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according to Gib=on wax dissolved in 350 ml of CHLOU con-
taining 27.6 g of NaOI{ pelletx. The mixiure 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 209, HCI solution.  After chilling this solution
overnight, the light yellow crystals were collected on a filter
and washed well with water. This material was recrysiallized
from ethyl alcohol water (1:1) to give 16.0 g of white crvstalline
substance, mp 216-217°,

Anal.  Caled for CH,CINLO: O, 6381 H, 371 N, 11.45.
Found: (, 63.57; H, 3.64: N, 11.32.

The following compounds were prepared in similar faxhion,

1-Hydroxy-2-p-methoxyphenylbenzimidazole, mp 159-191°.
Anal. Caled for CL N0, O, 60.98; I, 5.04; N, 1166
Found: ¢, 70.22; TI, 5.12: N, 11.42.

1-Hydroxy-6-nitro-2-phenylbenzimidazole, mp 273° dec,

Adnal. Caled for CupHlNO. €, 61070 11, 3050 N, 16.46.
C,61.25; 1, 3.70: N, 16.43,

6-Chloro-1-hydroxy-2-phenylbenzimidazole, mp 241°.
Caled for CisHCINO: €, 63.81: 11, 3.71: N, 11.45.
C, 63.685: 11, 3.69: N, 11.38.

General Procedures for Preparation of Compounds in Table 1.
1-(2-Diethylaminoethoxy )-2-phenylbenzimidazole Dihydrochlo-
ride (8).-—1-Hydroxy-2-phenylbenzimidazole (25.0 g, 0.119 mole)
wax dissolved in 200 ml of dimethylformamide (DNF) eontaining
50 ml of toluene.  Six grams< (0.131 mole) of Nall (53¢, sus-
pension in mineral oil) was added 1 this =olution with vigorous
stirring and the mixture was heated at 30° for 30 min. Al the
end of this time, the =olution was cooled 1o room temperature
and then treated with 91 ml of a 1oluene solution containing
0.177 g of 2-dimethylaminoethyl chloride/ml of solution and the
resulting solution was heated at 60° for 3 hr.  After cooling the
=olution to room temperature, 50 ml of ethyl alcohol was added 1+
decompose any unreacted Nall. To this solution there wa~
added 1 1. of ether, and the resulting precipitate was removed.

Anal.
Found:

(12) AL 8. Gibsou, J. Clem. Sor,, 1076 (19586,
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The flirate was evaporated to a viscous residue in cacno. This
was dissolved in a small amount of ethyl aleohol and the solution
in turn was treated with saturated ethanolic HCL - Alter chilling
the solution overnight, the copious precipitate was collected onou
filter, washed well with ether, and then recrystallized twice from
ethyvl aleohol-ethytether (1:1) to vield 17.5 g of white cryv=talline
produet.

1-(2-Dimethylaminoethoxy )-2-phenylbenzimidazole 3-Oxide
(16).- A slurry of 3.0 g (0.0132 mole) of 1-hydroxy-2-phenyi-
henzimidazole 3-oxide i1 30 ml of DAFE was allowed to react with
0.64 g (0.014 mole’ of 33¢C; NaH at steam bath temperature for
15 min.  The mixture wax then cooled to room temperature and
allowed to react with 2.1 g (0.0155 mole) of 2-diethylaminoethyl
chloride for 24 hr. The =olution was filtered, and the filtrate
was evaporated fn zacuo to an oil 1o which wax then added H.0.
Thix mixture was extracted well with ether and the ether extraci
was dried (Na,=0.:).  Removal of the dryving =alt by filtration
and concentration of the ether solution on the steam bath gave a
light: vellow oil.  Ethanolic TICI was added 1o the oil and the
solution wa~ chilled overnight. The resulting precipitate was
collected on a filter and reerystallized from ethyl aleohol ethyl
ethercl: 1.

1-{2-Diethylaminoethoxy )-2-phenylindole (21}, —i-{Ivdroxy-
phenyvlindole (4.0 g, 0.019 mole) was dizsolved in 150 ml of dry
pyridine and the solution was then treated with 0.85 g (0.018
mole) of 539, Nall, The mixture was stirred at room tempera-
ture for 1 hr, the =olution changing in color from light vellow to
dark brown. A toluene solution (25 ml) of 2-diethyvlaminoethy]
chloride (100 mg/ml) was added and the solution xtirred at room
temperature overnight.  The reaction mixture was added fo
300 mlof Hat) wherenpon an oil precipitated from =olution.  The
oil was separated and any excess water and pyridine were removed
by heating the oil a1 40° in zacuo for 4 hr. The oil was dissolved
in ether and dried { Na,80,).  Thix sult was then filtered off and
the ether solution wasx evaporated to dryness.  Again an oil was
obtained from which the maleate salt was prepared in an ethyl
aleohol solnton. The product was recrystallized from ethyl
ileohol-ethylethercl: 1

A Series of Central Nervous System Stimulants Based on the
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The previously deseribed preparation of 4-(2-substituted ethyl)-3,3-diphenyl-2-pyrrolidinones by a rearrange-
ment of (l-substituted 3-pyrrolidinyDdiphenylacetic acids has been expanded in order 1o observe structiure-

activity relationships.

Variation of the ring and side-chain substituents has produced compounds of varving

biological activity, generally central nervous syvstem stimulants.

Part I' of this series desceribed the synthesis of T-alkyl-
4-(2-substituted ethy1)-3,3-diphenyl-2-pyrrolidinones [T,
R = lower alkyl, R’ = CiH;, X = (1 or Br (subse-
quently replaced by various basic residues) . The key

R’
CoHj -CH.CH,X
0
|

—

n}
A
i

intermediate 4-(2-haloethyl) compounds (I, X = Cl or
Br, R" = C¢H;) were prepared from (I-alkyl-3-pyr-
rolidinyl)diphenylacetonitriles via a rearrangement of
the corresponding acid chlorides (ITa = IIb — Ile —
I; R = alkyl, R" = C¢H;, X = Clor Br). In general

(1) C. Dy Lunsford, A D, Cale, Jr., o W, Ward, B, V. Iranko. and .
Jenkins, . Med. Chem., T, 302 (1964).

Ha, A=CN
h. A =COOH
¢, A=COCl
d. A+ CONH,

the compounds stimulated the central nervous systen.
1-Ethyl-4-(2-morpholinoethyl) - 3,3-diphenyl-2- pyrro-
lidinone? (I, R = C:H;, R’ = C¢H;, X = morpholino;
VIa), selected for extensive study, proved to be a po-
tent respiratory stimulant in animals and man.

Further variation of substituents on the 4-ethyl-2-
pyrrolidinone nucleus is reported in the preseunt work.

(2) Doxapram bydrochloride, Dopram?®.
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TaBLE I
(|36Ha
[T?—A
1"
R
(R = 7-CyH; except as noted)
Method
of Y Bp, °C —C, Yp——~ ——H, Ypo—— ——N, Ym——
No. R’ A prepn yield (mm) Formula Caled Found Caled Yound Caled Found
1 Clly CN A 48 132-139 (0.09) CisHa N2 79.29 79.04 9.15 8.98 11.56 11.31
2 7-CsHz CN A 16 155-165 (0.25) CisH:N2 79.95 80.11 9.32 9.61 10.36 10.27
3 Cyeclopentyl CN A 69 180-182 (0.25) CuHuxNo 81.03 81.33 9.52 9.28 9.45 9.58
4 Cyeclohexyl CN A 60 169-175 (0.001) CaHauN: 81.24 81.27 9.74 9.71 9.02 8.94
B 3-Pyridyl CcN A 57 168-171 (0.005) CisHuNs?
6% H CN A 46 128-135 (0.01) CuHisN:2 13.08 12.80
7 i-CyHr CONH: 3 75 175-180 (0.05)° CisH2N:0 74.95 75.08 9.79 4.66 .71 9.60
8 Cyclopenty! CONH: It 66 221-225 (0.20) CaH3NwO 76.38 76.37 9.62 9.73 8.91 8.91
Y Cyclohexy! CONH: B 65 208-216 (0.14) CaHuN20 76.78 77.05 9.82 9.76 8.53 8.4Y
e = Cull;. " .:Anal. Caled: neut equiv, 146. Found: neut equiv, 150. ¢ Mp 117-120°.
Tasre II
R/
CeH, CH,CH,X
0
1
R
(R = 7-C;3H; except as noted)
Method Mp, °C
of T (recrystn —C, %—— —H, Y%~— ——N, Ypm— —Cl, Y
No. R’ X Salt prepn  vield solvent®) Formula Caled Found Caled Found Caled Found Caled Found
10 Cyclopentyl Cl C 74 74.5-77,5° CoHxCINO 71.93 72.15 8.45 8.16 4.20 4.31
(a)
11 CHs Cl 11.5 102-104 (b) CisH2CINO 68.68 68.84 7.93 7.7 5.01 5.16 12.67 12.16
12 1-CsHr Cl C 16.5 95-96 (c) CisH2TINO 70.22 70.19 8.51 8.41 4.55 4.62 11.52 11.29
13 Cyclohexyl Cl C 61 118-119 (d) CaH:CINO 72.49 72.54 8.69 8.68 4.03 4.17
14 Cyclopentyl Morpholino Maleate D 66 173-177 (d) CasHsoN 206 67.17 67.37 8.05 8.22 5.60 5.64
15 Cyclopentyl N-(CHy): D 79 94-98.5 (e) CnHuN:0 77.14 77.43 10.01 10.06 8.18 7.95
16 -CsHr N-(CHs)e HCI D 62 208-210 (f) CaH3:CIN20 68.05 68.13 9.42 9.61 7.94 7.93 10.05 10.44
17 1-CsHr Morpholine HCL 25 173-176 (f) C2HuCIN:O:  66.90 67.03 8.93 9.06 7.09 7.15
18°  3-Pyridyl Cl J 20 100-103 (e) CisHaN:CI0  69.39 69.31 6.44 6.28 8.52 8.32
19¢  3-Pyridyl Morpholino L 57 127-129 (g)  CisH20N30: 72.79 72.79 7.70 7.73 11.07 10.97
20 H Morpholine HI E 65 Ca. 258 (h)
21¢ H Morpholino E 48 59.5-61.5 CisH2eN20: 71.49 71.50 8.67 8.84 9.26 9.05
(e)
22¢  2.Pyridyl Morpholino HC!l-H20 F 27 Ca. 230 (f) CuHnCIN:Os  63.65 64.96 7.13 7.11 9.68 Y.11 4.5¢ 2. 484
23¢  2-Pyridyl Morpholino F 91-92 (e) CaHeo N 302 72.79 72.67 7.70 7.75 11.07 10.93
24¢  4-Pyridyl Morpholino F 20 134-136 (g) C2sH29N30: 72.79 72.54 7.70 7.77 11.07 10.7Y

@ Recrystallized from:
methanol, (g) ethyl acetate—isopropy! ether, (h) water.

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.
TFor 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
(ITa) in 709 sulfuric acid at 130° gave the correspond-
ing amides (IId, R’ = 4-C;H,, C¢Hy, CsHy; R = -Cs-
H;) except when the a-alkyl group was methyl. Hy-
drolysis of the methyl compound (ITa, R’ = CH;, R
= ¢-C;H;) under the same conditions gave the acid
(ITb, R’ = CH;, R = ¢-C;H;). When the amides were
obtained they were readily converted to the acids with

(a) ligroin, (b) ethanol-water, (¢) isooctane, (d) ethanol, (e) isopropyl ether, (f) methyl isobutyl ketune—
b Bp 178-180° (0.03 mm).

¢ R = CH;. ¢ H.O.
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,? et al., reported that treatment of y-dialkyl-
amino-a,a-disubstituted butyric acids with thionyl
chloride gave ring closure (Table II) while the same
treatment of analogs containing «-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 111 was treated
with thionyl chloride. The 1-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 1-ethyl-4-(2-morpholinoethyl)-3-phenyl-

(3) R. L. Clarke, A. Mooradian, P. Lucas, and T. J. Slauson, J. Am.
Chem. Soe., T1, 2821 (1949).
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Method

of “, ITeervsl
No R R R 13 =i prepu  viehd solvent”
25 H CHa o il [ T 53
26 h ‘Hy H Morpholino  HOY L T4
27 t CHx 1L N(CHd: 1ECH (D) i
28 1 CH: 1 N Is it
249 tH 1 CHq o ) )
30 L ir CH: o AMorpholino 11O L A0
1% CHs N1 H Cl ] RN
320 il H Alorphoine  HET- 10O 1 38

¢ Reeryetallized from:
2-propanol, P R Cl,.

TSP OAEONNI

CHCOOH
wl

(“H‘Iﬁ— CH.CH.1
‘I, CH Ac O Nal 0= TT
C H. CH
11 Y
lnwr)»hu!mw
R’ . ., /N
—  CH CHCHN 0O
C.H. CH.CHN 0 ():l ) J p—
0=y — >
11 R B CH
CH NaNH - v

Vlia, R'==CH.
b, R’ ==2- or 4-pyridyvl

2-pyvrrolidinone (V) using bromobenzene and sodamide
in liguid ammonia gave I-ethyl-4-(2-morpholinoethyl)-
3.23-diphenyl-2-pyrrolidinone (VIa) (isolated and iden-
tified as the hydrochloride hydrate) which was iden-
tical with the substance derived from (1-ethyl-3-pyr-
rolidinyl)diphenylacetonitrile deseribed above and re-
ported in part I.  Leake and Levinet 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.
1-Ethyl-4-(2-morpholinoethyl)-3-phenyl-3-(3-pyridyl)-
2-pyrrolidinone (I, B = CH;, R = 3-pyridyl. X
= morpholino) was prepared from the corresponding
acid (IIb, R = (bH;, R = 3-pyvridyl) in the same
manner as deseribed previously for the 3,3-diphenyl
analogs.  This route was not applicable, however, for
the 2- or 4-pyridyl isomers because of the facile decar-
hoxylation which oceurred during acid hydrolysis of the
{l-ethyl-3-pyrrolidinyl) phenyl-2- (or 4-) pyridylacetoni-
trile (Iln, R = yH;, R’ = 2-pyridyl or 4-pyridyl).
The desired compounds (VIb) were obtained by treat-
ment of the monophenylpyrrolidinone 'V with 2- or 4-
bromopyridine and sodamide i tolucne.

Sinee similar reaction conditions can lead to pyridyne
mechanisms and consequent changes of the loeation of
substituents on the pyridine ring,” the nmr spectra of

vl W WL Leake and R Levine, J. . Clene. Soe.. 81, 1169, 1627 (1959

cHr M3 der Hertoe and H, €. Heterocyelic Chen.,
4, 126 11965,

van der Plas, Adran.

1

5 40

{n) ethanol dsopropyl ether, (h) 2-propanol acetone, fej methylisobuvl ketone, tdmethyl ethyl ketone,

noted !
[ t, N.T

Formuly Culedd Fonmil Caled Foumd  Caled Pound
CuHuCINO LT 3.2 708 .42 t.10 13l
Cop LU INO. ] 31N T.TH T.53 6.0 toUx
Custln CIN20O 71.nu 711y KO8 810 721 o7
CoHaNO TOR 7406 728 727 813 RO
CoHuCINO 3T THL60 708 T 31 110 bo2n
Co ) T CIN GO 6.y TO 04 700 .87 6.5 6 15
(' TRy 7208 670 Y [ b
(@ 66 57 GG, 21 768 7.8 [ 52

et

these products were studied. They showed  that no

rearrangement had oceurred and that the 2-0 3-, and -
pyridyl compounds had the expected pyridine ring
substitution.

Methyl substitution on the ethyl side cham (VI
12 or R* = (Hy) and at the 5 position in the ring
(VIII. R* = CH;y) (Table I was achieved by use of
the uppropriately =abstituted pyrrolidinols (VI R
R% or R* = CHyj.  Only one position was substituted
i any one compoutil,

CH ‘!" Il{’

R OH b Uievesanyy CH. CH—CH
R—-’——L—.‘;R‘ T e, SO 0 , R

N o N

| |

R R

Vil VIl
R=CH or C.H R-CH. or CH

Replacement of the ehlovide in the parent T-alkyl-4-
(2-c¢hloroethyD-3,3-diphenyl-2-pyrrohdinones' (I, R
= (4H;, X = C[) by the ¢yano group and subscquent
modification led to o large number of derivatives
(Tuble TV) including the homologous L-alkyl-4-(3-
substituted  propyvD-3,3-diphenyl-2-pyrrolidinones  »iu
the sequence IXa-f.

C.H-
(CH.CH.X

IXa, X =l
b, X CN
¢. X=COOH
d, X=C0Cl
e, X=(CHOH
. X=CH,Cl

It order to study the pharmacological effect of sub-
stitution of sulfur for the ving carbonyl oxvgen. direct
substitution on two of the pyrrolidinones (INa and
b, R = /-(4H;) was carvied out by treatment with o
mixture of phosphoras pentasulfide and potassium sul-
fide.t  Derivatives of the pyrrolidinethiones (Table V)

tr RoNL Huord and G DelaNater, Cheme Ieer 61, 45 1140611,
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No.
33
34
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37

38
39

40
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59
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66°¢

67¢
681

@ Recrystallized from:

X
COOH
CONH:
CON(CHzy)e
CONHCH:

CON 0
—/

CONHClHg
CON(CH)sCl2
[ -}

CON(CHy)sClH:
L

COOC:Hs

CH:0H

COOCHCH:N(CHy):

CH:C1

CHN O
RN

OCOCH:N(C:Hs):

J

OCOCH,N o]

) (

OCOCH.N NCH,
—/

OCOCH:N(CH3)sCH:

OCOCH.N (CH1):CH;

—

-
OCOCH.N(CH»sCH:
CH.CH.N 0

OCOCH.CH.!

COC:Hs

CN

CH:NH:
CH:CN
CH:NHCOCH:

OCO——Q

OCOCsHsOH-o
OCOCH;
NHCHCH=CHa:

NCH(CHy),

-
COO(CH2)sN(CH2)sCH:

+

COOCHCH:N(CHa)s- Br-

+
COOCHCH:N (CyHj)2CH;l -
[¢]

|

6]

OH
OCsHs

4-SUBSTITUTED 3,3-DIPHENYL-2-PYRROLIDONES As CNS STIMULANTS

Salt

HCL

Maleate

HCI

2HCI

HCI

Fumarate

HCI

TasLe IV
CeHs
CeH; CH,CH,X
(0]
|
R
(R = {-CsH; except as noted)
Mp, °C Method
(recrystn of A
solvent?) prepn yield Formula
175-176 {a) M 93 C2HuaNO;
203.5-205 (a) 90 Ca2HogN202
149-150 (b) N 92 C2HN20Os
170-171 (c) N 84 CasHosN 203
157.5-158.5 (d) N 94 C26H3:N:203
113.5-114 (d) N 95 Ca6H34N 200
144-145 (b) N 92.5 CuiHiN202
179.5-180 (1) N 91 Cogl 12N 202
84-85 (¢} [0} 5 CullwNO;
142-143 (e) 44 CaHuNO»
172-173 (f) Iy 75 C26HssCIN 20y
835-86.5 (g) 72.5 CxHxCINO
155 (g) 58 CsoHasN=Os
91-92 (e) 63.5 CnHszN:0y
203-204 (e) Q 43 CorH3sCIN 204
190-191 (h) Q 68 CasH3e ClN2Os
98-99 (e) Q 51 CxHauN:0s
107-108 (e) Q 63 CasHiueN2Os
117-118 (e) Q 52 C2sHssN:03
227-230 (2) Q 52 CesHarCIN 204
120-122.5 (a) 17 C2HNO:
150.5-151 () 87 CnHuN-20
149-152 (1) 21 CosH3:N 205
125-126 (j) K 55 CasHas N0
113-115 (k) 60 CuHaN2O:
104-105 (e) o] 67 CarHxN20s
111-112 (g) S 60 CasH29N Oy
83—-84 (1) S 94 CuHsNO;
103-105 {in) D 63 CuHaN20
[232-234 (0.1)) 69  CxHsuN:0:
197-199 (h) P 10 Cs1H4:CIN 204
175~180 (d) 50 CorHyr13BrN2Os
170-172 (n) 10 CooHy IN:0s
152.5~154 (p) e 83 CaxsHsN:203
190.5-191.5 (q) e 93 CaHaNO2
136—-138 (k) e 20 C;HsNO:

T4.27

76.

77.
80.

.58

.68

69

64
83

L/ /E’ -

Found
.99

N

T O

.89
.66

=1 = = ~I

or

66. 44

62.27

77.57

80.72

PN} S —

Caled
7.17
48
.99
.74

-1

.67

[o vl
S e
< o

7.97

70
07
64
38

~1 -1 00

.24

-1

.33

~1
oo
<

~1
'
W

T N N L
G G © OO
€ T ©>wwm

e
o
e

.21

7.49
6.78

Found
.29

-1

~1 o0 =~

o ~ o

7

~1 -1

68
89

.82

.60

7.89

.85

03
48
37

49
6.
(a) CHClg-ligroin, (b) ethyl acetate, (¢) methanol-water, (d) methyl ethyl ketone, (e) isopropyl ether, (f)

83
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— =N, Y——
Caled  Found
3,69 3.7Y
4.15 4.20
3.94 £.03
5.38 5.42
6.42 6.24
5.75 5.75
7.83 8.07
6.45 6.52
6.25 6.09
6.06 6.12
5.59 5.49
3.85 4.06
8.43 8.27
6.18 6.19
8.09 7.95
7.40 7.26
6.54 6.39
3.16 3.25
7.73 T.76
6.45 6.30
5.32 5.49
5.41 5.52
4.73 4.73
3.77 1.01

ethanol-ethyl acetate, (g) ethanol, (h) ethanol-ether, (i) ethanol-water, (j) 2-propanol, (k) isopropyl ether—ethyl acetate, (1) toluene—
¢} = CH,.

ligroin, (m) isooctane, (n) methyl isobutyl ketone, (p) methanol, (q) toluene, (r) water.

¢ Prepared according to the method of the 1-isopropyl analog.!

were prepared by methods analogous to the pyrrolidi-
nones, that is, dirct substitution for the chloride 1Xa or
conversion of the nitrile IXb.

Many of the compounds reported in this paper may
Although generally no at-

exist as diastereoisomers.

tempt was made to separate diastereoisomers, the
compounds were recrystallized to constant melting

* Bp, °C (mm).

cR = Cng,.

point and consequently probably in most cases pure

single diastereoisomers were obtained.

It 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.!
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Tasrg V
(‘HHT,
CH, CH.CH,B
S
S
1\II
CHCH.
CH,
Mp, “C Method
frecrystn of i SR E SN N
No. B sulvent') prepn  vield Formula Caled  Found  Caled  Found  Caled  Found
I L49—151 ta) T 15 CallyCIN= GOT6 647 341 3,98
70 CON 166-167 (b T 57 CnHuNos 5. 694 Tl 8,04 8,13 y.20 O
L OCss 16:4=165 (a) b 43 CoHaNO= 8. 703 6.76 387 345
T2 COOH 191-194 (a} A 80 CoHaNON 1. 6. 86 6,68 3,81 3.97
73 CON(CH 108111 (e) N 37 CauHuN208 3. 768 7.1 7.10 6.91
THCOOC, 148 5-151 ) (6] HE CarHpg N O 2.7 it .20 NSRS 363
75 COOCHCHN (ClLye HCE 196-1498 (el P 67 CoeHuCINGOS 65,73 65.86 T 701 500 5. 96
760 SH 1200-210 2 2.4 CaHos N 70,94 T1.03 T.04 6,99 HIRLEY 1.20
(0.005) 1"
NiCH 1,
T 104=105 (¢) h 18 CugHaN2ON 7504 75,64 ToAT 7.8y 611 .13
)
78 OCOCH; LO7-108 (f) < 76 CallaNOS 7200 7214 T ToH0 b67 Bl
79 OH 184187 «f) I 90 CullsNOS T4.29 71,01 T2 T 413 1
80 COOCHUILN 1 Clll 218219 (w0 55 CwlalNa0u8 55.85 55,70 613 6.7 183 (s
81N NCH E33=131 (e 6 Cusblss NS 7108 T 837 5,28 IRt U85
s2 V oma 275 dee ) L 58 CslwCINGOR 6746 67 15 707 7300 w0 6.2
N
83 N(CHaa- OO 1U6-197 e} I 38 CuHpCINSO 65,61 B 88 70 770 .65 6,00

« Reervstallized from: (a) toluene, (b} 2-propanol, (¢} isopropyl ether, (d) ethyl acetate, (¢) methyl isobuiy! ketone -methanol, (f)

methanol, (g) ethanol.

Tasre VI

B R’

e
Il\"
R
Position Method
of Yieid, of
N R’ et hyl Bp. “C ) e prepun
CHL o 2 6466 (20)) 61 H
Cals 1 B 6770 (25) 48,5 H
'yt Cl 1 71 (20 91.5 I
[QIIRF (Calds)2C(CN) 1 175=-100 (0. 03 6.7 A
0.01)
Colly” (CellsiCiCON S 173175 (0. 02) 82 \
CHy" (Cellp)2C(CNY 2 168-170 (0. 1), 25 A
15-117¢

+ Pyrrolidinol was reported by €. W. Ryan and Ainsworth
L. Org. Chem., 27, 2001 (1962)]. * Anal. Caled for CaHauNy:
neut equiv, 318, Found: neut equiv, 321, ¢ Anal. Caled for

Co Ny O, 82,71 T, 7.64; N, .65, Found: €, 82.87;
I, 7.62; N, 0.51. 4 Np., C.
Results. -Most of the compounds reported herein

enhanced respiratory rate and amplitude, inereased
arterial blood pressure, and antagonized the CNBS
depressant action of the anesthetic agent (Table VII).
In many instances the blood pressure and respiratory
effeets 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 spontancous movement of the head and
Jimbs and the animals were then responsive to various

b Prepared by method of analogous 2-pyrrolidinone.!

¢ Bp, °C (mm).

stimull, 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 ratc
and/or amplitude. These also were depressor. All
compounds having no direet respiratory stimulating
action were essentially void of antianesthetic activity.

As previously reported,! 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%).  All members
of the present series have lower allkyl on the pyrrolidi-
none nitrogen.

In agreement with, and extending previously re-
ported results,! the present study showed that certain
ariations of the 8 substituent of the 4-cthyl group do
not seriously diminish pharmacologic activity.  Among
the most active of the present series were several ter-
tlary amino acetates (46, 47, 49-51); an exeeplion
within this group was the N’-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
~ariations 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 2-
methyl substitution in the chain of a chloro compound
(29) [similar substitution in a morpholino compound

1T A number with an asterisk refers to the compound of this nuinber in
ref 1.
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No.
(solvent®)
10 (b)
11 (b)
12 (b)
13 (b)
14 (¢)
15 (¢)
16 (¢)
17 {¢)
18 (b)
9 (c)
(¢)
2 (c

(c
(&

> b — &

(HCI salt)

[T N2 SR (VI

(b

(¢

N ,V\,/

(e)
9 (b)
(

[ SN NI )
O S ~NT O

0 (e)
d)
3 (b)
(a)
{)
36 (b)
38 (a)
39 (b)
40 (b)
41 (b)
42 (b)
43 (¢)
44 (b)
45 (e¢)
46 (¢) (HCI salt)
47 (¢)
48 (¢)

oo O OO
T

[

49 (¢) (HCI salt)
50 (¢) (HCI salt)
51 (¢) (HCI salt)
52 (¢)
53 (b)
54 (a)

5 (b)

60 (a)
61 (¢) (HCL sall)
62 (¢) (HClL salt)
63 (¢)
64 (¢)

66 (a)
69 (a)
70 (h)

v Solvenis:  (a) PEG-300,
dimethylformamide.
very slight; 4+,
marked. ¢ Respiratory stimulation coiucided with hypotensive
period. 4 High doses were depressor.

slight;

4-SUBSTITUTED 3,3-DIPHENYL-2-PYRROLIDONES AS CNS STIMULANTS 219

TasiLe VII

Min dose

obsd to stim

resp,
mg/kg iv

e

85

e

2

4

2¢

o R = R H R DD R e O DD

Resp de-
pressant
2

[ O L

]

[ SR O OB OV VI

Resp de-
pressant

a

R

il aali N VIR VN VR NV SR

©

, ho activity;

+++4,

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
Pressord
Depressor
Pressor
Depressor

Anti-
anesthetic
effects?

=+

+
++
++
+++
+

=+
+++
++
++
++
+++
++
=+
++

o+t
R
+++

+++
++++

+++
++
++

b+

++++
++++
o+t
+4++
+++
=+

++
++
++

+H++

(h) propylene glycol, (¢) water, (d)
=+, questionable;
moderate;

+,
++++,

(30) did not eliminate pressor activity] and methyl
substitution at the 5 position of the pyrrolidinone 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)
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,? 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 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 and
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 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, Ill.,, and Mrs. Ruby Higgins
of these laboratories.

Method A was previously described for the preparation of
(1-isopropyl-3-pyrrolidinyl)diphenylacetonitrile.t

Method B. 2-Cyclopentyl-2-(1-isopropyl-3-pyrrolidinyl)-
phenylacetamide (7).-—A solution of 150 g (0.50 mole) of 2-cyclo-
pentyl-2-(1-isopropyl-3-pyrrolidinyl)phenylacetonitrile in 800 g
of 709, H:80, was stirred at 130-140° for 48 hr. The solution
was poured on ice, made basic with 5067, NaOH, and extracted
(CHClL). The CHCI; solution was dried (NaxSQyg) 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 . The material was taken
to the next step without further characterization,
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Method C. 4-(2-Chloroethyl)-3-cyclopentyl-1-isopropyl-3-
phenyl-2-pyrrolidinone (10).—Anhvdrous HCP was introduced
slowly into a stirred solution of 73 g (0,232 mole) of 7 in 200 ml of
glacial acetic acid over 25 min.  Thix was followed by the sub-
swrface addition of 47.9 ¢ (0.464 mole) of butyl nitrite aver a
2-hr period.  There wax a <light exothermice reaction during this
addition.  The temperature was held at 26-30° by intermitient
application of an ice bath.  The mixture was <tirred overnight at
25° and then heated for 3 hy on a steam bath.  The acetic acid
was removed /n racuo, and the residue was taken o abont 100
ml of CHCL, washed with water, und concentrated,  This resi-
due was then dissolved in approximately H00 ml of SOCL and
heated at reflux for 2 hr. The excess SOCL was removed in
racuo,  The residue was taken into 200 ml of CHCL, washed twice
with water, dried (Na=0;), concentrated, and distilled: bp
178 180° (0.03 mm ). The prodiet was crvstallized from ligroin
thp 65-110°).

4-(2-Chloroethyl)-1-isopropyl-3-methyl-3-phenyl-2-pyrrolidi-
none (11).—To 150 g of 7657 HuNO was added 30 g (0.124 molet
of  2-(1-i=opropyl-3-pyrrolidiny-2-phenylpropionitrile. The
=olution was heated at 130-135° for 48 hr, poured on ice, and
made basic (NaOIL).  The =olution was concentrated 1o dryness
and the residue was extracted twice with 400-ml portions of
boiling ab=olute ethanol, The ethanolic =olution wax concen-
trated and CHCL; was added (o the residue. HCL was passed
into the mixture until it was acidie, and the CHCL was removed.
The residue wax dissolved in 300 m! of ROCI, and refluxed for 40
min.  The excess ROCL was removed, and the residue wus
treated with 45 ¢ of KO in 300 ml of cthanol and 100 ml of
water.®  The solution wax concenmrated, and the residue wus
partitioned between 300 ml of 11O and 300 ml of CHCL. The
CHCE =olution was dried (Naw30.) and concentrated,  The
rexidue solidified on standing and wax reeryvstallized three times
from ethanol-water and once from sopropyl ether.

Method D was previously described ax a general procedure for
the preparation of T-substituted 4~ 2-aminoethy1)-3,3-diphenyi-2-
pyrrolidinones.!

Method E. 1-Ethyl-4-(2-morpholinoethyl)-3-phenyl-2-pyrroli-
dinone (21).—A solution of 198 ¢ {0.91 mole) of (l-ethyl-3-
pyrrolidinyl)phenvlacetonitrile in 830 ¢ of 707 H.S0; was
heated at 130° for 45 hr, cooled, poured onto erushed ice, and
made =trongly basic with 509, NaOIl.  Chloroform was added
forming three layvers.  The bottom (CHCL) fayver was removed
and combined with the top laver: the middle tHLO) Taver was
discarded.  The chloroform oil combinniion wus coneentrated
i racuo, and the residue was dissolved in Tl of absolute ethanol.
The ethanolie solution was treated with HCgas vntil the pl was
about G and then filtered,  The flirate was concentrated and the
residue was treated with dry toluene which was removed /n vaeno
several times to remove traces of H.0 and ethanol. The residue
solidified and was left under reduced pressure (30 mmi over-
night.  About 11 of drey ethy] methyl ketone was added followed
by 0 g (2.73 moles) of Nal. The mixture was brought to re-
fluy with =tirring, and 93 g 10.491 moler of acetic anhyvdride was
added over a period of 10 min. Refluxing was continued 0.5 hr
and an additional 93 ¢ (0.91 molej of acetic anhydride was added.
After another hour of refluxing, 36 ml of TLO was added slowly 1o
the hot solution.  The mixtwre was concentrated (n racuo and
partitioned between CHCL and 1100 The CHCL laver was
washed with dilute HCT followed by dilnte NaOT1, diied (Nue-
SO, and concentrated /novacuo.
500 mlb of maorpheline, vefluxed U he, wnd concentrated /v vacin,
and the rexidue was dissolved in 1600 ml of hot dilwie HHCL To
this ~olution was added 50 g of Nal 102000 ml of 11O, Crystals
formed on cooling, vield 203 ¢ (657, 5. The hydviodide =alt on
further purifieation by reervstallization from water melfed at
about 25H8°, (This melting point was dependent on rate of
heating sinee the compound decompos=ed at fower temperatures
when heated <lowly.

The salt wax partitioned between CHCL and dilute NaOIT1L
The CHClL was concentrated, and the residue distilled, yvield
134 @ (48,00, ), bp 215-220° (0.2 mm 1. The distillate crystallized
on xtanding and was recrystallized 1wice from izopropyl ether by
cooling in Dry Tee acetone bath, mp 59.5-61.5°.

3,3-Diphenyl-1-ethyl-4-(2-morpholinoethyl )-2-pyrrolidinone
Hydrochloride Hydrate by Phenylation of 1-Ethyl-4-(2-mor-
pholinoethyl)-3-phenyl-2-pyrrolidinone. - A catalviic amount of

The residue was dissolved in

187 I this =tep 1w omitted the product as formed does oot come nporo the
melting point given even on repegtoed reeryatadlizations,

Vol 10

IeCly was added to 1.0 g (0043 g-atouyy of Naom 100 mil of Hgaid
Nz, and the =olution was stirred until the bline eolor disappeared.
Ten grams 0,021 mole) of l-ethyl-d-2-morpholinoethyh
phenvi-2-pyvrerotidinone hyvdriodide was partitioned between dilute
NaOQH and CHCL The CHCL solution waos dried 1 Nw=O
and concentrated Jnocacio. The residue was added, over o
period of 2 min, 1o the ammoniaeal NaNI. The mivtie was
tivred for 10 nuon, and 1.7 g (0011 moles of bromobenzene was
added. A vigorous reaction ensued.  After 10 min of stirving
2.7 g 0050 moley of NHLCT was added, the N was wllowed 1o
evaporate, and the residue was prartitioned between 100wl of
CHCL and 100 ml of 2.8 HCL The CHCE laver was washed
with dilute NaOH and concentrated. The rexidue was dissolved
in 25 mlof boiling 2 .V HCL treated with activated carhon, and
filteved.  On cooling, the product ervataliized, vield 1 g 237
mp 216 21x8% mixture melting point with authentie
phenyi-1-cthyl-4-t2-morpholinoethyh-2-pyrrolidinone hdro
chloride hydrate! gave no depression.

Method F. 1-Ethyl-4-(2-morpholinoethyl)-3-phenyl-3-(2-
pyridyl)-2-pyrrolidinone Hydrochloride Hydrate (22). - I-Fthvi-
4-(2-morpholinoethy)-3-phenyi-2-pyrrolidinone 1100 ¢, 0,053
molei, 2.7 g 10.066 maoles of NaNH. and 6.2 g 70,039 moler of
2-hromopyridine o 100 ml of dey toluene were refluxed for § b
Water (100 my wa~ added, and the layvers were separated. The
toluene solntion was extracted with dilote HCL the acid Layer
was made basic 1NaOH ) and extracted «CHCL The CHCL
was dried (NaO and concentrated. The vesidue was dis-
solved in isobutyvl methyvl ketone and about t g of THCD in iso-
butyl methyl ketone wias added. Enongh CHOH was added
bring abont =olution when boiling and on cooling ervstals woere
obtained which were reervstallized from i=obwiyl methyl ketone
methanol, mp ea. 2300 232° =ample oo bath preheated o the
temperature which brings abouwt yapid meltingy, vield 3.0 g
270,00 The =ali was dissolved o 11O, made basie (NaOT),
and extracted «CHCL i The CHCL wax concentrated and the
residue was crvstallized Trony o minture of isopropyl ether and
ligroin; mp 91 H2°,

Method G. 1-Ethyl-2-methyl-4-pyrrolidinol. A ~clution of
127 ¢ (1.00 molej of T-ethyl-2-methyl-4-pyrrolidinone, bp 90- 017
(22 mun, i SO0 ml of THLO was treated with 83 ¢ 2.2 moles) of
NaBB I in approximaiely 2-g portions over a period of 30 min at
20°%. The =olution was stirred 1t 30° Tor 2 he and cooled 1o 0%,
and 600 g of KOO, was added with stivring while the temperiire
roxe to 20°% 0 The mixtire was filtered, and the filtrane was ex-
tracted five times «CHOL L The CHCL solation was coneen-
trated and distitled s vield 109 g iSE, 50 bhp 104 1067 (25 non,

dnad. Caded Tor CAIUNOD neat eqaive 129200 Fomd:
neut equiv, 128,

1-Ethyl-4-methyl-3-pyrrolidinol wu~ prepared by method G
I 40¢, vield, bp 1053-108° (20 mm), from T-cthyl-f-methyls-
pryrrolidinone which was made by the method  of - Cavalla,
ol all?

Method H hax been previously deseribed for the preparation
of T-alkyl=3-chloropyrrolidines. o

Method J. 4-(1-Chloro-2-propyl)-3,3-diphenyl-l-ethyl-2-
pyrrolidinone (25). A solution of 30 g (L1538 mole) of diphenyl-
{ l-ethy]-3-methyl-4-pyrrolidinyDacetonitrile in 300 g of 707
HoRO, was heated at 133° for 48 hr, powred onto ice, and made
basie with 507, NaOlH while keeping the tenperature below 507,
The =olution was extracted with CHCL forming three favers.
The CHCL thottonmy and middle Tayers were drawn off together
and acidified d1CTL A small aqueons laver was again formed
which was dizenrded. The CHCL was dried i Na=O and eon-
centrated o caevo, The residue was dis=olved in S0 ml of SOCT,
refluxed 2 oy and concentiated /e cacnos This residue was
crvstallized three times from ethanol -isopropyl ether.

Method K. 4-(1-Cyano-2-propyl)-3,3-diphenyl-1-¢thyl-2-
pyrrolidinone (28). A mixturce of 20 g (0,059 mole) of 25 and
285 ¢ 10059 wole) of NaCON i 50 ml of DME was ~tivred wnd
heuted at 126° for 4.5 by, cooled, and partitioned between CHCT
and O, The CHCL layver was washed with 150 mi of ThO),
dried (Nays0.), and councentrated to dryvness v oracwo. The
resulting tan cryvstals were dissolved in hot 2-propanol, tresied
with Norit, and filtered.  Upon cooling, erystals formed, mp
176 179°; after =everal veeryvstallizations from ethyl methy)
ketone, mp 177 1807

a0 Cavallag Jo Davoll, Moo Dean, €050 Frankling awd i ML Tem
ple o Med, Phoem, Chone, &1 (1061},
00 PN Pranko and 0 Dy Lnnsford, vhad 020 525 clutin
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Method L. 3,3-Diphenyl-1-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-1-methylethyl)-1-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 CHCl; and aqueous NaOH. The CHCl;
layer was washed twice with 75 ml of H;0, dried (Na.80,), and
concentrated in zacuo 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
HCL.  The dried, white solid turned brown at 243° and softened
and decomposed from 248-258°. The material was then erystal-
lized from 2-propanol and acetone; mp 255-261.5° dec.

Method M. 3-[4-(3,3-Diphenyl-1-isopropyl-2-pyrrolidinone)]-
propionic Acid (33).—A mixture of 94 g (0.28 mole) of 3-[4-(3,3-
diphenyl-1-isopropyl-2-pyrrolidinone)] propionitrile and 500 ml of
709 H,S04 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-1-isopropyl-2-pyrrolidinone )] propionyl
Chloride.—To a suspension of 144 g (0.41 mole) of 33 in 500 ml of
dry CgHs was added, dropwise at 20-25° with stirring, 97.5 g
(0.82 mole) of SOCl;. The solution was refluxed 1 hr and con-
centrated 7n vacuo to one half volume. On cooling, 131 g (869,)
of white crystals was obtained.
3-[4-(3,3-Diphenyl-1-isopropyl-2-pyrrolidinone )] propionamide
(34).—To a cold aqueous NHj solution (37%) was added, in small
portions with vigorous stirring, 54 g (0.15 mole) of 3-[4-(3,3-di-
phenyl-1-isopropyl-2-pyrrolidinone )jpropiony]l 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-1-isopropyl-2-
pyrrolidinone)|propionamide (35).—A C¢Hs 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-1-iso-
propyl-2-pyrrolidinone) propionyl chloride in Ce¢Hs. The re-
action mixture was warmed to reflux for 1 hr. The solvent was
removed and the residue was dissolved in 959, ethanol. Addi-
tion of small amounts of ice produced a white solid, mp 145-148°.
An additional erystallization from ethyl acetate yielded a product
melting at 149-150°.

Method O. Ethyl 3-|4-(3,3-Diphenyl-1-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-1-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 250 ml of CHCl; and 250 ml of H.O. The
CHCl; solution was dried (Nas,SOs) and concentrated. The
residue was crystallized from 709, ethanol.

3,3-Diphenyl-4-(3-hydroxypropyl)-1-isopropyl-2-pyrrolidinone
(42). Procedure a.—To a boiling solution of 5 g (0.013 mole) of
41 in 50 ml of absolute ethanol!t 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 H.O and refluxing 1 hr. The
solvent was removed and the residue was partitioned between
100 ml of H.O and 100 ml of CHCl,. The CHCl; solution was
dried (Nas80y) and concentrated, and the residue crystallized,
vield 1.6 g (369%), mp (after recrystallization from 507, ethanol)
140-141.5°. The product was ideuntical with that made by
procedure h.

Procedure b.—7To a suspension of 10 g of NaBBH, in 100 ml of
dry dioxane!? was added rapidly and with stirring 256 g (0.068
mole) of 3-[4-(3,3-diphenyl-1-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 HO was added carefully.’® The mixture was partitioned
between 500 ml of H.O and 300 ml of CHCl;. The H,O layer
was extracted with another 300 ml of CHCl;; the CHCI; solu-
tions were combined, dried (Na,SQ,), and concentrated. The
residue was crystallized from 709, ethanol and recrystallized

(11) Dried with Mg(OCHz»: see “Organic Syntheses,” Coll. Vol. I,
John Wiley and Sons, Ine., New York, N. Y., 1941, p 249, note 2.

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

(13) Waler must be added very slowly due to excessive foaming.
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twice from isopropyl ether; yield 10 g (44¢;), mp 142-143°.
A mixture melting point with a sample from procedure a gave
1o depression.

Method P. Dimethylaminoethyl 3-[4-(3,3-Diphenyl-1-isopro-
pyl-2-pyrrolidinone )] propionate Hydrochloride (43).—A warm
solution of 25.0 g (0.068 mole) of 3-[4~(3,3-diphenyl-1-isopropyl-2-
pyrrolidinone)]propionyl chloride in 200 mi of CsHg was added at a
rapid drop with stirring to a 15° solution of 6.1 g (0.068 mole) of
dimethylaminoethanol in 100 ml of CsHe. 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-1-isopropyl-2-pyrrolidinone
(44).—A solution of 7.4 g (0.062 mole) of SOCl; 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 CHCl; 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 ¥ HCL. The CHCI; layer was separated, dried
(Na.80y), and concentrated n vacuo, and the residue crystallized
from 609 ethanol.

Method Q. 4-[2-(Diethylaminoacetoxy )ethyl]-3,3-diphenyl-
1-isopropyl-2-pyrrolidinone (46).—To 25 g (0.077 mole) of 3,3-
diphenyl-4-(2-hydroxyethyl)-1-isopropyl-2-pyrrolidinone and 200
ml of dry benzene was added dropwise a solution of 8.65 g (0.077
mole) of chloroacetyl chloride in 50 ml of dry CsHg 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 chloroacetyl chloride. The residue was redissolved in
200 ml of dry CsHe in the same flask and a solution of 16.8 ¢
(0.23 mole) of diethylamine in 40 ml of dry CsHs was added,
maintaining the temperature below 40°. The mixture was then
heated at 40° for 12 hr. The CsHs solution was extracted in the
cold with dilute HCI and several times with HyO. The combined
aqueous acid extracts were washed with ether, made basic with
6 NV NaOH, and extracted several times with ether. On evapora-
tion of the ether the product began to crystallize. The produect
was treated with decolorizing carbon in hot isopropyl ether and
the product was filtered and vacuum dried.

Method R. 3,3-Diphenyl-1-isopropyl-4-(3-morpholinopropyl)-
2-pyrrolidinone Maleate (45).—Compound 44 (5 g, 0.014 mole)
was dissolved it 35 ml of morpholine and refluxed for 17 hr.
The solution was concentrated in vacuo, and the residue was
partitioned between 100 ml of CHCl; and 100 ml of 1 ¥ HCl.
The CHCI; solution was washed with 100 ml of 1.V NaOH and
concentrated i vacuo. The residue was dissolved in 100 ml of
ethyl acetate, and the solution was extracted with 200 ml of 1 .V
HCl. The aqueous layer was made basic (dilute NaOH) and
extracted with 100 ml of CHCl;. The CHCI; extract was dried
(Nay,80,) and concentrated in vacuo. The residue was crystal-
lized from isopropyl ether; yield 3.3 g (38%). 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 1.4 g.

3,3-Diphenyl-1-isopropyl-4-(3-oxopentyl)-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 (0.053 mole) of CdCl, 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 shurry was cooled to 60° and 30 g (0.081
mole) of 3-{4-(3,3~diphenyl-1-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,0 was added followed by 100 ml of 6 .V HC]. The toluene
layer was separated and washed with dilute NaOH, dried (Na.-
804), and concentrated in vacuwo. 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
vield was 5 g.

4-(3-Aminopropyl)-3,3-diphenyl-1-isopropyl-2-pyrrolidinone
Fumarate (55).—A mixture of 25 g (0.068 mole) of 4-(2-cyano-
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elthyl)-3,3- diphw\] 1-isopropyl-2-pyrrolidinone and 2 feaspoon
of Raney uickel in 300 ml of absolute ethanol was <haken in
hydrogen atmosphere iul 54 hr during which time 0.12 mole of
hydrogen was absorbed. The mixture was filiered, the filtrat
was concentrated in vacuwo, and the residue was distilled, bp
210-215° (0.2 mm), vield 13 ¢ . 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 ml of hot water, treated with activated charcoal,
and filtered. The filtrate was concentrated to about 200 ml
The resulting precipitate was recrystallized from 200 ml of H.0.

4-(3-Acetamidopropy) )-3,3-diphenyl-1-isopropyl-2-pyrrolidi-
none (57).—The above fumarate (2 g, 0.0044 mole) was pur-
titioned between 100 ml of CHCL and 100 ml of 1\ NaOIl.
The CHCly extract was dried (Nau30;) and concentrated to H0
ml.  Acetyl chloride (0.84 g, 0.011 mole) was added, and the
solution was refluxed for 15 hr, allowed (o stand for 24 hr
room temperature, washed (dilute NaOHH ), dried (Nas=0,),
and concentrated in vacuo. The residue was erystallized from
isopropyl ether containing about 59 ethyl acetate.

Method S. 3,3-Diphenyl-1-isopropyl-4-(2-nicotinoyloxyethyl )~
2-pyrrolidinone (58).--To 17.1 g (0.050 mole) of 4-(2-chlovo-
ethyl)-3,3- diphenvl I-isopropyl-2-pyvrrolidinone  in 250 ml of
DAIE was added 7.25 g (0.050 mole) of sodium nicotinate, and the
mixtire was refluxed for 24 hr. The NaCl was removed by
filtration.  livaporation of the DMF gave the product which
wax erystallized from isopropyl ether.

1-Isopropyl-4-[2-(1-isopropyl-3-pyrrolidinyloxy )ethyl}-3,3-di-
phenyl- 2-pyrrohd|n0ne (62).—Sodamide (1.24 g, .032 mole) wax
suspended in 30 ml of dry toluene and stirred at room tempera-
ture while 8.24 g (0,064 mole) of 1-isopropyI-3 p\nnlldmul Wis
added dropwise, and the mixtwre wax =tivred for 1.5 hr at 100°
After ('(mling to 30°, 10 g {0.020 mole) of 4-(2-¢ hlmumlnl —I-
iropropyl-3,3-diphenyl-2-pyreolidinone was added portionwise.
The mixture was heated and stirred at 100° overnight and cooled,
and the product was extracted into 40 ml of 6 N HCL  The
aqueous laver was made strongly basie with 507, NaOll. The
resulting oil was extracted into 100 ml of cther, dried (Na=SOy.
concentrated, and distilled at reduced pressure. The fraction
taken at 220-230° (0.07 mm: was rediztilled, bp 232-234°
(0.1 mm).

Dimethylaminoethyl 3-{4-(3,3-Diphenyl-1-isopropyl-2-pyrroli-
dinone)|propionate Methobromide (64).—To an ether solution of
10 g (0.024 mole) of dimethylaminoethy] 3-{4-03,3-diphenyvl-1-
isopropyi-2-pyrrolidinone)propionate was added 3.4 g (0.027
mole) of CH3Br in ether.  White crystals formed which were
recrystallized three times from ethy]l methyl ketone containing o
few drops of CH,OH.

Diethylamincethyl 3-]4-(3,3-Diphenyl-1-isopropyl-2-pyrroli-
dinone)}|propionate Methiodide (65).-—A sn‘eam of 11 wiis
bubbled through a refluxing solution of 20 g (0.057 mole) of 3-
{4- (u,.) -diphenyl-1- 1\()[)1();)\1 2-pyrrolidinone )] propionic acid and
S g (0,088 mole) of diethylaminoethanol in 250 ml of CHC,
for 5 hl. The =olution was washed with three 200-ml portions
of water followed by 200 ml of dilute NaGlH. The CIHCI,
laver was dried (NayS0Os) and concentrated.  The residue was
dizsolved in 75 ml of isobutyl methyl ketone, and X g (11057
mole) of CILI was added. The resulting cryvstals were re-
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ervstallized once from isobuty] merthyl ketone containing o <medi
amount of CHOH and once from 2-propanol.

Method T. 4-(Z-Chloroethyl}-3,3-diphenyl-1-isopropyl-2-
pyrrolidinethione (69 ). Potassium sulfide (25 g, 0.23 mole) and
Posy 12353 g0 L1035 mole) were ground together and placed 1y
solution of I7 )1 g (044 mole) of 4-12~chloroethy=303-diphenyi- -
ixu})l‘up_\‘l—l—]))null(ln 1one 1o 700 ml ol dry toluene, and the mix-
tre was refluxed with <tirving for 24 hr, filvered while hotoreated

and allowed 10 cool,

with decolorizing cwrbon, filtered again,
giving a crvstalline precipitate, vield S8 g (367, 1 mp 145 150

on recrystallization from toluene, mp 149--151°,

3-14-(3,3-Diphenyl-1- xsoprop)l 2-pyrrolidinethione )| propionyl
Chloride. Tu & stirved refluxing <olution of 30 g (0,082 moles of
S-1d-13 S -diphenyl-T-isopropyl-2-pyrrolidinet hmm I propionie
acid i 400 ml of dey Calls was added dropwise 1.7 ¢ 10.90 niole
of =SOCL and refluxing was continued for T he after addition,
The product was used without further charaeterization i the
preparation of 73-75.

Dimethylaminoethyl 3-[4-(3,3-Diphenyl-1-isopropyl-2-pyrroli-
dinethione )| propionate Methiodide (80).—-Dimethylaminocthivi
B-14-03,3-diphenyl-1- N)pmp\'l—‘ - )\'\1()}i<lin(‘llli<m(‘ Ipropionate
h\‘( rochloride (5.0 g, 0.0105 mnlo ) wax partitioned I)M\wv 1Th ml
of ixobtvl methyl ketone and 50 ml of lllult NaOlH, The orgunice
liyver was dried P NaRO, ) and 16 ¢ (0.001 moled of CILT was
added. The vesulting ervstals were reervstallized from cthanol.

3,3-Diphenyl-1-isopropyl-4-|2-{4-methyl-1-piperazinyljethyl; -
2- pyrrolidinethiono {81 “Ta a =olution of 20 g (0.056 maole: of
4-(2-chloroethyl-303-diphenyl-1-izopropy-2-pyy mlldm( thinne 1
300 ml of hoilin i mlu(‘m\ wax added 11.2 ¢ (0012 mole: of 1.
methylpiperazine.  The solution wax refluxed 20 hr duving
which linw an ol separated.  The mixture was washed with
00 mlb of dilive NaOH followed hy 300 ml of 11,0, Sallicient
CHCL wax added 1o bring abowr complete =olition fxome pre-
cipitation frone the toluene had oceurred . The =olution
dried [ Nw30 and concentvated i oracvo. The residie wus
crvstallized from =opropyl ether: vield 16 g (687, mp 115
130°. Three ervstadlizations from izopropyl ether vielded 7 g
with unchanged melting range.  The =olid wax dissolved in 100
ml of isobutyl methyl ketone and treated with 3 g of THCT i 100
mf of ixobutyl methyl ketone,  An oll separated which wis dis-
~olved by adding o livtle CHLOIT 1o the boiling mixtare. The
crvstals obtained on mulinv‘ were partitioned between 100 11
of CHCL and 100 ml or dilite NaOLL The CHCL was dried
CNRO ) and coneentrated 2o raceno. aod the vesidie was ervsial-
lized from izopropyl ether.

Correction.- We would like 1o take this opportunity
areervor o part TV of this sertes.  Tu Table IV the strueture of
compounds 29 and 33 are reversed: therefore, the data reported
in Tables TV and V1 for 29 are for 4= 2-02.6-dimethyimorpholing -
ethyl]-3,3-diphenvi-1-izopropyl-2-pyreolidinone. ancl the dais
reported for 33 ave for 4-2-03, 5-dimethy lmovpholing jethyl =303~
diphenyl-T-izopropyl-2-pyirolidinone
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