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according to Gibson1'- was dissolved in 3.10 nil of CII3OII con­
taining 27.6 g of X'aOH pellets. The mixture was heated under 
reflux" for 5 hr and then cooled to room temperature. The 
supernatant liquid was poured off from the residue and brought 
to pH 7 with 20^- HC1 solution. After chilling this solution 
overnight, the light yellow crystals were collected on a filter 
and washed well with water. This material was recrystallized 
from ethyl alcohol water (1:1) to give ltj.O g of white crystalline 
substance, mp 216-217°. 

Anal. Calcd for Cellr,0'lX2O: C, 63..S1: If, .'J.71; N, 11.4.1. 
Found: C, 63.57; 11,3.64: X, 11.32. 

The following compounds were prepared in similar fashion. 
l-Hydroxy-2-p-methoxyphenylbenzimidazole, mp 189-101°. 

Anal. Caled for d J I ^ X V ^ : C, 00.08: II, 5.04: X, 11.66. 
Found: C, 70.22; II, .",.12: X, 11.42. 

l-Hydroxy-6-nitro-2-phenylbenzi*nidazoIe, mp 273° dec. 
A mil. Calcd for C d C N ^ ) , : 0 , 61.17: II, 3.5.1; X, 16.46. 
C, 61.2.-); 11, 3.70: X, 16.43. 

6-Chloro-l-hydroxy-2-phenylbenzimidazole, mp 241°. Ann I. 
Gated for C,3HSC1N><): G, 63.SI: II, 3.71: X, 11.4.1. Found: 
G, 63.6.N: 11, 3.60; X, I1.3X. 

General Procedures for Preparation of Compounds in Table I. 
l-(2-DiethyIaminoethoxy)-2-phenyIbenzimidazole Dihydrochlo-
ride (8). -l-Hydroxy-2-phenylbeiizimidazole (2,1.0 g, 0.119 mole) 
was dissolved in 200 ml of dimethylformamide ( D.MF) containing 
50 ml of toluene. Six grams (0.131 mole; of X'all (.13',. sus­
pension in mineral oil) was added to this solution with vigorous 
stirring and the mixture was heated at .10° for 30 min. At the 
end of this time, the solution was cooled to room temperature 
and then treated with 01 ml of a toluene solution containing 
0.177 g of 2-dime1.hylaniinoeth.vl chloride/ml of .solution and the 
resulting solution was heated at 60° for 3 hr. After cooling the 
solution to room temperature, .10 ml of ethyl alcohol was added to 
decompose any unreacted Nai l . To this solution there wa-
added 1 1. of ether, and the resulting precipitate was removed. 

I 12) M. S. Uibso . / . <7,< 

The till rate was evaporated to a viscous residue in vacuo. This 
was dissolved in a small amount of ethyl alcohol and the solution 
in turn was treated with saturated elhanolic HOI. After chilling 
the solution overnight, the copious precipitate was collected on a 
filter, washed well with ether, and then recrystallized twice from 
ethyl alcohol ethyl ether (1 : 1) to yield I7..1 got' white crystalline 
product. 

l-(2-Dimethylaminoethoxy)-2-phenylbenzimidazole 3-Oxide 
(16).- A slurry of 3.0 g (0.0132 mole) of l-hydroxy-2-pheuyl-
benzimidazole 3-oxide in 30 ml of DMF was allowed to react with 
0.64 g (0.014 mole)1 of 5 3 r

f Nail at. steam bath temperature for 
1.1 min. The mixture was then cooled to room temperature and 
allowed to react with 2.1 g (0.01.1.1 mole) of 2-diethylaminoethv! 
chloride for 24 hr. The solution was filtered, and the filtrate 
was evaporated in vacuo to an oil fo which was then added IOO. 
This mixture was extracted well with ether and the ether extract 
was dried (Xa»S04). Removal of the drying salt by filtraiiou 
and concentration of t he ether solution on the -team bath gave a 
light yellow oil. Kthannlic 11(1 was added to the oil and the 
solution was chilled overnight. The resulting precipitate was 
collected on a filter and recrystallized from ethyl alcohol ethyl 
ether i I : I i. 

l-(2-Diethylaminoethoxy)-2-phenylindole (21). 1-llydroxy-
phenylindole (4.0 g, 0.010 mole) was dissolved in 150 ml of dry 
pyridine and the solution was then treated with 0.S5 g (0.0IS 
mole) of 53')<) Nai l . The mixture was stirred at. room tempera­
ture for 1 hr, the solution changing in color from light yellow to 
dark brown. A toluene solution (25 ml) of 2-diei hylaminoethyl 
chloride ( 100 mg/ml.i was added and the solution stirred at room 
temperature overnight. The reaction mixture was added to 
300 ml of Il2() whereupon an oil precipitated from solution. The 
oil was separated and any excess water and pyridine were removed 
by heating the oil at 40° in vacuo for 4 hr. The oil was dissolved 
in ether and dried i X'a-jSOi). This salt was then filtered off and 
the ether solution was evaporated to dryness. Again an oil was 
obtained from which the maleate salt was prepared in an ethyl 
alcohol solution. The product vva- recrystallized from ethyl 
alcohol -ethcl ether i 1 : 1 '. 

A Series of Central Nervous System S t imulan t s Based on the 
1-Substi tuted 3,3-Diphenyl-2-pyrrolidinone Skeleton. II 
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The previously described preparation of 4-(2-substiluted ethyl )-3,3-diphenyl-2-pyrrolidinoues by a rearrange­
ment of (1-substituted 3-pyrrolidhiyl)diphenylacetie acids has been expanded in order fo observe structure-
activity relationships. Variation of the ring and side-chain substituents has produced compounds of varying 
biological activity, generally central nervous system stimulants. 

Burt I1 of this series described the synthesis of 1-alkyl-
4-(2-substitutedethvl)-3,3-diphen\d-2-pvrrolidinones [I. 
R = lower alkyl, R ' = C6H.-„ X = 01 or Br (subse­
quently replaced by various basic residues) J. The key 

h" 

C(iH:-
0 = 1 J -CH€H.,X 

intermediate 4-(2-haIoethyl) compounds (I, X = CI or 
Br. R ' = C6H5) were prepared from (l-alkyl-3-pyr-
i'olidinyl)diphenylacetonitriles via a rearrangement of 
the corresponding acid chlorides (Ha -*• l i b —*• He —>• 
I; R = alkyl, R/ = C6H3, X = CI or Br). In general 

(1) ('. I). Lunsford , A. D. Oale, Jr . . .1. \V. \Ys 
Jenk ins , ./. Med. Chem.. 7, 302 (1964). 

V. I ' ranko . anil II. 

OH, 

OA U,, 
11a. A - O X 

b. A - 0 0 0 H 
c. A - 0 0 0 1 
d. A-CONH, 

the compounds stimulated the central nervous system. 
I - Ethyl - 4 - (2 - morpholiuoethyl) - 3,3-diphenvl-2- pyrro-
lidinone2 (I, R = C :H6, R ' = C6H5, X = morpholino; 
Via) , selected for extensive study, proved to be a po­
ten t respiratory st imulant in animals and man. 

Fur ther variation of substituents on the 4-ethyl-2-
pyrrolidinone nucleus is reported in the present work. 

(2) Doxapram hydrochloride, Doprara'-'. 

2-dime1.hylaniinoeth.vl
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TABLE I 

C6Hr, 

C - A 

S r R' 
R 

(R = i-CMi except as noted) 

N o . 

1 
2 

3 
4 
5" 
B" 
7 

8 

« 
' R 

IV 

cm 
t-CsHr 
Cyc lopen ty l 
Cyclohexyl 
3-Pyr idyl 
11 
1-C1H7 
Cyc lopen ty l 
Cyclohexyl 

= CoII5. " Anal. 

A 

C N 
C N 
C N 
C N 
C N 
C N 
C O N H 2 
C O N H 2 
C O N H 2 

Calcd: 

M e t h o d 
of 

p r e p n 

A 
A 
A 
A 
A 
A 
P, 
P. 
li 

neut eqaiv 

% 
yield 

48 
16 
69 
60 
57 
46 
75 
66 
65 

, 146. 

P p , °C 
(mm) 

132-139 (0 .09) 
155-165 (0 .25) 
1 8 0 - 1 8 2 ( 0 . 2 5 ) 
1 6 9 - 1 7 5 ( 0 . 0 0 1 ) 
1 6 8 - 1 7 1 ( 0 . 0 0 5 ) 
1 2 8 - 1 3 5 ( 0 . 0 1 ) 
1 7 5 - 1 8 0 ( 0 . 0 5 ) " 
221-225 (0 .20) 
2 0 8 - 2 1 6 ( 0 . 1 4 ) 

F o r m u l a 

CieHuNj 
CisHaaNi 
CSOHJSN. 

C21H30N2 
C H h l N l 6 

CuHisNa 
CisH-nNjO 
CsoHaoNsO 
CuHj .N^O 

Found: neut equiv, 150. " 

TABLE 

R' 

II 

Mp 

• — c , 
Caled 

7 9 . 2 9 
7 9 . 9 5 
8 1 . 0 3 
8 1 . 2 4 

7 4 . 9 5 
7 6 . 3 8 
7 6 . 7 8 

% • 
F o u n d 

79 .04 
8 0 . 1 1 
8 1 . 5 3 
8 1 . 2 7 

7 5 . 0 8 
7 6 . 3 7 
7 7 . 0 5 

117-120°. 

. H, 
Calcd 

9 . 1 5 
9 . 3 2 
9 . 5 2 
9 . 7 4 

9 . 7 9 
9 . 6 2 
9 . 8 2 

% • 

F o u n d 

8 .98 
9 . 6 1 
9 . 2 8 
9 . 7 1 

9 . 6 6 
9 . 7 3 
9 . 7 6 

N 
Calcd 

1 1 . 5 6 
10 .36 
9 . 4 5 
9 . 0 2 

13 .08 
9 . 7 1 
8 .91 
8 .53 

% • 

F o u n d 

1 1 . 3 1 
1 0 . 2 7 
9 . 5 8 
8 . 9 4 

1 2 , 8 0 
9 . 6 0 
8 .91 
8 .49 

Cens­
e r J "CH^CHoX 

No. 

10 

11 
12 
13 
14 
15 
16 
17 
18" 
19" 
20" 
21" 

22" 
23" 
24" 

R ' 

Cyc lopen ty l 

CHa 
i-Calft 
Cyclohexyl 
Cyc lopen ty l 
Cyc lopen ty l 
i -C 3H-
1-C.H7 
3-Pyr idy l 
3 -Pyr idy l 
II 
H 

2-Pyr idy l 
2 -Pyr idy l 
4 -Pyr idy l 

X 

CI 

CI 
CI 
CI 
Morpho l ino 
N - ( C H 3 ) 2 

N - ( C H i ) . 
Morpho l ino 
CI 
Morpho l ino 
Morpho l ino 
Morpho l ino 

Morpho l ino 
Morpho l ino 
M o r p h o l i n o 

Sal t 

M a l e a t 

H C l 
H C l 

H I 

M e t h o d 
of 

p repn 

C 

C 
C 

e D 
D 
D 

J 
L 
E 
E 

H C I H 2 O F 

0 Recrystallized from: (a) ligroin 
methanol, (g) ethj '1 acetate-isoprop3T 

F 
F 

(R = i-C3H, 

% 
yield 

74 

1 1 . 5 
1 6 . 5 
61 
66 
79 
62 
25 
29 
57 
65 
48 

27 

20 

M p , ° C 
( recrys tn 
so lvent 0 ) 

7 4 . 5 - 7 7 . 5 h 

(a) 
102-104 (b) 

95-96 (c) 
118-119 (d) 
173-177 (d) 

9 4 - 8 8 . 5 (e) 
208-210 (f) 
173-176 (f) 
100-103 (e) 
127-129 (g) 
Ca. 258 (h) 
5 9 . 5 - 6 1 . 5 

(e) 
Ca. 230 (f) 

91 -92 (e) 
134-136 (g) 

except as noted) 

F o r m u l a 

C M H K C I N O 

Ci .Hs jClNO 
C I B H M C I N O 

C2iHaoONO 
C2SH40N2O6 
C22H8 4N20 
CsoHisClNsO 
C22H31CIN2O2 
Ci8H2iN2C10 
C23H29N3O2 

C I S H M N S O * 

C23H32CIN3O3 
C23H29N3O2 
C2sH2sNa02 

.—c 
Calcd 

7 1 . 9 3 

6 8 . 6 8 
7 0 . 2 2 
72 ,49 
6 7 . 1 7 
77 .14 
6 8 . 0 5 
6 6 . 9 0 
6 9 . 3 9 
7 2 . 7 9 

7 1 . 4 9 

6 3 . 6 5 
72 .79 
72 .79 

(b) ethanol-water, (c) isooctane, (d) ethanol, ( 
1 ether, (h) water. b Bp 178 -180° (0.03 mm). " 

% • 

F o u n d 

7 2 . 1 5 

6 8 . 8 4 
70 .19 
72 .54 
6 7 . 3 7 
7 7 . 4 3 
6 8 . 1 3 
6 7 . 0 3 
6 9 . 3 1 
7 2 . 7 9 

7 1 . 5 0 

6 4 , 9 6 
7 2 . 6 7 
72 .54 

• H, 
Calcd 

8 .45 

7 . 9 3 
8 .51 
8 .69 
8 .05 

10 .01 
9 . 4 2 
8 . 9 3 
6 .44 
7 . 7 0 

8 .67 

7 .43 
7 . 7 0 
7 . 7 0 

% • 

F o u n d 

8 .16 

7 .73 
8 .41 
8 . 6 8 
8 .22 

10 .06 
9 . 6 1 
9 . 0 6 
6 . 2 8 
7 . 7 3 

8 .84 

7 .11 
7. 75 
7 .77 

. N , 
Calcd 

4 . 2 0 

5 .01 
4 . 5 5 
4 . 0 3 
5 .60 
8 .18 
7 . 9 4 
7 .09 
8 .52 

11 .07 

9 . 2 6 

9 . 6 8 
11 .07 
11 .07 

% 
F o u n d 

4 . 3 1 

5 .16 
4 . 6 2 
4 . 1 7 
5 .64 
7 .95 
7 93 
7 . 1 5 
8 .32 

10 .97 

9 . 0 5 

9 . 1 1 
10 .93 
10 .79 

, — C I , % — . 
Calcd F o u n d 

12 .67 12 .16 
11 .52 11 .29 

10 .05 10 .44 

4 . 5 J 2 . 4 8 ' 

3) isopropvl ether, (f) methvl isobutyl ketone-
R = C 0 H 5 . d H 2 0 . 

Because the 4-morpholinoethyl compound appeared to 
possess optimum activity among the amino deriva­
tives, particular effort was made to hold this part of the 
molecule constant while varying the other substituents. 
For similar reasons the N substituent was maintained 
as lower alkyl (methyl, ethyl, or isopropyl). A sum­
mary of biological activities suggesting some structure-
activity relationships is presented. 

Chemistry.—Alkyl- (or cycloalkyl-) (1-substituted 3-
pyrrolidinyl) phenylacetonitriles (Table I) were pre­
pared by alkylation of the corresponding alkyl- (or 
cycloalkyl-) phenylacetonitriles with the appropriate 
1-substituted 3-chloropyrrolidine in the presence of 
sodamide in toluene. Hydrolysis of these nitriles 
(Ha) in 70% sulfuric acid at 130° gave the correspond­
ing amides (Hd, R ' = t'-C3H7, C6Hn, C5H9; R = i-Cr 

H7) except when the a-alkyl group was methyl. Hy­
drolysis of the methyl compound (Ha, R ' = CHS, R 
= i-CiH;) under the same conditions gave the acid 
(lib, R' = CH3, R = t'-C3H7). When the amides were 
obtained they were readily converted to the acids with 

butyl nitrite and HCl. These crude acids, which were 
a,a disubstituted, on treatment with thionyl chloride 
underwent the rearrangement in the same manner as 
the diphenyl analogs. This was not realized with the 
a-monosubstituted compounds. 

Clarke,3 et al., reported that treatment of 7-dialkyl-
amino-a,a-disubstituted butyric acids with thionyl 
chloride gave ring closure (Table II) while the same 
treatment of analogs containing a-hydrogens produced 
sulfur-containing compounds. I t was similarly ob­
served in this laboratory that the desired rearrange­
ment did not take place when the acid III was treated 
with thionyl chloride. The l-ethyl-4-(2-iodoethyl)-3-
phenyl-2-pyrrolidinone was, however, obtained by 
treatment of the acid III with acetic anhydride and 
a large excess of sodium iodide (Scheme I). Treatment 
of the iodide IV, without isolation, with morpholine 
gave the desired 2-morpholinoethyl derivative V. 
Phenylation of l-ethyl-4-(2-morpholinoethyl)-3-phenyl-

(3) R. L. Clarke, A. Mooradian, P. Lucas, and T. J. Slauson, J. Am. 
Chem. Soc, 71, 2821 (1949). 
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c:(1H,-
CM-, 
i 

0= 

III 

R1 K' 

I I 
- C H C H B 

- R -

R 

(VI U except a< lulled : 

2 5 

2(i 

2 7 

2 8 

2!) 

Ull 

:il'< 

; i 2 " 

II 

11 

II 

l l 

l l 

ll 

C l l : i 

( ' I I , 

( ' l i s 

( ' l i s 

( ' I P 

( ' I P , 

I I 

I I 

II 

II 

II 

II 

II 

11 

(' 
(' 
II 

II 

M l ' t l m -

of 

p r e p n 

J 

I. 

1) 

K 

,1 

I, 

,1 

1. 

y i e l d 

.">:! 
7!> 

(>4 

7:1 

.">(! 
•1.") 

:;s 

s i p , •<• 
'. r i ' iTy.- t n 

s o l v e n l " 

1 5 0 - 1 5 : ; ( a , 

2 5 5 - t i l ,•) P . 

251-2 ." ) ; : i c i 

1 7 7 - 1 8 0 i d ) 

1 1 1 - 1 12 fa ) 

2 2 5 - 2 2 8 i c i 

1 5 0 - 1 5 : 1 u>, 

1 0 5 - 1 0 1 ! 5 i d 

F o r m u l a 

C : : I i : l C i X ' < > 

CaiI: ,:<(' lN:() . 
(''•..< I h i CI N . ' O 

( V i l P P X P O 

( P i H ; , C I N O 

(••..•,H,„('1N,.().; 

( ' - . o l P - C l N O 

( \ - l l l s : iC ' iN •<). 

C i 

7:: 

till 

71 

7ii 

7:i 

(ill 

7:: 

(iii 

( ' 
li-d 

77 

!l!l 

Mil 

18 
77 

ill) 

2 7 
; ,7 

F 1 

7:: 112 

I W . 7 7 

71 l!i 

7H.IHi 

711.(1(1 

7 0 . OH 

72 ',18 

(i(i. 2 1 

11, 

C a l c d 

7 . 0 8 

7 . 7 5 

8 . 0 8 

7 . 2 8 

7 . 0 S 

7 . 7 5 

li 70 

7 . (18 

15 

li 
7 

8 
7 

7 

7 

li 

7 

u n d 

i)2 

5:( 

10 

2 7 

:si 
8 7 

8 1 

8 0 

X 

C a l r d 

1 . 1(1 

t i . 5 : ; 

7 , 2 1 

8 . Pi 

1. 10 

li..".:; 

1 . 2 7 

li 17 

,, 
1 UUT 

1 ;: 

ii :: 

7 1 

8 . 0 

1 2 

ii 1 

1 :: 

11 5 

( 1 

Murpnu l im , IICI 
N i C I P C IICI 
C X 

( 'IP, CI 
Mnrphol i rm I K ! 
CI 
Mor|>li»iini> I ICPH.-O 

" l lciTvstal l ized from: ( a ) e i h a n o l i-.< 1 j )ri >p\'I c I lici', (1) .1 2-propaiiuI ace tone , ie ( n ic lhvl i.-nliiti vl ke tone , dl 1 inetliyl e thy l k e t o n e 
- ' -pmpan'ol . '• li. = Oil;,. 

r r— (TICOOH 

^ N ^ CM-

CM:: 
A,'.ll. Na 0=i. 

CM, 

J 
- C I U ' I I 

III 

R' 

CM 

0 V -CH,CH,N 
\ C,H, 
0 0 

.N'aN'H 

IV 

ni'M'ph'Hip.c 

-CH,CH.N 

I 
CM 

CM: 

Via, R ' - C H , 
b. R' " 2 - or 4-pyridyl 

2-pyrrolidinone (\r) using bromobenzene and sodamide 
in liquid ammonia gave l-ethyl-4-(2-morpho]inoethy])-
3,3-diphenyl-2-pyrrolidinonc (Via) (isolated and iden-
tilied as the hydrochloride hydrate) which was iden­
tical with the substance derived from (l-cthyl-3-pyr-
rolidinyl)diphenylacetonitrile described above and re­
ported in part I. Leake and Lcvine4 reported phenyl-
ation of the esters and ketones by this method; how­
ever, we have been unable to find any previous report 
of an amide acting as the activating group for such a 
phenylation. 

l-Ethyl-4-(2-morpholinoethyl)-3-plMmyl-3-(3-pyridyl)-
2-pyrrolidinone (I. R = CVH.-„ R ' = 3-pyridyl. X 
= morpholino) was prepared from the corresponding 
acid ( l ib , R = (VH5, W = 3-pyridyl) in the same 
manner as described previously for the 3,3-diphenyI 
analogs. This route was not applicable, however, for 
the 12- or 4-pyridyl isomers because of the facile decar­
boxylation which occurred during acid hydrolysis of the 
(1-ethyl-3-pyrrolidinyl)phenyl-2- (or 4-) pyridylacetoni-
frile (Ila, II = C-.H,, R' = 2-pyridyl or 4-pyridyl). 
The desired compounds (VIb) were obtained b\ r treat­
ment of the monophenylpyrrolidinone V with 2- or 4-
bromopyridine and sodamide in. toluene. 

Since similar reaction conditions can lead to pyridyne 
mechanisms and consequent changes of the location of 
subslit uents on 1 he pyridine ring/' llie nnir spectra of 

.•li W. \Y. I.cake and K. Fcvin,.. ./. Am. Chun. Sar.. 8 1 , .Illi'd, 1027 I P la te . 
'5i II. ,1, der i Icrloii and II. C. van .ler Plus. Ailmi.. HeU-rm;ivlir Cbem.. 

these products were studied. They showed thai no 
rearrangement had occurred and that the 2-, •'!-, and I-
pyridyl compounds had the expected pyridine ring 
substitution. 

Methyl substitution 011 the ethyl side chain (VIII , 
R- or R;i = CH:i) and at, the •"> position in the ring 
(VIII . R4 = VU,) (Table III) was achieved by use of 
the appropriately substituted pyrrolidinols (VII, R1, 
R-, or R:i = CH:iJ. Only one position .was substituted 
in any one compound. 

CM- K \C 

R —j r - OH 

VII 
R--CH or V.I I 

V..H-,-
0 

-CH—CHC] 
-IV 

VIII 
R CM or (Ml 

Replacement of the chloride in the parent l-alkyl-4-
(2-chloi'oethyl)-3,3-diphenyl-2-])yrrolidinones1 (I, R ' 
= C'fiHrj, X = (T) by the eyano group and subsequent 
modification led to a large number of derivatives 
(Table IV) including the homologous l-alkyl-4-(3-
substituted propyI)-3,3-diplienyl-2-pyrrolidinones n'n 
the seimence IXa-f. 

CM-

CM- -t'H„CH„X 
()=t 

R 
IXa, X CI 

b, X - CN 
e. X-COOH 
il. X-C0C1 
e. X-CH.OH 
t. X-"CH.,C1 

In order lo study the pharmacological effect of sub­
stitution of sulfur for the ring carbonyl oxygen, direct, 
substitution on I wo of the pyrrolidinones ( IXa and 
li. R — i-C-ilh) was cari'ied mil by treatment with a 
mixture of phosphorus pentasullide and potassium sul­
fide/' Derivatives of the pyrrolidinethiones (Table V) 

\ . IPird and C. . /Pa.Malor. r:i,,•„,. /,',,., 61 , 15 ' KHi 
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TABLE IV 

C6H5 

sH6 r 

N o . 

33 
34 
35 
36 

37 

38 
39 

40 

41 
42 
43 
44 

45 

46 

47 

48 

49 

50 

51 

52 

53 
54 
55 
56 
57 

58 

59 
00 
61 

62 

X 

C O O H 
C O N H 5 

C O N ( C H j ) . 
C O N H C t L 

CON O 

C O N H C H B 

C O N ( C H ; ) B C I I . 
1 1 

C O N ( C ] I 2 ) J C H a 

COOCzUi 
C H s O H 
C O O C H 2 C U 2 N ' ( C I L ) 
CIIsCI 

CH.N O 

" \ / 
OCOCH;N(C»I l s )2 

OCOCH.X O 

OCOCH2N XCH,, 

O C O C H . N ( C H . ) 3 C H 

O C O C H . ; \ ( C H 2 ) 4 C H 

' 1 
O C O C H - . N ( C H ! ) s C H 

O C O C H C H . N O 

COCiHs 
C N 
CH2NH2 
CH2CN 
C H 2 N H C O C H 1 

O C O — / > 
\ = N 

O C O C s H i O H - o 
O C O C H 3 
N H C H j C H = C H a 

] ^NCHlCH,), 

63 C O O ( C H a ) i N ( C H ! ) 1 C H « 

64 C O O C H i C H s N t C H i J i - H r -

M a l e a t e 

HC1 

2HC1 

HC1 

(H = 
M p , °C 
( recrys tn 
so lvent 0 ) 

175-176 (a) 
203 . 5-205 (a") 
149-150 (b) 
170-171 (c) 

R 
i-C3Hv except as noted) 

M e t h o d 

113.5-114 (d) 
144-145 (b) 

179.5-180 (b) 

84-85 (c) 
142-143 (e) 
172-173 (f) 
85-86.5 (g) 

155 U) 

91-92 (e) 

203-204 (e) 

190-191 (h) 

98-99 (e) 

107-108 (e) 

117-118 (e) 

227-230 (g) 

65 

67 

C O O C H s C H s N f C s H . ^ C H i I -

O 

1 2 0 - 1 2 2 . 5 (a) 
1 5 0 . 5 - 1 5 1 (j) 

F u m a r a t e 149-152 (r) 
125-126 (j) 
113-115 (k) 

104-105 (e) 

111-112 (g) 
83-84 (1) 

103-105 (in) 

[232-234 (0 .1 ) ] ' ' 

197-199 (h) 

175-180 (d) 

170-172 (n) 

1 5 2 . 5 - 1 5 4 (p) 

of 
p repn 

M 

N 
N 

1 5 7 . 5 - 1 5 8 . 5 (d) N 

N 
N 

N 

O 

P 

yield 

93 
90 
92 
84 

95 
92 . 

44 
75 
72. 

58 

F o r m u l a 
C ' sHaNOa 
C M H M N S O S 

C M H I O N J O J 

CSSHJBNSOS 

C I S H J I N J O S 

C^ILiNsO.. 
C2SHS6N202 

C:elIjsN»0» 

C.(1L»N0 3 

C - H n N O s 
C M H I S C I N S O S 

C M H M C I N O 

Cal I 

. 18 
40 

.1.5 

.79 

74 

76. 

CaoHssNsOe 

6 3 . 5 C«Ha«N:Oj 

43 C J J H S B C I N . O ! 

96 
30 

.03 

.28 

.94 

CssHaoCliNaOa 62. 68 

O 
O H 1 9 0 . 5 - 1 9 1 . 5 (q) 

136-138 (k) 

51 

65 

52 

52 

17 
87 
21 
bh 
60 

67 

60 
94 
63 

10 

50 

10 

83 

93 
20 

CnHMNsOi 

C M H J U N S O ! 

C M H I S N S O I 

C S S H S - C I N J O . 

Cs4Hs.NO! 
C22H24N2O 
C26HS2N!Os 
C.3H26N2O 

CaHjoNsO: 

C2-H2SN2O3 

C28H29NO4 
C22H2BN03 

C M H I O N S O 

C H H J S N S O ! 

74 .62 

7 4 . 9 6 

7 5 . 2 9 

6 7 . 1 1 

7 9 . 3 0 
7 9 . 4 8 
6 9 . 0 0 
7 9 . 7 3 
7 6 . 1 5 

75. 67 

7 5 . 8 2 
7 5 . 1 8 
7 9 . 5 2 

7 7 . 3 8 

Cs iHuClN.Os 7 0 . 6 3 

C!-H s-l irN203 6 2 , 6 6 

C I S H M I N I O S 

C28H26N2O3 

C M H S S X O S 

C J J H M N O S 

7 6 . 6 9 

7 7 . 6 4 
8 0 . 8 3 

F o u n d 

74, 99 
75. 55 
75 .99 
7 5 . 6 6 

74.24 

76 .69 
77 .54 

77 25 

76 .14 
78 .24 
6 7 . 8 8 
7 4 . 5 1 

6 8 . 7 5 

7 4 . 1 6 

6 6 . 4 4 

62.27 

74 .52 

7 5 . 1 0 

7 5 . 1 5 

6 7 . 2 5 

7 9 . 4 7 
7 9 . 2 1 
6 9 . 0 8 
7 9 . 5 3 
7 6 . 2 5 

7 5 . 5 2 

7 5 . 6 5 
7 5 . 0 3 
7 9 . 5 1 

77.20 

70 .30 

6 2 . 5 5 

7 6 . 9 0 

7 7 . 5 7 
8 0 . 7 2 

• II, 
Calcd 

7. 17 
7 .48 
7 .99 
7 .74 

7.67 

8 . 4 3 
8 .39 

7 .97 

7 70 
8 07 
7 .69 
7 .36 

7 . 3 3 

8 .31 

7 .24 

7.33 

8 . 2 8 

7 .44 

8 .04 
7 . 2 8 
7 .13 
7 .56 
7 .99 

6 .59 

6 .59 
7 .17 
8 .34 

8 .81 

8 .22 

7 .21 

.98 

F o u n d 
7 .29 
7 .68 
7 .89 

8 .28 
8 .20 

8 .03 
7 .48 

7 .22 

8 15 

7 .21 

8 .14 

8 .07 
7 . 0 8 
7 . 2 4 
7 . 3 8 
7 . 8 5 

0 . 5 1 

6 . 5 7 
7 . 0 0 
8 . 5 0 

8 .56 

8 .27 

7 .26 

6 . 1 2 

7 .49 
6 . 8 3 

. N, 
Calcd 

3 09 
4 . 1 5 

3 . 9 4 

5 . 3 8 

6 .42 

5 .75 

7 . 8 3 

6 .45 

6 .25 

6 . 0 6 

5 .59 

3 . 85 
8 .43 
6 . 1 8 
8 .09 
7 . 4 0 

6 .54 

3 . 1 6 

7 .73 

6 . 4 5 

5 .32 

5 .41 

4 . 7 3 

F o u n d 

3 .79 
4 . 2 0 

4 . 0 3 

5 .42 

6 .24 

8.07 

6 .52 

6 .09 

6 , 1 2 

5 .49 

4 . 0 6 
8 .27 
6 .19 
7 , 9 5 
7 , 2 6 

6 . 3 9 

3 , 2 5 

7 . 7 6 

6 . 3 0 

5 .49 

5 .52 

4 . 7 3 

68* OCsIIs 
0 Recrvstallized from: (a) CHCL-ligroin, (b) ethyl acetate, (c) methanol-water, (d) methyl ethyl ketone, (e) isopropvl ether, (f) 

ethanol-ethyl acetate, (g) ethanol, (h) ethanol-ether, (i) ethanol-water, (j) 2-propanol, (k) isopropvl ether-ethyl acetate, (1) toluene-
ligroin, (m) isooctane, (n) methyl isobutyl ketone, (p) methanol, (q) toluene, (r) water. b Bp, °C (mm). c R = C-JHJ. d R = CH3. 
" Prepared according to the method of the 1-isopropyl analog.1 

were prepared by methods analogous to the pyrrolidi-
nones, that is, dirct substitution for the chloride IXa or 
conversion of the nitrile IXb. 

Many of the compounds reported in this paper may 
exist as diastereoisomers. Although generally no at­
tempt was made to separate diastereoisomers, the 
compounds were recrystallized to constant melting 

point and consequently probably in most cases pure 
single diastereoisomers were obtained. I t is, however, 
likely that some of the reported compounds are still 
mixtures of diastereoisomers (Table VI). 

Pharmacology. Method.—The experimental pro­
cedure was identical with that described in the previous 
communication.1 

Cs4Hs.NO
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TABLE \ ' 

C.H, 

S= J -CH,CH,B 

c.v 
( ) ( ' « ! Is 
coon 
C O X H d F 
COOC- l l s 
C O O C I b t I1-..N(CI13)=-MCI 

Nil ' l 

-6 
( K . ' O C I I ; , 
on 
COOCH-.-C 1-X ' ( ( ' I F ; : , ! 

Mi . , "•<; 
i reci 'vstn 
so lvent") 

1 10-151 i a! 
100-107 (In 
l l i l - 1 0 5 (a; 
l l l l - l i U (al 
1(10-111 (CM 
H 8 . 5 - I 5 1 1(1. 

l i m - i s i s i t ) 
(200-210 

i0 .005) I'' 

I (17--1 0(1 if' 
18-1-187 if! 
218-210 (,a) 

M e t h o d 
of 

p r epn 

T 
T 

M 
X 
O 

CHCH, 

CH, 

81 \ NCH 133-134 

,\ield Formula 

•15 C'jiIIsjClXS 
57 C 2 ! H M N;S 
-l)i C27HJ11NOS 
80 CisHaiNOsS 
••',7 C M I I M N S O S 

51 C!.,Hi»NO :S 
07 CjeHjsClX.O::.' 
24 C21H26NS, 

IS CsoUmNaOS 

7U C M I I - T N O S S 

00 Cj i l l ssXOS 
55 O I T H S T I N W 

(i Ce l i s sXsS 

Ca 

70. 

78 . 
7 1 . 
7 3 . 

.cd 
46 
82 
03 
00 
05 
87 

F o u n d 
70 .32 
75 . M 
7 8 . 3 0 
7 1 . 7 8 
73 .22 
7 2 . 7 5 
(15. 8li 
71 .03 

- • • ) ! , 

Calcd 
0 . 7 0 
0 04 
7 .03 
0 .80 
7 .00 

7.011 

(i .47 
7. 1 1 
li. 70 
0 . 0 8 
7.51 
7 . 2 0 
7,51 
(i.'Jl) 

N , 

Caled 

3 . 0 1 
8 . 0 4 

3 .81 
7 . 1 0 
3 . 5 1 
5 00 
3 . 0 4 

Found Caled !•'. 

3.(18 
8 .13 0 . 2 0 (i 
3 . 15 
3.117 
li. 01 
3 . 0 3 
5 .90 
1.20 

7 2 . 1 (1 

7 4 . 0 1 

5 5 . 7 1 

7 1 .11 

7 . 1 3 

7 12 

1) 13 

8 3 7 

7 . 3 0 

7 14. 

(i. 17 

8 . 2 8 

3 . 0 7 

1. 13 

1 S3, 

l i . 0 7 

3 . 0 1 

4 . 10 

1 . 8 3 

0 , 8 5 

r 
N 

O-HCl if) 58 ( . 'ai l iaCINsOS .40 15 

X ( C I i ; , h - l l C I - IFO 100-107 ie) 1 •> 38 <' '=SIF;; ,C1XSS() 05 .01 05 88 7 .00 7 . 7 0 0 . 0 5 

i'eorystallized from: (a) loluene, (b) 2-propanol, (c) isopropyl ether, id) oihyl acetate, (e) methyl isobui 
lanol, (<t) ethanol. '' Prepared by method of analogous 2-pyrrolidinone.1 c Bp, °C (mm). 

1 ken 

'ABLE VI 

IJ -R' 
-CH, 

li 

C l l . , " 

C d l s 

( M l i 

C d l s 

Cs l ! , , ' ' 

C l l i 1 ' 

l i . ' 

c 
CI 

( 1 

( C « l l . i ) ; C ( ( 

( C s l h ' i s t / K 

N i 

N ; 

( C t l l s h O C ' N ) 

F o s h i o r 

of 

HUM h.\'l 

2 

5 

4 

1 

2 

l ' . |) . " C ( n u n ) 

0 4 - 0 0 120 ! 

0 7 - 7 0 ( 2 5 ) 

7 1 ( 2 0 ) 

1 7 5 - 1 H O ( 0 . 0 3 -

0 . 0 1 ) 

1 7 3 - 1 7 5 ( 0 . 0 2 ! 

1 0 8 - 1 7 0 ( O . l i . 

1 1 5 - 1 1 7 d 

Y i e l d , 

0 0 

5 8 , 5 

0 1 , 5 

0 1 . 7 

8 2 

2 5 

Al 

1> 

el h o d 

i.f 

' e ] i n 

II 

II 

11 

A 

A 

A 

" Pvrrolidinol was reported bv ('. W. liyan and Ainsworth 
\.J. Org. Chrm., 27. 2901 (1962)]. >' Anal. Caled for CsiHoiNs: 
n( lit equiv, olS. Found: neut equiv, 321. "Anal. Calcd for 
(',,,11..A*..- ( ' , 8 2 . 7 1 : Tl, 7.64; N, !).(>5. Found: C, 82.87: 
II, 7.1)2; N.,'1.51. '< Alp., C. 

Results. Most, of the compounds reported herein 
enhanced respiratory rale and amplitude, increased 
arterial blood pressure, and antagonized the CXS 
depressant action of the anesthetic agent (Table VII). 
In many instances the blood pressure and respiratory 
effects were elicited by doses that had little or no anti-
anesthetic action; however, the latter effect was in­
variably produced with larger doses. 

Several compounds (e.g., 35, 39, 40) increased respira­
tory rate and amplitude, even with the lowest dose 
tested. This effect was of relatively long duration. 
The pressor action of these compounds was pronounced 
initially and a good effect, persisted for more than 60 min 
in some experiments. Also, these compounds caused 
considerable spontaneous movement of the head and 
limbs and the animals were then responsive to various 

stimuli, whereas they had been totally unresponsive 
prior to treatment. 

Other members of this series [e.g., 10-12) apparently 
had no direct respiratory stimulating action. The in­
creased respiratory effort was probably induced re-
flexly as a result of their hypotensive action. Still 
other compounds (48, 64) decreased respiratory rate 
and/or amplitude. These also were depressor. All 
compounds having no direct respiratory stimulating 
action were essentially void of antianesthetic activity. 

As previously reported,1 substitution at the nitrogen 
of the pyrrolidinone ring was essential for producing the 
pharmacologic effects in question; activity was opti­
mum with the smaller alkyl groups. Quaternization 
virtually eliminated activity (64, 39*7). All members 
of the present series have lower alkyl on the pyrrolidi­
none nitrogen. 

In agreement with, and extending previously re­
ported results,1 the present, study showed that certain 
variations of the 3 substituent of the 4-ethyl group do 
not seriously diminish pharmacologic activity. Among 
the most active of the present series were several ter­
tiary amino acetates (46, 47, 49-51); an exception 
within this group was the X'-methylpiperazine analog 
(48). Three amides were active with the results sug­
gesting increasing potency in going from a primary 
(34) through a secondary (36) to a tertiary (35). Other 
variations of the 8 substituent, particularly amines (15. 
16, 61, 75, 83), produced definite hypotension and 
probably had no direct stimulating effect on respira­
tion. Also causing a lowering of blood pressure were '_'-
methyl substitution in the chain of a ehloro compound 
(29) [similar substitution in a morpholino compound 

<7i A manl ie r with an aster isk refers to the c o m p o u n d of th is n u m b e r in 



March 1907 4-SuBSTITUTED 3,3-DlPHENYL-2-PYKKOLIDONES AS C N S STIMULANTS 219 

No. 
(solvent"; 

10 (b) 
11 (b) 
12 (b) 
13 (b) 
14 (c) 
15(e) 
16(c) 
17 (c) 
IS (b) 
19 (c) 
21 (c) 
22 (c) 
24 (c) (HC1 
2 5 ( b ) 
26 (c) 
27 (c) 
29 (b) 
30 (c) 
3 2 ( d ) 
33 (b) 
34 (a) 
35 (b) 
36 (b) 
38 (a) 
39 (b) 
40 (b) 
41 (b) 
42 (b) 
43 (c) 
44 (b) 
45(c ) 
46 (c) (IICI 
47 (c ) 
48 (c) 

49 (c) (IIC1 
50 (c) (HC1 
51 (c) (HC1 
52(c) 
53 (b) 
54 (a) 
55 (b) 
56 (b) 
58 (b) 
59 (a) 
60 (a) 
61 (c) (1101 
62 (c) (HOI 
63 (c) 
64 (c) 

66 (a) 
69 (a) 
70 (b) 
71 (a) 
74 (b) 
75 (c) 
76 (b) 
78 (a) 
79 (a) 
81 (b) 
82 (c) 
83 (b) 

) 

salt) 

salt) 

salt) 
salt) 
salt) 

salt) 
salt) 

TABLE VII 

Min dose 
obsd to stim 

resp, 
mg/kg iv 

8= 
8= 
8= 
2 
4 
2= 

16° 
4 
2 
2 

16= 
8 
2 
2 
8 
8" 
2= 
2 
4° 
8 
4 
1 
2 
2 
1 
1 
1 
4 
2 
1 
2 
1 
1 

Resp de­
pressant 
2 
1 
1 
1 
1 
1 
4 
2 
1 
2 
2 
2" 
2C 

2 
llesp de­
pressant 
1 
1 
1 
2 
2 
2° 
4 
2 
2 
2= 
1 
4C 

Pre­
dominant 
blood pres 

effects 

Depressor 
Depressor 
Depressor 
Pressor 
Pressor"* 
Depressor 
Depressor 
Pressor 
Pressor 
Pressor'' 
Depressor 
Pressor 
Pressor 
Pressor 
Pressor 
Depressor 
Depressor 
Pressor 
Depressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Depressor 

Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Pressor'' 
Pressor 
Pressor 
Pressor 
Pressor 
Depressor 
Depressor 
Pressor 
Depressor 

Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Depressor 
Pressor 
Pressor 
Pressor^ 
Depressor 
Pressor 
Depressor 

Anti-
anesthetic 

effects6 

± 
+ 
+ + 
+ + 
+ + + 
+ 
-
± 
+ + + 
+ + 
-
+ + 
+ + 
+ + + 
+ + 
± 
+ + 
+ 
-
— 
+ + 
+ + + + 
+ + 
+ + + 
+ + + + 
+ + + + 
+ + + + 
+ + 
+ + + 
+ + 
+ + + 
+ + 
+ + + 

+ + + 
+ + + + 
+ + + 
+ + 
+ + + 
+ + + + 
— 
+ + + 
+ + 
+ + 
+ + + 
± 
± 
+ 

+ + + + 
+ + + + 
+ + + 
+ + + + 
+ + + 
± 
+ + 
+ + 
+ + 
-
+ + + + 
-

"Solvents: (a) PEG-300, (b) propylene glycol, (e) water, (d) 
dimethylformamide. b —, no activity; ± , questionable; + , 
very slight; + + , slight; + + + , moderate; + + + + , 
marked. c Respiratory stimulation coincided with hypotensive 
period. d High doses were depressor. 

(30) did not eliminate pressor activity] and methyl 
substitution at the 5 position of the pyrrolidinone ring 
(32). I t was interesting to note in comparing two 
amines that increasing the chain length by a methylene 
group seemed to introduce a qualitative change in bio­
logical activity. The 4-(2-aminoethyl) member of the 
previously reported series (37*) depressed respiration 
and failed to raise blood pressure regardless of dose, but 
lower doses of the 4-(3-aminopropyl) compound (55) 
were pressor and slightly increased respiratory rate. A 
similar change in activity was not seen with the analo­
gous chloro (44, 3*), hydroxy (42, 17*), morpholino 
(45, 26*), or cyano (54, 56) compounds. 

In comparing certain members of the present series 
to each other or to particular compounds in the previ­
ous study,1 several examples show that replacing the 
oxygen of the pyrrolidinone ring with sulfur does not 
materially impair biologic activity. Of approximately 
equal potency in the present series were 70 and 54, 
74 and 41, 78 and 60. Compounds of the present series 
(first number in each set) that were comparable to mem­
bers of the previous series1 were 69 and 3*, 71 and 16*, 
79 and 17*, 82 and 26*, and 83 and 7*. There were 
three examples in which this equality did not hold but 
most of the compounds involved (75 and 43, 76 and 
21*, 81 and 24*) were among the less effective. 

The results of the present study (with some compari­
sons to previously reported results1) stress the impor­
tance of the two phenyl substituents at the 3 position of 
the pyrrolidinone ring. Among the 4-(2-morpholino-
ethyl) compounds, activity was decreased when a 
phenyl group was replaced with isopropyl (17), cyclo-
pentyl (14), or pyridyl (2-pyridyl, 22; 3-pyridyl, 19; 
4-pyridyl, 24). Activity was abolished by replacing 
a phenyl with hydrogen (21). Likewise, in comparing 
4-(2-dimethylaminoethyl) compounds, the 3-phenyl-3-
isopropyl (16) and the 3-phenyl-3-cyclopentyl (15) com­
pounds were less potent than the 3,3-diphenyl com­
pound (8*). Also, the 3,3-diphenyl compound in the 4-
(2-chloroethyl) group (3*) increased blood pressure, 
stimulated respiration, and exerted antianesthetic 
effects. The corresponding compounds in which a 
phenyl was replaced with methyl (11), isopropyl (12), 
or cyclopentyl (10) were depressor and relatively inef­
fective respiratory-stimulating and antianesthetic 
agents. Only the cyclohexyl compound (13) exhibited 
activity comparable to that of the analogous diphenyl 
compound. 

Experimental Section 

Melting points were determined in glass capillaries and are 
corrected. Boiling points are uncorrected. Microanalyses were 
done by Schwarzkopf Microanalytical Laboratory, Woodside, 
N. Y., Galbraith Microanalytical Laboratories, Knoxville, Tenn., 
Micro-Tech Laboratories, Skokie, III., and Mrs. Ruby Higgins 
of these laboratories. 

Method A was previously described for the preparation of 
(l-isopropyl-S-pyrrolidiny^diphenylaeetonitrile.1 

Method B. 2-Cyclopentyl-2-(l-isopropyl-3-pyrrolidirtyI)-
phenylacetamide (7).—A solution of 150 g (0.50 mole) of 2-cyclo-
pentyl-2-(l-isopropyl-3-pyrrolidinyl)phenylacetonitrile in 800 g 
of 70% H2S04 was stirred at 130-140° for 48 hr. The solution 
was poured on ice, made basic with 50% NaOH, and extracted 
(CHCU). The CHC13 solution was dried ( \a 2 S0 4 ) and con­
centrated, and the residue was distilled, yield 105 g (66%), bp 
221-225° (0.2 mm). The infrared spectrum showed a strong 
absorption at 6.1 and none near 4.45 fi. The material was taken 
to the next step without further characterization. 
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M e t h o d (..'. 4- (2-Chloroethyl) -3-cyclopentyl- l - i sopropyl-3-
phenyl-2-pyrrolidinone ( 1 0 ) . — A n h y d r o u s IIC1 was in t roduced 
slowly in to a s t i r red solut ion of 7M g (0.2M2 mole) of 7 in 200 ml of 
glacial acet ic acid over 25 min. Th i s was followed by the sub­
surface add i t ion of 47.!) g (0.464 mole) of b u t y l n i t r i te over a 
2-hr per iod. T h e r e was a slight exo the rmic react ion du r ing this 
add i t ion . T h e t e m p e r a t u r e was held at 2(i-M0° by in t e rmi t t en t 
app l ica t ion of an ice b a t h . T h e m i x t u r e wit* st irred overnight tit 
25° and then hea t ed for .'! hr on a s t e am b a t h . T h e ace t ic acid 
was removed in rat-no, and the res idue was lakeii into about 100 
ml of O H C h , washed wi th wa te r , and c o n c e n t r a t e d . T h i s resi­
due was then dissolved in a p p r o x i m a t e l y 500 ml of S O C b and 
hea led at reflux for 2 hr. T h e excess S O C b was removed in 
rue no. T h e residue was t aken into 200 ml of ( ' I K M:l, washed twice 
wi th water , dried (Na^SO.) , c o n c e n t r a t e d , and dis t i l led: bp 
ITS ISO" (O.OIJ min i . T h e produc t was crys ta l l ized from ligroin 
(bp 0.-)- 110°). 

4-(2-Chloroethyl)- l - isopropyl-3-methyl-3-phenyl-2-pyrrol idi-
none ( 1 1 ) . — T o 1.50 g of 7Vi<~/c. I T S O ; was a d d e d :!() g (0.124 mole i 
of 2-( l-isopropyl-.M-pyrrolidin\ 1 !-2-phenylpropii mil rile. T h e 
solut ion was hea ted at 1M0-1M50 for 4S hr, poured on ice, and 
m a d e basic ( N a O I I ) . T h e solut ion was c o n c e n t r a t e d to d r y n e s s 
and the res idue was e x t r a c t e d twice with 400-ml por t ions of 
boiling abso lu te e thano l . T h e e thano l ic solut ion was concen­
t r a t ed and ( ' H C b was a d d e d to the residue. I KM was passed 
into the mixt are unt i l it was acidic, and the (Ml( ' l : , was removed . 
M'he res idue was dissolved in MOO ml of S O C b and refluxed for 40 
min. M'he excess S O C b was r emoved , and the residue was 
t r ea t ed wi th 45 g of K O I I in MOO ml of e thano l and 100 ml of 
water ." T h e solut ion was concent ra ted , and the residue was 
p a r t i t i o n e d be tween MOO ml of I M ) and MOO ml of (TK'l ; , . T h e 
ClKM : i solut ion was dr ied (Na»S()i) and c o n c e n t r a t e d . T h e 
res idue solidified on s t a n d i n g and was recrvsta l l ized th ree t imes 
from e t h a n o l - w a t e r and once from isopropyl e the r . 

M e t h o d D was p rev ious ly desc r ibed as a general p r o c e d u r e for 
t h e p r e p a r a t i o n of 1-subst i tuted 4-i 2-amii methyl i-M,M-diphony 1-2-
pyr ro l id inones . 1 

Method K. l -Ethyl-4-(2-morphol inoethyl)-3-phenyl-2-pyrrol i -
dinone ( 2 1 ) . — A solut ion of 108 g (0.01 mole) of (1-ethyl-M-
pyrro l id inyl Jphenylace ton i t r i l e in S50 g of 70 ' , H2SO1 was 
hea ted at 1M0° for 4S hr, cooled, poured on to crushed ice, and 
m a d e s t rong ly basic wi th 50',) N a O I I . Chloroform was added 
forming three layers. T h e b o t t o m i C I I O h ) layer was removed 
and combined wi th the top layer : the middle t I M ) ! layer was 
d i scarded . T h e chloroform oil combiual io i i was concen t r a t ed 
in rnciio, and t he res idue was dissolved in I 1. of abso lu te et hanol . 
T h e el hanolic sol 111 ion was I real.ed wit h IK 'I gas mil il the pi I was 
about (i a n d I hen filtered. M'he fi l trate was concent rat oil and the 
residue was t r ea ted wi th d r y to luene which was removed in vacuo 
several t imes to r emove t races of I M ) and e thano l . M'he residue 
solidified and was left under reduced pressure (M0 mm 1 over­
night . About 1 1. of d r y e thy l m e t h y l ke tone was added followed 
by 410 g (2.7M moles I of N a l . M'he mix tu re was b rough t to re­
flux wi th s t i r r ing , and MM g IO.OI mole 1 of acet ic a n h y d r i d e was 
added over a period of 10 min. Kefluxing was con t inued 0.5 hr 
and an addi t iona l 0M g (0.01 mole i of ace I ic a n h y d r i d e was a d d e d . 
After a n o t h e r hou r of refluxing, M(i ml of I M ) was a d d e d slowly to 
the hot so lu t ion . M'he m i x t u r e was c o n c e n t r a t e d »i rarim ami 
pa r t i t i oned be tween O H C h and 1Mb M'he C I K ' b layer was 
washed with d i lu te IK ' l followed by d i lu te N a O I I , dried (Na-;-
S( ) , j , and c o n c e n t r a t e d in vacuo. M'he residue was dissolved in 
500 ml of n iorphnl ine , refluxed 1 hr. and c o n c e n t r a t e d /// vacuo. 
and the residue was dissolved in IliOO ml of hot d i lu te IK ' l . M'o 
this solut ion was added 50 g of Na l in 200 ml of I M ) . C r y s t a l s 
formed on cooling, yield 25M g ( 0 5 ' , ;. M'he h y d r i o d i d e salt on 
fur ther purif icat ion by rocryslal l izal ion from wa te r mel ted at 
about 25S°. (This mel t ing point was dependen t on r a t e of 
hea l ing since the c o m p o u n d decomposed at lower t e m p e r a t u r e s 
when hea led slowly, j 

MMie salt was pa r t i t i oned be tween CIK' l ; , and d i lu te N a O I I . 
T h e C H C b was c o n c e n t r a t e d , and the res idue dist i l led, yield 
IM4 g ( 4 8 . 5 ' , ), bp 215 220° (0,2 mm 1. T h e d is t i l la te crys ta l l ized 
on s t a n d i n g a n d was recrvstal l ized twice from isopropyl e t h e r by 
cooling in Dry Ice ace tone ba th , m p 50.5 01 .5° . 

3,3-Diphenyl- l -ethyl-4-(2-morphol inoethyIj-2-pyrrol idinone 
Hydrochloride Hydrate by Phenylation of l -Ethy l -4 - (2 -mor-
pholinoethyl)-3-phenyl-2-pyrrolidinone. A ca t a ly t i c a m o u n t of 

i.S) If l l i i s . - m p is 1,11111 l e a O i r i i i 'u . l i i i ' l 11- f u n n e d d u o m. l r u n i c n|> i n t l m 

KeCli was added to 1.0 g (0.04M g - a t o m i of Na 111 100 ml of liquid 
N i b , and the solut ion was st irred unt i l the blue color d i sappea red . 
Ten g r a m s (0.021 mole) of 1-el hyl— t~(2-morpholinoetl iyl i-.'l-
phoiivM-2-pvrrolidinonc h y d r i o d i d e was part if ioiied bet ween d i lu te 
X a O I I and CHOI- , T h e CIK' l ; , solut ion was dried (Nn-SO.1 
and concen t r a t ed in vacuo. M'he residue was added , oyer a 
period of 2 min, to the ammmi iaca l X a X I M M'he mix tu re wa-
st irred for 10 min. anil 1.7 g (0.011 m o l e ; of b r o n i o b e n / e u e was 
added . A vigorous react ion ensued . After 10 min of s t i r r ing 
2.7 g (0.050 mole) of XI I ,CI was added , I ho NII : i wa- allowed to 
e v a p o r a t e , and the residue was pan. i t ioi ied be tween 100 ml of 
C I K M I I and 100 ml of 2 A' IK ' l . MMie CI1C1:, layer was washed 
with d i lu te NaOI I and c o n c e n t r a t e d . MMie residue was dissolved 
in 25 nil of boiling 2 A' IK ' l . t r ea ted wi th ac t iva t ed carbon, and 
filtered. On cooling, the product crys ta l l ized, yield 1 g i'-•)' , V 
nip 210 218° : mix tu re mel t ing point wi th a u t h e n t i c M.M-di-
phenvI - l - e thv l -4 - !2 -morpbo l i i ioo thv l )-2-pvrroliduioiie hydro­

chlor ide h y d r a t e ' gave no depress ion . 
Method F. l -Ethyl -4- (2-morphol inoethyl ) -3-phenyl -3- (2-

pyridylj-2-pyrrolidinone Hydrochloride Hydrate (22) . 1-Kthvi-
4-(2-mnrpholinniMhyl)-M-pheiiyl-2-pyrrolidino!io 1 10 g, 0.0MM 
mole 1. 2.7 g 0.00b mole ; of N a X I l , . and 0.2 g IO.OMO mole- of 
2 -b romopyr id iue in 100 ml of dry to luene were refluxed for 1 hr. 
W a t e r ! 100 ml 1 was added , anil t he layers were s epa ra t ed . T h e 
to luene solut ion was ex t r ac t ed with d i lu te IK ' l , t he acid layer 
was m a d e basic i N a O l l i and e x t r a c t e d iCHCl . , ' . MMie CIK' l . . 
was dr ied iNa-jSO, and concent ra ted . MMie residue was dis­
solved in i sobutyl m e t h y l k e t o n e and about I g of IKM in iso-
bi t tyl me thy l ke tone was added . I 'noiigh OII ; ,Oll was added to 
br ing about solut ion when boiling and on cooling c rys ta l s were 
ob ta ined which were recrvsta l l ized from isobuty l me thy l ke tone 
me thano l , m p ca. 2M0 2M2° (sample in a b a t h p r ehea t ed to the 
t e m p e r a t u r e which br ings about rapid me l t ing : , yield .M.O g 
(27 ' , ). M'he salt was dissolved in 1Mb m a d e basic (NaOII i, 
and ex t r ac t ed iCIICI.,1. MMie CIK' l ; , was c o n c e n t r a t e d and 1 he 
residue was crysta l l ized from a mix tu re of isopropyl e the r and 
l igroin; m p O l 02° . 

Method G. l-Ethyl-2-methyI-4-pyrrolidinoI. A solut ion ol 
127 g (1.00 mole) of l - e th \ l -2-meth\ 1-4-pyrrolidinoue,9 b p 00 01° 
(22 mill) , in MM) ml of I M ) was t r e a t e d with 8M g (2.2 moles) of 
N a B I I i in a p p r o x i m a t e l y 2-g po r t i ons over a period of M0 min at 
20° . T h e solut ion was s t i r red at .M0° for 2 hr and cooled in (I'M 
and 000 g of KA'() : ; was added with st irriug while 1 he t empera 1 tire 
rose to 25° . T h e mix tu re was filtered, and the fi l trate was ex­
t rac ted live l imes i C I K ' l : i. M'he CIK'l ; , solut ion was concen­
t r a t ed and dis t i l led; yield 100 g i -M' , ), bp 10-1 100° (25 mm 1. 

Ana/, ( 'tiled for < Ml l ,„XO: uetti eipiiv. 120,2. bo 1: 
ueul equiv , 128. 

l -Ethyl-4-methyI-3-pyrrolidinol was p repa red l>\ me thod (1 
in 4 0 ' , yield, bp 105 108° (20 m m ) , from I-el hy l -4 -me lh \ M-M-
pyrrol idinoi ie which was m a d e by the m e t h o d of Oava l la . 
< I al." 

Method H has been previous ly descr ibed for the propi t ia t ion 
of 1-alkyI-M-chloropy rroli dines.1" 

Method J. 4-( l -Chloro-2-propyl) -3 ,3-diphenyl- l -ethyI-2-
pyrrolidinone 1 25) . A solut ion of 50 g (0.158 mole) of d ipheny l -
( l-eth\M-M-ii iethyl-4-pyrrolidinyl)aceto!i i tr i le in MOO g of 70 ' , -
ICSO, was hea t ed at 1M5° for 48 hr. poured on to ice, and m a d e 
basic wi th 50 ' , N a O I I while keeping the t e m p e r a t u r e below 50° . 
M'he solut ion was ex t r ac t ed with CIK' l . , forming three layers . 
T h e CIK'l ; : ( b o t t o m ) and middle layers were d r a w n off toge the r 
and acidified ( H O C A small aqueous layer was again formed 
which was d iscarded . M'he CI 101, was dr ied : Na-jSO; ) and con­
cent ra ted in 1 acuo. M'he res idue was dissolved in 50 nil of S t ) ( ' ] , , 
refluxed 2 hr, and concent ra ted in cacao. Th i s residue was 
crys ta l l ized th ree l imes from e thanol isopropyl e ther . 

Method K. 4-11-( yano-2-propyl) -3 ,3-diphenyI- l -ethyl -2-
pyrrolidinone (28) . A m i x t u r e of 20 g (0.05!) mole) of 25 and 
2.88 g (0.050 mole) of X a O N in 50 ml of D.MF was s t i r red and 
heated at 120° for 4.5 hr, cooled, and pa r t i t i oned be tween OlK'l : , 
and I M ) . T h e CIK' l ; , l ayer was washed wi th 150 ml of ll,<), 
dr ied (Na 2 SO;! , and c o n c e n t r a t e d to d rynes s in vavno. T h e 
resul t ing tan c rys t a l s were dissolved in hot 2-propanol , t r ea ted 
with Xor i t . and filtered. Cpon cooling, c rys ta l s formed, nip 
170 170°; after several recrys ta l l iza! ions from e thy l m e t h y l 
ke tone , m p 177 - I so" . 

i l l , .1. I-'. C a v a [ la . .1. l a o n l l . M. .1. i l i ' i i i i , O S . F r a n k l i n , a n d 1), M . I V m 

| i l , ' . .1 Mill, l'lmnn. C/„m.. i , I (IIMit I. 

I l l i I'.. \ . F n i i i U n n i l . I C I I . l . i i n s F i n d . , W . . 2 . :,2-\ i I'.Hin 
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Method L. 3,3-Diphenyl-l-ethyl-4-(l-methyI-2-morpho]ino-
ethyl)-2-pyrrolidinone Hydrochloride (26).—A mixture of 20 g 
(0.059 mole) of 3,3-diphenyl-4-(2-chloro-l-methylethyl)-l-ethyl-
2-pyrrolidinone and 80.2 g (0.92 mole) of morpholine was stirred 
and heated at 110° for 3 hr. The excess morpholine was re­
moved in vacuo at steam-bath temperature, and the residue was 
partitioned between CHC13 and aqueous NaOH. The CHC13 

layer was washed twice with 75 ml of H 20, dried (Na2SO,i), and 
concentrated in vacuo at steam-bath temperature. The light 
tan solid residue was dissolved in isobutyl methyl ketone, and 
the hydrochloride salt was precipitated by passing in anhydrous 
HC1. The dried, white solid turned brown at 243° and softened 
and decomposed from 248-258°. The material was then crystal­
lized from 2-propanol and acetone; mp 255-261.5° dec. 

Method M. 3-[4-(3,3-Diphenyl-l-isopropyl-2-pyrrolidinone)]-
propionic Acid (33).—A mixture of 94 g (0.28 mole) of 3-[4-(3,3-
diphenvl-l-isopropyl-2-pyrrolidinone)]propionitrile and 500 ml of 
70% H2SO4 was heated with stirring at 80-90° for 24 hr and was 
poured onto ice. The precipitated while solid was separated, 
washed, and recrystallized from a 1:1 chloroform-ligroin mix­
ture. 

3-[4-(3,3-Diphenyl-l-isopropyl-2-pyrrolidinone)]propionyI 
Chloride.—To a suspension of 144 g (0.41 mole) of 33 in 500 ml of 
dry C6H6 was added, dropwise at 20-25° with stirring, 97.5 g 
(0.82 mole) of SOCl2. The solution was refluxed 1 hr and con­
centrated in vacuo to one half volume. On cooling, 131 g (86%) 
of white crystals was obtained. 

3-[4-(3,3-Diphenyl-l-isopropyl-2-pyrrolidinone)]propionamide 
(34).—To a cold aqueous NH 3 solution (37%) was added, in small 
portions with vigorous stirring, 54 g (0.15 mole) of 3-[4-(3,3-di-
phenyl-l-isopropyl-2-pyrrolidinone)]propionyl chloride. The 
stirring was continued 0.5 hr after the addition was complete. 
The mixture was filtered and the solid was washed with water and 
recrystallized from a chloroform-ligroin mixture. 

Method N. N,N-Dimethyl-3-[4-(3,3-diphenyI-l-isopropyl-2-
pyrrolidinone)]propionamide (35).—A C«H6 solution of 6.2 g 
(0.137 mole) of dimethylamine was added dropwise at 15-20° to 
a suspension of 25 g (0.068 mole) of 3-[4-(3,3-diphenyl-l-iso-
propyl-2-pyrrolidinone)]propionyl chloride in CeHe- The re­
action mixture was warmed to reflux for 1 hr. The solvent was 
removed and the residue was dissolved in 95% ethanol. Addi­
tion of small amounts of ice produced a white solid, mp 145-148°. 
An additional crystallization from ethyl acetate yielded a product 
melting at 149-150°. 

Method O. Ethyl 3-|4-(3,3-DiphenyI-l-isopropyl-2-pyrrolidi-
none)jpropionate (41).—To 200 ml of dry ethanol was added 
2.05 g (0.090 g-atom) of Na. When solution was complete 30 g 
(0.081 mole) of 3-[4-(3,3-diphenyl-l-isopropyl-2-pyrrolidinone)]-
propionyl chloride in 300 ml of dry ethanol was added rapidly. 
The mixture was stirred at room temperature overnight and 
filtered. The filtrate was concentrated and the residue was 
partitioned between 2,50 ml of CHC13 and 250 ml of H 2 0. The 
CHCI3 solution was dried (Na2S04) and concentrated. The 
residue was crystallized from 70% ethanol. 

3,3-DiphenyI-4-(3-hydroxypropyl)-l-isopropyl-2-pyrrolidinone 
(42). Procedure a.—To a boiling solution of 5 g (0.013 mole) of 
41 in 50 ml of absolute ethanol11 was added as rapidly as possible 
2 g (0.09 g-atom) of sodium. The unreacted ester was then 
hydrolyzed by adding 30 ml of H20 and refluxing 1 hr. The 
solvent was removed and the residue was partitioned between 
100 ml of IT/) and 100 ml of CHC13. The CHC13 solution was 
dried (Na2S().i) and concentrated, and the residue crystallized, 
yield 1.6 g (360, ), mp (after recrystallization from 50% ethanol) 
140-141.5°. The product was identical with that made by 
procedure b. 

Procedure b.—To a suspension of 10 g of Nalili4 in 100 ml of 
dry dioxane12 was added rapidly and with stirring 25 g (0.068 
mole) of 3-[4-(3,3-diphenyl-l-isopropyl-2-pyrrolidinone)]propi-
onyl chloride in 200 ml of dry dioxane. The mixture was stirred 
at reflux for 4 hr and cooled to room temperature, and 100 ml 
of H 2 0 was added carefully.13 The mixture was partitioned 
between 500 ml of H 2 0 and' 300 ml of CHCI3. The H 2 0 layer 
was extracted with another 300 ml of CHC13; the CHC13 solu­
tions were combined, dried (Na2S04), and concentrated. The 
residue was crystallized from 70% ethanol and recrystallized 

(11) Dried with MglOCHs)!: see "Organic Syntheses," Coll. Vol. I, 
John Wiley and Sons, Inc. , New York, N. Y., 1941, p 249, note 2. 

(12) Dried by shaking with NaOH followed by refluxing with LiAlH4 for 
24 hr. 

(13) Watt1]' must be added very slowly due tu excessive foaming. 

twice from isopropyl ether; yield 10 g (44%), mp 142-143°. 
A mixture melting point with a sample from procedure a gave 
no depression. 

Method P. Dimethylaminoethyl 3-[4-(3,3-DiphenyI-l-isopro-
pyl-2-pyrrolidinone)]propionate Hydrochloride (43).—A warm 
solution of 25.0 g (0.068 mole) of 3-[4-(3,3-diphenyl-l-isopropyl-2-
pyrrolidinone)]propionyl chloride in 200 ml of C6H6 was added at a 
rapid drop with stirring to a 15° solution of 6.1 g (0.068 mole) of 
dimetlrylaminoethanol in 100 ml of C6H6. After addition the 
mixture was allowed to warm to room temperature, then re-
fluxed for 1 hr. The benzene was evaporated under reduced 
pressure and the residue was dissolved in dry ethyl acetate. 
Chilling produced a white, crystalline solid, mp 162-167°, which 
was recrystallized from the same solvent (using a small volume 
of dry ethanol to effect solution). 

4-(3-Chloropropyl)-3,3-diphenyl-l-isopropyl-2-pyrrolidinone 
(44).—A solution of 7.4 g (0.062 mole) of SOCl2 in 50 ml of CHCL 
was added dropwise to a solution of 10.5 g (0.031 mole) of 42 and 
4.9 g (0.062 mole) of pyridine in 100 ml of CHC13 with stirring 
and ice-bath cooling. When the addition was complete the 
mixture was heated to reflux and maintained there for 5 hr, and 
then cooled. Water (100 ml) was added with stirring followed 
by 50 ml of 3 A" HC1. The CHC13 layer was separated, dried 
(Na2S04), and concentrated in vacuo, and the residue crystallized 
from 60% ethanol. 

Method Q. 4-[2-(Diethylaminoacetoxy)ethyI]-3,3-diphenyI-
I-isopropyI-2-pyrroIidinone (46).—To 25 g (0.077 mole) of 3,3-
diphenyl-4-(2-hydroxyethyl)-l-isopropyl-2-pyrrolidinone and 200 
ml of dry benzene was added dropwise a solution of 8.65 g (0.077 
mole) of chloroaeetyl chloride in 50 ml of dry CeT^ with stirring 
and cooling at 15°. The mixture was allowed to stir at 40° for 12 
hr and concentrated under reduced pressure to remove any un­
reacted chloroaeetyl chloride. The residue was redissolved in 
200 ml of dry C6H6 in the same flask and a solution of 16.8 g 
(0.23 mole) of diethylamine in 40 ml of dry C6H6 was added, 
maintaining the temperature below 40°. The mixture was then 
heated at 40° for 12 hr. The CeH6 solution was extracted in the 
cold with dilute HC1 and several times with H 20. The combined 
aqueous acid extracts were washed with ether, made basic with 
6 A' NaOH, and extracted several times with ether. On evapora­
tion of the ether the product began to crystallize. The product 
was treated with decolorizing carbon in hot isopropyl ether and 
the product was filtered and vacuum dried. 

Method R. 3,3-Diphenyl-l-isopropyl-4-(3-morpholinopropyI)-
2-pyrrolidinone Maleate (45).—Compound 44 (5 g, 0.014 mole) 
was dissolved in 35 ml of morpholine and refluxed for 17 hr. 
The solution was concentrated in vacuo, and the residue was 
partitioned between 100 ml of CHC13 and 100 ml of 1 X HC1. 
The CHCls solution was washed with 100 ml of 1 A" NaOH and 
concentrated in vacuo. The residue was dissolved in 100 ml of 
ethyl acetate, and the solution was extracted with 200 ml of 1 X 
HC1. The aqueous layer was made basic (dilute NaOH) and 
extracted with 100 ml of CHC13. The CHCI3 extract was dried 
(Na2S04) and concentrated in vacuo. The residue was crystal­
lized from isopropyl ether; yield 3.3 g (58%). To a solution 
of 2.7 g (0.0066 mole) of the base in 25 ml of ethanol was added 
0.78 g (0.0067 mole) of maleic acid with boiling to effect solution. 
The crystals resulting from cooling were recrystallized from 
ethanol; yield 1.4g. 

3,3-DiphenyI-l-isopropyl-4-(3-oxopentyI)-2-pyrrolidinone (53). 
—To 2.4 g (0.10 g-atom) of Mg shavings in 200 ml of dry ether 
was added 10.9 g (0.10 mole) of ethyl bromide in 100 ml of dry 
ether at such a rate as to maintain reflux. When the addition 
was complete the mixture was refluxed for 2 hr. The mixture 
was cooled and 10 g (0.055 mole) of CdCU was added over a period 
of 5 min. The temperature was raised to reflux and maintained 
for 1 hr. The ether was distilled leaving a syrupy oil. To this 
was added 200 ml of dry toluene, and the temperature was raised 
to 90° for 30 min. The slurry was cooled to 60° and 30 g (0.081 
mole) of 3-[4-(3,3-diphenyl-l-isopropyl-2-pyrrolidinone)]propi-
onyl chloride in 150 ml of dry toluene was added at a rapid drop. 
The mixture was stirred at 85° for 2 hr and cooled, and 100 ml 
of H 2 0 was added followed by 100 ml of 6 X HC1. The toluene 
layer was separated and washed with dilute NaOH, dried (Na2-
SO4), and concentrated in vacuo. The residue was distilled, 
bp 220-250° (0.2 mm). The distillate was crystallized from 60% 
ethanol; yield 8 g (27%). After three recrystallizations the 
yield was 5 g. 

4-(3-Aminopropyl)-3,3-diphenyl-l-isopropyI-2-pyrrolidinone 
Fumarate (55).—A mixture of 25 g (0.068 mole) of 4-(2-cyano-
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ethyl)-3,3-diphenyl-l-isopropyl-2-pyrrulidinune and 2 teaspoons 
of lianey nickel in 300 ml of absolute ethanol was sliaken in a 
hydrogen atmosphere for 54 hr during which time 0.12 mole of 
hydrogen was absorbed. The mixture was filtered, the filtrate 
was concentrated in vacuo, and the residue was distilled. I>p 
210-215° (0.2 mm), yield 13 g . This distillate, together with 
5 g of fumaric acid was dissolved in 100 ml of ethanol, and the 
solvent was removed on the steam bath. The residue was 
dissolved in 400 nil of hot water, treated with activated charcoal, 
and filtered. The filtrate was concentrated to about 200 ml. 
The resulting precipitate was reerystallized from 200 ml of I!•„.(). 

4-(3-Acetamidopropy))-3,3-diphenyl-l-isopropyl-2-pyrrolidi-
none (57).—The above fumarate (2 g, 0.0044 mole) was par­
titioned between 100 ml of CHC'la and 100 ml of 1 .V XaOH. 
The OHCI3 extract was dried (Xa^O.i) and concentrated to 50 
ml. Acetyl chloride (0.84 g, 0.011 mole) was added, and the 
solution was refluxed for 15 hr, allowed to stand for 24 hr at 
room temperature, washed (dilute NaOfI), dried (Xa^SO,), 
and concentrated in vacuo. The residue was crystallized from 
isopropyl ether containing about 5 r , ethyl acetate. 

Method S. 3,3-Diphenyl-l-isopropyl-4-(2-nicotinoyloxyethyl 1-
2-pyrrolidinone (58).—To 17.1 g (0.050 mole) of 4-(2-chloro-
ethyl)-3,3-diphenyl-]-isopropyl-2-pyrrolidinone in 250 ml of 
DMF was added 7.25 g (0.050 mole) of sodium nicotinate, and the 
mixture was refluxed for 24 hr. The NaCl was removed In­
filtration. Kvaporation of the D.MF gave the product which 
was crystallized from isopropyl ether. 

l-IsopropyI-4-[2-(l-isopropyl-3-pyrrolidinyIoxy)ethyl|-3,3-di-
phenyI-2-pyrrolidinone (62).—Sodamide (1.24 g, 0.032 mole) was 
suspended in 30 ml of dry toluene and stirred at room tempera­
ture while S.24 g (0.064 mole) of l-isopropyl-3-pyrrolidinol was 
added dropwise, anil the mixture was stirred for 1.5 hr at 100°. 
After cooling to 30°, 10 g (0.020 mole) of 4-(2-chloroethyl ;-i-
isopropyl-3,3-diphenyl-2-pyrrolidinone was added portionwise. 
The mixture was heated and stirred at 100° overnight and cooled, 
and the product was extracted into 40 ml of (i A" HOI. The 
aqueous layer was made strongly basic with 50'') NaOII. The 
resulting oil was extracted into 100 ml of ether, dried iXaaSOji. 
concentrated, and distilled at reduced pressure. The fraction 
taken at 220-230° (0.07 mm 1 was redistilled, bp 232-234° 
(0.1 mm). 

Dimethylaminoethyl 3-[4-(3,3-DiphenyI-l-isopropyl-2-pyrroli-
dinone)]propionate Methobromide (64). -To an ether solution of 
10 g (0.024 mole) of dimethylaminoethyl 3-[4-i'3,3-diphenyl-l-
isopropyl-2-pyrrolidinone)]propionate was added 3.4 g (0.027 
mole) of CH3Br in ether. White crystals formed which were 
recrvsfallized three times from ethvl methyl ketone containing a 
few drops of CH3OH. 

Diethylamincethyl 3-[4-( 3,3-Diphenyl-l-isopropy I-2-pyrroli-
dinone)]propionate Methiodide (65).—-A stream of HOI wa-
bubbled through a refluxing solution of 20 g (0.057 mole) of 3-
|4-(3,U-diphenyl-l-i-opropyl-2-pyrrolidinoiie)] propionic acid and 
s g (0.06S mole) of diethylaminoethanol in 250 nil of CIIOL 
for 5 hr. The solution was washed with three 200-tnl portions 
of water followed by 200 ml of dilute XaOH. The 011101, 
layer was dried (X'a^SOj) and concentrated. The residue was 
dissolved in 75 ml of isobutyl methyl ketone, and S.O g (0.057 
mole) of OII3I was added. The resulting crystals were re-

crystallized once from isobutyl melhyl ketone euiilainiiig a small 
amount of CII3OH and once from 2-propanol. 

Method T. 4-(2-Chloroethyl)-3,3-diphenyl-l-isopropyl-2-
pyrrolidinethione (69;. Potassium sulfide (25 g, 0.23 mole) and 
P-;S., (23.3 g, 0.105 mole) were ground together and placed in a 
solution of 150 g i'0.-)4 mule! of 4-''2-clllorooi hvl )-3.3-diphenvl-I-
isopropyl-2-pyrrolidinone in 700 ml of dry toluene, and tin- mix­
ture was refluxed with .-1 irring for 24 hr, filtered while hoi, 1 reated 
with decolorizing carbon, filtered again, and allowed 10 cool, 
giving a crystalline precipitate, yield SS g (50' , ;, nip 14^ 15o 
on recrystallizatioii from toluene, mp 14'.) 151°. 

3-14-('3,3-Diphenyl-l -isopropyl-2-pyrrolidinethione; j propion v I 
Chloride.- To a stirred refluxing solution of 30 g (O.0S2 inolei of 
3-14-( 3,3-diphen\Tl-isopropyl-2-pyn-olidinethinne i! ]) ro p io n i c 
acid in 400 ml of dry CJI,, was added dropwise 10.7 g '0.00 mole ) 
of SOOb and refluxing was continued for 1 hr after addition. 
The product was used without further characterization in 1 he 
preparation of 73 75. 

Dimethylaminoethyl 3-[4-( 3,3-Diphenyl-l-isopropy1-2-pyrroli-
dinethione 11 propionate Methiodide (80). -Dimethylaininocihyl 
3-]4-i3,3-diphenyl- l-isopropyl-2-pyrrolidinethione;] p r o p i o n a t e 
hydrochloride < 5.0 g, 0.0105 mole) was part it ioned between 75 ml 
of isobutyl melhyl ketone and 50 ml of dilute X'aOI I. The organic 
layer was dried i'\;i.SO,,i and 1.0 g (0.011 mole) of Olid »-;i-
added. The resulting crystals were reerystallized from ethanol. 

3,3-Diphenyl-l-isopropyl-4-,2-(4-methyl-l-piperazinyl iethyli-
2-pyrrolidinethione (81V- -To a solution of 20 g (0.050 niol I 
4-( 2-chloroethyl :-3,3-dipheny 1-1-isopropy 1-2-pyrrolidine I himie in 
300 ml of boiling toluene was added 11.2 g (0.112 mole; of I-
molhylpiperaziuo. The solution was refluxed 20 hr during 
which time an oil separated. The mixture was washed wiih 
300 ml of dilute XaOH followed by 300 ml of Il,(). Sullicieni 
OIIOI3 was added to bring aboiu complete solution ;some pre-
ci])itat ion from the toluene had occurred 1. The solution was 
dried (Xa2S()ii and concentrated in vacuo, ddie residue was 
crystallized from isopropyl ether; yield 10 g ((>>', 1. nip 115 
130°. Three crystallizations from i-oprupyl ether yielded 7 g 
with unchanged melting range. The solid was dissolved in 100 
ml of isobutyl methyl ketone and treated with 3 g of 1101 in 100 
ml of isobutyl methyl ketone. An oil separated which was dis­
solved by adding a little Olh.Oll to the boiling mixture. The 
crystals obtained on < ling were partitioned between 100 ml 
of'CHOI:, and 100 ml of dilute XaOH. The 01101, was dried 
; XajSOi ) and concentrated in cue no. and I he residue was crysi al-
lized from isopropyl ether. 

Correction. \Y< would like to take this opportunity to correct 
an error in part I1 of this series. In Table IV the structure of 
compounds 29 and 33 are reversed: therefore, the data reported 
in Tables IV and VI for 29 are for 4-j2-i2.0-dimcthylmorpholhio ... 
ethyl|-3,3-diphenyl-l-isopropyl-2-pyrrolidiiione. an I the data 
reported for 33 are for 4- 2-( 3,5-dimei hylniorpholino let hvl '-3,3-
dipheny 1-1-isopropy 1-2-pyrrolidi none. 
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