


lIetl iod 

.I prepn yield 
of x 

C S  .\ 48 
C N  .I 16 
CN .I 69 
CK .\ 60 
CY A 57 

.\ 46 C N  
COSiH2 1: i D  

C O S H ?  13 66 
CONHz 13 65 

Calcd: neut, equiv, 146. 

- -  

TABLE I 

I 
R 

(11 = i-CJH, except as Iioted) 

n p ,  "C 
(mm) 

132-139 (0 09) 
155-165 (0 25) 
180-182 (0 2 5 )  
169-175 (0 001) 
168-171 (0 005) 
128-135 (0 01) 
175-180 (0 
221-225 (0 20) 
208-216 (0 14) 

--c, : 
Calcd 
79.29 
7Y.YS 
81.03 
81 2 1  

74.95 
76 .38  
76 .78  

/o---. 
Found 
79.04 
80 .11  
81 . 5 3  
81.27  

7.5 08 
7 8 .  B7 
ii.05 -_ 

Found: rieut equiv, 150. e Alp 117-120". 

TABLE I1 
K' 

If I 
--- 
Calcd 
9 . 1 5  
Y 32 
9 . 5 2  
9 . i 4  

!a 79 
'3 62 
9 . 8 2  

c *  
/ti--- 

Found 
8 Y8 
Y 61 
9 28 
9 . i 1  

Y 66 
! I .  7:j 
9 . 7 6  

-- N, "/---- 
Calcd I'ound 
11.56 11.31 
10.38 10 27 

Y . 4 5  9 5 8  
9.02  8 .Y4 

1:3.08 12 80 
9 71 9 . 6 0  
8 Y l  8 91 
8 .63  8 . 4 9  

R 
(R = i-CaH7 except as noted) 

h l e t h d  LIP, o c  
of % (recrystn --C, %--, --H, %- ,---S, %---. ,--VI, %-- 

1L ' s Salt prepn yield solrent") Formula Calcd Found Calcd Found Calcd Found Calcd Found 
10 Cyclopeiit~-l Cl C 74 74.5-77.5* CmHzsCINO 71.93 72 15 8 . 4 5  8 .16  4 . 2 0  4 . 3 1  

11 CHa CI 1 1 . 5  102-104 (b) Ci6HwClh-0 68 68 68 84 7 93 7 .73  5 . 0 1  5 16 12.67 12.16 
12 i-C3H7 CI  C 1 6 . 5  95-96 ( e )  CisH26'jlNO 70 22 70 19 8 .51  8 . 4 1  4 .55  4 . 6 2  11.52 11.29 
13 Cyclohexyl C1 C 61 118-119 (d) CnHaoClNO 72 49 72.54 8 . 6 9  8 . 6 8  4 .03  4 . l i  
14 Cyclopentyl hlorpliolino Maleate D 66 173-177 (d) CzHnaSz06 67.17 67.37 8 05 8.22  5 60 5 .64  
1 5  Cyclopentj-l K;-(CHa)z r) 79 94-98.5 (e) CzzHarh'zO 77.14 77 43 10 .01  10.06 8 18 7 . 9 5  
16 7'-CzH; X-(CHa)? HCl I> 62 208-210 ( f j  CmHaaCIS20 68 05 68 13 9 42 9 61 7 94 7 93 10 05 10.44 
17 i-Ca€I7 JIorpholino HCl 25 173-176 ( f )  CzgHa~ClN202 66 YO 67.03 8 . 9 3  9 06 7 OY 7 . 1 5  
1SC 3.P2-ridyl Cl .J 29 100-103 (e) C19HzINZCIO 69.39 69 .31  6 . 4 4  6 28 8 52 8.:32 
1V 3-Pyr idyl  AIorpholino L 57 127-129 (9 )  CzzHmNaOs 72 .79  72.79 7 . 7 0  7.i3 11 07 1 0 . Y i  
2 O C  €I llorpholino HI E 65 Ca. 258 (h) 
21c I1 31 orpholino E 48 59 5-61.5 CISHZ~NIOI 71 49 71.50 8 67 8 .84  9 . 2 6  !LO5 

2 g C  2-PyridyI JIurpholino HCI.HrO I; 27 Ca. 230 ( f )  C?aHa2ClNaOa 63 6.5 64 Y6 i.18 7 11 0 68 9 11 4 ,Sd 2.48" 
2:jC 2-Pyridg-l JIorpliolino F 91-92 (e) CmH?~Na0z 72.79 72 .67  7 . 7 0  7 .75  11 07 10 Y3 
2AC 4-Pyr id~  I 1Iorpllolino F 20 134-136 ( g )  C M H Z P N ~ O Z  7 2 . 7 9  72.64 7.70 7 . 7 i  11 07 1 O . i Y  

(a) 

(e) 

a Recrystallized from: (a) ligroin, (b)  ethanol-water, (c )  isooctane, (d)  ethanol, (e) isopropyl ether, ( f )  niethyl isuhiityl ketuiie- 
methanol, (g) ethyl acetate-isopropyl ether, (h)  water. Bp ITS-180" (0.03 mm). 12 = C2Hj. HzO. 

Because the 4-morpholinoethyl compound appeared to 
possess optimuni 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 S 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- 
pyrrolidiny1)phenylacetonitriles (Table I) were pre- 
pared by alkylation of the corresponding alkyl- (or 
cycloalkyl-) phenylacetonitriles with the appropriate 
1-subhtuted 3-chloropyrrolidine in the presence of 
sodamide in toluene. Hydrolysis of these nitriles 
(IIa) in 707, sulfuric acid a t  130" gave the correspond- 
ing amides (IId, R' = i-C3Hv, CGHll, CjH9; R = i-C,- 
H,) except when the a-alkyl group was methyl. Hy- 
drolysis of the methyl compound (IIa, R '  = CH5, R 
= i-C3H,) under the same conditions gave the acid 
(IIb, R' = CH3, R = i-C3H7). When the amides were 
obtained they were readily converted to the acids with 

butyl nitrite and HC1. 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 wa3 not realized with the 
a-monosubstituted compounds. 

Clarke,3 et al., reported that treatment of 7-dialkyl- 
amino-ala-disubstituted butyric acids with thionyl 
chloride gave ring closure (Table 11) while the same 
treatment of analogs containing a-hydrogens produced 
sulfur-containing compounds. It was similarly ob- 
served in this laboratory that the desired rearrange- 
ment did not take place when the acid I11 was treated 
with thionyl chloride. The l-ethyl-4-(2-iodoethyl)-3- 
phenyl-2-pyrrolidinone was, however, obtained by 
treatment of the acid I11 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) +phenyl- 

(3) R L Clarke, \ Mooradian, P Lucas, and  T J blauson J A m .  
Chem S O L ,  71, 2821 (1949). 
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KO. 

33 
34 
3 5 
36 

37 

:I 8 
39 

40 

4 1  
42 
43 
44 

45 

46 

47 

48 

49 

30 

D l  

52 

5 3  
5 4  

5s 
57 

58 

59 
60 
61 

62 

- -  
ilJ 

6 a 

ti4 

6 5  

66' 

6Te 
68" 

" 

n ococn,s o 
U 

n ococn,N sen, v 

C O O C H ! C H ? N ( C H ~ ~ J  I < r -  

C O O C H K H ? S  (C?Ha)?CHaI 
+ 

0 

0 
O H  
oc61rs 

Salt 

11C1 

Maleate 

H C l  

2HCI 

€IC1 

Fumarate 

C,H&-JH~CH,X 

I 
R 

(11 = L'-CdII; exwpt  ab iiuted) 
hly .  " C  AIetliod 
(recrystn 
solrent") 

ITS-176 (a) 
203 5-205 (a) 
149-150 (h)  
170-171 (c)  

157.5-158.5 !d) 

llB.D-114 (ilj 
144-145 (I,) 

1T9.5-180 (11) 

84-83 ( c )  
142-143 ( e )  
172-173 ( f )  
85-86.5 ( g )  

155 (a) 

91-92 (e) 

203-204 (e) 

190-191 (11) 

98-99 ( e )  

107-108 ( e )  

117-118 ( e )  

227-230 ( g )  

120-122 5 (a) 
150.5-151 (j) 
149-152 ( r )  
125-126 (j) 
113-115 (kj  

104-105 ( e )  

111-112 ( a )  
8:1-84 (1) 

103-105 (in) 

[232-234 ( 0  I)]" 

HCI 197-199 (11) 

173-180 (d) 

170-172 (n) 

152 5-154 (p )  

190..5-191.5 (4) 
136-138 (k) 

217 

of 
p r w n  

AI 

s 
S 

N 

N 
s 

?u' 

o 

I' 

R 

Q 

Q 

Q 

Q 

Q 

Q 
Q 

Ii 

S 

S 
'i 
L, 

P 

e 

e 
e 

68 C~HsgCliKaOj 62 68 62 27 7 33 7 30 T 83 8 07 

51 C?iHa41\J?03 i 4 . 6 2  74 52 7 .89  7 .Y0  8 . 4 5  6 . 5 2  

65 CrsH,sPi?Os 74 96 id.10 8.09 8 14 6 . 1 5  6.09  

52 

5 2  

17 
87 
21  
55 
60 

6i 

60 
94 
63 

75.29  T 5 . 1 5  8 . 2 8  8 26 6 06 6 .12  

67 .11  6 i . 2 5  7 44 7 .52  5 59 5 . 4 9  

79.30  79 47 8 . 0 4  8 . 0 7  3 85 4 06 
79 .48  79.21 T.28 T . 0 8  8 43 8.27 
69.00 69.08 7 . 1 3  7 24 6 .18  6 19 
i 9 . T 3  T9 .53  7 . 5 6  T :<8 8.09 7 95 
7 6 . 1 5  T 6 . 2 5  T . 9 9  T 8.5 7.40 7 . 2 6  

i , j . 6 7  75 52 6 59 (i 51 6 . 5 4  6 . 3 9  

7S.82 i 5 . 6 5  6 5Y 6 . 5 7  3 . 1 6  3 2 3  
7 5 . 1 8  75.03 T.17 7.00 
79,52 79.51 8.34 8 . 5 0  7 . i 3  7 . i 6  

69 C ? ~ H D & ? O ~  77.38  T7.20 8.81  8.56 6 , 4 5  6 .30  

10 C~iHiac IS?os  70 .68  70.30 8 . 2 9  8 27 5 31 3 49 

50 C?;HsillrK?Os 62 66 62.55 i . 2 1  7 . 2 6  5 . 4 1  5 . 5 2  

10 CmHriIK?Oa 4 . 7 3  4 , i 3  

83 CzsH?6Nz03 76.69 76.90  5 . 9 8  6.12  

93 C?oH?sSOs 77.64  77.57 7 .49  7 . 4 9  
20 C ~ ~ H I I N O I  80.83 80 7 2  6 . T 8  6 83 3 77 .1.01 

Cecrystullized froni: (a) C~JIC18-ligroin, (h)  ethyl acelate, i r )  riietliaiiol-water, (d )  inethyl ethyl keloiie, ( e )  ihoprop>.l ether, ( f )  
cthiinol-eth2;l acetate, (9 )  eth:iiiol, (h) ethaiiol-ether, ( i )  ethaiiol-witter, ( j )  2-propario1, (k) isopropyl ether-ethyl acetate, (1) toliieiie- 
ligroiii, (1x1) isooctane, (11) methyl isobutyl ketone, (p) methanol, (y) toluene, ( r )  water. 11 = CI&. 
' Prepared according to the method of the 1-isopropyl analog.' 

13pj "C (mm). I<, = C?HS. 

were prepared by methods analogous to the pyrrolidi- point arid consequently probably in most cases pure 
nones, that is, dirct substitution for the cshloride IXa or single diastereoisomers were obtained. It is, however, 
ronversion of the nitrile IXb. likely that some of the reported compounds are still 
1 Iniiy of thc c~omp(iui~ls  reported in this pnpcr may niistiires of tlinhtcrcoisorners (Table 1-1). 

psist as diaitereoisomers. Although generally no at- Pharmacology. Method.-The experinieiital pro- 
t8empt was made to separate diastereoisomers, the cedure was identical with that described in the previous 
cornpounds were recrystallized to constant melting c~ommunication. 
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1 0 .  

(sol\ ental 

10 (b) 
11 (b)  
12 (b)  
13 (b) 
14 (c) 
16 ( e )  
16 (c) 
17 (c) 
Ib (b) 
19 (c) 
21 (c)  
22 ( ( 3 )  

24 (c) (IIC1 salt) 
25 (h) 
26 ( c )  
27 ( ( 2 )  

29 (h)  
30 (c) 
32 (d) 
33 (11) 
34 (a) 
35 (1 ) )  
36 (t)) 
3s (a) 
39 (b) 
40 (b) 
41 (b) 
42 ib )  
43 ( c )  
44 (b) 
45 (c) 
46 (c) (IICl salt) 
4 i  (c) 
4'1 ( e )  

49 ( e )  (IICI S d l )  

60 (c) (HCI salt) 
51 (c) (HCl salt) 
32 (c) 
53 (b) 
54 (a j  
55 (b) 
56 (b) 
58 (b) 
39 (a) 
ti0 (a )  
01 ( c ,  (11C1 siult) 
ti' (c)  (IICI salt,) 
63 ( e )  
64 (c) 

TABLE VI1 
N i n  dose 

obsd to stim 
r e m  

mg/kg iv 

8 C  

s 
8 C  
2 
4 
2c 

16c 
4 
2 
2 

16< 
8 
2 
2 
8 
8 c  
2c 
2 
4' 
8 
4 
1 
2 
2 
1 
1 
1 
4 
2 
1 
2 
1 
1 

liesp de- 
pressant 
2 
1 
1 
1 
1 
1 
4 
2 
1 
2 
2 
2r 
z c  

2 
Kesp de- 
pressant 
1 
1 
1 
2 
2 
20 
4 
2 
2 
2 c  
1 
4 c  

Pre- 
dominant 
blood pres 

effects 

Depressor 
Depressor 
Depressor 
Pressor 
Pressord 
Depressor 
Depressor 
Pressor 
Pressor 
Pressord 
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 
Pressord 
Pressor 
Pressor 
Pressor 
Pressor 
Depressor 
Depressor 
Pressor 
Depressor 

Pressor 
Pressor 
Pressor 
Pressor 
Pressor 
Depressor 
Pressor 
Pressor 
Pressord 
Depressor 
Pressor 
Depressor 

Anti- 
anesthetic 

effect& 

f. + ++ ++ +++ + - 
It +++ ++ 
++ ++ +++ ++ 
++ + 

- 

=t 

- 
- 
++ ++++ ++ +++ ++++ ++++ ++++ ++ +++ ++ +++ ++ +++ - 

+++ ++++ +++ ++ +++ ++++ 
+++ ++ ++ +++ 

- 

It 
i. + 
- 

++++ ++++ +++ ++++ +++ 
++ ++ ++ 
++++ 

zk 

- 

- 

1~ S ~ ) l v e t ~ i ~ :  (it) PEC;-300, ( I ) )  propylene glycol, (c) water, ((1) 
dimethylformamide. * -, no activit,y; i., questioiiable; +, 
very slight; ++, slight; +++, moderate; ++++, 
nmrkecl. c Itchpiratory stitnulation coiiicided with hypotetisive 
period. d Iligli tioses werc depressor. 

(30) did not eliminate pressor activity] and methyl 
substitution a t  the 5 position of the pyrrolidirione ring 
(32). It 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)  
mere pressor and slightly increased respiratory rate. A 
similar change in activity mas not seen with the analo- 
gous chloro (44, 3*), hydroxy (42, 17*), morpholirio 
(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,l several examples show that replacing the 
oxygen of the pyrrolidinone ring with sulfur does riot 
materially impair biologic activity. Of approximately 
equal potency in the present series were 70 and 54, 
74 arid 41, 78 and 60. Compounds of the present series 
(first number in each set) that were comparable to mem- 
bers of the previous series' 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 arid 
21*, 81 and 24*) were among the less effective. 

The results of the present study (with some compari- 
sons to previously reported results') stress the impor- 
tance of the two phenyl substituents a t  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(l5) coni- 
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 ( l l ) ,  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 sriulogous diphenyl 
(hornpound. 

Experimental Section 
lLlelting points were determined in glass capillaries attd are 

corrected. Boiling points are uncorrected. 1Iicroanalyses were 
done by Schwarzkopf llicroanalytical Laboratory, LVoodside, 
S.  Y., Galbraith Microanalytical Laboratories, Kiioxville, Tenrt., 
lricro-Tech Laboratories, Skokie, Ill., and l l r s .  Ituby Higyitts 
of t.hese laboratories. 

Method A was previously described for the preparation of 
( l-isoprop~l-3-pyrrolidinyl)diphenylaceto1iitrile.~ 

Method B. 2-Cyclopentyl-2-(l-isopropyl-3-pyrrolidinyl)- 
phenylacetamide (7).-A solution of 160 g (0..50 mole) of 2-cyclo- 
pentyl-2-( 1-isopropyl-3-pyrrolidiny1)phenyla~et~onitrile i n  800 g 
of 70y0 H&Oa was stirred a t  130-140' for 48 hr. The solution 
was poured on ice, made basic wit>h NaOH, arid extracted 
(CHClr). The CITCl:j soliitioii was 
ceiitrated, a i d  the residue was disi.il 
221-225' (0.2 mm). The infrared qm'trum showed a strolig 
:ibsorptioii at 0.1 a i d  iioite iieitr 4.43 p .  The tnnterial was take11 
t,o the iiext step withoutB further characterizalioti. 
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Method L. 3,3-Diphenyl-l-ethyl-4-( 1-methyl-2-morpholino- 
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 st,irred 
and heated at 110" for 3 hr. The excess morpholine was re- 
moved in vacuo at steam-bath temperat,ure, and t,he residue was 
partitioned between CHCL and aqueous NaOH. The CHC13 
layer was washed twice with 75 ml of H20, dried (Na2S04), and 
concent,rat>ed in rucuo at steam-bath temperature. The light 
tan solid residiie 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 %propanol and acetone: mp 255-261.5" der. 

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- 
diphenyl-l-isopropyl-2-pyrrolidinone)] propionit rile and 500 ml of 
70% H2S04 was heated with stirring at  80-90" for 24 hr and was 
poured oiito ire. 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)] propionyl 
Chloride.-To a suspension of 144 g (0.41 mole) of 33 in 500 ml of 
dry CsH6 was added, dropwise at 20-25" with stirring, 97.5 g 
(0.82 mole) of SOC12. The solution was refliixed 1 hr and con- 
centrated in i'acuo t o  one half volume. On cooling, 131 g (867&) 

yl-2-pyrrolidinone)l propionamide 
(34).-To a cold aqueous NH, solution (37c~i)  was added, in small 
portions with vigorous stirring, 54 g (0.15 mole) of 3-[4(3,3-di- 
pher1yl-l-isopropyl-2-pyrrolidi1io11e)]propioiiyl 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-diphenyl-l-isopropyl-2- 
pyrrolidinone)] propionamide (35).-A CeHe 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 CsH6. The re- 
action mixture was warmed to refliix for 1 hr. The solvent was 
removed and the residlie was dissolved in 95% et,hanol. Addi- 
tioll of small amounts of ice produced a whit,e solid, mp 145-148'. 
AII additioiial cryatallizatioli from ethyl acetate yielded a product 
nielliiig a t  14!)-1.3)'. 

Ethyl 3- 14-( 3,3-DiphenyI-l-isopropyl-2-pyrrolidi- 
none)jpropionate (41).-To 200 nil of dry ethatiol was addccl 
2.05 g (0.0!)0 g-atom) of Ka. When solution was complete 80 g 
(0.081 mole) of 3- [4-(3,8-dipheriyl-l-isopropyl-2-pyrrolidiii~iie)]- 
propionyl chloride in 300 ml of dry et,hanol was added rapidly. 
The mixture was stirred at  room temperature overnight and 
filtered. The filtrate was concentrated and the residue was 
partitioned between 250 ml of CHCls and 250 ml of H20. The 
CIIC13 solut,ion was dried (Na2804) and concentrated. The 
residiie was crystallized from 70yo 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 ethanol!' 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 1320 and refluxing 1 hr. The 
solvent was removed aiid the residiie was part,it ioiied between 
100 nil of IT,O and 100 in1 of CII& The Cf$Clp s 
dried (K:t2SOi) :tiid c~oiiceiilrat8cd, aiid the residiie ( 

yield 1.6 g (;N"( ), nip (after recrystallizaiiuii froin 5 0  
1-10 -141.5". The prodiict \viis identical with that made kiy 
],rc,c~ctltrrc 1 ) .  

ill 100 nil of 
dry dioxaiie'2 \vas added rapidly aiid with stirring 25 g (0.06s 
~nole)  of 8-[4-(3,8-d~pheiiyl-l-i~opropyl-~-pyrrol~d~iio11e)]~rop~- 
onyl cahluride in  200 ml of dry dioxane. The mixture was stirred 
at reflux for 4 hr and cooled to room temperature, and 100 ml 
of H20 was added ~ a r e f u l l y . ~ ~  The mixture was partitioned 
between 500 ml of H2O and 800 ml of CHC1,. The H20 layer 
was ext.racted with another 300 ml of CHCL; the CHC13 solu- 
tions were combined, dried (Na2S04), and concentrated. The 
residue was crystallized from 70% ethinol and recrystallized 

Method M. 

Method 0. 

Procedure b.-To ii suspl ia ion of 10 g of 

(11) 1)rieil nit11 hIgtOCIIdr:  nee "Organic Syntlie~es," Coil. VoI. I ,  
John \\'iley and Mons, Inc., New York,  N. Y . ,  1911, p 249, note 2. 

(12) Ilried by shaking with NaOH followed by refluxing with LillHa fur 
2.4 111.. 

( 1 . 3 )  \ \  atev I I I U ~  hi; added Y O U  ~ I u n I ~  due t u  csccasive fuainine. 

twice from isopropyl ether; yield 10 g (44"; j, nip 142-143". 
A mixture melting point q-ith a sample from procedure a gave 
no depression. 

Method P. Dimethylaminoethyl 3- [4-(3,3-Diphenyl-l-isopro- 
pyl-2-pyrro1idinone)Jpropionate 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 C6Hs was added at  a 
rapid drop with stirring to a 15' soliition of 6.1 g (0.068 mole) of 
dimethylaminoethanol in 100 ml of CsHs. After addition the 
mixtiire was allowed to warm to room temperatiire, then re- 
fluxed for 1 hr. The beiizene was evaporated under reduced 
pressnre and the residue was d i s d v e d  in dry ethyl acetate. 
Chilling produced a white, crystalline solid, mp 162-167", which 
was recrystallized from the same solvent (iising a small volume 
of dry ethanol to eflect solution). 

4 4  3-Chloropropyl)-3,3-diphenyl-l-isopropyl-2-pyrrolidinone 
(44).-A solution of 7.4 g (0.062 mole) of SOC12 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 CHC1, with st,irring 
and ice-bath cooling. When the additsion was complete the 
mixture was heated to reflux and maint,ained there for 5 hr, and 
then cooled. Water (100 ml) was added with stirring followed 
by 50 ml of 3 S HC1. The CHC13 layer was separated, dried 
(?ja2S04), and concentrated in vacuo, and the residiie crystallized 
from 60s; ethanol. 

Method Q. 4- [2-(Diethylaminoacetoxy)ethyl] -3,3-diphenyl- 
I-isopropyl-2-pyrrolidinone (46).-To 25 g (0.077 mole) of 3 3 -  
dipheny1-4-(2-hydroxyethyl j-1-isopropyl-2-pyrrolidinone and 200 
ml of dry benzene was added dropwise a solution of 8.65 g (0.077 
mole) of chloroacetyl rhloride in  50 ml of dry C6Hs with stirring 
and cooling at  15". The mixture was allowed t o  stir at 40' for 12 
hr and concentrated under reduced pressiire to remove any iin- 
reacted chloroa~et~yl chloride. The residue wa.s redibsolved i i i  

200 ml of dry CsH, in the same flask and a soltition of 16.8 g 
(0.23 mole) of diethylamine in 40 ml of dry C6H6 was added, 
maintaining t,he temperature below 40". The mixtiire was theii 
heated a t  40" for 12 hr. The CsH6 soliition was extracted in  the 
cold with dilute HC1 and several times with H20. The combined 
aqueoiis acid extracts were washed with ether, made basic with 
6 S XaOH, and ext,racted several times with ether. On evapora- 
tion of the ether the prodiict began to crystallize. The prodiict 
was treated with decolorizing carbon in hot isopropyl ether a i d  
the prodrict, was filtered aiid variiiim dried. 

Method R. 3,3-Diphenyl-l-isopropyl-4-( 3-morpholinopropyl)- 
2-pyrrolidinone Maleate (45).-Cumpouiid 44 (5 g, 0.014 mol(:) 
was disscilved i i i  55 rnl of morpholiiie a i d  refliixed for 17 hr. 
The soliition \vas coilcentrated in uaciio, aiid the rehidiie WR:, 
partitioned between 100 ml of CHC1, and 100 nil of 1 .Y I1C1. 
The CHC13 solution was washed with 100 ml of 1 AY Xa0I-I :tiid 
concentrated in c~ucuo. The residue was dissolved in 100 nil of 
ethyl acetate, and the solution was extracted with 200 ml of 1 .\' 
HCl. The aqueous layer was made basic (dilute KaOH) and 
extrarted with 100 ml of CHC13. The CHCh extract was dried 
(Ka2S04) aiid concentrated in cacico. The residiie was crystal- 
lized from isopropyl ether; yield 3.3 g (%(:). To a soliition 
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 soliit'ion. 
The crystals resiilting from cooling were recrystallized from 
ethanol: yield 1.4 g. 

3,3-Diphenyl-l-isopropyl-4-( 3-oxopentyl)-2-pyrrolidinone (53). 
-To 2.4 g (0.10 g-atom) of 11g shavings iii 200 ml of dry ether 
w:ih adtlcd l l ) , ! )  g (0.10 mole) of ethyl bromide i l l  100 nil of dry 
ct,lier at siich a rate its t o  rnaiiitairi refliix. \Vheii the additioii 
wits ~YJiliplet~ lhe niisliire was refliixed for 2 hr. The inisliirc 
was cooled aiid 1 0  g (0.055 rnole) of CdCl, a-:is added over a period 
of 5 m i i i .  The temperatiire was raised i o  refliix aiid niniiilaiircd 
fur I hr. The et her was dislilled leaviiig a y r i ipy  oil. To 1hk 
was added 200  ml of dry toliiene, and the tenipera1,rire wiih raised 
t,o 90' for 80 min. The sliirry 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 toliiene was added at a rapid drop. 
The mixture was stirred at  85" for 2 hr and cooled, and 100 1111 
of H 2 0  was added followed by 100 ml of 6 S HC1. The toluene 
layer was beparated arid washed with diliite KaOH, dried (?;a?- 
SO4), and concentrated in c~acrto. The residue was distilled, 
bp 220-250" (0.2 mm). The distillate was crystallized from 60'; 
ethailol; yield S g ('Li'.(). Afier three re( 
yield was 5 g. 

4 4  3-Aminopropyl)-3,3-diphenyl-l -isopropyl-2-pyrrolidinone 
Fumarate (55).-A iiiisture of 25 g (O.Uti8 inole) uf 4-(2-c\;:~11o- 




