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CHAPTER I

INTRODUCTION AND HISTORY

A. Introduction

Medicinal chemistry i’s one of the_ areas of scientific_ endeavor which
has been achieving increasing importance during the lasvt two decades. It
tends to become more and more the study of the chemical re#ctions between
therapeutic ageﬁts and living tissues. In 1940 practically nothing was
known about the processes by which drugs produce their effect, how they
react with protoplasm and how they are in turn modified, detoxified, |
metabolized, or elimingted by 11ving organisms. Appreciable progress in
this direction is now being made.

Recent advances in such a field are by no means éasily defined.
Countless drugs have been introduced for the specific treatment of ailments b
but it is only after constant trials that the value of any compound can be
accurately assessed. When the period of the last ten years is surveyed
as a whole, it 1is apparent that certain definite advances have been made
in medicinal chemistry. In addition to the use of new compounds,r a better
understé.nding has been gained of the mode of action of well-established
medicaments. |

An attempt will therefore be made to describe here briefly récent
advances in the fields of anticholinergics, antichoi‘lnes‘berases, inhibitors
of anticholinesterases and tranquilizers. However, the synthetic organic

approach to new antispasmodic and tranquilizing drugs and their molecular
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structural relationship to physiological activity are of primary interest.

Spasm,l for the purpose of this discussion, may be defined as a
violent, involuntary contraction due to muscular action, usually accompanied
by pain and interference with function. There are two types of muscles,
skeletal or striate, which is exclusively innervated by the central nervous
system, and visceral or smooth, which is principally innervated by the auto-
nomic nervous system. The therapeutic applications of antispasmodics are
principally concerned with abolishing spasms of involuntary structures,
that is, muscles which surround the alimentary canal, the blood vessels,
and other tubes of the viscera..2 A smooth muscle spasm may be caused by
either direct or indirect stimalation of the muscle through the nerve end-
ings. Antispasmodics, therefore, may be divided into two classes: (i) The
direct acting or nmscuiotropic and (2) those which interfere with nervous
activation, the neurotropic. 'l'he neurotropic spasm is induced by an excess
of acetylcholine and the antispasmodic reduces the concenti'ation or effect
of this compound.

Two well-known alkaloids have long been accepted as standards for
the two main types of antispasmodic activity. Atropine (I-1) is effective
against neurotropic type. spasms and papaverine (I-2) is active toward mus-

culotropic type spasms.

l H3C HC00C H
Ho H——CHp g5

I-1
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The clinical utility of both common natural antispasﬁodics, however,
is hampered by certain limitations and undesirable side effects.
Papmrlnel tends to relax all smooth muscles equally so that, when re-
laxation of the intestinal tract is produced, there results a prolonged
and undesirable fall in arterial blood pressure.- Futrther, all the organs
activated by the autonomic nervous system are affected by atropine which
causes cycloplegia, mydriasis, dryness of the mouth, occasional rise in
arterial blood pressure, etc. For these reasons, as well as those of a |
pm_‘ely ecopon;ic nature, a search has been under way for a x;aore satis-
factory antispasmodic.

Much of the research in this field for the last two decades has
been directed towards the preparation. of a .commercially Jccmpetitive a:rxti-
spasmodic which possesses both musculotropic and nenrotz;opic activity
with selectivity and as few side effects as possible. Despite the prepa-
ration and tesﬁ.ng of thousands of compounds for antispasmodic activity,
the goal has not been achieved to date.

The evaluaf.ion, of new anti;pasmodics is a time-consuming process.
The teats must be performed both in vitro and in vivo. The first of
these employs an isolated muscle strip in which a spasm is induced. The
new compound is then-compared to atrobine or some other reference stand-
a.rd with respect to its ability to block or reduce the spasm. The.in
vivo test employs live animals. The results obtained from the latter
tesj seem to show good carrelation with clinical, effectiveness. These

methods are discussed in greater detail in Research Today.3
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An essentially empirica; approach congisting of prgparing;modifica—
tions and variations of the structures of naturally occurring drugs has
been gpplied to the synthesis of antispasmodics. Due to the lack of com-
plete understanding of physiological modes of action of drugs, no effi-
cient theoretical concept is avﬁilab}e to provide the basis for the syn-
thesis of pharmaceuticals. It is imperative therefore to adopt an empiri-
cal method until guitéble theories are available.

Most of the work in this field has dealt with the modifications of
atropine; the tropine ester of tropic acid, rather than with the papaverine
type}structures. Since tropine itself has no spasmolytic activity, its
bicyclic structure was assumed to be incidental and it was considered as
an amino alcohol. Further, the tropic acid was viewed as a branched chain
phenylacetic acid. On this basis, extensive studies have been made of
derivatives of carboxylic acids in the form of esters, amides, and related
types. Amines, amino alcohols, amino ethers, and other compounds which
are not acid derivatives have also been investigated.

The mechanism of spasm formation involves the compound, acetyl-
choline: |

CH3CO0CHCHoN(CH3) 30H
| 13 bt
Acetylcholine attached to the receptor sites on the surface of an effector
organ acts as the chemical mediation of nerve impulses. Nerves that re-
lease acetylcholine at their terminals are called cholinergics. The drugs

that block the effects of acetylcholine are called anticholinergics.



B. Histo;'y

1. Anticholinergics

It is of interest that the majority of anticholinergics including
atropiﬁ;, (I-1), bear a certain degrée of structural similarity. They
consist of a large blocl;:lng group linksd by a short connective group to
strongly basic amino function as shown in I-h.

Ny
b,

e

l '
i |
E Y C —C g Y
i a o4
Large Blocking : Connecting ! Amino
Group ' Group Funetion
I-h

-In searching for an efficient anticholinergic, attempts have been
made to vary each of the three parts of the molecule systematically or at
random. The R and R!' substituents essentially form an umbrella-like struc-
ture. WhenR is phefwl, R! may be hydroxymethyl, cyclqhevl and -phenyl
however, the activity of the compound is reduced when R!' is H. Several
caupoundsh have been made where R is a cycloalkyl, ( cyclopentyl or cyclo-
hexyl), group. Different modifications of the molecule have been devised
by the variation of X group from' among H, OH, CN, COOR, CONH2, CONHR,
CONRp, halogen or alkyl. The comnecting group, Y, usually an ester or
amide group, is connected to the amino. function through a -CH2-CH2- 1link-
age. Most of the early studies were concerned with tertiary gmines. But
they have the limitation that eight or nine carbon atoms (including those

of the connecting group) must be present in the system for any activity.
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.As indicated before, the chemical mediation of the nerve impulse
by acetjlcholine involves the attachment of this molecule to receptor
sites on the surface of the nerve. By virtue of its structural similarity,
a blocking agent may presumably be attached to these sites preventing
acetylcholine from reaching the nerve cells. The main point of attach-
ment of acetylcholine and the blocking agent is probably at the amino
function. £

It is perhaps pertinent to discuss briefly some of the synthetic
anticholinergics. Several esters of 3-diethylamino-2,2-dimethylpropanol
exhibiting both neurotropic and musculotropic activity, were prepared by
Fromherz.® The benzilic acid ester, though potent,was found to be toxic.

HzaLlpern6

described a series of esters of alpha alkyl phenylacetic acids
in which the alkyl group varied from ethyl to heptyl. 2-Diethylamino-
ethyl diphsnylacetate. b;ydrochloride7 (Transentin) was found to possess
high activity. Blicke and Kza.pla.n8 reported tests of 2-diethylaminoethyl
benzilate in which it was found to be one-half as active as atropine.

Buchel, Levy, and Pernot? reported that the esters of type

06H5\C /mi
R/ \coocnzcﬁzn(czris)z

I-5
had important spasmolytic as well as other physiological properties. Sev-
eral compounds of this type in which the substituent R was varied were also
studied. Blickelo prepared the 2-N-piperidinoethyl ester of benzilic acid

and claimed that it was useful as an antispasmodic.
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Buchel, Levy and Pernot’ found that acetylation of the hydroxyl
group in benzilic acid esters éharply reduced the activity of the compounds.
A series of compounds has been reportedll in which the alpha carbon is sub-
stituted with chlorine, bromine, ethoxyl and basic groups. The hydrogenated
broducts of diphenylacetic and benzilic acids were generally found to be

more active than their precursors.

The effect of nuclear substitution on activity has not been evalu-
ated comprehensively. Hoffngnnlz found variable effects in a series of
esters of para-substituted phenylcyclohexylacetic acids. In general,
ésters of the para nitro acid were less potent, those of the para amino
acid, more potent than the unsubstituted compounds. Introduqtion of a-
para methoxyl group in benzilic acid esters resulted in reduction of the
activity.n’lh A series of alkoxyl substituted benzilates studied by
Bocksthaler and ﬁrightls proved in general to be less active than the un-
substituted ones.

Whgngr—Jou:egg, Arnold, and Born16 reported several esters which
posses;ed arylalkyl alpha substituents and in most cases a sharp drop in
activity occurred with an increase in the mumber of carbon atoms in the
alkyl portion. Protiva and Exnert? replaced quaternary nitrogen common
to almost all antispasmodics with sulfur and phosphorus. It was claimed
that these compounds

R]R9CXCOOCH2CH2S(CH3)2I (1-6)

RIRZCIOOCHZCHP(C2HS)2 - (-

(Ry and R2 were alkyl or aryl groups; X was H or OH) -

were moPe active than the analogous nitrogen compounds.
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2-Diethylaminoethyl E—amino‘t:‘hiobenzoate18 was found to be six
times as active as the analogous oxygen ester and the toxicity remained
relatively constant. In a series of compounds of the type
CEHECRHECOSCH2CHoN(C2HS) 2
I-8
Dupre, Levy, and Tchoubarl”? found that, except where R is a phenyl group,
no increase in activity was observed. . The replacement of one or both of
the benzene rings in diphenylacetic acici with heterocyclic groups
proved to be rewarding. The group of esters of phenyl-2-thienylglycolic
acid prepared by Blicke and Tsaozo were quite active. The activity of
com‘pounds of this type in which the, phenyl ring was converted to a cyclo-
hexyl ring was found to increase even further.

Duschi.nslq21 prepared a series of esters, thio esters and amides
of a-aminodiphenylacetic acid. Here the amino function is in the acid
portion of the molecule. These compounds were claimed to be useful as
antispasmodics. Moffett and Aspergren22 prepared a number of a,a-diphenyl-
Y-amino amides and tested the anticholinergic activity. In several cases
the same tertiary groups that previously gave highly active anticholinergics
in the ester series also gave active compounds when introduced into the
)’-position of these amides. The effect of substitution or replacement of
one of the phenyl groups and of the branching alkyl chain genqra.'lly re-
duced the activity. Moffett and coworkers?3s 2l purther observed that
mono- and disubstitution on the amide nitrogen of a,a-diphenyl- Xtertiary

amino amides reduced the anticholinergic activity. Cc:.uupou.ndss25 of the

type



2-MéO-CGHh’GH(CONHQ)NRle
I-9
were also claimed to be useful spasmolytics.

It was shown by Brender26‘that 2-diethylaminoethyl a-phenyl-a-N-
piperidyl acetate possessed only'a small activity compared to atropine,
but it had an activity twice that of papaverine. -

‘Denton and coworkers27 described the preparation and testing of a
group of amino ketqnes of the type

RCOCHR ! CHoNR2R3
I-10 |
where R is a phenyl, naphthyl, or heterocyclic group, R' is hydrogen or
phenyl and R2R3 are alkyl or together with nitrogen form a ring. Some
of these were said to be very active spasmolytics. This work has been
further extended.28
’ Pfanz and Jassmann?? in their search for an ideal synthetic spas-
molytic substance reported the preparation of a series of tertiary amino
alcohols of the type
HO*C(Ph)(R)CHoCHoNRR®
I-n
where R was alkyl, cycloalkyl, phenyl, and benzyl, and R' was a short alkyl
chain or ring. However, the spasmolytic activity of these compounds wgs
not reported.

Numerous amino alcohols and alkenes have been prepared and tested

for their spasmolytic activities. For a detailed survey of these types,

the reader is-referred to the disseftatibn of Magee.Bo
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2. Cholinesterases, Substrates, Anticholinesterase, and Inhibition of

Anticholinesterases

Cholinesterase is an enzyme, which can hydrolyze acetylcholine,
widely distributed in the tissues. There are various classifications of
cholinesterase enzymes. A substrate is any substance acted upon by an
enzyme. The substrate, acetylcholine, is the one that is of interest
here. An anticholinesterase drug essentially inhibits the action of the
enzyme, generally cholinesterase, which hydrolyzes acetylcholine by
means of attraction or reaction. 1

According to one school of thought, the mechanism of action of
anticholinesterase drugs is based on the fact that certain parts of cho-
linesterase structure react speCificAily'with the drug. A complex is
formed as the drug reaches the receptor andvthe strength of this combina-
tion dependé.on the chemical .character of the drug and receptor molecules.
According to Bergel,31 the combinations may be an attraction of polar
groups or a bonding of low energy, but if the drug possesses ionizable
groups capable of forming cations, it is assumed thgt an electrovalent

bond is formed with an anionic site as the receptor. Wilson and Be 2

have illustrated this diagrammatically as in (I-12).

Anionic Site Cationic Site
CH3 3 " Cholinesterase
*///)31 Surface
R, s CH2CHg~ - - - - -00CCH3
H3
Cationic Head Connecting Anionic Head
Group

I-12
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When an ester is used, the possibility of hydrogen bonding at the cationic
site is 'suggested. Some investigators31 believe that some types of drugs
actually undergo a chemical reaction with cholinesterase with the forma-
tion of a covalent bond. The influence of substituents on the cationic
and the anionic heads of the molecules on its anticholinesterase activity
has been,s’qqdied.BB’3h It is concluded that there exists an optimum
size for this cationic head. |

.An excess of an anticholinesterase has a definite destructive effect

on the nervous system due to the fact that an extreme excess of acetyl— (
choline is formed. Intensive investigations are being conducted in search

of effective inhibitors of anticholinesterases.
?“3 ?HB

CO

: I-13
Physostigmine, (1-13), the most important alkaloid derived from the

calabar bean, is one of the most efficient‘agents for the inhibition of
cholinesterase activity. In very small amounts (10"6 M) it protects acetyl-
choline from enzymic hydroiysis.l It is 5e11eved3$ that the anticholines-
terase aétivity'of phyéostigmine is due to the urethane group. Studies
'have been conducted with systematicrstructural variations of aromatic
carbgmate-(AxOQCNHz). Certain aryloxy amidine derivatives have shown -
anticholinesterase activity. Thus, N-N-dimethylthymoloxyacetamidine (I-

1L) exhibited high activity.
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H(CH3)2

_‘ch‘%¢nn
\.( CH3)2
CH3
| I-14

A ser19836 of substituted phenyl methylcarbamates showed high in-
hibition properties toward cholinesterase. ZellerS' reported the anti-
cholinesterase activities in p-aminobenzoic acid and the corresponding
sulfonamides. Phenanthrene amino alcohols were found38 to be effective
inhibitors of the cholinesterase of human blood plasma. Thumpson39 in-
vestigated the action of chemical vesicants, chloroalkyl amines, mus-
tard gas, various arsines and Lewisite on the inhibition of the enzyme.
Jacob and Olomuckiho reported interesting results on the inhibition of
cholinesterase by RN(CH3)3I types of compounds. Many of the 3,5-di-
alkyl;pyridinium halideshl'have been found to be inhibitors of cholin-
esterase activity.

War gases prepared during World War II were found to be very potent
anticholinesterases. These compounds contain phosphorus in the form of
phosphates and they exert an irreversible inhibition of cholinesterase
which is fatal even in extremely small doses. The first two nerve gases pre-
Paredhz by Germans were isopropyl methyl phosphonofluoridate’(sarin) and ethyl-
phosphoro dimethyl amidocyanidate (tabun). It was found that diisopropyl-
fluorophosphate (DFP), [(CH3)2GI(£|2 POF, was the most powerful inhibitor

of cholinesterase yet discovered. DFP is too toxic to be useful as a
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drug. Bramer’"3 studied a series of phosphate esters for their anti-
cholinesterase activity. He observed that all active compounds contained
the grouping R-O-P where R may be an alkyl or aryl radical. Hexaethyl-
tetraphosphate and tetraethylpyrophosphate were shown to be the most
active compounds of those investigated by Brauer. Besides the aiteration
of alkyl radicals, the effects of other structural variations on the
anticholinesterase activity of phosphate have been investigated. The
thioester, (C2HgS )2 POF, as well as ethyl difluorophosphate, (C2Hs0)POF2,
were, however, found to be active.

Ragumov, Markovich and Mukhachevalt reported several alkylated
amide esters and mixed esters of alkyl phosphoric aﬁids of the type
EtP(0) (0CHMe2)N(EL)s
| I35
An especially powerful anticholinesterase was named Armin.
EtP(0) (OEt)mthnoz-p
| 1-16 _
It showed mouse toxicity at 0.4-0.5 mg./kg. and anticholinesterase inhibi-
tion at 1 x 107 to 2 x 109 M.concentration. Razumov and coworkers’"s
also found several alkyl phosphorous acids and dialkyl phosphinic acids
to be active inhibitors. They reported the c@md
PrpP02CH}NO2-p
I-17
to be as strong an inhibitor of cholinesterase as Armin, but twenty times

less toxdic to animals.
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The information gvailable on the inhibitors of anticholinesterase

is quite limited. Kunkel, Wills and Monierh6 found that N-benzyl
atropinium chloride and atropine showed reasonable activity over an ex~
tended peried of time.

In 1955 Wilsonl? of Columbia University discovered hydroxylamine
to be a very active,inhibitof of anti;holinesterase. However, the amount
required to obtain 100% inhibition was too large. Wilson!® subsequently -
reported that pyridine aldoxime metiriodide (I-18) was 100 per cenmt effective

against DFP in animals. Several hydroxamine acids and oximes have

@—CH=NOH-GH3I

I-18
been tested. The hydroxamic acids have been found to be poor inhibitors

of anticholineéterase, but several oximes were very active. A detailed

discussion of this subject has been presented by Glenn.h9

2 ¥ Pszchotherapeutic Drugs

The various new drugs being studied so vigorously in mental dis-
orders deserve an effort at classificaﬁion in order to avoid confusion.
They may be classified50 most readily, at present, on the basis of over-
all action on humans, as (1) hallucinogens, (2) tranquilizers, and
(3) central stimulants. Chemical classification may come at a later date
with the fn;ler understanding of structure-action relations. It ié in-
teresting, however, .to note that most of the hallucinogenic drugs are

indoles.
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The hallucinogens break‘the overall nervous integration ordinarily
present in a healthy person. A transitory psychotic-like state may be
produced by their action, and this seems to be usually of a schiszhrenib
type. In general, they are depressant agents and cause muscle relaxation,
lowered blood pressure, slow respiration, diminished heart action, and
decreased speed of reaction time. In larger doses, they may cause delirium.

Among the typical hallucinogens are mescaline, adrenolutin, bufo-
tenine, lysergic acid diethylamide and yohimbine. Similar effects are also
caused by morphine. These drugs are related to the indoles. On the other
hand, the same kind of effects can be caused by appropriate amounts of
ethanol which is not chemically related to indole in any simple way. There
may be different mechanisms of action for the different chemical types.

The tranquilizers are drugs which reduce anxiety, nervous and mus-
cular tension, and acuity of awareness. They are mildly depressant, and
induce muscular relaxation. They are not as intense nor as powerful in
their action as the usual central depressants, like the bromides, chloral-
hydrate, paraldehyde and depressant barbitals. They are not anticonvulsants;
neither are they very close in action to alcohol. The new tranquilizers
are reserpine, chlorpromazine, meprobamate, azacyclonol and suavitil.
There is 1little chemical similarity among these agents. Both reserpine»
and chlorprcmazihe, however, have indole-like radicals in their consti-
tution. |

The central stimulants, on the other hand, are drugs which tend
to cause increased alertness, increased respiratory and pulse rates, in-

creased blood pressure and muscle tone, and increased speed of reaction,
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with exaggerated reflexes. They promote wakefulness and reduce the sense
of fatigue. The common central stimiulants again are a diverse chemical
group. Some.of them may cause convulsions in doses only slightly above
those which induce increased alertness. These drugs include strychnine,
metrazol, the xanthines such as caffeine, many alkyl amines, many tropines,
cocaines and other local anesthetics.

. A brief summary of t.hev types of investigations which have been pur-
sued on tranquilizing drugs will be discussed in this section.

During the past four years a number of tranquilizing agents have
been used. successfully in the treatment of neuroses and psychoses. The
most important of thesesl are: chlorpromazine, a phenothiazine derivative
prepared as one of a series of antihistaminic and adrenolytic agents;
reserpine, an alkaloid originally used as a hypotensive agent; benactyzine,
a benzilic acid ester with potent anticholinergic action; and meprobamate,
a simple propanediol dicarbﬁmate derivative, that is devoid of autonomic
effects. It is of interest that compounds so dissimilar in chexqical struc-
ture and pharmasological action vs‘ho_uld all be effective as tranquilizers.

The discovery that serotonin (I-19) occurs in the brai.nsz’ 53 has

stimulated considerable thought concerning its role in the central nervous

H HoCH2NH2
| 1

- H

M(CeHs)2

I-19

I-20
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system.5! Speculation in this direction received impetus when Gaddeum®>
found lysergic acid diethylamide (abbreviated LSD, I-20) to be a potent
antagonist of serotonin on smooth muscle in vitro. This observation led
to the hypothesis that an hallucinogenic agent produces its aberrant
mental effects by interfering with a normal function of serotonin in the
brain,

Serotonin, when administered parenterally to animals, is metab- .
olized and excreted as S-hydroxyindolacetic a.cid.s6 It has been shown
that the tissue catalyst responsible for this metabolism is the enzyme
known as monoamine oxidase, and that this enzyme is present in the bra:i.n.s7
It may be that monoamine oxidase regulates the action of serotonin in the
same way that cholinesterase regulates the action of ace't’."ylo::holine.s8

Serotonin in brain tissue is normally present largely in a bound
form and is thus protected from the action of enzyme monoamine oxidase,
the concentration of which is highest in the brainstem and lowest in
the cortex; in the cerebelluﬁ there is virtually none of this enzyme.

It is in the regions of the brain where serotonin levels are highest that
reserpine is said to exert its central action.

The idea that serotonin plays a role in the maintenance of normal
mental functions arose from studies of antimetabolites of this hoz;mohe.
According to Woolley and Shav59 "one can picture it (serotonin) as causing
its effects by combination with spe}cific receptor sites, designed espe-
cially to react with it and not with other hormones. The serotonin fits
the receptor much as a key fits a lock, and many features of the hormonal

structure are required so that the serotonin key will function in the
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receptor lock. If one now makes a substance that resembles serotonin
several ways, but differs in a few, one may have formed an antimetabolite
of this hormone. The analog fits the receptors well enough to combine
with them, much as an ill-fitting key can be thrust into a lock, but just
as such a related key may not turn the lock, so also one pictures the
substance resembling serotonin as being unable to fulfill the physiologi-
cal role of serotonin.®™ In short, the antimetabolites of serotonin are
chemical compounds that resemble this hormone in structure. They bring
about a deficiency of this hormone, specifically, because they combine
with the serotonin receptors by virtue of their structural resemblance
to it.

The first pharmacological property of serotonin to be discovered
was that it caused smooth muscles to contract. Thus it can be used to
cause the muscles of the walls of the blood vessels to contract, and
possibly for this reason serotonin raises blood pressure in an animal.
The uterus and intestines likewise are made to contract. Thése properties
of serotonin were therefore the first used in an effort to find an anti-
metabolite.

A method59 has also been devised to determine whether a compound
is an antagonist of serotonin. This method would give a quantitative
measure of its potency. .

Several structural analogs of serotonin were synthesized and were
shown to act as antimetabolites of the hormone. The synthetic amino and nitro

- analogs (I-21, I-22)60 were found to be antimetabolites. Another synthetic
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thl@ CH2CH3 02N CHaGH3
N e, @ CH
H } H -
I-21 I-22

compound that exhibited very great antagonistic activity towards serotonin

was called medamin (1-23).-61 . There are several classes Of naturally
CH3

cn3/\'< I—/I—, CH2CH3
N~ i3

H
I-23
occurring alkaloids which are structural analogs of serotonin. The

harmala alkaloids, of which harmine, I-24, is a representative, are one

HBCOOG

I-25
which can be pictured as a harmala alkaloid to which two more rings have

been added is another antimetabolite of serotonin.
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Woolley and Shaw59 believe that reserpine, a derivative of
yohimbine (I-25), acts as an antimetabolite. The ergot alkaloids are a
third class of alkaloids that have been found to be antimetabolites of
serotonin. The most active of these is lysergic acid diethylamide (1SD,
1-20).

Other compounds that can be shown to act as antagonists to, or to
potentiate, serotonin also have been shown to influence the psychiatric
state of human beings. Some of t;hese compounds, for example, chlorpromazine

(I-26) can be demonstrated to interfere with serotonin action in vitro even

bt

2CH2CH2N (CH3 )2
I-26

though they bear no- structural relationship to it and hence cannot be con-
sidered an antimetabolite of it. These compounds rmst exert their inter-
ference some other way.

It is of interest to know how reserpine (I-28), which acts through
serotonin and chlorpramazine, (I-2.6), which does not, can produce similar
central effects, including sedation and potentiation of hypnotics. A
number of observations make it evident that reserpine, (I-28), and chlor-
promazine, (I-26), iynﬁe similar effects in the brain, but do so by dif-
ferent mechanisms, /On the one hand, the action of reserpine has been
shown to be irreversible in that its effects last far beyond the time the
drug has disappeared from the body. A second difference may be seen in

the nature of the potentiating action of the two agents on certain
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hypnotics. Both compounds have marked activity, but only that of reserpine
is blocked by LSD, (I-20). Still a third difference between the action
of the two substances has been shown. If a rabbit is treated with
iproniazid followed by regerx;i;ue s, the animal does not bectme sedated. On
the other hand, the administration of chlorpromazine under these conditions
does produce sedation.

The difference in the mode of action of reserpine and chlorpromazine
may be explained by assuming that they act on physioldgically antagonistic
systems in the brain stems that are involved in wakefulness, regulation
of temperature, control of blood .pressure and other autonomic functions.
Drug-induced paralysis of one system would release the opposite sys£em

and allow it to predominate as in the schematic diagram, I-27, depicting

Serotonin ——— N orepinephrine

Parasympathetic Sympathetic
Center Center

Ny’

Constrict/ \Jill.to

I-27

matually antagonistic brain centers in the central autonomic nerwvous
s.’.ystetn.62 In support of this concept, it has been demonstrated that there
are both parasympathetic and sympathetic areas in the brain stem. In the
hypothalamms, one of the principal foci of integration of the entire auto-
nomic system, one finds primarily parasympathetic representation in the

fore and sympathetic in the posterior part. In view of the effects of
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reserpine, it may be supposed that serotonin is the chemical transmitter
of nerve impulses to the centers of the parasympathetic division. The
fibers that innervate these centers should be termed "serotonergic nerves.®
By blocking serotonergic fibers, LSD, (I-20), would unmask the action of
the opposing sympathetic system and produce its typical sympathetic-like
responses. Reserpine could be considered to invoke its parasympathetic-
like effects by presenting a low, but persistent concentration of free
serotonin to activate the parasympathetic centers.

It could be postulated that chlorpromazine blocks nervous impulses
activating central sympathetic centers and thus augments the activity of
the parasympathetic system. This would account for the central effects
of chlorpromazine and reserpine, even though they act by different mech-
anisms,

Chlorpromazine could be assumed to inhibit the sympathetic system
by blockade of the chemical mediator that activates the sympathetic centers.
Though direct evidence is lacking, nonepinephrine62 is supposed to be the
.chemical mediator.

Ever since the structure of the reserpine molecule, (I-28), was

I-28

proposed63 and proved conclusively by the synthesis of Woodward and co-
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workers, 6l it has been of interest to know which .portion of the molecule
is responsible for its physiological activity. St:hl:u'.ter65 indicated
that removal of the 3,l,5-trimethoxybenzoyl moiety and replacement with
any other acid grouping lowered or destroyed activity.

Although much work has been done to show the relationship between
serotonin and reserpine, Miller and Weinberg66 believe that the indole
grouping is not necessarily involved in the activity of reserpine.

Therefore they synthesized compounds of the type

\¥
OCH3
om@ocn;

I-29
and subsequently a series of its modifications. Proceeding with a belief
that tranquiliziﬁg activity resides' in a relatively small poertion of the
reserpine molecule, Miller and Weinberg67 éynt.hesized trimethoxybenzoate
esters contalning nitrogen atoms separated from another electronegative
atom by two or three carbons. So far only the tertiary aminopropyl ester

of trimethoxybenzoic acid has any significant activity (one-third that of

A o
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I-30
reserpine). The corresponding primary amix}opropyl ester is inactive as
is the tertiary aminoethyl ester. Further, it is of interest to note
that I-30 is composed of the parts 61‘ the reserpine molecule marked in

I-28. Thus Miller and Weinberg believe that the oxygen and nitrogen
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must be separated by three carbon atoms and the nitrogen atom mst be
tertiary. Thus the authors attempted to provide a synthetic approach
to tailor-made compounds with reserpine-like activity.

- Mills and coworkers68 found that manmy adrenergic blocking agents,
when administered in near toxic doses, interfere with epinephrine action
in the brain, and thereby bring on behavioral changes in laboratory
énimals., This group thinks that this is the way reserpine and chlor-
promazine also work. From this the'ory, they reasoned that adrenergic
blocking agents can be xr'xa‘.dte to act like psychosedatives by chemically
. mod:l.t‘yi.ng them to strengtﬁen this chemical effect. Rather thaﬁ to look
for an improved form: of éhlorpromazine, they synthesized adrenergic
blocking agent derivatives and tested them for tranquilizing activity.
These workers iﬁvest;gated several compounds including aminomethyl ben-
zodioxagt;. Many werelten to twenty times more powerful than chlorpromazine
as shown by animal tests.

Mills and coworkers found that activity did not improve when the

.piperidino group of piperbxan,(I-Bl), is replaced by other tertiary amino

SAotoed )

I-31
groups. Pqtent_ and .spec_ific ‘central depz_'essants are obtained only when the
aﬁxj.no function: is secondary. Such depressants exist when R' (in I-32) is a
R = CH3,. C2HS

CH,NHR !
R' = CoHS, CgHiy

I-32
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lower aliphatic function such as from C2HS to CgHyy. With substituents
in the benzene ring, an 8-alkoxy function (R = CH3, CoHg in I-32) brings
on the top effect.

Another type of tranquilizer developed by these workers was 1-

Oy

I-33

ethyl-3-phenylpyrrolidine.

The compounds of the type I-3L4 and I-35 were found to be as active

- k. Bl
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One group of tranquilizers was made from l—memylf-h;-phervlpipera—

as chlorpromazine.

I-35

zine. When an oxygenated phenethyl side chain replaces the methyl group,

O v

I-36

a series of central depressants of type I-37 resulted. The series included
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OO

I-37
drugs with one to ten times the potency of chlorpromazine.
A "full range" product, that is one which can be used to treat

mild, moderate, and severe mental disorders, has been reported.69 It

is trilafon (perphenazine), (I-38), a compound related to chlorpromazine,

e O
&2032 =CH2 O -CH2 -CH2 -OH

I-38
and is made by condensing 10(3-chloropropyl)-2-chlorophenathiazine with
1, 2-dihydroxyethyl piperazine.

Findings show it, (I-38), to be five times more potent than chlor-
pramazine and it does not produce undesirable side effects such as dry-
ness of the mouth, blurred vision, and hypotension. It can also be used
to treat anxiety gssociated with organic disorders, such as tuberculosis,
tension headache and asthma.

A very brief discussion of clinical uses of some important tran-
quilizers will be given here. For detailed discussion of this topic,
the reader is referred to a review published in four parts by Bennett.70
Reserpine is the most extensively used Rauwolfia alkaloid in neuro-

psychiatry. In hospitalized psychotic patients, it is not as. effective
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as chlorpromazine, but is considez;ed a safer drug, and so is preferred
by some in this setting. It has been found to be slow-acting in pro-
ducing change in anxiety, but it will give symptomatic improvement in
anxiety, tensiom, ‘psycho‘tic excitements and agute alcoholism. However,
resexpine produces several undesirable side effects. The increase in
_ gastrointeatip&l ‘astivity as shown by diarrhea, aggravation or produc-
Atic.m of gastrointestinal hexnorx;hage has caused some concern. So seriousv
are reactions such as gastrointestinal hemorrhage and depression that
the U. S. Food‘and Drug Administration has recommended that.patients -
outside of mental hospitals be limited to 0.25 mg. of reserpine daily.

Chlorpromazine (Thorazine), a phenothiazine derivative, is still
the drwg of choice for the hospitalized psychotic patients. It bene-
ficlally affects some 75 to 97 per cent of the acute schizopbrenic and
from 64 to 85 per cent of the chronic schizophrenic group. Chlorpramazine
is losing favor in clinics and private practice because of the serious
side effects.
 Chlorpromazine has given ‘indications of what side effects might
result from the newer phenoﬂxiazine drugs, all of which must be used
with caution, in spite of claims of low toxicity. Such complications
from the phenothiazinq derivatives now in use include drowsiness, nausea
sl T R T I AR et M ARG Bl fadlgue, selvares, tresers,
blurred visiom, dematif.is, jaundice, etc. ' Such side effects as dryness
of the mouth, blurring of the vision, and constipation have beén attributed

to its atropine-like activity.
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Azacyclonal (Frenquel) is comparable to chlorpromazine and
reserpine in its érfectiveness in diminishing mental confusion. When
used in combination with these drugs, it gives responses not achieved
by a single drug. Side effects including turbulence and metalliq taste
have been few, |

The use of promazine (Sparine),.a phenothiazine derivative, in
acute psychotic reactions and alcoholic hallucinosis has been stressed.
Convulsions have been reported_n’n’ 73 with this dm,g as well as two
cases of agranulocytosis, one being fatal.. Meanwhile research with
this drug is being contimued in a number of hospitals and more informa-
tion will soon be available.

Meprobamate -(Miltown, Equanil) has three important properties:
(1) It is a mscle-relaxant of voluntary mascles, (2) it is an anti-
convulsant, and (3) it is effective in behavior changes. While not
originally intended for use in psychotic patients, surprising ;'esults
have been found in this group. The succ'essful results in the treatment
of anxiety and tension states in' psychoneurotic patients seen in general
practice are amazing. It has relatively few side effects.

Benactyzine (Suayitﬂ) is a tranquilizer whose clinical uée with
psyclgotd.c patients has been a subject of controversey. In normal subjects
1-4 mg. produces a feeling of detachment or general apathy with every
ac_tion requirlpg too much effort and a faraway feeling of ;jelaxatiom
There is ‘a sense of divorce between reality and the patient, a barrier
between him and his emotional problems. With 4~8 mg., the sensation of
SebaNaY bas st e marked, sensibility is blunted, and feelings ave

retarded. There is a loss of alertness with diminished power of concen-



29
tration and a resulting hesitancy in speech. With larger doses there
is greater retardation and some slowing and slurring of speech with
impaired performance of simple mental tests.

Psychotic patients are not benefitted from this drug, according
to Da.viesﬂ‘ and Mnnkden.75 The potential danger in this low toxicity
drug is a psychological one.

~From the above brief discussion of the clinical uses of the prin-
cipal presently available tranquilizers, it is evident that each one of
them exhibits certain undesirable side effects. A large é:nount of r‘e-
search is presently being done in search of an ideal tranquilizer with-
out any serious side effects. With a greater and clearer understanding
. of the mechanism of action of tranquilizing drugs, this goal should soon
be reached. An extremely large amount of work, however, still remains

to be done.

C. Conclusion

The purpose of this investigation was to synthesize compounds
which offer proniise as anticholinergics, inhibitors of anticholinesterases,
tranquilizers, etc. The synthetic work was done in this laboratory while
the pharmacological tésts were conducted elsewhere (see Chapter II, Sec-

tion 0).



CBAPTER II
DISCUSSION OF RESULTS

The primary aim of this research was to prepare derivatives of
benzilic acid or closely related analogues which might exhibit physio-
logical activity. A number of compounds which were derived from benzilic
acid- have been reported to possess such activity. The compounds pre-

pared in the present work may be described by the general formula

Rl . X
X

(1I-1)

Further, the present study was also directed towards an attempt to
evaluate the effect of structural variations on physiological activity.
With this point in mind, a series of amino ester hydrochlorides of alkyl
and alkoxy substituted benzilic acids, (R, and R, = aryl in II-1), was
prepared, These amino ester hydrochlorides were catalytically half-hy-
drogenated and fully hydrogenated to study the variation, if any, in
physiological activity. An effort was also made to synthesize compounds,
varying the nature of the X, (H, OH, SH, -OR and SR! where R and R!' are
respectively amino alkyl and alkyl groups in II-1) and Z (-C00-, =COS-,
-CH(OH)- and -CO—I:I- in II-1) components of amino esters of benzilic

acid. It was hoped that such a study would provide information to permit
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a correlation, if there is any, between the structural factors and physio-
logical activity.

A discussion of preparative methods employed in the present re-
search will be followed by the results of physiological testing which

are, however, incomplete.

A. Esters of Substituted Benzilic Acids

1. Preparation of 2-Diethylaminoethyl Ester Hydrochlorides of Substituted
Benzilic Acids

2-Diethylaminoethyl chloride,(II-4),was prepared by the method of

HOCHoCHoN(CoHg)p 2912 3 G1CH,CHN(CoHS ) pHOL

II-2 II-3 aOH
C1CHCHoN(C2HS )2
14

Slotta and Behnisch,76 in which thionyl chloride was employed to convert
2-diethylaminoethanol (II-2) to II-3 in a 90 per cent yield. The free
2-diethylaminoethyl chloride (II-L), b.p. 147-148°, was obtained in 65
per cent yield by treatment of the amino salt with excess base by the
method of Gilman and Shirley.77 II-} was mixed with its weight of dry
Xxylene to prevent dimerization and stored in a cold room.

The method of Blicke and Grier78 was employed for the prepara-
tion of substituted benzilic acid ester hydrochlorides. The substituted
benzilic acids were obtained from previous research work.79 Equimolar
quantities of the substituted benzilic acid and 2-diethylaminoethyl

chloride (II-L4) in dry isopropyl alcohol produced the desired product.
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Table I gives the compounds thus prepared, and gives the pertinent
data. '

The same general procedure was used to prepare 2-diethylamino-

ethyl esters of the other acids investigated in this research.

2. Attempted Preparation of 2,2'-Diethylbenzilic Acid

Since 2-diethylaminoethyl 2,2'-diméthy1benzilate hydrochloride
exhibited considerable physiological activity, it appeared interesting
to test the activity of the correspondi.ng ethyl substituted compound.
Hence, an attempt was made to synthesize the amino ester hwdrochioride

of 2,2'-diethylbenzilic acid as follows.

a. o-Ethyliodobenzene. Diazotization of o-ethylaniline, (II-5),

235 il C2Hg C2Hg
R o= O

I1-6 =7

was. performed according to the method described’by Voge181 as well as
Lucas and l[enmacly.82 The diazonium salt (II-6) was not isolated. On
addition of a solution of potassium iodide, the o-ethyliodobenzene (I;-'?)
formed was isolated by steam distillation. The method gave a yield of

58.1 per cent, b.p. 60°/1 5 mm.

b. -Ethylbenzaldekgde o-Ethylbenzaldehyde (II-9) has been pre-

‘vioualy prepared in 67 per cent yield by Mayer and English83 who oxi-.

di;ed o-ethylbenzyl alcohol (11-8) with potassium dichromate in sulfuric
acid. :



TABLE I

B

AMINO ESTER HYDROCHLORIDES OF SUBSTITUTED BENZILIC ACIDS > 2Hg
2 T R*  COOCH2CH2N -HC1
2Hg
- e - Analyses
Yield Melting Point Calculated Found
R R! £ R ~ur s 0 B

1  Cgig  2-CH3C4H), TL.9 180-181 66.7h  T.u7  66.53 7.53
2  CeH 3-cg3c63h 83.2 173-17k 66.7h  T.47  66.91 7.57
3 CgHg  L-CH3CEH) 80.7 175-176 66.74  7.47  66.48 7.06
L CgHs 2,3-(CH3)206H3 TS '191-192.5 67.l1  7.72 67.52 7.89
S CeHg  2.L-(CH3)2C6H3 50.1 168.5-170 &T.hT 712 . 6.5 7.89
6 CegHg  2,5-(CH3)20eH3 a 165.5-166.5 67.01  7.72  67.64 7.65
7  CgH 2,6-(CH3)2C6H3 82.5 214.5-215.5 (dec.) 67.41  7.72 67.11 T2
8 CeHg  3,L4-(CH3)20eH3 89.8 193-194 67.,1  7.72  67.39 7.76
9 0255 3,5-(CH3) 2C4H3 69.7 185-186 67.l1  7.72  67.27 7.47
10 C 2,3, l-(CH3)3C6H2 77.9 192.5-193.5 68.04 7.94 68.24 8.08
11 CgHg  2,3,5-(CH3)3CeH2 71.9 189.5-191 68.04  7.94  67.95 8.1k
12 CeHs 2,3,6-{CH3)3C6H?2 a,b 221.5-223 (dec.) 68.04 7.94  68.01 ¥ a
13 CgHg  2,L,5-(CH3)3CEH2 a 183-18L4.5 68.04  7.94  67.88 8.03
1L CeHg 2,4, 6-(CH3 )3C6H2 93.L 213-21L (dec.) 68.04y 7.94  68.12 8.03
15 CgHg  3,L,5-(CH3)3CeH2 67.4 20L4.5-205.5 68.04 7.94  68.02 8.05
16  CgHs 2,3,h,5e(GH3;h06H 70.6 207-208 (dec.) 68.63 8.16  68.L42 8.12
17 CeHs  2,3,hL,6-(CH3))C6H 86.9 225-226 (dec.) 68.63 8.16  68.86 8.19
18 CeHs  2,3,5,6-(CH3))C6H 8L.7 21}4-215 (dec.) 68.63 8.16  68.52 8.36
19 CgH 2,3,L,5,6-(CH3)5C6 50. 225-226 (dec.) 69.18 8,36  69.18 8.2l .
20  CgHg 60.2 178-179 70.97  6.87  T1.50 7.00

L-C6H5CEHYy -

€€



TAHLE I

, ~ : R
AMINO ESTER HYDROGHLORIDES OF SUBSTITUTED BENZILIC ACIDS >c/m Peltg
| : S R H2CH2N -

*HC1 (Contirmed)

2Hg

] i =p w”

Yield Melting Point Calculated Found
wr __R R' 3 . Sg i S [+] H
21 2-CH3C&H), .- 2-CH3C@E), 73.6 175.5-176.5 67.01 T7.72. 67.19. 7.78
22 3-CH3C6H), 3-CH3C6H), 75.5 190-191 67..1  7.72 67.U8 T.76
23 Li-CH3C4H), L-CH3CEH), 83.4 172-173¢ 67.l1  7.72  67.35 7.92
2l 3,5-(CH3) 2C6H3 3,5-(CH3)2C6H3 89.2. 199-200 68.63 8.16 68.85 8.31
25 L-(CH3 )2CHCgH], Li-(CH3 )2CHC&H), éL. 181-182 69.70 8.55  69.47 8.82
26 2-CH30C4H), - 2-CH30CEH) 65.3 171-172 62.33 7.13 61.78 17.25
27 4 -CH30C&H), Li-CH30C4H), 7.4 167-168.5 62.33 7.13 62.42 17.20
28 2,3-(CH30)2C6H3 = 2,3-(CH30)2CeH3 83.7 184-185 59.56 7.08 59.33 7.29
29 3, 4-(CH30)204H 3, 4~(CH30) 2C6H3 78.8 167.5-168.5 59.56 7.08  59.30 7.27
30 73.3 164-165.5 61.83 6.43 61L.T1 6.46

CéHs :

8produced from unc;z'ystallizable 0il of Shacklett and Smith.7d

' 3,L-CH20206H3

PCrystallized from methanol.

CHi11 and Holmes80 report 185-190°

ne
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d :
2H5 K201‘207 / 02H5
CHo0H oS0L . CHO

II-8 II-9
In this work an attempt was made to find an efficient method to
prepare II-9. Among the three methods that will be described in this
section, the last two methods were especially good so far as the ease
and manipulation of reaction were concerned. However, the last one
(Method III) gave a little higher yield.

(1) Method I. o-Ethylbenzaldehyde was prepared by the action
of ethyl ortﬁofomate on the Grignard reagent, o-ethylphenylmagnesium
iodide by a procedure similar to that described by Smith and Nichols.sh
These authors had prepared a series of methyl substituted benzaldehydes
by this method with good yields in most of the cases. The acetal (II-
10) obtained by the action of ethyl orthoformate onthe Grignard reagent

C2Hs . 1) Mg C2Hg
@I 2) HC(0CzH)3 ¢ CH(002H5)2 T

+
\L H30
G2Hg
CHO + 2C2H5OH

II-9
was decomposed by refluxing with dilute sulfuric acid. The aldehyde (1I-
9) was isolated first d4s the sodium bisulfite addition compound and sub-

sequently this compound was decomposed by treating with sodium bicarbonate
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fo]_'Lm;'ed by distillation. The reaction gave a yield of Ll per cent of
o-ethylbenzaldehyde, b.p. 210-211°.

(2) Method II. o-Ethylbenzaldehyde (II-$) was obtained by a
method analogous to that of Shirley and Danz1g85 bry the action of n-
methylformandlide on o-ethylphenyllithium which was prepared by the
action of n-butyllithium on g-gthyliodobenzene by the procedurg for the
halogen 'me-m interconversion reaction as described by Gilman, Laugham
‘and Moore.86 The preparation of n-butyllithium was accomplished by

the method of Gilman and coworkers.87

@;{ > pBuld czii b cé“S“é';o
7 II-11 ol
ek
Brin D
II-9

n-Butyllithium was added dropwise_ to the ether solution of _g_-et.byl-
iodobenzene (II-7) at the reflux temperature of ether. o-Ethylphenyl-
lithium (II-11) thus formed was treated in the same flask with N-methyl-
formanilide in ether and refluxed. The mixture was made. acidic and the
aldehyde obtained was purified as desEribed in Method I (A.2.b(1)). There
was obtained a yield of 50.8 pel; cent of o-ethylbenzaldehyde (II-9).

| (3) Method III. This method is similar to Method II wit.h a
Grignard reagent (II-12) being used in the place of the organolithium
compound. The method of Zaheer and Faseen3 was adopted. N-Methyl-

formanilide in ether was added dropwise to the Grignard reagent (II-12).
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CoHg 3 : OMgI
ug:[ AN e e o i /
II-12 e C;K)

v

CoHg »
@ CHO + PhN(Me)H

LI=9

A gummy solid mass, the magnesium complex II-13, obtained after refluxing
and stirring for one hour was acidified. The aldehyde liberated was sub-
Jected to the same process of purification as in Methods I and II. The
method gave a yield of 61.1 per cent of II-9, b.p. 82-84°/5.5 mm.

c. ‘Attempted benzoin condensation of o-ethylbenzaldehyde. o-

Ethylbenzaldehyde (II-9) was subjected to the standard nethod8? of benzoin
condensation by refluxing it for two hours with a mixture of ethanol and

an aqueous solution of potassium cyanide. On cooling, a little heavy dark

CoHg cn H C2H5 o
e PR

II _9 II"lh

liquid settled down. Some of the unreacted aldehyde (II-9) also was re-
covered. The viscous liquid obtained could not be crystallized and de-

composed when subjected to distillation under reduced pressure. It was

used without further purification in the next step.

d. Attempted preparation of 2,2'-diethylbenzil. The viscous liquid

which was presumably 2,2'-diethylbenzoin was oxidized with copper sulfate

pentahydrate in pyridine. The mixture was stirred and heated on the steam
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bath. On cooling, no solid was obtained. On pouring into water, some
tarry material was liberated. Hence, a direct one-step method feor con-

version of a benzoin to benzilic acid was next attempted.

e. Attempted preparation of 2,2!-diethylbenzilic acid. The method
adopted here was that of Ballard and Dehn. 20

C2H5 CoHg
CoHg
<z::j>——-cn(on)co——<§:::>> ;g ii::? 4{::>‘\\\\ ’/’/,qa
3) H50 /°\
<R oo

itk

The apparent 2,2'-diethylbenzoin (II-14) was refluxed with potassium
bromate and sodiﬁm hydroxide for seven and one-half hours. On cooling
and diluting with water, some oil separated. Even with a longer reflux-
ing period, some separation occurred. After extracting the oil with
ether, the aqueous layer was acidified. The acid thus obtained was iden-
tified as o-ethylbenzoic acid from its melting point, from the molecular
weight determination, by the neutralization equivalent and fina.lly by its
elemental analysis. The data are shown in Table II. |

A cleavage of C-C bond in the benzoin, (II-1}), resulting in oxi-
dation to o-ethylbenzoic acid, might have occurred as follows:

CoHg H CQHS A C2Hg

II-14 II-16




k-4

TABLE II

COMPARISON OF PROPERTIES OF PRODUCT OF OXIDATION OF 2,2!-DIETHYLBENZOIN
WITH THOSE OF o-ETHYLBENZOIC ACID

= gz
e -

Compound Obtained

g-lEt.hylbenzoic Acid in A.2.e.
Melting Point | sg0 L 63.5-61.5°
Molecular Weight 150.17 151.7
Analysis C = 72.00 C = T72.79

H= 6,72 H=6.63
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It could also be possible that benzoin condensation might have failed

and the aldehyde present might have been oxidized to II-16.

It is of interest to note that‘ Glenn92 was not successful in his
attempts at benzoin condensation of é-phenylbenza.ldehyde.

Failure in both cases might be due to steric reasons.

A summary of the attempts at the preparation of 2,2!-diethyl-

benzilic acid is shown on Chart I.

B. Esters of Substituted Phenylcyclohexylglysolic Acid

1. Catalytic Half-hydrogenation

The amino ester hydrochlorides described in A were hydrogenated
using commercial Adams' platinum catalyst in a low i)ressure hy@rogenator._
‘The solution of the hyzimchloride in glacial acetic acid and the".catalyst
were shaken in hydrogen under a pressure of about F6b, p.s.i. until the
equivalent of 3.l moles of }1wdrogen was taken up for every mole of the
hydrochloride. (It was expedient to allow absorption in excess of the
3 moles of hydrogen theoreﬁca.‘lly, required; otherwise unchanged esf.er ‘hy-
drochloride of the substituted benzilic:a.cid, difficult, to remove by crys-
tallization, was present in the product. On the other hand, the fully
satuz_'ated dicyclohe::ylglycolates were removed by crystallization, by vir-
tue of ’their high solubility in organic solvents. Adamson, Barrett and
wﬂ]d.nsoﬁ93 report similar observations in the half-hydrogenation of di-
phenylcarbinols to cyclohexylphenylcarbinols ¥

The time required for half-hydrogenation varied for each compound.

The product obtained after hydrogenation was recrystallized from an



CHART I

PROPOSED SCHEME FOR THE SYNTHESIS OF 2,2'-DIETHYLBENZILIC ACID

C2Hg C2Hg
1 1) HC1 :
2) NaNO2 R e,

II-5 KI 11-6
CoHg
O
II-7
1) Mg
2) HC(002H5)3 1) Mg
3) 1@0 1) n-Buli 2) Ph(CH3)NCHO

2) Ph(CH3)NCHO 3) I-I%)O

P
CoHg CoHg CoHg
QCHO @cao CHO
II-9

II-9 1I-9

ll) KCN
2) CpHgOH

' CoHg
CoHs
< Hﬁ_ﬁ
II-1h 1) KBrO3
) CuSOy,-5H20 2) Nagﬂ
2) Pyridine 3) H30
c CoHg CoHg
@i@_gO . (SR
2) CoHZOH * /c\cooﬂ
Qgﬂs

II-15
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ethanol-ether™ mixture until a sharp melting substance was obtained.

A summary of catalytically half-hydrogenated compounds is shown in
- Table III. -

2. Synthesis of the Ester Hydrochloride of L-Methylphenylcyclohexyl-
glycolic Acid
Since the catalytically half-hydrogenated product of the ester

hydrochloride of l-methylbenzilic acid exhibited physiological activity,

it was of interest to investigate which one of the two rings was reduced
first during the process. It is obvious that, upon half-hydrogenation
of II-17, the two possible products are 2-diethylaminoethyl L-metiyl-

A
O/ \%wﬁzcnzl(czﬂs)z HC1 O/ \:oocngcngu(czag)z HC1

II-17 I1-18

phenylcyclohexyglycolate hydrochloride, (11-18), and 2-diethylaminoethyl
h—methylcyclghe_vlphenylglycolate nyﬂrochloridg, (II-19). The analysis
of the solid obtaimed corresponds to each of these possibilities.  One
solution of this problem would be in the synthesis of one of the two

*Sufficient anhydrous ether was added in all cases to the hot
alcoholic solution to produce cloudiness.



TABLE IIT

AMINO ESTER HYDROCHLORIDES OF SUBSTITUTED PHENYLCYCLOHEXYLGLYCOLIC ACIDS

NG e

S

RY  COOCHCH2 “HC1
: \02H5

' Analyses
Yield Melting Point Calculat_ed o Found

R R! X e o . g b:! c . EH
'2-cn3cénh céﬂxi 55 191-193 65.67 8.93  65.97  8.82
3-CH3C6H) CéH11 66 187-189 65.67 B.93  65.48  8.51
1,-CH3C6H), Céin 75 200-201 65.67 8.93  65.67  9.14
2,3-(CH3) 2C¢H3 CeH11 38 170-172 66.39 9.12 66.01 9.33
3,5-(CH3)2C€H3 C6H11 83 217-218 66,39  9.12  66.42  9.21
2,li,6-(CH3) 3C6H2 .C6H11 6L 206-207 67.0h 9.30 67.19 9.18
3,4,5-(CH3)3CeHD CeHi1 ‘22.5 22i-22§ 2;.2% g.ig 23,32 g.gg

2,3,5,6-(CH3)1,C c ' 204-20 : ; : "
e el 9.11  66.06 9.l

3-CH3CgH), 3-CH3C6H10 3 © 181-182 66.39

e s e
— — i — —
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* compounds, either II-18 or II-19, and checking its physical constants
with those of the compound which was actually obtained by catalytic
half-hydrogenation of II-17. Hénce, the following attempt was made to
synthesize totally II-18. |

Synthesis of 2-diettv1mninoethy1 L-methylphenylcyclohexylglycolate
hydrochloride waé achieved as shown in Chart II.

li-Methylbenzoic acid, (II-ZO) was converted to L-methylbenzoyl
chloride, (II-21), b.p. 57°/0.3 mm., by the action of thionyl chloride
in 93.1 per cent yield. When II-21 was heated with cuprous cyanide,
L3.5 per cent of Li-methylbenzoyl cyanide (II-22), m.p. 50-51°, was ob-
tained. The hydrolysis and subsequent esterification of II-22 was
accomplished by dissolving it in absolute alcohol saturated with hydrogen
thoride and allowing it to stand for eight days in the cold room. There
was obtained 50.2 per cent of II-23, b.p. 124-126°/3.5 mm. An equimolar
proportion of the Grignard reagent, cyclohexylmagnesium chloride, re-
acted with II-23 to give 59.6 per cent of ethyl L-methylphenylcyclohexyl-
glycolate (II-2L4), b.p. 155-1580/2.8 mm. Aqueous sodium hydroxide solu-
tion was employed to saponify II-2L and upon acidification, a 65 per
cent yield of l-methylphenylcyclohexylglycolic acid (II-25), m.p. 189-
190°, was realized. On refluxing II-25 with 2-diethylaminoethyl chlo-
ride in isopropyl alcohol, the amino ester hydrochloride (II-18), m.p.
202-203%, was obtained.

No depression was observed in mixed melting point of synthetic
2-diethylaminoethyl L-methylphenyloyclohexylglycolate hydrochloride (II-
18) with the half-hydrogenated prodﬁct of 2-diethylaminoethyl L-methyl-



CHART II
SYNTHESIS OF 2-DIETHYLAMINOETHYL L-METHYLPHENYLCYCLOHEXYLGLYCOLATE

HYDROCHLORIDE
- S0Cl2
H3c©coon -] 5 H3C®GOC1
II-20 II-21
CuCN
A , 1) CoH5OH '
Hj Co- 00002H5 < 2) HCL gas H3C COCN
II1-23 II-22

C6H11MeCl

@\ e Q\

/ﬂﬂ 1) NaOH Huk

/O\C 2) CoHgOH / \
00C2Hg

COOH
II-2) I1I-25

MlGHzCHzN(Czns)z |

Q 2) (CH3)3CHOH |

O/ \:ooczrzcﬁ N

1I1-18

\cang
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benzilate hydrochloride (II-17). A comparison of physical constants
is given in Table IV Further, mltraviolet data in Table VI and Figure
1 substantiate the facf that th.e two compounds are identical. It was
concluded therefore that during the course of catalytic half-hydrogena-
tion of II-17, the unsubstituted benzene ring was reduced first. In the
light of this statement, an attémpt was made to synthesize the ester
hydrochloride of 3,5-dimethylphenylcyclohexylglycolate hydrochloride
and compare its physical constants with those of the product obtained
from catalytic half-hydrogenation of t.he ester hydrochloride of 3,5-di-
methylbenzilate hydrochloride. ﬁere again two possible half-hydrogenated

pz;{oducts as shown below are II-27 and II-28.
CH3

<:::>//////\\\\\EOOCHchQN(CgHS)2 “HC1

II-26

Y

CH3

SN/ ' °*‘©\ .

or

<:::>//// \\\\COOCH2CH2N(GQH5)2-Hcl < >//// \\\\COOCHQCHQN(Czﬁg)z “HC1

II-27 ‘ II-28



L7
TABLE IV

2-DIETHYLAMINOETHYL L-METHYLPHENYLCYCLOHEXYLGLYCOLATE HYDROCHLORDIDE

Obtained by Catalytic Half-

Synthetic hydrogenation
Melting Point 202-203° 200-201°
Analysis . B, 165.5h c, 65.67

H, 9.00 H, 9.14

Caled. for CpH3)NO3C1
C, 65.67
H, 8.93
Mixed Melting Point: 202-203°
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8.0
i —— Half-hydrogenated product of 2-diethyl-
‘ aminoethyl L-methylbenzilate hydrochloride.
704
--==-2-Diethylaminoethyl L-methylphenylcyclo-
hexylglycolate hydrochloride (synthetic)
6.0'

3.0’

2.0

loo'

" RS AR . )

- G
Wavelength 1?1

Figure 1. Ultraviolet Absorption Spectra of 2-Diethylaminoethyl
l4~Me thylphenylcyclohexylglycolate Hydrochloride in 95 Per Cent Ethanol.
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3. Synthesis of 2-Diethylaminoethyl 3 ,_S_—Dimethylphenylcyqlohe:ql-
glycolate Hydrochloride

The series. of reactions employed for the synthesis of the ester
hydrochloride of 3,5-dimethylphenylcyclohexylglycolate hydrochloride is
shown in Chart III.

The purified 2,4-dimethylaniline (II-29) was brominated in the
presence of hydrochloric acid in an ice bath followed by diazotization
leading to deamination using stannous chloride in sodium hydroxide.
3,5-Dimethylbromobenzene (II-32), b.p. 70°/6 mm., was obtained in 56
per cent overall yield. As indicated by Fischer and Windaus, 9k sodium
stannite proved to be a more satisfactory reagent than alcohol for de-
amination in this reaction. These authors, as well as Fieser and
Heymann?s have reported the preparation of 3,5-dimethylbromobenzene by
the same route.

3,5-Dimethylbenzoic acid, (II-33), m.p. 169-170°, was obtained in
67.5 per cent yield by the action of 3,5-dimethylmagnesium bromide on
solid carbon dioxide in ether. Thionyl chloride was employed to prepare
the acid chloride which on heating with cuprous cyanide gave 3,5-dimethyl-
benzoyl cyanide, II-35, m.p. 61-62°, in 61.5 per cent yield. On keeping
the cyanide dissolved in ethanol and saturated with hydrogen chloride in
the cold for eight days, ethyl 3,5-dimethylbenzoylformate, (IT-36), b.p.
130°/4.5 mm., was formed in 46.3 per cent yield. It gave a positive
test with 2,4-dinitrophenylhydrazine. The additioﬁ of cyclohexylmagnesium
chloride to II-36 and acidification resulted in the formation of ethyl

3,5-dimethylphenylcyclohexylglycolate, (II-37), b.p. 175°/L4.5 mm., in
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CHART ITI
SYNTHESIS OF 2-DIETHYLAMINOETHYL 3,5-DIMETHYLPHENYLCYCLOHEXYLGLYCOLATE
HYDROCHLORIDE
CH3 CH3
1) HC1 1) NaNOp
CH3 2) Bro cn3 2) Bl “ B H3
NH2 NH>-HC1 NoCl
R, II-31 |
1I-29 AT ll) SnCls
2) NaOH
e S0C1
. 7 Pl S @ COOH , 1) Mg Cli3
CH I
¥ CH3 zren Br ©0H3
II-3h 11-33 -
II-32
‘lFuCN
CH3 CH
COCN 1) CoHg0H » 0C CoH
T ®Wigs 7 i
CH ‘ CH
3 1I-36
I1-35
CeH11MeCl
CH ' OH
3  —GOOH L. A &—c00CoHS
CHB 2) CoHgOH - CH3* |
II-38 _ II-37

CH3

1)C1CH2CH2N(C2HS )2 /\
2)(GH3)2CHOH ‘ O “COOCH2CHoN(C2Ms )2 * HC1

II-27
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17.8 per cent yield. The saponification of the ester, II-37, gave the
corresponding acid, IT-38, which on refluxing with equimolar proportions
of 2-diethylaminoethyl chloride in isopropyl alcohol gave 2-diethylamino-
ethyl 3,5-dimethylphenylcyclohexylglycolate hydrochloride, (II-27), m.p.
217-218°, in 63.3 per cent yield. The catalytically half-hydrogenated
product of 2-diethylaminoethyl 3,5-dimethylbenzilate hydrochloride, (II-
26), did not show any depression in melting point when mixed with II-
27 A summary of data on these two compounds is shown in Table V.
Ultraviolet absorption curves (Figure 2) of both the half-hydrogenated
product and II-27 indicate the identical nature of the compounds. The
pertinent ultraviolet data are given in Table VI.

It has been shown that the introduction of methyl substituents
into the benzene nucleus produces several effects upon the absorption
spectrum of benzene. These effects may be summarized as: (a) an increase
in the intensity of absorption; (b) a tendency to smooth out the benzenoid
fine-structure bands; (c) displacement of the main maxima (usually to
longer wavelengths).

From the Figuresland 2, it is evident that the catalytically half-
hydrogenated products of 2-diethylaminoethyl L-methylbenzilate hydrochlo-
ride, (II-17), and 2-diethylaminoethyl 3,5-dimethylbenzilate hydrochloride
(II-26) are identical to the synthetic compounds, II-18 and II-27, re-
spectively. PFurther, a comparison of Figures 1 and 2 shows'that the half-
hydrogenated product of II-26 (dimethyl substituted) exhibits a greater
intensity of absorption at higher wavelength (269 m}1) than that of mono-

methyl substituted compound, II-17, (26L4.5 1?1). It is interesting to note
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TABLE V

2-DIETHYLAMINOETHYL 3,5-DIMETHYLPHENYLCYCLOHEXYLGLYCOLATE HYDROCHLORIDE

Obtained by Catalytic

Synthetic Half-Hydrogenation
Melting Point 217-218° 217-218°
Analysis C, 66.74 C, 66.42

H, 9.10 Hy- 921

Calcd. for Co2H3¢NO3Cl:
C, 66.39
H, 9.12

Mixed Melting Point: 217-218°

ﬂ
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8.0¢
7.0
~ —— Half -hydrogenated product of 2-diethyl-
aminoethyl 3,5-dimethylbenzilate hydro-
chloride !
6.01

2-Diethylaminoethyl 3,5-dimethylphenyl-

cyclohexylglycolate hydrochloride
(synthetic)

po e
-

€x 10-2

28 260

275 28);
Wavqlength }91

Figure 2. Ultraviolet Absorption Spectra of 2-Diethylamino-

ethyl 3,5-Dimethylphenylcyclohexylglycolate Hydrochloride in 95 Per
Cent Ethanol.
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TABLE VI

ULTRAVIOLET ABSORPTION DATA

]

) Wavelength .
Campound (2.5 x 103 M.) (Mn) Max.
2-Diethylaminoethyl L-Methylphenyl-
cyclohexylglycolate Hydrochloride 264.5 329.3
(1I-18)
Half-hydrogenated Product of 2-Di-
ethylaminoethyl h—Methylbenzilgte 26L4.5 348

Hydrochloride

2-Diethylaminoethyl 3,5-Dimethyl-

phenylcyclohexylglycolate Hydro- 269 38L4.1
chloride (II-27)

Half-hydrogenated Product of 2-Di-
ethylaminoethyl 3,5-Dimethylbenzilate 269 388.9
Hydrochloride
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that Shm‘:kleti‘?7 reports an absorption maximum for phenylcyclohexyl-
glycolic acid at a wavelength of 258 17,1 which is lower than that of
the half-hydrogenated product of II-17. In other words, a shift
towards higher wavelength occurs in absorption maxima along with a ten-
dency to smooth out the fine structure of curves with greater methyl
substitution in the compound. As described earlier, the same observa-
tions have been made as reported in the literature with methyl sub-
stituted benzenes. Hence, the shifts in absorption maxima observed in
the half-hydrogenated products of II-17 and II-26 must be due to methyl
substituted benzene rings in the compounds. The other remaining unsub-
stituted ring, therefore, must have been reduced.

Moreover, if the half-hydrogenation of compounds II-17 and II-26
had resulted in the reduction of the substituted rings, they would have
given identical absorption curves, the absorption being principally due
to only benzene rings in both the compounds.

The synthetic and ultraviolet studies, therefore, lead to the con-
clusion that the catalytic half-hydrogenation of II-17 and IT-26 results

in- the reduction of the unsubstituted ring.

C. The Ester Hydrochlorides of Substituted Dicyclohexylglycolic Acid

1. Catalytic Hydrogenation

The ester lﬂrdrochiorides of substituted benzilic acids were dis-
solved in pure glacial acetic acid and shaken in the presence of Adams!
platinum catalyst under a hydrogen pressure of about 6l pounds per square

inch. The shaking was continued until no drop in pressure was observed
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over a period of from three to four hours even after the addition of
some more catalyst. The time required for full hydrogenation varied
from a few hours to about a week. QGenerally, the greater the substitu-
tion on the benzene ring, the longer was the time required for complete
hydrogenation. After evaporation of the‘ solvent, the product obtained
was recrystallized several times from an alcohol-ether mixture. The
compounds thus obtained are listed in Table VII. However, the hydrogena-
tion products of the ester hydrochlorides of 2,3,L,5-tetramethyl, 2,3,5,6-
tetramethyl and 2,3,4,6-tetramethylbenzilic acids did not give correct
elemental analysis. These three compounds needed five to six days of
shaking until no more drop in pressure was observed for about five to
six hours after addition of a fresh lot of catalyst. Even after innumer-
able recrystallizations, the hydrogenated products softened before melt-
ing. The hydrogenated products were presumably mixtures which resisted

efforts at further purification.

2. Attempted Catalytic Hydrogenation of Ester Hydrochlorides of Methoxy

‘Substituted Benzilic Acids

Attempts were made to hydrogenate ester hydrochlorides of h-methon '
and L, it -dimethoxybenzilic acids using platinum catalyst by the procedure
describéd in 'C.l. Hoﬁever the elemental analysis of the products obtained
did not correspond to the completely hydrogenated products ‘of the expected
ester hydrochlorides. A cleavage of the C-O bond of the methoxyl group
attached to the ring was in all probability responsible. 'Since Smith

8

and Thompson9 had observed much smaller cleavage in hydrbgenation of

methoxy substituted benzenes over 5 per cent rhodium on alumina than over



TABLE VII

c//OH

R

AMINO ESTER HYDROCHLORIDES OF SUBSTITUTED DICYCLOHEXYLGLYCOLIC ACIDS \:) _AGoHs
R! \\COOCHQCHQN\\ *HC1

CoHg

. : Analyses
Yield Melting Point Calculated Found
R! R! % o c H c H

Lo CéH11 2-CH3C&110 76.1  165-166.5 64.67 10.3h  6L.L6  10.60
ln C6H11 3-CH3CEH10 86.4  181-182 64.67 10.34  6L.k2  10.1k
L2 CéH11 L-CH3CgH1 0 87.4  190.5-192 64.67 10.3h  64.89  10.L2
L3 C6H11 2,3-%CH3 2C6Hg 79.2  174-175 65.,0 10.48  65.65  10.21
Ll CeH11 2,U-(CH3)2C4H9 78.9  155-156 65.,0 10.48  65.02 10.31
C6Hy 2,6-(CH3) 2C6H9 80.9  181-182 65.4,0 10.48  65.52  10.71
L6 CeH11 3,4-(CH3) 2CeH9 80.2  177.5-178.5 65.4,0 10,48  65.59 10.36
L7 CeH11 3,5-(CH3)2C6H9 72.8  171-173 65.40  10.48 65.23 10.53
L8 CeH11 2,3,5-(CH3)3CeH8 76.3  193-194 66.07 10.61  66.29  10.32
L9 CeH11 2,3,6-(CH3)3C4Hg 76.0  199-200 66.07 10.61  65.91  10.35
50 CeH11 3,k,5-(CH3 )3C6H8 89.6  216.5-218 66.01 10.60 66.32  10.38
51 CeHi1 L-C6H)1C6H10 75.5  17L4.5-175.5 68.16 10.56  68.21  10.77
52 2-CH3C6H10 2-CH3CEH10 80.2 163.5-164.5 65.40 10.48 65.35 10.63
53 3-CH3CgH1 0 3-CH3C¢H10 84.1  178.5-179.5 65.,0 10.48  65.48  10.L2
Sk L4-CH3CgHy 0 L-CH3CeHy0 81.5  187-188 65.40 10.48 65.75  10.l1
55 3,5-(CH3) 2C¢H9 3,5-(CH3)206H9 8L.4  183-184 66.71  10.73  66.49  10.47
56 L-(CH3)2CHCEH10 L-(CH3)2CHCEH10  8l. 185-187 671.86 10.95 67.63 11.16

Ls
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platinum oxide, it was decided to hydrogenate the ester hydrochloride
of l4-methoxybenzilic acid over 5 per cent rhodium on alumina. On ter-
mination of the hydrogenation, the resulting product was recrystallized
several times from an alcohol-ether mixture. The compound, however, did
4not analyze for the ester hydrochloride of l4-methoxydicyclohexylglycolic
acid. A quantitative analysis for the methoxy group in the hydrogenated
product indicated the cleavage of 58.16 per cent of the methoxyl group.
Hence further attempts at catalytic hydrogenation of methm?y substituted

compounds were not made.

D. Attempted Preparation of Esters of l-Mercaptodiarylacetic Acid

1. 1l-Mercaptodiarylacetic Acids

1-Mercaptodiarylacetic acids were prepared by the method described
by Becker and Bistrzycki” as in Chart IV. Diphenylcarboxymethyl N-
phenylthiolcarbamate (II-41) was obtained in duantitative yield by the
action of phenylisothiocyanate (II-40) on benzilic acid (II-39) at room
temperature for twenty hours in the presence of acetic é.nd sulfuric acids.
II-41 melted at 138-139° but did not decompose as reported by Becker and
Blstr,zyck’i.”' However, the analysis confirmed the identity of the
cm@d. II-41, when hydrolyzed with 3 per cent solution of potassium
hydroxide, gave 1,1-diphenyl-l-mercaptoacetic acid, (II-42), m.p. 1h8-
lit9° in 88.1 per cent yield.

2,2'-Dimethaxydiphenyl-l-mercaptoacetic acid and 3,3'-dimethyl-
dipheny]_.—l;mercaptoacetic acid were prepared by the same route. Table

VIII gives a summary of the acids thus prepared.
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CHART IV

SYNTHESIS OF 1,1-DIPHENYL-1-THIOLACETIC ACID

R e
o

OH

COOH
CH3COOH and

H250),

<C:::>-REL—C0——S———- —COCH

II-41
on ©

&

c

B

II-l2



TABLE VIII

R H
1-MERCAPTODIARYLACETIC ACIDS \/c/s
R cooH
» ' Analysis
, Yield Melting Point Calculated Found
R R % og c H c H
CeHs CeHS 88 14,8-149 " 68.82 L.95 68.93 L.98
3-CH3C6H 3-CH3C6H), 80 102-103 70.55  5.92 70.55 5.7h
2-CH30C6H), 2-CH30C6H), 86 138-139.5 63.13 5.29 63.00 L.95
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2. Attempted Preparation of 2-Diethylaminoethyl 1,1-Diphenyl-1-

mercaptoacetate Hydrochloride

When a soluﬁion of equimolar quantities of 2-diethylaminoethyl
chloride and II-%42 in isopropyl alcohol was refluxed, the evolution of
hy!irogen sulfide was indicated by the darkening of lead acetate paper.

A compound isolated on addition of dry ether to the rqsulting deep blue
solution, melted at 189-190° and its analysis (C, 42.96; H, 9.08) agreed
fairly well with that of the hydrochloride of 2-diethylaminoethanethiol.

The reaction might have occurred as follows: ‘
O~ . A
+ !
/ \ / N
@ “COOH HOOC \O

IT4H2°

N
S e

D™,

\coon HOQC
o

C1CH2GHoN(C2HE)2
S 7 HSCH2CHoN(CoHg) 2HCL

\@2 i -

I143

No attempt was made to isolate II-43 from the blue colored solution.
The hydrochloride of 2-diethylaminoethanethiol, (II-44), m.p. 189-190°,
according to the literature,100 melts at 170-172°.

Amal. Calcd. for CgH1¢NC1S: C, Lh2.46; H, 9.73.

Found: C, h42.96; H, 9.08.
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Repeated attempts with dry benzene in the place of isopropyl alcohol
resulted in the evolution of hydrogen sulfide and formation of the same
blue solution. This route for the preparation of the desired compound
was therefore abandoned.

According to Klosa, 101 the action of phosphorus tribromide on 2-di-

ethylaminoethyl benzilate hydrochloride (II-L45) suspended in benzene
at 70-80° produced the ester hydrobromide of 1,l-diphenyl-l-bromoacetic
acid (II-46).

A =
©> \eoocmca@z.aal |

o
©/ \OOCHQGHQN(CQHg)g-}Er

II-46

v

The free amine from II-hS obtained by treatment with a solution of

éodium bicarbonate was refluxed with sodium hydrosulfide in dry acetone.
The hydrochloride isolated from this reaction melted at 172-173° which
was the melting point of the hydrochloride of 2-diethylamimethanethiolloo
(IT-44)¥ Its mixed melting point showed no depression with an authentic

sample of II-44. The saponification might have occurred as follows:

*1¢ appears that this compound has two melting points.
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Q\C /. i NaSH _
Q/ \coecazcm(czﬂs)z .

M O m
O N O

II-L47 II-42 II-LL

+ HSCHpCHoN(C2Hg)2

Some II-L4 was isolatéd and no attempt was made to isolate the acids

II-47 or II-L2. This route was not explored any further.

E. Preparation of 1,1-Diphenyl-2-hydroxy-4-N,N-dimethylbutyl-
* amine Hydrochloride

The synthesis of 1,1-diphenyl-2-hydroxy-L4-N,N-dimethylbutylamine
hydroghhride was accomplished by the route shown in Cha.rt V. Phenyl-
aéetqr_le, (II-4B), was brominated by the method of Schultz and Mickeyl02
to give l-phenyl-l-bromopropanone, (II-49), which was subsequently re-
Aaq't',ed with benzene in the presence of anhydrous aluminum chloride to
give 1,1-diphenylpropanone, (II-50). The method of Wilson and Ky'1103
(modified Mannich reaction) was employed to convert II-50 to 1,1-di- -
phenyl-l-N,N-dimethylamino-2-butanone hydrochloride (II-51). Upon
catalytic hydrogenation of the carbonyl group in II-51, 1,l1-diphenyl-
2-hydroxy-}-N, N-dimethylbutylamine hydrochloride (II-52), m.p. 175-

176°%, was obtained.
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| CHART V
SINTHESIS OF 1,1-DIPHENYL-2-HYDROXY-Y4-N, N-DIMETHYLBUTYLAMINE HYDRO-
CHLORIDE
Brp 5 |
CH2C0CH3 ” CHBr *COCH3
I1-48 e II-L49
1) A1C13
2) CeHg
Srmme O
2) (HCHO)x )
3) C2HgOH :
II-50

@—— H-CO-CH2CH2N(CH3 )2 HC1

II-51

Pt, Ho

H

Q—éﬂj—i}l'c}IQCHgN( CH3)2°HC1

II-52
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F. Attempted Preparation of 1,1-Diphemyl-l-N,N-dimethylamino-2-butene
Hydrochloride

1. Method I

An attempt was made to acetylate II-52 by stirring overnight with
acetyl chloride in the presence of anhydrous potassium carbonate. The
acetylated compound (II-53) was brominated at -15° using dry carbon tetra-
chloride as solvent. The proposed sequence of reactions for the synthesis

of the desired compound was as follows:

.\ 1) CH3C0C1

CH GH CH2CH2N(CH3) 2°HC1 2) K2C03 4
II-52
<:::> OgHBCH N(CH3) - i <:::>
*CH* CH20H2N(CH3 )2~ —5 o1,
-15° \\:fH-GHQGHQN(CH3)2°HBr
II-53 OCH3

—4 O\ P 1) o8 ®
2) HC1
O/ \cn-cnmgn(cn3 )2

I1-55

i it
Q/ \cﬂ=chH2N(cH3)2 HC1

I1-56
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The bromo compound (II-S4) on several recrystallizations from acetone
melted at 173-174°. However, it failed to analyze correctly for II-5l.
The supposed bromo compound gave positive\ tests for unsaturation with
potassium permanganate and also bromine. Its analysis conformed to the

following structure:

\C=C-CHQCH2N(CH3)2 -HBr

NaZ

At some stage of conversion of II-53 to II-Sk, dehydrobromination might

II-57

have taken place. Due to the failure in obtaining the compound I1-5L,
no further attempt was madé to achieve this synthesis. Thus an alternate

approach was planned.

2. Method II

A proposed series of reactions to achieve the synthesis of II-56
is shown in Chart VI. .

The method of Stevens and Lenkmh was employed in which II-50 was
brominated at -15° to produce an 81.2 per cent yield of l-bromo-1,1-
diphenylpropanone (II-58), m.p. 55.5-56.5°. II-58 was hydrolyzed in a
dioxane-water medium and 1-hydroxy-1,1-diphenylpropanone (1I-59), m.p.
614-6S°, was produced in 83 per cent yield. To obt:a‘:'En lthe aminoketone
(II-60) a Mannich reaction was run on II-59 in n-octanol using dimethyl-
amine hydrochloride and paraformaldehyde. The attempt to acetylate the

tertiary hydroxyl group in II-60 according to the method of LaMer and
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CHART VI

' ATTEMPTED PREPARATION OF 1,1-DIPHENYL-L-N, N-DIMETHYLAMINO-2-BUTENE

HYDROCHLORIDE

g\/@ms ' o 7 \/;3 G

II-50  11-88

@\ /% 1) (om)ownE @ OH
. 2) (@O, \< |
Q/ \cocu3 3) p-Ogfy 0K ®/ COCH ,CHoN(CH3) 2°HC1

II-59 II-60

(CH3C0)20 <}> s Hp, Pt
“ | \cocngcagn(cﬂ3)2-ndl

II-61

| e 1) cH3c001 \Q\ /oc g
» 2) K003 0CH
©/ \gcﬂzcﬂzﬂ((}ﬂg,)z'ﬁcl O/\Z;-CH;"HZ"(C@)?

\f

11-62 11-63
‘ ‘ OCH3
_A.} ,\C-C-GHCHzN(CHB )2 or/ > /w or/
O e = O e
y H=CHCH2N(CH3 )2
| 1I-6k 11-65 '
COCH e @
@\c 3 i O Na/ N BT

@ H=CH- CHg+ CHpN(CH3) 2 -HC1

11-66 H I1I-56
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(.‘:reenspa.nlos and also King and Ho].me5106 fajled. A number of different
reaction conditions were used in attempts at acetylation. By the action
of acetyl chloride in the presence of potassium carbonate, a gummy
hygroscopic substance which failed to crystallize was obtained. The
details of attempts at acetylation are described in the Experimental
section. No further progress was achieved in the series of reactions

in Chart VI due to the failure in acetylation of II-60.

G. Preparation of 2-Diethylaminoethyl 1, 1-Diphenyl-1l-(2-diethylamino-
ethoxy)acetate Hydrochloride

When a mixture of thic;rgy'l chloride and benzilic acid in carbon
tetrachloride stood at room temperature for thirty hours, l-chloro-1,1-
diphenylacetic acid, (II-67), was obtained in good yield according to
the method of ICLosa.lo7 Etherification of II-67 was accomplished by
refluxing it for thirty-six hours with 2-diethylaminoethanol and anhy-
drous potassium carbonate. The hydrochloride of II-68 was esterified
by refluxing with 2-diethy1aminoethyl chloride in isopropyl alcohol .
The dihydrochloride (II-69), m.p. 212-213° was obtained in 87.l per

cent yield.



69

e "
@ —COOH 1) socl2 @——Z—coon
. [ By ety 7 @
NS
I1-39 ‘ 11-6%
HoCHoN(C2H
HOGHPCHAN(C2HS)? @\ /°° 2CHoN(C2Hg)2

o i J @/ \coon

I1-68

@ 00 N(C2Hg )2.HC1
1) HC1 gas k / oMY

3) GICHCHoN(CoHS)2 ” _
3) HOCH(CH3)2 \coocnzcnzu(czﬂs)z-ﬂm

11-69

H. Preparation of 2-Diethylaminoethyl 1,1-Diphenyl-1-thioacetoxy -

acetate Hydrochloride

1-Chloro-1,1-diphenylacetic acid (II-67) described in the previous
section‘ was refluxed with thiocacetic acid in benzene in an atmosphere of ni-
trogen. The 1,1-diphenyl-1-(thioacetoxy)acetic acid (II-70) obtained
was converted into its ester hydrochloride, (II-71), m.p. 166-167°.
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SR O o
O N O N

I1-67 II-70

CLCHpCHoN(CoHg)2 ©>o/ |
| @ \coocngcuzn(czug)a.ﬂm

II-T1

I. Attempted Prepargtion of 2-Diethylaminoethyl 1,1-Diphenyl-1-(1-

mercaptoacetoxy)acetate

A benzene solution of l-chloro-l,l-diphenylacetic acid (II-67)

was added dropwise to the sodium salt of l-mercaptoacetic acid

@\ /"1 HSCHpCOONa @\\ S o
0 e O e

II-67 ' I1-72

@\ /000 s
1) C1CHpCHoN(CoHg)a
2) GeHgOp O/G \600032CH2N(CéH5) 2+C6HgO7

II-73

(ESCH2CO0Na) and refluxed for sixteen hours. 1,1-Diphenyl-1-(1l-mercapto-

acetoxy)acetic acid (II-72) was partially soluble in benzene. After



1
filtration of the solvent, the residue contained a mixture of sodium
chloride and the acid, II-72, from which sodium chloride was removed
by extraction with water. After several recrystallizationé from
ethyl acetate, the acid, II-72, m.p. 192-193.5° was obtained in 80,5
per cent yield. The esterification of II-72 was achieved by refluxing
with 2-diethylaminoethyl chloride in isopropyl alcohol. Since the hy-
drochloride and oxalate of the amine thus obtained were highly hygroscopic,
ﬁhe citrate, which was less hygroscopic, was prepared by the addition of
citric acid in eﬁher to the ethereal extract of the amine concerned.

The citrate obtained was recrystallized successively from several sol-
vents as described in the Experimental section. There was obtained
hygroscopic white crystals, m.p. 78-79.5°, with a yield of 17 per cent.
The compound, however, did not analyze correctly for II-73, due probably
to its hygroscopic nature or to the presence of solvent of crystalliza-

tion.

J. 2-Diethylaminoethyl 1,1-Diphenyl-l-(isopropthio)acetate Hydrochloride

2-Diethylaminoethyl 1,1-diphenyl-1-(isopropthio)acetate hydro-.
chloride, (II-75), was obtained by the following sequence of reactions.
II-67 was converted to diphenylcarboxymethyl isopropyl sulfide, (II-TL),
according to the method of K1osal07 by refluxing with 2-propanethiol
for thirty hours in the presence of pure calcium carbonate. The amino
ester hydrochloride of the acid, IT-TL, was obtained by the general
. method discussed in A.l. II-75,}m.p. 138-139°, was obtained in a yield

of 85.4 per cent.
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@\ / " 1) (CH3)2CHSH @\ /SGB(GH3)2
@ /C\xm 2) CaC03 ,\ma

1I-67 i ) )
CH(CH3) '
CLCHaCHpN(CoHs) 2 O\ /s il
O/ \uoocHQCHgN(ch;)g HC1

II-75

!/

K. Attempted Preparation of 2-N,N-Diethylaminoethyl Methylamide of

Phenylcyclohexylglycolic Acid

Krapcho, Turk and Pribry1108 prepared their amides by the action
of the acid chloride on the appropriate amine followed by hydrolysis

of the alpha chloro group as shown below:

i H 1
<°6H5>2-<?*f°°°ﬂ —F5 . (ceHs)a—b—co01
1I-39 II-76
1 .
( CeHy ) Z_Zl—COGl + F;"—'CHZGIQNR 3R},
Lo oI
[(x) cems
(2) cet)y
: 1 1
(C6Hg)2—C —€0 - N—CH2CH2MR 3R), ° P31
II-78
(1)
(2) -3
(3) (C2Hg)20, HC1 gas
1
(CgHs) , ﬁ--ca;puzm;ah-ncl

II-79
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1,1-Diphenyl-1-chloroacetyl chloride, (II-76), was prepared from ben-
zilic acid (II-39) by the method of King and Holmesl06 through the
action of phosphorus pentachloride.

}Iagee1°9 in his studies of the preparation of 2-N,N-diethyl-
aminoethyl methylamide of phenyléjclohenlglycolic acid by the method
of Krapcho, Turk and Pribyl, 107 attempted to obtain the required inter-
mediate J.-phenyl-l—cyclohexyl-1-izhloroacetyl chloride by treatment of
phenyloyclohexylglycolic acid with phosphorus pentachloride and thionyl
chloridé. He proposed that the product obtained might be a mixture of
1-phenyl-1l-cyclohexyl-l-chloroacetyl chloride, l-phenyl-l-cyclohexyl-

ideneacetyl chloride (II-80) and 1-pheny1-1—Al-cyclohexenylacetyl chlo-

ride (II-81).
;635\{3 —COoC1 - K —C0C1
II-80 - II-81

- In the light of Magee's observations, the convenient method of

Krapcho, Turk and de.by1108 i-‘or the preparation of amide was not attempted.

’ An alternate approach for the synthesis of the desired amide is
shown in Chart VII. Benzoyl chloride, (II-82), was converted into its
corresponding cyanide, (II-83), by the method of Oakwood and Weisgerber.110
Benzoylformic acid (II-84) was obtained by allowing II-83 to stand with
concentrated hydrochloric acid for five days at room temperature as de-
scribed by Oakwood and Weisgerber.lll By the action of phosphorus penta-

chloride on the acid, II-84, at the reflux temperature of benzene for
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CHART VII

ATTEMPTED SINTHESIS OF 2-N,N-DIETHYLAMINOETHYL METHYLAMIDE OF PHENYL-
* CYCLOHEXYLGLYCOLIC ACID

CuCN
@COCI e @COCN _iﬂ_'__\r @co.coog

II-82 I1-83 I1-8L
» PC1g
| © H3
1) oF
HN-CHpCHoN(CoH - :
T (coom) 2CHAN(C2Hg) 2 @co coc1
II-86 II-85
i3
@cocon-cchﬂgu(c oHsg) 2 CgHgOh
II-87
1) dil. NaOH
2) CgH11MeCl
3) C6HBO7

—CO-EEICH20H2N(02H5)2-06H807
II-88

H H3

7
< >—co—g———xg—cngcﬁg-n(cgﬂg)2-céngo7
or : G807
II-89

or @CNOO n{v cHzGHz N(C2Hs)2- 06H807
II-90
or o—g—i——cﬂzcﬂz *N(C2Hg) 2+ C6HgO7

CeHgor
II-91
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four hours and allowing the mixture to stand overnight, there was ob-
tained benzoylformyl chloride, (II-85), b.p. 82°/L mm., in 89.9 per
cent yield. Several attempts to prepare the acid chloride, II-85, by
the method of Aczree,ll2 who used thionyl chloride, were not Jsuccessful

due to decarbonylation resulting in benzoyl chloride (II-82).

1. Preparation of 2-N,N-Diethylaminoethyl Methylamide of Benzoylformic

Acid

2-N,N-Diethylaminoethylmethylamine (II-86) was obtained by shaking
2-N,N-diethylaminoethyl chloride with about a four-fold excess of 35 per
cent aqueous methylamine solution as described by Da.miens.ll3 The shaking
was conducted in a round-bottomed flask fitted with a two-hole rubber
stopper carrying a stopcock and a thermometer. The yields from this
procedure were in the range of 25 per cent. A large amount of high boil-
ing residue which was in all probability the tertiary amine condensation
product was formed. However, no effort was made to isolate and identify
this byproduct.

A solution of the acid chloride, II-85, in n-hexane and benzene
was treated with a benzene sglution of amine, II-86, to produce the de-
sired amide (IT-87). A1l attempts at crystallization of the hydrochlo-
.ride of free amine of II-87 having failed; its oxalate was prepared by
the addition of a saturated solution of oxalic acid to the ethereal solu-
tion of free amine. The oxalate, (II-87), a white crystalline substance,

m.p. 93-94°, was obtained in a yield of U8.3 per cent.
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2. Attempted Synthesis of g-E,E-Dietlglaminoej;hyl Methylamide of Phenyl-

cyclohexylglycolic Acid

When cyclohexylmagnesium chloride is added to the free amine of
II-87, four possible products can be formed. The most probable one is
due to the addition of the Grignard reagent across the k.e‘.‘tonic carbonyl
in equimcdlar proportion resulting in the required amide, I¥-88.  The
other possibilities, II-89, II-90 and II-91, arise due to the action of
Grignard reage_nt on the carbonyl of the amide linkage.as described by
Beis and also Maxin.l15

According to Beis, the V-Grigna.rd reagent reacts with an amide
through the following steps (no co;1crete evidence for the mechanism of
reaction is given):
A e
(1) RCONH, + ZHg\x ——> R—C—NHMgX + R'H

MgX H :
(2) R C—mMex + 20 ——> R—C—Hp + MgXp + Mg(OH)2

e ' Ner

OH
(3) R—C/—NHQ > R—CO—R' + NH3
\,,
According to the Beis!' mechanism, an N-substituted amide with a Grignard
reagent can give RR'C(OH)-N(R1)2. Hence the compound, II-89 is also a

possible product in the present series of reactions.



77
Maximlls claims that the following reactions take place between
the Grignard reagent and N-substituted amides. However, this author

also does not discuss any mechanism for these reactions:

(1) RCON(Ry)2 + R'MgX 220, poorts HN(R1), + MgOH)X

!
(2) RCON(R1)2 + 2R'MgX —>R‘{—N(R1)2 + MgO + MgXp
1

On the basis of Maxims' observations, the present reaction might give
either IT-90 or II-91.

The action of equimolar proportions of the Grignard reagent,
cyclohexylmagnesium chloride on the free amine of II-87 gave a product
whose hydrochloride and oxalate were hygroécopic. Howevér, the citrate
was obtained as a white crystalline substance, m.p. 79-80Q°, which did
possess the correct elemental composition of II-89. This substance
could not be produced again in spite of several attempts. A Product,
m.p. 8;-87°, was isolated in subsequent attempts whose elemental .
analysis did not agree with any of the poséible four products, II-88,
II-89 and II-90 or II-91. However, if three molecules of citric acid
combine with two molecules of the free amine of II-89, the analytical
results were foupgl to be in fair agreement with the calculated values:

Anal. Caicd. for C6OH§2Nh025 (two molecules of free amine of

II-89 and three molécules of citric acid):
G, 56u18; H, 7:31.
Found: C, 56.233 H, 7.31.

C, 56.10; H, 7.ll.
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The citrate prepared gave a slight precipitate with 2,l-dinitro-
phenylhydrazine after standing over twenty-four hours. This slight
precipitate and its delay in appearance might be due to steric effects.
No definite con-clusion could be reached as to the nature of the

structure from the ini'rared‘ spectrum of the citrate.

L. Attempted Preparation of 2-Diethylaminoethyl Phenylcyclohexylthiol—

glycolate

1. Method I

Benzoylformyl chloride (II-85) was prepared as indicated on Chart
VIIs+ The addition of a solution of N,N-diethylaminoethanethiol in ether
tc_> a solution of II-85 in benzene showed little indication of any re-
action even on three hours refluxing. By increas.ing the period of re-
fluxing to eight hours, ‘there was <obtained a compound which even after
several recrystallizations softened before finally melting at 2LL-246°.

The compound obtained did not agree in composition with IT-93. It could

@ COCOCL + HSCHCHN(GpHg)y ——> @ COCO-SCH2CH2N(C2Hg )2 - HC1
II-85 11-92 I1-93

be a mixture of sulfide and disulfide. This route was abandoned.
2-Diethylaminoethanethiol "(II-92) was prepared by two different routes.

One of them was due to Gilman and cclworkers.100 Sodium hydrosulfide, pre-

pared by saturating molten sodium snlfide nonahydrate with hydrogen sulfide,

was refluxed with freshly prepared 2-diethylaminoethyl chloride in an inert
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atmosphere to give II-92, b.p. 64-67°/23 mm., in yields ranging from
0 to 31 per cent. The more convenient method for the preparation of

116

II-92, due to Albertson and Clinton, involved 2-diethylaminoethyl

chloride hydrochloride (II-3) and thiourea (II-9L).

(CoHg)N-CHpCHCL+HCL + le—B—NHg oY (CZHS)ZN'Gﬂgmz-S-ENKQ"ZHCl

1I-3 1I-94 lOH s 85
(CoHs ) pNCHoCHpSH
11-96

The isothiouronium salt (II-95) was basified and the mercaptan obtained
was not isolated but was used in ether solution to lessen the amount of

oxidation to the sulfide.

2. Method II

Another approach to the preparation of 2-diethylaminoethyl phenyl-

cyclohexylthiolglycolate was  made as follows:

_H o CeHg
CegHg coor ' >

II-39 II-76
l( CoHg) NCHpCHoSH

(dilute HCL CéHs /"1

> A
\coscazcnzu(czﬂs)a *HC1 CeH \GOSOHQGHQN(CzHg)z'HCl
11-98 II-97

catalyst, Ho .
6H5> /m

CeH11 \COSGHQCHle(CzHS)zHCl
11-99
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The procedure of Kolloff, Hunter, Woodruff and Moffettll7 was
followed. The reaction of 1,1-diphenyl-l-chloroacetyl chloride, (II-
76), with 2-diethylaminoethanthiol, (II-92), followed by hydrolysis of
the alpha chloro group gave the compound, II-98. An attempt was made
without success to half-hydrogenate ;[;[-98 in pure glacial acetic acid
using platinum catalyst. Five per cent rhodium on alumina was next -
used without any better results.

By means of palladj.ﬁm on charcoal or barium sulfate, thiophene and
certain of its derivatives have been reducedll8 at room temperature at 20-
25 1b. per sq. in. An attempt was therefore made to half-hydrogenate

II-98 using palladium on barium sulfate. It resulted in failure.

M. Preparation of 2-Diethylaminoethyl Pherwl-Az-vcyclohexerwlacetate

Hydrochloride

The series of reactions adopted for the preparation of 2-—die‘bhyl-
aminoethyl phenyl-A2-cyclohexeny1acetate hyd.rochloride (II-106) is shown
on Chart VIII. Ethyl phenylmalonate (II-103) was produced by the method
of levens and Meyerl? through the action of ethyl oxalate, (II-101),
on ethyl phenylacetate, (II-100), in the presence of sodium ethoxide
and subsequently heating the ester (II-102) thus formed. The procedure
of Kolloff, Hunter, Woodruff and Moffettl20 was followed for the prepa-
ration of phenyl-Az-cyclohexenylacetic acid, (II-lOS), from II-103.

The ester hydrochloride (II-106) obtained by esterification of II-105

melted at 156-157°
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CHART VIII

PREPARATION OF 2-DIETHYLAMINOETHYL PHENYL-A2-CYCLOHEXENYLACETATE HYDRO-
CHLORIDE
| CoHZONa
CH2C00C2HS + (COOC2HS) 2 =
1I-100 II-101
@ CH(COO0C2Hs5)COCO0C2HS
1I-102 :
A

H(COOC2H5)2 + CO

II-103
DO
2)| NaOC2Hg

00C2Hg 1) KoH y
Q\C/c 2) cgngoa -

Q/ \cooczns 3) B*

II-104

Q\c /H (C2Hz) SNCHaCHoCL Q\ /d
Q/ \ow Q/ \COOCHQGHQN(GgHs)g'HCI

II-105 II-106
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N. Preparation of 2-Diethylaminoethyl Phenyl-A2-cyclohexenylglycolate
Hydrochloride

2-Diethylaminoethyl phenyl—Az-cyclohexervlglycolate hydrochloride

was prepared by the following route:

@\ /H 1) socig ) \C /B
CY New 3 s N N

L) 104 NaOH
II1-108

r

v of
| ll) Zn
2) CH3COCH3
OH
@\ ¢ (C2H5 )aNCHaCHaCL @\
<;>/ \COOGHQCHQN(CzH5)2HGI Q/ \ooon

II-110

II-109

~ Attempts to comvert phenylfAz-cyclohexexvlac'etio acid to 'l-phenyl-
1-(2, 3-dibromocyclohexyl)-1-bromoacetic acid were not successful by the
method . of Stevens amd Lenkloh even at elevated tmpe;'attmeé. The compound
isoiatéd had the elemental analysis of phenyl-2,3-dibromocyclohexylacetic ’
acid, a fact whiéh indicates the failure to replace the tertiary hyc};ogen
by a bromine atom. ‘
’ .The acid, II-107, was converted to phenyl-2,3-dibromocyclohexyl-
glycolic acid (II-108) by a modification to the method of Schwenk and
Papa;'121 It, (II-107), was refluxed with excess of thionyl chloride

followed by the addition of two moles of bromine for every mole of the
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acid. On removing the solvent, the liquid was dissolved in dioxane
and the alpha bromo group was hydrolyzed with 10 per cent aqueous sodium
hydroxide solution to give the acid (II-108). Phenyl-A2-cyclohexenyl-
glycolic acid (II-109) was produced by a modification of the debromina-

122

tion method of Catravas using zinc and acetone. When the acid (II-

109) was esterified, 2-diethylaminoethyl pherwl-A2-cyolohexenylglycolate
hydrochloride, (II-110), was obtained with a yield of 57.6 per cent.

0. Physiological Testing

1. Tests at the Army Chemical Center

Tests have been, or are being conducted, in ﬁhe Physiology Division
of the Directorate of Medical Research in the U. S. Army Chemical Labora-
tories at the Army Chemical Center, Maryland, by Drs. John F. O'Leary,
Caroline Tum Suden and J.Henry Wills with the assistance of Messrs. Gerald
E. Groblewski and Leonard Carlstrom. The test results on a number of com-
pounds have not yet been received and hgnce the results reported here
are not by any means complete.

The following tests were made:

(1) Ability to prevent mortality from a standard dose of an anti-
cholinesterase compound which was given to six rabbits, which were then
treated with the test compound. The effectiveness of the test compound
is reported in terms of the mortaiity rate among a.niméls treated with
it as compared to those treated with atropine. The cqmpmds are clas-

sified as less active, more active, or equal in activity to atropine.
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(2) Ability to block blood pressure fall produced by a standard
dose of acetylcholine. Tests were conducted on cats. A marked fall
in the animal's blood pressure is produced on injecting acetylcholine.
The activity of the compounds is reported in terms of their ability to
block the pressure.

(3) Ability to block blood pressure fall produced by a standard
dose of histamine. Tests were run on cats as in Test (2).

(4) Ability to block stimulation of gut and decrease trachael
air exchange. The test was run on animals in which a balloon had been
inserted through a slit into the duodenum. The movement of the gut was
then recorded by a special mechanical device. The ability of the com-
pounds to block excitation of the gut by a standard dose of acetylcholine
was recorded.

(5) Ability to produce changes in diameter of the pupil of the
eye. The test was performed on rabbits and the diameter of the pupil
was meésured before and after administering a dose of the compound under-
going testing.

(6) Ability to produce anaesthesia of cornea. The degree of anaes-
thesia of cornea was determined by pressing the cornea of rabbits before
and after the dose of the compound and observing how much pressure was
required to produce blinking.

The results of these tests are summarized in Tables IX to XI in
which the numbers are thos:e of the compounds listed in Tables I, III,

and VIT. A part of these results has already been publ:‘.shed.l23’12)4



TABLE IX

ANTICHOLINESTERASE SCREENING (TEST NO. 1)

-

(Tests on Rabbits with Standard 2.0 Mg./Kg.* Unless Otherwise Stated)

Compared to Atropine

More Active Equally as Active tobs: futive
19 2a by 1
20 L° L5 1§g
212 5e L6b 182
&2e 6d NG 19d
33 14 L8 242

5% 52 a5c
% 55a 26
10 568 298
118 318
13d 13
> 508
16 51
e 538
a
278 Sha
282
302
37
Lo2
1
L2

*Compound 3 was too toxic to be tested by this dose.

8rest on rats.
brested at dose of 0.5 mg./kg.

CTest on rats and rabbits.

‘drested at dose of 1.0 mg./kg.



TABLE X

BLOOD PRESSURE, GUT, AND RESPIRATION EFFECTS (TESTS 2, 3, AND L)

e ans m—————
=

— — e

Effect on

B.P. Fall in % After ' Effect of Compound on
Dose Acetylcholine Histamine ‘
No. Mg./Kg. (2.57) (1.5Y) Gut L. B.P. Respiration
1 4.0 - 62 - 47 None None - Rate
2 0.5 - 717 - 58 Tonus and rate de- None None
decrease markedly
3 1.8 - 25 - - 100% - 5¢ - Depth, + rate
b 1.0 - L9 0 i, 2 None + Depth, - rate
5 2.0 - 50 - 17 None None ' + Depth, - rate
6 0.5 -6 + 1) Slight fall Brief apnea
i 0.5 + 90 + 38 - - == Slight fall -—-—
8 0.5 - 27 - 16 = Slight fall -
y 35 - 27 - 33 None - 15% Apneusis
10 0.5 - 29 +100 . e = Slight fall - A=
11 0:5 - Us - 56 Tonus and rate Fall 85% then Temporary apnea
' increase rise to 211% then increase
two times .
0.5 + 23 0 -12% (coupled beats) - - - -
0.5 + 10 + 10 ) ' -12%
0.5 +5 None Tonus and rate de- Temporary fall (27%) - Depth then two
., . crease temporarily times increase,
’ - rate
7.5 - 27 -4 - 100% ~24% -- Depth, + rate
4.0 - 25 None - 100% -308 Apneusis
0.5 -6 - 22 None = Temporary fall (22%) None
0.5 None -8 Slight decrease Temporary fall . - Depth then +,

then increase in (100%) - rate
tonus and rate . )

98



TABLE X

BLOOD PRESSURE, GUT, AND RESPIRATION EFFECTS (TESTS 2, 3, AND L) (Contimed)

e — e i el
P— ————————" —
s —

vad

Effect on
B.P. Fall in ¢ After Effect of Compound on
Dose Acetylcholine Histamine == =
No. Mg./Kg. (2.57) (1.57) Gut B.P. Respiration
0.5 + 33 - 17 - -~ Slight fall - -——
5.5 -5 None None . - 1% Temporary apnea
0.5 - 33 + 25 --- Moderate fall - -
2.5 -2 +*9) '
5.0 - 16 + 10) None None None
700 o 55 + 5)
0.5 -8 - 59 ---— Slight fall + Rate
0.5 +5 -8 - == - " Slight fall : + Rate
9.5 -13 -9 Temporary depression - 24% A + Depth, + rate
6.0 + 10 + 17 None - 1% - Depth
7.0 - 30 -6 Depresses spontan- Immediate depressor None
eous activity and effect
response to Ach. and
Hist. ‘
0 - 20 None None None
+ 20 + 51 None 2 " None None
- 37 -21 Tonus decrease then - 18% - Depth, + rate
increase v -
- 38 - 20 - 25%
0 + 16.7 Slight fall
+ 38 + 68 - 19¢ Slight slowing of

heart 5




TABLE X

BLOOD PRESSURE, GUT, AND RESPIRATION EFFECTS (TESTS 2, 3, AND L) (Continued)

— e e e

Effect on - -
“B.P. Fall in % After Effect of Compound on

Dose  Acetylicholine Histamine
Mg./Kg. (2.5Y) (1.87) Gut B.P. Respiration
0.5 -13 -+ L0 None Slight depression None

0.5 +3 -2 i - 22

0.5 - 75 + 27 Torus and rate in- Temporary fall (17%) None

2 B o crease greatly :

0.5 -6 None --—-— Slight fall ----

0.5 #5855 +11 - 20%

0.5 -19 - Lo ---- ---- Brief hypopnea
0.5 - 20 - 83 b i Slight fall :
0.5 -5 - 20 None None + Depth, + rate
0.5 ~ 13 = ; o A |

© 0.5 - 36 - 37 None Slight fall + Rate

0.5 +5 + 23 Slight fall Slight slowing of
' " ) : heart

0.5 .+l 0 Brief hypopnea fol-

L ) lowed by hypernea

0.5 -3 -7 Fall None None

0.5 + 23 0 - 268 i

0.5 -13 0 Slight fall -

0.5 None -7 None Temporary fall None

e e

g8
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TABLE XI

EYE EFFECTS2 (TESTS 5 AND 6)

Mydriasis
Moderately Least No Definite Miosis ILocal Irritation
Active Active Active -Effect Active Active
L 2 3 h | sh - 53 2 U7
21 g 8 10 55 5 50
28 T 14 11 8 sk
30 9 19 12 9 56
31 25 L7 13 n
33 ‘ 15 1l
16 15
20 16
23 o]
26 18
27 19
29 21
42 2l
43 25
Ls 28
52 4o

us

8No compound produced local anaesthesia.
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2. Tests at Parke, Davis and Company

Tests were made in the iaboratories of Parke, Davis and Company,
Detroit, Michigan through contact with Dr. Martin L. Black. The follow-
ing tests were performed:

(1) Tests for cerebral stimulation of rats. This test was made
by the "jiggle cage®™ method. The compounds were administered o'rally
or by injection, and the rat was placéd in a cage suspended by a spring.
The total motion of the cage was integrated over a given period of time.
The results of this test were compared with that of "Suavitil," a Merck
product, which is now being marketed as a tranquilizer. It is to be
stressed that these are only preliminary screening tests and that a
satisfactory evaluation can be done only through clinical tests.

(2) Tests for atropine-like activity. The test is performed on
a rabbit by administering a dose of compound, Ia.nd measuring the change
in the_dia:neter of the eye pupil after a definite length of time. The
ideal compound from the standpoint of tranquilizing activity on humans
is expected to be one which gives a high cerebral stimlation activity
but a low or negligible atropine-like activity.

(3) Tests for antibacterial activity. None of the few compounds
(Nos. 6, 1o, 12, 17, 20, 23, 2k, 26, 27, 28, and 30) tested exhibited
any -antibacterial activity.

The results of the cerebral stimulation and atropine-like activity
tests ai‘e given in Tables XTI and XTIT in which the numbers are those of

the campounds listed in I, III and VII.



91

TABLE XII

TESTS FOR CEREBRAL STIMULATION (PARKE, DAVIS AND COMPANY)

———

Activity “at Indicated Dos: Dosage (Mg./Kg.)

Compound 100 50 25 12,8 6 'Y ‘1.8 0.5 0.38 0,20
B L+ L+ L+ L+ W+ 1+ 1+ O
3 Lethal Lethal L+ 3+ 2+ 2+ 0
N L+ L+ b+ W+ b+ W+ 1+ O
1 L+ kr W+ Lt 3+ 3+ 1+
6 2+ 1+ ;
7 Lethal 0]
(Ooral) (Oral)
8 2+ 0
9 1+ 0
10 Lethal L+ L+ L+ 1+ O
n -2+ 0
12 0 0}
(oral) (Oral)
15 0 0
- (Oral) (Oral)’
16 -0 0
17 0 0
(Oral) (Oral)
18 0 0
(Oral) (Oral)
20 0 0
21 0] 0]
22 1+ 0
23 (Lethal) 0
2l 2+ 0
25 0 (0]
. 26 0] 0
27 0 0
28 0 0
29 T 0] ‘
30 (Lethal) (Lethal) L+ L+ b+ L+ o+ 2+ 0
N ) N N 1 O S
32 L+ L+ L+ L+ W+ L+ O
#* (Lethal) 1+
Suavitil®* L+ hs L+ b+ L+ L+ 3+ 1+

*CH30-% —O0—CH2CH2-N(C2Hg)2°HC1, a previously lcnaiml25 compound.

é—ﬁfecagmgn(c oHg)2-HC1
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TABLE XIII

TESTS FOR ATROPINE-LIKE ACTIVITY (PAREE, DAVIS AND COMPANY)

e —e—
Atropine-Like

Compound ~ Dosage (Mg./Kg.) Activity
2 25 1/250
3 25 Convulsions
12.5 1/250
N 25 1/125
12.5 1/125
S ] 1/250
6 25 Less than 1/500
7 25 0
8 25 Less than 1/500
- 2> 0
10 25 1/500
11 25 Less than 1/500
2 25 0
15 25 0
16 25 0
17 25 0
18 25 0
20 25 0
21 25 0
22 25 0 ]
23 25 Less than 1/250
2l 25 0
25 - 25 0
26 25 0
27 25 0
28 25 0]
29 25 - 0
30 28" 1/250
12.5 1/250
31 25 - - -
12,5 1/25
3 25 1/250

"Suavitil" 1/25

- -~
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3. Tests at the National Service Center

Experiments were conducted at the National Service Center, National
Institutes of Health for anti-tumor tests on mice. Among the compounds
(Nos. 8, 21, 2, and 28) tested on the tumor systems, sarcoma, adenocar-

cinoma, and leukemia, none showed any significafzt activity.

L. Summary of the Test Results

Though all compounds described in this resume have not been tested,
a summary of important results will be reported here.

(1) Among the compounds tested, five (Nos. 1, 20, 21, 22 and 33)
have proved "more effective than atropine® in the anticholinesterase
screening tests and several more have been "equally effective" (see
Table IX).

(2) Of the compounds tested for ability to antagonize the functional
effects of acetylcholine and histamine, two (Nos. 2 and 42) are especially
active against acetylcholine and four (Nos. 2, 11, 23 and L46) are partic-
ularly active against histamine. The compound No. 23 is of interest be-
cause it has almost no anticholinergic effect, but ig. moderately effec-
tive as an antihistaminic. The compound No. 42 is anticholinergic, but
enhances the activity of histamine. Ofthese functionally active qompounds,
No. 11 has marked side effects on blood pressure and respiration.
| (3) Se_véra.l campounds were tested for effects on the eye pupil;
some (see Table XI) were active in producing mydriasis; only three (Nos.

21, 28 and 33) of these also produced local irritation.
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(L) Of the compounds tested for cerebral stimulation in rats,

two (Nos. 4 and 30) are almost as active as the commercial product
"Suavitil," and possess only 1/5 to 1/10 as great atropine-like activity.

(see Table XIII).

5. Structure and Physiological Activity of Compounds

As mentioned earlier, the physiological tests on compounds are but
partially complete. Moreover, quantitative data on these tests are not
available to make thorough comparative study.

On examining Table IX it is evident that the anticholinesterase
activity decreases in the order of methyl substitution: 2-methyl (com-
pound No. 1), 3-methyl (compound No. 2) and l-methyl (compound No. 3).
The compound No, 3 is too toxic even to test by a comparable dose. How-
ever, if a phexﬁl group is substituted in the L-position, the activity of
the compound improves considerably (No. 20, Table IX) and becomes more
active than atropine.

On half-hydrogenation of the L-methyl compound (No. 3), the product

(No. 33) becomes more active than atropine. Complete hydrogenation, how-
ever, does not increase the activity as No. 42 shows an activity equal
to that of atropine. The l,L'-dimethyl substituted compound (No. 23)
is also as active as atropine;
‘  The half-hydrogenated product (No. 31) of the 2-methyl substituted
qpmpound (No. 1) is less active than atropine. It is interesting to note
that tpe opposite effect is observed in the case of L-methyl substituted
compounds.

The product (No. 4O) obtained on hydrogenating compound (No. 1) is

as active as atropine.
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The 2,6-dimethyl compound (No. 7) is as active as atropime while
the 2,2!'-dimethyl compound (No, 21) is more active. The activity of No.
21, however, drops on hydrogenation whereas the activity of No, T does
not.
However, no gemeral conclusions can be drawn from these observa-

tions.



CHAPTER III
EXPERIMENTAL

A1l melting points were determined on a Fisher-Johns melting
point apparatus by means of which data could be abtained with an
accuracy of 1° to 2°.

A. Esters of Substituted Benzilic Acids

1. 2-Diethylaminoethyl Chloride

2—Diethy1mninoettv1 chloride was obtained by the method of Slotta
and Behn:l.sch.76 2-Diethylaminoethanol, 30 g., which was previously
purified by distillation and collection of the liquid boiling at 160-
161°, was added to 300 ml. of benzene. The mixture was cooled in an
ice bath and 60 g. of pure thionyl chloride added dropwise with constant
stirring. The mixture was :efluxed on a steam bath for two hours,
cooled and filtered. This gave a yield of L41.5 g. of light brownish
crystals.

i The chloride of 2-diethylaminoethyl chloride hydrochloride was
obtained according to the method of Gilman and Shirley.77 Crude 2-
@iethylminoethyl chloride hydrochloride weighing 72.0 g. was treated
with 100 ml. of L4O per cent aqueous sodium hydroxide solution. The
liberated chloride was extracted thrice with ether. The ether extract
was dried over anhydrous magnesium sulfate and distilled. The distil-
late, boiling at 1h7-1h8°, was collected. The 2-diethylaminoethyl

chloride thus obtained, which weighed 37 g., was mixed with an equal
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amount by weight of dry xylene to prevent dimerization and kept in the

cold room.

2. Qeneral Method for the Preparation .°_?. 2-Diethylaminoethyl Ester

Hydrochlorides

The method described by Blicke and Gr:i.er78

was followed. Equi-
molar qﬁantities of the acid and 2—diethylaminoethyi chloride were re-
fluxed for twelve hours in isopropyl alcohol (5 1. per mole of the acid
used) which was previously dried by refluxing for eight hours and sub-
sequently distilling over calcium oxide. Cooling produced a solid
which was removed by filtration and the filtrate was treated with dry
ether to complete the precipitation of the hydrochloride. Recrystalli-
zgtion severa.l times from ethanol-ether mixture gave the pure product
which was washed with dry ether, dried, and analyzed. A summary of
the ester hydrochlorides of substituted benzilic acids thus prepared
is_ given in Table I. The substituted benzilic acids were obtained from

previous research. 79

3. Attempted Preparation of 2,2!'-Diethylbenzilic Acid

a. -Ethyliodobenzene The method employed was analogous to

that of Lucas and Kennedy. 82 o-Ethylaniline, 212 g. (1.75 m.), which
was pqxtixied by distillation and collection at 213-21)4°, was dissolved
in a mixture of 1l 1. of concentrated hydrochloric acid and ~1 1. of water.
~ The mixture was placed in a 5-1. flask.in an ice bé.th. The solution was
étir:ed mechanically and the tgmperature was kept at 0°. A solution of .

155 g. (2.2 m.) of sodium nitrite in 850 ml. of ice cold water was added
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dropwise and the temperature of the mixture was maintained at 0°. an
excess of nitrous acid as indicated by starch-iodide paper had to be
present. AY solution of 372 g. of potassium iodide in 600 ml. of water
was added slowly with constant stirring resulting in evolution of nitro-
gen.

After standing overnight, the mixture was heated on a steam bath
to complete the evolution of nitrogen. On cooling, the upper aqueous
layer was decanted and the organic layer was rendered slightly alkaline
with dilute sodium hydroxide solution. o-Ethyliodobenzene obtained on
subjecting the organic layer to steam distillation was dried over mag-
nesium sulfate and distilled in vacuo. There was obtained 236 g. of
liquid, b.p. 60°/1.5 mn. (Mascarelli and Longol2® give 221°).

b. S-Et}glbenzaldehyde. (1) Method I. The procedure adopted

was due to Smith and Nicholsah and also to Dornfeld and Coleman.]'27
Magnesium turnings, 18.25 g. (0.78 gram atoms), were suspended in 350
ml. of dry ether in a 2-1., three-necked fla‘sk fitted with a reflux con-
denser, mercury sealed stirrer and a dropping funnel. A solution of 175
g. (0.75 m.) of o-ethyliodobenzene in 175 ml. of dry ether was added
dropwise. A tiny crystal of iodine was initially added to start the re-
action. The mixture was then refluxed for two hours. At the end of
this period, 186 g. of pure ethyl orﬂlofomatéxwas added over a period
of about twenty to twenty-five minutes. The reactj.on mixture was re-
fluxed again for six hours and let stand overnight.

Ether was removed by distillation on the steam bath. The mixture

was cooled and treated with 600 ml. of 10 per cent hydrochloric acid with
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mechanical agitation. The upper brown layer was separated and refluxed
for six hours with a solution of 75 g. of concentrated sulfuric acid in
500 ml. of water. The mixture was cooled and the upper layer was iso-
lated and subjected to steam distillation. The oily layer obtained
from steam distillation was treated with a saturated solution of sodium
bisulfite and stirred. The solid product obtained was subsequently
treated with the solution of sodium bicarbonate until there was no evi-
dence of any reaction. The solution was heated for about ten minutes and
the oily layer was separated, washed with water, dried over anhydrous
magnesium sulfate and distilled. There was obtained 41.5 g. (hSJ. per
cent) of o-ethylbenzaldehyde, b.p. 210-211° (Mayer and EngliSh83 give
211°/749 mm.).

(2) Method II. In this method the action of N-methylformanilide
on the organolithium compound was used for the preparation of the corres-
ponding aldehyde. The method is -essentially due to Shirley and Danz:i.g.85
n-Butyllithium was prepared according to the procedure of Gilman and

87 Into a three-necked, 1-1. flask equipped with a dropping

coworkers.
funnel and condenser fitted with a calcium chloride tube, was placed
200 ml. of ether previously dried over sodium. While sweeping the
apparatus with nitrogen, 8.6 g. (1.23 gram atoms) of lithium wire was
washed with dry ether and cut into small pieces, which were directly in-
troduced into the flask. Wi‘_bh stirring, about 30 drops of a solution of
68.5 g. (0.5 m.) of n-butyl bromide (previously purified by distillation)
in 100 ml. of dry ether was added from a dropping funnel and the reac-

tion mixture was then cooled to about -10° with a "Dry Ice"-acetone
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bath maintained at about -30° to -4O°. The remainder of n-butyl bromide
was added over a period of thirty minutes. Stirring was continued for
two hours with the temperature of the acetone-"Dry Ice" bath being main-
tained at -30° to -40°. The reaction mixture was then allowed to warm
up to room temperature, after which it was filtered into a dropping
funnel through an adaptor plugged with glass wool.

The method of Gilman and ccworkers86

was used for the halogen-
metal interconversion reaction using n-butyllithium. o-Ethyliodobenzene,
23.2 g. (0.1 m.), in 100 ml. of dry ether was placed in a three-necked
flask fitted with a reflux condenser, mechanical stirrer and the dropping
funnel containing n-butyllithium described above. n-Butyllithium was
added with stirring at a rate so that the ether refluxed. When all the
n-butyllithium was added, the mixture was stirred for ten to fifteen
minutes more.

A solution of 13.5 g. of N-methylformanilide in 100 ml, of dry
ether was added. The mixture was allowed to stand for one-half hour
before it was poured into an excess of dilute (approximately 4 N.) sul-
furic acid. After separation of the organic layer, the aqueous iayer
was ‘extracted twice with ether. The combined ether extracts were washed
with a dilute solution of sodium carbonate, water, and then dried over
anhydrous magnesium sulfate. On distillation, there was obtained 6.8 g.
(50.8 per cent) of oil, b.p. 210-211° (Mayer and Engl:i.sh83 report 211°/
749 mm.).

(3) Method EI_ The method analogous to that of Zaheer and

Faseeh®0 was followed. p_-thyliodobenzene, 23.2 g. (0.1 m.), in 100
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ml, of dry ether was added dropwise to 2.5 g. (0.1 gram atom) of mag-
nesium turnings in 75 ml. of dry ether. A crystal of iodine was added
to initiate the reaction. After the addition was complete, the reac-
tion mixture was refluxed for two hours, during which a solution of 13.5
g. of N-methylformanilide in ether was added dropwise. A copious white
precipitate obtained in the beginning turned into a sticky solid mass.
Stirring was continued for an hour more. On cooling, dilute hydrochloric
acid (10 per cent) was added followed by large quantities of crushed ice.
The ethereal layer was separated and the aqueous layer was extracted
twice with ether. The combined ethereal solution was dried and distilled
under reduced pressure. The yield was 8.2 g. (61.1 per cent) of o-
ethylbenzaldehyde, b.p. 82-84°/5.5 mm. (Mayer and English83 give 211°/
749 mm.).

c. Attempted benzoin condensation of o-ethylbenzaldehyde. 1In a

250-ml., round-bottomed flask, a solution of 20 g. of o-ethylbenzaldehyde,
5 g. of potassium cyanide in 4O ml. of ethanol and 4O ml. of water was
refluxed for two hours. On cooling, no crystals were obtained. Upon
dilution with water, an oil separated which failed to crystallize. The
mixﬁure was extracted twice with ether and the combined ether extracts
were dried over amhydrous magnesium sulfate. 'i'he ether was evaporated

on a steam bath and the residual oil obtained failed to crystallize.

d. Attempted preparation of 2,2'-diethylbenzil. A mixture of 5

g. of the oil obtained in A.3.c., 15 g. of copper sulfate pentahydrate,
100 ml. of pyridine, and 30 ml. of water was refluxed for four hours.

The mixture was poured into 500 ml. of water containing some ice. No
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solid separated. Thus 2,2!'-diethylbenzil could not be isolated. By re-
peating the experiment with an increase in the reflux period to six
hours, the same results were obtained, although in this case, some tar was
produced.

e. Attempted preparation of 2,2!'-diethylbenzilic acid. The method

of Ballard and Dehn”® was used. In a 250-ml., three-necked flask fitted
with a mechanical stirrer, a solution of 15 g. of sodium hydroxide, 10 g.
of potassium bromate and 30 ml. of water was placed. Ten grams of the
oil obtained in A.3.c. was added and the mixture was stirred while being
heafed on the steam bath. As heating continued, the mixture thickened
and more water was added from time to time. The heating and stirring
were continued for seven and one-half hours. A test portion of the re-
action was, however, incompletely soluble in water. The mixture was
poured into cold water containing some crushed ice. An oil separated.
The aqueous layer was removed and the oily layer was extracted twice
with a cold dilute solution of sodium hydroxide. The collected alkaline
extracts combined with the main aqueous lafer was extracted with ether.
The alkaline solution was acidified with dilute hydrochloric acid. The
organic acid obtained on crystallization from hot water melted at 63.5-
64.5° and weighed 1 g. Its molecular weight determined through its
neutralization equivalent was 151.7.

Anal. Caled. for Cy8Hp003: G, 76.05; H, 7.09.

Found: C, 72.793; H, 6.63.
The va.lues‘found above for carbon and hydrogen are in fair agree-

ment with the calculated values for o-ethylbenzoic acid (C, 72.00; H,



103

6.72). Further, the melting point of o-ethylbenzoic acid (Gabriel and
Michae1128 report 62°; Zincke 't gives 68°) is also in agreement with
the observed values of the above acid. The organic acid obtained was
evidently o-ethylbenzoic acid.

In the light of these results, the experiment in A.3.e. was re-
peated a few times while varying the heating period from four to sixteen
hours instead of seven and one-half hours. In all cases, o-ethylbenzoic

acid and not the desired 2,2'-diethylbenzilic acid, was obtained.

B. Esters of Substituted Phenylcyclohexylglycolic Acids

1. General Method for the Catalytic Half-hydrogenation of the Amino

Ester Hydrochlorides of Alkyl Substituted Benzilic Acids

To the acetic acid solutions of 2 to 3 grams of the hydrochlorides
of the 2-diethylaminoethyl ester of alkyl substituted benzilic acid de-
scribed in A, 0.4 g. of Adams! platimm catalyst was added. Only a mini-
mum amount of glacial acetic acid was used to dissolve the hydrochloride.
Each solution was shaken in a low pressure hydrogenator until the drop
in pressure observed was equivalent to 3.4 moles which was a slight ex-
cess over that required for the half-hydrogenation of one mole of the
hydrochloride. The catalyst was removed by filtration and the acetic
acid was evaporated in vacuo. The residue was digested in hot absolute
ethanol, decolorized with Norit, if necessary, and filtered. On cool-
ing, dry ether was added and the precipitate obtained was recrystallized
from an alcohol-ether mixture until a sharp melting product was obtained.

Data on these compounds are listed in Table III.
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2. Synthesis of the Ester Hydrochloride of Li-Methylphenylcyclohexyl-

glycolic Acid

a. lL-Methylbenzoyl chloride. p-Toluic acid, 95 g., and 70 ml.
of thionyl chloride were refluxed on a steam bath for three hours. The
excess of thionyl chloride was removed by distillation and the residue
was distilled under reduced pressure. The liquid distilling over at 57°/
0.3 mm. was collected (Blicke and Lilienfeld1?9 give 117-120°/2) mm.s
McElvain and Carneyl30 give 106°/12 mm.). The L-methylbenzoyl chloride
thus obtained weighed 100.5 g. (93.1 per cent).

b. Q-Methylbenzoyl cyanide. The method is essentially that of

Oakwood and Weisgerber,no L-Methylbenzoyl chloride, 37 g. (0.24 m.),
and 26.5 g. (0.25 m,) of previously dried cuprous cyanide were placed
ip a_250-ml. , round-bottomed flask equipped with an air condenser. The
two components were well mixed and heated gradually in a Wood's metal
bath. The temperature of the bath was maintained at 250-260° for one
and one-half hours. During the heating, the flask was frequently re-
moved from the bath (about every fifteen mimutes) and the contents were
thoroughly mixed by vigorous shaking. The contents of the flask were
distilled at atmospheric pressure. The fraction distilling at 222-22)°
was collected. The L-methylbenzoyl cyanide obtained on cooling weighed
15.1 g. (43.5 per cent), m.p.-50-51° (Soderbauml3l gives 52°),

c. Ethyl L-methylphenylglyoxylate. The method of Claisenl32

was adopted here. L-Methylbenzoyl cyanide, 23 g. (0.16 m.), in 100 ml.

of absolute ethanol was saturated with hydrogen chloride, during which
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the temperature of the solution was maintained below 10° by keeping the
flask in an ice bath, The mixture was then allowed to stand in the
cold room for eight days. It was poured into a large quantity of watér
and the ester which separated was extracted thrice with ether. The
combined ether extracts were washed with a dilute solution of sodium
bicarbonate, dried over anhydrous magnesium sulfate and distilled under
reduced pressure. There was obtained 15.3 g. (50.2 per cent) of ethyl
L-methylphenylglyoxylate, b.p. 124-126°/3.5 mm. (Auwersl33 gives 154-
156°/18 mm.).

The phenylhydrazone derivative prepared from ethyl L-methylphenyl-
glyoxylate, on crystallization from ligroin,melted at 9L° (Auwers133
gives 9°).

d. E—Methylphenylgcloheglglycolic Acid. A Grignard reagent,

cyclohexylmagnesium chloride, was prepared as describeﬁ by Gilman and
Zoellner.134 Magnesium turnings, 1.98 g. (0.08 gram atoms) were barely
covered with sodium-dried ether. Initially pure chlorocyclohexane was
added in sufficient amount (1.5 to 2 g.) to give an optimum concentra-
tion of the chloride. On adding a tiny crystal of iodine, heat was
applied by the steam bath without stirring, and these conditions were
maintained for five to ten minutes after the iodine color had dis-
appeared. Reaction having set in, sufficient ether was added to cover
the magnesium while it was stirred, and the remainder of halide in ether
was added. Thus a total of 9.63 g. (0.08 m.) of chlorocyclohexane in

ether was added. The stirring and refluxing were continued for another

forty minutes. The Grignard reagent thus prepared was transferred into
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a dropping funnel with as little exposure to the atmosphere as possible.

The Grignard reagent was added dropwise to a solution of 10.L4 g.
(0.054 m.) of ethyl L-methylphenylglyoxylate in dry ether. The mixture
was gently refluxed for one hour before pouring into a mixture of -
crushed ice and dilute sulfuric acid.

The organic layer was separated and thq aqueous layer was ex-
tracted a few times with ether. The combine:i ether extracts were washed
with a solution of sodium bicarbonate and water. They were then dried
and distilled under reduced ﬁressure. The ester obtained weighed 8.9 g.
(59.6 per cent), b.p. 155-158°/2.8 mm.

Ethyl L-methylphenylcyclohexylglycolate, 8.9 g., was refluxed
overnight with 3 g. of sodium hydroxide, 25 ml. of water and L5 ml. of
95 per cent ethanol. The excess of alcohol was removed by distillation
and the residual solution was poured into water. Any remaining alcohol
was removed by evaporation on a steam b;th. The solution was cooled and
filtered to remove suspended impurities. The solution kept in the ige
bath was acidified with dilute hydrochloric acid. The precipitated acid
was crystallized first from benzene and then twice from drum-methanol.
li-Methylphenylcyclohexylglycolic acid, 5.2 g. (64.9 per cent), was ob-
tained in the form of white crystals melting at 189-190°.

Anal. Calcd. for C15H2003: C, 72.57; H, 8.12.

Found: C, 72.6'6; H, 8.0kL.

e. 2-Diethylaminoethyl _li-metl'gylghenylclclohe:glglycolate hydro-

chloride. The’ general method described in A.2. was followed. The hydro-

chloride obtained was recrystallized a couple of times from an ethanol-
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ether mixture and also from an acetonitrile-ether mixture. It melted
at 206-207° and gave a yield of 93.5 per cent.

Anal. Calcd. for C21H3),NO3Cl: C, 65.67; H, 8.93.

Found: C, 65.5L4; H, 9.00.

3. Synthesis of the Ester Hydrochloride of 3,5-Dimethylphenylcyclohexyl-

glycolic Acid

"a. Purification of 2,l-dimethylaniline. The purification of tech-

nical-grade material was done as described by Sh'a.cklett.:laS Foﬁr parts

by weight of practical grade 2,l-dimethylaniline were mixed with one part by
weight of glacial acetic acid and the mixture was allowed to stand over-
night. The crystals were filtered off, washed with 80 per cent acetic

acid, and recrystallized twice from 80 per cent acetic acid. 2,4-Di-
methylaniline was regenerated from the crystals (its acetate) by use

of an excess of 50 per cent sodium hydroid.de solution. The amine layer

was separated and distilled in vacuo. A colorless liquid distilling at
7h-7.'6°/3 mm. was collected.

b. Q,E-Dimethylbromobenzene. This bromobenzene was prepared by

a modification of the method of Fieser and I~Ieymax'm.95 2,4~-Dimethyl-
aniline, which was purified as described above, 159 g. (1.31 m.), and
}250 ml. of concentrated hydrochloric acid were mixed in a 5-1., three-
necked flask. While being stirred vigorously, the mixture was cooled

in an ice bath to 5° to 10°. A solution of 70 ml. (élO £+ l.31'%m.) of.
brpmine in 125 g. of 48 per cent hydrobromic acid and 125 g. of concen-
trated hydrochloric acid was then added slowly. The temperature was kept

below 20° and vigorous stirring was used throughout. The mixture was
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then transferred to a 10-1. glass jar and heated (50-70°) until the
orange color of bromine had disappeared. The mixture was then allowed
to cool to room temperature and ice was added to lower the temperature
below 0°. A solution of 109 g. of sodium nitrite in 300 ml. of water
and ice was then added with vigorous stirring until the amine was com-
pletely diazotized, as indicated by a positive starch-potassium iodide
paper test. Ice was added as needed to keep the temperature near 0-5°.

In a 12-1., three-necked flask there were mixed a cold solution
of 526 g. of stannous chloride in 3 1. of water and a cold solution of
1313 g. of sodium hydroxide in 2 1. of water. The mixture was cooled
to 0° with sufficient crushed ice and the diazotized solution was added
slowly with vigorous stirring. Nitrogen evolved in large quantities at
this step. After standing overnight, the aqueous layer was siphoned
out and discarded and the organic layer was steam distilled. The organic
layer of the steam distillate was separated, washed successively with
dilute sulfuric acid, water, dilute solution of sodium hydroxide, and
water. It was dried and distilled in vacuo. There was obtained 136 g.
of 3,5-dimethylbromobenzene (56 per cent) which boiled at 70°/6 mm.
(Fieser and Heymann9S report 88-89°/12 mm.).

A Grignard reagent was prepared with 12.16 g. (0.5 gram atom) of
magnesium turnings in 250 ml. of dry ether and a solution of 85 g. (0.L46
m.) of 3,5-dimethylbromobenzene in ether which was added dropwise. The
reaction was initiated with a few drops of methyl iodide. After all '\bhe
bromide had been added, the reaction mixture was refluxed for four and

one-half hours on the steam bath. The Grignard reagent was gently poured
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into a slurry of "Dry Ice® in dry ether. When the temperature of the
mixture rose to that of the room, it was acidified with dilute hydro-
chloric acid (100 ml. of water for every 20 ml. of concentrated hydro-
chloric acid). Some crushed ice was also added. The organic layer was
separated and the aqueous layer was extracted with ether. The combined
ether layers were washed with water and then extracted with ice c¢old
10 per cent sodium hydroxide solution. After agitation for several
minutes, the aqueous layer was kept basic to litmus. After repeating
the extraction thrice, the combined aqueous layers were acidified with
dilute hydrochloric acid. The ﬁrecipitated 3,5-dimethylbenzoic acid
weighed L6.5 g. (67.5 per cent). On recrystallization from ethanol,
1t melted at 169-170° (Heilbron and Bumbury'3® give 170°; Fischer and
Windza.us9)4 report 166-167°).

c. 3,5-Dimethylbenzoyl chloride. A mixture of 33.5 g. of 3,5-

dimethylbenzoic acid and 30 ml., of pure thionmyl chloride was refluxed

on a steam bath for three hours. The excess of thiomyl chloride was re-
moved by distillation and the acid chloride was distilled in vacuo.
There was obtained 33.5 g. (89 per cent) of 3,5-dimethylbenzoyl chloride,
b.p. 90°/3.5 mm. (Weilerl37 reports 109.5°/10 mm.).

d. 3,5-Dimethylbenzoyl cyanide. The method is analogous to that

described for l-methylbenzoyl cyanide. A mixture of 10 g. (0,06 m.) of
3,5-dimethylbenzoyl chloride and 6.25 g. (0.07 m.) of previously dried
cuprous cyanide was heated in a Wood's metal bath. The temperature of
the bath was maintained at 270-280° i‘or one and one-half hours. The
product distilled at 244°. On cooling it formed a solid weighing 5.8 g.

(61.5 per cent), m.p. 61-62°,
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Anal, Caled. for CioHgON: C, 75.43; H, 5.70.
Found: C, 75.323 H, 5.70.

e. Ethyl 3, g-dimethylphenylglyoqlate. 3,5-Dimethylbenzoyl

cyanide, 7 g., was dissolved in an adequate amount of absolute ethanol

which was saturated with hydrogen chloride. The temperature of the
mixture was maintained below 10° using an ice bath. The reaction mix-
ture was kept in the cold room for one week. The precipitate obtained
after pouring the mixture into a large quantity of water was extracted
with ether. The aqueous layer was extracted twice more with ether,
after which it was discarded. The combined ether extracts were washed
with a dilute solution of sodium bicarbonate, water and then dried
over anhydrous magnesium sulfate. Ether was removed by distillation
in vacuo. The ester obtained weighed 4.2 g. and boiled at 130°/L4.5 ‘mm,
It gave a positive test with 2,L-dinitrophenylhydrazine.

f. 3,5-Dimethylphenylcyclohexylglycolic acid. Magnesium turn-

ings, 0.76 g. (0.031 m.), in dry ether were treated dropwise with 3.65
g. (0.031 m.) of chlorocyclohexane in dry ether. A crystal of iodine
was added to initiate the reaction. After the addition of the chloro-
cyclohexane, the reaction mixture was refluxed on a steam bath for
forty-five minutes until almost all of the magnesium reacted. The
Grignard reagent was added slowly to a solution of 6.4 g. (0,031 m.)

of ethyl 3,5-dimethylphenylglyoxylate. The reaction mixture was stirred
and refluxed on a stearjn bath for an hour before adding it to dilute
sulfuric acid and crushed ice. The ether layer was isolated and the

aqueous layer was extracted several times with ether. The combined
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ether extracts were successively washed with water, dilute solution
of sodium bicarbonate, and water again. The extract was dried and
distilled }_n__ vacuo. The method gave 1.6 g. (17.8 per cent) of ester
distilling at 170°/4.5 mm.

The ester, 1.6 g., was refluxed overnight with 10 ml. of water
containing 1 g. of sodium hydroxide and 15 ml. of 95 per cent ethanol.
At the end, alcohol was removed by distillation. The residual solu-
tion was poured into water and boiled to evaporate any alcohol, if
present. The mixture was cooled and filtered. Dilute hydrochloric acid
was added slowly to the solution and cooled in an ice bath. The acid
which precipitated was recrystallized from an alcohol-water mixture.
It weighed 0.6 g. (L41.7 per cent) and melted at 170-171°.

Anal.' Caled. for C1gH2203: C, 73.2635 H, 8.L6.

Found: C, 73.21; H, 8.66.

g. 2-Diethylaminoethyl 3,5-dimethylphenylcyclohexylglycolate

hydrochloride. The general method described in A.2. was adopted. The
hydrochloride thus obtained was recrystallized from an ethanol -ether
mixture. 2-Diethylaminoethyl 3, S-dinethylphenylcyclohenquglycolaté hy-
drochloride, m.p. 217-218°, was obtained in 63,3 per cent yield.

Anal. Calcd. for 022H3‘6NO301: C, 66.39; H, 9.12.

Founds C, 66.74s H, 9.10.
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C. Esters of Substituted Dicyclohexylglycolic Acids

1. General Method for the Catalytic Hydrogenation of Amino Ester Hydro-

chlorides of Alkyl Substituted Benzilic Acids

2-Diethylaminoethyl esters of alkyl substituted benzilic acids
(described in A) were dissolved in the minimum amount of pure glacial
acetic acid. The solution was shaken on a low pressure hydrogenator.
with Adams! platinum catalyst until there was no more drop in pressure
over a period of from four to five hours, even after the addition of
some more catalyst. The catalyst was removed by filtration and the sol-
vent was evaporated in vacuo. The residue was dissolved in hot alcohol,
decolorized with Norit and precipitated with ether. It was recrystal- .
1lized several times from an alcohol-ether mixture until a sharp melting
compound was obtained. These compounds are listed in Table VII.

An attempt was made without success to hydrogenate catalytically
the ester hydrochlorides of 2,3,l,5-tetramethyl-, 2,3,5,6-tetramethyl-
and 2,3, h,é-tetramethylbenzﬂic acids using Adams' platinum catalyst.
.Each of the£n needed shaking for about five days until no more drop in
pressure was observed even after the addition of fresh catalyst. On
| evaporation of the solvent, the products obtained were recrys£alhzed
several times from alcohol-ether mixture. The white crystals obtained
in each case softened before melting. These compounds, which were

probably mixtures, defied further attempts at purification.
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2. Attempted Preparation of Esters of Methoxy Substituted Dicyclo-

hexylglycolic Acids

When the general method in C.1l. was employed for the hydrogena-
tion of L-methoxy and L, L'-dimethoxybenzilic acid ester hydrochlorides,
the results of elemental analysis did not agree with the calculated
values. Therefore an attempt was made to hydrogenate the L-methoxy
substituted compound using 5 per cent rhodium on alumina as catalyst.
Again, the values of elemental analysis of the presumably hydrogenated
compounds did not agree with the theoretical values. However, the
analysis for the methoxy group on the presumably hydrogenated product
of the ester hydrochloride of L-methoxybenzilic acid indicated a possi-

bility of hydrogenolysis.

Anal. Caled. for C21H)QNO)Cl: -OCH3, 7.6L.
Found: -O0CH3, 3.68.
Further attempts to hydrogenate the methoxy substituted compounds

were abandoned.

D. Attempted Preparation of Esters of l-Mercaptodiarylacetic Acids

1-Mercaptodiphenylacetic acid, 1l-mercapto-2,2'-dimethoxydiphenyl-
acetic acid and 1-mercapto—3,3'—dimethyldiphenylacetic acid were prepared
by the. method analagous to tha‘i; of Becker and Bistrzycki.99 The prepara-
tion of l-mercaptodiphenylacetic acid is typical and hence it is described

in detail.
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1. Diphenylcarboxymethyl N-Phenylthiocarbamate

Benzilic acid, 22.8 g. (0.1 m.), was treated with 16.9 g. (0.125'
m.), of phenylisothiocyanate in 20 ml. of glacial acetic acid. The
components weré mixed thoroughly and the mixture was kept in an ice
bath until the temperature fell to 0°. With stirring, 10 ml. of con-
centrated sulfuric acid was added, after which the mixture was kept in
the ice bath for three more hours and subsequently at room temperature .
for twenty hours. It was then introduced into ice water. The crude
diphenylcarboxymethyl N-phenylthiolcarbamate obtained weighed 39.L g.
which was practically a quantitative yield. On two recrystallizations
from methanol-water mixture, its melting point was 138-139° (Becker
and Bistrzycld.” give 11;0 5° with decomposition; Schoberll38 reports
11;6-11;70 with decomposition).

Anal. Caled. for Cp1H1gNO3S: C, 69.39; H, L.72.

Found: C, 69.52; H, L.77.

2. 1-Mercaptodiphenylacetic Acid

Diphenylcarboxymethyl N-phenylthiolcarbamate, 10 g., was re-
fluxed for one-half hour with 350 ml. of 3 per cent potassium hydroxide
solution and 75 ml. of ethanol. The reaction mixture was cooled and
filtered. The filtrate was made acidic with 10 per cent hydrochloric
acid. Meaxﬁvhile the mixture was kept in an ice bath and stirred regu-
larly. The crude acid, weighing 66 g., precipitated out. It was re-
ci'ystallized from 50. per cent acetic acid in which case beautiful crys-
tals of l-mercaptodiphenylacetic acid, m.p. 148-149°, were obtained.

The pure acid weighed 5.9 g., (88 per cent) (Becker and Bistrzycki®?
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give 147-149°%; Schober1138 reports 150-152°).
Anal. Caled. for Cy)Hy905S¢ G, 68.82; H, L.95; S, 13.12.
Found: G, 68.92; H, L4.98; S, 13.10.
1-Mercapto-2, 2! -dimethoxydiphenylacetic acid and 1l-mercapto-3,3'-
dimethyldiphenylacetic acid were r;repa.red by starting with the corres-
ponding benzilic acids by the method described in D.1. and 2. These

acids are listed in Table VIII.

3. Attempted Preparation of the Amino Ester of l-Mercaptodiphenylacetic

Acid

a. Method I. An attempt was made to 'prepa.re the amino ester by
the general method described in A.2. in which l-mercaptodiphenylacetic
acid is the starting material. The hydrochloride isolated was recrystal-
lized from a.n‘ alcohol-ether mixture several times. It melted at 189-
190°. However, elemental analysis- did not check with the theoretical
values. ]

Anal. Calcd. for CpoHpgNOpSCl: G, 63.2hs H, 6.90.

Found: G, L2.96; H, 908

b. Method II. (1) 2-Diethylaminoethyl l-bromodiphenylacetate hy-

drobromide. According to the method of Klosa, 101 2-diethylaminoethyl ben-
zilate hydrochloride, 5.4 g. (0.015 m.), was suspended in 25 ml. of benzene
in a 100-ml,, three-necked flask equipped with a mechanical stirrer, a re-
flux condenser and also a thermometer. A solution of phosphorus tribromide,
10.2; 8 (0.0}8 m.), in 20 ml. of benzene was added dropwise with stirring.
oring the addition, the temperature of the mixture was maintained at

70-80° for one and one-half hours on a steam bath. It was then kept at
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room temperature for thirty hours with contirmued stirring, after which
it was filtered through a sintered glass fmmel; washed with benzene .
and recrystallized a few times from an alcohol-ether mixture. The
product weighed 5.2 g. and melted at 161-162° (KlosalOl reports 145-
167°) .

Anal. Calcd. for CooHpgNOgBra: C, 51.003 H, 5.35.
Found: C, Sl.Lk; H, 5.16.

(2) Attempted preparation of 2-diethylaminoethyl l-mercapto-

dipheny;acetaté. A few grams of ‘the éster hydrobromide déscribed"afaove
in D.3.b.(1) was treated in an ice bath with a dilute solution of sodium
bicarbona‘t;e. The free amine was taken up in ether and dried. The ether
extract was refluxed with an excess of commercially available dried
sodium hydrosulfide (dried overnight at 110°) in dry acetone for three
to sixteen hours. A deep blue solution was formed, but the product:
ob'l;,a.ined in all cases was identified as the ester of benzilic acid.

The same results were obtained with dry benzene as solvent.

With the use of sodium hydrosulfide which was freshly prepared by
saturating molten sodium sulfide nonahydrate with hydrogen sulfide at
about 1309, the same results were obtained.

- It is of interest to note that in some of the above attempts, a
product melting at 172-174° was isolated, which was identified as 2-
N,N-diethylaminoethanethiol by determining a mixed melting point with
an authentic samp}.e.

Further attempts to prepare the ester of l-mercaptodiphenyl-

acetic acid were abandoned.
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E. Preparation of 1,1-Diphenyl-2-hydroxy-N,N-dimethylbutylamine Hydro-

chloride

l. 1,1-Diphenylacetone

The method described by Schultz and Iﬁckeyloz was followed.

a. 1l-Bromo-l-phenylacetone. A 1-1., three-necked flask was

equipped with a sealed stirrer, a dropping funnel and a water cooled
reflux condenser carrying a calcium chloride drying tube. In the flask
were placed 200 ml. of dry benzene and 37 g. (37 ml., 0.276 m.) of
phenylacetone. The stirrer was started and 4S5 g. (14.4 ml., 0.28 m.)

of reagent grade bromine was added dropwise during a period of one hour.
The reaction mixture first became cloudy, but changed to a clear orange-
red solution by the time all the bromine was added. A rapid stream of
nitrogen was bubbled through the solution by means of an inlet tube
which now replaced the dropping funnel. When hydrogen bromide issuing
from the top of the condenser ceased, the reaction was complete. This
operation required six hours and at the end, the reaction mixture became
yellow. The benzene solution of l-bromo-l-phenylacetone was then trans-
ferred to a dry 500 ml. separatory funnel.

b. 1,1-Diphenylacetone. The reaction flask used in E.l.a. above

was again set up as it was originally and in it were placed 75 g. (0,56
m_.') of anhydroug aluminum chloride and 150 ml. of dry benzene. The
stirrer was started and the flask was heated on the steam bath so as

to boil the benzene gently. '1"he benzene solution of 1-bromo-l-phenyl-
acetone (described above in E;i.a.) was added dropwise from'é separatory

funnel to the boiling mixture over a period of one hour. After the ad-
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dition was complete, the almost black reaction mixture was heated to
boiling for an additional hour, cooled to room temperature and poured
with stirring onto 500 g. of crushed ice and 100 ml. of concentrated
hydrochloric acid in a 2-1. beaker. The deeply colored bepzene solu-'
tion gradually became orange-yellow. When the ice had melted, the
benzene layer was separated and the aqueous layer was extracted thrice
with 50 ml. portions of ether. The combined ether and benzene solutions
ﬁere washed with 100 ml. of water and then with 100 ml. of saturated
sodium bicarbonafe solution. After the solution »havd been dried for at
least three to four hours over anhydrous magnesium sulfate, the solvents
were evaporated on a steam bath until the solution no longer boiled.

The dark solution was then distilled under reduced pressure. Benzene,
if any, distilled first. The fraction distilling between 131-138°

at 0.6 mm. pressure was collected. Most of it, however, distilled at
134-135°/0.6 mm. (Schultz and MickeylO2 report 1L42-148°/2-3 mm.). The
crude p;'oduct that solidified in the receiver was treated witﬁ sufficient
petroleum ether (b.p. 60-90°) to moisten it. It was cooled in an ice
bath, collected ‘on a filter and washed with a very sméll amount of
petroleum ether cooled to 0-5°. The crystals became colorless. Larger
amounts of petroleum ether for washings were avoided since it dissolved
the substance., The prochxctl was then crystallized from petroleum-ether
(b.p. 60-90°) usir;g 8 ml. of solvent per gram of crude dry solid. The
hot solution was allowec_i to stand at room temperature until crystalliza-
tion began and then kept in the cold room for twenty-four hours. The

crystals were dried in air at room temperature. The yleld of colorless
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compound, melting at 60-61°, was 32.2 g. (Schultz and Mickeyl102 a1s0
report 60-61°).

2. Preparation of 1,1-Diphenyl-i-N,N-dimethylamino-2-butanone Hydro-

chloride

The following procedure of Wilson and Ky1103 was adopted. A mix-
ture of 1,1-diphenylacetone, 10.5 g., previously dried dimethylamine
hydrochloride, 6.5 g., and 2.4 g. of paraformaldehyde was refluxed for
sixteen hours along with 0.3 ml. of concentrated hydrochloric acigi and
30 ml. of ethanol. An excess of water was added and unreacted ketone
was removed by ether extraction. The aqueous solution was made alkaline
with sodium hydroxide and the liberated base was removed by ether ex-
traction. The ether extract was washed with water and dried over anhy-
drous magnesium sulfate. The dry ether extract was treated with absolute
alcohol saturated with hydrogen chloride, until the precipitation was
complete. The solid obtained was recrystallized from an ethanol-ether
mixture to give white crystals weighing 6.8 g. (LL.8 per cent) and melt-
ing at 162-163° (Wilson and Kyil03 give 157-158°).

3. 1,1-Diphenyl-2-hydroxy-4-N, N-dimethylbutylamine Hydrochloride -

1, l-Dipherwl-h;N, N-dimethylamino-2-butanone hydrochloride, 30 g.
(0.099 m.), was dissolved in 75 ml. of absolute alcohol and was shaken
with 0.4 g. of platinum oxide in a ﬁressure bottle on a low pressure
hydrogenator. When the pressure had dropped by 29.2 bounds per square
inch, the hydrogenation was stopped. The mixture was filtered through

a sintered glass funnel to remove the catalyst. Dry ether was added
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to the filtrate until the precipitation was complete. The precipitated
hydrochloride was recrystallized twice from an alcohol-ether mixture.
1,1-Diphenyl~-2-hydroxy-4-N, N-dimethylbutylamine hydrochloride thus ob-
tained weighed 29.7 g. (99 per cent), m.p. 175-176°.

An_gl Caled. for C18Hp)NOCls C, 70.71; H, 7.91.
Found: . C, 70.55; H, 7.57.

F. Attempted Preparation of 1,1-Diphenyl-lL-N,N-dimethylamino-2-butene

Hydrochloride

1., Method I

a. Attempted preparation of 1,1-diphenyl-2-acetoxy-L-N,N-dimethyl-

butylamine hydrochloride. A mixture of 18 g. of 1,1-diphenyl-2-hydroxy-

L-dimethylbutylamine hydrochloride, 29 g. of anhydrous potassium car-
bor_late and 15 ml. of acetyl chloride was stirred overnight in a three-
necked flask equipped with a condenser carrying a drying tube.

The mixture was introduced into ice cold water. The solution was
kept. alkaline; a very dilute solution of sodium hydroxide was added when
necessary. .The free amine was extracted with two or three portions of
ether. The combined ethereal extracts were dried over amhydrous mag-
nesium sulfate. The hydrochloride, obtained by passing dry hydrogen
chloride into the dried ether extract, was recrystallized a few times
from an alcohol-ether mixture. The acetylated.product, m.p. 1h5—1hg°,
weighed 12.6 g- A depression in meltirig point was obtained with the

starting material.
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b. 1-Bromo-l,l-diphenyl-2-acetoxy-i-dimethylbutylamine hydrochloride.
The acetylated compound in F.l.a. above, 10 g. (0.029 m.), was treated with
dilute sodium hydroxide and the liberated amine was extracted with ether.
The dried extract was evaporated and the residue dissolved in pare, dry
carbon tetrachloride. The solution was cooled to -15° using an acetone-"Dry
Ice" bath and L.64 g. (0.029 m.) of bromine was added dropwise with stirring.
The solution was stirred for one more hour after the addition of }bromine
was complete. The temperature of the mixture was then allowed to rise to
that of the room. The precipitated hydrobromide was extracted and recrys-
tallized from acetone several times. The white crystals obtained melted
at 173-174° and weighed 5.3 g. The product gave positive tests for un-
saturation.

Anal. Caled. for HpoHogNOoBrp: C, 50.98; H, 5.35.

Found: G, 81.17; H, 6.60.
Another attempt gave the same product and hence this method was

abamom d. -

2. " Method IT

" a.’ l-Bromo-l,1-diphenyl-2-propanone. The method adopted here was
that of Stevens and Ienk.l0M A solution of 59 g. (0.281 m.) of 1,1-di-
phenylacetone (described in E.1.b.) in 420 ml. of pure carbon tetrachloride
was cooled to about <15° in an acetone-"Dry Ice" bath, Bromine, 43.6 g.
(15 ml., 0.273 m.) was added dropwise with vigorous stirring. When the
addition was complete, the stirring was contimed at about -15° for an

-additional one hour. The temperature then gradually rose to that of the
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room. The solvent was removed under reduced pressure; the product ob-
tained was dissolved in petroleum ether (b.p. 60-90°) and the solution
was kept in the cold room for crystallization after seeding with a few
crystals which were obtained by chilling a few ml. of the solution to
-5° t0 -10°. From the solution, 79.6 g. (81.2 per cent) of 1-bromo-1,1-
diphenyl-2-propanone was obtained, m.p. 55.5-56.5° (Stevens and Lenk10l
report 56.5-57.5°).

b.. Hydrolysis of l-bromo-l,l1-diphenyl-2-propanone. The modified

method of Stevens and Lenkloh was followed. The l-bromoketone L9 g.
(0.17 m.), was dissolved in 430 ml. of dioxane and 180 ml. of water was
added. . The mixture was stirred and refluxed for three hours. The reac-
tion mixture was coo}ed and poured into a large quantity of ice and
water. Crude l-hydroxyketone, weighing 36 g., precipitated out. Re-
crystallization from petroleum ether (b.p:. 60-90°) gave 31.8 g. (83 per
cent), which melted at 64-65° (Stevens and LenklOl give 63-65°).

Ce _]_._,l—Diphergl—}_—hydroxy-_l_;.-_l\],E—dﬁnethylaminobutanone—_g hydro-

chloride. The method followed is similar to that of Zaugg, Freifelder
and Horrom3?9 and Magee.lho A mixture of 31.8 g. (0.141 m.) of 1,1-
diphenyl-1-hydroxypropanone-2, 1L.4 g. (0.18 m.) of dimethylamine hy-
drochloride, and 9.6 g. of paraformaldehyde in 180 ml. of n-octyl
alcqhol was refluxed for ten minutes. Then a further 9.6 g. of para-
formaldehyde was added in small portions over a period of thirty

minutes with continued refluxing. After the addition was complete, 1l.L
ml. of concentrated hydrochloric acid was added and refluxed for an addi-

tional five to ten minutes. The mixture was then extracted with. water
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and with dilute hydrochloric acid and the combined extract was nade basic.
The oil, which separated, was extracted with two portions of éther. These
extracts were washed with water until the washings were neutral. After
drying over anhydrous magnesium sulfate, the ethereal solution was saturated
with hydrogen chloride while being cooled in an ice bath. Two reecrystalli-
zations from an ethanol-ether mixture gave 7.3 g. (19.3 per cent) of white
crystals, m.p. 163.5-165° (MageeltO reports 163.5-165°).

d. Acetylation of 1,1-diphenyl-l-hydroxy-i-N,N-dimethylamino-

batanons-2 hydrochloride. Several unsuccessful methods which are described

below were tried for the acetylation of the hydroxyl group in 1,1-diphenyl-
1-hydroxy-li-N,N dimethylaminobutanone -2 hydrochloride. )

(1) An attempt was made by the method of King and Holmesl® and LaMer
and Greenspan.los The hydroxy compound, 2 g., was heated on a steam bath
with 4 ml. of acetic anhydride for ten hours. The mixture turned black.

On cooling, it was poured into ether when a tar separated. This product
extracted with ethanol, boiled with Norit and subsequent addition of ether
gave & gum-like product. Repeated boiling with Norit and sevéral recrys-
tallizations from an alcohol-ether mixture yislded about 50 milligrams of
a substance which melted at 135-138°. The same method was repeated by
varying “the period of heating from two to ten hours, but the results were
not impmvédf.

(2) Another attempt was made using anhydrous zinc chloridé as a
catalyst. This modification also did not prove to be successful.

(3) A third attempt was made using acetyl chloride. A mixture of

2 g. of the hydroxy compound and k ml. of acetyl chloride was allowed to
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stand at room temperature for four hours. When a clear solution was ob-
tained, it was poured into ether. A gum-like mass, which defied all
attempts at crystallization, was produced.

(4) Finally the experiment was repeated in the presence of 2 g. of
anhydrous potassium carbonate and the result obtained was the same,

Since thez;e was no success in the attempts to acetylate the a-
hydroxy group, this route for the preparation of the aminoalkene was

abandoned.

G. 2-Diethylaminoethyl 1, 1-Diphenyl-2!.—(2-die‘dhyla.ndnoethoxy) acetate Hy-

.drochloride

1. 1,1-Diphenyl-l-chlorocacetic Acid

Tfle method described by KlosalO7 was followed. Benzilic acid, 150
Ees was‘ suspended in 300 ml. of dry carbon tetrachloride. Thionyl chloride,
230 ml.,, was added to this suspension gradually over a period of twenty
mimites. The mixture was stirred for two hours at room temperature and
was a.llowed to stand for thirty more hours, at the end of which it was
cooled in an ice bath to complete the separation of 98 g. of 1,1-diphenyl-
l-chloroacetic acid. On recrystallization from a benzene-ligroin mixture,

it melted at 120-122° (KlosalO7 gives 12}4-125°).

2. 1,1-Diphenyl-1-(2-diethylaminoethoxy)acetic Acid

: Tﬁe method was essentlally due to Klosa.l,"l Etherification was
accomplished by refluxing 5 g. of 1,1-diphenyl-l-chloroacetic acid and 1l

g. of 2-diethylaminoethanol in 30 ml. of benzene in the presence of 4 g. of
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previously dried potassium carbonate for thirty-six hours with stirring.
The solution was filtered and the excess of solvent was removed along
with 2-diethylaminoethanol under reduced pressure. The product obt;ai:uad
was treated with ether. The ether extract was decolorized by boiling
with Norit, after which it was treated with ethanol saturated with dry
hydrogen chloride. The solid obtained was recrystallized several timss
from an alcohol-ether mixture. There was obtained 5.3 g. of white crys-
tals, m.p. 176-178° (Klosalll gives 180-182°).

3. 2-Disthylaminoethyl 1,1-Diphenyl-1-(2-diethylaminbethoxy) acctate

Dihydrochloride

The general method described in A.2. was used. The product oBb-
tained was recrystailiz’;ed several times from an alcohol-ether mixture
and also from an isopropyl alcohol-ether mixture. It was produced with
a yield of 87.4 per cemt, m.p. 212-213°.

Anal. Caled. for CogHioN2Cl203: C, 62.523 H, 8.07.

Found: G, 62.03; H, 8.26.

H. Preparation of 2-Diethylaminoethyl 1,1-Diphenyl-l-thiocacetoxyacetate
Hydrochloride

l. 1,1-Diphenyl-l-thioacetoxyacetic Acid

A hot solntion of 9.9 g. (0.04 m.) of 1,1-diphenyl-l1-chloroaestic
acid (see G.1.) in 20 ml. of benzene was treated dropwise with commercially
available thiolacetic acid. The mixture was mechanically stirred and a

slow stream of nitrogen was introduced to sweep out the hydrogen chloride
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formed during the course of the reaction. After the addition was complete,
the reaction mixture was stirred and refluxed for five hours in an atmos-
ﬁhere of nitrogen. At the end of this period, the excess of solvent was
removed by diét.illation under reduced pressure. The residue on recrystalli-
zation fram carbon tetrachloride éave 10 g. of white crystals, m.p. 157-

158°. The compound was used in the next step without further purification.

2. 2-Diethylaminoethyl 1,1-Diphenyl-l-thicacetoxyacetate Hydrochloride

The method described in A.2. was followed. The solid obtained was
recrystallized from an isopropyl alcohol-ether mixture and also from a
methanol-ether mixtxrg. A yield of 59.7 per cent of white crystalline
ester hydrochloride, m.p. 166-167°, was obtained.

Aml. Calcd. for C22H28N03SCls C, 62.62; H, 6.69.

Found: C, 62.27; H, 6.77.

I. Attempted Preparation of 2-Disthylaminoethyl 1,1-Diphenyl-1-(1-mer-

captoacetoxy) acetats

1. 1,1-Diphenyl-l-(1l-mercaptoacetoxy)acetic Acid

A solution of 7.4 g. (0.003 m.) of 1,1-diphenyl-1-chloroacetic acid
(described in G.1.) in benzene was added dropwise to 3.2 g, (0.003 m.) of
the sodium salt of mercaptoacetic acid. The mixture was vigorcusly stirred
and refluxed for sixteen hours, after which it was cooled and filtered.
The filtrate was reduced to a small volume by evaporation on a steam bath
and set aside to crystallisze. Since 1,1-diphemyl-1-(1-mercaptoacetoxy)-

acetic acld was partially soluble in-benzene, the residue, collected on
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the filter funnel, was added to water and heated. The sodium salt went
into solution_ leaving behind 1,1-diphenyl-1-(1l-mercaptoacetoxy) acetic
acid. The solid thus obtained was combined with the crystals obtained
from the filtrate that was set aside to crystallize. Two recrystalliza-
ti&ﬁs were performed with ethyl acetate when 7.3 g. (80.5 per cent) of
crystalline substance, m.p. 192-193.5°, was obtained.

|  Anal. Caled. for C16H) },0)S: C, 63.57; H, L.67:
Found: G, 63.63; H, L.59.

2. Attempted Preparation of the Amino Ester of l,l-Diphenyl—_];-(}_-mer-

captoacetoxy)acetic Acid

" The general method .descrjibed in A.2. was used starting with 1,1~
diphenyl—i-(1-mercaptoacetoxy) acetic acid. - A:ft{er the re-action, the sol-
venvf was removed by evaporatién. The residue was-dissolved in hot water.
The aqueous extract, after ﬁnsing with ether, was basified wit.h é. dilute
~solution of sodium carbonate. The free amine was extracted thrice with
ether, washed with water and dried over anhydrous m;gnesium sulfate. The
hydrt;chloride and oxalate of this amine were found to be highly hygroscopic.
Hence, the citrate, which was comparatively less hygroscopic, was prepared.
A saturated solution of citric acid in anhydrous ether waé added to the
dried ether extract of the amine. The citrate thus obt;ained was recrystal-
lized from acetone, methyl alcohol-ethyl acetate mixture, ethyl alcohol-
ethyl acetate mixture, isopropyl alcohol-ether mixture and finally from
ethyl acetate. It gave a»hyposcopic white solid weighing 0.5 g. (17 per
cent)“ and melting at 78-79.5°. In spite of several recrystallizations

and éﬁbsequent care in drying, the product obtained did not possess the



128
correct composition as indicated by elemental analysis, probably due
to its hygroscopic nature.

Anal, Caled. for CpgH3g011NS: C, 56.653 H, 5.93.
Founds G, 58.863 H, 5.89.
C, 54.10; H, 6.29.

J. 2-Diethylaminoethyl 1,1-Diphenyl-1-(isopropthio)acetate. Eydro--

chloride

1. Diphenylcarboxymethyl Isopropyl Sulfide

 The method analogous to that of Kl0sal07 was adopted. A miXture of
10 g. (0.0k1 m.) of 1,1-diphenyl-l1-chleroacetic acid (see G.1.), b g. of
reagent; grade calcium carbonate and 50 ml. of 2—propa.néthiol‘was refluxed
for thirty hours with contimaous stirring. The mixture was cooled and fil-
tered, after which the filtrate was rednced to a small volume by evapora-
tion under reduced pressure. When it was cooled in ice, 10.5 g. of crys-
tals of the sulfide which separated were filtered and dried.” The product
melted at 118-122°., Without further purification, it was used in the pext

step.

2. Esterification of Diphenylcarboxymethyl Isopropyl Sulfide
~ The method described in A.2. was followed. The hydrochloride ob-
tained was reerystallized several times from an alcohol-ether mixture and
finally from ethyl acetate. The ester hydrochloride obtainbd melted at |
138-139°. It was formed with a yield of 85.4 per cent.
Anal. Caled., for C23H32NO02SCl: C, 65.45; H, 7.65.
Found: C, 65.25; H, 7.82. |
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K. Attempted Preparation of 2-N,N-Diethylaminoethyl Methylamide of
Phenylcyclohexylglycolic Acid

1, Benzoyl Cyanide

The method of Oakwood and Weisgerbern'o was followed., In a 500-ml.,
round-bottomed flask fitted with an air condenser were placed 110 g, (1.2
m.) of dried cuprous cyanide and 143 g. (118 ml., 1.02 m.) of benzoyl
chloride. The flask was placed in a Wood's metal béth which had been pre-
viously heated to 145-150°. The temperature of the bath was raised to
220-230° and maintained between these two limits for one and one-half hours.
During the heating the flask was frequently removed from the bath (about
every fifteen minutes) and the contents were thoroughly mixed by vigorous
shaking. At the end of one and one-half hours; the contents were distilled.
The temperature of the bath was slowly raised to 305-310°, and distilla-
tion was continued until no more product came over. The benzoyl cyanide,
boiling at 205-208°, weighed 97 g. On cooling, it gave crystals which
melted at 32-33° (Oakwood and WeisgerberilO give 32-33°).

2. Benzoylformic Acid

Again the method of Oakwood and Weisgerber'll was employed. In a
1-1. flask were placed 50 g. (0.38 moles) of benzoyl cyanide and 500 ml. of
concentrated hydréchloric acid. The mixture was shaken occasionally until
the solid dissolved completely and was then allowed to stand at room tem-
perature for five days. At the end of this period, the clear yellow solu-
tion was poured into a large quantity of water and extracted thrice with

ether. The ether extracts were washed with water and dried. The solvent



130
was removed by distillation and the residual oil crystallized on placing
in ths vacuum desiccator. The crude acid was recrystallized from carbon
tetrachloride. The benzoylformic acid, melting at 6L-66°, weighed L2 g.
(73 per cént) (Oakwood and Weisgerber’1 report 64—66°).

3. Benzoylformyl Chloride

In a 100-ml,, three-necked flask fitted with a reflux condenser and
a mechanical stirrer was placed 11.12 g. (0.0533 m.) of pure phosphorus
pentachloride which was just covered with pure benzene. A solution of 8 g.
(0.053 m.) of benzoylformic acid (described above in K.2.) in an adequate
amount of pure benzene was added dropwise with stirring. The flask was
cooled in an ice bath. When all the acid solution had been added, the re-
action mixture was gently refluxed over a steam bath for four hours with
stirring. It was kept overnight at rbom temperature. After refluxing
only for a few minutes in order to complete the reaction, the solvent and
phosphoryl chloride were removed by distillation under reduced pressure,
The residue was distilled in vacuo to give 7 g. (89.9 per cemt) of a light
yellow liquid; b.p. 82°/l; mn. (Acreell? gives 125°/9 mm.).

Anal, Caled. for CgHg02Cl: C, 56.99; H, 2.99.

Found: C, 56.89; H, 3.0k.

h. . g-y;,g-ﬁiegylamjnoe@lqetlgylémine
The method of Damiensll3 was used. In a round-bottomeéd flask fitted

with a two~hole rubber stoppér carrying a thermometer and a stopcock were
placed 50 g. (0.36 m.) of 2-N,N-diethylaminoethyl chloride and 270 ml. of

35 per cent aqueous methylamine solution. After the stopcock was closed,
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the flask was shaken in a mechanical stirrer as the temperature rose
to 50°, at which point the stopcock was opened to release the pressure.
The reaction was allowed to proceed with continued shaking until the
temperature had returned to that of the room. When the solution was
made strongly basic, an organic layer separated. The alkaline mixture
was extracted three times with ether. The ethereal extracts were
washed with water, dried and fractionally distilled using a Vigreux
column. The product was a colorless liquid, b.p. 152-154° (Kermack
‘and W:l.gh‘t’.]‘h2 give 157-160°). The method gave a yield of 12.1 g. (25.2

per cent).

5. Preparation of 2-N,N-Diethylaminoethyl Methylamide of Benzoylformic

Acid

A method similar to that of Krapcho, Turk and 1"r:i.by1108

was used.
A solution of 2.87 g. (0.017 m.) of benzoylformyl chloride in 12 ml. of
n-hexane and 8 ml. of pure benzene was maintained at 20-30° during the
dropwise addition of a solution of 2.16 g. (0.017 m.) of 2-N,N-diethyl-
amincethylmethylamine in 4 ml. of benzene. A précipitate was formed.
After all the amine had been added, the mixture was stirred for an hour
more at room temperature, refluxed for an additional one hour, cooled
and treated with water. After this mixture had been stirred for a few
mimites with 1little warming, all of the solid went into solution. The
aqueous layer was separated and the organic layer was extracted twice
with dilute hydrochloric acid. The combined aqueous extracts were
rinsed with ether and basified. The free amine liberated was extracted

with ether twice. The ethereal extracts were washed with water and
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dried. Since the hydrochloride of this amine was hygroscopic, the oxalate
was prepared. A saturated solution of oxalic acid in ether was added.
to the dried ethereal extract of the amine. The gummy substance ob-
tained was dissolved in absolute ethanol and dry ether was added until
the solution appeared cloudy. It was kept in the cold room until crys-
tals formed. The crystals were recrystallized a few times from an
ethanol-ether mixture. There was obtained 2.9 g. (48.3 per cent) of
the amide, . a white crystalline solid, m.p. 93-9L°.

Anal. Caled. for Cy7H2)N206t C, 57.94; H, 6.86.
Found: C, 57.61; H, 6.72.

6. Attempted Preparation b_f_ the 2-N,N-Diethylaminoethyl Methylamide

of Phenyleyclohexylglycolic Acid

The oxalate (described in K.5.), 8.5 g., was treated with dilute
solution of sodium hydroxide, extracted with ether three or four times
and the extracts were dried over anhydrous magnesium sulfate.

Meanwhile a Grignard reagent was prepared as follows: Magnesium
turnings, 0.59 g. (0.024 m.) were covered with ether to which 2.83 g.
(0.024 m.)t of pure chlorocyclohexane in ether was added dropwise. A
small piece of iodine was added, if necessary, to start the reaction.
When the addition of the solution of chlorocyclohexane was complete,
the mixture was gently refluxed for about forty-five minutes. The
Grignard reagent thus prepared was transferred to a dropping funnel with

a minimum exposure to the atmosphere.
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?he Grigna.rd reagent was added dropwise with stirring to the pre-
viously dried solution of the amide. A white precipitate was obtained.
After all the Grignard reagent had been added, the mixture was refluxed
for seventy-five mimutes on the steam bath. The reaction mixture was
gently poured into water containing some crushed ice. Solid ammonium
chloride was added until the magnesium hydroxide, that was present,
went into solution. The ether layer was separated and the aqueous layer
was extracted twice with ether. The ethereal extracts were then dried.
Since the hydrochloride and the oxalate prepared were gummy and failed
to crystallize, a citrate was prepared. A saturated soluﬁion of citriec
acid in ether was added to the dried ethereal extract of the amine.
The precipitation was complete. It was recrystallized several times
successively from acetone, alcohol-ether mixture, ethyl acetate and
isopropyl alcohol. There was cbtained 3.5 g. (27 per cent) of the
citrate, a white crystalline substance, m.p. 86-87°. The product, how-
ever, did not analyze correctly for the desired compound.
Anal. Caled. for 027Hh2N20§: c, 60.20; H, 7.86.
Found: C, 5L.00s H, 6.87.
C, 56.23; H, 7.31.
C, 56.103 H, T.ll.
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L. Attempted Preparation of 2-Diethylaminoethyl Phenylcyclohexylthiol-

glycolate

1. Method I

a. Method A. The method described by Gilman and coworkerst®
was followed. Hydrogén sulfide was bubbled through 34 g. (0.14 m.)
of melted sodium sulfide nonahydrate for several hours until it was
saturated. To the resulting solution was added 9 g. (0.067 m.) of
-freshly prepared 2-diethylaminoethyl chloride and-the mixture was re-
fluxed with vigorous stirring for one hour in an atmosphere of nitro-
gen. After cooling, the sblution was extracted with ether and the
ethereal extract was dried and distilled with minimum exposure to the
air. The yield of mercaptan distilling at 6&-67°/23 mm. was 2.8 g.
(31.3 per cent) (Gilman and coworkers1o0 give 62-65°/21 mm.). The range
of yields extended from O to 31.3 per cent.

b. Method B. (1) i’regaration of 2-N,N-diethylaminoethyl iso-

thiouroninm chloride hydrochloride. The procedure of Albertson and

C)_l:l.rrl'.ctnll6 was followed for the preparation 61‘ this compound.

To a refluxing solution of 15.7 g. (0.207 ﬁ.) of thiourea in -
50 ml, of absolute ethanol was addegl over a period of one and one-half
hours a slurry of 35.2 g. (0.205 m.) of 2-N,N-diethylaminoethyl chlo-
ride hydrochloride in 100 ml. of ethanol. The solution was refluxed
for'si.x hours, coaled and diluted with 200 ml. of ethyl acetate and
50 ml, of ligroin. A yield of bl g.x(8-6 per cent) of a white solid,
m.p. 190-192° was obtained. (Albertsen and Clintonll® report 194-195°.)
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(2) 2-N,N-Diethylaminoethanethiol. According to Albertson

and Clinton,115 the thiol was prepared by alkaline hydrolysis of the
isothiouronium compound. To a suspension of 25 g. (0.1 m.) of 2-N,N-
diethylaminoethyl isothiocuronium chloride hydrochloride in 4O ml. of
water was added a solution of 8.2 g. of pellets of sodium hydroxide

in 30 ml. of water. There was an immediate separation of a pink oily
layer. The solution was extracted three fo four times with ether. The
dried ethereal extract containing 2-N,N-diethylaminoethanethiol was |

used immediately for the preparation of the thiol ester.

c. Attempted preparation of 2-N,N-diethylaminoethanethiol ester

9_1‘_ benzoylformic acid. The ethereal extract from the decomposition of

25 g. (0.1 m.) of 2-N,N-diethylaminoethyl isothiouronium chloride hydro-
chloride was added dropwise to a cooled (ice-bath) solution of 1k go
(0._083 m.) of benzoylformyl chloride (see K.3.) in 100 ml. of dry ben-
zene, After the addition, the reaction mixture was refluxed for three
hours. A little gummy substance was obtained at the bottom of the flask.
On cooling, the mixture was treated with water and stirred. The water
layer was separated and the benzene layer was extracted twice with
water. AThe aqueous extracts were washgd with ether, after which they
were made basic and the free amine liberated was extracted with ether
several times. The dried ethereal extracts were treated with absolute
alcol;ol saturate& with dry hydrogen chloride. The precipitate was re-
crystallized several times from an isopropyl aléohol-ether mixture.

The white solid prodﬁct which softened before finally melting weighed

1.1 g., m.p. 201-203°.
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Anal. Caled. for C1)H2QNC102S: C, 55.713 H, 6.68.
Feund: C, 11.883 H, 8.09.
Repetition of the above reaction yielded a compound melting at

244-246°. This method was not further explored.

2. Method II

a. 1,1-Diphenyl-l-chloroacetyl chloride. The chloroacetyl
chloride was prepared from benzilic acid and phosphorus pentachloride
by the method of King and Holmes.106

In a flask which was immersed in an ice bath were placed 11l g.
(0.54 m.) of phosphorus pentachloride and 60 g. (0.264 m.) of benzilic
acid. The contents were mixed thoroughly. After two to three minutes,
a vigorous reaction began. When this reaction had ceased, the flask
was heated at 100° for fifteen minutes. Phosphoryl chloride was dis-
tilled from the flask under reduced pressuré and the residue was poured
into ice and water. This mixture was stirred vigorously until the or-
ganic material solidified. The water was removed quickly by filtration
and the residue was dissolved in ligroin without heating. The ligroin
solution was dried and evaporated to one-third of its original volume.
There was obtained 3L g. (hé per cent) of the acid chloride, a white
crystalline solid, m.p. 46-48° (King and Holmesl%® report U8.5-49.5%
Billman and Hidy,2!3 50-51°).

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

prqcedm:e of Kolloff, Hunter, Woodruff and Hoffettn7 was employed. The
ethereal extract from the decomposition of 25 g. (0.1 m,) of 2-N,N-di-

ethylaminoethyl isothiouronium chloride hydrochloride was added drop-
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wise to an ice-cooled solution of 22 g, (0.083 m.) of 1,l-diphenyl-l-
chloroacetyl chloride. in 100 ml. of benzene. After the addition,-the
reaction mixture was refluxed for three hours. The white solid was
filtered and dried. The crude 2-N,N-diethylaminoethyl 1, l-diphetljl—l-
chlorothiolacetate hydrochloride weighed 13.2 g. and melted at 145-150°.
The compound was recrystallized from hot methyl ethyl ketone by the
addition of sufficient ether to produce cloudiness. Thé chilled solu-
tion gave crystals melting at 154-156° (Morrison and Kon:!.gas‘l',e:l.n]',"h
give 160°) : |

Twelve grams of this compound was dissolved in very dilute hydro-
chloric acid and heated on a steam bath for fifteen minutes to remove
the alpha chloro group. The solution was cooled and crushed ice and
then solid sodium carbonate were added. The free base liberated was
extracted with ether three times. The combined dried ethereal extracts
were treated with ethanol saturated with hydrogen chloride. On cooling,
a viscous liquid which on treating with ethyl acetate became solid, was
obtained. It was recrystallized from an ethanol-ether mixture. There
was obtained 5.l g. of white crystals, m.p. 138-139° (Mageel’45 gives
138-139°).

-N,N-diethylamino-

c. Attempted catalytic half-hydrogenation of

ethyl thiolbenzilate hydrochloride. The hydrochloride was dissolved

in a minimum amount of pure glacial acetic acid and shaken with Adams'
platinum catalyst in a pressure bottle on a low pressure hydrogenator.
There was no drop in pressure, except that due to reduction of platinum
6::!.de_, over a period of twenty-four hours. A further addition of cata-

lyst also did not produce any drop in pressure.
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Five per cent rhodium on alumina was next used as a catalyst.
It also did not produce any significant drop in pressure over a period
of twenty hours.
Attempts at half-hydrogenation using pmadimn on barium sulfate
proved to be futile as only the starting material was recovered from
the solvent.

This route was therefore not explored any further.

M. Preparation of 2-Diethylaminoethyl Phenyl-b2-cyclohexenylacetate

Hydrochloride

1. Ethyl Phenylacetate

Phenylacetic -acid, 204 g. (1.5 m.) was refluxed with 700 ml. of
absolute alcohol and 9 ml. of concentrated sulfuric acid for eighteen
hours. At the end of this period, the solution was made neutral by the
addition of a few pellets of sodium hydroxicie. The excess of alcohol was
removed by distillation and the residue was poured into a large quantity
of cold water which was then extracted with ether. The extract was
dried and the solvent was evaporated on a steam bath. The residue was
distilled in vacuo. There was obtained 205 g. (83.4 per cent) of liquid,
b.p. 899/3.5 mm. (Perkinll6 reports 227.1-227.6°/760 m. ).

2. Ethyl Phenylmalonate

The procedure described by Levene and Heyex'u'9 was followed.
in a 2-1., three-necked flask fitted with a stirrer, reflux con-

denser and a dropping funnel was placed 500 ml, of absolute ethanol
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(commercial absolute alcohol distilled over 5 per cent of its weight
of sodiuh) and 23 g. of cleanly cut sodium was added in portions. When
the sodium had dissolved, the solution was cooled to 60° and 146 g. (1
m.) of ethyl oxalate (purified by shaking with potassium carbonate and
distilling under reduced pressure) was added with vigorous stirring
in a rapid stream through the dropping funnel. This procedure was
followed immediately by the addition of 175 g. (1.06 m.) of ethyl
phenylacetate. Stirring was discontinued and the mixture was poured
into a 2-1. beaker. A solid paste of the sodium derivative obtained
was allowed to cool to room temperature, after which it was ét;irred
with 800 ml. of dry ether and filtered. The crystals were washed with
dry ether and the phenyloxaloacetic ester was liberated from the sodium
salt with dilute sulfuric acid (29 ml. of concentrated sulfuric acid in
500 ml. of water). The oil obtained was separated and the aqueous layer
was extracted with three 100-ml. portions of ether, which were combined
with the oil. The ethereal solution was dried over magnesium sulfaﬁe
and the ether disti].led. The residual oil contained in the flask fitted
with a modified Ci[.aisen head (with a Vigreux column as side arm) was
heated under reduced preséuzje of about 1 mm. at about 130°. The flask
was maintained at these conditions until the evolution of cgrﬁon monoxide
was complete, an operation which required about five hours. .If any oil
distilled over, it was returned to the flask and finally ethyl phenyl-
malonate was distilled in vacuo. The fraction boiling at 115-120°/
0_,_8 mm, was collected. A large portion of the liquid, however, distilled

at 115-116°/0.8 mm. (Levene and Meyerll? give 158-162°/10 mm.). There
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was obtained a yield of 185 g. (78.3 per cent).

3. Preparation of _ngromocyclohexene

This halide was prepared by bramination of cyclohexene usiné N-
bromosuccinimide according to the method of Ziegler and cawoz.'lcers.l)"7

A mixture of 304 ml. of pure cyclohexene, 300 ml. of carbon
tetrachloride, and 109.8 g. of N—bromosnccin:l.’mide was placed in a 1-1,,
round-bottomed flask and refluxed until all the N-bromosuccinimide had
reacted (one hour). The reaction mixture was cooled to room tempera-
ture and the succinimide was removed by filtration. Carbon tetrachlo-
ride. and the unreacted cyclohexene were removed by distillation and
the residue was distilled in vacuo to give 73 g. (57 per cent) of pure
product, b.p. 72-74°/30 mm. (C:t'osssleyl,"8 gives 74°/28 mm, ).

L. Diethyl Phenyl—é_z_-cyclohexenylmalonate A

The method of Kolloff and coworkersl20 was used.

To a solution of 7 g. (0.305 m.) of sodium in 250 ml. of absolute
ethanol was added 70.8 g. (0.3 m.) of diethyl phenylmalonate. The solu-
tion was stirred at reflux temperature during the dropwise addition of
49.1 g. (0.305 m.) of 3-bromocyclohexene. The reaction mixture was
then -refluxed with stirring for six hours. After cooling and making
the solution acidic with acetic acid, most of the solvent was removed
by distillation. Water was then added and the organic layer was sepa-
rated. The aqueous layer was extracted twice with ether. The combined
organic iaver and ethereal extractg were dried and subsequently distilled

in vacuo. They gave 55 g. (58.L4 per cent) of diethyl phenyl-A2-cyclo-
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hexenylmalonate, b.p. 158-162°/0.8 mm. A greater portion of the liquid
distilled at 158-159°/0.8 mm. (Kolloff and coworkersl20 give 126°/0.07

mm.)..'

5. Phenyl-A2-cyclchexenylacetic Acid

The method of Kolloff and coworkersl20 was again employed.
A solution of 55 g.-(0.172 m.) of diethyl phgnyl-Az-oyclohexenyl-
malonate and 61.3 g. .il.l m.) of potassium hydroxide in 300 ml. of 95
per cent ethanol .was refluxed for six hours. Water was added from time
to time to dissolve the solid which separated. Most of the alcohol was
removed by distillation. The product 'was dissolved in water, extracted
with ether and the aqueous layer cooled and acidified. An oil, which
crystall‘lzec! after a few minutes, formed. There was obtained 34.5 g..
(92.3 per cent) of the acid, m.p. 117-119.5° (Kolloff and cméorkeralzo

give 120-122°),

6. Amino Ester Hydrochloride of Phenyl—_A_z_-cyclohexenylacetic Acid

The method described in A.2, was used for the preparation of the
amino ester hydrochloride. It gave a y:i‘_.eld of 66,2 per cent of solid
which was recrystallized successively from an ethanol-ether, a methanol-
ether, and an isopropyl alcohol-ether mixture. There was produced a
white crystalline compound, m.p. 156-157°..

Anal. Calcd. for CpoH30NO2C1: ‘C, 68.26; H, 8.59.
Found: C, 68.10; H, 8.65.
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N. Preparation of 2-Diethylaminoethyl Phenyl-A2-cyclohexenylglycolate

Hydrochloride

1. Bromination of Phenyl—ﬁ-gclohexexylacetic Acid

a. Method I. An attempt was made to»brominate phenyl-Az-cyulo-

hexenylacetic acid by the method of Stevens and Lenk.lo,"
~ To a solution of 6.L48 g. (0,003 m.) of phenyl-Az-cyclohexenyl-

acetic acid in 50 ml. of carbon tetrachloride maintained at -15° to -20°
(acetone-"Dry-Ice" bath) 9.6 g. (0.06 m.) of bromine was added in drops
The solution was stirred for one and one-half hours after the addition
of bromine was complete. The temperature of the mixture was allowed
to rise to that of the room. On removing the solvent under reduced
press{xre, the residue was extracted with ethyl acetate. The extract was
decolqrized with Norit. On slow evaporation of the solvent, crystals'
were obtained. They were recrystallized first from benzene and then
from ethyl acetate. There was obtained 4.2 g. of solid, m.p. 210-211°.

Anal. Caled. for Cj)HcBr302: C, 36.95; H, 3.32.

.Found: C, U4S.l1; H, h.él.

Elemen_"bal a:}alysis agrees fairly well with the composition of
v phenorl-é,_3-dibromocyclohexylacetic acid.

Anal. Caled. for Cy)H16Bra0z: G, LL.70; H, 4.29.

The experimentf was repeated at room temperature and also at re-:
flux temperature of cgrbon tetrachloride in 'an effort to replace tertiary
hydrogen by the bromine atom. .These attempts failed as the same compound,

m.p. 210-2119, was isolated.
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b. Method II. The method of Schwenk and Papa121 was next used

for the bromination of phenyl-A?—cyclohexenylacetic acid.

A mixture of 25,9 g. of phenyl—A2-cycl_ohexenylacetic acid and
60 ml. of thionyl chloride was reflixed for two hours while 38.4 g. of
bromine was added dropwise over a period of two hours. The mixture was
allowed to stand overnight, after which the excess of thionyl chloride
was removed under reduced pressure. The residue, a brown-colored viscous
liquid, was dissolved in 500 ml. of dioxane and 100 ml. of 10 per cent
sodium hydroxide solution. The mixture was refluxed for three hours.
Most of the dioxane was removed by distillation under reduced pressure.
The residue was then poured into about 200 ml. of water containing 25 g.
of sodium hydroxide and stirred vigorously. After cooling, the solution”
was extracted with ether. The aqueous extract was acidified with dilute
hydrochloric acid in the cold to give a gummy mass. It was-dissolved in
dilute sodium hydroxide solution and decolorized with Norit. On acidi-
fication, it gave phenyl-2, 3-dibromocyclohexylglycolic acid, a white
solid, m.p. 66—70.5°, which weighed 17 g. It was used in the next de-

bromination process without further purification.

2. Debromination of Phenyl-2, }_—dibrmnocyclohexylglycolic Acid

A modification to the method of ¢3a:br¢9.va.‘sl22 was used for the de-
bromination process.

A mixture of 10 g. of phenyl-2,3-dibromocyclohexylglycolic acid,
10 g. of zinc dust and ‘60 ml. of pure acetone was refluxed for seventy-
five minutes. A few drops of concentrated hydxochloric acid were added

to the mixture as a catalyst, after which it was cooled .and filtered.
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The filtrate was evaporated to a small volume and dilute hydrochloric
acid was added. The solution was extracted a few times with ether.
The dried ethereal extract was evaporated and a gum-like mass was ob-
tained. The latter was recrystallized twice from ethyl acetate. There
was obtained 3.1 g. of phenyl-A2-cycIohemenylglycolic acid, m.p. 110-
114°. The standard qualitative test for unsaturation was positive

with this compound.

3. Amino Ester Hydrochloride of menyl-é_z_-qzclohexeny]:glycolic Acid
Using the method described in A.2., the .ester hydrochloride was
obtained in 57.6 per cent yield. On recrystallization from an alcohol-
‘ether mixture and twice from isop:popyl alcohol, it gave white crystals,
m.p. 161-1626. _
Anal, Calcd. for CpoH3gNO3Cl: C, 67.87; H, 8.55.

Found: C, 67.79; H, 8.50.



CHAPTER IV

SUMMARY

Several derivatives of substituted benzilic, glycolic and acetic
acids were prepared in order té investigate their physiological activity.
The new compounds which were prepared in the course of this research are
listed below.

Hydrochlorides of 2-diethylaminoethyl esters of:

1. 2-Methylbenzilic acid.

2. 3-Methylbenzilic acid.

3. L-Methylbenzilic acid.

4. 2,3-Dimethylbenzilic acid.

5. 2,h-Dimethylbenzilic acid.

6. 2,5-Dimethylbenzilic acid.

7. 2,6-Dimethylbenzilic acid.

8. 3,L-Dimethylbenzilic acid.

9. 3,5-Dimethylbenzilic acid.

10. 2,3,L-Trimethylbenzilic acid.
11. 2,3,5-Trimethylbenzilic acid.
12. 2,3,6-Trimethylbenzilic acid.
13. 2,k4,5-Trimethylbenzilic acid.
1. 2,l,6-Trimethylbenzilic acid.
15. 3,L,5-Trimethylbenzilic acid.
16. 2,3,h,s-Tetramethylbenzilic acid.

L% 2,3,h,6-Tetramethy1benzilic acid.



18.
19.
20.
2l1.
22.
23.
2L.
25.
26.
27.
28.
29.
30.
Sils
32.
33.
3.
35.
36.
31.

2,3,5,6-Tetramethylbenzilic acid.
2,3,L,5,6-Pentamethylbenzilic acid.
h‘-Phenylbenzﬂic acid.
2,2'-Dimethylbenzilic acid.
3,3'-Dimethylbenzilic acid.

L, L4' -Dimethylbenzilic acid.
3,5,3',5'-Tetramethylbenzilic acid.
L, 4*-Diisopropylbenzilic acid.
2,2'-Dinethoxybenzilic acid.

L, 4' -Dimethoxybenzilic acid.

2,3,2',3'-Tetramethoxybenzilic acid.

-3,k4,3",4'-Tetramethoxybenzilic acid.

3, -Methylenedioxybenzilic acid.
2-Methylphenylcyclohexylglycolic acid..
3-Methylphenylcyclohexylglycolic acid.
L-Methylphenylcyclohexylglycolic acid.

2, 3-Dimethylphenylcyclohexylglycolic acid.

35 S-Iji.methylphenylcyclohmcylglycolic acid.

2, L, 6-Trimethy1pheny1cyclohexylg]yc olic acid.
3, i, 5-Trimethylphenylcyclohexylglycolic acid.
2,3, 5,6-Tetramethylphenylcyclohexylglycolic acid.
3, 31 -Dimethylphenyleyclohexylglycolic acid.
2-Methyldicyclohexylglycolic acid.
3-Methyldicyclohexylglycolic acid.

Li-Methy1dicyclohexylglycolic acid.

146



7

L43. 2,3-Dimethyldicyclohexylglycolic acid.

M‘-i 2, 4-Dimethyldicyclohexylglycolic acid.

LS. 2,6-Dimethyldicyclohexylglycolic acid.

L46. 3,L4-Dimethyldicyclohexylglycolic acid.
"L47. 3,5-Dimethyldicyclohexylglycolic acid.

L48. 2,3,5-Trimethyldicyclohexylglycolic acid.

L9. 2,3,6-Trimethyldicyclohexylglycolic acid.

50. 3,4,5-Trimethyldicyclohexylglycolic acid,
- 51. L-Cyclohexyldicyclohexylglycolic acid.

52, 2,2'-Dimethyldicyclohexylglycolic acid.

£3. 3,3;-Dimethy1dicyclohexylg1ycolic acid.

Sh. L,L'-Dimethyldicyclohexylglycolic acid.

55. 1, l;Diphenyl-l-thioaceto:wacetic acid.

56. 1,1-Diphenyl-1-(isopropthio) acetic acid.

57. Phenyl-A2-cyclohexenylacetic acid.

58. Phenyl-A2-cyclohexenylglycolic acid.

Four other compounds prepa;;ed were:

59. 2-Diethiylaminoethyl 1,1-diphenyl-1-(2-diethylaminoethoxy)-

' acetate dihydrochloride.
60. 2-Diethylaminoethyl 1,l-diphenyl-l-bromoacetate hydrobromide.
61. 1, i-,Diphgnyl— 2—hydré:§y-h-N , N-dimethylbutylamine hydrochloride.
62. Oxalate of 2-N,N-diethylaminoethyl methylamide of benzoyl-
formic acid.
The_'a’pove compounds have been or will be tested for their physio-

logical:activity'. Following is the 1ist of new compounds which were ob-
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tained as intermediates or as byproducts in the preparation of the
above compounds.

63. Diphenylcarboxymethyl N-phenylthiolcarbamate.

64, 1-Mercaptodiphenylacetic acid.

65. 1-Mercapto-3,3'-dimethyldiphenylacetic acid.

66. 1-Hercapto-2,2;-dimethoxydiphenylacetic acid.

67. L-Methylphenyleyclohexylglycolic acid.

68. 3,5-Dimethylbenzoyl cyanide.

69. 3,5-Dimethylphenylcyclohexylglycolic acid.

70. Phenyl-2,3-dibromocyclohaxylacetic acid.

71. 1,1-Diphenyl-1-(1-mercaptoacetoxy)-acetic acid.

72. Benzoylformyl chloride.

73. 1,1-Diphenyl-2-acetoxy--N,N-dimethylamino-1-butene hydro-
bromide.

The melting points of 23, 60, 63, and 6, which have been reported

before; differ from those found in the present work.



BIBLIOGRAPHY



12,
13,
1’40

15.
16.
17.
18.

19.

BIBLIOGRAPHY

R. R. Burtner, in "Medicinal Chemistry,® Vol. I, G M. Suter,
Editor, John Wiley and Sons, Inc., New York, N. Y., 1951, pp. 151-
221.

L. V. Hellbrunn, "An Outline of General Physiology," W. B. Saunders
Co., Philadelphia, Pennsylvania, 1952, p. 398.

Research Today, Vol. X, No. 2, Eli I.illy and €o., Indianapolis,
Indiana, 19§E pp. 31-51.

R. B. Moffett and J. H. Hunter, J. Am. Chem. Soc., 7L, 1710 (1952).

K. Fromherz, Arch. exper. Path. u. Pharmkol., 173, 86 (1933);
C. A. 28, 823 (193L).

B. N. Halpern, Arch. Internal Pharmacodynamie, 59, 149 (1938);
C. 4., 32, 9260 ( 938).

German Patent 626,539 (Feb. 2k, 1936), 2. 2., 3%, 5728 (1936)

F. F. Hlicke and H. M. Kaplan, J. Am. Chem. Soc., 65, 1967 (19L3).

i.."Buchel, J. Levy and R. Pernot, Compt. rend. soc. biol., 142, 58
(1948); C. A., L2, 8332 (19L8). -

F. F. Blicke, United States Patent 2,735,847 (Feb. 21, 1956); C. 45,
50 15602 (1956)

F -F. Blicke, J. A. Fanst and H. Raffelson, J. Am, Qhem. Soc., 76,
3161 (195L). Bt

K. Hoffmann, Helv. Chim. Acta., 2l, 36E (19M).

R. B. Burtner and J. W. Cusic, J. Am. Chem. Scc., 65, 262 (1943).

R B.’Holmes and A.-J. Hill, United States Patent 2,430, 116 (Nov. 1,
1947)s-C. A., L2, 1609 (19L48).

E. R. Bockstahler and D. L. Wright, J. Am. Chem. Soc., 71, 3760 (19L9).

'i‘. Wagner-Jouregg, H. Arnold and P. Bom, Ber., 72, 1551 (1939).
M. Protiva and 0. Exmer, Chem. Listy, L7, 213 (1953); 48, 1370 (195L).
N. P. Albertson and R. C. Clinton, J. Am. Chem. Soc., 67, 3632 (1955).

?. Dupre, J. Levy and B. Tchoubar, Compt. rend. soc. biol., 140, L77
19L6).




20.

21.

22,
23.

2L.
25.
26.
27.

28.
29.

30.

3.
32,
33.
3L.
35.
36.

37.
38.
3?.
Lo.

151
F. F. Blicke and M. U. Tsao, J. Am. Chem. Soc., 66, 1645 (19LL).

R. Duschinsky, U. S. Patent 2,642,433 (June 16, 1953); C. A., L8,
7638 (195L). ’

R. B. Moffett and B. D. Aspergren, J. Am. Chem. Soc., 79, L451 (1957).

R. B. Moffett, B. D. Aspergren and M. E. Speeter, J. Am. Chem. Soc.,
79, Ll57 (1957).

R. B. Moffett and B. D. Aspergren, J. Am. Chem. Soc., 79, LL62 (1957).

Dutch Patent 82,219 (July 16, 1956) 3 C. A, 52, 12lng (1958)
H. Brender, Arzniemittel-Forsch, L, 67 (195L); C. A., L8, 6577 (195L) .

J. J. Denton, R J. Tu.mer, W. B, Neler and V. A. Lawson, J. Am,
Chem. Soc., 71, 2048 {(19L9).

J. J. Denton, H. P, Schedl, W. B. Neier and M. Brookfield, J. Am,
Chem. Soc., 72, 3792 (19505

H. Pfanz and E. Jassmann, Arch. Pharm., 291, 36-L4l (1958);s C. A.,:
52, 1460L4b (1958).

T, ds Hagee, "Preparation of Compounds of Potential Physiological
Activity: Derivatives of Benzilic, Substituted Acetic and Substituted
Glycolic Acids and Substituted Butanones »" Doctoral Dissertatiom,

The University of Tennessee, 1957. =

F. Bergel, J. Pharm. Pharmacol, 3, 385-399 (1951).

J. Wilson and F. A. Bergman, J. Biol. Chem., 186, 683 (1950).

A. Holton and G. Ing, Brit. J. Pharmacol., L, 190 (1949).

J. Whittaker and B. Adams, Biochim.- Biophys. Acta, 3, 359 (1949).

E. Stedman and E. Stedman, Biochem. J., 25, 1147 (1931).

M. J. Kolbezen, R. L. Metcalf and T R. Fakuto, J . Agr. Food Chem.,
2, 864 (195L).

E. A. Zeller, Helv. Physiol. Pharmacol. Acta, 2, C23 (19hL):

C. I. Wright, J.- Pharmacol., 87, 109 (19L46).

Ro H. S. ThOIIIpSOD., i.‘PhySiolo, 105, 370 (19h9)'

J. Jacob and A. Olomucki, Compt. rend., 235, 263 (1952).



1.

Lé.

Lu7.
L8.
L.

50.

52,
53.
Sho

55.
5é.

57.

152
H. M. Wurst and E. H. Sakal, J. Am. Chem. Soc., 73, 1210 (1951).

J. H, Wills, A. M. Kunkel, R. V. Brown and G. E. Groblewski,
Science, 125, 743 (1957).

R. W. Brauer, J. Pharmacol. Exper. Therap., 92, 162 (19L8).

A. I. Razumov, E. A. Markovich and D. A. Mukhacheva, Khim. i.
Primenenie Fosfororgan. Soedinenii, Akad. Nauk. U. S.”S. R.,

Trudy 1-oi Konferents., I9L4-20L (1957); C. A. 52, 237h (1958).

A. I. Razumov, 0. A, Makhacheva and I. V. Zaikonnikova, N, N.
Godovnikov and N. I. Rizpolozhenskii, Khim. i Primenenie Fos-
fororgan. Soedinenii, Akad. Nauk U. 8.”3. R., Trudy 1-oi Kon-

Ferents, 26'5717_(13557—5 1., 52, 293e (1958).

A. M. Kunkel, J. H. Wills and J. S. Monier, Proc. Soc. Exptl.
Biol. Med., 2, 529 (1956) .

Chem. Eng. News, 31;, 1446 (1956).

3 Kobler, The Sa.turday Evening Post, 230, No. L, 28 (1957)

D. M. Glenn, "Preparation of Compounds of Potential Physiologica.l
Activity: Amino and Thio Esters of Substituted Benzilic and Gly-
colic Acids and Related Compounds.® Doctoral Dissertation, The
University of Tennessee, 1957. '

C. D. Leake, "Tranquilizing Drugs,® H. E. Himwich, Editor, American
Association for the Advancement of Science, Washington, D. C.,
1957, p. 1.

F, M, Berger, G. L, Campbell, C. D, Hendlely, B. J, Ludwig and T. E,
Lynes, Ann, N. Y. Acad. Sei., 66, 687 (1957).

B. M. Jwarog and I. H. Page, Am. J. Pnysiol., 175, 157 (1953).

A. H Am:ln T, B. C. Crawford and J. H. Gaddum, J. Physiol., 126,
596 (1951;)

D. W, Woolley and E. Shaw, Proc. Natl. Acad. Sci., 4O, 228 {(195L).

J. H. Gaddms, J. Puysiol., 121, 15P (1953).

? gggnfriend E. Titus and H. Weissbach, J. Biol. Chem., 216, L4199
19

A. Sjoerdsma, J. E. Smith, T. D. Stevenson and S. Udenfriend, Proc.
Exptl. Biol. Med., 89, 36 (1955).




153

58. S. Udenfriend, H. Weissbach and D. F. Bogdanski, Ann. N. Y. Acad.
Sei., 66, 606 (1957).

59. D. W, Woolley and E. N. Shaw, Ann. N. Y. Acad. Sei., 66, 649 (1957).
60. D. W. Woolley and E. Shaw, J. Am. Chem. Soc., 7k, 2948 (1952).

61. E. sm)m and D. W. Woolley, J. Pharmacol. Exptl. Therap., 111, 43
(1954 =

62. B. B. Brodie and P. A. Shore, Amn. N. Y. Acad. Sci., 66, 636-38 (1957).

63. L. Dorfman, A. Furlenmeier, C. F. Huebner, R. Lucas, H. B. MacPhillamy,
J. M. Muller, E. Schlitter, R. Schwyer a.nd A, F. St. Andre, Helv.
Chim. Acta., 37, 59 (195h).

64. R. B, Woodward, F. E. Bader, H. Bickel, A. J. Frey and R. W. Kierstead
J. Am. Chem. Soc., 78, 2023 (1956).

65. E. Schlitter, Ann. N. Y. Acad. Sci., 59, 5 (195L).

66. F. M. Miller and M. S. Weinberg, Abstract of Papers, 130th A. C. S.
Meeting, Atlantic City, New Jersey, 1956, p. 11N.

67. Chem, Eng. News, 3L, L760 (1956).

68. Chem. Eng. News, 35, 68 (1957).

69. Chem. Eng. News, 35, 27 (1957).

70. I. F. Bennett, J. Am, Pharm. Assoc., Pract. Pharm, Ed., 18, L7L-L76,
Sh47-5k9, 665-667, TiL-T16 (1957).

7L. S. B. Morrison, J. Am. Med. Assoc., 163, 379 (1957).

72. E. H. Mitchell, J. Am, Med. Assoc., 160, Lk (1956).

73. G. E. Voegele and R. H. May, Am. J. Psychiat., 113, 655 (1957).
Th. E. B. Davies, Brit. Med. J., L8O (1956).

75. I. Munkden, Acta. Psychiat. et. Neurol. Scand., 30, 729 (1955).
76. K. H. Slotta and R. Behnisch, Ber., 68, 756 (1935).

77. H. Gilman and D. A. Shirley, J. Am. Chem. Soc., 66, 888 (19LL).
78. F. F. Blicke and N. Grier, J. Am. Chem. Soc., 65, 1727 (1943).

- e e— cum—

79. C. D. Shacklett and H. A. Smith, J. Am. Chem. Soc., 75, 265k (1953).



80.
81.
82.

83.
8.
85.
86.

87.

88.
89.

90.

9l1.

92,

93.
9.
95.
96.

97.

154

A. J. Hill and R, B, Holmes, United States Patent 2,39k,770
(February, 19L46).

I. Vogel, "A Textbook of Practical Organic Chemistry,®™ Longman's
Green and Company, New York, Second Edition, 1951, p. 351.

H. J. Lucas and E. R. Kennedy, ®Organic Syntheses,® Coll. Vol. II,
John Wiley and Sons, New York, 19Ll, p. 351.

F. Mayer and F. A. English, Ann., 17, 74 (1918).
L. I. Smith and J. Nichols, J. Org. Chem., 6, 489 (1941).

D. A. Shirley and M. J. Danzig, J. Am. Chem. Soc., T4, 2935 (1952).

I(i (ii]man, W. Langham and F, W. Moore, J. Am. Chem, Soc., 62, 2327
1940)

H. Gilman, J. A. Beel, C. G, Brannen, M. W. Bullock, G. E. Dunn and
L. S. Miller, J. Am. Chem. Soc., 71, 1499 (19L9).

S. H. Zaheer and S. A. Faseeh, J. Indian Chem. Soc., 21, 381 (19Lk).

R. Adams and C. S. Marvél, 'Orgahic Syntheses, " Coll. Vol. I, John
Wiley and Sons, New York, 19L4L, p. 9L.

D. A. Ballard and W. M. Dehn, ®*0Organic Syntheses,™ Coll. Vol. I,
John Wiley and Sons, New -York, -19LL, p. 89.

T. Zincke, Ber., 20, 2056 (1887).

DI M, GIenn., "Preparation 61‘ Compounds of Potential Physiological
Activity: Amino and Thio Esters of Substituted Benzilic and Gly-
colic Acids and Related Compounds, ® Doctoral Dissertation, The
University of Tennessee, 1957, p. 87.

D. W. Adamson, P. A, Barett and S. Willdnson, J. Chem. Soc., 52 (1951).
E. Fischer and A. Windaus, Ber., 33, 1971 (1900)

L. F. Fieser and H. Heymann, J. Am, Chem. Soc., 6k, 380 (1942).

A. E, Gillam and E. S. Stern, "An Introduction to Electronic Absorp-
tion Spectroscopy in Organic Chemistry," Edward Arnold (Publishers),
Ltd., London, 195’4, pp- 116"'1200

C. D. Shacklett, "A Study of Kinetics of the Catalytic Hydrogenation

of Certain Substituted Benzilic Acids,® Doctoral Dissertation, The
University of Tennessee, 1951, p. 55.



98.

100.

101.

102.

103.
10L.
105.
106.
107.
108.

109.

110.
.

112.
113.
11k.
ns.
116.

7.

155

H. A. Smith and R. G. Thompson, "Advances in Catalysis,® Vol. IX,
Academic Press, Inc., New York, 1957, p. 727.

H. Becker and A. Bistrzycki, Ber., L7, 3151 (191k).

H. Gilman, M. Plunkett, L. Tolmam, I, Fullhart and H. S. Broad-
bent, J. Am. Chem. Soc., 67, 1845 (19L5).

J. Klosa, Arch. Pharm., 288, 252 (1955).

E. M, Schultz and S. Mickey, ®"Orgamnic Syntheses," Coll. Vol. III,
John Wiley and Sons, Inc., New York, N. Y., 1955, p. 3L3.

W. Wilson and Zu-Young Kyi, J. Chem. Soc., 1321 (1952).

C. L. Stevens and C. T. Lenk, J. Org. Chem., 19, 538 (195L) .

V. K. La Mer and J. Greenspan, J. Am. Chem. Soc., 56, 956 (193h)
F. E. King and D. Holmes, J. Chem. Soc., 165 (1947).

J. Klosa, Arch. Pharm., 288, 42 (1955).

J Krapcho, C. F. Turk and E. J. Pribryl, J. Am. Chem. Soc., 77,
3632 (1955).

T. A. Magee, "Preparation of Compounds of Potential Physiological

Activity: Derivatives of Benzilic Acid, Disubstituted Acetic and
Substituted Glycolic Acids’ and Substituted Butanones,® Doctoral
Dissertation, The University of Tennessee, 1957, pp. LL-L9.

T. S. Oakwood and C. A. Weisgerber, ®Organic Syntheses," Coll.
Vol. III, John Wiley and Sons, Inc., New York, 1955, p. 112.

T. S. Oakwood and C. A. Weisgerber, "Organic Syntheses,® Vol. 2l,
John Wiley and Sons, Inc., New York, 194k, p. 16.

S. F. Acree; Am. Chem. J., 50, 393 (1913).
R. Damiens, Ann. Chim., 6, 835 (1951).

g ]éeis, Compt. rend., 137, 575 (1903).

M. N. Maxim, Compt. rend., 182, 1393 (1926).

N. F. Albertson and R. O. Clinton, J. Am. Chem. Soc., 67, 1222
(19k5).

H. G. Kolloff, J. H. Hunter, E. H. Woodruff and R. B. Moffett, J
Am, Chem. Soc., 71, 3988 (19L9).



18.

120.

121.
122.
123.

124,
125,
126,
127.

128.
A28

130.
131.
132.

$133.

13L.
135.

136.

156
R. Mozingo, S. A, Harris, D. E. Walf, C. E, Hoffhine, Jr., N. R.

'Easton and K. Folkers, J. Am. Chem. Soc., _6_2, 2092 (19L45).
119.

P. A. Levene and G. M. Meyer, "Organic Syntheses,® Coll. Vol. II,
John Wiley and Sons, New York, 19Ll, p.: 288.

H. G. Kolloff, J. H., Hunter,  E. H. Woodruff and R. B. Moffett,
J. Am, Chem. Soc., 70, 3862 (19h8)

E. Schwenk and D. Papa, J. Am. Chem. Soc., 70, 3626 (19L8).

" G. N, Catravas, Compt. rend., 237, 1250-1252 (1953)..

H. A, Smith, C. A. Buehler, and K. V. Nayak, J. Org. Chem., 21,
1423 (1956). -

C. A, Buehler, H. A. Smith, D. M, Glenn and K. V. Nayak, J. Org.
Ghem., 23, 1432° (1958) : o

- R.)Bocksth&‘l.er and D. L, Wright, J. Am., Chem. Soc., 71, 3761
(1949). : e Rl

L. Mascarelli and B. Longo, Gazz. chim. ital., 71, 397-L06 (191);
C. A., 37, 1415 (1943). ’

C. A, Dornfeld .a.nd G. H. Coleman, "Organic Syntheses," Vol. 28,
John Wiley and Sons, Inc., New York, 1948, p. 83.

S. Gabriel and A. Michael, Ber., 10, 2206 (1877).

F. F. Blicke and W, M, Lilienfeld, J Am. Chem. Soc., 65, 2282
(1943).

S. M. McElvain and T. P. Carney, J. Am. Chem. Soc., 68, 2599 (1946).
H. G. Soderbaum, Ber., 25, 3L62 (1892).

L. Claisen, Ber., 12, 629 (1879).

K. &mngs, E, Lk, 600 (1911).

H, Gilman and E. A, Zoellner, J. Am. Chem. Soc., 53, 1945 (1931).
C. D. Shacklett, "A Study of Kinetics of the Catalytic Hydrogena-
tion of, Certain Substituted Benzilic Acids,™ Doctoral Dissertation,
The University of Tennessee, 1951, p. 133.

I. Heilbron and H, M. Bunbury, Editors-in-chief, ®Dictionary of

Organic Compounds,™ Vol. II, Oxford University Press, New York,
1953, p. 28L. -



157
137. M. Weiler, Ber., 32, 1910 (1899).
138. A, Schoberl, Ber., 70, 1191 (1937).

139. H, E. Zaugg, M. Freifelder, and B. W. Horroxn, J. Org. Chem., 15,
1191 (1950). : )

140. T. A, Magee, "Preparation of Compounds of Potential Physiological
Activity: Derivatives of Benzilic Acid, Disubstituted Acetic¢ and
Substituted Glycolic Acids and Substituted Butanones,™ Doctoral

- Dissertation, The University of Tennessee, 1957, p. 107.

11, J. Klosa, Arch. Pharm., 288, 246-252°(1955).

142. W. O. Kermack and T. W. Wight, J. Chem. Soc., 1421 (1935).

143, J. H Billman and P. H. Hidy, J. Am. Chem. Soc., 65, 760 (1943).

1L4. A. L. Morrison and M. Konigstein, British Patent 633,922 (December
30, 19h9), C. A., Lk, 5911 (1950).

5. T. A. Magee, "Preparation of Compounds of Potential Physiological
Activity: Derivatives of Benzilic Acid, Disubstituted Acetic and Sub-
stituted Glycolic Acids and Substituted Butanones >y Doctora.l Disserta-
tion, The University of Tennessee, 1957, p. 96.

146, W. H. Perkins, J. Chem. Soc., 69, 1175 (1896).

147. K. Ziegler, A. Spaeth, E. Schaaf, W, Schumann and E. Winkelmann,
Am., 551, 80 (19k2).

148. A.)W. Crossley; d. Chem. Soc., 85, 1422 (190L) .



VITA

Kumbla Vittal Nayak was born on July 10, 1927 in Mangalore,
Mysore, (India) where he attended schooi.' Upon his graduation from
high school in May 1945, he entered St. Aloysius College where he
received his B. S. degree in.-'May,'l9h9. The following July, he en-
tered Banaras University, Banaras (India) and was graduated with the
degree of Master of Science in chemistry in May, 1951. From June,’
1951 to May, 1955 he worked in the laboratories of the Govermment of
India Penicillin Project in Bombay. He has been enrolled in the
Graduate School of The University of Tennessee since June, 1955 dﬁring
which time he has held a research fellowship sponsored by The National
Institutes of Health.

The author is a member of Sigma Xi and the American Chemical
Society. He is co-author of the following qulications: "Physiologically
~ Active Compounds I," J. Org. Chem., 21, 1L23 (1956); "Physiologically
Active Compounds IT," J. Org. Chem., 23, 1432 (1958).



	Preparation of Compounds of Potential Physiological Activity: Amino Esters of Substituted Benzilic, Glycolic and Acetic Acids and Related Compounds
	Recommended Citation

	tmp.1413488218.pdf.Be12c

