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INTRODUCTION

i | ,
Historical. Morphine was the first plant base to be isolated

and characterized as such. Though'this was accomplished in 1805,

more than a century passed before a formula was advanced that

"would explain the vast amount of experimental evidence accumulated

by scores of investigators. The structure of Gulland and Robin-

HO
. e
tA HO Ili;

proposed in 1925, represents morphine as a fused hydrophenanthrene-

| 1
! s0on »

isoquinoline structure, containing a hydrobenzofuran nucleus as
an additional feature. This structure is more or less accepted
at the present time; it awaits confirmation through synthesis. .
- Following preliminary attempts at total synthesis through
the apomorphine systemz, the problem soon became one of a study i
of the preparation of compounds of like structure with the view
to possible application of the reactions to the formation of the
- morphine molecule itself,
* The occurrence of laudanosine together with morphine in the

% opium alkaloids led Robinson to the conclusion that there may be

k
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a biogenetic relationship between the two and he proposcd the

following scheme for the formation of the requisite ring systen?.'

OCH, OCH,
CILG HO
. r; n—CHy m
4 L
Cli; 0 O HO O
: CHB

CHBO

Laudanosine

An unsuccessful attempt by Manske in 1931 to synthesize the

—
srouping ™ :
grouping CHB

J
N

was followed by the preparation of the hydrogenated phenanthrene

nucleus of morphine by Fieser and Holme55 by a diene synthesis.

ayEs e =%

CH3 OCH3 ' CHBO OCH3

As might be expected, the quaternary group was quite unreactive
and the intermediates were difficult to obtain.
At a later date Ghosh and Robinsonb prepared the same mole-

cule with an ethyl group at the angular position using a reaction
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that had been developed carlicr in connection with the {ormation

of fused alicyclic rings.

=0

CYB OCh3

A fulfillment of Robinson's biogenesis was realized by Grewe
as a result of an extended series of researches carried out over
a period of some seven years7. The culminating reaction involving
an internal condensation to H-methylmorphinane bears a close re-
semblance to the internal condensation of'laudanosine as envis-
aged by Robinson in his theory.

CH, -CH

This condensation is based upon carlier work performed b&
Perlman, Davidson and Bogert8 and by Cook and Hewett9 wherein
it was found that B—phenylethyl-Al-cyc1ohexene could be made to
undergo an internal condensation to yield as-octahydrophenanthrene.
The applicability of this reaction was extended by Grewe to yield

phenanthrenes bearing angular groups at the La-position.

LS 8
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Thus, it was found that when R is a hydrocarbon residue, the

i .
resultant product has the group in thne angular positionlo.

However, if R is a polar combination, such as‘-CHzCOOH or

f -CHZCHZNMez, the cyclized material is a l-~substituted octahydro-

1l

phenanthrene
As result of this metnodlcal approach to a very complex
problem, it was possible for Grewe to predict that, given the

* necessary benzyloctahydroisoquinoline,; the ring system of morphine

7

would result The synthesis of this important intermediate was

accomplished by a series of interesting reactions7. 2=-Carbeth-
oxycyclohexanone was condensed with ethyl cyanoacetate under the
usual Knoevenagel conditions, and the product was hydrolyzed and

‘ decarboxylated to 2-carboxycyclohexencacetic acid. Treatment with
* ammonia gave the imide which may‘be considered as the keto-form

of 1,3 -dihydroxy-5,6,7,8-tctrahydroisoquinoline. Reaction of

this with phosphorus oxychloride led to the dichloro compound
which upon catalytic hydrogenation yielded 5,6,7,8-tetrahydroiso-

quinoline.

cl ‘
X 5O
cH ooon 1

Methyl iodide then gave N-methyl-S,6,7,S—tetrahydroisoquinolinium

iodide, which reacted with benzylmagnesium chloride according to
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the following cquation. ?6H5

' Gl CH,
' \Nl'.' l N -CHB
= 17 - “

The conjugated system of this compound made it very susceptible
to decomposition but upon catalytic hydrogenation a stable deriv-
ative was formed which gave, when warmed with phosphoric acid,

the cyclized product, Nemethylmorphinane.

: 3
1
_____9 2
3T,

The similarity to the natural product morphine is not limited
to the likeness in structure but extends also to the pharmaco-
"logical activity. The analgesic properties of N-methylmorphinane
are reported to be of the same order of magnitude as those of

. ;

morphine’ . .

Following the identical reactions listed above, Schnider

and Grussnerl2

prepared hydroxy-substituted N~methylmofphinanes.
Thus, by using p-methoxybenzylmagnesium chloride in the reaction
with the tetrahydroisoquinolinium meth-halide the product was
l-p-methoxybenzyl-N-methyl-1,2,5,6,7,8-hexahydroisoquinoline
which was‘selectivély hydrégenated and cyclized as above. If m-

. methoxybenzylmagnesium chloride was used, the final product was

the 2- or L- substituted morphinane.
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} By nitration of N-mecthylmorphinane itself the 3- and 2- or

L- nitro derivatives were obtained. Reduction of the nitro group

and conversion through the diazonium compound gave a mixture of

the corresponding hydroxy-lN-methylmorphinanes. A pure product was

} obtained when l-benzyl-N-methyl-l,2,3,4,5,(,7,8~0ctahydroiso=-
quinoline was nitrated and carried through reduction to the amine
and hydrolysis of the diazonium sclt.

Recent studies using 2-arylcyclohexanones as a starting point

have been made by Bachmann and Wicle, Nevman and Magerleinlh,
Horning and co-workers15 and by Boekclheidelé. Mevman and Mager-

’ lein accomplished the alkylation of 2-phenylcyclohexanone in the
) form of its sodio salt with ethoxyethylmethanesulfonate and pro-
} ceeded through the usual Reformatsky mecthiod and ring closure to
the phenanthrene nucleus. . This phenanthrone was oximated and'
reduced to yield 9-amino-ha-ethoxyethyl-1,2,3,4,4a,9,10,10a~

? octahydropnenanthrene. Cleavage of the ether with hydrobromic

1 acid and trcatment of the resulting compound with aliali was

reported to give the cyclized product.
Et Et :
\\O T 0
— —_> —
=0 = VH
|
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It will be noted that this latter compound has a seven-mcmbered
ringe.

The work of Boekclheidel6a was concerned with the formation
of mdlocules containing the angular phenyl group. 2-0xo-l-phenyl-
cyclohexanepropionitrile was reduced catalytically in the presence

of platinum oxide to give 9-phenyldecaihydroguinoline.

CN N

A further extension of this work was reported recently by
, the sanme authorléb. The cyanohydrin of 2-ethoxyethyl-2-phenyl=-
cyclohexanone was dehydrated and reduced to give the substituted
methyl amine. Cleavage of the ether link and treatment with base

caused cyclization to the isoqguinoline which was subsequently

methylated by formaldehyde and formic acid.

J

—_ —_—
s . OBt OEt ‘ —Cl
0 CH,-NH,, E
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By means of a Thorpe-Ziegler cyclization Horning has accomn-
plished the synthesis of 2-(2',3’-dimethoxyphenyl)-cyclohexanonelsa.
2,3 -Dimethoxyphenylacetonitrile was alkylated in the presence of
sodium amide with &-chlorovaleronitrile and by means of sodium
this compound was cyclized to the cyclohexanoneimine. Hydrolysis
and decarboxylation gave the corresponding substituted cyclohex-
anone which was carried through the Reformatsky rcaction, dehydra-
tion, reduction and cyclization to the dimethoxyoctahydrophen-

anthronee.

(cu ) CN
H
, 3
Cr ocﬁ3

iy LHB CH3 CH OCH3

The angular substituent was introduced by alkylation of the.

pimelonitrile with ethoxyethylbenzenesulfonate prior to the for-

mation of the alicyclic ringlsb.
| . EtQ
(CHz)bCN . (CHZ)LCN ’
G Qe —
30 OCUB CHBO OCH3 - . CHB CH3

Further work has heen reported by Horning and co—workerslsc

involving studies of tetrzlin analogues of morphine. Compounds
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were synthesized which lack two of the rings of the alkaloid,

such as:

o
Cilym
N\
Cﬁc i,
Cn 2 .
CH, Clly

Though the preparation of the logical isoguinoline derivative:
i

N— CH3

CH30
was planned, it has not yet been reported.
The preparation of the morphane nucleus attempted by Manske
was accomplished in 1947 by Barltropl7. R-Carbetihoxycyclohexan-
one was alkylated With 2-chloroethyldiethylamine and the product

was brominated. Heating of the free base in toluene solution gave

the azabicyclononane system in poor yield.

2 | X 4
N,
I8
COOEt COOEt

In like nanner, l-methyl-2-tetralone underwent alkylation with
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10

2-chloroethyldiethylamine, and ring closure gave tne expected
product.

s 5t Bt
A+ BrT

=0

CI%

Through the diene synthesis Gates and Newhalll8 have succeeded
in preparing an interesting intermédiate in a projected synthesis
of the morphine-type nuclcus. Butadiene in acetic acid solution
was condensed with h-cyanomethyl-l,2-haphthoquinone to give

La-cyanomethyl-9,10-dioxo-1,4,42,9,10,10a~hexahydrophenanthrene.

i ? CN
Ao

-
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Purpcse of the Investigation. The purpose of this investi-

gation was to étudy further the reactions of 2-arylcyclohexanones
with the view to their possible use in the synthesis of compounds
with morphine-like structures. In particular, attention vias

directed to the synthesis of compounds having the general config-

uration:

cas
Rt
J

REH;OH)OT'OEISC=O

R' = H, alkyl group or acyl

There is a marked correspondence between such structures and an
opened morphine molccule. DNot a single compound of this type
has been preparcd. Such compounds would be of interest not
only as intermediates in the synthesis of morphine but also for
the analgesic activity which they might possess. |
Likewise, investigation of the Michael reaction was projected
as a bossible route to the phenanthrene nucleus in order to ob-
tain conmpounds witnh an acid side chain in the 3 - position of 2=~

phenylcyclohexanone. Such an approach places an oxygen atom in

. the necessary position for the formation of the bridge oxyzen

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




12

grouping present in rnorphine.

R = -CH(COOEt)2 or —CH2QOOH

<
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RESULTS OF THE INVESTIGATION

Michael Reaction on 2-Phenyl-A2-cyclohexenone

Addition of Ethyl Malonate to 2-Phenyléaz-cyclohexenone. 2

Phehylcyclohexanone was prepared by the method of Newman and Farb-
man19 by interaction of 2-chlorocyclohexanone and phenylmagnesium
bromide. These authors mercly distilled their product under re-
duced pressﬁre. As will be showm, the material so obtained is

not sufficiently pure for our purposes gnd it was necessary to re-
crystallize the ketone.

Bachmann and Wick™ found that when R-phenylcyclohexanone (I)
was treated in carbon tetrachloride solution with a solution of
bromine in the same solvent, a copious evolution of hydrogen
bromide occurred and the product was the somewhat unstable 2~

bromo-2-phenylcyclohexanone (II).

Br 0

I IT ITI

-

/e have found that the yield of bromination product depends to
a great extent on the purity of the original ketone. Thus, when
material with a melting point of 53-5° was used, the yields were

. of the order of 10-15% whereas from ketone with a melting point

of 59-60°, the yields were 60-70%.

13
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In one preparation a low-meiting modification of the bromo-
ketone was isolated in 56% yield after recrystallization from
acetone-petrolecum ether., The melting point of the new form was
€£6.5-67°. When the temperature of the bath was held at the melting

point, the material almost completely solidified and remelted

at 71=72.5°. On standing for three days the melting point changed
to 77-80°. VWhen an acetone-petroleum cther solution of this material
was seeded with several crystals of an authentic sample of bromo-
ketone, m.b. 103 -4°, supplied by Dr. Wick, the product melted
at 96-9¢€.5°. Similarly, when the low-melting solid was recrystale-
lized from methanol, the melting point was raiged to 97-8°. Bromine
determination indicated that this new modification had exactly the
same composition as the previous one. There is no question that
vie are deaiing with dimorphic forms of the same substance. Final
proof was obtained by heating this material under reflux with
2,6-lutidine; an 80% yield of 2-phonyl-Az-cyclohexenone (III) re-
sulted which was identical with the product prepared from the
higher-melting form. Attempts to repeat the preparation of the
low-melting form gave only the high-melting one.

In view of the fact that the bromo-ketone was prepared only
as an intermediate in the synthesis of 2-phenyl-A2-cyclohexenone,
it was decided to eliminate the isolation step and to dehydro-
halogenate the crude product of bromination directly. By merely
refluxing the crude bromo-kctone with 2,6-~lutidine and distilling

the somewhat colored product in an all-glass apparatus practically
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pure 2-phenyl—A2-cyclohexenone was obtained in a 70% over-all
yield.

The lichael reaction involves the addition of active methylene
compounds to activated unsaturated systems such as:

+ -
CH,=CIICOOR + Na cu(COOEt)2 —> |CH,-CHCOOR N+
- a

CH(COOEt)2

A review of the reaction has been given by Connor and McClellanzO
covering the scope and several methods of carrying out the addition.
The active methylenc compound may take many forms of which ethyl
malonate and ethyl cyanoacetate are the most common. In one in=-
stance the addition of reclatively inactive fluorene to benzal-
acetophienone has been reported to occur in yields.of 2-27% in

the presence of a molar equivalent of sodium ethoxideZl.' Usually
only catalytic amounts of bases are necessary for the reaction.

It was proposcd at tie outset of the work to attempt the addition
of ethyl malonate to the unsaturated system of 2—vhcnyl—A2—cyclo-

hexenone (III) to give ethyl 3-oxo-2-phenylcyclohexancmalonate (IV).

‘ £oozt

0 — 3 0 QH .
O COOEL -‘
IIT IV
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Various methods for carrying out the reaction were tried to

no avail. One-sixth equivalent of sodium ethoxide, both in dry

ether and in anhydrous ethanol, gave only traces of acidic matefial
upon hydrolysis and -decarboxylation of tne organic portions of :
the reaction mixtures, the unsaturated ketone being largely re-
covered. Likewise, use of piperidine in refluxing etnanol was a
failure. It was reasoned that if, as mentioned above, a relatively
inactive methylene compound such as fluorene could be made to

react by the use of one equivalent of sodium ethoxide, inactivity
of the unsaturated molecule might be compensated for in the same
way. Accordingly, a solution of 2-phenyl-A2-cyclohexénone, one
equivalent of sodium ethoxide and five equivalents of ethyl mal-
onate in absolute ethanol was allowed to stand for forty-eight
hours. This procedure proved to be successful and the desired
product was obtained in 50-60% yield. The successful addition of
malonic ester to the unsaturated ketone is in contrast to the re-
ported failure of ethyl malonate to add to ethyl a-phenylci;namate

(V) which also contains a phenyl group next to the carbonyl groupzo

The addition was attempted by warming for four hours a solution of
one mole qf the unsaturated ester and one mole of malonic ester
with one equivalent of sodium ethoxide in absolute ethanol. No
product was obtained whereas under the same conditions etayl

cinnamate (VI) gave an 85% yield of the addition product.
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EtO- cCS -C=CH -@ Et0- g -~ CH = cn-@

Vv 'VI

The structure of the moterial resulting from the addition of
malonic ester to 2-phenyl-A2~cyclohexenone was proven by analysis
of the crystalline scmicarbazone and by degradation to a known
product as described in the next section. Several unsuccessful
attempts were made to convert the malonic ester derivative (IV)
to an c-oximino ester by treatment of the ester with isoamyl
nitrite in the presence of sodium ethoxide and also with 85%

sulfuric acid according to the methods of Barry and Hartungzz.

Synthesis of cis- and trans- 2-Phenylcyclohexancacetic Acids
¥

and of trans=-9-ox -1,2,3,4,L2,9,10,10a~0ctahyvdrophenanthrenc.

The substituted malonic ester (IV) which was produced in the
Michael reaction was refluxed with a mixture of concentrated
hydrochloric acid and acetic acid. Under these conditions the
ester was hydrolyzed to the substituted malonic acid which then
underwent decarboxylation to yield 3-on-E—phenylcyclohexane-
‘acetic acid (VII). This keto-acid was further traﬁsformed by
Clemmensen reduction into the known 2-phenylcyclohexaneacetic
acid (VIII). Similar treatment of the original malonic ester
derivative also gave the same product which was entirely of one

stereoconfiguration, trang-. This compound was sought by
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Linstoad23 and was previously prepared in pure form by Blumen-

2l and by Cook et al. in admixture with its stereoisomer25.

feld
As further proof of the structure the product obtained by Clem-
mensen reduction was cyclized to trans-9-oxo-1,2,3,4,4a,9,10,10a~
octahydrophenanthrene (IX) in 66% yield by warm éulfuriq acid.

The product agreed in melting point with that preparcd by Blumen-

re1a?l,
“ g II
L0 Y

v ” I 00H
\\\\\“ |'H"4{.(/’ VII o

>
O C.OH N0

L
VIII | IX

The above scries of reactions affords further proof of the
structure of the product obtained upon bromination of 2-phenyl-
cyclohexanone13 (I1).

The cis=-2-phenylcyclohexaneacetic acid (X) was obtained ih

a reaction employed in exploratory work. Following the procedure

of Cope26

on other ketones, a mixture of 2-phenylcyclohexanone,
cyanoacetic ester, ammonium acetate; acetic acid and palladium-
charcoal catalyst was shaken in an atmosphere of hydrogen until
no more gas was absorbed. It was found that a slight variation

involving doubling the molar proportions of ethyl cyanoacetate
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and the other reazents gave better results than the ratios used

by Cope with simpler carbonyl compounds. Hydrogenation was carried
out for twenty-four hours and the product was obtained in L%

yield after vacuum distillation. Hydrolysis and decarboxylation

gave the knowm cis-2-phenylcyclohexaneacetic acid (X). Interestingly
enough, this was the only product that could be isolated from the
hydrolysis mixture and from this it mizht be assumed that the

product of the reductive condensation has the cis=- configuration.
Thus, methods have been developed for the synthesis of both

stereoisomeric forms of 2-phenylcyclohexaneacetic acid.

“ ¢ H,QOOEt H
O COOH

X

Tt is of interest that in the above described work the phenyl
group has exerted directive influence to such a marked extent, in

. . . . L) . .
one case yielding & trans- derivative and in the other a cis- form.
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Synthcesis of Phenylcyclohexaneethylamine

and Nelated Amines

Synthesis of l=-Phenylcyclohexancethylamine. Recently Bach-
13

mann and Wick™ reported the preparation of 2-oxo-l-phenylcyclo-
hexanepropionitrile (XI) by the reaction of 2-phenylcyclohexanone
and acrylonitrile in the presence of Triton B (40% aqueous benzyl-
trimethylammonium hydroxide)}. The same product was prepared in-
dependently by Boekeiheideléa by interaction of the sodio der-

ivative of the ketone and B-chloropropionitrile.

, CN COCH COOH

X1 XII XITI
lie have carried out the preparation of the cyanocthylated product
by both methods and found that the metiod of Bachmann and Wick
gave appreciably better yields and was more convenient. By
hydrolysis of the nitrile group the valuable intermediate, 2-

oxd;l-phenylcyclohexanepropionic acid (XII), was obtained usually
in 80-90% yields.
98%.

In one preparation the yield was as high as

20
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The next step in the synthesis was the conversion of the
keto-acid (XII) to l-phenylcyclohexanepropionic acid (XIII) by
reduction of the carbonyl group to a methylcne group. One of"
the usual procedurcs for accomplishing such a reduction, reaction
with zinc and hydrochloric acid (Clemmensen reduction), failed
completely; most of the starting keto-acid could be recovered un-~
changed. ' This result indicates one of the pronounced effects
exerted by the introduction of the extra group in the 2-position.

Heating the semicarbazone of (XII) with a solution of sodium
in diethylene glycol led to extensive decomposition énd none of
the desoxo acid could be isolaped. Some reduction was obtained,
however, when a solution of sodium in diethylene glycol mixed
with hydrazine hydrate was used as the reducing agent, the yield
being 38%. Application of the method of Huang-Minlon27 gave a
.90% yield of.the product which was obtained in a high state of
purity after only one recrystallization. This convenient proce-
dure ‘consists in refluxing a solution of the ketone in diethylene
glycol with potassium hydroxide and 85% hydrazine hydrate for one
and one-half hours to accomplish formation of the hydrazone. The
water aﬁd excess hydraziﬂe are then distilled out and the tempera-
ture is allowed to rise to 195-200°. Refluxing is continued for
several hours.and the product is isolated by diluting the féaction

mixture and acidifyinga
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The resulting acid (XIII) was converted into the desired

'y
amine by the modified Curtius reaction2& which involved the prepara-

tion of the intermediate azide from the acid chloride and sodium
azide. The acid chloride (XIV), prepared by the rcecaction of the
acid with purified thionyl chloride, was dissolved in acetone

and the solution was treated with an aaueous solution of sodium
azide. The isolated liquid azide (XV) was rearranged by heating

in glacial acetic¢ acid. Hydrolysis of the product gave the desired
l-phenylcyclohexancethylamine hydrocnloride (XVI) in the form of |

colorless watcr-soluble needles in '67% overall yield.

coc1 com3 e NHy C1
X1z —m> — > R ‘

LIV XV XVI

This is the first example of an amine of this structurc to be

synthesized.

Synthesis of Cyclic Amines and Derivatives of 2-0xo-l-~

Phenylcyclohexaneethylamine. Considerable difficulty was cx-
perienced in applying the Curtius reaction to the keto-acid, 2-
oxo=l-phenyleyclohexanepropionic acid (XII). When it was treated

with thionyl chloride and pyridine in dry cther, the product was
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a liquid which upon recaction with sodium azide gave a crystalline
solid melting at 112-3° ‘without decosnposition. When this solid
was carried through the conditions required for the recarrangement
of acid azides, followed by acid hydrolysis of the product, no
acid-soluble material resulted. Instead, the starting kecto-acid
was recoverad. In order to make certain that the keto-acid was
completely absent in the intermediate steps, the product of
treatnent with sodium azide was taken up in ether and extracted
with aqueous sodium bicarbonate to remove any keto-acid remaining.
Nonetheless, the starting acid was recovered in the end. Appar-

ently, then, a neutral compound had been formed in the course of

the reactiéns viliich was derived from an acid and then reverted
to the original acid under hydrolytic conditions.

The same neutral product was obtained irregardless of the
method of formation of the supposed acid chloride; thionyl chloride,
whether in the presence of pyridine or upon refluxing in benzene
solution, and also phosphorus pentachlofide in the same solvent

\
gave identical products upon treatment with sodium azide in
acetone-water. In an attempt}to determine whether an acid

chloride had actually been formed, aqueous ammonia was substituted

for the sodium azide. Again the product was neutral and was showmn

by mixed melting point to be identical with that obtained with

sodium azide. Elementary analysis for nitrogen and sulfur after
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fusion with metallic sodium gave negative results. The
possibility that the compound was an acid anhydride was eliminated
by the fact that warming with anhydrous methanol had no effect.
When the solid was warmed with 0.1 N. sodium hydrdxide, it.dissolved
completely; acidification yielded a crystalline solid which did not
depress the melting point of an authentic specimen of 2-oxo-l-phenyl-
cyclohexanepropionic acid. Incidentally, the melting point of this
acid and that of the neutral product are nearly the scme, the
former being 11L4-5° and the latter 112-3°. However;.the mixed '
melting point was 87-105°.

The chemical evidence as well as the analvtical results
can be interpreted only in terms of an enol-lactone (XVII) formed
by esterification of the carboxyl group by the enol form of the

ketone, through the acid chloride initially produced.

‘=O - O
So OH 0
S —

| : AVIT

Written in a different form, the compound reveals itself to be

an a-pyrone with an angular phenyl group.

i
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The Curtius rcaction has rarely been applied to keto-acids.
Fischer and Waibe129 carried out the reaction on 3-acetyl-5-car-
bethoxy=-2,Lk=-dimethylpyrrole by conversion into the hydrazone-
hydrazide which upon treatment with nitrous acid gave the ketow~
azide. Likewise, Leuchs and Gladkorn30 prepared the oxime of
methyl brucinonate which was converted into the hydrazide and

which rearranged in the normal fashion after treatment with

nitrous acid.

The latter of these two methods was attempted first. The
crystalline methyl ester (XVIII) of the ketotacid was prepared
by means of ethereal diazomethane. The excellent method of
Cheney and Piening?l was used to accomplish the oximation in
93 % yieid. In this procedure one mole of the keto-cster is
refluxed with five moles of hydroxylamine hydrochloride and
three moles of anhydrous barium carbonate in absolute ethanol.
The product was isolated in almost analytical purity. Heating
thils oximino-ester with 85% hydrazine hydrate in alcohol gave a

-
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quantitative yield of the oxime-hydrazide (XIX).

OOC} COOC{
IKMI_____>

AVIIT XIX

CONHIIH 5
=0l -

The possibility of replacement of the oximino group by a

32

hydrazine ruqldue vias considered but the analysis of the product
indicated an oxime-hydraszide.

Treatment of this hydrazide in dilute hydrochloric acid with

L] 4
an aqueous solution of sodium nitrite gave only a high-melting
solid which did not deccompose on melting in the usual azide
fashion., The compound was soluble in dilute sodium hydroxide
upon bveing warmed and acidification precipitated it unchanged.
The analy indicated a 1:1 ratio of oy en to nitrogen which
bore out the observation that the coupound was not an acid azide
L -

and the solubility in alkali would appcar to indicate that an

oximino group was present. Although a fairly plausible structure

can be written for the compound, we prefer to awailt furthecr re-
sults. Attempted acid hydrolysis in acetic acid solutien led only

to extensive decomposition.
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Believing that the hydrogeh atom on the =N-OH group was
causing difficulty, the frce hydrogen of the oximino group was
replaced by a methyl group. Treatment of the keto-ester (XVIII)
with methoxylamine hydrochloride followed by refluxing with
hydrazine hydrate yielded the O-methyl oxime-hydrazide as a
crystalline solid. A solution of the nethoxime~hydrazide in
3 N. hydrochloric acid was trzated with aqueous sodium niﬁrite
solution until & positive starch-iodide tcot for nitrous acid
was obtained. One equivalent of nitrous acid was consumed before
the test was positive. The product gove off nitrogen profuscly
upon being warmed in glacial acetic acid solution. During the
hydrolysis of the product of rearrangement, carbon dioxide was
copiously evolved. The product was a bdsic liquid which may be
the desired aminc, but its characterization was interrupted by
the successful preperation of the amince tiirough the hydrazone-
hydragide.

The hydraszcne-hydrazide of the keto-acid (XII) was preparcd
from the methyl ester of the kecto~-acid and excess hydrazine
hydrate in boiling alcohol. A solution of the product in dilute
hydrochloric acid solution was trecated with agqueous sodium nitrite. -
After two equivalents of nitrite nad been added, the starch~-iodide
test for nitrous acid was still negative. Addition of a third

equivalent did not give a positive test and only after slightly
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more than three moles had been added was there an excess of
nitrite present. In several attempts 3.4, 3.4, 3.2 and 3.1

equivalents were required. This is of interest since the stoi- |

chiometry of the reaction according to published work should re-

quire but two molecs of nitrous acid:

CONHNH2 CON;

R + 2 HaNOz +—3 HCl ————» R\\
CalmliH,, ~ ' co
l |

+ 2 NaCl + 2 Hy0 .

+ N,O0 + NHACl

The reaction of hydrazones with nitrous acid has been studied
by Wieland and Horner33 and according to these authors it proceeds

as indicated above, the hydrazone residue being eliminated as

nitrous oxide and ammonia.

RZC-aN-IIHZ + HOINO ——— > R20=NH + ,1“20 +  H,0

RZC=NH + H,0 ———— R,00 + NH3
In our rcaction the pH was very low and a subscguent reaction

might be expected to occur involving the formation of elemental

nitrogen from the ammonium ion and nitrite:

' + -

NHh + NO2 —_— > U, + 2 H20
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The liquid azide (XX) decomposed readily with vigorous
evolution of gas when warmed in glacial "acetic acid solution.
The product; presumably the mixed carbamic-acetic anhydride,
was hydrolyzed direct%y by hydrochldric acid ﬁo a water-soluble

hydrochloride of an amine.

COOCH3 < ONHNH2

: ? 3 O

NHZ

O

XX

The free amine, which was obtained by addition of alkali to the
hydrochloride gnd purified by evaporative distillation under
reduced’. pressures; was a colorless liquid (68% yield). Analysis
showed that the compound contained no o:xygen, and the analytical
values agreed with those of a compound formed from the keto-amine
(XXI) by loss of a moleccule of water. The only logicai structure
for the amine is that of the cyclic product, 9—phenyl-A7-hexa~
hydroindole (XXII), which would rcsult through reaction of the

anino group and the carbonyl group.

-8
I R

XXIII

e .
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The structure is written as (XXII) rather than'(XXIII) because
Al-pyrrolines are not known as individuals; (XXIII) is the tauto-
ner of XXII and the compound may react in one form or the other
depending on the conditions of the experiment and the reagents
involved. On account of its hygroscopic properties the amine
hydrochloride was difficult to purify. The picrate proved to be
a readily crystallizable derivative which had no tendency to
absorb moisture. The analysis of the picrate which was prepared
from the free amine agreed with that of the picrate of the~cyclic
structure and not with that of the keto-amine (XXI). Since the
amine from which the picrate had been formed had not been distilled,
the result showed that the process of evaporative distillation
was not responsible for the cycligation. In order to determine
whether the product was already in the cyclic form before: the
addition of alkali, the amine hydrochloride was converted into the
amine picrate without the formation of the free amine by adding
one equivalent of sodium hydroxide to a mixture of the amine hydro-
chloride and picric acid. The product was the picrate of the cjclic
amine and the result shows that cyclization had occurred in the
acid medium. The amine hydrochloride is undoubtedly the cyclic
product; in solution some of the keto-amine structure (XXI) may
be present.

The cyclization reaction which takes place is similar to the

formation of 2-methyl-h-phenyi-Az-pyrroline by reduction of
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A

Y-nitro-f-phenylmethylpropyl ketone by zinc and acetic aci

Pl

06}15-CH-— cl:}{z 7n X Cgil5=CH — lLl;H
CH. C-CH : CH, C=CH
2 3 HOAc P 3
\* ¢ ‘\\N/
110

2 H

When the cyclic amine (XXII) was trzated with benzoyl chloride
and aqueous sodium hydroxide in portions (Schotten-Baumann reaction),
the product was a viscous liguid which gave an immediate precipitate
with 2,L-dinitrophenylhydrazine. Analysis of the crystalline proe-
duct showed it to be the 2,L4-dinitrorhenylhydrezone of the open
structure, l-oxo-2-phenylcyclohexaneethyl benzamide (¥XXIV). The

result shows that the following rcaction had taken place.

H

-COC gl
N T IH
H > 1o,

U02

XXIV

\ . \ . .
This recction has a precedent in the formation of a benzoyl-
f')
aminoketcene in the reaction of 2-methyl-A®=tetrahydropyridine

with benzoyl chioride and sodium hydroxideBS.

COCEH5
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On this basis the benzoyl derivative, before addition of 2,4-
dinitrophenylhydrazine, probably has the benzoylaminolketone
structure.

When an agueous solution of the amine hydrochloride was
treated with benzenesulfohyl chloride and sodium hydroxide, a
benzenesulfonyl derivative (XX¥) of the cyclic amine was pro=
duced as was evident from the analysis and the insolubility of

the product in alkali.

H
11~-COOEL
A= 50,CH 5 SN-iH
HO,
O

LV LVI
By carrying out the rearrangement of the azide (XX) in
ethanol the carbethox& derivative o% an amine was obtained. This
compound gave an immediate precipitate of the 2,4-dinitrophenyl-
hydrazone (XXVI).
For the synthesis of the ll-methylmorphinane structure we

wished to have a derivative of the N-methylaminoketone such as

(XXVII). From this intermediate it appeared possible to secure

the desired structure by means of a Reformatsky reaction, dehydra-

tion, reduction and cyclization to the hydrophenanthrene (XXVIII),
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followed by rermoval of the acyl group, bromination to XXIX,

cyclization and reduction.

r' 1_0113 N CH, z’;-c Hy
"O N”CH

XXVIIT LXVIIT XXIX

Prior to the elucidation of the structure of the amine, we
were trying to find a good method of introducing a single methyl
group on the nitrogen atom. The formation of the cyclic amine
was fortunate in that it solved this particular problem for us.
The cyclic amine has only one hydrogen atom on the nitrogen; this
was replaced by recaction with one equivalent of dimethyl sulfate.
It is of interest that the N—methylaminé (XXX) underwent benzoyl-
ation under Schotten-Baumann cpnditions to (XXXI), wnhich readily
formed a crystalline 2,L4-dinitrophenylhydrazone. This result‘
shows that the amine need not have a C=N structure in order

for hydrolytic cleavage to an aminoketone to occur.

g\ %AI ~C0C H;

XXX XXXTI

t
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Syntﬁcsis of 2:§zg§9xy_—l-Phenylcyclohexaneethylamine. 2=
Cyanomgthyl-Z-phenylcyclohexanone (XXXII) was prepared by treat-
ment of a suspension of the sodio derivative of 2-phenylcyclo-
hexanore in ether-benzene with chloroacetonitrile. The structure
is written tentatively as XXXII , but this has not yet been proved

unequivocallye.

CN
@

XXXIT

The product, obtained in 70-80% yields, showed rather peculiar
chemical properties in that it would give no carbonyl derivatives.
Wnen warmed with 2,h-dinitrophenylhydraziﬂe rcagent, the producf
wes at first an oil which on repéated trituration with methanol
crystallized., When recr?stallized {rom methanol, it was found to
be the 2,L-dinitrophenyllhiydrazone of 2-phenylcyclohexanone as
shown by its melting point and mixed melting point with an authen-
tic sample. In the rcaction the cyanomethyl group was ejectedy
presumably as hydroxyacetonitrile, through hvdrolytic cleavage

of the compound.
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+ HOCH. U

The elimination of the cyanomethyl group is paralleled in
the rcoctions of morphine itself36. Morphine methiodide (XXXIII),
when heated with acetic anhydride yields as the main product the
diacetyl derivative of 3,L4-dihydroxyphenantlirene or morphol

(XXX1IV).

1 . 9
’Ac ‘ + I‘IOC.Iz(ZIIzN(CHB)2

AcO llii

XXIV

Furthermore, treatment of morphine with various acidic recagents
gives rise to apomorphine (X¥XXV) in which the cthaneamine chain

has becorie detached from the cuaternary carbon atom and appears
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at the 8-position of the aromatized ring.

HO

HO

Similarly, c-nethylmorphmethine (XXXVI), formed from codeine
methiodide in alkaline soluticn, yields dimethylaminoctianol and
methylmorphol (XXXVII) as well as some B-mecthylmorphimethine
(XXXVIII) in the presence of acetic anhydride; the p-methylmor-

phimcthine can be converted to methylmorphiol by treatment with

C

‘] + HOCH,CIL, N (CHy )

FXXVII

| T NaOEt

sodium ethoxide.

AXVITI

Horning, Horning and Plattl3b also obscrved a loss of an

etiwoxyethyl group from a gquaternary carbon atom during acid

hydrolysise
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Reduction of our 2-cyanomethyl-2-phenyleyclohexanone

(XXXII) proceeded as expected when carried out with an cthercal

solution of lithiwm.aluminum hﬁdride. Although tﬁe basic portion
of the reaction products amounted to 84%, only a low yield of a
crystalline substance, presunably 2-hydroxy-l-phenylcyclohexaiic-
ethylamine (XXXIX), could be isolated. That this crystalline pro-
duct was & primary amine was snown by the solubility, albeit
sparing, in acueous sodium hydroxide of the benzenesulfonyl deri-

vative (XL) prepared by the usual Schotten-Baumann proceduree.

H H
i, }-50.,C -H Nhc
HO z HO 270510 :
XAXTX XL XLT

It is not known whether the liquid amine ig a stereoisomer of
the solid amine or is a cyclic anine.

Catalytic reduction of the nitrile in acetic anhydride solu-
tion gave a crystalline acetylamino derivative which is probably
(XLI), HNeither of these compounds showed the presence of a car-
benyl group 25 micht be expected. Oxidation of the hydroxyl to
a ketone was attempted according to the method of Oppenauer with
aluminum {6rt-butoxide and acctone and also with chromic anhydride
in acetic azcid. In both cases the starting material was recovered

in good yield.
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Other Approaches. Attempts were made to introduce an amino-

ethyl group directly and indircctly at the 2-position of 2-phenyl-
cyclohexanone by reaction of the sodio derivative of the ketone
with a suitably substituted all:zyl halide as shown in the follow-

ing fornmulation.

13
, ¢ o (N
o~ NaNH? 0* ClCH20H2-NJIO‘

———elpy >
14

Newman and Magerlein were successful in introducing the ethoxy-

ethyl group into 2-phenylcyélohexanone by reaction of the methanc-
sulfonate of ethyi cellosolve, CH380200H2QH2002H5, with the sodio
derivative of the Jketone. According to them the p-toluenesulfonyl
ester, CH306Hh8020CH20H2002H5, was unsuitable on account of the
difficulty of sepdrating the reaction product by fractional
distillation from the ester which is used in excess; We circum-
vented this difficulty by hydrolyzing the excess ester (the
benzenesulfonyl ester of methyl cellosolve was used) to water-
soluble products by short refluxing with a mixture of acetic and
hydrochloric acid. After tnis treatmént there was no difficulty
in obtaining 2-methoxyethyl-2-phenylcyclohexenone (XLII), a new

conipound.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



39

o OCH

XLIT

This compound could probably be converted into an amine by re-
placing the ether grouping with a balogen by means of hydrobromic
acid followed by recaction of the bromide with an amine. We vere re-
luctant to pursue the morphine problem with the ether (XLII) in view
of the work by other investigctors with similar ethers.

Exploratory work was carried out on methods involving the
diréct introduction of the aminoethyl group. In the first approach
the benzoyl derivative of 2-cliloroethylmethylamine was employed.
Methylaminoethanol, prepared from ethylene oxide and methylamine37,
was converted into 2-chloroethylmethylamine hydrochloride by treat-

ment with thionyl chlorideBS. This compound had been prepared by

Marckwald and Frobenius39 by cleavage of 2-naphthoxyethyl-
nethyl-p-tcluenesulfonamide with hydrochloric acid in a sealed tube.
Treatment of an aqueous solution of the amine hydrochloride with
benzoyl chloride and two equivalents of aliali gave the benzamide

in 85% yield as a colorless liquiqf When the sodio derivative of
2-phenylcyclohexanone was treated with an ethereal solution of

2-chloroethylmethylbenzamide, the mixture turned dark red and the

only isolable material was the starting ketone.
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In order to prepare a more reactivé compound, an attempt
was made to replace the chlorine atom by the sulfonate group by
reaction with silver p-tclucenesulfonzte. When a solution of the
} above benzamide in methanol was warmed with silver p-tolucne-
sulfonate,; a copious‘prccip'tntc of silver chloride formed. The
product was a col&rless 0oil which crystallized readily. The
analysis and solubility characterictics indicated that this weas
not the ester but a salt. Proof of this was obtained through
' an independent synthesis which was accomplished by recction of

N
f R2-mcthylaminoethylbenzoeate hydrochloride with silver p-tcluene-

i sulfonate.

39

It was found by Marclarald and Frobenius that when 2-

chloroethiylmetiylbenzanide is warmed with water the mixture
quicl:ly becomes homogencous and the material isolated is the

salt, 2-methylamincethyibenzoute hiydarcciloride, the reaction

b “depending upon both a hydrolysis and a rearrangement. It would
appear then that a similar type of reaction had occurred in the
treatment of the halide with silver p-toluenesulfonate, the latter
probably not being completely anhydrous. The reactions are showm

in the following scheme.
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cl CH
, /73 socl s
CH.=-Cl, + CH,NH, —3 HOCH,CH,I —~=23 CIlCH,CH,N °* HCl
2752 372 ZAGLV AN ¥ 2
\ / ¢ ' \
0 , ) H H
38% 89%
061-150001.
NaOH
CHy
+ Cll,C H, S0, Ag
(CéHSCOCI~12C}12NH2CI{3) 3 Gk % 01cn20112N\
- c§raé :
050,C¢H, Cliy @27 COC(;HB
N
Ag030,C ¢ty Cily
] + - }120
(CéHSbOOCHzChZNHQCIIB) cl €

It was thought that the HN-carbethoxy compound, ClCH20H2U-
(CHB)COOEt, might show grcater resistance to hydrolysié than the
I-benzoyl derivative and could be made to react in the alkylation
of the sodio ketone. The substituted urethane (XLIII) was pre-

pared under the usual Schotten~Baumann conditions in 81% yield.

+

(ClCH?CH 3) Cl™ + ClCOCEt + 2 NaOH —> ClCH20H2NCH3COOEt

XLITII

2HH20H

+ 2 NaCl + 2 H20

This compound actually did show grecter resistence to hydrolysis

than the benzoyl deyivative since refluxing for twentiy-five
* . \ '
minutes with water was required to effect complete solution. The
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materiél isolated in 40% yield was the expected 2-methylamino-
ethyl ethylcarbonate hydrochloride (XLIV) as shown by its analysis,
ready solubility in water and ionic chlorine. |

ClCHzCﬂzNCHBCOOEt + H20 ——> (EtOOCCHZCHZNHZCHB)Cl

XLIV

The rcaction of the halide (XLIII) with the sodio derivative of
2-phenylcyclohexanone has not yet been tried.

In another study it was decided to block the amino group of
methylaminoethanol with a p-toluenesulfonyl group and to con=-
vert the alcohol to a sulfonyl ester. According to the method of

37

Slotta and Behniscl an aqueous sclution of the aminoalcohol

and sodium hydroxide was warmed with p-toluenesulfonyl’ chloride.

c | CH |
HOGH..CH r‘n};3 + C1S0.C,H,CH, —YaOH,  pocu.cH r'*s%) C.H, CH
2bHo 2C¢H),Clig | 2CH NS0,C¢H) CHlg
C150,G H, CHy
CH3 pyridine
| / ‘
Gly C H), SO,~H-CH,CH,080,C H, CH

XLV

Conversion of the alcohol to the p-toluenesulfonyl cster (XLV)

vas accemplished by mixing the reactants in dry pyridine at ice

* bath temperature. When this compound was recrystallized from
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benzenc-petroleum cther, it showed three melting points:
55-56.5%3 72=4°, 82.5-84.5°. These werec all obtained on the
same sample by holding the bath temperaturc at the melting point
until solidification occurrcd and then raising it until melting
took place again.

When the sodio derivative of 2-phenylcyclohexanone was treated
with 'this ester, a reaction occurred as was cvidenced by the fbrma-
tion of a heavy vrecinitate, presuﬁably sodium p-toluenesulfonate.
This reaction is worthy of further study. Unsatisfactory results
were obtained with the methanesulfonyl ester of 2-hydroxyethyl-
methyl-p-toluenesulfonamide, with 2-chloroethjl~p-toluenesulfonate
and 2-chlorocthylmethanesulfongte.

The prceceding experiments were exploratory in nature; some
of the results suggest further reactions which would yield pro-
ductive results. They were not pursued furti:er at this time be-~
cause of the success which atitended the investigation of the

keto-acid (XII).
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2-Chlorocyclohexanone. The procedure used to prepare the

chloro-ketone was essentially that of Hewman and Farbman19. A
two-liter three-necked flask was fitted with a sealed stirrer, a
short condenser to catch any spray and a gos inlet tube leading
nearly to the bottom of the flask. To the end of the condenser
wvas attached a bubbler filled witi: water to indicate the rate of
gas flow. The flask was charged with 147 g. (1.5 moles) of cyclo-

hexanone and 450 ml. of water and was weighed. Gaseous chlorine

L was then passed in to the well-stirred mixture for thirty minutes

wvhen the gain in weiéhb amounted to 110 g. (theoretical = 107.5 #.).
The organic layer was separated and the aqueous solution was
extracted three times with 150-ml. portions of ether. These ex-
tracts were combined with the original organic material and the
b vhole was washed with 150 ml. of water and then with 200 ml. of
saturated sodium chloride solution. The residue remaining after
drying over sodium sulfate and distilling off the cther was
fractionated under reducecd pressure and the material boiling at
L5-120° underlIS mm. was collected. This fraction, amounting to

165 e, Was redistilled throush a six-inch Vigreux column where-

upon 135 g. of product resulted boiling at 84-€° at 15 mm. pres-

sure (62%). Reported, b.p. 90-1° at 1l4~5 mm.

P
|

Ll
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2-Phenylgyplohexanqgg%?“jll. In a three-liter three-neclied
flask fitted with an efficient reflux condenser, stirrer and
dropping funmnel were placed 59.5 g. (2.44 g. atoms) of magnesi
and 200 ml. ¢of dry ether. From thie dropping funnel was added
50 ml. of a solution of 384 g. (2.LL moles) of bromobenzéne in
550 mle. of dry ether. The mixture was then heated gently on
the stcam bath until reaction occurred and the remainder of the
halide was added at such a rate as to cause gentle refluxing.
After the addition was completed, the solution was refluxed for
one hours.

At the end of this time the Grignard recogent was cooled in
an ice bath and with stirring a solution of 255 g. of 2-chlorocyclo-
hexanone. in 500 ml. of‘dry ether was added over avperiod of two
hours. The reflux condenser was then removed from the flask and
replaced with a suitable arrangement for distilling off the éther.
The solvent was, distilled until the glassy rcsidue nearly filled
the flaslk, whereupon the reflux condenser was replaced, 700 ml.
of dry benzene was added and the mixture was refluxed on the
steam bath over night.

Decomposition of the complex was accomplished by pouring the
reaction mixture into a A4-1l. beaker containing crushed ice and
hydrociiloric acid. The organic layer was separated and the aqueous
layer was extracted with threc 100-ml. portions of benzene, the'

. Y | '. ‘\‘ 1 .] i -
combined solutions being subseguently dried over calcium chloride
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Renoval of the solvent on a steam bath under reduced pfessure
} gave a dark brown viscous liquid which was subjected to vacuum
distillation. By distilling from a 2-l. flask through a twelve-
§ inch Vigreux column the product was obtained as a colorless to
; light yellow liquid which quickly set to a crystalline solid.
; The fraction boiling at 108-110° at 0.2 mm. amounted to 190 g.
! (57%): By recrystallization of the forerun and a small amount
of high-boiling material from 60-75° petroleum ether, the yield
was raised somewhat.
To be of use in later work the ketone was further purified -

1
by repecated recrystallization from petroleum ether; m.p. 58-9°,

2-Phenyl=A°-Cyclohexenone™ (III). A solution of five grams

of 2-phenylcyclohexanone (m.p. 58-9°) in thirty ml. of carbon
tetrachloride (Reagent Grade) was placed in a threc-hundred ml.
three-necled flask equipped with a stirrer, a pressure-cqualizing
dropping funnel and a drying tube filled with Drierite. In the
funnel was placed a solution of l.5%4 ml. of bromine (Reagent Grade)
in 25 ml. of carbon tetrachloride (Reagent Crade). Dry carbon X
dioxide was passed through the flask for several minutes by means
of & tube attached to the top of the dropping funnel. Vith con-
tinuous floﬁ of gas and vigorous sﬁirring the bromine solution

was added drop by drop. . The reaction flask was immersed in an

ice bath during the entire operation.
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ﬁhen the addition was completed, the reaction mixture was
sransferred to a separatory funnel and washed once with cdld
water and dried over calcium chloride. The solvent was renoved
under reduced pressure in a water bath the temperaturc of which
did not rise above 30°. The resulting dark oily liquid crystal-
lized readily on standing.

To the residue was added 50 ml. of redistilled 2,C-lutidine
and, when soclution was complete, the mixture was heated to reflux
under a nitrogen atmosphere for twénty minutes. After having cooled,
the lutidine hydrobromide was removed by filtration and washed well-
with ether. nThé excess lutidine was then distilled off under re-
duced pressure’on a steam bath and the solid remaining was taken
up in ethér. The resulting solution was washed with dilute hydro-
chloric acid until thie washings were acid aﬁd then with sodium
bicarbonate solution until neutral. Drying with magnesium sul-
fate and removal of the ether gave a tan crystalline'rasidue of
the unsaturated ketone which was distilled in a one-piece glass
apparatus. By conducting the distillation slowly, it was possible
to obtain the product as a light yellow oil, quickly setting to
a crystalline solid, at a bath temperature of 145-155° (0.1 mm.
pressure). Recrystallization of this material from 60-75°
petroleum ether gave 3.5 g. (70%) of colorless needles, m.p.
93.94.5° (reported, 95-95.5% ). |

The yield of unsaturated ketone depends to a large extent on

the purity of the 2-phenylcyclohexanone used. Unless it has been
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recrystallized scveral ;imos from petroleum ether an appreciable
amount oXf tar will rcsult in the bromination step making purifi-
cation of the final product very difficult. It was found that
| 2-phenylceyclohiexanone with melting point 58-9° will give consis-
tently good yields.- ?oo long heating of the bronoketone with
2yC-1lutidine, even in an inert atmosphere, will producc a notable
darkening of the recoction mimxture with increased difficulty of

purification of the final product.
P

Michael Reaction betycen 2.--.31@*1_1.-,_/_3? ~Cyclohexenone and

A ety

Malonic Dster. To a solution of 0.€6€ g. of sodium (1 equivalent)
L in 50 ml. of absolute ethanol was added 23.25 g. (5 equivalents)
} of ethyl malonate and 5 5. of 2-phenyl~A2~cyclohexenone. The
b flask was stoppered tightly and the mixture swirled until homo-
Gencous.

After having stood at room temperature for forty hours,
1 the mixture was treated with 2 ml. of glacial acetic acid and
25 ml. of water. The aqueous layer was extracted three tines
with ether and the extracts were added to the organic layer.
Drying over sodium sulfate and removal of the ether under rqduced'
pressure gave a solution of the product in ecthyl malonate which
vas distilled at 20 mm. to remove the excess malonic ester. The
reddish-yellow oil remaining was then distilled at 0.1 mm., the
ethyl 3 -o0x:o0-2-phenylceyclohexanemalonate (IV) being collected at

E . R
| 180-5°. Yicld: 6.7-(.4 . (59-&7%). Due to the great viscosity
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of the ester, purificztion by '‘distillation was quite difficult
and the semicarbazZone 'was prepared for analysis. It crystoallized
as small colorless rhombs and after three recrystallizations from
methanol melted at 154-5°.

Anal. Calcde. for 020H2705N3: C? €1.75; H, C.94; 1, 10.8

Found: C, €1.8 ; H, €.72; N, 11.18

Hydrolysis of the Michael Product. Two grams of 3 -oo-2-

phenylcyclohexancenmalonic ester was refluxed under a nitrogen ate
mosphere for fourteen hours with 15 ml. of glacial acetic acid
and 25 ml. of concentrated hydrochloric acid. The solvents were
rerioved on the stcam bath under reduced pressure yielding an
0il which upon trituration with bensene set to white crystals.
forc benzene was added, the mixture was warmed to effect complete
solution and filtered to remove a small amount of insoluble
material. Cooling gave 1 g. (71%) of 3 -oxo=-2-phenylcyclohexanc-
acetic acid (VII) as small colorless clongated cubes, m.p. 121-3°.
Further recrystallization from benzene raised the melting point to
124-5°,

Anal. Caled. for CthlGCE: C, 72.4; H, .89

Found: C, 71.58;H, €.88

Methyl 3 -Oxo-2-Phenvlcyclohexaneacetate. A solution of 0.49 g.

of 3 -oxo-2-phenylcyclohexaneacetic acid and 1 ml. of concentrated
sulfuric acid in 10 ml. of absolute methanol was heated under

reflux for three hours. The cooled reaction mixture was poured
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into water and the oily product was extracted with ether. The
combined ecxtracts were washed with water and sodium bicarbonate
solution until necutral and dried over sodium sulfate. Removal
of the solvent gave a slightly yellow crystalline product which
after recrystallization from 60-75° pctroleum ecther weighed
0.35 Ze; MeDe 68—70°. Fufther recrystallization from the same
solvent raiscd the melting point to 71-73.5°.

Anal. Calcd. for ClSHISOB:. Cy, 73.2y Hy 7.32
} Found: C, 73 .42;1, 7.43

Dinitropnenvlinydrazone. Tae above ester, wihen warmed with

i

} a methanol-sulfuric acid solution of 2,4-dinitrophenylhydraszine, gave

0

an oil which set to a crystalline solid on standing; m.p. 117-87.
After several recrystallizations from methanol, the dinitrophenyl-
hydrazone formed yellow needlesj m.p. 12(-7°.

Anal. Calecd. for CZlH22OéNh: Cy, 59.2 3 H, 5.17; N, 13.15
) | Found: C, 59.07; K, 5.24; i, 13.00

f trans-2-Phenyleyclonesxaneacetic Acid (VIIT). Twenty grams

of mossy zinc wes amalgamated by shaking it with a solution of

2 g. of mercurtc chloride in 25 ml. of water containing 2 mle

of concentrated hydrochloric acid for five minutes. The amalgam
was washed several times with water by decantation. To the

| amalgam was added 25 ml. of water and 35 ml. of concentrated

L' hydrochloric acid and then a solution of 1 g. of 3=-oxo-2-phenyl=-

cyclohexanenalonic ester in 25 ml. of toluene (Reagent Crade)

/
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was added in such a way as not to touch the zinrc. The mixture
was then refluxed for thirty hours with frequent additions of
fresh acid.

The solvents were decanted from the residual amalgam, the
toluene layer was separatced, and the aqueous layer was extracted
several times with ether. After having been washed with water,
the combined organic solutions were exhaustively extracted with
5% sodium bicarbonate solution (until acidification gave no precipi-
tate)., Careful acidification with 6 N hydrochloric acid yiclded
a crystalline solid which was filtered off, washed well with water
and dried.. The yield of product melting at 109-112° was 0.38 g.
(58.6%). One rccrystallization from aqueous methanol raised the
melting point to 112-112.5°, Blumenfeld?X reports the melting
point of trans-2-phenylcyclohexancacetic acid to be 112°.

When 3 -oxo-2-phenylcyclohexaneacetic acid was subjected to

the above treatment, the yield was 61.2%, m.p. 110.5-112°.

trans—l,z,j,b,ha,9;lO,lOa—Octahydro-Q;phenanthrone (IX),

A solution of 100 mg. of trans-2-phenylcyclohexaneacetic acid in

3 ml. of concentrated sulfuric acid was warmed on a steam bath for
ten minutes. At the end of this time the solution was somewhat
colored. When it was poured over chipped ice and stirred, a
crystalline solid separated which was taken up in ether, washed
with water, dilute sodium bicarbonate solution and again with

water. Drying over sodium sulfate and removal of the solvent in
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a current~of\air gave a white solid which was dissolved in methanol,
b filtered and diluted to.twice its volume with waser. A flocculent
solid separatved which was redissolved by warming. As the solution
cooled thie product precipitated as fine colorless needles which

were filtered off and dried; yield, €0 mg.; m.p. 95.5=9.5° (re-
portedzh, m.p. 96°).

A Ethyl cis-2=-Phenylevclonexanccyanoacetates The following is
y a modification of the netihod developed by Alexander and Cope for
6thcr ketoncszé. A ni:ture of 4.35 g. (0.025 mole) of 2-phenyl-
cyclohexanone, 5.7 g. (0.05 mole) of ethyl cyanvacetate, 0.39 g.
4 (0,005 nicle) of ammonium acetate, C.6 z. (0.1 nmole) of glacial

&
acetic acid, 0.1 g. of palladium-charconl catzlyst and 10 ml. of
commercial absolute ctlanol wes shaken in an atmospihiere of hydro-

» gen for twenty-four hours. At first the uptalie of hydrogen was
apid but it soon slowed dovn. After siintceen hours tiwe rate of
absorption was 2 ml. per minute and after twenty-four hours it

was 1 ml. per minute.

The catalyst was removed by filtration and 20 ml. of benzene
was added to the filtrate. This was washed once with water which
in tum was extracted three times with ether. Tie combined organic
solutions were washed three times with 3 I hydrochloric acid and
then with sodium bicarbonate until ncutral. Drying over sodium
sulfate and removal of the solvents under reduced pressure on a

+ stecam bath gave 8.5 g. of amber liquid. Distillation of this at
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0.1 mm. yielded 4.3 g. of light-ycllow viscous liquid boiling

at 149-151° (64%). The forerun amounted to 3.2 g. and deposited
crystals on standing. Recrystallization of a sample from petrol-
cum ebther save colorless plates which did not depress the mélting

point of pure Z-phecnylcyclohesanone.

Angl. Caled. for Cy4i, 051t Gy 75.25; H, 7.755 1, 5
Found: C, 72.48; 1, 7.34; M, 5.1C
When the hydrogenation was carried out for only sixteen hours,

) the yicld dropped to 47% of the theoretical.

cis-2-Phenylcyclohexancacetic Acid (X). One gram of cis-

2=-phenylceyclohezanccyanoacetic ester was refluxed in an inert

atmospiiecre with 20 ml. of glacial acetic acid, 10 ml. of concen-

|
}
trated hydrochloric acid and 5 ml. of water for fifteen hours.
Ten mle. more hydrochloric acid was added and the refluxing was
continued for three and onc-half hours more. A crystalline solid
L separated from the reaction mixture and tihe precipitation was
completed by dilution with water. The solid was filtercd with
suction, washed well with water and dried in vacuo. The weight
of material, m.p. 1€5-=168.5°, was 0.09 g. (85.2%). One recrystal-
lization from agueous methanol gave 0.59 g. (73.L%) of cis-2~
phenyleyclohexaneacetic acid melting at 1é8-170°. The scme

25

melting point was reported by Cook, llewett and Lawrence™~.

-
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2=0xo~-1~-phenylecyclohexanepropionitrile (XI). This compound

' wes prepared in two ways: by alkylation of 2-phenyleyclohexanone
with p-chloropropionitrile and by cyanocthylation with acrylo-

| nitrile in tihie presence of Triton B.

| Allzylotion w1§h~gzghloropyopionitriLeléa. In a 300 nl. threc-

' neclied flask fitted with a stirrer, reflux condenser and dropping

i funnel was placed 1.23 g. of finely divided sodamide (10% excess

‘ or 80% assay) and 30 ml. of dry benuzene. A nitrogen atmosphere

: was maintained throughout. To the stirred and refluxing suspen-

[ sion of sodamide was added drop by drop a solution of 5 g. of
'2-phenylcyclohcxanone in 30 ml. of dry benzene. Stirring and

refluxing were continued until no more ammonia was evolved

I e

{ca. two and one-half hours). The yellow suspension of sodio
derivative was then treated at the reflux point slowly with a
solution of 3.42 g. of p-chloropropionitrile in 20 ml. of dry
ether. The mixture was reflurzed for seventeen hours,;BO ml. of
water was added and the organic layer was separated. The aqueous
layer was extractced with ether and the combined organic solutions
vere wached several times with water and dried over sodiuwm sulfate.
Removal of the solvents rave a light yellow oil which distilled

at 146-150° under 0.15-0.2 mm. pressure. Yield: 3.8L g. (58.9%).
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3

Cyanoethylation~ . Ten grams of 2-phenylcyclohexanone

vas dissolved in 80 ml. of pure dioxane and 1 ml. of Triton B
solution was added. While vigorously stirred, this nixture was
treated slowly with a solution of 3.0 g. of acrylonitrile in

10 ml. of pure dioxane. Stirring was continued for three hours
and the rcaction mixture was poured into 500 ml. of water. A
little sodium chloride was added to break the emulsion and the
organic material was extracted out with ether. Washing with
vater and drying over magnesium sulfate followcd by removal of
the solvent gave a yellow liquid which distilled at 151-2° at
0.5 mm.; yield, 9.78 g. (75%).

2=-0xo-l-phenylcyclohexanepropionic Acidl3 (XII). Under an

atmosphere of nitrogen 14.5L4 g. of 2~oxo-l-phenylcyclohexanepropio-
nitrile was refluxed for fifteen hours with a mixture of 50 ml.
of glacial acetic acid, 20 ml. of concentrated hydrochloric acid
and the same volume of water. Tiie cooled rcaction mixture was
poured into 200 ml. of water and cooled in an ice bath and
scratched until crystallization occurred. The solid was filtered

‘
with suction and washed well with water. It was then dissolved
in dilute sodium hydroxide solution and extracted twice with |
ether %o remove a small amount of insoluble material. Slow acidi-
fication of this solution in an ice bath gave a large mass of White

crystals wnich were filtered off and recrystallized from aqueous

methanol; vield, 1h.84 g. (94.3%); m.p. 113-114°.
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Senica rb“dune. One gram of the keto-acid, 1 g. of semicar-

bazide hydrochloride and 2.45 g. of sodium acetate trinydrate
were warned on a steam bath for fifteen minutes with several ml.
of metﬁanol and a few drops of water. The product which separated
on cooling was recrystallized from aqueous nclhanol as 51all
colorless prisms, m.p. 202-3°; vicld, 0.98 g. (79.€%). Several
recrystallizat ons from agqueous methanol failed to raise the
rielting point.

Anal. GCaled. for G, i, 0383 Cy 3.Lj5 i, .93 3 i, 13.88

Found: C, €3.C4;H, .85 ; I, 13.88

1-Phenylcy jOE“TEQ“UPUW‘OLfC hcid (XIII). One gram of 2-
oxo-l-phenylcyclonexancpropisnic acid, 0.77 £. of potassium
hydroxide, 2 ml. of 65% hydrzine hydrate and 10 ml. of diethylene
glycol were heated under reflux for one and one-half hour. The
reflux condenser was tien removed and heating was continued until

the teuwperature, as indicated by a thermometer suspended in the

5iling mixture, rose to 195-200°. Tle reflux condenscr was re-

O"

inserted and heatinz was continued at this temperaturce for five
hourz. The cooled reaction m xture was diluted with water and
acidified with concentrated hydrochloric acid. The white precipi-
tate thﬁs formed was filtered off and washed well with water. Ie-

rystallization trom aqueous methanol gave 0.8 g. of product as

olorlc

162]

(3 . e - - ~ O -
s glistening plates, w.p. 9€.5=1007, in the first crop

and 0.05 £., m.p. 9€.5-08°, in the second. Total yield: 0.85 g.

(90%)




Four recrystallizations from aqueous methanol raised the
melting point to 99-100°,. ﬁ
Found: GC, 77.2¢; H, d.C0

l-Phenylcyclohexaneethylamine Hydrochloride (X

VI). A mixture
of 0.2 g. of l-phenylcyclohexanepropionic acid, 2 ml. of purificd
} thionyl chloride and 3 ml. of dry benzene was heéted under gentle
reflux for one-half hour. The somewhat dark solution was evaporated
to dryness under reduced pressurec. Three ml. of dry benzene was
added and removed in the same fashion. The colored liquid re-
maining was dif"QTvod in 3 ml. of acetone (Reagent Grade) and
cooled in an ice bath during the rapid addition of a solution of
0.28 z. (5 equivalents) of sodium azide dissolved in 2 ml. of
water. After having stood for ten minutes in the ice bath, this
mixture was diluted with water and the resulting oil was taken ' §
up in ether, washed well with water and dilute sodiwa bicarbonate ;
solution and driecd over magncesium sulfate,
The lizht vellow liquid remaining after removal of the ether
under reduced pressure at room’ temperature was treated with 3 ml.
of glacial acetic acid and warmed gently on a steam bath. HNitro-

en was evolved readily and heating was continued for several hours.

Gy

Five ml. of concentrated hydrochloric acid was added and the sol-

. * ution was refluxed for twelve hours. A small amouht of insoluble
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oil was removed from the cooled hydrolysis mixture by extraction
with ether and the aqueous layer was made alkaline with sodium
hydroxide. The liberated amine was taken up in ether, washed

] several times with water and reconverted to the hydrochloride by
extraction of the ethereal solution with four 5 ml. portions of
6 N hydrochloric acid. This solution was evaporated to dryness
under reduced pressure on a steam bath leaving a colorless oil
which crystallized rea@ily. Recrystallization from acetone-

petroleum ether gave 0.1lL g. (68%) of white flocculent needles,

mep. 245-7° (dec.). Three recrystallizations from the same sol-

vent mixture raised the melting point to 253-4° (dec.).

WS

Anal. Calcd. for 014H22N01: C, 70.1 ; Hy, 9.2 ; N, 5.84; Cl, 14.81
B Found: C, €9.6€2; H, 8.84; N, 5.75; Cl, 14.97

Action of Thionyl Chloride and Sodium Azide on 2~0xo-l-phen-

cyclohexanepropionic Acid. One gram of 2-oxo-l-phenylcyclohexane-
propionic acid was heated to gentle reflux with 5 ml. of dry
benzene and 5 ml. of purified thionyl chloride for one hour. The
volatile matefials vere removed under reduced pressure and 3 ml.
more of dry benzene was added and removed. The light yellow
crystalline solid remaining was dissolved in 10 ml. of acetone
(Reagent Grade) and cooled in an ice bath during the addition of
a solution of 1.3 g. of sodium azide in 3 ml. of water. The mix-
ture was allowed to stand in the cold for ten minutes and then was,
~diluted with a large amount of water. The precipitated 0il which

solidified quicl:ly upon cooling and scratching was filtered off
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and dried; weight, 0.9 g.; m.p. 111-114°; mixed m.p. with 2-oxo=-
} l-phenylcyclohexanepropionic acid, 87-105°. The enol-laétone
(XVII) was recrystallized several times from methanol as dense
colorless cubes; m.p. 113.5-11L.5°,

Anal. Calcd. for CysHyg0p: Cs 78.94; H, 7.02
] Found: C, 78.60; H, 6.97

? Methyl 2-Oxo-l-phenvlcyclohexanepropionate (XVIII). Five
grams of 2-oxo-l-phenylcyclohexanepropionic acid dissolvedrin
100 ml. of ether was treated with excess ethereal diazomethane
until evolution of nitrogen ceased and a permanent yellow color
} vas produced. The mixture was allowed to stand one-half houp
and the unreacted methylating agent was removed by concentrétion
of the solution in a stream of air accompanied by gentle heating
on a steam bath. The colorless solution of the ester was washed
once with dilute sodium bicarbonate solution and once with water
} and dried over magnesium sulfate. The light.yellow 0il remaining
after removal of the solvent, when distiiled under reduced pressure,
yielded 4.8 g. (91%) of colorless .viscous liguid at 14€°/0.05 mm.
After standing seven days, this material solidificd and was
recrystallized from peﬁroleum ether as small colorless prisms,
m.p. 52-3°. : i
Anal. Caled. for CygHygO3: C» 73.9 ; Hy 7.069
Found: GC, 73.7h4; H, 7.82
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Oxime of Methyl 2-Oxo-l-phenylcyclohexanepropionate. In

15 ml. of absolute ethanol wds dissolved 1.57 g. of the keto-
cster and 2.1 g. of hydroxylaaine hydrochloride and 3.58 g.
of anhydrous burium carbonzte was added. While protected from
moisture by a calcium chloride tube, this mixture was refluxed
for siztecn hours. The couled rcaction mixture was filtered
through FilterCel and the clear filtrate was diluted with water.
Cooling and scratching caused the precipitated oil to crystallize
as colorless prisms which were filtered off, washed well with water
and dricd in vacuo; yield, 1.54 go (93%); m.p. 12C-12€.5°. The
u analyvtical sample melted at 12(-7° after several recrystallizations
from aqueous methanol.

Anal. Calcd. ror ClGH2103N: C, (9.85; H, 7.4y N, 5.09
h Found: C, 69.77; H, 7.70; N, 5.14

Oxime=liydrazide of 2-0Oxo-l-phenylcycloliexanepropionic

T

) Acid (XIX). & mixture of 1.54 g. of the oxime-coter, 5 ml. of &5%

hydrazine hydrate and 3 ml. of ethancl was heated under reflux for
one hour. Water was added to the cooled reaction mixture and the
crystalline solid was filtered off, washed witi -ther and water

and dried in a vacuum desiccator over calcium ci. oride and sul-
furic acid. The dried product weighed l.54 g. (99.7%); m.p. 192.5-
193 .5°. Three recrystallizations from methanol gave the analytical

. (o]
* sample as colorless cubcs,; meps. 194 .
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Found:
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C} 6505;
C, 65.5;

solution of 100 mg.
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H, 7-81;
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oxinc=-

dra
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acid was cooled

in
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ice b
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sl

OV

N4

v
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.'
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h

II\
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u
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S
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ained after 7 nl.

The chalky solid rcsulting was filtered out and

dried in vacuvo; weight, 75 mg.; m.p. 204-210° with darkening at
ca. 180°. Three recrystallizations from methanol raised the

melting point to 217-8°.

Found:

.("‘. 1 l 3

Cy The77; H,

7.h2; N,

8.52
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methanol and drying melted at 213 -
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-

<o
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200 ml. of water. The mixture was then cooled in an ice-salt
bath and 20 ml. of glacial acetic acid was added drop by drop
witn vigorous stirring. One hundred ml. of a saturated solution
of potassium acetate in water was then added and tlie mixture was
cooled and scratched until crystallization occurred. The solid
was filtered with suction,; washed with a little cold water and

dried in a vacuum desiccator. Yield: 90.9 g. (35.€%).

.
o

The 90.9 g. of potossium hydroxylaminedisuvlfonate was sus-
pended in a solution.of 23.8 g. of sodium hydroxide in 250 ml.
of water and stirred vigorously and ccoled in ice during the
slow addition of 50 g. of dimethyl sulfate. The mixture was then
allowed to come to room temperature with stirring over a period
of one and one-half hour. Gentle reflux for several minutes
served to decompose.the'unreacted dimethyl éulfate. One hundred
nl. of concentrated hydrochloric acid was added and refluxing.
was continued for eighteen hours.

Sodium hydroxide pellets were added to the reaction mixture
until it was strongly basic. This all:aline solution was then
subjected to distillation the distillate being collected in
200 ml. of 6 N hydrochloric acid. Distillation occurred between
80° and 96°. Lvaporation of this acid solution to dryness under
reduced pressure on a steam bath gave a white crystalline resi-
due which was dissolved in absolute cthanol. Addition of dry

ether caused precipitation of the hydrochloride as small prismse
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Successive filtrations and treatments of the mother liquors with
ether gave 17.96 g. of methoxylamine hydrochloride, m.p. 14,0=-2°

(scaled tube); reporicd by Joneshl, MePo 1#@-9°.

O-Methyloxime of 2-Oxo=1=-Phenylecyclohexanepropionhydrazide.

—

| A mixture of 1.18 g. of methyl 2-oxo-l-phenylcyclohexanepropionate,
1.81 g. of methoxylamine hydrochloride, 2.¢9 g. of barium carbonate
P and 15 ml. of absolute ethanol was refluxed for seventeen hours.
The solid was removed by filtration through Filter-Cel and the
: filtrate was diluted with water. The precipitated oil was taken
t up in ether, washed well with water and dried over sodium sulfate.
| The liquid remaining after removal of the solvent was heated under
i reflux for one hour with 3 ml. of 85% hydrazine hydrate and 4 ml.
| of ethanol. The reaction mixture was poured into water and the
0il thus formed was crystallized by covling. This solid was
filtered off, dried ;g_ygggg.and recrystallized from benzene-
D petrolewn ether; yield, 0.76 g.; m.p. 129-130°. Concentration of
the mother liquor gave a second crop: 0.12 g., nm.pe. 126-130°.
The analytical sample crystallized as small colorless prisms,
| m.p. 129-130°; .
Anal. Calcd. for 016H2302N3: Cy, 66.45; Hy 7.95; Ny 14.53
Found: C, 6€.62; H, 7.81; N, 14.91
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Reaction of the O=Methyloxime-hydrazide with Hitrous Acid.

A solution of O0.41 g. of the O-methyloxime in 20 ml. of 3 N
hydrochloric acid was cooled.in an ice bath and stirred vigor-
cusly during the addition of a solution of 1.0¢ g. of 97% sodium
nitrite in 40 ml. of water. A positive starchi-iocdide tost was
obtained when 4 ml. of this solution had been added (4 ml. con-

} tained one equivalent). SBtirring in the cold was continued for
twenty nminutes and the gummy azide was extracted into ether. The
ether solution was washed with water and dilute sodiun bicarbonate
until neutral and dried over magnesium sulfate. Removal of the
ether gave 0.35 g. of almost colorless viscous ligquid. This was
dissolved in 3 ml. of glacial acetic acid and heated on a steam
bath. A vigorous evolution of nitrogen occurred and lasted for
ten minutes. Heating was continued for ﬁwcnty minutes alter the
first reaction had subsided and then 5 ml. cf concentrated hydro-
chloric acid and 3 ml. of water were added.‘ When heated to boiling,
this mixture evolved carbon dioxide readily as evidenced by the
precipitation of barium carbonate produced by passing the exit
gases through saturated barium hydroxide solution. After one

hour the hydrolysis appeared to be compleote and the cooled reaction

mixture was diluted with water and extracted twice with cther to
remove a small amount of insoluble oil. Evaporation of the aqueous
layer to dryness gave 0.32 g. of gummy oil which crystallized

partially upon drying in a vacuum desiccator. This was dissolved
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in water and treated witn sodium hydroxide solution until

strongly alkaline. A flocculent solid formed winich was taken
up in c¢ther, washed ﬁhree times with distiilod water and dried
over magncsium sulfate. When the solvent was rcomoved, a brown

liquid remained. This amine has not yct becen characterizced.

Curtiugs Degradation_of 2-Oxo-l-phenylcyclohexanepropionic

e e e e

} Acid. One gram of mqthyl 2=oxc=-l-rhenylcyclohexancpropionate
(YVIII) was heated under reflux for cne and one-half hour with
l. ml. of 85% hydrazine hydrate and 2.5 ml. of ethanrol. The sol-
vents and excess nydrazine were removed under reduced pressure on
a steam bath leavingz the presumed hydrazone-hydrazide as a color-
less glass. This was dissolved in 40 ml., of 3 N hydrochiloric acid
and extracted once with ether to remove a small amouﬁt of insoluble
material. While cooled in an ice bath and vigorously stirred, this
solution was treated with 0.77 N sodium nitrite solution until a
positive starch-iodide was obtained. Simtecen ml. or 3.2 equivalents
were required. The mixture was stirred in the ice bath foy fifteen
ninutes and the gumny azide was extracted out with cther, washed
with dilute sodium bicarbonate solution until neutral and dried
over magnesiuvm sulfate.

Removal of the solvent aé room temporature gove 0.87 g.

(7€.29) of a slightly vellow viscous liquid. Three ml. of glacial

., acetic acid was sdded and the almost colorless solution warmed
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gently on a steam bath. A vigorous evolution of nitrogen occurred
} and lasted about ten minutes at the full heat of the bath. The

mixture was heated onc-half hour and a solution of 7 ml. of
, concentrated hydrochlori ¢ acid and 3 ml. of water was added. Vhen
| heated to reflux, this mixture evolved carbon dioxide rcadily over
’ a period of sbout thirty minutes. Refluxing was continued for
one-half hour more (one hour total) before the cooled reaction
mixture was diluted with water and extracted with ether to remove
the slight turbidity that resulted. Solid sodium hydroxide pellets
were added to the clear slightly yellow solution until it was
definitely alkaline. An oil scparated which was extracted into
ether and washed five times with Qistilled wvater to remove inor-
ganic salts. At this stage the ether layer appeared almost color;
] less but upon extraction of this with 3 N hydrochloric acid the
agueous layecr assumed a yel%ow color. Five portions of 5 ml.
each of acid were used to transfer the amine to the aqueous phase,
Evaporation of this to dryness under reduced pressure on a steam
bath gave a light yellow glass weighing 0.67 g.

The benzenesulfoncmide was prepared by dissolving the above
obtained amine hydrochloride in 20 ml. of water and adding 0.35 ml.
of benzenesulfonyl chiloride. While stirred vigorously, this mix-
ture’was treated slowly with a solution of 0.5 g. of sodium
hydroxide in 10 ml. of water until a permanent alkaline reaction

was obtained toward Alk-Acid paper. Stirring was continued for
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about one hour more after which the mixture was heated to 100°

} for fifteen minutes. After acidification, the hard solid was

bréken up with a stirring rod and filtered and washed well with

water and dried in vacuo. A solution of the compound in 2:1

] benzene-petroleum ether was passed through a column of activated

alumina 8 mm. in diameter and ¢0 mm. long. Elution was accomplished

‘ with 30 ml. of the same solvent mixture. The colored impurities
remained adsorbed in the first 10 mm. and the product obtained

} upon removal of the solvents in a current of air was colorlcss.

h Recrystallization from aqueous methanol gave 0.67 g. of colorless

t plates in the first crop; m.p. 125-~7°. The sccond crop, obtained

by concentration of the solution and fufther dilution with water,
weighed 0.02 g.; m.p. 121-3°., Purther recrystzllization from
aqueous methanol pave the analytical sample as colorless plates;
m.p. 127-8°. | ‘
Anal. Calcd. for 020H2303NS (keto form): '
C, 67.2; H, 6.45; N, 3.92; S, 8.96
Found: Cy, 70.83;H, €.34; N, L.13; S, 9.44

Caled. for C,4H, 0,NS (cyclic form):

Cy 70.8; I, 6.2 ;3 Ny 4.15; Sy 9.4k

In a direct preparation of the amine hydrochloride from the

isocyanate, 4.74 g. of the methyl ester was heated under reflux

-

with 25 ml. of ethanol and 7 ml. of 85% hydrazine hydrate for two

and one-half hours. After removal of the solvents and excess
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hydrazine under reduced pressure; the rcsidue was dissolved in
100 ml. of 3 N hydrochloric acid and trcated with a solution of
6.48 g. of 97% sodium nitrite in 50 ml. of water. Thirty-three
ml. or 3.3 equivalents of nitrite were required to produce a
positive starch-iodide test. The gummy aszide was extracted into
benzene, washed with sodium bicarboncte solution and dried over

} mognesium sulfate. The benzene solution was filterced and heated
cautiously‘undcr reflux until the first vigorous evolution of gas
ceased and then more strongly {or fifteen minutes more. The cooled
reaction mixture was treated with 50 ml. of concentrated hydro-

. chloric acid and again hcated carefully while carbon dioxide was
liberated freely. Refluxing was continued for nine hours and the
benzene layer was sceparcted. After the agueous phase had been
washed several times with ether, it was evaporated to dryness
under rcduced pressure on a steam bath to yield 3.7 g. of the

hydrochloride as a viscous g£lassy nassS.

Ficrate. The picrate of the amine was prepared in two ways.
In one procedure the amine was set free with aqueouéz&kali and
extracted into ether. The cther solution was washed with water
and trcated with a saturated ethereal solution of picric acid
wilercupon the picrate separated as a yellow liquid which crystal-

lized.readily upon being cooled and scratched. Further
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recrystallization from methancl gave an analytical sample as
. . - . . (]
small bright yellow prismatic plates; m.p. 147.5-1L8.5

Anal. Calcd. for C20 2208Nh (cyclic amine): C, 5E.1; H, L.t7;

| N, 13.09
| Caled. for 020H2AO9NA (keto-amine) : C, 53.8; Hy, 4.0k;
N, 12.56
Found: C, 5¢.(&; H, 4.7;
Ny 12.91

‘In the second method of forming the picrate a standard
soluticn of alcoliclic sodium hydroxide containing oxactly.one
‘ equivalent of base was added slowly to a well-stirred alcoliolic
\ solution of the amine hydrochloriderand one equivalent of picric
acid. The product precipitated readily and, after being heated
to boiling, was filtcred. Recrystallization from methanol yielded
vellow plates, m.p. 147-8° alone and 14¢.5-14€° when mixed with

the picrate prepared atove.

N-Carbetiioxy=-2-0x0=-1l-phenylcyclohexaneethylamnine. Five

r— - e - .- -

grams of methyl 2-oxo-l-phenylcyclohe: anepruplongte, 7.5 ml. of
85% hydrazine hydrate gnd 25 ml. of ethanol were refluxed for
three hours. The solvents and excess hydrazine were removed
uﬁder reduced pressure on a steam bath and the glassy residue

was dissolved in 100 ml. of 3 M hydrochloric acid. Extraction of

» this solution with ether served to remove a small amount of in-

soluble materiale.
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While coolcd in an ice bath and stirred vigorously, the

} hydrazide solution was treated slowly with a solution of 13.65 g.

of 97% sodium nitrite in 60 ml. of solution. Twenty ml. of
| nitrite solution (3.33 equivalents) were required before the
é starch-iodide test was positive. A vigorous evolutién of gas was
’ noted during the addition.‘ Stirring was continued for ten minutes
and the azide was extracted into ether, being subsequently washed
with sodium bicarbonate until neutral and dried over magnesium
sulfate.

‘The ether was removed under reduced pressure at room tempera-—
ture and the yellow residual liguid was dissolved in 10 ml. of

ahsolute ethanol. Cautious heating on a stcam bath under a re-

b flux condenscr gave a vigorous evoluticn of gas which lasted
; about ten minutes. After the initial reaction was completed; the |
mixture was refluxed for one-half hour and the alcohol was distilled
off under recduced pressure. Distillation of the residue under
high vacuum gave a colorless very viscous liquid boiling at 148-
150° at 0.03 rm. Under the conditions of distillation some decom-
position occurred and the originally colorless compound assumed a
slight <olor toward the end of the operation. The yield was
3 g (55%)

Due to the nature of the urcthane, it was deemed best not
to attempt furﬁhcr purification by distillation but rather to
prepare a derivative for analysis. Treatment of the above obtained.

vaterial in methanol solution with 2,L-dinitrophenylhydrazine
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reagent gave an immediate yellow-orange solid which after four
recrystallizations from methanol formed vrange-yellow micro
prismsf m.p. 138-13¢.5°, |
Anale. Czled. for 023H2706N5: C, 58.9; H, 5.76; N, 14.92
Found: C, 59.28; H, 5.(7; N, 14.91
In another preparation, the urethane obtained from 1 g.
of the keto~cster was evaporatively distilled to give 0.94 g.

(8Le5%) of slightly yellow liquid at 150-5° under 0.1 mm. prcssure.

9~Phenyl-A7-hexahygggindole {XXIT). Five grams of methyl

2~oxo-l-phenylCyclohéxanepropionate was converted to the hydrazone-
hydrazide by refluxing with 7.5 ml. of 85% ﬁydrazine hydrate and

25 mle. of ethanol for three hours. The solvents and excess hydra-~
zine were removed under reduced pressure on a steam bath and the
glassy residue wos dissolved in 100 ml. of 3 N hydrochloric acid.
After extraction with ether, the clear aqueous solution was treated
with a solution of 6.85 g. of 97% sodium nitrite in' 50 ml. of
solution. Thirty ml. of this solution or 3 equivalents were re-
quired to give a positive starch-iodide test. The azide was ex-
tracted into ether, washed with so@ium bicarbonate solution until
nevtral and dried over magnesium sulfate. The ether was removed
under reduced pressure at room temperature and the residual liquid
was dissolved in 10 ml. of glacial acetic acid. Cautious heating
of this solution pgave a vigorous evolution of nitrogen which lasted

about ten minutes. Heating was continued for one hour when a
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solution of 10 ml. of concentrated hydrochloric -cid and 5 ml.
of woter was added. This mixture was refluxec¢ for one and one=-
half hour and the solvents were removed under rcduced pressure
on a stecam bath leaving a brown viscous mass. Water was added
to dissolve the hydrochloride and a small amcunt of insoluble
oil was removed by extracticn with ether. When the acqueous solu-
tion was made strongly alkaline, the amine separated as an oil
which was taken up in ether, washed with water and dried over
sodium sulfate. Removal of the sclvent gave a reddishi brovm
liguid which was distilled under rcduced pressure to yield 2.C g.
(68%) of colorless, rather mobile liquid boiling at 98-100° at
O.1 mm.
The analytical sample was obtained by evaporative distillapion
twice at 90-100° at 0.1 mm.
Anal. Calcd. for Cp)Hy7N (cyclic amine) :
Cy &4.45; 11, 8.54; N, 7.03
Calcd. for ClbﬂlgoN (keto-amine):
Cy 77.L5; 1, &.75; U, €.45
Found: Cy, 83.70; H, 8.56; N, 6.91

2, L=Dinitrophenylhydrazone of 2-Oxo-l-phenylcyclohexane=

ethylbenzamide (XXIV). A small sample of the above prepared base

was treated with benzoyl chloride and then with aqueous alkali
in portions, each addition being accompanied by vigorous shaking.

A white gum precipitated which could not be made to crystallize.
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tlhen this material was dissolved in methanol and treated with a
| solution of 2,L-dinitrophenylhydrazine sulfate, there was an
immediate formation of a yellow crystalline solid which after
repeated recrystellization from acetic acid-methanol formed
yellow elongated prisms; m.p. 218.5-219°,
; Anal. Calcd. for 027H2705H5: C, G4.LO; H, 5.39: LI, 13.98
Found: C, €L.(3; H, 5.45; U, 13.66

,} 1-Metiy] :.9:.‘31'%25‘.-.:,:.3:.-é?:il_.escghy9.1.1:9;111519;9, {¥XX). A solution of
l.42 g. of Q-phcnyl—A7-hcxahydroindole in 3 ml. of methylethyl

ketone was treated with 0.9 g£. (1 equivalent) of dimethyl sulfate
arrd cooled in an ice bath until the flask no longer became warmn

| upon removal from the bath. After having stood at room tempera-
ture for sixteen hours, the wine-colored solution was heated

] under reflux for one hour. Tive ml. of water was added and re-
fluxing was ontinusd for three lLours. At the end of this time
the solution was somewhot lighter in color and was diluted with
20 ml. of water and made strongly alkaline with sodium hydroxide.
An oil separated which wes taken up in ether, washed several times
with water and dried over sodiwm sulfate. Removal of the ether
gave a red liquid which was subjected to evaporative distillation.
A colorless liquid which weighed 1.35 g. (88.7%) distilled at
75-80° under 0.05-0.1 mm. pressure. Upon standing for one-half
hour in a closed flask this material began to turnvred. In view

. of tuis fact the picrate wos preparced for analysiss
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Picrate. A solution of the amine in ether was treated with
a saturated solution of picric acid in ether. An oil formed which
crystallized readily upon being cooled and scratched. After four
recrystallizations from methanol, the picrate wés obtained as
yellow prismatib plates, m.p. 142-3°; mixed with the picrate of
the starting amine; m.p. 117-128°. |
Anal. Calcd. for C21H2207Nh(cyclic amine) :
G, 57.0; H, L.97; N, 12.66
Caled. for C,qH,, Ogll) (keto-amine):

C, 5k.

§; H, 5.22; N, 12.18
Found: C, 57.28; H, 5.19; Hl, 12,40

2y h-Dinitrophienylhydrazone of 2-Oxo-l-phenylcyclohexaneeblyl~

methylbenzamide. A small amount of the above amine was treated with

excess benzoyl chloride and aqueous sodium hydroxide was added in
portions with vigorous shaking. The gummy product which refused
to crystallize was dissolﬁod in methanol and a solution of 2,L4-
dinitrophchylhydrazine in methanolic sulfuric acid was added.
The mixture was warmed for several minutes on a steam bath and
coolecd. The procipitated\oil crystallized after standing in the
cold for thirty hours. The solid was collected and recrystallized
from a mixture of methanol and acetic acid and then three times
from benzene-petroleum ether. The product formed rosettes of
very fine yellow-orange needles; m.p. 172-4°.

Anal. Calcd. for 028H2905N5: C, 65.26; H, 5.€3; M, 13.¢€

Found: C, 65.€5; H, 5.72; N, 13.5

v
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2-Cvanomethyl~R-phenylcyclohexanone (XXXII). In a 300 ml.

} three-neccked flask provided with a stirrer, rcflux condenser and
dropping funnel was placed a suspension of 1.23 g. of finely

| divided sodamide (10% excess of 80% assay) in 25 ml. of dry ben-

zene. A nitrogen atmosphere was provided and a solution of S.g.

} of R2-phenylcyclohexanone in 20 ml. of dry benzene was added

slowly to the refluxing suspension of sodamide. When ammonia

was no longer evolved (ca. two and one-half hours), the flask

was cooled in an ice bath and 50 ml. of dry ecther was added. The

stirred and cooled mixture was then trcated slowly with a solution

of 2.6 g. (20% excess) of redistilled chloroacetonitrile (East-

man, White Label) in 10 ml. of dry ether. The mixture was then

} heated under reflux for three hours. During this time the floc=-

! culent solid changed to a granular crystalline one and the mix-
ture darkened considerably. The cooled reaction mass was then
treated with 100 ml. of water and the ether-benzene solution was
separated. ‘The dark aqueous layer was extruocted several times
with ether and the combined organic solutions were washed with
water, 4 WM hydrochloric acid and then with sodium bicarbonat e
solutiﬁn until neutral and dried over sodium sulfate. After the
solvent had been removed under rcduced pressure, the residue was
distilled in vacuo. The fraction bbiling at 126-130° (mostly 126-8°)
at 0.2 mm. amounted to L.L5 g. (72.7%5.

. Anal. Calcd. for Clelsomz C, 78.9 ; H, 7.04; H, C.57

Found: C, 77.75; H, (.98; H, €.00
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, Reduction of 2-Cyanomcthyi-2-pbgpy}gzglpﬁg;gnggg_ygg1
}

Aluninun Hydride. In a 300 ml. three-nccked {lask fitted with a

stirrer, rc¢flux condenser and dropping funnel was placed 30 ml.

of 1.3 molar ethercal lithium aluminum hydride solution. A nitro-
: gen atrmosphcre was provided and a solution of' 2 g. of Z-cyano=-
methyl-2-phenylcyclohexanone in 20 ml. of dry ether was added
slowly to the well;stirred hydride solution. A heavy white precipi-
tate formed at once. Stirring was continued for forty-five minutes
and the mixture ﬁas allowed to stand for fourteen hours at room
temperature. The excess hydride was decomposed by cautious add-

; ition of 25 ml. of water. Ten grams of sodium potassium tartrate
was added to the nixture and the cther layer was separated, the
agueous suspensicn being extracted four times with the same sol-
vent. The extracts were washed several times with water and then
six times with 15 ml. pertions of & N hydrochloric acid. TFifty
percent sodium hydroxide soluticn was added to the acid extract
until it sliowed a basic recaction. The somcithat oily crystalline
precipitate, after filtration and drying, weirhed 1.(8 g. Further
addition of base to the filtrate yielded 0.05 g. more. Total.
weight: 1.73 g. (84%). Upon recrystallization from a mixture of
benzene and petroleum ether, 0.C4 g. of material,presumably‘z-
hydroxy-l-phenylcyclohexaneethylamine (XXXIX), could be obtained

that was free from oil; m.p. 132.5-133.5°. ' The analytical sample,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




77 )

m.p. 133.5-134.5°, was obtained by further rccrystallization from

o

the same solvent mixture as long colorless needles.
Angl. Calecd. for CthZlON: C, 7€.75; 1, 9.59; I, .39
Found: C, 77.85; i, &.98; I, (.02

Benzenesulfonamide (XL). To a solution of 0.2 g. of 2=

hydroxy~l-phenylcyclohexancethylamine in 10 ml. of 0.1 N hydrochloric
b acid waos added 0.17 g. ci benzenesulfonyl chloride. With vigof-_
ous shaking, a solution of 1 g. of sodium hydroxide in 5 ml. of
water was added in 1 ml. portions. The mixture was warmed on a
steam bath for fifteen minutes and ai'ter acidification the hard
precipitate which had formed was filtered of f and recrystalliuzcd
{rom aqueéus nethanol. The first crop, weighing 0.24 g., melted
at 130,5-131.5°, A second crop weighed 0.02 g. and melted at
128-130°. Total .vield: 0.20 g. (79.2%). Further recrys LaT—
lization from acueous metlwanol yielded colorless glistenlng
plates, m.p. 130.5-131.5°, Ilixed melting point with the free
amine: 10(-125°.
Anal. Calcd. for 020H2593NS:_MC,V66.9 ; Hy €.9€; 1, 3.9; S, £.92
Found : €, 67.54; H, 6.(6; N, 3.8; S, 9.33

Catalytic Reduction of 2-Cyanometlhiyl-2-phenylcyclohczanone.
II) was dissolved in

Three grams of the cyanomcthyl ketone (XXI
15 ml. of acetic anhydride and 0.2 g. of Adams' catalyst was

* added. When this mixture was shalien in an atmosphere of hydrogen,
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two equivalents of gas were absorbed after one and one-half hour.
After two hours 850 ml. had been taken up and the rate of ab-
sorption decreased markedly. The shaking was stopped after
690 ml. had been fixed and the mixture was filtered. The acetic
anhydride was decomposed ﬁy addition of methariol to the warm solu-
tion and the acid and excess methanol were removed under reduced
pressure. An oil remained which rcadily deposited crystdls from
benzene-petroleum ether. Recrystallization froﬁ the same solvent
mixture gave 1.06 ¢. of material; m.p. 136-141°. Further recrystal-
lization from ben:zene-petroleum ether gave pure 2-hydroxy-l-
phenylcyclohexaneethylacetamide (XLI); mep. 142-3°.

| Anal. Calcd. for 016H23®2N: Cy 73.5 ; H, 8.8i; N, 5.36
Found: C, 73.21; N, 8.50; N, 5.16

Methoxyethylbenzenesulfonates Twenty grams of methyl cello-
solve and 50 ml. of pyridine (dried over sodium hydroxide pellets)
were dissolved in 50 ml. bf dry benzene and cooled in an ice bath.
With swirling, 55.7 g. of benzenesulfonyl chloride was added and
the mixture was allowed to stand in the cold for one and one-half
hour. At the end of this time it was poured slowly into 100 mi.
of ice cold 6 N hydrochloric acid. %he benzene layer was sep-
arated and the aqueous was extracted three times with ether.

The combined organic solutions were washed several times with
water and dried over sodium sulfate. Removal of the solvents and i
distillation under reduced pressure gave 35 g. (€1.£%) of colorless |

liquid boiling at 13 6~141° at 0.2 mm. pressure. ?
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2-Methoxyethyl-2-phenylcyclohexanone (XLII). A l-liter

three-necked flask was fitted with a stirrer, rcflux condenser
and a dropping funnel. A nitrogen atmosphere wés provided and

|  a suspension of 7.25 g. (10% excess of 80% assay) of finely
divided sodamide in 100 ml. of dr? benzene -was added. This was
heated to reflux and stirred during the slow éddition of 29.5 g.
of 2-phenylcrclohexanone dissolved in 110 ml. of dry benzene.

After two and one-half hours of refluxing, 100 ml. of dry ecther

i was added and then 43.93 g. (20% excess) of methoxyethylbenzené-

sulfonate in 75 ml. of dry ether was added. After having refluxed
for eleven hours, the solution, containing a heavy white precipitate,
was treated with 200 ml. of water and the organic layer was separated.
The aqueous layer was extracted several times with ether and the sol-
vents were removed without drying. The liquid remaining was then
heated under reflux with 100 ml. of glacial acetic acid, 20 ml.

of concentrated hydrochloric acid and 20 ml. of water for one-

half hour. Most of the acetic acid was distilled off under re-

duced pressure and the residue was poured into water. Tﬁe resulting
emulsion was extracted several times with ether and‘the organic solu~
tion was washed with water and then with.sodium bicarbonate until
ﬁeutral. Drying over sodium sulfate and evaporation of the sol-

vent gave a yellow liquid which was distilled under 0.5 mm. pres-
sure to give 25.5 g. (C4.9%) of colorless viscous liquid boiling

*  at 138-140°. 1In three other preparations on a smaller scale fol-

lowing this "same procedure the yields were 55%, 56% and 53 %.
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Semicarbazone. The derivative, prepared in the usual manner,

crystallized from aguecous nethanol as small colorless prismsg

Ie po 1859 5"1860 °

Anal. Calcd. for CygHaOl3: Gy COuk By 7.95; H, 14.53

?

Found: C, 06€.58; H, 7.90; I, 14.13

2,L=-Dinitrophenylhvdrazone. Preparecd in methanolic sulfuric

; acid, the compound formed vellow needles after scveral recrystal-

lizations from methanol; m.p. 133-L°.

et
-
\un
*
(O35
N
=
(=
\
e
[N

4nal. Calcd. for C?lHZMOSNh: C, (1.2

Found: C, ¢1.83; H, 5.39; i, 1L.54

37

Methyvlethanolamine” ‘s In a three liter threc-necked flask

was placed €00 ml. of LO% aqueous methylamine solution and 3¢0 ml.
of water. A Dry Ice cooled reflux condenscr, a stirrcr and a gas
inlet tube were attached and 140 ml. of ethylecne oxide was allowed
to vaporize into the flask through the inlct tube leading almost
to the bottom of the flask. The mixture was coocled in an ice-salt
bath and was stirred vigorously throughout the adadition which re-
quired about three hours. Stirring in the cold was continued for
about two hours more and then the rcaction mixture was distilled
at atmospheric pressure through a twelve inch Vigreaux columno.

The fraction boiling at 140-184° was collected and redistilled
through the same apparatus. The yield of material obtained in the

fraction 156-9° was 65.7 g. (38.8% based on cthylene oxide).
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2-Chlorocthylmethylamine Hydr oghlorideBe’BQ. In a 300 ml.

i thrce-necked flask provided with a stirrer, reflux condenser and
dropring funnel were pluced 11 . of methylethanol amire and

120 1. of dvy chiloroform (Reagent Grale). The flaék was cooled

in an ice bath and, with stirring, 34.5 g. of thionyl chloride
(Eastman Kodalk, Vhite Label) was added drop by drop. When the

' addition had been completed, ﬁhe mixture was stirred and refluxed

? for twenty minutces during winich time the prebipitated hydrochlor-
ide dissolved and a clear slightly yellow sclution resulted. The ’
solvent and excess tinionyl cliloride were re:ioved on a steam bath
under reduced pressure and the brown crystalline residue was
recrystallized from acetone. Two crops of slightly yellow plates
resulted, the first melting et 116-7° and the second at 115-¢°
after dryving in vacuo; the coxbined weights were 1C.9 . (89%).

Reported by Marclwald and Fvoboniung, rm.p. 112°

t

39

2-Chloroectihviimothylbenzanide” 7. Five grams of 2-chiloroetnyl-

methylamine hydrochloride was dissolved in 50 ml. of water and
cooled in an ice bath., After 5.L g. of benzoyl chloride had been
added, a solution of 3.08 . of sodium hydroxide in 30 ml. of
water was added drop by drop to the well-stirred mixturc. Stirring
was continued for fifteen minutes after the addition had been
completed. The reaction mixture was extracted three times with

ether, the ether solution was washed twice with water and dried
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T

over sodium sulfate. After removal of the solvent under reduced

sure. There was almost no forerun. The yield of crude amide
before distillatioh was 95-9% of slightly colored rather mobile

liquid. ‘ .

Reaction of 2-Chloroethyli-ethylbenzamide with Silver p-Tol-

uenesulfonate. To a soluticn of l.4k g. of crude 2-chloroethyl-

mcthylbcn;cmide in 50 ml. of anhydrous methanol was added 2.03 g.
of silver p-~toluenesulfonate and the mixture was refluxed for
fifteen minutes on a stcam bath. At the end of this time the
srecipitated silver chloride was filtered off on a sintered

glass funnel and the filtrate was evaporzted to dryness under
reduced pressure. A light yellow viscous liquid remained which
crystaliized readlly on trituration with methanol mixed with '
30-60° peiroleum ether. The solid was completely dissolved in
metianol and the solutizn was filtered through Filter-Cel to re-
move & small amount of insoluble material. Cooling of the filtrate
save 1.01 g. of small prisms, m.D. 129.5-131.5°. A second'crop
was obteained by concentruotion and cooling of the mother liquor,
weighing 0.51 g.» m.p. 129-131°. Total yield: 1.02 g. Further
recrystaliization from methanol gave cclorless prisms; m.p. 130.5-

131.5°,
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3

Anal. Calcd. for Cl7Hl9OhNS (ester): C, 61.26; H, 5.7 ;

Found : C, 59.91; H, C.08;
i , N, ¢5; S, 9.0

-~

Disagreement of the analytical rcsults with the calculated

e

for the tosyl ester and the ready solubility of the material in

‘ water suggested that the reaction product was actually an amine
| salte.
This was shown as follows. 2-=Mcthyl aﬂlnoethylbon zoate hydro-
chloride was prepared from 1 g. of 2—cxloroethylmethylamine hydro-
chloride, 1.08 g. of benszoyl chloride and 0.¢1 g. of sodium'hydroxide.
After extraction of the amide with ethicr and washing with water, the
ether solution was dried over magnesium sulfate and the solvent was
i resoved under reduced pressure on a stecam bath. The crude benz-
aniide remaining was treated with sceveral ml. of water and heated
on a steam bath until comnlete solution had occurred - The water
was distilled off under reduced pressure and the crystalline
residue was recrystallized from acetone. Methylaminoethiylbenzoate
nyvdrochloride was obtained as long Qlle ncedles; weight, 0.88 g.
(53.2%); mep. 1h4R.5-143.5°. (Reported?gs m.p. 143°).
One-half gram of this material was dissolved in 10 ml. of
water and treated at about 4LO° ﬁith a solution of 0.0L g. of sil-

’

ver p-tolucnesulfonate in 10 ml. of water. The mixture was warmed
+ Tfor ten minutes on a stcam bath to coagulate the silver chloride

i and was then filtered through sintered glass. The filtrate was
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freed of water under reduced pressure and the white solid remain-
] ing was recrystaliized from methanol. The product after drving

in vacuo melted at 130.5-132°. The mixed melting point with the

material obtained above wcs 129-131°

' Anal. Calcd. for Cl7H2105NS (salt):

I C, 58.1 ; H, 5.98; I, 3.98; S, 9.1
Found:C, 59.91; H, €.08; I, 3.65; S, -9.0

Ethyl 2-Chloroethylmethylcarbanste (XLITI). In 10 ml. of

i water was dissolved 3.1t g. of 2-chloroethylmethylamine hydrochloride.
To this solution, cooled in an ice bath, was added 2.(4 g. of ethyl
ichlorocarbonate and then, with stirring, a solution of 1.95 g. of
sodiun hydroxide in 20 ml. of watcr was added drop by drop. Stir-

ring was continued for fifteen minutes more and the reaction mix-

ture was extracted three times with ether; the organic solution
was washed several times with water and dried over magnesium sul-
fate. Removal of the solvent leit 3.85 g. of“yellow liquid which
upon dlBLLLLﬂulOH at 9-10 ma. gave 3.27 g. (81.2%) of colorless
liquid boiling at 83-4°.

To establish the structure of the urethone and to compare its
rete of rearcancement with the benzoyl derivative, 2 £. of 2-

cnloroethylmethylamine hydrochloride was convertcd to tihie urecthane

and after extraction with cther and wasiing with water was refluxed

with 15 ml. o £ water for twenty-five minutcs before solution was

complete. The water was removed under reduced pressure on & steam

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-

85

bath and the white crystolline residue was recrystallized from

acetone. The cthyl 2-methylaminocthylcarbonate hydrochloride

(XLIV) crystallized as small prisms, m.p. 117-8°; yield, 1.15 g.

-

(40.7%)+ Further reccrystellization from acetone raised the melting
point to 117.5-118°.
Anal. Caled. for CéthOBNCl: Cy 39.2 3 Hy 7.63; U, 7.€3;
Cl, 19.3
Found: C, 39.38; H, 7.75; N, 7.04;

Cl, 19.3

B—Hydroxyethylmethyl:p-toluonesulfonamide37. In a 500 ml.

two-necked flask were placed 15.2 g. of methylethanolamine, 100 ml.

43

of water and & g. of sodium hydroxide. A stirrer and reflux con-

— PP ——

denser were arranged and 38 g. of p-toluenesulfonyl chloride was
added. The mixture was then stirred vigorously and heated on

a stcam bath for threce hours. The cooled reactlon mixture was
then extracted with ether, the cxtrgcts being combined and washed
with water and dried over sodium sulfete. The yellow oil re-
maining aftér removal of the solvent was distilled yielding

35.6 g (7€.9%) of viscous translucent ligquid at 175-9° under
0.05 mm. pressure. Slotta and Behnisch preparced this compound

as described above but gave no boiling point under reduced pressurc.
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p=Toluencsulfonyl Ester of 2-Hydroxyethylmethyl-p-toluene=~

sulforamide (XLV). In a 500 ml. Erlenmeyer flask was placed
¢.65 g. of Z2-hydroxyethylmethyl-p-toluenesulfonamide and 25 ml.
of pyridine (dried over sodium hydroxide pellets). While being
swirledxin an ice bath this solution was treated with 11.0¢ g.
of p-toiuenesulfonyl chloride dissolved in 50 ml. of dry pyri-
dine in such a way that the temperature of the mixture did not
rise above 10°. The mixture was allowed to stand ten hours and
was then poured into an ice cold solution of 78 ml. of concentrated
hydrochloric acid diluted to 250 ml. with water. Tne oil that pre-
cipitated crystallized upon scratching and was taken up in a mixture
of one-third ether and two-thirds benzene. The aqueous layer was
extracted several times with ether and the combined solutions were
washed twice with dilute hydrochloric acid, once with watcr and
dried over mar-nesium sulfaote. After the solvents had been re-
moved, the residue was recrystallized from aqueous methanol
giving 7.33 g. (66%) of colorless gronular cubes; m.p. 81-2°.
A sample after several recrystallizations melted at 84~5°.

Anal. Calcd. for Cl7H2105N82: C, 53.2 ; H, 5.48; N, 3.65;

S, 1€.7
Found: C, 53.13; H, 5.4 ; My, 3.5 3
S, 1(.76

v

Methanesulfonyl Chloridehz. . In a 500 ml. four-necked flask

provided with a stirrer, reflux condensers; dropping funnel and
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thermometer was placed 152 g. (105 ml. of material obtained from
Standard 0il Co. of Indiana) of methanesulfonic acid. With
stirring and the temperature held at 85-90°, 238 g. of thionyl
chaloride was added over, a period of four hours. Heating at 90°
and stirring were continued for three hours after the addition
vias coilpleted. Distillation of the dark rcaction mixture at
18 nm. gave 56.7 g. of clear colorless liquid at €7-9° (33%).
The yields reported by Noller and Hearst could not be ob-

tained in two attempts.

Methanesulfonyl Ester of 2~Hydroxyotgy1methyl-p—Tolqene-

sulfonamide. A mixture of 50 mil. of dry pyridine, 12.27 g. of

2-hydroxyethylmethyl-p-tolucnesulfonamide and 20 ml. of dry benzene
was trcated in small portions with a solution of 8.65 g. of meth-
anesulfonyl chloride in 10 ml. of dry benzene. The mixture was
swirled in an ice bath during the addition of the acid chloride
and allowed to stand sixteen hours at room temperature. The re-
action mass was poured into ice cold solution of 50 ml. of con-
centrated hydrochloric acid diluted to 100 ml. with water. A
crystalline solid formed and was extracted into a mixture of ether
and benzeﬂe (about 2 1. were roquifed). This was washed twice
with 3 N hydrochloric acid and then with sodium bicaroonate until
neugral. After removal of the solvents, the rcsidue was re-

crystallized from benzene-petrolecum ether and gave 14.95 g. of
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i

product,; m.p. 75-80°, in the first crop and 0.« 5.y Nepe 72=57,

~

in the second. As in the case of the tosyl ester, several melting

7

points were obscrved with this compound: 74-6° and 78-9°. ‘hen

methanol was substituted as the solvent, the melting point was

| $5-9%.
Anal. Calcd. for C 17O Ng C, 43.0; Hy 5.5L; H, L.56; 35, 20.8
Found: C, 47.2¢;1, €.00; 1, 4.22; S, 19.31

L7 L5 ¢.27
L?.S? 6.13

i Since this comound showed no promise in the alkylation of

L 2-phenyleyelohexanaiie, no attenpt was made to find an explanation

h for the analviicaol resulis quoted cbove.

2-Chloroctinyl-p=t Q;gpnesggionateAB; Thirtvy grams of p~toluene-

sulfonyl chloride and 25.34 g. of ethylene chlorohydrin were dis-
solved in 50 ml. of dry benzene and trcated while being swirled
in an ice bath with 50 ml. of dry pyridine. After naving stood
at room temperature for three hours, the mixture was treated
slowly with 50 ml. of concentrated hydrochloric acid. Separation

of the benzene layer and extraction of the agueous phase gave,

'

after washing with water and drying over sodium sulfate; 32.43 g.

(73%) of product =s a colorless liquid boiling at 191-2°/1h-5 mm. 1

2-Chloroetivlmcthanesulfonate. Twenty grams of methane-

sulfonyl chloride and 20.3 g. of cthylene chlorohydrin were

dissolved in 50 ml. of dry benzene and swirled in an ice bath
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during the slow addition of 50 ml. of dry pyridine. The reaction
nixture was allowed to 5tand one and onc-half hour before being
treated with 100 ml. of & N hydrochloric acid. The benzene

laver was scparated and the aqueous was extracted taree times with
ether. The combined organic solutions were washed with water and
ien with sodium bicarbonate solution until necutral and dried over
sodium sulfate. Thne solvents were rermoved and the residue was

fractionated under reduced pressure. A clecar colorless oll re-

sulted at 118-9° under 8-9 mm. pressure and wei~shed 21.8 g. (79.2%).
Anothier preparation that stood for thirty hours gave only

L3% vield.

N

inzl. Ciled. for G3H,03C18: €, 22.7; H, L.42; Cl, 22.35; S, 20
S,

Found: C, 22.9; H, L.51; Cl, 23.12; 19.87
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SUMMARY

The synthesis oﬂ 3 ~oxo=-2~-phenyleyclohiexaneacetic acid by
the MMichael addition of malonic ester to 2—phenyl~62-cyclohoxenone
was accomplisched. New methods for the synthesis of cis~ and

trans~ 2-plicnylcyclohexaneacetic acid were developed. From the

trans- acid, trans-octahydrophenanthrone was prepared. ,

Tne following six amines or derivatives of amines were syn-

thesizede.
‘ H
M YTH [-COO0EL
' -
L2 H cocty  °
’CHB
0* o z NCOC H '
COCgH 2
|
This is the first time compounds of this type have ever been
prepared. They should prove to be valuable key intermediates
| * for the synthesis of morphinane and other morphine-like compounds.

90
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Because of their similarity to an opened morphine molecule, some
of them will be subnitted for testing for andlgosic activity.

The following two cyclic amines were prepared and their re-
actions studied. These compounds are hydroindoles with an angu-
lar phenyl group. The benzencsulfonyl derivative of one of these

was prepared.

2

CH3

‘ Other results of this investigation were:

(1) the preparation of a hydrobenzo-u-pyrone with an
angular phenyl group,

(2) the first Curtius reaction involving a §~keto acid,

(3) the rearrangement of ethyl B-chloroethylmecthylcarbamate
to eihyl'ﬁ-methylaminoethylbarbonate hydrochloride by
reaction with water.

(4) the pfeparation of 2-methoxyethyl-2-phenylcyclohex-
anone from the sodio derivative of 2-phenylcyclohexi

anone and the benzenesulfonate of methyl cellosolve,
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