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2-Methyl analogs of certain 3-alkyl-3-phenylpiperidirie derivatives have been synthesized and tested for anal- 
1-Phenacyl derivative of the 2,a-dimethyl compound (11) was shown to have a potent analgesic 

The 1-allyl derivative (12) antagonized analgesia produced by 11 and mor- 
The spatial relationship between the 2-methyl and the 3-alkyl groups is discussed based on n.m.r. 

gesic activity. 
activity and low toxicity in mice. 
phine. 
spectroscopy. 

In  the continuation of our earlier work on 3-alkyl-3- 
phenylpiperidine derivatives as analgesics,1h introduc- 
tion of an alkyl group into the 2-position of the piperi- 
dine ring has been accomplished in the hope of obtain- 
ing analogs of higher activity. This paper describes 
the synthesis and physiological evaluation of a series 
of 3-alkyl-2-1nethyl-3-phenylpiperidine derivatives. 

Chemistry.-2-Substituted 2-(3-methoxyphenyl)ace- 
tonitriles (I, R = CH,, n-CaHi, C6H5CH2) were hy- 
drolyzed by heating with sulfuric acid in acetic acid2 
to give the carboxylic acids (11). Reaction of I1 with 
niethyl l i thi~m~ gave the inethyl ketones (111) which 
were converted into the ketonitriles (IV) by reactioii 
with acrylonitrile. Hydrogenation of IS‘ with Raney 
nickel a t  elevated temperature afforded the 3-alliyl-2- 
methyl-3-(3-niethoxypheny1)piperidines (V). This re- 
ductive cyclization of IV (R = CH3) afforded only one 
diastereoisomer as shown by gas chroniatographic 
analysis. In our earlier work on an analogous case, i l l  

which the two alkyl groups of the piperidine ring of Y 
were connected through a carbon chain with the forma- 

I 

R 

I1 

R 

tion of a six-membered ring, one isomer mas obtained by 
a similar reductive cyclization of 2-cyanoethyl-2-(3- 
methoxypheny1)cyclohexanone. The trans-decahydro- 
quinoline structure was assigned to this isomer4s5 on 
the assuniption that addition of hydrogen to the C=N 
linkage of the intermediary iniino compound would 
occur from the side opposite to the phenyl group. A 
lmns relationship between the two methyl groups of V 
(R = CH,) was considered likewise feasible as in the 
previous case, and the n.m.r. spectra6 of V (R = CH3) 
arid its X-acetyl derivative supported this hypothe- 
sis (Table I). 

The spectrum of V shows resonance signals of a 
secondary methyl, a doublet centered a t  6 0.93 ( J  = 
6.3 c.P.s.), and a tertiary methyl singlet a t  6 1.33, in con- 
fonnity with the given structure. The spectrum of the 
S-acetyl derivative, ineasured at  room temperature, 
shov, s signals of secondary and tertiary methyls as well 
as that of the acetyl, each peak of the normally ob- 
served doublet for >CH-CH3 and singlets for 3 C -  
CH, and CO-CH3 all being divided into two compo- 
nents of roughly equal intensity. This phenomenon 
suggested the presence of two conformers A and B due 
to a restricted rotation’ of the acetyl grouparound 
C-1-S linkage. When taken at  69”, the twin peakswere 
integrated into single peaks in conforniity with the 
structure. 

In  the ground state, as shown by A and B, the car- 
bonyl group of the acetyl derivative is considered to be 

I I 
C H . O n C H C O C H 3  C-COCH3 TABLE I - C H 3 0 ~ / , H , c H 2 c N - - +  x . h l . R ,  DATA OF v (R = C&) A S D  ITS N-AcmYL DERlV.4‘rIVE 

I11 I V  C & 0 d 3  2 X-R 

VI 

u u 
CHs CH3 ___- Chemical shifts, p.p.m. ( J .  c.p s.)---- 

7-- R = COCHI---- 
c H 3 0 m H  - cH30m-132 Protons Ii = H a t  22O at 69‘ 

\ 2-CHa 0 .93  16.5) 0.84 (6.4) 0.77 (6.5) \ 

V 
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( l ) ( a )  Inquiries should be addressed t o  the  Osaka Research Laboratory. 
Tanabe Seiyaku Co., I.td., Kastiiinacho, EIiyasliiyo~lo~awa-k,I, Osaka, 
Japan. (b) H. Iiugita, H. Inoue, T. Oine, G. Hayaslli, and S. Nurimoto, 
J .  M e d .  Chem., 7 ,  298 (1964). 

(2) C / .  A. Campbell and J. Kenyon, J .  Chem. Soe.,  25 (1946). 
(3) I<. I l i s low and C. I,. Hamermesh, J .  A m .  Ciiem. Soc., 77, 1590 (1958). 
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Z-CH, 1.33 1.31 1.2s 
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(4) K. Sugimoto, H. Kugita, and T. Fujita. J .  Pharm. Soc. J a p a n ,  75, l i i  
(1955). 

( 5 )  N. Sugimoto and H. Kuyita, Pharm.  BdZ. (Tokyo), 5 ,  378 (1957). 
(6) The n.m.r. spectra were measured on a high-resolution n.m.r. spec- 

trometer (Japan Electron Optics Co., JPiMC-60) a t  60 Rlc.p.s. u-itli 
t~trametliylsi lane as internal standard. The aiitliors thank Dr. Ii. kotera  
of this laboratory for the  measurement of the spectra and useful discussion. 

(7) J. A .  Pople, IT- .  G. Schneider, and H. J .  Bernstein, “High Resolution 
Suclear  Magnetic Resonance,” IlcGrau--Hill Book Co.,  Inc.. N e a  Tork ,  
h-. Y. ,  1959, p. 365. 
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analgesic in mice while being an antagonist. The 
allyl derivatives of the 3-n-propyl and 3-benzyl analogs 
(14 and 16) were ineffective in antagonizing morphine 
analgesia when tested in the same may. Compound 
11 was tested for its ability to suppress morphine ab- 
stinence syndrome in  monkey^.^ S o  physical depend- 
ence capacity has been shown in the dose range of 2-16 
mg./kg.lo 

Experimen talii 
2-(3-Methoxyphenyl)propionic Acid (11, R = CH3).-2-(3- 

il1ethoxyphenyl)propionitrile (I, R = CH3) (50 g.) was added to 
a mixture of sulfuric acid (36 ml.), acetic acid (33 nil.), and water 
(28 ml.) a t  room temperature. The mixture was heated a t  90- 
100' for 3.5 hr. with stirring and at 130" for 40 rnin., cooled, 
diluted with water, and extracted with ether. The ethereal 
solution was extracted with lOy0 sodium carbonate, the alkaline 
solution v, as neutralized with concentrated hydrochloric acid and 
extracted with ether. Evaporation of the dried solution and 
distillation of the residue gave a main fraction (33 g.) distilling 
at  145-147' (1 mm.) and a fraction (15 g.) distilling at  148-170" 
(1 mm.). As the latter vas shon-n to contain a considerable 
amount of phenolic compounds, it was treated with dimethyl 
sulfate and sodium hydroxide to give additional amount of I1 
(12 g.), b.p. 145-147' ( I  mm.). 

Anal. Calcd. for C10H1203: C, 66.65; H,  6.71. Found: 
C, 66.54; H, 6.56. 

2-13-Methoxv~henvl~valeric Acid 111. R = n-C2H7L--I iR  = _ _  ~ , ~I - . I  

n-CaHi) was hydrolyzed in a way similar t o  that mentioned above; 
colorless oil, b.p. 139-144' (0.4 mm.), yield 76%. An analytical 
sample distilled at 152-153' (0.3 mm.). 

Anal. Calcd. for C12H1603: C, 69.21; H, 7.74. Found: 
C, 68.86; H, 7.54. 

2-( 3-MethoxyphenyI)-3-phenylpropionic Acid (11, R = C&- 
CH2).-I ( R  = C ~ H ~ C H Z ) ~ ~  was hydrolyzed in the same -my to 
give a colorless oil, b.p. 175-185' (0.4 mm.), yield 83.5%. The 
oil crystallized upon standing. Recrystallization from ether- 
pet,roleum ether (b.p. 30-70") gave colorless prisms, m.p. 65-66'. 

dnal. Calcd. for C16H1603: C, 74.98; H, 6.29. Found: 
C, 74.78; H, 6.11. 
3-(3-Methoxyphenyl)-2-butanone (111, R = CHa).-This was 

prepared according to the procedure described by Mislow and 
Hamermesh.3 To a methyllithium solution prepared from lith- 
ium (4.65 g.) and methyl iodide (47.5 g.) in ether (200 ml.) was 
added a t  0-5" a aolut'ion of I1 (R  = CH3) (15 g.) in ether (30 ml.) 
over a period of 25 min., after which the mixture was stirred a t  
5-10" for 30 min. and poured into ice-water containing am- 
monium chloride. The organic layer was separated, washed 
with 10 yo sodium carbonate and wat'er, dried, and evaporated. 
The residue was distilled to give a colorless oil (14.2 g.), b.p. 
185-140" (15 mm.), whirh was added to a solution of semicar- 
bazide hydrochloride (11.2 g.) and sodium acetat'e (13.6 g.) in 
ethanol (45 ml.) and water (20 ml.) and allowed to stand over- 
night a t  room temperature. The semicarbazone was filtered, 
washed with ethanol, and dried, m.p. 149-152", yield 14 g. (70Tc 
from 111). An analytical sample crystallized from ethanol in 
colorless prisms, n1.p. 152.5-154.5'. 

Anal. Calcd. for C V ~ H I ~ X ; , ~ ~ :  C, 61.25: H, 7.28; S, 17.86. 
Found: 

eniic,arbazoiie (13.7 g.) was added to a mixture of 105;~ 
ml.) aiid petroleum ether (50-90") (28 Inl.) and refluxed 

f(tr 1 hr. Kther was added to the mixture and the separated 
ctryanic layer was waahed with water, dried, and evaporated. 
The residue was distilled to give a colorless oil (9.3 g.), b.p. 
136-138' (16 mm.). 

C, 61.44; H, 7.19; S, 17.61. 

(9) We are grateful to Dr.  G .  -1. Deneau of the University of Michigan for 
this test. 

(10) Private communication from Dr. E. L. May. IVe are also informed 
by  Dr.  May tha t  compound 11 (NIH 8173) has a subcutaneous EDro of 
1.51 mg./kg. (BE limits 1.30-1.77). 

(11) Microanalyses were done by Mrs. F. Hisamichi and Messrs. T. 
Kono and N.  Takeda whom the  authors thank. Melting points (Tamoto  
Scientific Co., Ltd., apparatus) are corrected. 

(12)  I (R = CeHaCH2) was prepared from 2-(3-methoxyphenyl)aceto- 
nitrile by alkylation n i t h  sodamide and benzyl chloride in an  analogous way 
to that used for the synthesis of I (R = n-CsH7I.1 

3-(3-Methoxyphenyl)-2-hexanone (111, R = n-Cs&).-Reac- 
tion of I1 (R = n-CaH7) with methyllithium in the same way as 
described previously gave the semicarbazone of 111 (R  = n-CaHi) 
in 65y0 yield. Colorless needles (ethanol-water), m.p. 118- 
120O. 

Anal. Calcd. for ClrH2,N,02: C, 63.85; H, 8.04; Y, 15.96. 
Found: 

The semicarbazone was refluxed with 10% HC1 in petroleum 
ether as described before. Compound I11 ( R  = n-C3H7) was 
obtained as a colorless oil, b.p. 127-130" (3 nim.). 

3-( 3-Methoxyphenyl)-4-phenyl-2-butanone (111, R = C&- 
CH2).-Reaction of I1 ( R  = CGHSCHZ) with methyllithium gave 
likewise the semicarbazone of 111 in 64.7% yield; colorless needles 
(ethanol-water), m.p. 115.5-11i0. 

Anal. Calcd. for C18H21N302: C, 69.43; H, 6.80; S, 13.50. 
Found: C, 69.61; H, 6.53; S, 13.28. 

The ketone distilled a t  134-136" (0.3 mm.). 
Cyanoethylation of 111.-As a representative example t,he 

synthesis of 3-cyanoethyl-3-(3-methoxypheny1)-2-butanone (IT, 
R = CH,) is presented. A solut'ion of acrylonitrile (6.1 g.) in 
dioxane (15 nil.) was added t,o a mixture of I11 (R = CH,) 
(15.7 g.), dioxane (70 ml.), and Triton B (2 ml.) at' a rat'e to main- 
tain the internal temperature a t  30-40". After the addition Tvas 
complet'ed the niisture was stirred at  45-50" for 30 rnin., dioxane 
was distilled under reduced pressure, and the residue was dissolved 
in ether, washed with water, and dried. Evaporation of the 
ether and distillation of the residue gave a colorless oil (16.6 g.), 
b.p. 140-145' (0.1 mm.). An analytical sample dist'illed at  
140-141" (0.1 mm.). 

Anal. Calcd. for C16HliX02: C, 72.70; H, 7.41; K, 6.06. 
Found: 

Compound IV (R = n-CaH7) was isolated as a colorless oil, b.p. 
153-154' (0.3 mm.). 

Anal. Calcd. for C16H21?1T@2: C, 74.10; H, 8.16; ?;, 5.40. 
Found: 

Compound IV (R = C6H&H2) was isolat'ed as colorless prisms 
(benzene), m.p. 120-122O. 

Anal. Calcd. for C20H21?;02: C, 78.14; H, 6.89; ?;, 4.56. 
Found: C, 78.27; H, 6.73; S, 4.64. 
Reductive Cyclization of IV. A. R = CHB.-A mixture of 

I V  (R = CHI) (15 g.), Raney nickel (10 g.), and methanol (80 
ml.) was hydrogenated in an autoclave with an initial hydrogen 
pressure of 90 kg./cm.2. Three molar equivalents of hydrogen 
was absorbed at 120-130" in 2 hr. The catalyst was filtered, 
methanol was distilled, and the residue was dissolved in ether 
and extracted with l0y0 HC1. The acid solution was basified 
with ammonia, extracted ni th  ether, dried, and evaporated. 
Distillation of the residue gave a colorless oil (12 g.), b.p. 138- 
140" (4 mm.), which was converted to the hydrochloride and re- 
cryst'allized from ethanol as colorless prisms, m.p. 232-234", 
yield 12.7 g. 

Anal. Calcd. for C14H&lNO: C, 65.74; H, 8.67; K, .5.48. 
Found: 
B. R = n-C3H;.-I\' ( R  = n-C3Hi) (11 g.) was h>-drogenated 

in a way similar t80 that described above. There was obtained a 
colorless oil (10.1 g.), b.p. 159-164' (3 mm.). The hydrochloride 
gave t a o  fractions by recrystallization from ethanol. Each 
fraction was recrystalized repeatedly from ethanol to give colorless 
prisms (5 .3 g.), m.p. 226-228" (A) ,  and colorless rectangular 
plates (1.1 g.), m.p. 191.5-193.5' (B) .  

Anal. Calcd. for C&2&1XO: c, 67.70; H, 9.23; K,  4.94. 
Found for 4: C, 67.87; H, 9.12; S, 4.90. Found for B: 
C, 67.85; H, 8.98; S, 4.78. 

C. R = C6H5CH2.-IV (R  = C6HjCH2) was hydrogenat.ed 
likewise to give the basic product (12.9 g.), b.p. 163-168' (0.3 
mm.), which was converted to the oxalate and recrystallized 
from niet,hanol. There were obtained two portions of oxalate, 
a crystalline portion (9.8 g.), m.p. 190-192" dec., and a non- 
cryst,alline portion (7.0 g.). The former was dissolved in water 
and basified with ammonia, the free base was taken into ether, 
dried, and evaporated, and the residue was treated with per- 
chloric acid. The perchlorate was recrystallized from acetone- 
ether as colorless plates, m.p. 187-189", yield 8.4 g. 

Anal. Calcd. for C20H26C1NOj: C, 60.68; H, 6.62; E, 3.54. 
Found: C, 61.00; H, 6.54; X, 3.50. 

Similarly the noncrystalline oxalate gave the perchlorate (2.7 
g.), m.p. 170-174". An analytical sample was crystallized from 
methanol in colorless plates, m.p. 173.5-175.5". The infrared 
spectrum suggested a ketimine structure by its absorption at  
1685 em.-'. 

C, 63.82; H, 7.96; X, 15.88. 

C, 72.78; H, 7.36; S, 6.33. 

C, 73.50; H, 7.53; ?;, 5.38. 

C, 65.87; H, 8.57; S, 5.44. 



Analgetics Based on the Pyrrolicline K i n g .  1 \ 

Following the disco 
additional compound 
some instances, novel a s p e c t s  of synt'hetic pyrrolidine !h 
tionsl compounds prepared had activity as great as t.lir I 

irihuted between its d arid 1 optical isomers in a ratio of 1 : '> 

of t,lie ~neperidiiie level of :tiialgetic. nviivity i l l  the pyilolidili)lplielli,l (I), o 

this type have been synthesized. choseii routes to these compounds 
. I'Ii:trriiricologicall?., few, if any, of the ad&- 
I ;  i,hr :ic:t.iviiy of 1 i[irlf was follil(i t o  tie di+ 

In earlier work on pyrrolidinc analgetics' we showed 
that the iiiclusiori of a further alkyl substituent in the 
pyrrolidine ring changed a coinpound of sub-codcine 
activity (11, R = H) into one haviiig cha r  analgetjr 
activity [IT, R = 2- or 4 C H i  or 2,5-(CHJL] Whct t i ,  
therefore, we found a niepcridiiie lcvc~l of at~tioii i t i  thr  
pyrrolidinylphetiol (I),z we decided to cffwt  substitu- 
t h i s  111 the  free positioiis of the ring: froni this TVO \T'VIC 

lrd to effect changes in other parts of the iiiolcculr. 
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Chemistry.--n'hile the 3,3-diarylpyrrolidiries have 
been fairly extensively mamiiied, the 3-alkyl-3-aryl 
and thc 3, (2, 1, or 5)-dialkyl-3-arylpyrrolidiiies ha\-? 
iweived littlo atlteiition.3 

The  inajor internicdiate ill our work was the chloro- 
nit rile IY, prepared by alkylating the appropriate bcii- 
zyl cyanide with sodaniide and ai1 alkyl bromide, then 
treating the product I11 with inore sodaniide and 1,2- 
dichloroethane. Reduction of the chloroiiitrile 1'1' 
with lithium aluniinuin hydride gave, in excellent yield, 

(1) J. I:. Cavalla, .J. Daroll. AI, . J .  Dean. C. S. Franklin, D. A I .  Temple. 
J .  Wax.  and C. V. \\-inder. J .  ,tfed. Pharm. Chem., 4,  1 (1961): J .  E'. Cavalla, 
I < .  .\. Srlway, .J. \Vitu,  1.. Scotti,  ani1 V.  T'. Winder ,  i h d . ,  5,  4 4 1  (l!)ti2). 

( 2 )  .J .  17. Cai.alla, I<. .Jones, h l .  \\-elford, . I .  \Vas, and C. Y. L \ i n t I ? ~ ,  
16id . .  '7, 412 (11964) 

i:i) 1'. .J. .\, I h ~ r i c i t ~ n  arid 1'. .\. .I. . J : i i r ~ ~ o n ,  . I .  . I  m. Chcm. SrJr , 81, Cil'hl 
I I92!i) .  

It 

To  prc'parc t 1lC '2-Suthtlt ut ed pyI ro l ld l f l~~~,  i l l ( ,  C ~ l l l O l ~ O -  

l i l t  rile IT' wab allon od to reacl with a Grigiiard rcageiii 
in dibutyl ether whenq on boiling, the Grignard t ~ ~ i i i -  

plex 1'1 cyclized spontaneously to the pyrroline T-II..' 
It was found preferable to isolate the pyrrolinc a t  this 
stage, even if only 111 ail impure state, then reduce with 
lithium aluniiriuni hydride to the pyrrolidine VI11 
rather than add thr  crude reaction niixture directly to 
t 1 1 ~  liydridc. ('atalyttc liydrogcnation it 11 a vat i t y t  v 
of catalysis (I<aiic'~ iiiv1;cl aloiic a i d  with aitiiiioiil:L, 

( 1 )  1, ( t J J ~ L  11 l i ~ ~ l l ~ ~ ~ ~ u h ,  .~11d I( 11 ~ I I \ C I I L ,  i O ~ d ,  63. l b i l  ( 1 U l l  


