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Anal. Caled. for CoHyCINO:: C, 61.D1; H, 6.14; N, 3.50.
Found: C, 61.05; H, 6.49; N, 3.56.

Spatial relationships between the benzyl and 2-methyl derivi-
tives remain uncertain.

N-Substitution of V. --Introduction al substiluents o 1-
position of V folowed typical procedures described in the pre-
vious paper.!  Products are presented in Table I1 (1-8).

Synthesis of VIL--VI was refluxed with 489, HBr for 203t
min. and worked up i the usual way. The products arc pre-
sented in Table IT (9-16).

1-Acetyl-2,3-dimethyl-3-( 3-methoxyphenyl)piperidine.-—Ace-
Lyl eltloride (0.59 g.) in acetone (3 ml.) was added to a mixture of
V(R = CHy) (1.1 g), K.CDy (1 g.), and acetone (20 ml.) at
2-4°% over a period of 20 min. The mixture was stirred at 2-4°

Vol s

for 1 hr., an room temperature for 35 br., then allowed o stand
overnight at room temperature and filtered.  Acelone wax re-
moved by dislillation and the restdue was dissolved it ether,
washed with waler, dried, and evaporaled,  Distillatinn af Loe
restdue gave e calorless otl (1L g, bop. 160 1681° 00055 mu. ;.

el Caled, £ CrgHayNOw: o (U 750550 T SNT N,
Fowd: 07365, H, 8720 N, 536
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Following the discovery of the meperidine level of analgetic activity in the pyrrolidinylphenol (1), over sevenly

additional compounds of thix type have been synthesized.
some instances, novel aspects of synthetic pyrrolidine chemistry.

The chosen routes to these compounds provide, in
Pharmacologically, few, if any, of the addi-

tional compounds prepared had activity as great as the original I Lhe activity of T ilself was lound w be dis-
tributed between its d and [ optical isomers in a ratio of 1:2.

In carlier work on pyrrolidine analgetics® we showed
that the inclusion of a further alkyl substituent in the
pyrrolidine ring changed a compound of sub-codeine
activity (IT, R = H) into one having clear analgetic
activity [II, R = 2- or 4-CH; or 2)5-(CH3):]. When,
therefore, we found a meperidine level of action in the
pyrrolidinylphenol (1),? we decided to effect substitu-
tions i1t the free positions of the ring; from this we were
led to effect changes i other parts of the molecule.

HO
OCOC,H;

\ \
CH, CH,

] il

Chemistry.—While the 3,3-diarylpyrrolidines have
been fairly extensively examined, the 3-alkyl-3-aryl
and the 3,(2, 4, or 5)-dialkyl-3-arylpyrrolidines have
received little attention.?

The major intermediate in our work was the chloro-
nitrile IV, prepared by alkylating the appropriate ben-
zyl cyanide with sodamide and an alkyl bromide, then
treating the product IIT with more sodamide and 1,2-
dichloroethane. Reduction of the chloronitrile IV
with lithium aluminum hydride gave, in excellent yield,

(1) J. F. Cavalla, J. Davoll, M. J. Dean, C. 8. Franklin, D. M. Temple,
J. Wax, and C. V. Winder, J. Med. Pharm. Chem., 4, 1 (1961); J. F. Cavalla,
R. AL Selway, J. Wax, 1. Scotti, and C. V., Winder. ibiid., 5, 441 (11162).

(2 J. F. Cavalla, R. Jones, M. Welford, J. Wax, and C. V. Winder,

(hid., T, 412 (1964).
(3) IJ. AL Despoea aml 140 AL 3. Jansvea, J. dme Chewn, Soc., 81, 6281

1y,

the 3,3-disubstituted pyrrolidine V. Other chemieal
reducing agents found to be inactive were potassium
borohvdride—aluminum chloride in  ether, stannous
chloride, sodiunt merabisulfite, and thiourea dioxide.
Catalytic hydrogenation followed by ecyclization was
also unsuccessful.  Probably the nitrile group 1= =0
hindered that reductive dehalogenation precedes ve-
duction of the nitrile.

R R
== R’ CICELCH,C = R LiAlH
Vi Ho — 7
(e D
111 . C
13Y%
R
R
N
|
H

To prepare the 2-substituted pyrrolidines, the ¢hloro-
nitrile I'V was allowed to react with a Grignard reagent
in dibutyl ether when, on boiling, the Grignard com-
plex VI cyclized spontaneously to the pyrroline VIL*
[t was found preferable to isolate the pyrroline at this
stage, even if only in an impure state, then reduce with
lithimn aluninum hydride to the pyrrolidine VIH
rather than add the erude reaction mixture directly to
the hydride.  Catalytic hydrogenation with a varicty
of catalysts (Rancy nickel alone and with annnoniz,

(1) L. C. Craiz, 11. Budlirook, and 1R, M. Hixan, ibid., 83, 1821 (1usis.
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platinunm in neutral and acid medium, and rhodium on
alumina) was generally not satisfactory. In one case
(VII, R = H; R’ = C;H7; R = CH;) where catalytic
hydrogenation of the pyrroline was successful, the re-
sultant pyrrolidine appeared isomeric (threo—erythro
isomerisin?) with that obtained from chemical reduc-
tion.

R i R i
e /R R ‘MgX R heat
\_/
CN Rl/ \
Cl BrMgN
v Cl
VI
R
R’
LiAlH,
—_—
R// N
H

VIII

When a m-methoxy group was present (III-VIII, R
= OCHs;), the above sequence of reactions did not
proceed so straightforwardly. Thus in the Grignard
step (IV — VI), both the yield and the nature of the
products obtained were dependent upon the temipera-
ture at which the reaction was performed and on the
nature of the Grignard. With methylmagnesium io-
dide, when the solvent was kept at 125°, the expected
product (VII, R = OCH,) was obtained but, if the di-
butyl ether (b.p. 142°) were refluxed, partial deniethyla-~
tion occurred and a phenolic zwitterion (VII, R = OH)
was isolated. From the analytical figures, the
N-methyl structure could not be excluded, but our
proposed structure was confirnied by reduction of the
compound with lithium aluminum hydride to the
pyrrolidine (VIII, R = OH) which on acetylation gave
the N,O-diacetate (IX).

OCOCH,

o
COCH,
0.4

When ethylmagnesium iodide was used, both the
normal product (VII, R = OCH;; R’ = C;H7; R =
C:H;) and the zwitterion (VII, R = OH; R’ = C;Hy;
R’ = C,H;) were formed, although the normal product
was more stable than the analogous methyl compound
and could be isolated from reactions where the dibutyl
ether had been allowed to boil. 'With propylmagnesiuni
iodide, no demethylation occurred even after 4 hr. of
refluxing; only the methoxypyrroline (VII, R = OCHs;
R’ = R = C;H;) was isolated.

It is noteworthy that the infrared spectra of the three
pyrrolidinyl phenols (XI, R = OH; R’ = CHy; R =
CH;, C.H;, or C;Hy) show a gradation in the zwitterionic
character of the compound. Thus, in the 2500-3500-
eni.~! region the NH* absorption of the 2-CHs com-
pound is intense, that of the 2-C,H; is moderate, while
the 2-C;H shows hardly any NH* absorption, and only
OH peaks can be seen.
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On one occasion excess methyl iodide was used to
nmake the methylmagnesium iodide prepared for re-
action with the m-methoxyphenylchlorbutyronitrile
(IV, R = OCH;), when the solvent was not refluxed.
The unreacted methyl iodide then stayed in the reaction
niixture until the pyrroline VII was formed, when re-
action between them occurred with the formation of
the quaternary pyrroliniuni iodide (X). This sequence
was confirmed by treating the freshly prepared pyrro-
line with methyl iodide to obtain the same quaternary.
Reduction of X with lithium aluminum hydride gave
the N-methylpyrrolidine (XI). No such quaternaries
could be obtained with the 2-ethyl- or 2-propylpyrro-
lines, even on treating the pure pyrroline with methyl
iodide.

R R
R’ R’
LiAlH,
—_—
\N
R’ N R’ 1TI
H
VII VIII
lCH;;I l HCHO-HCOH
R R
R/ R/
LiAlH,
_
\+
R’ N R’ N
| |
CH,. 1™ CH,;
X XI

Apart frony the reduction of pyrroline quaternaries,
the pyrrolidines obtained by these routes were unsub-
stituted on the nitrogen atom. Methylation at this
postion (VIII — XI) was readily effected by boiling
with formic acid-formaldehyde mixtures. Demethyla-
tion of the m-methoxy group was accomplished by
boiling with hydrobromic acid.?

In an attenipt to improve the yields obtained from
the reaction of the chloronitriles IV with Grignard
reagents, the 2-phenylvaleronitrile (III, R = H; R’ =
CsHr) was alkylated with 2-ethoxyethyl bromide to
give the ether XII which with methylmagnesium iodide
gave the imine XIII, readily reduced with lithium
aluminun: hydride to the analogous amine. Difficulty,
however, was experienced both in removing the pro-
tecting ethyl group and effecting cyclization of the re-
sulting hydroxylainine; the route was not further

examined.
— C;H: — C,H,
CH Mgl
\ /7 < >
CNoc> H \ //< 3
2115 CH3 NH OC2H5
X XIII

The 4-alkylated pyrrolidines (XVI, R’ = CH; or
CsH7) were obtained by reaction of valeronitrile III
with ethyl a-bromopropionate or ethyl a-bromovalerate
to give the ester nitrile XIV. This with lithium alumi-
nun hydride gave the hydroxylamine XV which, with
thionyl chloride followed by elimination of the elements
of hydrochloric acid, cyclized to the pyrrolidine XVT.
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The only d-alkyl compounds prepared were those hav-

ing the d-methyl substituent XXI. These were pre-
parcd hy treating the valeronitrvile 111 with propylene
oxide to give the hydroxynitrile XVII. From the
mfrared spectrunt of the product it was scen that it
existed mainly as the inmino ether XVIIL.  Probably for
this reason, reaction of the compound with halogenating
agents was unsatisfactorv.  Only in the case of the
unsubstituted phenyl compound XVIIL (R = H) was
1t found possible to proceed to the halogenonitrile XIX
and from there to the pyrrolidine XXT1 by reduction and
evhzation. When the phenyl group was substituted
(XVIIL, B = OCH,), the hydroxynitrile 41imino ether
mixtwe was reduced to the unequivocal hydroxyl-
annne XX which, using previous teclniques, gave the
pyirolidine XXI without izolation of 1hie halogeno-
anine,
R

CH;

XVII X

LiAlH, LiAlH,

CH,

XX XXI1

Attempts to improve yields i the syuthesis of I were
were generally disappointing.  Treatment of I-chloro-
1-m-mcthoxyplienylbutane with sodium eyanide  re-
sulted in considerable dehydrohalogenation.  Substitu-
tion of [-bromo-2-chloroethane or 1,2-dibromoethane
for 1.2-dichloroethane in alkylation of I[II (R’ =
C4H:) to IV resulted in little immprovement.  Ethylen-
hnine failed to react with III (" = (GHi) to give the
aminonitrile XXII,  Substitution of ethylene oxide for
propylene oxide to produce the imino ether XXIII¢
gave poor yields and the major product appeared to he
the high-boiling polyether XXIV. The substitution of
chlorohydrin for ethylene oxidet gave no hetter yields.

o5 1o 1bsffmana-la Roche, Beitish Patent 811,698 (April 8, 1959).

Gy LN King, IL 7, Latham, and M. W. Partrides, J Chen. S
4268 (1uH2)

Vol. 8

R R R
CsH: CaHy >:—\ CsHy
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CN ./ 1IN Z CN O[(FHQ)QOJHH
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XXH XX1I XXV

From the nuino ether that was obtained from thesce
routes, however, the correspouding lactone XXV was
readily prepared and with methylamine, nnder pressure,
vave the lactam NXVID 1t s of interest that the
corresponding S-methyl lactone XXVIT obtained by
hydrolyvsis of the nnno ether XVIID gave uo lacton
with nrethivlamine under the most foreing conditions,
unlike the simpler compound XXVIII which gave a
lactam with annnona.”™  The lactain XXV gave the
pyrrolidine with lithinm aluminum hydride. but elee-
trolytic veduction® was not effeciive,

R
R
CsH;
XXV XXVl

XXVIII

Substitution, other than ni-methoxy, on the 3-phenyl
group was achieved by starting with the appropriately
substituted  butyrophenone following the  synthesis
given inour earlicr work.?

Iinally, variation of the mitrogen substituten! was
effected by treating a pyrrolidine possessing a frec
NH group (V) either with the requisite alkyl halide or,
m once case, with a Mannich base quaternary following
procedures deseribed earlier.r The N-oxide was ob-
tained by treating the N-methyl compound with mono-
perphthalic acid.

Attempts to resolve the most active compound 1
as its methyl ether with 7= and /~artarie acid were
nnsuceessiul. Upon using - and [-tolyliartarie acid,
Lowever, the two optical isomers were obtained whicl,
with the customary chemieal procedures, gave the two
i=omerie phenols and the two acetates.

Experimental®

The phiysical properiies of the compounds prepared are cal-
lected in Tablex T-IV. "The experimenlal details given here -
rectly relate to Lhose tublex.

Substituted Benzy! Cyanides (Table 1), Method A.--This
method is modeled on that of Murray and Cloke . The benzyl
eyanide (1 mole) was added to a suspension of sodanide I1
mole) in dry benzene (1 1.) while keeping the temperature below
3°, and stirred at this temperature for 1 hr. The alkyl halide

7y A. T Daenlop and 1. Sberman, U. S0 Paicend 2,681,849 (Jane 15,
1954;.

(8 E. Sp#th and I'. Breusch, Monaish. 50, 349 (1028).

(9) Melting poinle are uncorructed, the work being completed before 1l
esquirements of “onerican Chewmical Society publications were known.

Q0 10V Murray wed 1L B Cloke, J. Awmi. Chon. Soc., 68, 126 (1946 .
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(1.1 moles) was then added slowly to the stirred mixture (tem-
perature still below 5°). With continuous stirring, the whole
was allowed to attain room temperature during 2 hr. The
mixture was then refluxed for 3 hr., cooled, washed with water,
dilute acid, and water until neutral and then concentrated and dis-
tilled in vacuo.

Method B.—The monosubstituted benzyl cyanide (1 mole)
in dry benzene (600 ml.) was added to a stirred suspension of
sodamide (1 mole) in dry benzene (1 1.) through which a stream
of dry nitrogen was passing. No attempt was made to cool
the reaction mixture; for convenience the addition was begun
with the sodamide suspension at approximately 40°. Once
addition was complete the mixture was refluxed and stirred for
3 hr. while continuing the passage of nitrogen. Heating was
discontinued, the mixture was cooled to 5-10°, then treated slowly
with the alkyl halide (1 mole). Generally, an exothernic reac-
tion ensued, and efficient cooling was needed to maintain the
temperature limils. After addition, the suspension was stirred,
allowed to regain room temperature, refluxed for 3 hr., cooled,
washed with water, and distilled 7n vacuo.

Method C.—The monosubstituted benzyl cyanide (1 mole)
in dry ether (40) ml.) was added to a stirred suspension of soda-
mide (1 mole) in dry ether (700 ml.) through which a stream of
nitrogen was passing. An exothermic reaction ensued, and the
solvent boiled. After addition of the nitrile, the mixture was
stirred and refluxed for 3 hr., (nitrogen atmosphere). The heat
was then removed and the alkylene oxide (1.1 moles) was added
in dry ether (200 ml.). After addition, the mixture was again
refluxed for 2 hr., cooled, and washed with water. Concentration
and distillation in vacuo gave the product as a mixture of hy-
droxynitrile and imino ether,

Method D.—The appropriate hydroxynitrile, imino ether, or
nitrile ester (1 mole) in dry ether (400 ml.) was added to a suspen-
sion of lithium aluminum hydride (1-2 moles) in dry ether (600
ml.) with stirring. The mixture was then refluxed for 4 hr,
5 N caustic soda (50 ml.) was then added cautiously, and reflux
and stirring were continued for another hour. The mixture
was filtered, concentrated, and distilled to give the required hy-
droxyl-or alkoxyamine.

Method E.—The hydroxynitrile-imino ether mixture (1 mole)
was added cautiously to phosphorus tribromide (2.5 moles).
The mixture was refluxed for 30 min., cooled, and poured into
ice-water. Extraction with benzene gave a light red oil which,
on distillation in vacuo, gave the bromonitrile.

Method F.—Was essentially the method of Icke, et al.tt

Method G.— The cyano ether (23.1 g.) in dry toluene (150 ml.)
was added to a solution of methylmagnesium iodide [from 2.6
g. of Mg in dry ether (100 ml.)]. The ether was removed by
distillation while replacing the lost volume with dry toluene.
The toluene solution was refluxed gently overnight, cooled, shaken
vigorously with NH.Cl and ice-water, concentrated, and dis-
tilled 7n vacuo to give the imine.

Substituted Acrylic Esters (Table II).—These compounds were
prepared following the method described in our previous work.?

Suceinimides (Table III).—These compounds were prepared
following the previously described method.?

Pyrrolines, Method H.—The chloronitrile (1 mole) in di-
butyl ether (400 ml.) was added to a solution of the appropriate
Grignard reagent (3 moles) in dibutyl ether (800 ml.), and the
whole was refluxed and stirred for 6 hr. The mixture was cooled
and shaken vigorously with NHCl and ice-water (305;). The
ether solution was concentrated and the crude pyrroline was
either distilled or used as such.

Method I.—Using 3-cyano-3-(m-methoxyphenyl)hexyl chlo-
ride and methylmagnesium iodide in method H gave, after the
addition of the cold aqueous NH,Cl, an insoluble viscous gum
which, on trituration with chloroform, furnished a crystalline
solid. Further quantities of this solid were obtained from the
dibutyl ether. In a potentiometric titration it had pK = 5.3
and 12.0, corresponding to the basic nitrogen and the phenolic
hydroxyl. The structure for this compound was confirmed by
conversion to 3-(m-acetoxyphenyl)-1-acetyl-2-methyl-3-propyl-
pyrrolidine (Table IV).

Method J.—Method H was followed except that the dibutyl
ether solution was kept at 125° for 4 hr. then hydrolyzed with
30% aqueous NH,Cl at 60°.

(11) R.N.Icke, B. B. Wisegarver, and G. A. Alles in ‘Organic Syntheses,"
Coll. Vol. 111, E. C, Horning, Ed.. John Wiley and Sons, In¢.. New York.
N.Y. 1935, p. 723.
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Method K.—Foliowing method H but refluxing for only 4 hr.
gave an insoluble gum which, on trituration with chloroforni.
vielded the phenolic zwitterion, m.p. 144-148°. Concentration
of the dibutyl ether laver gave the m-methoxyphenylpyrroline,
b.p. 140-150° (1.0 mm.), which was not purified. As with the
corresponding 2-methyl compound (method I) confirmation of
the phenolic structure was obtained by preparation of the N,0-
diacetate (Table IV).

Method L.—Using an excess of methyl iodide (1.8 moles)
when making the Grignard reagent in dibutyl ether for use in
method J gave a larger-than-usual quantity of insoluble gum.
On trituration with ether this furnished the pyrrolinium quater-
nary, identical with that obtained by treating freshly distilled
3-(m-methoxyphenyl)-2-methyl-3-propylpyrrol-1-ine with methyl
todide in acetone.

Pyrrolidones and lactones (method M) were prepared from
crude 3-cyano-3-(m-methoxvphenyl)-1-hexanol following the
Hoffmann-T.aRoche method.®

Method N.—3-Cyano-3-phenyl-1-hexanol® (24 g.) in aqueous
methylamine (120 nil.,, 4097) was held at 190° (autoclave)
overnight. Distillation in zacuo gave the pyrrolidone.

Substituted Pyrrolidines (Table 1V). Method O.—The ap-
propriate succinimide (Table III) was reduced with lithium
aluminum hydride!? to give the pyrrolidine.

Method P.—The appropriate halogenonitrile (Table I)
(1 mole) in dry ether was added to a stirred suspension of lith-
ium aluminum hydride (1 mole) in dry ether. The mixture was
refluxed for 6 hr. then worked up following method D.

Method Q.—The appropriate pyrroline (Table III) (1 mole)
was reduced with lithium aluminum hydride (1 mole) following
method D.

Method R.—The pyrroline (5.2 g.) in absolute ethanol (100
ml.) containing concentrated HCI1 (2.5 ml.) was shaken at at-
mospheric pressure and 50° with palladized charcoal (0.5 g,
109,) and hydrogen; 470 ml. (theory, 580 ml.) was absorbed.
Filtration, concentration, basification, and ether extraction
followed by distillation sn vacuo gave the pyrrolidine.

Method S.—The appropriate hydroxylamine (Table I) (1
mole) in chloroform (500 ml.) was saturated with HCI, cooled
to 0°, and treated with thionyl chloride (2 moles). The mixture
was stirred and allowed to regain room temperature, brought
to reflux temperature during 1 hr., and held there for 2 hr.
The solution was concentrated, poured into water, and strongly
basified with K,COQ;, and the stirred mixture was kept at 95°
for 1 hr. Isolation and fractional distillation of the resulting
water-insoluble oil gave the required pyrrolidine.

Method T.—The pyrroline methiodide (Table III) (5 g.).
slurried in dibutyl ether (125 ml.), was added to a stirred suspen-
sion of lithium aluniinum hydride (1 g.) in dibutyl ether (25 ml.).
The whole was refluxed and stirred for 1 hr. Water (5 ml.)
was added cautiously, and the mixture was stirred for 20 min.
filtered, concentrated, and distilled.

Method U.—The appropriate methyl ether (Table IV) (0.1
mole) in hydrobromic acid (90 ml., 489,) was refluxed for 3 hr.
and concentrated n vacuo to an oil. It was dissolved in water
(100 ml.) and basified with K,CO;, and the precipitated oil was
isolated by extraction with five 80-ml. portions of a benzene-
ether mixture (2:1).

Method V.—The phenol (or, in one case, the secondary alcohol)
(0.1 mole) in pyridine (40 ml.) with the appropriate acid anhy-
dride (80 ml.) was held at 110° for 2 hr., and the mixture was
concentrated and distilled in vacuo.

Method W.—The phenolic pyrroline (Table III) (1 mole) was
reduced to the corresponding pyrrolidine in dry tetrahydrofuran
using lithium aluminum hydride (1 mole) (method D). The
crude product was then acetviated according to method V.

Method X.—The preparation of compounds somewhat similar
to these is deseribed in our earlier work.!

Method Y.—The racemic 3-(m-methoxyphenyl)-1-methyl-3-
propylpyrrolidine (150 g.) in 2-propanol (1.5 1.) at 50° was
treated with a solution of (—)-di-p-toluyl-L-tartaric acid (273
g.) in 2-propanol (1.2 1.) to give, on cooling and standing, the
crude salt (253 g.), m.p. 121-123°, brought by three further
crystallizations from 2-propanol to m.p. 138° (119 g.), [«]%D
—89.4° (¢ 0.8, ethanol).

Anal. Caled. for Ci;HsNO- CooH,s0s: C,67.8; H, 6.7; N, 2.3.
Found: C,67.7; H,6.7; N, 2.2.

(12) K. C. Schreiber and V. P. Fernandez, J. Org. Chem., 26, 1744 (1961).
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20
4
7

DD
41
90
90
N3
43
30
434
56+

~

NI N4

7
9]
o:
VB
N

.

56
4l

4 Melting poine,

Foramdu

Gl BrN
CHy)sBrN
CHNO
CrpIllaNO
Cy1Hx N,
CisHaNO.
ChralIguNO
CeHaNO
e NO
CyHENO
CHyNO
CaHENO
CoHCINO
CullgCING
CuHiBrNO
CyHuCINGO
CrlaNO,
CrHyNO.
CHuNO;
CiplTeNO;
CrI1nN Oy
CiuHaNO,
C-H2eNO,
CHyNO:
CaHCIN O,

8.6
60.0
774
70
7.7
4.1
76.0
T
T
5.
6.2
T6.8
65 .4
66.0
67~
2.1
2.8
70.06
LY
71.7
L.
5.1
751
B4 .S

1 N (

6.1 5.3 5
6.5 60
SN [C ) T
0.2 6.1 i
9.3 13.0 7
8.2 a1 74
10,5 6.0 6.
1.2 TN,
109 7
7 N 76
~.0 7. 76
N4 6.0 T
.8 L4, O [$5]
7.2 IE 64

27 x

7.6 13, 4% 0.
N2 6.0 7l

NG 5.7 o
N0 3.8 0.
N6 4.l 71
10.0 5.6 2.
10.0 5.6 Tl
10.5 5.0 3.
1.5 5.0 ER
0.5 1.1 [§31

H. Kugila and T Otne [Chews, Phoene Ball. CTokyvay,
2 Hydrochlorude.

11, 250 (1G53 mive

Found,

11
O 6.5
2 6.4
6 9.3
4 9.2
2 ¢
Rl 8.4
2 10.5
1 10.1
2 11.0
2 Ty
N N4
1 8.2
3 6.8
1 T
1 A
o0 N0
~ a2
1 5.0
D 5.0
0 10,1
D 10 .-
3 10.4
| 10.0
l 9.0
Lo L1459 0
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Tasir IT
SUBSTITUTED INTHYL ACRYLATES
’
(e
/
=
R CO.C.H,
~———Caled.. % -— ———Found, %,

R R’ B.p., °C. (mm.) np Yield, %, Formula C H N C H N
p-CH;O n-CyH; 158-163(0.6) 1.5505 70 CisHisNO; 70.3 7.0 5.1 70.5 7.1 5.3
0-CH,;0 n-CyHy 163-166 (1.1) 1.5334 54 CiH1sNO; 70.3 7.0 5.1 70.6 7.3 5.4
m-CH; n-CsH, 155-157 (0.9) 1.5326 68 CisHisNO: T4.7 7.4 5.4 75.0 7.6 5.3
mp-(CH;0).  n-CH,  170-194(0.8)  1.3546 42 C:HaNO, 67.3 7.0 46 67.0 7.2 46
m-Cl n-C;H; 138-142(0.5) 73 Ci:HisCINO, 64.8 5.8 5.0 64.3 5.7 5.0

TasrE 111
——Caled., %——~ .~-~—TFound, 9%p——-.
R R R'ne X Bup., °C. (mm.) n2n Yield, % Formula «C 13t N « M N Method
RI
Succinimides R/< > { \
07 ™N7 "0
R/I
m-OH CH,; CH,; 1424 54 CHisNO; 65.7 6.0 6.4 65.8 6.0 6.1
0-CH30 n-C;H; CH; Gum b 69 CisH1sNO; 68.9 7.3 5.4 69.9 7.5 5.1
p-CH,0 n-C;H; CH;, 180-184 (0.4) b 52 Cu:HisNO; 68.9 7.3 5.4 68.9 6.9 5.2
m-CH;, n-C;H; CH; 150-153(0.9) 62 C:HisNO; 73.4 7.8 5.7 73.3 7.7 5.6
m-Cl n-CsH; CH; 134-136 (0.2) 1.5498 70 C HiCINO, 63.2 6.0 5.3 62.6 6.1 5.0
m,p—( CH:;O )2 n—C3H7 CH3 94—96“ 30 C16H21NO4 66 . 0 7 . 3 4 8 65 . 6 7 . 3 5 1
RI
Pyrrolines
R N’
H n-CsH; CH; 110-111(1.0) 1.5250 41 CiHigN 83.5 9.5 7.0 83.5 9.7 6.5 H
OH n-C;H; CH; 141-143¢ 28 Ci1:HisNO 77.4 88 6.5 77.3 9.3 6.1 I
CH;0 n-C;H; CH; 135-150(0.4) 1.53° 35 CuHaNO 77.9 9.2 6.1 76.9 9.6 6.1 J
OH n-CsH; C,H; 144-148a 7 Ci;HuNO 77.9 9.2 6.1 770 9.0 6.2 K
CH;0 n-C;H; C.Hy, 140-150(1.0) 1.535¢ 20 K
CH0 n-Cy;H, CH; 147-148a CgHyINO¢ 515 6.5 3.8 51.2 6.7 4.0 L
C3H7
Pyrrolidones and Lactones
07X
L,
CH,0 O 158-165(0.8) 1.5278 28 Ci1sH130; 71.8 7.7 72.1 7.7 M
H CH; N 130-140(0.5) 1.5329 69 CiHisNO 77.4 88 6.5 77.8 9.0 6.1 N
b Too viscous for determination. d

s Melting point.

The bulked mother liquors from the above, on slight concentra-
tion, gave a further 29 g. of levo base salt.

The mother liquors were concentrated and treated with aqueous
potassium carbonate, and the oily base was isolated and converted
to its (4 )-di-p-toluyl-p-tartaric acid salt, m.p. 129-131° (215 g.).
Two further crystallizations from 2-propanol brought this to m.p.
138-139° (129 g.), [«]?*p 4+81.0° (¢ 0.9, ethanol).

Anal. Found: C,68.1; H, 6.9; N, 2.2.

Treatment of these salts with base gave quantitative recovery
of the two optical isomers listed in Table IV,

Method Z.—Oxidation of the pyrrolidine (15 g.) in ether
(350 ml.) with monoperphthalic acid (33 g.) at room tempera-
ture for 3 days gave an insoluble oily solid. The supernatant
liquid was removed and the solid was dissolved in aqueous 2 N
Na,CO, and isolated with seven 100-ml. portions of chloroform.
The crude buff solid was purified by erystallization from chloro-
form-ether mixtures.

1-m-Methoxyphenyl-1-butanol.—m-Methoxybenzaldehyde
(1.8 kg.) in dry ether (3 1.) was added to a stirred solution of
propyvlmagnesium bromide (from 440 g. of niagnesium and 2.3

¢ Could not be obtained pure.

Methyl iodide quaternary.

kg. of propyl bromide) in dry ether (5 1.). The mixture was
refluxed for 7 hr., cooled, and poured onto a stirred mixture of
NH,CI (2 kg.), water (4 1.), and crushed ice (3 kg.). Isolation
in the normal way gave the almost pure secondary alcohol (2385
g.), a portion of which distilled at b.p. 106° (0.8 mm.), n?Dp 1.5236.

Anal. Caled. for CuHiO:: C, 73.3; H, 9.0. Found: C,
73.3; H, 8.9.

1-Chloro-1-m-methoxyphenylbutane.—1-m-Methoxyphenyl-1-
butanol (90 g.) in pyridine (55 ml.) was treated below 30° with
thionyl chloride (66 g.) during 1 hr. The stirred mixture was
warmed to 80°; an exothermic reaction set in and the tempera-
ture rose to 110°. The mixture was allowed to cool to 40°,
poured into ice-water, and acidified with 2 N H,80,. Isolation
with ether and distillation gave the slightly impure secondary
chloride (77 g.), b.p. 89-93° (0.8 mm.), n®p 1.5264, which was
analyzed as follows.

Anal. Caled. for C,Hi:ClO: C, 66.5; H, 7.6; Cl, 17.8.
Found: C,68.3; H,8.1; Cl, 15.7.

Reaction of 1-Chloro-1-m-methoxyphenylbutane with Sodium
Cyanide.——The secondary chloride (49 g.) was added dropwise to



TapLe IV

SUBSTITUTED PYRROLIDINES

RI
3 4 7

R 2 75

N

L{lﬂ
Calied., - - = Fonnd, ‘oo e

R R R R Iip., °C. Qaar)  Metlnst o Yiebd, n*o Torwals « 11 N C* 1I N Tl cin 1011

oI n-C:H; H 11 94 95(0.5) r 80 1.5316  CyH N 10.1 T M2 1002 T3
2 1 n-C;H;  2-ClL, 3 100--1D2 (0. 3) R 48 1.5282  ChgHy N 2.7 104 G 825 10.2 7.0
3 H n-CsH;  2-CH; i 185- N5 R b CHanCIN 001 0 AN T2 90 5.7
4 H n-Cqll;  2-CH, H 110-125(1.0) Q 30 1.5237  CullyN R2.7 104 6.9 824 100 7.5
5 H n-C;H; 2-Cy 11 2312354 Q b CyHACIN 7001 9.3 s T4 u.4 140
6 H n-CgHl;  4-CHj, H 120(1.2) S 72 1.5305  C N 827 1004 6. 822 T 6.7
7N n-Cyll;  5-CHj H 04-95 (0. 6) P 80 1.5214  ChdlN 2.7 104 6.9 S2.X 1.4 6.7
8 H n-C;Hy  2-C'H; CIH, 123-125(2.5) ¥ 59 1.5185  CuHgN N2.9 10.7 6.5 N2.5 108 B.2
H H n-CsH;  4-CIIy CIH, 172174~ o 76 h Chull5CIN 7.0 95 55 0.7 9% 5.6
10 H n-Cyll;  5-Cl CH, $8-80(0.5) I 50 L5010 CsHgN N2.00 1007 6.5 835 1007 6.3
11 0-CHzO n-CsH; H CH; 101(0.5) 0 64 1.5235  CHNO 77020009 6.0 769 10,1 5.9
12 »-OI1 n-C;H; H CI1, 163165+ i 72 o CoHeBrNO 550 7.5 L7 350 7.4 4.5
15 e-CHLCO. w-CsH, 1 CH, 125(0.9) v 70 15164 CyHeuNO. 550080 A T3NOR9 5.3
14 »-Cl n-Cyll; H CH; 116-118¢1 1} O 63 15308 CpIT,CIN 0.8 NA 50 TS S6 6.0
15 m-Cll, n-CyH; H CH, 141- 1420 0 70 b CaCIN Lo 95 5H T2 w4 5.5
16 p-CH0 n-CyIl; H CH, 1I8-12610.5; 0 12 15270 CeHuNO TT2O00 6.0 6.0 0y 5.4
17 p-OH n-CyH; H CH, 144--140 (0. 2) U G4 v G HLNO 67T 9T 64 764 99 6.5
IR p-CHzCO, r-CyH, 1 CH, 122(0.2) v 70 N O, IR T I B R I I 5.
19 myp-(CHy0) -Gy, 11 1L 158 154 0 S5 h CelHgCINO: 641 S5 LS 645 850 1200
20 m,p-(OH . n-C4H, H CH, 192-195 (0. 9) l 40) . Crdla N a0 6.0 TLY ST 57
21 m-CH,0 (95 P b H 117119 (0.5) I 67 15590 CoHyNO 76 D G TS 94 6h
2 m-CHz0 CH, H 1, 105 10910 1) 1 ) I 5278 (e NO 6.7 0.3 6.4 7700 9T 6.3
23 m-CHR0 n-C11, H H 150132 (0 51 P 157 1528 CuHaNO 7200 6.0 6.8 100 3.4
24 m-CHz0 n-CyHy, 1 CH, 123 124 (D 4) I’ N2 1510 CiHeNO 7T 1T TR0 02 S5
25 m-CHy0 n-Cyll;  2-CH, I 126-12710.4) Q S0 L5321 CuHaNO 77209 6.0 TTZ o101 5.7
26 m-CH30 n-Cstl;  2-CHj CI1 120-1211D.4) T 85 15224 ClleNO TTTO10.2 5.7 T80 1001 5.5
27 in-ClH,0 1-CyH;  4-ClI 13 121 (0.7) N 6 15342 CipllgNO 72009 6.0 T6.60 9.9 5.0
25 m-CH;0 n-CH;  4-CH, CH, 114 (0. 8) 5 Ol 15213 CylTeNO T 5.9 772 1005 5.6
29 m-CH3;0 n-CyH,  5-CHj; H 124 (0.3 S GY 1.5202  (GHeNO T2 90 6.0 TTD 101 5.7
30 m-CH;0 n-CsH;  5-CHj CH, 112-116(0.5) I G0 15184 CHeNO TTTO102 5.7 I8 105 5.8
31 m-CH30 n-Cyll;  2-CuH; H 1314133 (0 .6) Q 42 153500 (s NO TTLTO0.2 0 5.7 TT2 1.6 5.
32 m-CH30 n-CyH;  2-Chll, Cly, 124-125(0.6) ¥ 80 15240 (4 HeNO NGO04 3 TR 0.6 5.1
33 m-CH;0 n-CsH; 2-n-CyH; 150 152(0.77 Q 24 15207 CyHaNO TSLO104 S5 TR0 105 5.0
34 m-CH,0 n-Coll;  2-n-C3H:  C'H, 130 136 10.%) I 51 1.5235  CulluyNO NGO 10.6 501 TS6 10T 5
35 m-CH30 n-CyH;  4-n-C3H, 1 146- 1480 1.0 S 44 15209 (eHaNO N4 5 T80 D 5.0
36 m-CH30 n-CyH;  4en-CyIl;  ClH, 120 136 (. 1) I° S0 15208 CillewNO RS O10.6 0 51 TING 10N 10
37 m-CHyO n-C4H; H CH, O 170-17 1+ VA 25 NN 560 T2 8N 58
38 m-CH30 n-CyH; 1 Cul, 144 150~ X 67 b CeHaC 677 9.2 to 67T va 4
30 w-CILO n-Cyll; H n-CH, 16O 16240 51 N 10 1.5065 o HaNO T L Ll 791 112 1.6
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40
41
42
43

45

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

2 Melting point.
distillation.

m-CH;0
m—CH30
m—CHao
m-CH;0

m-CH. 30

m—CH30
m—CH30
m—CH:;O
m-CH;O
m—CHao
m—CHao
m-OH
m-OH
m-OH
m-OH
m-OH
m-OH
m-QOH
m-OH
m-OH
m-OH
m-OH
m-OH
m-OH
m—C H3CO2
’m—CH;;COz
m-CH;CO.
m-CH,CO,
m-CH;CO,
’In/-CH;;CO2
m-CIH;COq
m—CH3002
m—CI*L;COz
m-CH3CO,
m-CH,CO,
m-C.H.CO,
m-n-C3H:CO,
m—i—C,,H7C ()2
m-CH;0
m-OH
m-OH
’m—CH;;COz
m-CH;0
m-OH
m-OH
m—Cch()z

¢ N-oxide.

n-C;H;
n-C;H;
n-C;H;
n-C;11;

n-CsH;

”L—C;gH7
n-CsH;
”L—C;;H7
’IL—C;;H7
n-C;H,
n-CsH;
CH;,
C.H;,
C.H,
n-CH,
n—C3H7
n-CsH;
’ﬂ—CaH7
n-C;H;
n-CsH;
n—C3H7
n-C;H;
7L—03H7
n—03H7
CH,
Cli,;
C.H,
n-C,H,
n- 03H7
’IL—C;;I I7
n-C;H;
n—C3H7
n—CaH7
’IL—C;;H7
n—C;;} [7
’IL—C;;H7
n-C;H;
n—CaH7
”L—C;;I’I7
’IL—(‘:3H7
’ﬂ—CaH7
n—C;;H7
n-C;H;
n—(jg}h
n—CgH7
n-C;H;

=nfasieafieciaslieslivx o iaciiy . B o= -le vl ec|

2-CH,
2-CH;,
4:—CH3
4~CH3
5-CH,
5-CHj;
2-C.H,
2—7L—C3H7
4—n—C3H7
I

H

H

H

2-CH;
2-CH;,
4-CH;
5-CH;
2-C,H,
2-C.H;
2—’"/—03H7
H

H

H

H

H

I

H

H
H
H
H

* Hydrochloride.

& Pihydrochloride.

¢ Chlorine analysis,
i Quarter molecule of water.

(CH,)0(CH,),0H
(CH,),0(CH,),0H
(CH,),CoHe-p-NO,
(CH,),CsHy-p-NH,

((3}{2»r¢<:;7;:>()

(CH,).COCeHs
(CH,),COCsH;
(CH.),CHOHC:H;
(CHy),CHOHCH;
(CH:)CH(OCOC-H;)CsH;
(CH,).CH(OCOC,H;)CeH,
CH;

CH;

CII,

CH;

H

Cl,

H

CH;,

H

CH;

CH3

CH;,

CH;

CH;

CH3

CH;

CH3

CH;

CH,CO

CH;

CH;

CH;

CIL;CO

CH;

CH;

CH;

CH;

CH;

Cll;

CH;,

CH3

CH;

CH;

CH,

CH3

4 Hydrobromide,

182-184 (0.6)
106-107¢
102-104¢2
254-255¢

216218+

67-68¢
120-121a
84-854
169-170%
290-224 (1.0)
157-158s
142-143 (0. 4)
153-156 (0.6)
1631654
160-164 (0.4)
175-180(0.6)
167-169 (1.5)
175(0.6)

150 (0.8)
174-180 (0.6)
147-149 (0.4)
160-162(0.9)
154-160(0.7)
161-165 (0. 5)
114-115(0.3)
146-1474
127(0.4)
138-140(0.4)
140-141 (0.8)
192-195 (0.6)
126 (0.6)
131-133(0.8)
142-144(0.5)
166-170(0.5)
138-140(0.7)
142-146 (0.8)
146-150 (1.0)
146-148 (1.0)
115(0.8)
160(0.8)
142-1450
138-139 (1.1)
111(0.6)
153-154(0.5)
145-147=
129(0.6)

<< deMa<d<ad<gadag<<<d <docdocadcad O K M M oo K

Vv

25
30
50
30
75
51

30

90

63
60
45
40
61
88
84
57
92

88

1.5270

< oo

8‘-30‘
=]

,...
ol aaaa o ®a®®dd o & o]

—
=2
e~

70
20
71

—
(13
e

1.
1.

© ST

1.5133
1.5100
1.5195

€
1.5145
1.5086
1.5054
1.5060
1.5239

€

b
5144
.5244

4

b
1.5139

—

¢ Too viscous for measurement.
7 Hemihydrate,

ClsH'an 03
C1sHyCINO;
CaxHaCIN, Oy
CoHpCLN,O?

C22H34012N2O2

CosHygN O,
CoHyyCINO,g
CoHsNO.
CoH:2CINO,
C2:H3iNO,
Cze}{ggClNO;
CHNO
C1;HyCINO
Ci;HNO
Ci HxND
Ci:Hy;NO
CmHm NO
CisHuNO
CiuHaNO
CrHyuNO
CisH2sNO
C;;HyNO
CyHxNO
C,Hi3sNO
C1sH,CINO!
CisHaNO,
Ci:HyNO,
CiHp:NO,
C1gH25N 03
CiHzNO,
CisHaNO»
CisHyNO;
CisH2yNO,
CizH2sNO,
CisHyNO,
CysHoNO,
CG-HZ!NO
C,HaNO
Ci4H2,CINO
CieHyuNO,
Ci:HuNO
CiHxNO
C1sHpCINO
CistNOy

7 Prepared by the reduction of the crude cliloronitrile followed by fractional

77.
76.

77.:

76.
77.
76.
77.
77.
78.
8.
72.
60.
72.
74.
74.
71.
74
74.
74.
71.
75.
74.
74.
74.
77.
76.
65.
73.
77.
76.
65.
73.
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71.
63.

65

63.

59

78.
71.
78.
70.
76,
69.
75,
75.
64.
77.
77.

78

76.
77.
76.

77
78

77.

78
71
60

72,
74.
73.

71
74

74.
74.
71.
74.
74,
75.
74.
77.
76.
65.

x.
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TaBie V

RING SUBSTITITIONS

R
N (CH.).CH.
/
@jgv*{”
s
CH,

sl av.

Lssal. i.p. leikal Puteney X
. duse lethal dose®
No. n potedey  {me. of base/kz)? (0.8 X 133)
R = DH
o H 2.5 83 1.9
ol 5-C'H, 20 T 1.4
506 2-CH, 1.2 a7 ol
61 2-C,H, 0.8 NG 0.7
62 2-n-CyH; (h.Hy m 0.4
oS 4-CH;, (0.2 (5 (. 2)
63 4-n-C, s .5y N4 (0.2)
R = CH,CO,
d H 1.7 s 1.5
71 5-CH;, 1.7 o 1.2
6N 2-CH; 1.7 W L4
72 2-CyH, 0.37 1634 D.5
74 2-n-C;H- (0.3)¢ 105 (.3)
0 4-CH; (0.2)e 10H (0.2)
R = CH;0
i H 1.5 67 0.8
30 5-CH; 1.2 633 n.7
206 2-CH;, 0.8 77 0.6
32 2-C,H; 1.1 3 0.8
34 2-n-C;H; 0.7 m .5
28 4-C'H, None' 65 o
36 4-n-CsH; (0.3) I (D.5)

“ Relative to codeine (base/base), 30 min. after lreatment.
¥ Front small mimbers of voung, male, Sprague-Dawley rats ol
differing lots. ¢ 1,2-Dimethyl-3-phenyl-3-propionoxypyrrolidine
of Lhe earlier ester series is equal to 1. ¢ See ref. 2. ¢ Figures iu
parentheses were obtained by extrapolation. The eftect,
equivalent Lo 11.3 mg. of codeine base/kg., was nol actially ai-
tained at one-fourth the lethal dose. 7 Base dixsolved i vege-
Luble oil. ¢ At one-fourth the lethal dose.

a stirred solution of sodium cyanide (14.2 g.) in dimethyl sulf-
oxide (80 ml.) at 110°; an exothermic reaction occeurred and the
temperature rose to 140°. The mixture was held at 110° for
3 hr., cooled, and poured into ice-water, and the oil was isolated
with ether and fractionally distilled to give two components,
b.p. 73-80° (0.8 mm.), 15 g., and b.p. 108-112° (0.8 mn1.),
2% g. The first of these wuas m-methoxy-s-ethylstyrene:
Mome 216, 254, and 295 myu (e 31,300, 14,200, and 3230).

Anal.  Caled. for C HO: €, 81.4; H,8.7. Found: C, 80.9;
H, 8.0,

The second fraction was o-m-methoxyphenylvaleronitrile
(Tuble I).

Pharmacology

Acute lethal toxicities and antinociceptive (analgetic)
activities were determined in young male rats by the
intraperitoneal route as described earlier by Cavalla,
et al.! When possible, soluble addition salts, or bases
with equivalents of HCl) were dissolved in 0.99, NaCl.
Fxeceptions forced by poor solubilities are noted in Tables
Vand VI.

It was shown earlier? that substitution on the phenyl
nucleus is necessary for activity in this series. The
specific nature of the required substitution is now
examined in more detail in Table VII. It is inferred
that substitution of an oxygen function (HO, AlkCO,,

Vol &

TasLe VI

NCBRTITETIONS ON THE NPTROGEN

It
. CH..(H.
ot
N
R
Eaud. av.
. leshial
Listd. dose Potency X
L. Ong. of - lethal dos
Nn. I ritency base/ka.)b (0,8 X 1331
R = OH
i CH, 2.5 N 1.4
o H (0.1 114 (0. 11
o r-( 11 Nower 150
o= CH('0.
o 1, 1.7 07 1.5
ol n-CL 15 Noned HH
“ = (.H:;()
n CH, 1.3 67 .~
BN C.H, (0.4 64 y.2)
o n-CyHz (.33 N4 (0.2)
o (‘H=:=0CH. (. 2)x 16N (0.5)
B0 rn-C:He Noues a8y
41 HO(CH.,).-
Ot CHuy)s (0.2) 137 (0.2)
o CH,('H,y (1, 1)k 180k .2
I P-NOLCH -
(Cida)y 0.4 LGTH .6
1 PNl
{Cils)e 0.u 50 0.5
TN
14 O NICH.), (0.1 112 (0. 11
N
406 CHCO(CHO (0.6 U .31
4N CH,CH(OH -
+CHy .5y BYY )
) CyHCHOC-
OCH D CH 2y 0,2k B 0.5

# Foornote o, Table V. " Foolnole b, Table V. < Faotuowe
¢ Table Voo 74 Ree ref. 2. ¢ Footnore ¢, Table V. 7 Fuotaote
g. Table V. ¢ Footnote f, Table I. # Partly dissolved, balance
suspended. ¢ Just aboul codeine grade at one-fourth the lethat
dose; probably biased upward by relatively poorer =alubilily
al lethal dose levels.

or CH;O) in the »wela position converts an inactive
compound into a clearly active one,? that such substitu-
tion at no other position does this, that further sub-
stitution of CH3O or OH in the para position sub-
stantially annuls the activity, and that CH; or (i
cannot serve in place of the meta-oxygen function.

The nearly uniform activities of the various esters
of the meta phenol (Table VII) suggest that these activi-
ties may result from in vivo hydrolysis to the more active
phenol. Methyl etherification gives somewhat lower
activity and greater toxicity,? either with the optimal
3-n-propyl configuration (Table VII) or with a non-
optimal 3-configuration (Table VIII).

Of 3-n-alkyl substitutions on the pyrrolidine ring,
the n-propyl, earlier? found good, is seen i T'able VII1
to be probably optimal, although fairly good activity
can also be obtained with n-butyl or ethyl. Going to
methyl results in failure.

The good activity found? earlier when substitution
in the pyrrolidine ring occurred only at positions 1 and
3 could not be improved with additional substitution
(Table V). Mecthylation at 5 apparently resulted in a
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TasLe VII
SUBS11TUTION ON PHENYL
(CH'J)2CH:1
1
CH,
Lstd. av,
Estd. i.p. lethal Potency X
i.p. dose lethal dose®
No. R potency® (ng. of base/kg.)? (0.8 X 133)
meta
d OH 2.5 83 1.9
d CH;CO, 1.7 07 1.5
75 C.H;CO, 1.8 01 1.6
76 n-C;H,CO, 1.7 137 2.2
77 7-C3H,CO. 1.7 103 1.6
d CH;0 1.3 67 0.8
15 CH; (0.4) 62 (0.2)
14 Cl1 None/ 61
d H None/ 65
para
17 HO (0.2)e 122 (0.3)
18 CH;CO, (0.1)e 154 (0.2)
16 CH,0 (0.3)e 92 (0.2)
mela, para
20 (OH), (0.1)e 223 (0.2)
19 (CH;50) None/ 68 ce
ortho
12 HO None/ 17
11 CH,;0 None/ 31 .
¢ Footnote a, Table V. ? Footnote b, Table V. ¢ Footnote
¢, Table V. 4 See ref. 2. ¢ Footnote e, Table V. / Footnote
g, Table V,
Tasie VIII
3-ALKYLATIONS
R
Rl
1
CH,
Estd. av.
Estd. i.p. lethal Potency X
i.p. dose lethal dose®
No. R! potency?® (uig. of base/kg.)® (0.8 X 133)
R = HO
d n-C;H; 2.5 83 1.9
54 n-CsH, 1.7 81 1.3
53 C.H; 1.0 65 0.6
51 CH; (0.2)¢ 122 (0.2)
I{ = CHaCO2
d n-C3H; 1.7 97 1.5
67 n-CyH, 1.3 86 1.0
66 C.H, 1.2 103 1.2
65 CH,; (0.2)e 135 (0.3)
R = CH,0
d n-CyHy 1.3 67 0.8
24 n-CsH, 0.9 61 0.5
22 C.H; (0.7) 51 (0.3)
e Footnote a, Table V. ? Footnote b, Table V, ¢ Footnote
¢, Table V. 4 See ref. 2. ¢ Footnote ¢, Table V,

slight decrease in activity and/or an increase in toxicity.
Alkylation at 4 destroyed clear activity. 2-Alkylation
had intermediate effects, leading to the disappearance of
clear activity with propyl except where the phenolic
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function was etherified; in this circumstance fairly good
activity remained. The steep, downward gradation of
activity of the phenol (and hydrolyzable ester?) with
heaviness of 2-alkylation is reminiscent of the parallel
gradation in zwitterionic character toward steep diminu-
tion in NH* absorption in the 2500-3500-ci. 1 region
(vide supra). wmeta Etherification seemingly nuzzles
this graded intramolecular interaction with its pre-
sunied influence on biological activity.

The good activity originally? found with tertiary N-
methylation could not be improved (Table VI).
Indeed, with two exceptions, any other N-substitution
tried, or the secondary amine, failed to yield a clear
grade of activity. The two clear exceptions were phen-
ethylamine, with p-NO, or -NH,.

A dozen compounds of Table IV in addition to those
listed, in Tables V-IX were studied pharmacologically.
All were secondary amines and/or lacked the meta-
oxygen function; none attained a clear grade of antin-
ociceptive activity.

TasrLe IX
OpricaL ISOMERS
R
(CH.»),CH,
i
CH,
Estd. av.
Estd. i.p. lethal Poteney X
Optical i.p. dose lethal dose’
No. form poteney® (mg. of base/kg.)® (0.8 X 133)
R = HO
d qal 2.5 83 1.9
80 d 2.0 93 1.7
84 l 3.0 b5} 1.5
R = CH;CO,
d dl 1.7 97 1.5
81 d 1.2 115 1.3
85 l 2.2 68 1.4
R = CH,0
d dl 1.3 67 0.8
78 d 0.8 76 0.5
82 1 1.9 66 1.2
a Footnote a, Table V. P Footnote b, Table V, ¢ Footnote

¢, Table V. ¢ See ref. 2.

In the three structures resolved (m-OH, m-CH,CO,,
m~CH30), the levo isomers were, in general, twice as
potent as the dextro (Table IX), with racemates inter-
niediate. Oral comparisons of the phenols have yielded
a ratio much closer to 2:1 than the estimates in Table
IX suggest for this structure.

The present series of 3-alkylpyrrolidines differs in
several respects in structure-activity relationships from
the older 3-acyloxypyrrolidines.! The optimal struc-
ture is three or four times as active in the present series,
presuniably reflecting a more nearly specific receptor
complimentariness. Thus, approaching nearer to the
more potent central analgetics in receptor fit, altera-
tions of structure have sharper effects on activity and,
coincidentally, the levo enantiomer rather than the
dextro becomes the more potent,

Lacking the 3-oxygen function of the older series, the
present series apparently requires a nieta-oxygen func-
tion on the phenyl nucleus; any alteration from simple
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phenyl tried in the 3-oxy series had been deleterious.
Whereas the 3-oxy series had required 2- or 4-substitu-
tioir on the pyrrolidine ring, the meta-oxy serics suffers
slight to complete loss of activity on ring substitution
additional to 1,3-, in the order 5-, 2-, 4-. There are
interesting relationships in the imela-oxygen series
between heaviness of 2-alkylation, gradation in zwitter-
lonic character, and loss of activity. wefa Litherifica-
t1ion scemingly muzzles considerably these interactions
of 2-alkylation.

I'inally, effects of alterations in N-substitution are
much sharper i the mefa-oxygen series than in the

Yol. 8

older series.  Replacing methyl 1s, in most instances,
clearly deleterous,
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VIIL.!
of 3-Aralkenyl-8-propionyl-3,8-diazabicyclo[3.2.1]loctanes

Bicyclic Homologs of Piperazine. Synthesis and Analgesic Activity
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With the aim of enhancing the analgesic activity of 3-ciunamyl-8-propionyl-3,8-tiazabicyelo[3.2.1]octane (1),
25 derivatives were synthesized in which the 3-aralkenyl group was variowsly modified. Some of these com-
pounds exhibited an analgesic potency comparable with that of 1.

In the preceeding paper of this series,! the synthesis of
analgesic 3-substituted 8-propionyl-3,8-diazabicyelo-
[3.2.1]octanes was reported and the effect of the 3- and
8-substituent on the activity was discussed. It was
observed that the greatest analgesic action is associated
with the presence in the 8-position of a propionyl group
and in position 3 of an aralkyl group whose aliphatic
chain consisted of three carbon atoms.

@'C‘/—C—C—N(s) 2| (3)N—(ﬁ—CH2—CHu
A A

Unsaturation of this chaiir markedly enhanced the
analgesic potency, the 3-cinnamyl-8-propionyl-3,8-di-
azabicyelo[3.2.1]octane (1, Table I) being the most ac-
tive compound of the series, approximately 10 times
more potent that morphine hydrochloride. It seemed,
therefore, of interest to study the effects on the anal-
gesic activity of the introduction of substituents in the
cinnamyl group. We describe in this paper the syn-

Ar—C=C—CH,Cl + HN (CHz)z; NCOC,H;
] N

stitutions on the aromatic ring (2-12) and on the ethyl-
enic bond (13-17), replacement of the phenyl with -
naphthyl group (18) and with hydrogen (21), change
in the unsaturation (22) and/or in the length of the ali-
phatic chain (19, 20, and 23), and replacement of the
methylene group of the aliphatic chain with a carbonyl
(24). 1In addition, two other derivatives (25 and 286)
were synthesized in which the position of the propionyl
and of the aralkenyl groups was reversed.
Chemistry.-—Preparation of compounds listed in
Table T was effected by condensing 8-propionyl-3,8-
diazabicyclo[3.2.17octane! (I) with aralkenyl chlorides
IT (2-18, 20, and 23), allyl broniide (21}, phenylprop-
argyl bromide (22), and cinnamoy!l chloride (24).
Condensation of [ with phenylacetaldehyde according
to the method of Mannich? led to 19, Compounds
25 and 26 were prepared by condensing 3-propionyl-
3,8-dlazabicyclo[3.2.1]octane?® (ITI) with cinnamyl- and
p-cthoxycinuamyl chloride, respectively. 1t is to be
noted that 26 was first. isolated during attempts to con-
dense Twith p-cthoxycinnamyl chloride; in this case the

— Ar—C=C—CH,—N

‘ (CHy); NCOC,Hs

R R/ R R’
II I
/ 2-17,19, 21,23 (TableI)
fm / ; Y
C,;H;CON (CHQ); NH LER=I - H,00—N (CHy: NCH.CH=CHAr
NV AN V/
11 25 and 26 (Table I)

theses and the properties of a number of 8-propionyl-
3,8-diazabicyclo[3.2.1]octanes, in which the cinnamyl
group of the model conmpound 1 was modified by sub-

{11 l'aper VI: i, Cignarella, I2. Oceelli. G| 17, Cristiand, 1. Paduann, awld
15, Tessa, J. Med. Chem., 6, 764 (19633,

reaciion conditions (refluxing in benzene for 15 hr.)
clearly favored an Nz — Nj acyl migration® of I to the
(2) . Mannich aad 1. Davidsen, Ber., 69B, 2106 (1936).

(3y (1. Ciguaarella, E. Tesia, and . R. Pasqualucci, Tetrakedvou, 189,
113 (1063).



