
out /,-SOL or -SH2 on phciiethyl, c lwr activity i, rc- 
t l r i c d  hy t h i <  hubstitutioti I\ heii the pheiiolir friiictioii 
i, free (8 and 9 2's. 6) and in some ca-e. lost when it is 
methylated (14 aiicl 15 L'S. 11). lii the pyrrolidine>. 
lio\vevcr., activity i. reduced by S-phenethylation only 
iii c*onjutirtion with 0-methylation. remaining of clc:ir 
cluality: arid when tlie phenolic function iq left uti- 
tniizzlrt l  in  o therwiv  optim:il pyrrolitlines. activity 
cnn~it1er:ihly iiicrwses on going from S-methyl to S- 
plicnet tiyl (with or without p-SHL) \r ittiout propor- 
tiotiatr 1iicrea.e it1 toxicity (ref 1 and unpubli.hed ~ o r l ;  
t y  t he  :iuthors). Thus.. :i favorable iriternctiori be- 
t \ w e t i  t lie unmuzzled m-phenolic function and S- 
plic.net hylation allowed hy the pyrrolidine nucleus i. 
riot prewit  with the azetitlirie nucleus 

I 'urthermore, divergence bet ~ w c n  t htl azetidirie. and 
pyrrolidine* occ~ir. with rc2.pec.t to t he optimal u i i -  

t ) t - : i t i rhwl I(wgt 11 oi :~-:ill~yI:ttio~i, \ Y l i t ~ > : i -  thi. \ \ : I<  

Analgetics Rased on a-Phenyl-3-pyrroliclineacetic -4iCicl 

Several 1-alkyl-0-phenyl-3-pyrrulidineacetic acid ester,s were prepared ailti tested for their analgetic activity. 
The potencies of the compounds were similar t o  their rever-rd esiers and were generally in the range of d-plopoxy- 
phene. 

Continuing our investigation of drugs based on the 
pyrrolidine nucleus,1 \\.e have prepared a serief of eqter5 
of substituted a-phenyl-3-pyrrolidineacetic acids (I) 
(Tahlcx I) for study as nnxlgeticf. 

R 
I 

Thew compounds are structural analogs of meperi- 
(litit. :tnd are the reversed esters of a qerieq of analgetic5 
(11) being reported They were prc- 

C H  

~ - ~ ~ o c o  K" 

I 
R 

I1 

pared by the alkylation of the appropriate phenylnceto- 
nitrile with a 1-substituted 3-chloropyrrolidine, hy- 
drolysis of the product nitrile to the amino acid, and 
eiterification as shown in Chart I 

Ai1 attempt to  prepare the ethyl ester from l-ethyl- 
01, 01-diphenyl-3-pyrrolidineacetyl chloride hydrochloride 

(1) (a) C D Luneford, A D Cale, J r ,  J \V Ward, B V. Franko, and 
11 Jenkins J. .Wed Chem., 7 ,  302 (1964), (b) A D. Cale Jr , H Jenkins 
U 1 Eranko, J I T  Ward. and  C D Lunsford. rbzd., 10, 214 (1967). 

(2) G C Helsley, J. A Riohman, C D. Lunsford, H. Jenkins, R P. Mass .  
W H. Funderburk a n d  D K. Johnson, abid., 11, 472 (1968). 

hy treating ai1 ethanol solution with pyridine gave ouly 
rearrangement to  1 - ethyl-4- ( 2 -  chloroethyl) -3,3-di- 
phenyl-"pyrrolidinone. The acid chloride was suc- 
cessfully converted to its ethyl ester, however, by adding 
it to  a solution of sodium ethoxide in ethanol. 

The analgetic activity of these compounds was de- 
termined by a modification of the Silseri method2v3 
(electrical stimulation of a mouse tail) and is compared 
in the table with the activity of the corresponding re- 
versed esters of structure type 11. 

When K' # C&HJ, diastereoisomers exist for each 
structure. These were separated in two examples 
and the analgetic activity was determined for each of 
the racemates. S o  significant difference in analgetic 
potency  as observed between the diastereoisomeric 
racemates in conipourids of type I or 11. 

(3) 1'. Nilsen. Acta Phnrmarol. Toxicrd., 18, 10 (1961). 
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Comparative analgetic 
Yielda of potenciese 
pyrrolid- NO. anaIeetic/no. tested 

NO. R R' R" Method Salt Y, yield inone Mp or h p  (mrn), O C  I I1 

A 
A 
9 
B 
A 
B 
n 
C 

Fiimarate 37 32 
. . .  5 1 23 
. . .  25 13 
. . .  37 17 
. . .  %5 0 10 

HCl 1 3 c  . .  
TiC1 8'. . .  
. . .  1 3 . .  

1 5 2- 1 53' 
17-174 (0.03)  
166-168 (0 ,03 )  
210-215 ( 0 .  l a )  
168-1TO (0 .04)  
172, 3-174d 
159-161d 

N - O ~  (n.noi) 

a The 3-pyrrolidinones were obtained as described in method A4 and were shown to be identical by mmp with the compoiiiids of ref 1. 
rl See method R 

.f I : ' '  = 
b Recrystallized from 4-methyl-2-pentanone. 
for isomer purification. 
C2Hs. 

The distilled crude base (mixed isomers) was obtained it1 7RC; yield. 
e -411 analgetic tests were run a t  20 mglkg ip calculated as the free base anti tested 15 min pos1,tiriig. 

0 The diastereoisomers of this structure were separated and tested individually. 

The limited experimental data on the present com- 
pounds show their analgetic potencies to be essentially 
the same as those of their reversed esters and generally 
in the range of d-propoxyphene. 

Experimental Section 

Melting point,s were taken in open capillaries in an oil bath 
using a thermometer calibrated against reference standards. 
Microanalyses were done by Micro-Tech Laboratories, Skokie, 
Ill,, Schwarzkopf hlicroanalytical Laboratory, Woodside, S. Y., 
Galbra'th hlicroanalytical Laboratories, Knoxville, Tenn., and 
JIrs. Ruby Higgins of the A.  H. Robins Control Laboratory. All 
compounds reported gave microanalytical values for C, H,  and 
N within 10.307, of the calculated values. 
l-Alkyl-01-phenyl-3-pyrrolidineacetonitriles.-The preparation 

of the starting nitriles, except those in the following two pro- 
cedures, has been reported previously. lb 

a,l-Diethyl-01-phenyl-3-pyrrolidneacetonitrile (9) was pre- 
pared from 2-phenylbut,yronitrile by the same method as the 
1-alkyl-cu,cu-dipheny1-3-pyrrolidineacetonitriles1a except KaNH2 
was replaced with NaH to eliminate the by-product, 2-phenyl- 
butyramide; yield 48%, bp 139-140' (0.1 mm). This product'is 
presumed to be a mixture of diastereoisomers. 

l-Isopropyl-01-phenyI-3-pyrrolidineacetonitrile (10) was pre- 
pared by the same method as the l-alkyl-a,a-diphenyl-3- 
pyrrolidirieacetonitriles;la yield 64$,, bp 130-135' (0.1 mm). 
Gas chromatography on an Apiezon L column indicated that 
this product was approximately a 1: 1 mixtiire of the diastereo- 
isomers. 

Method A. Ethyl l-Isopropyl-01,01-diphenyl-3-pyrrolidine- 
acetate.-To 7 5  g (0.243 mole) of l-isopropyl-01,cu-diphenyl-3- 
pyrrolidineacetoriitrilela was added ,500 g of 70% H2S04. The 
solut,ion was heated at, 130-140" for 48 hr, poured on ice, made 
basic with 50yc SaOH,  and extracted with CHC13. The CHCl, 
and a middle layer were separated from the H 2 0  layer. (When 
the N-substitnent was isobiityl or cyclohexyl there was no middle 
layer.) The mixture was acidified with HCl gas, the small 
H,O layer which formed was separated, and the CHCls was dried 
(NarS04) and concentrated in vacuo. The residue was dissolved 
in 400 ml of SOCl, and allowed to stand 48 hr a t  2.5". The excess 
SOC1, was removed iising a rotary evaporator a t  2 mm and as 
little heat as possible. The residue was dissolved in EtOH (200 
ml) with cooling in an ice bat,h. The EtOH solution was added 
dropwise a t  10-15" to an EtOH solution of S a O E t  (46 g of Na 
in 1500 ml of EtOH) and stirred 0.5 hr a t  25". The mixture was 
partitioned between H 2 0  and ligroin (bp 60-110') and the water 
layer was extracted with CHC13. The ligroin was extracted with 
3 S HCl (when the X-substituent was cyclohexyl the hydro- 
chloride separated as an oil which was taken off with the H 2 0  
layer) and the ligroin and CHCL were combined (solution A ) .  

The acid solution was made basic with NaOH and ext,racted 
with ether and the &her was dried (Na2S04), concent.rated, and 
distilled. 

44 2-Chloroethy1)-1 -isopropyl-3,3-diphenyl-2-pyrrolidinone.- 
Solution A from above was concentrated and the residiie was 
crystallized twice from i-Pr20. A mixtiire melting poini with 
aiithentic compoundla was undepressed. 

Method B. Methyl 1-Isopropyl-a-phenyl-3-pyrrolidineace- 
tate.-A solut'ion of 93 g (0.405 mole) of (1-isopropyl-3-pyrroli- 
dinyl)phenylacet,onitrile in 500 g of 70co HzS04 was heated at 
130" for 48 hr. The solut'ion was cooled to 95' and 400 ml of 
NeOH was added slowly beneath the surface of the liquid with 
continuous distillation. The pot residue was poiired on ice, made 
basic with NaOH, and extracted with CHCL. The CHCI, was 
dried (Na2S04), concentrated, and distilled; yield 84 g ( 7 O C ;  ), bp 
160-162" (0.03 mm). 

p Isomer (The higher mellitig isomer 
was arbitrarily designated @).-The above e5t)er (10 g) i t1  50 ml 
of boiling isobutyl methyl ketone was treated with 2 g of dry  
HCl in 50 ml of isobutyl methyl ketone. The soliition was 
allowed to cool and the resulting mixture was filtered. The 
filtrate (solution A) was saved and the crystals ( 5  g, mp 137- 
152') were recrystallized three times from isobutyl methyl 
ketone; yield 1.5 g, mp 172.5-174'. 

01 Isomer.-Solution A was concentrated and the residue was 
crystallized four times from EtOAc; yield 0.9 g, mp l59-161", 
mmp (with the isomer prepared above) 145-163'. 

Method C. Ethyl a,l-DiethyI-a-phenyl-3-pyrrolidineacetate. 
-A solution of 20 g (0.083 mole) of CY-( l-ethyl-3-pyrrolidinyl)-a- 
phenylbutyronitrile in 150 g of iOyo HSSO4 was heated a t  130" 
for 90 hr. .4bsolute EtOH (2  1.) was introdiired sitbsrirface at a 
pot temperature of 105-130' with the simiiltaneoiis distillation 
of EtOH and H 2 0  over a period of 4 hr. The solution was poiired 
on ice, basified wit,h 50% NaOH, and extracted wit,h i-PrzO. 
The i-Pr20 was dried (?;a,S04), concentrated, and distilled. 
This product is presumed to be a mixture of diastereoisomer*. 

Base-Promoted Rearrangement of l-Ethyl-a,a-dipheny1-3- 
pyrrolidineacetyl Chloride.-1-Ethyl-a,a-diphenyl-3-pyrrolidiiie- 
acetic acid (1 g) was dissolved in 30 ml of SOCI, aiid allowed 
to stand at  25" for 16 hr. The excess SOCIZwas removed in m c u o  
with a minimum of steam heating. The ir spectriim showed a 
strong peak at, 5.62 (acid chloride) and a medium peak a t  5.92 
p (rearranged product). The residue was dissolved in 50 ml of 
EtOH, 5 ml of pyridine was added, and the soliitioii was allowed 
to stand for 6 hr. Ir spectra 
of the residue showed an absence of peaks at, 5.62 and 5.?8 
(ester) while giving a strong band a t  j.92 P .  

Separation of Isomers. 

The solution was concentrated. 
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