmolytic 

tests 9 given for seven of these compounds. ? indicated that all produced 

relaxation of the untreated, isolated intestd.ne although detailed in­

formation was not listed. In 1945, Faust, Feldkamp, and Moore54 pre-

pared a similar series of alpha alkyl para xenyle;lycolic acid e sters . 

They foundJ somewhat· surprisingly, that the acti'V"'ities of the glycolates 

were about the same as those of the correspondi_ g acetates .  

Beginni.-:_g in 1951, the synthesis and ·testing of ami.noesters of 

0...( 1-hydroxyc:ycloalkyl) � -phenylacetic: acid (I-14) were reported. 55, .57 

( 

( I-14) 

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) Ara.lkyl alpha substituents . In 1937 Wagner-Jauregg, 

Arnold, and Bor.n49 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 oases this resulted in a 

sharp drop in the neurotropic activity along with a rise in the musculo­

tropic potency . From this and other investi gations13,'8 it appears 

that for maximum activity the aryl group in a disubstituted acetic aoid 

derivative should be closely joined, if ��t directly attached, to the 

alpha carbon atom . 

( 9 )  Substituted cycloalkyl.carboxylie � esters . Rubin and 

Wishinsey-.59 reported an interesting series of esters in which the alpha 

carbon atom of the acid was an integral part of a cyclohexane or cyclo-

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

(flOH · 

( I-1,) 

study to include other eycloalkyl rings . 37 , 60-62 A number of these 

compounds have proved to be active . Diethyla.minoethyl-1-phenylcyolo­

pentane-1-earboxylate (Panpa�t) po ssessed one-thirteenth of the 

activity of atropine and was about three time s as potent as papaverine 

against barium chl:oride . 61 Its toxicity approached that of atropine . 

Levy and Tchoubar63 reported that, on the isolated rat duodenum, di-

etbylaminoethyl-1-phenylcyclohexane-1-carboxylate and the analogous 1-
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cyclohexylcyclohexane comp ound possessed twice the spasmolyt ic activity 

of a tropine . 

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

ing study, Pr otiva and Exner replaced the quaternary nitrogen common 

to almos t all antispasmodics with sulfUr and with phosphorus . 63 -65 These 

compounds (I-16 ) and (I-17 ) were cla imed to be much more a ctive than 

R 1 R2C XC OOC H2CH2S (CHJ )  2I 

R 1 R2CXCOOCH2CH2P (C2H5 )JI 

(I -16 ) 

(I-17 ) 

analogous nitrogen c ompounds . (Rl and R2 we re alkyl or aryl groups; X 

was hydrogen or h;ydroxyl . ) Indeed , the authors stated that 2 -me thyl-

mercaptoethyl phenylcyclohexylacetate methyl iodide exceeded all of the 

lmown and used nitrogen c ompounds in its anti-ace tylchol ine e ffec ts o 

Protiva and Adlerova66 prepared the analogous ester of phenylcyclohexyl-

glyc olic a c id .  They reported that in vivo in r abbits this c ompound was 

equal in a ctivity to atropine but was cons iderably le ss t ox ic . 

b .  .A,mides o In the modif ic ation of the a tropine mole cule , sev-

eral g roups investigated the e ffe ct of replacing the ester func tion 

by o ther a cidic derivative linkage s .  Meier and Hoffmann ccmpared the 

a ctivi ty of diethylaminoe thyl esters with that of the c orre sp onding 

amides o 33 In three out of five example s which t he y  gave , the esters 

posse ssed ten to one hundred times the neurotropic activity of the 

amides . The antibarium a ctivity and the toxicity of the two groups 

we re e ssentially identi cal . Others who carried ou t work in this field 

included Mie s cher,  Meisel,  and Hoffmann who repor ted that d ialkylamino -

alkyl amides of benzilic, tropic , and mandelic acids pos se ssed thera -
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peutio properties similar to atropine . 67 Fromherz and Spiegelberg 

stated that � pfoo:l;i.nylamides of diphen:y:Lace·cic , 'benzil� , and t�opio 

acids exhibited antispasmodic aoti vi ty . 68 Other a.mides of tropic acid 

were reported to show excellent spasmolytic properties . 69-71 Some of 

these showed a relatively wide margin between the therapeutic and toxia 

doaages . 70 

In 19$5 Krapcho , Turk, and Pribyl shJwed that alk7lating the 

amide nitrogen appreciably increased the a ·thrity o:f dialkylaminoalkyl 

benzila.midee . 71 Among a wide variety of substi.tuents 1 they found the 

methyl group to be moat effective . Some of these had atropine indioes 

as high as o . $-0 . 7 .  

c .  Thiel esters . In many pharmace·uti¢1lls ·' 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 ;e:- · . .  

aminothiobenzoate , was four to six times as active as Procaine, the 

analogous oxygen ester, while the toxicity was not proportionately in­

creased. 72 Extensions of this concept into the antispasmodic :field 

produced erratic results. In a seri es of compounds of type (I-18 )  

( I -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 anti spasmodic properti es and was 

twice as active as the corresponding oxygen comPound . 73, 74 For the 

same replacement, a twenty-fold increase in aotivity has also been 

claimed. 75 Hunter76 and Woodruff77 prepared aminoalkyl thioesters of 

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

aetivity . 76 Preliminary pharmacological screening of a seri es of thio-

esters of disubstituted acetic acids indicated that they were less 

active than the analogous oxygen esters . 78 In 19�9 a series of diaLlcyl­

aminoalkyl thiobenzilates were described in a patent. 79 The results 

of a pharmacological study of these compounds were reported in 1955 . 80 

The compo��ds were not outstanding anticholinergi� agents but higher 

activities against barium, potassium, and nicotine than had been pre-

viously known were claimed. However,  none of the eompounds was more 

active than papaverine on the uterus , bronchial mus _, es  or coronary 

vessels . Because of this apparent inc:onsi.sten:�y9 the author suggested 

that the generally accepted correlation between anti-bacr�um activity 

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

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

( C6H5) 2C (OR) COSCH2vH2NR2 

(�C6H4) 2CHCOSCH2CH2NR2 

(C6H5) 2C =CHCOSCH2CH2NR2 

(I-19) 

( I-20) 

( I-21) 

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 thioesters were de­

scribed by O egerholm and Ekelund82 and by Weston . 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-

2-thienylglycolic acid prepared by Blicke and Tsao84 were quite in-
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teresting . Diethylaminoethyl phenyl-·2-tJrlei'l..ylglycolate was · three : times 

as potent as the analogous diphenyl ester as a neurotropic spasmolytic.  

A slight decrease in the antibarium activity was obse�1ed. 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 . 

Campaigns 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 activ'ity and low toxicity . 86 

A number of aminoesters of alpha c:ycloalkenyl.-A -2-thienylacetic acids 

were prepared. 87-9l Several of these compounds were claimed to possess 

excellent spasmolytic properties . 

Luduena and Lands92 conducted a study of the pharmacology of the 

hydrochloride and methyl bromide of 2-N}N-diettzy-laminoethyl-c:k-cyclo­

pentyl-0.. -2-thienylglycolate . They fou:.11d that on the isolated rabbit 

intestine stimulated with acetylcholine 'both compounds were twice as 

active as atropine sulfate . A basic ester of 0..-phenyl- 0....-3-thianaph­

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

(I-22 )  

spasmodic and anti histaminic . 9 3 
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Khromov-Borisov and Zakharova94 claimed to have prepared the 

diethylaminoethyl ester of 0.. -phenyl-d. -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 ha�e been rather closely related 

to atropine in structure . A more dissimilar group of synthetic spasmo-

lytics is that in which ei·cher a or ·t:!J.e basi'l g:roup 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 Dusehi�s�5 reported a series 

of esters � thioesters, and amides of d.. amino- d., �--diphenylacetic acid. 

These compounds were useful analgesics, hypnotics , and antispasmodics . 

Brende�6 stated that diethylaminoethyl Ql-phenyl-Ol-N-piperidylacetate 

possessed one thirty-sixth of the acti·tri ty 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 . 

(I-23)  
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A group of similar compounds of the structure (I�24) was reported. 98 

Some of these had atropine indices of f'.i.ve�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 � and ! isomers of  (I-25) .  The racemate had been found to possess 

(I-25) 

high anticholinergic activity. After resolution it was shown that the 

leva isomer was four times as potent as the dextro against acetylcholine 

in an isolated muscle strip . 

In 1950 Vejdelek and P:r.ot:tva100 ·reported the preparation of a 
� 

compound in whi "'h the positions of the dialkylaminoalkyl and diphenyl­

methyl groups had been reversed from the usual ones ( I-26) .  This com-

pound, a spasmolytic of the papaver�ne 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 

th 1 u1. b t f th d t t di t . • t 101-111 e mo ec e J  u none o ese possesse ou s an ng ac �Vl y. 

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 1949 . 112 In 

this paper the authors described the preparation and testing of a group 
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of a.minoketones of type (I-27 ) where R was phenyl, naphthyl or a 

(I-27) 

heterocyclic group . RV 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 simple prototypeso  l,l=Di.phenyl-4-N-piperidino­

butanone-2 was prepared by Katz and Karger in 195'2 . 114 In the same year 

Wilson and Kyi ll5 prepared materials of the same type but varied the 

amino function (I-28 ) . These compounds w·ere not tested as antispasmodics 

( I-28 ) 

but were reported to be potent local anesthetics which were unstable 

in neutral or alkaline solution. 1.,1-Diphenyl=l-alkyl�4-dia.lkylamino-

2�butanones were synthesized by Zaugg, Freifelder, and Horrom .116 They 

vrere also tested not for spasmolyti. potency but as analgesics . 

Sprague and Schultz117 reported ketones and alcohols of type (I-29) .  

C6H5(C6H11)CHCOCH2CH2NR2 

C6H5 (C6H11)CHCH(OH)CH2CH2NR2 

No statement of their physiological activity was given. 

(I-29) 

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

and Wilkinson118 reported that 1,1-diphenyl�amino-1-alkanols and 1-

alkenes were of value as spasmolytic agents . Similar but somewhat more 

complex substances were also claimed to possess antispasmodic proper­

ties .119 Adamson120 reported in more detail on the preparation and 

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

(C6ff5) 2C (OH) CH2CH2NR2 

( C6ff5) 2C=CHCH21rR2 

(C6ff5) 2CHCH2CH2NR2 

( I-30) 

( I-31) 

( I-32 ) 

were surface anesthetics, and in some cases comparable to atropine . 

A group of 1, 1-diacyl-3-dia.l.kylamino=l-propanols where the dialkyl-

amino groups were substituted piperazines were c� aimed to exhibit anti­

spasmodic properties . 121 Phenyl-cyclohexyl carbinols of type ( I-33 ) 

( l-33) 

also showed spasmolytic activity. Harfert.ist and Magnienl22 stated 

that these compounds had substantial acti 11-i ty though somewhat lower 

than atropine in maximum activity. When the propane skeleton was 

methyl-branched, their potency was decreased severely. 1-Phenyl-1-

cyclohexyl-3-N-piperidino-1-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-1-propanols plus the analogous 1-propenes.  The 

alkenes showed marked spasmolytic activity; the alcohols did not .  19 1-

Diphenyl�3-methyl-3-dimethylamino-l-propene strongly antagonized the 

action of acetylcholine and barium chloride on the isolated intestine . 124 

Katz, Karger, and Cohen125 reported but��ols of type ( I-34) .  Of these, 

( I-34) 

1 , 1-diphenyl-3, 3-dimethyl-4-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-4-N-

piper�dino-l�butene was 5-10 times as active as Trasentin � 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 i.n � a:minoketones . 126,l27 

The importance of chain length in producing activity was illus­

trated by the work of Morrison, Long, and Konigstein128 who fo�d that 

a series 1,1-diphenyl-1-hydroxy-2-diaLkyla:minoethanes possessed no 

outstanding spasmolytic properties. Several workers prepared 0.. -2-

thienyl�anols and alkenes.129-l33 These were repor�ed to possess 

favorable spasmolytic activity9 but no detailed statements of their 

pharmacology were given. 

An extensive series of a:minoalcohols was prepared by the reduc­

tion of the corresponding aminoketones .134-l42 These compounds 

possessed the general structure (I-35) , where R, R' were aryl, cyclo-

( 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 b e  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 alkanol·s 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 (4) in-

creasing the co�plexity of the compounds lessened the activity. 

c .  Miscellaneous �. Numerous other types of structures 

were tested as antispasmodics . Aminoethers of type (I-34) wel;"e claimed 

(I-34) 

to show antispasmoqic activity comparable to atropine . 143-l45 

Rieveschl146 extended the aminoethyl chain to aminopropyl and reported 

that the compounds were power.ful antihistamines. They were also said 

to be useful in preventing �ooth muscle spasm induced by histamine, 

acetylcholine, or barium chloride . Ethers of structure (I-35) were 

(I-35) 

claimed to possess antispasmodic activity, especially for the smooth 

muscles of �he intestine .147 Some dialkylaminoalkyl ethers of the 

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

��(� 
Cl� 

' 

(I-36) (I-37) · 

depressors and also showed appreciable musculotropic activity.l48 

Aminotbioethers were reported to be antispasmodics.149 Fahlen, Huber, 

Las�owski, and Clinton15° combined ester and thioether functions in 
compounds of type (I-38) where RCOO was diphenylacetic, benzilic, or 

RCOO{CH2):m-S-(CH2)nNR2 (I-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. 

Benoit, Jacob, and Eliopoulol5l found that some members of a series 

of 6)-diphenyl-dialkylarninoalkanes 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-l55 Cyclic amines 

were tested. 4-Substituted-N-alkylpiperidines possessed spasmolytic 

activity as well as antihistaminic and analgesic potency. l56 N,N '-

Disubstituted piperazines were reported to be  active especially against 

neurotropic spasm.157 

Antispas�odics which contained no basic function have been pre­

pared. Sperber, Papa, and Schwe�58 claimed that acids of type ( I-39) 

RR' R"CCOOH (I-39) 

showed spasmolytic properties when they totaled 12-17 carbon atoms and 

the R groups were of approximately equal length. Koninkl;i.jke159 , l6o 

reported non-basic antispasmodic esters . He said that e�ters 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 s�tisfies 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 ant�spasmodic . The work to be report�d 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 pharmqceuticals 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 cert�in structural features in common with one another and with 

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

CH2· ....;:__ �H--yH2 � qH20H 
. H3C-f tH-o�-<1HC6H5 

CH2 -- bH-- �H2 

(II-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 ) .  

Aryl I I 

>J · 

' -I Y -6 -c ---t N � - -
1 ' ' 

R 
• 

I I . 
Large block- •1 Connecting \Amino 
ing group group function 

( II-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 . 



31 

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 relat.ed ana· ogu.es .  A number of substances 

derived from benzilic acid have been reporijed to possess high anti-

cholinergic activity. These compom1ds all fit the generic formula 

( II-3 ) . In the present work it was proposed to va:ry the nature of 5 
C6H5 JH Q ) C -C --�--CH2CH2N< 
C6H5 

( II-3) 

and for each such variation to prepare the partially hydrogenated ( II-4) 

and completely hydrogenated ( II-5) analogues of the benzilic acid deriv-

(II-5) 

ati ves .  Such a study, combined wi. t.h 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 

(II-6) 

( II-8 ) 

(II-9 ) 

R1 ;m 

R
�C----GOCH2CH2��3R4 

( II-10) 

in activity associated with vaz�ation 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 modity 

the original aims somewhat . For some of the types it proved impossible 

to prepare the reduced analogues of the benzilic acid derivatives by 

any o f  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) . 

C6H5" � GH3 R1 

_,?V-co:N--cH2CH2N( 
C6H11 R2 

( II-11) 

--cocHzCH2N( 
C6H?)I R1 
C6H R2 

( II-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 compounds constituted the maj or 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 .  Phenyloyclohexylglycolic 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 !· Shaoklett161 reported the preparation of 

phenylcyclo�exylglycolic acid from benzilic acid by the partial reduc­

tion of methyl benzilate . This series of reactions is  given in ( II-12 ) . 
9H 1 .  KOH 9H 

(C6H)) 2C -COOH - 2 • CHJI � (C6H5) 26-coocH3 

(C6H)) 2�::_COOCH3 
-H-2-

� 
Pto2 
HOAc 

OR 
c6H5-b ----coocH3 

66Hu 

(II-12) 

C6H5-b�OOH 
t6H11 

The �uthor reported that when hydrogenation of  the ester was stopped 

at a point corresponding to 50 per cent of omplete reduction, a mix-
ture was obtained which consisted of approximately 17 . 5  per cent methyl 

benzilate 9 17 .5  per cent methyl dicyclohexylglycolate and 65 per cent 

methyl phenylcyclohexylglycolate . These products could be separated 

by di stillation. In the present work, it was found that an easier 

separation was obtained when the reduction was carried out only to 45 

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 .l62 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 64 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 



several runs were placed in a pot attached to an eight-foot Vigreux 

column. The acetic acid was removed by distillation under reduced 
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pressure from a water pump and the residue was f�actionated 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 au·bhenti{.'l phenylcyclohexyl­

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 preparati:ve work . Phenylcyclo-

hexylglycolic acid was obtained from the ester 'by hydrolysis as de-

scribed above . 

( 2) Method !?_. An alternative method of preparation which 

gave the acid directly was also used. This pro edure was essentially 

a modification of the procedure of Smith, A1derman9 Shacklett and 

Welch163 for the synthesis of phenyl Y'-�lohexylglycolic acid. Benzoyl 

cyanide was prepared from benzoyl chloride by the procedure of Oakwood 

and Weisgerber .164 By hydrolysis in concentrated hydrochloric acid, 

benzoylformic acid was obtained. Addition of cyolohexylmagnesium chlo­

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

C6H5COC1 Cu2 (CN) 2 :) C@I!)COCN 
6 t· HCl 

2 .  H� 

a6115-F-{looH . 

1 .  C6HnMgCl 
Et20 

C@Is<JOCOOH 
2 .  rr+ , H2o 6Hll 

( II-13 ) 
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The yields from this series of reactions were not generally very high. 

Some diffioul ty was experienced both in the hydrolysis of benzoyl cyanide 

and in the addition of the Grignard reagent . Because of these factors 

thi s method of synthesis was used to prepare only a small amount of the 

acid employed in the research . 

( 3 )  Method £· It was planned to prepare the acid by the 

series of  reactions outlined below ( II- 4) .. 

+ Or NaDEt � 

( 

0!1 < ) 

( II-14) 

1 .  OH'; H20 
2 .  H+ 

cor� H 

(Y--cooH 

A similar procedure through step three had been used previously by 

Kolloff, Hunter, Woodruff and Moffett42 to prepare phenyloyclohexyl-

acetic acid. 
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In the present work the substituted a(:�et.:i.c 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 only product was a hard 

polymeric material which was insoluble in base even after extended 

heating. 

Since , in general, the aci.d chl.or·ide br.omi.:t ates more easi . .  y than 

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

C6H�_/ 
/

........COOH . 

C6H11 
c)�r 

� 
.
. :......-....cOCl C6H 

16.5 Sch�enk and Papa have reported the successful bromination in this vmy 
of a number of acid chlorides, including those of phenylacetic acid a.n.d 

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 refiuxed 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-i· soluble . 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 hydrolysis has been 
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reported by Symons and Zincke ,166 it would appear that the difficulties 

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. 1±.,�-Dimethoxybenzilic �· This acid was prepared by a 

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

KCN ) 
EtOH 

H3C-O 

(II-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 aminoalcohol ( 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) 

( II-19 ) . 



RCOCl + HOCH2 ( CH2)xCH2NR2 

(II-17) 

-:..::N�==---?> RCOOCH2 ( CH2) x0H2NR2 

(II-18 ) 

RCOOH + ClCH2 (CH2 )xCH2NR2 � RCOOCH2 (CH2)x<JH2NR2 

(II-19 ) 
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Two of these methods,  the second and third, were utilized to prepare 

the esters of interest in this research . 

a .  Method A .  It was origina1.ly 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) . 

Na > 

6 

(II-20) 

The procedure described by Hili and Holmes167 
vvas used. 

When the reactants were refluxed at atmospheric pressure for ten 

hours, none of the desired product was obtained. The alternate procedure 

of Hill and Holmes167 was then employed. This consisted of heating the 

reaction mixture,  at controlled temperatures 9  under reduced pressUre . 

Methanol was removed continuously as it was formed in the reac.tion . By 

this method the aminoesters were obtained, although in poor yield. Be-

sides the low yields, the procedure has the disadvantage of being ma.ni.p-

ulatively difficult and tedio�s. The compounds prepared by this method 

are lis·ted iii Table I .  



1 .  

2 .  

3 . 

4 .  

5 .  

6 .  

7 . 

TABLE I 

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

R R' 

C6H5 C6H11 

C6H5 C6H11 

C6H5 C6H11 

C6H11 C6H11 

C6H11 C6H11 

4-CHJOC6H4 . 
4-CHJOC6H4 

4-CH30C6H4 4-CHJOC6fl4 

apiperidino 
bFo11owed by hydrog�nation 

'- J>H  �" � --DOOCH2cH2 . · X  
R "R.tn 

R" R '" X 

CH3 CH3 HCl 

C5Hlo 
a HCl 

C5H1oa CH3Br 

CH3 CH3 HC1 

c5Hlo
a HC1 

C_5Hloa HC1 

C5H10 
a CH.,Br 

., 

Method of Per Cent 
Preparation Yield 

A 47 

A 47 

B 24 

Bb 72 

Ab 35 

B 92 

B 53 

Melting 
Point °C 

219-220 

223-224 

176-177 

258�.259 

212-213 

181-18� 

147-148 

+::-
0 



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 

AXH 
ClCH CH NR '  cis - PrOH ) 

Ar
':c

_,.PH 

R 'cooH 
+ 2 2 2 

� � 'coOCH2CH2NR2 · HCl 

( II-21) 

reaction. The N,N-dialkylaminoethyl chlorides were obtained from the 

analogous ethanols . Treatment w.i. th thionyl chloride by the procedure 

of Slotta and Behnischl69 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 Shirleyl?O and subsequent distillation ( II-22 ) .  

R2NCH2CH20H + SOCl2 ) R2NCH2CH2Cl ·  HCl 

( 
OH-J R2NCH2CH2Cl 

( II-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 w.i. th no difficulty. These 



compounds are listed in Table I .  

3 .  Amides 

a .  Method A .  Phillipsl7l 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 

consisted of a t1�pty-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 benzilamide� 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 Hoffmann67 also reported a 

group of benzilamide� prepared by the reaction of methyl benzilate with 

the appropriate qmine . However, these workers used an excess of the 

amine itself as a solvent rather than methanol as Philipsl7l 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 

II . 

c .  Preparation of dicyclohexylglycolamides . The dicyclohexyl 

substituted compounds were again prepared by the complete hydrogenation 

of the corresponding benzilamide hydrochlorides .. The procedure de-



8 .  

9 .  

10 . 

11 . 

12 . 

TABLE II 

2-N, N-DIALKYLAMINOETHYL AMIDE HYDROCHLORIDES 

OF DISUBSTITUTED GLYCOLIC ACIDS 

R 

C6H$ 

06H5 

C6Hll 

C6H11 
C6Hll 

R ,..OH <::n 
)c - CONHCH2CH2N • HCl 

R' R "' 

R' Rl1 R "' 

C6Hu CH3 CH.3 

C6Hll C5Hloa 

C6Hu CH.3 CH3 

C6Hu C2H5 C2H5 

C6Hn C,5Hloa 

B.piperidino 

Per Cent 
Yield 

12 

18 

29 

50 

35 

43 

Melting 
Point oc 

215-216 

222-22.3 

233-234 

231-232 

260-261 
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scribed for the preparation of the dioyclohe:xylglyoolates was followed. 

These amides are also listed in Table II , 

4.  B:-Methylamides 

In general, . it has been found that ami des are much weaker an't.i-· 

spasmodics than the corresponding esters . In 1956, Krapcho , Turk and 

Pribyl71 reported the preparation of a nurtibe:t• of N, N�dialkylaminoalkyl­

benzilamides which possessed alkyl substituents on the amide nitro gen. 

These investigators stated that such substi.tu·t:.ion increased markedly 

the antispasmodic activity over that of the unsubstituted amide s .  

Among a wide variety o f  substi tuents, the methyl g.r•oup was found t o  be 

the mo st effective substituent in in -::r.easing the physiological acti v·i ty. 

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 Priby17l prepared their ami des 

by the reaction of the acid chloride with the appropriate amine followed 

by hydrolysis of the Ol-chloro group ( II-24) . The compounds were ob-

tained in 80-90 per cent yield . 
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(1)  Acid chlori des . The intermediate d. , cl-diphenyl-d.. -

chloroacetyl .chloride was prepared from benzilic acid by the method 

of King and Holmesl72 ( II-25) . The acid chloride was obtained in 45-

(C6H5) 2��COOH + PCl5 
( II-25) 

5o per cent yield. 

Attempts to prepare d.-phenyl- �-eye:·· ohexyl- d-chloroacetyl 

chloride by treatment of phenylcyclohexylglycoli.c acid with phosph:Jrus 

pentachloride or thionyl chloride were unsuccessf'ul . When a.mides pre-

pared from the product obtai ned did not give the correct elemental 

analyses, a closer study of the purity of the supposed 0... -phenyl-d.­

cyclohexyl- d. -ehloroacetyl chloride was made. A sample prepared by 

treatment of the acid with thi onyl chlori de possessed unsaturation as 

evidenced by positive bromine and Baeyer tests . It is possible that 

it is a mixture of d.. -phenyl- d..-cyclohexyl- 0...-chloroacetyl chloride, 

Cl-phenyl-�-cyclohexylideneacetyl chloride ( II-26) and Cl -phenyl-el -

��-cyclohexenylacetyl chloride (II-27 ) . A E-toluidide prepared from 

a-COCl 

(II-26) 

the reaction produet did not give a sharp melting point even after 

several recrystallizations . The nature 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 ) ,g_-!;!,!;!-Dialkylaminoethyl methylarn:i.nes . 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 Ke:rmack and Wight, 17 3 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 ) 9  gave the desired amine in 15-

EtoH yH3 
K2COJ � R;aNCH2CHzN-H 

( II-i28) 

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 . 174 This method 

consisted essentially of shaking a four-fold excess of 40 per cent 

aqueous methylamine solution with the f:ree N, N-dialkylaminoethyl chlo­

ride ( II-29) .  The shaking was conducted in a pressure bottle equipped 
yHJ 1 . HzO > R2NCH2CH2N-H-

2 .  NaOH 

( II-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 . 
GHJ 

R2N--CH2CHz--N--GH2CH2NR2 

(II-30) 
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(3 )  !i-Methylamides . The procedure of Kr•apcho , Turk and 

Pribyl7l gave the amides listed in Table III in good yield. Two of 

these were previously reported by Krapcho , Turk and Pribyl . 71 How-

ever, the melting points given by these authors differ from those 

found in the present work .  In view of the apparen-t impossibility of 

obtaining pure c\.-phenyl- 0-..-cyolohexyl- 0.-chloroacetyl chloride,  it 

was decided to prepare the analogous acet�ides (II-31) to determine 

C6H6 ) 
C6Hl4 

(II-31) 

whether the reported increase in activity for the benzilamides would 

also be observed for the acetarnides . These compounds were also ob-

tained in good yield and are listed in Table III . 

b .  Method B .  Since �-phenyl- 0-.cyclohexyl-d..-chloroacetyl 

chloride could not be obtained by the procedures used, the preparation 

of the phenylcyclohexylglycolamides by the ester interchange method 

was attempted. ( This procedure has bee� previously described in con-
' 

nection with the preparation of the unsu�stituted glycolarnides . )  

Equimolar quantities of the methyl ester and the amine were renuxed 

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 
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14 . 

15 .  

16 . 

TABLE III 

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

R 

C6fl) 

C6H) 

C6H) 

C6H) 

R _7. JHJ <"' )c-eo -cH2CH2N • HCl 
R'  "' 

R '  R" R '" X 

C6H) CH3 CH3 OH 

C6H) C5H1o 
a OH 

C6Hu CH3 CH3 H 

C6H11 C5Hloa H 

aPiperidino 

Per Cent 
Yield 

26 

46 

89 

85 

bKrapcho, Turk and Pribyl7l give 252-253° . 
cKrapcho , Turk and Pribyl7l give 212-214° . 

48 

Melting 
Point °C 

272-274b 

226-227c 

206-207 

208-209 



the preparation of the dicyclohexylglycolates . The products from 
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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 .  Tniol Esters 

It has been observed by Clinton, Salvador, Laskowski and Suter175 

that replacement of an oxygen atom by a sulfur atom in compounds pos-

sessing ph7siological activity results in a decrease in toxicity 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

pounds . Morrison and Konigstein79 reported the preparation of several 

such compounds, incl�ding 2-N,N-diethylaminoethyl thiolbenzilate and 

2-N-piperidinoethyl 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 Moffett78 was 

followed. The reaction of cl, d-diphenyl-0..-chloroacetyl chloride with 

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

(C6H5) 2�=-COCl + R2NCH2CH2SH 

106116 ,6 

(C6H5)2��COSCH2CH2NR2 •HCl 11 . H+, H20 
2 . Na2C03 
3 .  Et20 ,  HCl gas 

?H 
(C6H5)2C--GOSCH2CH2NR2 · HCl 

( II-32) 

compounds are listed in Table IV. It was not possible to prepare the 

desire� redu�ed analogues of the thiolbenzilates because of the lack of 

the req�s�te 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 � -N,N-dialkylamino­

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

NH 
R2NCH2CH2+l

2 

• 211Cl Oil"" ) R2NCH2CH2SH 

( 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-DIALKYLAMINOETHYL THIOLBENZILATE HYDROCHLORIDES 

Per Cent Melting 
R R'  Yield Point °C 

17 . CHJ CHJ 7 153 - 154 

18 . C2H5 C2H5 23 138 - 139 

19 . C5Hlo
a 17 185 - 187 

ap:;i.peridi)lO 



6 . Ketones 

The preparation and physiological. testing of aminoketones has 

been reported by a number of investi gators . However9 no report of a 

ketone of the structure (II-34) has been noted in the literature . 

(C6H5) 2��--(CH2)nNR2 

( II-34) 

Wilson and Kyi ll5 and Zaugg, Freifelder ar d Horrom116 have prepared 

related compounds , (II-35) and (II-36) respecti·vely, but the se were 

tested as anesthetics rather than as antispasmodics . 

(C6H5) 2CHCOCH2CH2NR2 

(II-35) 

(C6H5) 2CRCOCH2CH2NR2 

(II-36) 

a .  !,!-Diphenyl-!-hydroxy-�-���-diall0;laminobutanone-�-hydro-

chlorides . In view of the generally increased acti vi.ty of alpha hy­

droxy compounds over their alpha hydrogen analogues ,  it was decided to 

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

(C6H5) 2b--cocH2cH2NR2 

( II-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 
9R 

(C6H5) 2b--COCH3 + R2NH·HCl + CH20 

lR10H, .6 

(C6H5) 26�COCH2CH2NR2 

( II-38 ) 
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was the preparation of the 1.11 1-diphenyl�l-hydro:xypropanone-2 inter-

mediate . 

(1)  _!,±_-Diphenyl-1-hydrox;rpropanone.-g,. Several methods of 

preparation of this ketone were investigated. Of these,  three were 

successful .  All of the attempts are discussed below. 

( a) Method !· A Claisen condensation between methyl 

benzilate and ethyl acetate, followed by hydrolysis and decarbo:xylation, 

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

(C6H5) 2��COOCHJ + CHJCOOC2H5 

loH-, 
( C6H5) 26�COCH2COOC2H5 v �H�OH 

1H+ , H20 , 

(C6H5) 2b�OCHJ 
(II-39) 

orange liquid, possessed a carbonyl functi.on as evidenced by the form­

ation of a 2 , 4-dinitrophenylhydrazone and an oxime . The melting point 

of this oxime was 15° lower than that reported by Stevens and Sherr176 

for 1,1-diphenyl-1-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 Mannioh reaction . The failure of these attempts 

led to a search for other ways to prepare the intermediate . This mrk 

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

for the Mannich reaction had not yet been determined. It is possible 
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that the Claisen product was the desired ketone and that improper reac-

tion condi tiona were the cause of the failure of the Mannioh reactions . 

(b) Methgd � ·  A modification of the procedure of Cason177 

was employed. The reaction of 1..,1-diphenyl-1-chlor•oacetyl chloride with 

dimethyl cadmium ( II-40) gave no ketonic product.., however, as indicated 

( II-40) 

yl 
(C6H,S')2C-COCHJ 

lH+, H20 

(C6HS) 26�cocH3 

by the failure of the material to form any carbonyl derivatives .  

( c) Method Q. The procedm•e of Stevens and She�76 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 

( II-41) 

�C2H5 
CHJ -- COOC2H5 

C2H5 

�C2H5 9H 
CHJ C-- ( C6H5) 2 

C2H5 

CHJ8J�C6H5) 2 

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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( d) Method :Q_. The procedure of Tegner178 for the prep-

aration of methyl ketones was followed. This involved the reaction of 

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

(C6Hr:') 2LcooH + CHJLi 1 .  Ether, � ) (C6H5) 2t-cocHJ ;) 2 .  HCl 

(II-42 ) 

were not successful; the starting benzil.ic acid was recovered quanti-

tatively in each case . 

( e) Method �· The substituted propanone was to be pre-

pared by hydrolysis of its oxime which could be obtained by isonitro sa-

tion of propiophenone followed by the addi.ti.on of phenylmagnesium 

bromide to the carbonyl group (II�4.3) . 

0 woH 
C6H.J-C--cH3 + C6H5MgBr H?O ) 

9H 'ffOH 
(C6H5) 2C-� -CHJ hydrolysis )· 

(II-43) 

The procedure was quite success-

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 Le�79 

were followed. 1,1-Diphenylpropa.none was prepared by a Friedel-Crafts 

reaction. Bromination of this product followed by hydrolysis of the 



56 

alpha bromo group gave the desired compound (II-·44) . This reaction 

C6H5CH2iCH3 + Br2 � C6H,5b�-t CHJ 

Br 
C6H5dHCOCHJ + C6H6 A1Cl3 > (C6H5) 2CHCOCHJ 

Bl" 
( C6H,5) 2CHCOCHJ + Br2 CCl4 > (C6H5) 2C--COCH3 -15° 

(C6H5) 26�COCHJ dioxane > (C6H:;) 2�COCH3 H20 6 

( II-44) 

proceeded nicely and in good yield. It appea!'s 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 ami:noketones by the Mannich re-

action. All of the methods consisted essentially of refluxing an alco-

holic solution of 1 ,1-diphenyl-1-hydroxypropanone-2 with a secondary 

amine and formaldehyde . However, they di.ffe:r:oed in respect to the time 

of reflux, the alcohol used as solv�nt, and the presence or absence of 

water in the reaction mixture . Only the procedure of Zaugg, Freifelder 

and Horrom116 
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 . !-Phenyl-!-cyclohexyl-�-�,�-dialkylaminobutanone-� hydro­

chlorides .  It was proposed to prepare these compounds by a Mannich re-

action employing 1-phenyl-1-cyclohexylpropanone-2 . Three methods were 

employed to prepare the hitherto unlmown propanone . Two of these were 

successful .  
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TABLE V 

SUBSTITUTED 4-N, N-DIALKYLAMINOBUTANONE�2 HYDROCHLORIDES 

R ?- /tt 
') -cocH2CH2� • HCl 

R'  Ill 

R R '  R" R"' X 

C6H5 C6H5 CH,3 CHJ OH 

C6H5 C6Hll CH,; CH3 H 

C6H5 C&In C5H1o
a H 

�iperidino 

Per Cerrh Melting 
Yield Point °C 

19 163 . 5 - 165 

22 181 . 5  - 182 

25 214 - 215 
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(1) 1-Phenyl-1-cyclohexylpropanone-£. ( a) Method !· The 

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

tion of phenyl acetone using a cyclohe:xyl halide (II-·45) .  A number of 

¥ 
C6H5CH2COCH3 + C6fl11x NaOR ) C6H59 -----COCH3 

C6H11 

( II-45) 

investigators have alkylated phenylacetone with a va.r:i.ety of alkyl 

halides in good yield. The attempts reported here were unsuccessful, 

however . In every case 9 some phenylacetone was re��overed together 

with a high boiling residue . In view of the reported success with 

other alkyl halides , the difficulty must be associated with the cyclo-

hexyl group in some way. As will be discus sed in Method B, the analo-

gous alkylation of phenylacetonitrile with bromocyclohexane gave the 

desired product . Why the reaction with phenylacetone did not give 

similar results is not as yet clear . 

(b) Method �· A modification of the procedure of Hauser 

and Humphlett180 was used. The action of methyl magnesium iodide on 

phenylcyclohexylacetonitrile gave the desired compound although the 

yield was not satisfactory (II-46) . 

ether 

(II-46) 

The identity of the ketone was 

) C6fl5yH -COCHJ 
G6Hu 
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verified through the elemental analyses of its 2 ,  4-dini trophenylhydra-

zone and oxime . 

( c) Method C .  The reaction of phenyloyclohe:xylacetyl 

chloride and dimethyl cadmium ( II-47) by the procedure of Cason177 gave 

( II-47) 

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 aminoketones prepared from 

1-phenyl-1-cyclohe.x:ylpropanone.-2 , the reaction conditions of Wilson and 

Kyill.5 were used. These differ from those 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 1-phenyl-1-cyclohexyl-1-hydroxy­

�-�,��dial;ylarninobutanone-� hydrochlorides . A Mannich reaction employ­

ing 1-phenyl-1-cyclohe.x:yl-1-hydroxypropanone-2 was to be used to pre-

pare these aminoketones .  An attempt was made to prepare the propanone 

intermediate by bromination of 1-phenyl-·1-cyolohexylpropanone-2 fol­

lowed by hydrolysis (II-48) . The product of this reaction possessed 

unsaturation as evidenced by positive bromine and Baeyer tests . (Oom-

pare these results with tho se obtained from the bromination of phenyl-



C6H5iH 80CHJ + Br2 
6Hu 

C6H5-�-
r 

-COCH3 b6H11 

dioxane ) 
H20 , .Ll .  

(II-48 )  

CCl4 ) C6H56� COCH3 
-150 b 6Hu 

6o 

cyclohexylacetic acid under different conditions . In both cases,  un­

saturation 'was noted. ) The extent of unsat.u!.'ation was not determined, 

but, since the material was not pure 1-phenyl. .. ·l-':Jycl.ohexyl-1-hydroxy-

propanone-2 , the method was abandoned. Si.nce no alternate synthesis 

of the propanone seemed promising, the preparation of the aminoketones 

had to be abandoned. 

C .  Physiological Testing 

The compounds were tested for physiological activity in the Pharm-

acology Branch of the Chemical Co:t"ps Medical Laboratories in Arrrry Chemical 

Center by Drs . Gerald Groblewski and J .  H .  Wills . The results reported 

here are of a prelimina_r<y nature and are not by any means complete . In 

addition, test results on a number of the compm.lJJ.ds have not yet been 

received. The tables to follow will summarize the data which are avail-

able .  

The follo·wing tests were made : 

l .  Ability to prevent mortality from a standard dose o f  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 . 

4. 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. 

All of these tests were conducted in the live, whole animal . In 

test ( 1) the compounds were compared to at:r·opi.ne i.n ability to prevent 

mortality from an anticholinesterase compound. A standard dose of the 

latter C?mpound was given to six rabbits9 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 (J )  were run on cats . Injections of acetylcholine 

or histamine produce a marked fall in the anima1 V s  blood pressure . The 

activity of the compounds is reported i.n terms of their ability to block 

this fall . 

Test (4) 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 (tes� 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 bliru{ing . 

The results of these tests are summarized in Tables VI-VIII . 

Of the compounds for which results have been ob·tained, the most active 

in preventing mortality from a standard dose of an anticholinesterase 

is compound 14. Compound 2 appears to be the most active antispasmodic . 



TABLE VI 

ANTICHOLINESTERASE SCREENING 

(Te.sts on Rabbits With Standard 2 .0  Mg . /Kg . Dose 
Unless Otherwise Indica-ted) 

Less Active 
Than Atropine 

7 

Equally as Active 
c9.s A tropi:'te 

1 
2 

3 

s 

6 

9 

10 

11 

12 

More Active 
Than Atropine 

14 

63 



TABLE VII 

DIRECT EFFECTS OF CHEMICALS ON FUNCTION 

Per Cent Block Effect of Compound on: 
of Blood Press.ure 

Fall After 
Dose Acetyl Blood Respiration 

No .  (MgQ/Kg . )  Choline Histamine Pressure Gut Depth Rate 

1.  2 . 0  93 18 None None None 
( 77 - 0 . 7  mg . ) 

2 . 1.0 78 0 
( 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 

4 .  7 .0 63 39 -40% -100% + + 

5 . 2 .0  74 25 None None None 

(54 - 0 .5 mg . ) ( 0 . 5  mg . ) B.locks response 
to acetyl choline 

8 .  0 .5 None None None Tonus increased + None 

ll. 6.5 Increased 16% Increased 6% None None + + 

12 . 7 .0 5 None ..:.11% None 
- -

+ + 

a-
+:-



Slight Mydriasi s :  

Slight Miosi s :  

Local Irritation: 

TABLE VIII 

EYE EFFECTS 

l, 4, 11, 12 

3 , 5, 8 

11 

65 



CHAPTER III 

EXPERIMENTAL 

All of the reagents used were obtained commerc:ially except 

where otherwise noted . They were of the highest quality available . 

The substituted arninoethanols 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 Phenylr.;yclohexylglyelolate 

The procedure of Shacklett16l was employed" 

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

ing, with stirring, 100 g.  (o .44 m. ) of benzilic aci.d to a solution of 

30 g. (0 . 53 m . ) of potassium hydroxide in 700 ml. of absolute ethanol . 

After filtering and drying, 10'7 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 Qy 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 carbi tol 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 cloudiness and 

chilling the resulting solution. Small snow-wbi te Deedles were ob­

tained, m.p .  76-76 .�. (Klinger and Stan.clke18l give ?L�-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  g. of platinum oxide at room temperature under initial hydrogen 

pressures of the order of 64 psi . Shaking was con·cinued until. about 

45 per cent of the amount of hydrogen required for aomplete 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 solu.tions 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 fractions 

listed in Table IX .  All o f  the fractions were clear.ll slightly yellow 

liquids . Fractions 1-9 were quite viscoUSJ 10-11 fiowed 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 phenylcyclohexylglyeolic acid, it was determined that 

fractions 4-10 were sufficiently pure to be used in further work . 
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TABLE IX 

DISTILLATION OF REDUCED METHYL BENZILATE 

Head 
Volume Temperature Pressure Refractive 

Fraction Ml .  oc rnm .  Index 

1 .  17 .0 162-164 7 1 . 4989 

2 .  33 . 0  164-168 7 1 . 5078 

3 . 48 . 5  165 7 1.5097 

4 . 47 . 2  166-170 7 1.512-0 

5 .  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 

11 . 24 . 5  184-188 11 1 . 5705 



After standing for several days » fraction 7 spontaneously crys­

tallized. The remaining fractions (4-10) alao crystallized after they 

were seeded. All of the fractions gave small white cr,yatals» 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 dicyolohexyl­

glycolic acid, m.p .  168-170° . 

2 . Preparation of Phenylcyclohexylglyoolic � 

a .  Method !· Methyl pltenylcyclohexylglycolate was hydrolyzed 

as described (A .l . c )  to give the crude acid in quantitative yield . 

This was recrystallized several times by dissolrtng it in hc>t• ethanol� 

adding sufficient water to produce a slight eloudiness � and chilling. 

Small white needles� m.p.  160-162° � were obtained. (SmithJ) Alderman� 

Shacklett, and Welch163 give 167-168° . )  

b .  Method B .  (1) Benzoyl cyanide. This compou..'l'ld was prepared 

from benzoyl chloride by the method of Oakwood and Weisgerber . 164 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 r 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 Weisgerberi64 give 32-33° . )  

They were used without further purification. 

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

gerbe�82 was followed. 

In a 1-1 . flask were placed 50 g.  ( 0 . 38 m. ) of benzoyl cyanide 

and 5oo ml .  of concentrated hydrochloric acid. The flask was stoppered 

and shaken occasionally until all of the material had dissolved ( about 

twel·ve 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 v-acuum desiccator . Cooling · 

the chloroform solution gave colorless crystals which weighed 48 g .  

(86 per cent) and melted at 63-65° . (Oakwood and Weisgerbe�82 give 

64-66° . )  

( 3 )  Phenylcyclohexylglycolic acid. A Grignard reagent was 

prepared from 12 . 4  g .  ( 0 .51 m . ) of magnesium turnings and 6o . 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 a:yer was sepa-

rated and extracted w:l. th 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 �rdlling . White needles �  

m.p .  158-160°, were obtained by this procedure . ( Smith, Alderman!l 

Shacklett, and Welch163 give 167-168° . )  

c .  Method G .  ( 1) 1-Bromocyclohexe�e . This was prepared ac­

corcli.ng to the procedure of Ziegler� Spaeth!) Str;thaaf9 Schumann, and 

Winkelmann . 184 Two hundred grams ( 1 .  44 m. ) of c.�yclohexene , 72 g .  

(Oe48 m. ) o f  N-bromosuccir.d.mide and 300 ml .  of carbon tetrachloride 

were refluxed until all the N-bromosuccirdmide had reacted ( thirty 

minutes) . The insoluble succinimide for�ed in the reaction was removed 

by filtration . Distillation of the filtrate under reduced pressure gave 

48 g .  ( 62 per cent) of 3-bromocyclohexene, a slightly yellow liquid, 

b.p.  82-85°/45 mm. (Grossleyl85 gives 74°/28 rnm . ) 

( 2 )  Diethyl phenyl- �2-cyclohexenylmalonate . The method de­

scribed by Kolloff, Hunter, WoodrUff, and Moffett42 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 d.ropwise addition of 49 . 1  g.  

( 0 . 305 m. ) of 3-bromocyclohexene . The reaction mixture was then refl�ed. 

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 t-wice with ether . Distillation of the 

combined organic layers gave 48 g. ( 51 per cent) of diethyl phenyl-62-. 

cyclohexenylmalonate . The product was a faintly yellow liquid, b . p .  

155-1.60°/0 . 5  mm .  (Kolloff , Hunter, Woodruff, and. Moffett42 give 126°/ 

0 .07 mm . )  

( 3 )  Pheny1-�2-oyclohexenyl.acetic aaid.  The procedure of 

Kolloff , Hunter, Woodruff� and Moffett42 was aga:in employed. A solu­

tion of 48 g .  ( 0 . 15 m . ) of diethyl phenyl-62 -cyclohexenylmalonate and 

53 . 3  g .  ( 0 . 95 m . ) of potassium hydroxide in 250 ml o  of 95 per cent 

ethanol was refiuxed 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° .  ( Kolloff, Hunter, Woodruff, 

and Moffett42 give 120-122° as the melting point of the pure compound. )  

(4)  Phenylcyclohexylacetic acid. This compound was prepared 

by catalytic reduction of the unsaturated acid. Thirty-one grams 

(O ol43 m. ) of phenyl-�2-cyclohexenylacetic acid was dissolved in 100 

ml o  of 95 per cent ethanol and shaken with 0 . 2  go  of platinum oxide at 

an initial hydrogen pressure of 64 pai o until no further drop in 

pressure was noted .  An attempt to remove the cataJ.yst by filtering was 

u_nsuccessful 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 filtrate 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° . 

(Kolloffs Hunter, Woodruff, and Moffett42 give 146 . 5-147 . 5° as the 

melting point of the pure acid. ) 

( 5) Attempted preparation of phenylcyclohe;rlbromoacetio 

acid. It was proposed to prepare this compound by a Hell-Volhard­

Zelinsky type reaction. A mixture of 10 . 9  g. (o .o5 m. ) of phenyl­

cyclohexylacetic acid, 8 . 2 g. (o.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 phenylcyclohex.ylbromoacetyl 

chloride . A modification of the procedure of Schwenk and Papa165 was 

followed. A mixture of 21 .8  g. (0 .1  m . ) of phenylcyclohexylacetic 

acid and 30 ml .  (48 g . , 0 . 41  m. ) of thio:nyl 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 phenylcyclohe:xylglycolic acid had 

to be abandoned. 

3 . Preparation of 1±.�> 4'�Dimetho:x:ybenzilic AClid 

This was prepared by the benzilic aci.d rea:t"'rangement according 

to the procedure described by Shacklett .186 

a .  1!,41 -Dimethoxyrbenzoin. A mixture of 1.50 g. (1 .1  m. ) of 

anisaldehyde, 180 g. of 9.5 per cent ethanol, 30 g. of potassium cyanide 

and 120 ml . of water was reflu.xed for two hours . An additional 30 g .  

of  potassium cyanide was added and reflux:ing was continued for an addi-

tional two hours . The solution was cooled rapidly with vigorous shak-

ing and allowBd 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-

zoL� was filtered, washed with a cold 80 per cent aqueous ethanol so­

lution and then with water and dried. There was obtained 46 g. of 

white solid melting at 107-109° . (van Alphen.187 gives the melting point 
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as 113° . )  An additional 8 g .  was recovered from the filtrate by di­

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

b .  �'� -DimethO?cybenzil . A mixtu.r.•e of 104 g.  (O o  .38 m. ) of 4,4 1 - · 

dimethoxybenzoin, 229 g .  of copper sulfate pentahydrate, 229 g. of py­

ridine and 92 ml .  of water was refiuxed 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 hydrochloric 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 yellow needles,  m .p .  132-

13 .30 . (Klein188 gives 132-133° . )  

c .  g,,�-Dimethoxybenzilic acid. To a boiling solution of 17 g .  

o f  potassium hydroxide i n  90 ml .  of 1-butanol was added 35 g.  ( 0 . 13 m. ) 

of 4,4 '  -dimethoxybenzil . Refluxing was contiJ.'Iu.ed 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 .  1.62-164° . 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° . (Bosler189 gives 164° . )  

4 .  .S-!'I, ,!i-Dial.kylaminoethanols 

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 , Cor•teggiani , and Nicolas • 19° 

E.-!i-Pi,Peridinoethanol . A mixture of 30 g .  (0 . 37 m . ) of ethylene 

chlorohydrin, 50 g .  ( 0 . 70 m. ) of piperidine and 200 ml .  of benzene was 

reflu.xed 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)) Chabrier, Corteggiani., a:n.d 

Nicolas190 give 198° . )  

5 .  Preparation of E.-!,�-DiaJ.kylaminoeth;vl . Chlorides 

The method of Slotta and Behnisch169 was used to obtain the 

substituted aminoethyl chloride hydrochlorides . The free bases were 

prepared from these hydrochlorides by the procedure of Gilman and 

Shi 1 170 r ey . 

a.  £.-Diethylaminoethyl chloride . To a chilled ( ice bath) so­

lution of 156 g .  (1 .32  m . ) of p-diethylarninoethyl 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 (o . 58 m. ) of this hydrochloride was treated 

with 150 ml .  of 4o per cent aqueous sodium hydroxide . The liberated 

chloride was extracted 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 .  ( 74 per cent) . 

b .  1. -!l,, !l,-Dimeth:}rla.minoethyl chloride . This was prepared by 

an analogous procedure in 53 per cent yield. It was a colorless liquid, 

b . p .  109° . (Slotta and Behnisohl69 give 109° . )  

c .  A.-!l.-Piperidinoethyl chloride . This was prepared by an 

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

900 . ( Gilman and Woodsl9l give 36-38°/0 . 5  mm . ) 

All of these substituted aminoethyl chlorides tended to dimerize 

on standing . This was especially true of � -N, N-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 o:xide and refluxed for eight hours . The mixture 

was di stilled and the fraction boiling at 82° was collected. 

? .  Preparation of �-!l,,�-Dia1kylaminoethyl Esters £! Substituted Glycolic 

Acids 

a .  Method A .  The method of Hill and Holmes167 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 .  

�-�!l,-Dimethyl�noethyl phenylcyclohexylglycolate hydrochloride . 

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

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

R R' R" RIIJ  

C6H_5 C6H11 CHJ CHJ 

C6H_5 C6Hu C5f!loa 

C6H_5 C6Hu C_5Hloa 

C6liu C6Hll CH3 CH3 

C6fl11 C6Hu C_5Hlo� 

4-CHJOC6H4 4-CHJOC6H4 C5Hlo
a 

4-CH30C6fl4 4-CHJOC6H4 C_5Hlo
a 

aPiperidi.no 

hrollowed by hydrogenation 

R, ;m /-"' 

/C----COOCH2CH2� - ·X 
R' " 

Method Per Melting 
or Prep- Cent Point 

X aration Yield oc 

HCl A 47 219-220 

HCl A 47 223-224 

CH3Br B 24 176-177 

HC1 Bb 72 2.58-2.59 

HGl Ab 3.5 212-213 

HCl B 92 181-182 

CH3Br B 53 147-148 

Analyses 
Calculated Found 

c H c H 

63 . 24 8 . 2.5 63 .31 8 . 46 

66 .04 8 .4.5 66 . 02 8 • .5.5 

6o. oo 7 . 78 .59 . 97 8 . oo 

62 .14 9 . 8.5 62 . .58 9 . .58 

65 . 01 9 . 87 65.03 9 . 78 

63 . 37 6.94 6J c 08 ? . ll 
.58 . 30 6 . 52 .58 .10 6.62 

-:I 
en 
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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. (o . o46 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 wi thd.rawn 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 wa.s 

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 with 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 b,y 

dissolving the compound in hot ethanol, adding sufficient anhydrous 

ether to produce cloudiness,  and chilling . This gave small needles,  
. 0 m.p . 222-223 . 

Anal. Calcd� for c1aH2aNo3cl : c,  63 .24; H, 8 . 25 

Found& C ,  63 .31; H, 8 .46 . 

b .  Method �· The procedure of Horenstein and Pahlicke168 was 

used to prepare several of the aminoesters . For illustrative purposes 
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the preparation of 2-N-piperidinoethyl 4,4' -dimethoxybenz�late hydro­

chloride will be described. Other esters prepared. by Me·thod B are 

listed in Table X .  

�-�-Piperidinoethyl ���-dimethoxybenzilate hydrochloride . A 

mixture of 2 .3  g .  ( 0 . 015 m. ) of � -N-piperidinoethyl chloride, 4. 3 g.  

( 0 . 015 m. ) of  4, 4 1 -dimethoxybenzilic acid and 75 ml .  of  dried isopropyl 

alcohol was refiuxed for twelve hours . When allowed to cool to room 

temperature , the contents of the fiask 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.p .  174-179° . 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 C23H3oN05Cl : C ,  63 . 379 H9 6 . 94 

Found: C ,  63 . 08� H, 6o94. 

c .  Preparation of dicyclohexylglycolates .  These esters were 

prepared by the complete hydrogenation of the analogous benz�ate 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 appro:x:ima.tely 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 i.n 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 � quaternary annnonium salts . The method employed 

for 2-N-piperidinoethyl 4,4'-dimethoxybenzilate methyl bromide� which 

is typical, follows . The hydrochloride� 11 . 6  g. ( 0 .0266 m .  ) , was co� 

verted into the free base with dilute sodium hydroxide . The amino­

ester was extracted with ether;. the solution <ir>ied; 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 147-148° . 

Anal. Calcd. for C24H32N05Br: C ,  58. 30; H, 6.52 

Found: C ,  58 . 10; H, 6 .62 .  
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B. .Amides 

1. £-�,�-Dia1kylaminoethylamines 

These amines were obtained commercially with the exception of 

2-N-piperidinoethyl amine . 

�-�-Piperidinoethylamine . The method of van Alphen192 was 

employed. A solution of 100 g. (0 .4.3 m. ) of l.'J 5�ctibromopenta.TJ.e in 200 

rnl .  of absolute ethanol was added slowly to 150 g .. ( 1 . 9 m. ) of ethylene 

diamine hydrate .  After a one-hour reflux period, a.._n 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 atmospheric press·u.re until the ethanol and 

excess amine were removed.  The pressure was reduced and the product 

was collected below 100°/20 mm. This distillate was fractionated at 

atmospheric pressure . The amine , a colorless liquid boiling at 187-

1890, was obtained in 58 per cent yield (32  g . ) . (von Alphen192 gives 

187° . )  

2 .  Preparation of �-!,!-Dialkylaminoethylamides of Substituted Glycolic 

Acids . 

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 4.4 g .  ( o . o5 

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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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 benzilat� 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 Hofrmann67 

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 .  

�-�-Piperidinoethyl dicyclohexylglycolamide hydrochloride . A 

mixture of 11.0  g. (o.o45 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 
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9 .  

10. 

11 .  
12 . 

TABLE XI 

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

R R' 

C6H5 C6Hn 

C6H5 C6Hn 

C6Hn C6Hn 

C6Hn C6Hn 

C6Hn C6Hn 

aPiperidino 

R" R'" 

CH3 .c�3 
C5Hlo 

a 

CH3 CH3 

>j)H ��� . 
---CONHCH2CH2� · · HCl 

R '" 

Per Cent Melting 
Yield Point °C 

12 21.5 - 2l6 

18 222 - 223 

29 233 - 234 

C2H5 . C2H5 5o 231 - 232 

C5Hlo
a 35 26o - 261 

Analyses 
Calculated Found 
c H c H 

63. 42 8 . 56 63 :70 8 . 27 

66 . 21 8 . 73 66.18 8 . 63 

62 .31 10 . 17 62 . 27 10 .39 

64.06 10.48 63 .80 10.43 

65 . 17 10 . 16 65 . 05 9 . 96 



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

This hydrochloride was hydrogenated as described 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 C21H39N202Cl: C, 65.17 ; H, 10. 16 

Found: C ,  65.05; H, 9 .96 . 

C .  N-Methyl Ami. des 

l .  Preparation of �-�,�-Diaikylaminoethyl Methylamines 
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a. Method A .  The procedure o:f Kermack and Wight173 was followed. 

(1) _g_-!!-Piperidinoethyl metbylami.ne . A mixture of 72 g. 

( 0 . 39 m. ) of �N-piperidinoethyl chloride hydrochloride , 180 g. of a 

saturated solution of methylamine in absolute ethanol , and 48 g.  of 

anhydrous pot as si um carbonate was re£1. ux:ed 'With stirTing for two hours. 

The reaction mixture was diluted with wate�9 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 Wight173 give the boiling range as 

190-200° . They give 174° as the melting point of �he dipicrate . )  

( 2 )  _g_-!!, !!-Diethylamine ethyl methylamine . This compound was 

prepared by an analogous procedure from 66 g. ( 0 . 39 m . ) of � ... N,N-di­

ethylaminoethyl chloride hydrochloride . The substituted ethylene di­

amine was a colorless liquid, b.p . 157-16'7° . There was obtained 8 g .  

(16 per cent) . (Kermack and Wight173 give the boiling range as 157-
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b. Method �· The method of Damiens174 was used. 

(1) ,g,-!!,_!!-Diethylaminoethy:l methy1amine. In a pressure 

bottle equipped with a thermometer and a stopcock were placed 61 g .  

(o .45 m. ) of  �-N, N-diethylaminoethyl chlorid� and 2'70 ml .  of 40 per 

cent aqueous methylamine solution. After the stopcock was closed, the 

bottle was shaken on a mechanical shaker. The temperature rose to 5o0 , 

at which point the stopcock was opened to release the pressure which 

had deyeloped� 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 y an organic layer separated. 

The alkaline mixture was- extracted three times with ether and the 

dried extract was fractionated usirig a two-foot helix-packed column. 

The product was a colorless liquid, b.p. 152-154°/740 mm .  (Kermack 

and Wight173 give 157-160° . )  There was obtained 18 g. (31 per cent) . 

( 2 )  ,g,-_!!-Piperidinoethyl methyla.m:ine. This compound was 

prepared by an analogous procedure from �-N-piperidinoethyl chloride. 

The colorless liquid was collected from 187-192°/740 mm .  (Kermack 

and Wight173 give 190-200° . )  The amine was obtained in 30 per cent 

yield. 

(3) ,g,-.!!,_!!-Dimethylaminoethyl methylamine. This amine was 

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

distilled at 115-117° . (Damiens174 gives the boiling range as 115-117° . )  



2 . Preparation £! � Chlorides 
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The acid chlorides were prepared from the acid and phosphorus 

pentachloride by the method of King and Ho1mes .
172 

a .  .2:,, a..-Diphenyl-.Q.-ehloroacetyl chloride . In a flask which 

was immersed in an ice bath were placed 38 g .  (0 .18 m. ) of phosphorus 

pentachloride and 20 g.  (o .o88 m . ) of benzilic acid. The contents were 

mixed thoroughly. After two to three minut.es a vigorous reaction began. 

When this reaction 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 vigorously until 

the organic material solidified. The cream eolored solid was collected 

on a filter .  I t  was dissolved in ligroin without heating . The ligroin 

solution was rapidly dried over anhydrous magnesium sulfate and then 

distilled under reduced pressure until about one-third of the originaJ. 

volume remained. This residue was chilled in an :i.ce-water bath. There 

was obtained 11 g .  (46 per cent) of the acid chloride, a white crys­

talline solid, m.p.  47-49° . (King and Holmes172 give 48 .5-49 .5°;  

Billman and Hi�06, 50-51° . )  

b .  Attempted preparation of d -Pheny�-�-cyclohexyl- �-chloro­

acetyl chloride . The preparation of this substi·tuted acetyl chloride 

was attempted by an analogous procedure starting with phenylcyclohex:yl-

glycolic acid. A brown liquid product, presumed to be the acid chloride, 

was obtained in 40 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 cl -phenyl- cl -cyclohexyl-d.-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 po:r.•tions showed positive 

tests for unsaturation as evidenced ·by the decoloration of permanganate 

solutions and bromine solutions . A £-toluidide was prepared from the 

acid chloride by standard procedures . After four recrystallizations 

from ethanol-water, it still melted over a range � from 145-152° . Sirice 

it was apparent that the product vvas not the desired acid chloride�  this 

method of preparation of the phenylcyclohe.xylglycolamides was abandoned. 

c .  At tempted preparation of 4,9 Q. -dit�J::clohexyl·� S-chloroacetyl 

chloride . The preparation of this compound wa.s 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 thl.s aeid chloride . In view of 

the results with phenylcyclohe.xylglycolic acid, it seems probable that 

the material obtained in this reaction was not the desired acid chloride . 

d .  Attempted preparation of .9._,.Q..-(;e,.,�-dimetho:x;vphenyl)-0.­

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 g_-!i_,_!:!-Dia1kylaminoethyl Methylamides of Substituted 

Glycolic and Acetic Acids 

a .  Method A .  These compo1.U1ds were obtained by the method of 

Krapcho , Turk, and Pribyl . 71 The preparation of 2-N-piperidinoethyl 

methylbenzilamide hydrochloride, which is typical, will be describedo 

Other amides which were obtained by this procedure are listed in Table 

XII .  

g_-!i_-Piperidinoetbyl methylbenzilamide hydrochloride . A solution 

of 2 .. 3 g .  (0 .008.5 m . )  (i)f d._ ,  a.-diphenyl- ��chloroacetyl chloride in 6 

rnl .  of hexane and 4 rnl .  of benzene was maintai.ned at 20-30° during the 

dropwise addition of a solution of 1 .18 g .  (0 . 0083 mo ) 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 0. -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 .  21.5-217° . Recrystallization was performed by dissolving 
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14 .  

15 . 

16 . 

TABLE XII 

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

R R' Rtt R "t 

C6H5 C6H5 CH3 __ CH3 

C6H5 C6H5 C5H1oa 

C6H5 C6H11 CH3 CH3 
C6H5 C6Hn C5Hloa 

aPiperidino 

Y- CH3 /n · 

� --co��CH2CH2 'a- · HCl 
R tn 

Per Cent 
X Yield 

OH 26 

OH 46 

H 89 

H 85 

Melting 
Point °C 

272-274b 

226-227° 

206-207 

208-209 

�apcho , Turk and Pribyl7l give 252-253° . 

0Krapcho, Turk and Pribyl 71 give 212-214 ° . 

Analyses  
Calculated Found 

c H c H 

65 .41 7 . 22 65 . 28 7 . 29 

67 . 94 7 . 52 68 . 01 7 . 28 

67 . 34 9 . 22 67 . 23 9 . 38 

69 . 71 9 . 31 68 . 85 9 . 34 
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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 Pribyl7l g:l..ve 212-21.4° . ) 

Anal . Calcd. for C22H29N202Cl : C ,  67 . 94; N, 7 . 52 

Found: C ,  68 .01; H, 7 . 28 .  

b .  Method B .  Since it was not possible to obtain� pure 0... ­

phehyl-d_-cyclohexyl- 0..-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 pheny1cyclohexylglycolamides . 

Prior to the discovery that the compound presumed to be cl -phenyl..Q ­

cyclohexyl-�-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) �-!-Piperidinoethyl methylphenyleyclohexylglycolamide . 

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

m .p .  192-193° . 



Anal . Calcd . for C22H35N202Cl g C �  66 . 89 ;  H, 8 . 93 

Found: c ,  68 . 88 ;  H, 8 . 78 . 
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( 2 ) £-!,!-Dimethylaminoethyl methylphenylcyclohexylglycol­

amide . The hydrochloride was obtained in 27 per cent yield . It was 

a white solid, m .p .  156-158° . 

Anal . Calcd. for C19H31N202Cl: C ,  64.30; H, 8 . 81 

Found: C ,  6o . 42; H, 8 .59 . 

d.  Attempted reduction to di.eyclohexylglycolamides . The reduc­

tion of the b enzilamides 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 )  £-�-Piperidinoethyl methyldicyclohexylglycolamide . The 

hydrochloride was a white solid, m.p. 241-242° . 

Anal . Calcd . for C22H4lN202Cl: C ,  65. 89 ;  H, 10 . 31 

Fo-qnd: C ,  66.41; H, 8 •. 74. 

( 2 ) £-�,!-Diethylaminoethyl methy1dicycloha;rlglycolamide . 

The hydrochloride was a white solid, m.p.  177-178°. 

Anal . Calcd.  for C21H4lN202Cl : C, 64. 83 ;  H, 10 . 62 

Found: c ,  65. 70,  65.91; H, 8 . 78 ,  8 . 92 . 
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1.  Preparation of �-!!_,!!-Dia.lkyla.minoethyl Isothiouronium Chloride 

Hydrochlorides 
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The procedure of Albertson and Clinton 72 was followed for the 

preparation of these compounds . 

a .  �-!i_, !!-Diethylarninoethyl isothiouroni"wn. chloride hydrochloride . 

To a refluxing solution of 15 . 7 g. ( 0 . 207 m. ) of thiourea in 50 rnl. of 

absolute ethanol was added over a period of one and one-half hours a 

slurry of 35. 2 g .  (0 . 205 m. ) of �-N,N-diethylaminoethyl chloride hydro-

chloride in 100 rnl .  of ethanol. The solution was refluxed for six 

hours , cooled and diluted with 200 ml .  of ethyl acetate and 5o ml. of 

ligroin. There was obtained 46 g .  ( 90 per cent) of a white solid, m .p .  

183-185° . (Albertson and Clinton72 give 194-195° . )  

b .  £-!i,,!-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 Green193 give 181-182° . )  

c. £-�-Piperidinoethyl isothiouronium chloride hydrochloride . 

The reaction of thiourea and �-N-piperidinoethyl chloride hydrochloride 

gave a 60 per cent yield of white solid, m.p . 223-226° . ( Clinton, 

Salvador, Laskowski, and Suter194 give 225-225 .5° . ) 

2 .  Preparation of £-!,!i,-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 40 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 t�e thiol esters . 

3 .  Preparation of £-�,�-Dialky1aminoethyl ThiolbenZi.late H;tdro!Chlorides  

The procedure of Kolloff, Hunter, Woodruff_, and Moffett78 was 

followed. The preparation of 2-N ,N-dietbylaminoethyl tbiolbenzilate :PY.-

drochloride is typical.  Other thiol esters prepared by this method are 

listed in Table XIII . 

£-_!!,�-Diethylaminoethyl thiolbenzilate hydrochloride . The ether 

extract from the decomposition of 25 g. ( 0 .1  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 0.. , 0..-diphenyl-d.. -

chloroacetyl chloride in 100 ml .  of benzene . After the addition, the 

reaction mixture was reflu.xed for three hours . The white solid was 

filtered and dried . The crude 2-N, N-diethylaminoethyl 1,  l�diphenyl-1-

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 chil�ed 

solution gave white crystals ,  m. p.  153-15·5° . (Morrison and Konig­

stein79 give 16o0 . ) 

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 

Analyses 
Per Cent Mel till§ Calculated Found 

R R' . Yield Point C c H c H 

17, CH3 CH3 7 153-154 61 . 46 6 . 30 61 . 22 �.45 

18 . C2H5 C2H5 23 138-139 63 . 21 6.90 63 . 31 6.90 

19 . C5Hlo 
a 17 185-187 64. 34 6 .69 64. 06 6 .47 

aP;i..peri.dino 
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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 Konigstein79 give 111-

1120 . ) 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 out 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 �hen 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. Calcd. for C2oH26N02SCl : C ,  63 . 21; H, 6 .90 

Found: C, 63 . 31; H, 6.90 . 

E .  Ketones 

1 .  Preparation of 1,1-Diphenyl-l-hydroxypropanone-£ 

a.  Method A .  In a 1-1 . three-necked ±�ask containing 280 ml .  

of  sodium-dried toluene was placed 6.9  g .  ( 0 .3  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, 48 .4 g .  (0 . 2 m. ) of methyl benzilate was added, followed by 



35 .2  g. ( 0 .4 m. ) of dried ethyl acetate . The mixture was refluxed 

97 

with stirring for twenty-four hours . The toluene was then removed by 

distillation and the residue heated with an excess of sulfuric acid 

(1 : 2 ) 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 ,i'mre redistilled 

through a Vigreux column. The material which distilled at 110-120°/ 

17 fum. was collected. This weighed 25 . 0  g.  (55 per cent) . An oxime 

vms prepared from this liquid by standard procedures .  The compound 

was recrystallized from hot ethanol by add.i.ng water until the solution 

became slightly cloudy .  The oxime then precipitated from the cooled 

solution. After several recrystallizations in this manner, the white 

small needles melted at 145-146° . (Temnikova195 gives 159-160°; Stevens 

and Sherr176 give 161-162° . )* 

Anal . Calcd. for C15H15N02 : C J 74. 67 ;  H, 6. 27 

Found: c, 74.90; H, 6 . o8 .  

b .  Method B .  The procedure of Cason177 was followed. A Grigna.rd 

reagent was prepared from 2 .4  g .  ( 0 .1  m. ) of magnesium turnings and ex-

��When this material was used in the Mannioh 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-1-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. ) o f  anhydrous cadmium chloride during five minutes �  The 

mixture was stirred under reflux :for thirty minutes until a Gilman 

test195 :for the Grignard reagent was negative . The ether was dis­

tilled to near dryness, 65 rnl .  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 0. ,  <i.-diphenyl-0.-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 . T4.e residue was a dark 

viscous liquid which would not distil below 200°/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-

di tion 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 Sher�76 was em-

ployed to obtain the substituted acetone . 

(l) 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 400 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 �,�-Diethox;ypropionate . 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 

holll's .  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.  (84 per cent) of a colorless liquid, 

b.p.  84-88°/18 mm. (Stevens and Sherr176 give 93-94°/26 mm � )  

(3) b!-Diphenyl-�,£-diethox:ypropanol-!: In a 5-l . ,  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 dl , CL-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 distilled. Two fraetions were col-

lected, one of 124 g . ,  b .p .  70-140°/2 mm. and a second of 134 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 

ShezT176 
give 73-74°

. ) 

(4) !-,!-Diphenyl-1_�hydrox:ypropanone-g_. Five grams (0 . 017 

m . ) of 1,1-diphenyl-2, 2-diethoxypropanol-1 was ref1:uxed for three hours 

with a mixture of 100 ml .  of 95 per cent ethanol and 100 ml .  of 1 : 1  

hydrochloric acid.  The solvent was removed by distillation under re­

duced pressure ( 2 mm . ) at room temperature . The receiver was cooled 

in a "Dry Ice11 -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. ( 5o per cent ) of a 

white solid, m.p . 60-61° . ( Stevens and SherT176 
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 .  (Temnikova19.5 gives 159-160°; Stevens 

and Sherr176
, 161-162° . ) 
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d. Method £· The procedure of Tegnerl78 for the preparation 

of methyl ketones was followed. 

Finely cut 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 w.i.. th 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. ) o f  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 allowed 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)  � nitrite . The method of Vogell97 was 

used. 

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

mometer, and a separatory funnel with the stem extending to the bottom 
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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 0 :!: 1° . The reaction mix­

ture was allowed to stand for one and one-half hours and then was 

filtered from tne 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 !!_-amyl nitrite was distilled at atmospheric 

pressure to give 112 g .  (59 per cent) of a clear yellow liquid, b.p. 

104° . (Vogell97 gives 104° . )  

(2 )  Isonitrosopropiophenone . The procedure of Hartung and 

Crossleyi98 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 rnl. 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 thl.s time the solu-
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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 )  !,2:_-Diphenyl-2:_-hydro?CI.-3_-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 .• l . .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 

vms filtered and dried to give 75 g .  ( 62 per cent) of the oxime, m.p. 

158-160° . (Temnikova195 gives 159-160°; Stevens and Sherr176, 161-

1620 . )  
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(4) Hydrolysis .2£ � 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 40 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 4o per cent formaJ..in . The starting material was recovered 

1mchanged. 

(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 40 per cent 

formalin solution. The unchanged starting material was recovered. 

f .  Method F .  The procedure of Stevens and Lenkl-79 was employed. 

(1) b!_-Diphenylpropanone-g_. This product was prepared by 

the method of Schultz and Mickey . l99 In a J-1. flask equipped with 

stirrer, dropping _funnel, and reflux condenser �re placed 148 g .  

(1 .1  m. ) of phenylacetone and 800 ml .  of dry, thiophene-free benzene. 

To the vigorously 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 1-phenyl-1-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 

1-phenyl-1-bromopropanone-2 was added dropwise over a period of two 

hours . After the addition, the almost black reaction mixture was 

refluxed for an additional hour, cooled and poured with stirring onto 

2 kg . of ice and 4oo 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 anr1ydrous 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, b.p . 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 Mickeyl99 

give 60-61° . )  Material of this purity was used in the subsequent re­

actions . 

( 2 )  �!-Dipheny1-!-bromopropanone-�. This was prepared by 

the direct bromination of 1,1-dipheny1propanone-2 .  A solution of 34 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 Ice11-acetone bath and vigor­

ously stirring the liquid which separated. The crude ketone (30 g . ,  

64 per cent) was a light tan solid, m.p. 49-50° .  ( Stevens and Lenkl79 

give 55-56° as the melting point of the pure product . )  The bromo­

compound was hydrolyzed without further purification. 

(3 )  111-Diphenyl-1-bydroxypropanone-g. This product was 

prepared by hydrolysis of the bromoketone. A solution of 30 g. (0.104 

m. ) of 1,1-diphenyl-1-bromopropanone-2 in 430 ml .  of 1,4-dioxane and 

100 ml .  of water was refluxed for three hour s .  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 obtai..'led 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 
. 

0 small white needles, m.p.  58-60 • A mixed melting point with an au-

thentic sample of  1,1-diphenyl-1-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 !,!�Diphenyl-!-hy§roxy-�-��li-dia1kylaminobutanone-g 

Hy<iroohlorides 
116 A modification of the procedure of Zaugg, Freifelder, and Horrom 

was used to prepare these ketones by a Mannich reaction. The prepara­

tion of 1, i-diphenyl-1-hydro:xy-4-dimethylam.ino butanone-2 hydrochloride 

is typical and will be described. Other aminoketones are listed in 

Table XIV. 

( a) !� 1_-Diphenyl-1_-hydro:xy-�-dimethylaminobutanone-£ hydrochloride .  

A mixture of 5 .3  g.  (0 .02 m. ) of 1 �1-diphenyl-1-hydroxypropanone-2 , 2 .4 

g.  (0 .03 m. ) of dimethylamine hydrochloride , and 1 .6  g. of paraformalde-

hyde in 30 ml .  of !!-ootyl alcohol was ren.uxed for ten minutes .  Then 

a further 1 . 6  g .  of paraformaldehyde was added in small portions over 

thirty minutes with continued refluxing . After the ad�tion was complete, 

0 . 3  ml .  of concentrated hydrochloric acid was added and the mixture was 

refiuxed for an additional five minutes . The mixture was extracted with 

water and wi. th 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 soluti on 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 be came cloudy, and chilling . 

This gave white crystals,  m.p .  163 .5-165° . 

Anal. Calcd. for C18H2?N02Cl 1 C ,  67 . 60; H, 6.94 

Found: C ,  67 . 74; H, 6.73 . 



R R' 
20 . Cgi5 C6H5 

21. C()H5 C6Hu 

22 . G6H5 G6Hu 

TABLE XIV 

SUBSTITUTED 4-N ,N-DIALKYLAMINOBUTANONE-2 HYDIDCHLORIDES 

R" R'" 

CHJ CH3 

CHJ CHJ 

C5Jiloa 

R' /X )l" 
-

;c---cocH2cH2� . •HCl 
R' Ill 

Per cent Melting 
X Yield Point °C 

OH 19 163 . 5 - 165 

H 22 181.5 - 182 

H 25 214 - 215 

Analyses 
Calculated Found 

G H G � H 

67 . 6o  _ 6 .94 67 : 75 6�75 

69 . 76 9 .ll 69.96 8 . 95 

72 .o6 9 . 22 71 . 85 9 .09 
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(b) !,!-Diphe�-!-hyd't'ox.y-!±-�-pipe:r•idi.nobu�llE!-,g h&oohloride . 

Several attempts to prepare this compound were made . The p�oduats ob­

tained did not. possess the correct composition as indicated by elemental 

analyses . 

�· Calad. for C21H26N02Cl : C �  70 . 08 J H, 7 . 28 

Found: c ,  65.9.3, 61.08 ,  ,5'7 . 01., .�9 . 21; H, 7 . 65, 8 . 32 , 9 .03 , 

9 . 58 .  

The melting poir1ts of t.he samples were 1.6&.16'"(0 , 168-·169° , 168-

1690 , and 199--200° , respectively. I·t i s  po sible that piperidine h:y­

droehloride. was present. as an :impurH.y �:l.:nce mixed melting point deter­

minations of the compo'W'ld with this am.i:ne :hycir'Ochlo:r•ide showed no de -

pre ssion . 
( c) !,1-Diphenyl-!-hydro;y-�-�,!-diethylaminobutanone-� hy�O­

chloride . The only product obtained from seve�al attempts to prepare 

this ketone was recovered diethylamine hydro-:::hloride . 

3 .  Preparation of !-Phenyl-_±-cyclohexylpropanone-� 

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 bromooy�lohexane . The mixture was re­

fluxed for two hours, during 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 dri.ad organi.e solutions were fractionally 

distilled. There was obtained 30 g. of coloz•less liquid, b.p.  88-90°/ 

4 mm. The 2 ,4-dinitrophenylhydrazone of this liquid melted at 136-138° 

and showed no depression of melting point when mixed with an authenti� 

sample of the 2 ,4-dinitrophenylhydrazone of phenylacetone , m.p. 137-

1390 .  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 o.f the desired ketone . Since no 1-phenyl-

1-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) PhenylcyclohexylaGetonitrile.. This was pre­

pared by the method of Hancock and Cope . 203 In a 1-1 . flask were placed 

200 ml .  of liquid ammonia and a small crystal o.f 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 Ice11-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 oyclohexyl group . The alkylation of 
phenylacetone with a variety of alkyl halides has been described by 
a number of investigators , including Tiffeneau and Levy, 200 Levy and 
Jullien,20l and Suter and Weston . 202 Howe"'l·er.ll no one has reported 
alkylation of the compound using a eyclohe:xyl halide . 
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stirred for fifteen minutes .  Then 200 ml .  o f  dry toluene and 25 ml .  
of ether were added dl:•opwise while the ammonia evaporated. The flask 

was allowed to stand overnight to permit' furthe:r evaporation of the 

ammonia. The last traces of ammonia were removed by warming the flask 

until the ether had distilled over . 

To the war.m solution was added 65. 2  g. (0 .4  m. ) of bromocyclo-

hexane during a twenty minllt.e period . The reacti.on mixture was refiuxed 

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 cent) of phenylcycloh�l­

acetonitrile , a colorless liquid, b .p. 127·ul�!9°/0 .?  mrn .  This solidified 

to a white crystalline material, m.p .  55-5.6° . (Han ock and Cope203 give 

( 2 )  !_-Phenyl-2:_-ezclohexylpropanone-,g,. A modification of the 

procedure of Hauser and Humphlett180 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 refiuxing 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 reflux:ed 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. 140-141°/ 

1.5  mrn. The oxime was prepared by the standard method. Reorystalli-
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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-

1240 .  

Anal . Calcd. for C15H21NO : C ,  77 . 87J H ,  9 . 15 

Found: C,  78 . 27 ; H, 9 .10 . 

The 2,4-dinitrophenylhydrazone was prepared by the standard procedure . 

After several recrystallizations from et.hanol:, longg silky, orange needles 

were obtained, m.p. 155-156° . 

Anal . Calcd. for C21H24N404� C �  63 . 62 ;  H, 6.10 

Found: c, 63 .52; H,9 6 .1.� .  

c .  Method C .  (1 )  Phenylcyclohexylacetyl cbJ..oride . A solution 

of 43 . 6  g. ( 0 . 2  m. ) of phenylcyclohexylacetic acid in 6o ml .  (0 .82 m. ) 

of thionyl chloride was refluxed for two hours . The excess thionyl 

chloride was removed by distillation UL�der 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 40 g. ( 85 per cent) of a clear yellow 

liquid, b .p .  136-139°/3 mm .  

( 2 )  !-Phenyl-!-cyclohexylpropanone-£. Dimethyl cadmium was 

prepared as previously described (E . 1 .  b . ) .f'rom 2 .  9 g.  ( 0 .12 m. ) of mag­

nesium turnings, excess methyl iodide and 11 g.  ( o . o6 m. ) of anhydrous 

cadmium chloride . To the hot benzene solution of this reagent was 

added, without external heating, 26 g .  (0 .11 m. ) of phenylcyclohexyl­

acetyl chloride in 30 ml .  of benzene . The acid chloride 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°/4 mm .  This was redistilled through a modified 

Claisen head to give 11.7  g. (49 per cent) of a clear yellow liquid, 

b .p .  1.32-136°/2 .5  mm . The 2 ,4-d.initrophenylhydrazone of this liquid 

melted at 152-153° after recrystallization from ethanol. It showed 
., 

no depression of melting point when mixed with an authentic sample of 

the 2 ,4-dinitrophenylhydrazone of 1-phenyl-1-�yclohexylpropanone-2 . 

4 .  Preparation of 1-PhepYl-1-cyclohexyl-k-!9�-dialkllaminobutanone-g 

Hydrochlorides 

The procedure of Wilson and Kyi115 for the Mannich reaction was 

followed.  The preparation of 1-phenyl-1-cyclohexyl-4-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-cyclohexrl-�-�,�-dimethylaminobutanone-g hydro­

chloride . A solution of 8 .0 g. (0 .037 m. ) of 1-phenyl-1-cyclohexyl­

propanone-2 , 4.9 g. ( o . o6 m . ) of dimethylamine hydrochloride, 1 . 8  g. 

(o.o6 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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from ethanol-ether gave 6 • .5 g .  of white s olid,  m . p .  1.52-1.53° . This 
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was converted to the free base by treatment wit h exce ss dilute base . 

The free aminoketone was extracted from the solution with ethe r .  After 

drying over anhydrous magne sium 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 re crystallizations ±Tom e thanol -ether gave 

small,  white crystals , m. p .  l8L .5-l82° . 

Anal . Calcd . for C18H28NOCl : C ,  69 . 76; H ,  9 . 11 

Found : C , 6 9 .  96; H, 8 . 96 . 

b . 1:: -Phenyl-! -eye lohexy1-!±_ -�, _!i �i.e thy la.mino bu tan one -_g_ hyd.ro ­

chloride . The product obtained was not the des ired ke tone . It was a 

white s olid ,  m. p .  231-232° . A mixed melting point determinati on 'W:i. th 

diethylamine hydrochloride showed no depression. The elemental analys is 

also indicated that the �aterial was recovered die thylamine hydrochloride . 

Anal . Calcd . for C2oH32NOCl : C ,  71 . 09' H, 9 . .55 

Found: C ,  46 . 11;  H, 11 . 1.5 . 

.5 .  .Attempted Preparation of !-Phenyl -l:-cyc1ohexyl-!-hydroxypropanone -� 

Five grams (0 . 023 m. ) of l-phenyl -l-cyclohexylpropanone -2 was 

dissolved in 3.5 ml . of carbon tetrachloride . After the s olution had 

been cooled to -1.5° , 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 hours with 80 ml .  
of l,4 �ioxane and 20 ml . of water . This s olvent mixture was als o  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 , 

disubstit�ted glycolic and acetic acids or of the analogously substi­

tuted 2-butanones .  

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

search . 

(�) 2-N,N-Dimethylaminoethyl phenylcyclohexylglycolate hydro-

chloride . 

( 2 )  2-N�Piperidinoethyl phenylcyclohexylglycolate hydrochloride . 

( 3 )  2-N-Piperidin0ethyl phenylcyclohexylglycolate methyl bromide . 

(4) 2-N,N-Dim�thylaminoethyl dicyclohexylglycolate hydrochloride . 

( 5) 2-N-Piperidinoethyl dicyclohexylglycolate hydrochloride . 

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

( 7 )  �-N-Piperidinoethyl 4, 41 -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-Piperidinoethylmethy'l benzi1a.m.i,de hyd-rochloride . 

(15)  2 -N, N-Dimethylaminoethylmethy1 pheny1oyclohe:x:ylaoeta.mide 

hydrochloride . 

( 16) 2-N-Piperidinoethylmethy1 pheny1cyclohexy1aoetamide hydro-

chloride . 

(17 )  2-N,N-Dimethy1aminoethy1 thio1benzilate hydrochloride . 

(18) 2-N,N-Diethy1a.minoethy1 thiolbenzilate h.ych•ochlo:!'.'ide . 

(19) 2-N-Piperidinoethyl thiolbenzilate hydrochloride . 

( 20)  1, 1-Diphenyl-1-hydroxy-�N,N-dimeth�laminobutanone-2 hydro-

chloride . 

( 21 )  1-Phenyl-1-cyclohexyl-4-N, N-d.imethylarrdnobutanone-2 hydro-

chloride . 

( 22 ) 1-Phenyl-1-cyclohexyl.-4-N-pipe:rid.inobutanone-2 hydro chloride . 

Krapcho , Turk, and Pribyl71 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, 1-phenyl-1-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 

comp�und 14 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 PHENYLCYCLOHEXYLACETAMIDE HYDROCHLORIDE 

The reaction of 0...-phenyl -0.-cyclohexylacetyl chloride and 2 -N , N ­

diethylaminoe thyl me thylamine was carried out as previously de scr ibed 

(C , J , a ) . The white s ol id product was hygros copic . This hydrochloride 

was re crys tallized three t ime s  by dis s olving it in ethanol , adding e ther 

until the solution became cloudy, and chilling , Each time a white crys ­

tal line mate rial was obtained which be came gummy after it had bee n fil­

tere d .  This mater ial melted at 110-113° . It was re crystallized from 

hot acetonitri� by adding e ther until cloudine ss re sulte d and cool ing . 

The product was a gain a white hygroscop ic s olid which me lte d at 119-

1130 . The hydrochloride was conve rted to tre free base by treatment 

with aque ous base . The dr ied e the r  extract from this s olution was sat­

urated with hydrogen chloride gas while cooled in an ice bath. This 

material was re crystall ized from hot e thanol as de s cribe d above . The 

product was again a white crys talline material which became gummy after 

be ing e xposed to the a tmosphere . It melted at 110-113° . Since it was 

not pos s ible to obtain a pure , non -hygros copic material , attempts to 

prepare the compound were dis continue d. This dec is ion was reached too 

late t o  allow inclusion of the se results in the body of the dis sertati on. 
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