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according to CGiibson'? wax dissolved 3 il o CHLOD con-
taining 27.6 g of NaOH pellet=. The mixtnree was heated nuder
reflux for 4 e aud vhen coaled 1o oo temperainre. The
supernatant lgnid was ponred ol fronn the vesidne and hrovgl
w pH 7 owith 2090 HCL snhndon.  Afrer chilling this solivinn
overnight, the light yellow crystals were enllected nnon filier
and washed well with water., This materinl was recrystallizend
from ethyl alcohnl water (1:1) o give 111.0 g of white crystalline
substanee, mp 216-217°.

Anal.  Caled for CullCINGO: O, 62810 1, 3.71;
Found: C, 63.57; 11, 2.64; N, 11.52.

The following compoands weve prepared in similar fashion.

| -Hydroexy-2-p-methoxyphenylbenzimidazole, mp 189-191°.
Aol Caled for CiTeN«O.: ¢, 69.08; 11, 35.04; N, 11.646.
Fonnd: €, 70220 11, 3020 N, 1142,

1-Hydroxy-6-nitro-2-phenylbenzimidazole, mp 273° dec.
Jowd. Coled ne Cpl,NOuc G, 61070 1, 3000 N, 16,46,
Co61.20: 11, 3.7 X, 16.43,

6-Chloro-1-hydroxy-2-phenylbenzimidazole, mp 2417,
Caled for CsHyCINGO: G, 681 11, 351 N, 1140,
(%, 63.68: 11, 3.69: N, 11.38.

General Procedures for Preparation of Compounds in Table I.
1-(2-Diethylaminoethoxy )-2-phenylbenzimidazole Dihydrochlo-
ride (8).-—1-Mydroxy-2-phenylbeusinidazole (25.0 g, 0.119 mole)
wis dissolved tn 200 mil of dimerhytfinmamide (DMEF) ennraining
A0 ml of inlaene, Sixo geans (0131 moled of Nald (53¢ sns-
peusion in mineral oil) was added my this =olntion with vignrons
surring and the mixtnre was heated w1 30° for 300 min, At the
eud of this tine, the =olimion was cooled 10 roou teniperntare
and then treatmd with 91 ml of 1 wolnene solntion containing
177 g of 2-dimerhiylunivnerhyl elibvide/ml nf soluiion and the
resalting solution wax heared at 60° e 3 e, After enoling the
sohirian to roont tetperatave, A0 ml ol elivl aleohol was added v
decimpnse any nnreacted Nall.  Ta this solution there was
added 1 10 of ether, and the resuliing precipitate wa= rettioved.

N, 1145,

RIS
IFaand:

(12) M. S Gabsow, . U hera Seed TOTH 11906
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The tiltvare was evaporated o i viseous residne i rarro, This
wis dissolved in a small amoant nf ethyl aleold aud the solntinn
i carn was wemed with saturated evhanolic 1HCL ATer ehilling
the salntinn avernight, the copions previpitate was enllecind on g
filler, washed well with ether, and then reerysuallized vwice D
ethyl aleahol eyl erher (1:1) to yield 17.5 gnl white evyv=tadline
prodaet.

| -12-Dimethylaminoethoxy)-2-phenylbenzimidazole 3-Oxide
(16).- A slurry of 5.0 g (0.0132 mole) of 1-hydroxy-2-phenyl-
benzimidazole A-oxide in 30 ml of DIMF was adlowed 1o veser with
0.64 g (0.014 moler of 73C, NaH au steam harh temperatare for
15 min. The mixtnre was then cooled (o mom temperaninre and
allowed 1o veact with 2.1 g 110135 nmile] of 2-diethylaminoethy!
clilovide for 24 ln. The solarion was fltered, and the filne
wis evaporated 7o oam o an oil to whicl was then added 11.0.
This mixtare was extracied well with ether and the viher extrne
wits dried (Nna=0:0. Removal of the drving =ali by filinaon
and conceranian of the ethier salinidon on the <temn hath gave
light velow vil. Emnlic 11CH was added vo the il and e
<olition was ehilled nvernigh. The vesnlting precipnnie was
collecrer nn o tilter and veerystallized from ethyl alealnl il
cthevin: 1y,

1-12-Diethylaminoethoxy)-2-phenylindole (21). - 1-1lydroxy-
phenyvlindole (4.0 g 0.019 mole) was dissolved in 150l of dey
pyridive mad the solution was then wented with .85 g (1LAIS
mole) uf 53%, Nall, The mixtire wis stivved at mom temperi-
e Toe 1l vhe solnion changing in enfor Trom light yvellow 16
dark browu, A mlaene solution £25 wl) of 2-dierhylaminoerhiyl
chbride (1) mg/ml was added and vhe =olatioa <uvred nvmam
temperatnve overnight,  The reaction mixtare was added 1o
Al of Ha) wherenpou an oil preeipitated Toont =olavinn, - The
ol was separted and any excess witer and pyvidioe were remtoved
Iy heating che oil e 40° 70 vaeno Tor 4 hr. - The ofl was dissalved
in ether and dried ¢ NauSO0. Thix salt was then filered off and
the ether solntion was evaporated v dryuess. Again an ol was
obtained Trom which 1the malente <alt wis prepaved v oan ethyl
alenhol =olntion, The prodnet was reerystallized Tonn erhyl
alenfinl-ethyletherar: 1,

A Series of Central Nervous System Stimulants Based on the
4-Substituted 3,3-Diphenyl-2-pyrrolidinone Skeleton. 11

Avsrrt D. Caur, Ji., Herypox Jexkins, Beryanp V. Fravko, Jony W, Wakp, avp Carn D, Lussrorn

Lesinoeh Lubovatories, 4. H. Kobius Conpwy, I, I oionot, Vivgind

Doveivnl July 22, 166

The previoasly deseribed prepariinn of 4-(2-snbsiitiied erthyl)-3,3-diplienyl-2-pyrralidinones by a rearrange-
ment nf (I-=nbstituied 3-pyrrolidinvldiphenylacerie neids has heen expanded in order to observe structave -

activity relafionships.

Viaviation of the ring and side-chain subsiitaents has produced eompounds of varving

biological activity, generally cearral nervous sysiemn stimulanus.

Part I' of this series eseribed the synthesis of 1-nlkyl-
4-(2-substituted ethy1)-3,3-1liphenyl-2-pyrrolidinones (1,
R = lower alkyl, R’ = C¢H; X = 1 or Br (subse-
gquently replaced by various basic residues) . The key

R
CnH: - (,.HVCH"X
0
N
l
R

l

intermediate 4-(2-haloethyl) compounds (I, X = Cl or
Br. R” = (H;) were prepared from (1-alkyl-3-pyr-
rolilinyhdiphenyluetonitriles via a rearrangement of
the eorresponding acid chlorides (ITn — IIb — II¢ —
I R = alkyl, R = CeH;, X = Clor Br).  In general

1y C. D Lausfonl, A D, Cale, Ir., )0 W, Ward, B V. Iranko, and 11,
Jenkins, S Wed, Clem., T, 302 {1§64).

C.H.
|
A
W
N R’
|
IN
1. A=CN
Iy, A =COOH

. A =COCI
d. A =CONH,

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

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

(2) Doxapram Lydroehloride, Dopram’™.
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TasLe 1
(|:6H5
i
P
R
(R = 1-C3H; exeept as noted)
Method
of % Bp, °C —C, Yp— —H, Yp——— ——N, Yom—r—
No. R* A prepn yield {mm) Formula Caled 1"ound Caled Iound Caled I"ound
1 Clls CN A 48 132-139 (0.09) CeH2N» 79.29 79.04 9.15 8.98 11.56 11.31
2 i-CsHy cN A 16 155-165 (0. 25) C\sHN> 79.95  80.11  9.32 9,61  10.88  10.27
3 Cyclopentyl CN A 69 180-182 (0. 25) CpHsN2 81.03 81.33 9.52 9.28 9.45 9.58
4 Cyelohexyl CN A 60 169-175 (0.001) CaHaoN2 81.24 81.27 9.74 9.71 b.02 8.94
3 3-Pyridyl CN A 57 168-171 (0.005) CyHy N
134 1 CN A 46 128-135 (0.01) CisHuisN2 13.08 12 80
7 1-CyHs COXNH; Y] 75 175-180 (0.05)°¢ CisHxN20 T4.95 75.08 5.7Y 9.66 V.71 Y. 60
8 Cyelopentyl CONH: 1 66 221-225(0.20) CawHypN:O 76.38 76.37 9.62 V.73 8.91 8.1y1
] Cyelohexyl CONH: 13 65 208-216 (0. 14) CaHsNaO 76.78 77.05 Y. 82 9.76 8.53 8.4y
« 1 = Call;. » Anal. Caled: neut equiv, 146. Found: neut equiv, 150. ¢ Mp 117-120°,
TapLe II
R/
C¢H; CH,CH,X
0
1
R
(R = 4-C3H; except as noted)
Method Mp, °C
of a (recrystn ——C, Y%p—-~ —H., Yo=— =N, Yo——r ——Cl, Ym—
No. R’ X salt prepn vield solvent®) Formula Caled Found Caled Found Caled Found Caled Found
10 Cyeclopentyl Cl C 74 74.5~77,5° CxnHxCINO 71.93 72.15 8.45 8.16 4.20 4.31
(a)
11 CHg Cl 11.5 102-104 (b) CisH22:CINO 68.68 68.84 7.93 7.7 5.01 5.16 12.67 12,16
12 1-CsHy C1 C 16.5 95-96 (¢) CisHx%CINO 70.22 %70.19 8.51 8.41 4.55 4.62 11.52 11.29
13 Cyclohexyl Cl C 61 118-119 (d) CaHaCINO T2.49 72.54 8.69 8.68 4.03 4.17
14 Cyclopentyl Morpholino Maleate D 66 173-177 (d)  CasHaoN:20s 67.17 67.37 8.05 8.22 5.60 5.64
15 Cyclopentyl N-(CHs). D 79 94-98.5 (e) CaHuN:0 77.14 77.43 10.01 10.06 8.18 7.95
16 7-CsHe N-(CHjs)a HCl D 62 208-210 (f) C2H3:CIN:0 68.05 68.13 9.42 9.61 T.94 793 10.05 10.44
17 1-CsHr Morpholine HCl 25 173-176 (f) CoHuCIN:O2  66.90 67.03 8.93 9.06 7.09 7.15
18¢  3-Pyrilyl Cl J 29 100-103 (e) CHaN2C10  69.39 69.31 6.44 6.28 8.52 8.32
19¢  3-Pyridyl Morpholino L 57 127-129 (g) CaH2NzO2 72.79 72.79 7.70 7.73 11.07 10.97
20¢ H Morpholine HI E 65 Ca. 258 (h)
21¢ H Morpliolino E 48 59.5-61.5 CisHa2s N 204 T1.49 71.50 8.67 8.84 9.26 ¢.05
(e)
22¢  2-Pyridyl Morpholino HCl-H«O ¢ 27 Ca. 230 (f) CosHaCIN3O3  63.65 64.96 7.43 7. 0.68 Y.11 1.5¢ 2,484
23¢  2-Pyridyl Morpholino F 91-92 (e) CuH29N302 72.79 72.67 7.70 T.75 11.07 10.93
24¢  4-Pyridyl Morpliolino F 20 134-136 () Ca3H2N 302 72.79 72.54 7.10 7.77 11.0v 10.7Y

@ Reerystallized 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
nmiolecule constant while varying the other substituents.
I'or 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 eycloalkyl-) (1-substituted 3-
pyrrolidinyl)phenylacetonitriles (Table I) were pre-
pared by alkvlation 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’ = +-C3;H,, C¢Hyy, C:Hs; R = 4-Cs-
H:) except when the a-alkyl group was methyl. Hy-
drolysis of the methyl compound (IIa, 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) methy!l isobutyl ketone-
® Bp 178-180° (0.03 mm).

cR = CyH; ¢ H.0.
butyl nitrite and HCL. These erude 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 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 IIT was treated
with thionyl chloride. The Il-ethyl-4-(2-iodoethyl)-3-
phenyl-2-pyrrolidinone was, however, obtained by
treatment of the acid IIT 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. 4dm.
Chem. Soc., T1, 2821 (1949).
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» Neerystadlized Tvom: a1 etianal dsopmpyl ether, ¢hi 2-

2-propraml, "R ClL,.

Seneaks 1

[jj]—YHCOOH (JLtI:ij—vuij
N CH Acd Ny ()= N
l l
C.H. CH
il v
l«uwrullufnh‘
R’ ‘ . SN
7\ (. H. CH,CH.N 0
CH. CHLHN 0 0;1 v] (e
o= N N
N , |
| R3¢ CH
C 'Hi NieNH i

Vla, R"==C,H.
i, R"==2- or 4-pyridyl

2-pyrrolidinone (V) using bromobenzeue amd sodamide
it Hauil sunmonia gave 1-ethyl-4-(2-morpholinoethyl-
3.3-diphenyl-2-pyrrolidinone (VIa) (solated and iden-
tified us the hydrovhlorile hydrate) whivh was iden-
tical with the substance derived from (l-ethyl-3-pye-
rolinlinyhdiphenylacetonitrile deseribed sbove aml re-
ported in part I.  Leake and Levinet reporteld phenyl-
ation of the esters and ketones by this method; how-
ever, we hiave been unabbe to find any previous report
of au amide acting as the activating group for such
phenylation.

1-Ethyl-4-(2-morpholinoethyl)-3-phenyt-3-(3-pyridyt)-
2-pyrrotidinone (I, R C.H; R’ = 3-pyridyl. X
nwrpholine) was prepared from the corresponding
avid (ITh, R = CH; R’ d-pyrilyl) in the same
manuer ax leseribed previously for the 3,3-diphenyt
antalogs. This route was not applicable, howvver, for
the 2- or 4-pyridyl 1somers beeause of the facile decar-
hoxylation which ocrurrert during acid hydrolysis of the
{ L-ethyl-3-pyrrolidinyl) phenyl-2- (or 4-) pyridylacetoni-
trite (Ila, R CuH;, RY 2-pyridyl or 4-pyridyl).
The desireill compounds (VIh) were obtained by treat-
ment of the monophenylpyrrolidinone Vo with 2- or 4-
bromopyridine aml sodamide in tolueue.

Sinee similar veaction conditions can head to pyrildyue
werlauisms aud consequent changes of the loeation ot
substitiucents on the pyridine ring,” the mar speetra ol

»WO W Lpake and R Lesine, S s g S, 81, 11048, 16227 1143,
VL L der Hertoe pud 110 Co v sher Plies, Vdsrane. Hetevwaelio Chens,,
4, 126 11085,

ol
th

propanal acemae, fepmethyvlisolnnvl Kenme, id cmethyvb erhivl Kevene,

these produels were studivd. They showed that un
reserangement had ocewrred nl that the 2-03-, al -
pyrilyl compounds bl the expectal pyridine ring

substitution,

Methyl substitution on the erhyl side chain (VT
R¥ or R* = CHy) and at the 5 position in the ring

(VI CH,) ¢Table I11) was mchieved by use ol
the appropriately substitutal pyrooldinols (VIT RY
I or R% = CHyi.o Only one position was substituted
1 any oue compoundd.

'
\1

C.H lr R
A H(JH i\‘ll.“fln.vx-\:.x!l ¢.H. CH—CH
it f T 0 |
R \ R K ;,‘“11 < N\ R
I I
R R
Vil Vil
R=CH ovr (" H RetH o €l

Replacrnent of the chlovnle in the paren T-alkyl-4-
(2-chloroethyl)-3.3-liphenyl-2-pyrrotidinouest - (1, R’
(sHs; X = CD by the ¢yano group and subsequent
wodifiention led to a hairge number of  derivitives
(Tabhe TV) inchwling the homologous  L-atkyl-4-(3-
substitutad  propyh-3,3-diphenyl-2-pyreolidinones - e
the sequencee FXa-f.

CH
CH.CH.X

1
SN
= COOH
= COC)
~CH,OH
= CH.Cl

In order to stwly the pharavological effect of sub-
stitution of snlfur for the ring carbonyl oxygen, direct
substitution on twn of the pyrrolilinones (INa and
b, B = /~C3Ho wios carried out by treatment with a
mixture of phosphorns peotasudiide and potassiun =ul-
fidi Devivatives of the pyrrolidinethiones (Table V)

CONG I Tapd ] G el Menep, Chaeml foer 81, 10 006G,

e
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TaBLE IV
C¢H;
C¢H; CH,CH,X
0
1
R
(IR = 4-C3Hs execept as noted)
Mp. °C Method
(recrystn of % —C, Ypo—— ——I1I, Y{—— = =N, Y——
No. X Salt solvent®) prepn  yield TForinula Caled Found  Calel  Found Caled  TFound
33 CO01 175-176 (a) M D3 C2HusNOy 75.18 T4.9Y 7T 7.29
34 CONH: 203.5-205 (a) 90 CnHaN4O: 75.40 75.55 7.48 7.68
35  CON(CHi: 149-150 (b) N 92 CuHuN:O: T6.15 7599 T.9 T.89
36 CONHCH: 170-171 (¢) Ay 84 C2sHsN O 5.7 75.66 T.74 T.82
37 CON 0 157.5-158. 5 (1) N 94 CasHaN 205 74.25 T4.24 .67 T.60
38  (CONHCily 113.5-114 (1) N D5 Cu6l{54N O+ 76.81 76.69 8. 43 8.28
3y CON(CH:ClI: 144-145 (1) N V2.5 CsHiN:O2 77,74 TT.54 8.3y 8.0
L
4D CNN(ClIesCl]e 179.5-180 (1») N H1 Cu113:N:Oe 7T 1Y 725 707 T.8Y
L 3
41 COOCslls 84-85 (c) (o} 7 CullmNOs T5.96 16,14 770 7.85 364 3.y
42 CH.0H 142-143 (e) 14 CHsNOs 78.30  78.24  8.07 8.03  4.15 420
43 COOCH.CHN(Clls)y et 172-173 (D) P 75 CsHuCIN:O; 68.03  67.88 7.6  7.48
44 Cl.C1 85-86.5 () 72.5 CuHsCINO 74.28 T4.51 7.36 737 304 1.03
45 CH.N O Malente 155 (g) R 58 CsoHssN:=Os 68. U4 68.75 7.33 7.22 5.38 5.42
146 OCOCHN(Calls)s 91-92 1e) 63.5 CuHuN:0; T4.27 7416 8.31 815 6.42  6.24
N\ -
47 OCOCH.N Q HC1 203-204 (e) 43 CyuHssCIN:Oy 66,58 66.44 7.24 7.21 5.75 5.75
N\ - R - - . -
48  ococHN  NCH, 2HCI 190-191 () Q 88  CuHnCLNO; 62.68  62.27  7.335 71.30 7.8  8.07
N/
EY] OCOCH:N(CHz):CH: 98-99 (e) Q 51 CxHuuN:2Os 74.62 T4.52 T.8Y 7.0 6.45 6.52
50  OCOCH.N (CH:):CH: 107108 (e) Q 65  CuHiN:Os T4.96 75.10 809 814  6.25  6.09
_—
5l OCOCHsN(CH2sCHa, 117-118 (e) Q 52 CasH3sN203 75.29 75.15 8.28 8 .28 6.06 6.12
52  OQCOCHCHN O HCI 227-230 (g) Q 52 CsHuCIN:0:  67.11 67.25 T4 7.2 5.59 5.49
53 COC:Hs 120-122 .5 (a) 17 CuH2NO2 79.30 79.47 8.04 8.07 3.85 4.06
54 CN 150.5-151 (3) 87 CuHuN,0 79.48 79.21 7.28 7.08 8.43 8.27
55 CH:NH: Fumarate 149-152 (1) 21 CosH52N:Os 69.00 69.08 .13 7.24  6.18  6.19
56 CH.CN 125-126 (j) K 35  CuHaxuN:O 79.73  79.53 T.36 7.38  8.09 7.95
57 CH>NHCOCI; 113-115 (k) 60 C2uH3oNyO2 76.15 76.25 7.99 7.85 7.40 7.26
58 OCO"—Q 104-105 (e} b} 67 CxrH N0 T5.67 75.52 6.09 6.51 6.54 6.30
59 0OCOCs1{s0H-v 111-112 (&) by 60 CxHaNOy 75.82 75.65 6.59 6.57 3.16 3.25
60 OCOCH; 83-84 (1) b 94 CaHuNOs 75.18 5 717 7.00
61 NUHCHC1{=CH: 103-105 (in) D 63 CuyHasoN 20 79.52 79 8.34 8.30 T3 T.76
62 NCHICH . 1232-234 (0. 1) 1" 69 CasHssN 202 T7.38 77.20 8.81 8.56 6.4 6.30
- -
63 COO(CH»sN1CH2)CH: HCQCl1 197-199 (1o P 10 C3HiCIN:0y 70,63 T0.30 8.22 8. 27 5.32 5.4Y
64 COOCH:CH:N(CHa)s lir- 175-180 (d) 50  CrxHuBrN:0s 62.66 62,55 7.21 7.26 5.41 5.52
+
65 COOCH2CH2N(CaHg)CHl - 170-172 (n) 10 CaHnIN:20s5 +.73 4.73
@]
66 N 152.5-154 (p) € 83 CasH 26N 203 76.69 76.90 5.98 6.12
i
0]
67° OH 190.5-191.5 (q) e 93 CuHaN O 77.64  77.57 7.49 7.4V
684  OCsH;s 136—-138 (k) e 20 C;HasNO2 80.83 80.72 6.78 6.83 3.77 4.01

¢ Reerystallized fron:

(1) CHCls=ligroin, (b) ethyl acerate, (¢) methanol-water, (d) methyl ethiyl ketoue, (e) sopropyl ether, (f)

ctlianol-ethyl acetate, (g) ethanol, (h) ethanol-ether, (i) ethanol-water, (j) 2-propanol, (k) isopropyl ether—ethyl acetate, (1) toluene—

ligroin, (m) isooctane, (11) methyl isobutyl ketoue, (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 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 niade to separate diastereoisomers, the
compounds were recrystallized to constant melting

®Bp, °C (mm). <R = CiH;, 41 =

CHs.

point and consequently probably in most cases pure
single diastereoisomers were obtained. It is, however,
likelv that some of the reported conipounds are still
mixtures of diastereoisonters (Table VI).

Pharmacology. Method.—The experimental pro-
cedure was identical with that described in the previous
commniunication.!


Cs4Hs.NO
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Results. -3Most of the compouls reportal herein
rnhianeed respiratory rate and amplitude, increased
arterinl blood pressure, and uantagonized the CNB
depressant action of the anesthetic agent (Table VII).
I many instatices the blood pressure and respiratory
effects were elicited by doses that had little or no anti-
anesthetiv action; however, the latter effect was in-
variably producet with larger doses.

Several compounds (e.g., 35, 39, 40) increased respira-
tory rate and anplitude, evenr with the lowest dose
tested. 'This effect was of relatively long duration.
"T'he pressor artion of these compounds was pronounced
initinlly and a good effert persisted for more than 60 min
in some experiments.  Also, these compounds causel
considerable spontaneous movenent of the head and
limmbs and the animals were then responsive to various

 Prepared by method of analogous 2-pyrrolidinane.?

c Bp, °C Gun

stimudl, whereas they had been totally unrespansive
prior to treatment,

Other members of this series (e.g., 10-12) apparently
had no direct respiratory stimulating action. 'The in-
rreased respiratory effort was probably induced rv-
flexly us o vesult of their hypotensive action. Still
other compounds (48, 64) decreaserl respiratory rate
and/or aniplitude.  These alo were depressor. Al
compounds having no direct respiratory stimulating
action were essentially void of antianesthetic activity.

As previously reported,! substitution at the nitrogen
of the pyrrolilinone ring was essential for producing the
pharniacologie effects in question; activity wus opti-
muim with the smaller alkyl groups. Quaternization
virtually eliminated activity (64, 39%). Al mewbers
of the present series have lower alkyl ou the pyrrohdi-
notie nitroger.

Tn agreement with, and extending previously re-
ported results,! the prusent study showal that certain
variations of the 8 substituent of the $-ethyl proup do
not serionsly diminish pharmaceologiv activity.  Among
the most active of the present series were several ter-
tiary wnino acetates (46, 47, 49-51); an exception
within this group was the N’-methylpiperazine analoy
(48). ’Three amides woere active with the results sup-
gesting increasing poteniy it going from o primary
(34) through a secondary (36) to u tertiary (35). Other
variations of the 8 subssituent, particularly amines (15.
16, 61, 75, 83), produced ilefinite hypotension and
probably had no direct stimulating effect on respira-
tion.  Also rausing a lowering of blood pressure were 2-
methyl substitution in the chain of u chlom compound
(29) [similar substitution in a morpholino compouud

ST humber swinh s astirisk refers b the enmponad of this munber in
ref 1.
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¢ Bespiratory stimulation coincided with liypotensive
4 High doses were depressor.
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TasLE VII
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b —, no activity;
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(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
apd 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), cyelo-
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) con-
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
zompound.

Experimental Section

Melting points were determiined in glass capillaries and are
corrected. Boiling points are uncorrected. Mlicroanalyses were
done by Schwarzkopf Microanalytieal Laboratory, Woodside,
N.Y., Galbraith Mieroanalytical Laboratories, Kunoxville, Teun.,
Micro-Tech Laboratories, Skokie, Ill., and Mrs. Ruby Higgins
of these laboratories.

Method A wus 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, Hs80, was stirred at 130-140° for 48 hr. The solution
was poured on ice, made basic with 306, NaOH, and extracted
(CHCl3). The CHCIy solution was dried (Na=804) and cou-
centrated, and the residne was distilled, yield 105 g (66'), hp
221-225° (0.2 mm). The infrared spectrum showed a strong
absorption at 6.1 and none near 4.45 g, The materinl was taken
lo the next step without further characterization.
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Method C. 4-(2-Chloroethyl)-3-cyclopentyl-1-isopropyl-3-
phenyl-2-pyrrolidinone (10)-~—Aunhyvdrous HCL was introdnced
showly ino astirred sohnion of 7235 g (0.232 mole) of 7 in 2000l oF
ghieinl nertic acid over 26 min. This was follwed hy the <nh-
arlnee addition ol 4740 g 1L464 moled of byl niveiie aver
21 period. There was a <light exarhermie venetion doving 1his
addition. The temperminre was held av 26-50° hy inerntintem
appliention af an ice bath, The mixte was <tivved nvernigh
25° aud then heared T 3 he on o stesun hih Thie acetie aeid
wits remmnved Jn rareo, and the vesidie was inken non abant 100
ml of CHCL, washed with witer, anud covcemuvned,  This resi-
due wus then dizzolved 1 approxinately S ml ol SOCL and
heated e veflax Tov 2 e The exeess SOCL was removed fn
morg, The vesidne was taken inva 200ml ol CHCL, waslied vwive
with water, dried (NaXOg, concemmmed, and  distilled: hp
178 IR0 10,08 nun. The pradnet was cev=uallized Tram ligoiin
hp 65-110°),

4-(2-Chloroethyl)-1-isopropyl-3-methyl-3-phenyli-2-pyrrolidi-
none (11).—To 150 g of TC) HaNyy was added 300 g (1124 nles
nl 2ot I-izopropyl-g-pyrroliding i-2-phenylpmpionnile, The
solution was heared 1 130-135° T 4%l pooneed o dees and
made hasie tNaO1). The =olimion was concentred 1o dryness
and the vesidae was extmeted (wice wirth 400-ml ptious of
hailing absolnte ethanol. The eilimnolic ol was eneen-
tted and CHCL was added 1o the vesidie. HCL was passed
inta the mixtare notil v was aeidie, and the CHOCL was venmved.,
The vesalne wis dissolved i 300l of SOCL and veflaxed Hne 411
min. The excess ROCL was removed, and the vexidae was
remed with 45 g of KO o chid ml of ethanal and 100 ml of
water.f The =olation was concemnrated, amnl the vesidae was
partitinned berwern H00 ml of 1) and Sl of CHCL. The
CHCL, <ohnion was dried (NaSOg and concempeaned. The
residue solidified on ~tinding and wis veervsiallized ithree 1iimes
fram ethanol--warer nud onee Ceom snpmpyl ether,

Method D was previnnsly described as o general procedure for
the preparation of T-substinned 41 2-amiuerhyl-3,3-diphenyl-2-
pyrrolidinones.!

Method E. 1-Ethyl-4-(2-morpholinoethyl)-3-phenyl-2-pyrroli-
dinone (21).—A solution of 198 g 10.91 mole) ol (J-ethyl-3-
pyrilidinyDpheaviaceroniveile o 8o g ool 7070 R0, wie
heaed v 130° Tne 48 1o cooled, pronved oma evashed dee, nad
made =trangly hasie with 5007 NaoOll. Cllovorormn was added
Torming three Tayvers. The imom {CHCL Y Inver wis rennved
aud combined with the vp fayvers ahe madille (1LOY nver wie
diseaeded. The ehdnmfarm ol rombinatva was roneentrned
(o e, and Vhe vesidne was dissolyerl in UL ol abhsolnte erhnmol,
The ethannlic solatim was treated with HCTgas nnil the pll wie
aham Goand then filteral, The nltvate was rmnecnmed and the
restidne was trested with dey tolacne which was venmved o vennn
several thmes to renmve teaces of 1HLO aud erhml, The revidne
salidified and was lelt mnder redaced pressnre S0 't nver-
night. - Abnm 11 ol dey ethvl meihv keme was added Tollowed
hy dnlg 275 moles) o Nal. The mixinve was hoongln 1o ve-
flnx with stieving, and 93 g (L4910 moley ol acene ;ohydride was
added aver a period of 1. Befloxing was enntinmed 105 Tie
sand an additionad 43 ¢ 1141 mole s of weetie simhydride was added.
Afrer another honr of veflixing, 56wl ol 110 was added <hwly m
the hot salavion,  The mixture was coneemvated i preon and
partivioned hewwveea CHCLe and 100 The CHCL Taver was
washied wuloalilme HOT Tollowed Dy dibme Naoit, dried (N
<L aad ccarcenmviael deomnme. The vesidne waos dissnlvel in
A0 ] of maorphnline, vellnxed 1 T ool vomeenteaned fnomeen,
and the vestdne wie lisaolved o Tt of fan dibae HCL Ty
thix ~obabm wax added 5 g ol Nal 2wl of 11,0, Creystals
tormed on conling, vield 233 g udt s The hnlrodide salv nn
farther purifiention hy veerystallizaion Jrom wiaer wmelved a1
aboat 208° C(This niehing poin was olependem an rde ot
heating <ince the rmmpacnd derompnsed o lower temperatnres
when healed =hwlyv.

The =t was pavtitioned herween CHCL and diline NaO11.
Tl CHCL was coveemrated, and the vesidue disiilled, vield
154 g rdaxa0 1, hp 218 220° (2 nnni The distillate erystallized
v staling and was veerysiallized 1wice from soprapyl ether by
enoling o Dry Lee acetone bath mp H0.5-51.5°.

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 cutalvii: anaant ol

eX5 1T e =ten e el e prodaen s fornaesd soaes ol eonae we oo b

Toeloner peint wen exercan copwenCod recey sl ione,
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el was added vo T g r0 0405 g-nn of Naom 100 i ol lignid
N1, and the snluntion was <tirred mil the bline vilor disappenyed.
Ten grnns QL2 woley of  T-ethyl-d-c2-msepholinerhy -
phenyvi-2-pyrmbidinone hydriadide was pavtitioned hevweennaldnn:
NaOl and CHCL The CHCL sohnnion was olvied 0 NSO s
and coneemrated dooonow. The residune was addel, ovir g
perind of 2o, woothe pmmeniae:d NaNTs The mixinee was
starved v 1w, and 1.7 g ALt wmaole: of hrnanoheazene was
addied, A vigormus reactioa cnsnal.  ATver 10 min ol <arring
2.7 g ) mole ol NHLCT was added, the N1 was dlowed 1o
evaparate, and the vesidue was pranitimed herweea il of
CHCL aud oo mbad 2 VICL S The CHOL Laver was washael
with ddare NaoOl and ncememed. The vesidne waos dissnlvel
25l o botling 28 HCL weenmved winh aciiviaed cadoa, cavd

filteved.  Ov caolig, The pndact vevsallized, vield 1 g 237, 4
mp 21G:215% mixtnre welting point winh anihemune 50-di-
phenyi-1-cthyl-d- 22omaorplnlinethyD-2-pyevolidinan: hvdre

chdoride liydente gave un depressian,

Method F. 1-Ethyl-4-(2-morpholinoethyl)-3-phenyl-3-(2-
pyridyl)-2-pyrrolidinone Hydrochloride Hydrate 122), - 1-121hvi-
-0 2-morphalivmethyl-S-phenyl-2-pyivolidivene (1o w0 noss
nmlen 227 g 06 mdes ol NaNT cond 62 g 0030 mnle s o
A-hromopyridine ioradamd nidey volnene were vellnsed hoe 1 e
Winter (nhilbmls was added, and the loyvers weve sepaemed. The
tolnene snhiisn was extearted with dilme HCL the acid Taiver
wies wade hasie «NaOT and exveacred «CHCL G The CHOT
wies dried TN0SO 0 and coreeniiaed. The vesilue was dis-
<alved insoharel methyvl kevone and abome 1og af HCT o dse
vl merthyl kevone was added. Foongh CHLOH wie added o
Iing abome =sobiainn when boiling aoml o caoling ervstals were
nbrained which were verryvsiallized Teom sabuylh methvl kerone
wetlml, mp e 25300 252° sinple ioa bl preheated neohe
tentperniare which brings abom vapidl meliings vield 3.0 g
2700 The salt was ofissnlved 1o 1L made hasbe ¢Nacly,
and extracred CHCL < The CHCL was concemzaed and the
restdae wies cevstalhized Trom o mixtare ol isapmpyl cther aml
Hgraim: mp at 029,

Method G. 1-Ethyi-2-methyl-4-pyrrolidinel. -A ~clation ot
127 g il nole; of 1-ethyl-2-methyl-4-pyrralidinane,® hp Ga- 912
22 nung, o STl of 11O was veeamed with 85 g 2.2 molesa o
NaB3Hy in apprxinenely 2-g portions nver a period o 30 i
20% The solntion was =<tieeed e 1® Tor 2 e ad coaled o 0%,
and g ol KO was added with stivvang while the vempernmne
The mixnre was Tihered, aml the filveae was es-
tnted Dive Gooes 7 CHCL L The CHOL sobitinn was vaneere
trated and distilled s viehD 100w oSt 50 hp I o

Adued, Calel Tor CALNCE nean apnv, 1202,
acnt eqaiv, 128

I -Ethyl-4-methyl-3-pyrrolidinol wu~ pepured hy methal G
fn 400 vield, bp TuH-108° €21 ), Trow T-cthvl-4-methyl-i-
pyrilidinsne which was made by the metlnd d Cavalli
vlol?

Method H lLios Leen previvusly deserthed Ga the prepeaatian
nf Taalkyl--eldompymlidines. ©

Method J. 4-1-Chloroe-2-propy!)-3,3-diphenyi-1-ethyl-2-
pyrrolidinone «25). A =solutinn of 51 g (0158 male) ni diphenyl-
U l-cthvl-B-melhvl-4-pyrrolidivyDuccvonivvile u 500 g0 ol Ty
=05 was hewred v 133° Tar 48 hey poured mua iee, and made
hasie with 5077 NaO11 while keeping the temperarare helow an®,
The solmiion was extrrered with CHOL hming three Livers,
The CHCL thovioan amd middle Tavers wers drawn oll towerloer
and ccadilied (11CTL A =mall agneons layver wis again Tormed
whirh was ilisaredel, The CHOCL was dried $ NSO and can-
ventented g crenn, The residace was dissolved b Athnd ol SQCT,
vefluxerl 2l and concentraned Vo oveeres This cesidne was
crv=tallized vhree vimes Troo edvnnd - sopempyl evher,

Method K. 4-f1-Cyano-2-propyl)-3,3-diphenyl-1-cthyl-2-
prrrolidinone (28). A mixuire of 20 g (LDAY mole) of 25 and
JRN e 05T male s ol NaCN oAb ml of DME was stieren] sand
hemed m 126° Tor 4.0 1o, cooled, and partiviooed hetweea CHC,
and 11,00 The CHOL Iaver was washed with 1510l ot 11,0,
dried 1NaSL), and roncemrated 1o dryness Joomnam. The
resuliing tan crystals were dissulved in hor 2-propavol, westael
with Novit, aod filiered. Upine cooling, evy=tals formed, mp
170 179%0 after several maavstallizations frome ethyl niedhvd
ketone, mp 1771807,

ose e 2
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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-pvrrolidinone 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 CHCIl; and aqueous NaOH. The CHCI
layver was washed twice with 75 ml of H:O, dried (Na,80.), and
concentrated in racuo 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
HCI. 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-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
706, Hy804 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 CsHs was added, dropwise at 20-25° with stirring, 97.5 g
(0.82 mole) of SOCl;. The =olution was refluxed 1 hr and con-
centrated in 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 NH; solution (379,) was added, in small
portions with vigorous stirring, 54 g (0.15 mole) of 3-]4-(3,3-di-
phenyl-1-isopropyl-2-pyrrolidinone )] propionyl chloride.  The
stirring was coutinned 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-dipheny!-1-isopropyl-2-
pyrrolidinone)]propionamide (35).—A Cels 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- I-iso-
propyl-2-pyrrolidinone)]propionyl chloride in CsHe. 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 crystallization from ethyl acetate yielded a prodiet
melting at 149-150°.

Method O. Ethy! 3-}14-(3,3-Diphenyl-1-isopropy!-2-pyrrolidi-
none)]propionate (41).—To 200 ml of dry ethanol was added
2,06 g (0.090 g-atom) of Na. When solution was coniplete 3 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
partitioiled between 250 ml of CHCl; and 250 ml of H:O. The
CHCl; solution was dried (NasSO.) and concentrated. The
residue was crystallized from 70¢, ethanol.

3,3-Diphenyl-4-(3-hydroxypropy!l)-1-isopropyl-2-pyrrolidinone
(42). Procedure a.—To a boiling solution of 5 g (0.013 mole) of
41 in 50 ml of absolute ethainol!* 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 residie was partitioned between
100 ml of 1.0 and 100 ml of CI{Cl;. The CHCl; solution was
dried (Nas=80),) and concentrated, and the residue erysrallized,
vield 1.6 g (36%)), mp (after reerystallization from 50', erhanol)
140-141.5°. The prodiet wax identical with that made by
procerlare b.

Procedure h.—"T'u a suspension of 10 g of NaBH, in 100 ml of
dry dioxane'? was added rapidly and with stirring 25 g (0.068
mole) of 3-[4-(3,3-diphenyl-1-izopropyl-2-pyrrolidinone)] propi-
oyl chloride in 200 ml of dry dioxane. The mixture was stirred
at reflux for 4 hr and cooled to room temperature, aud 100 ml
of H.0 was added carefully.’® The mixture was partitioned
between 500 ml of HyO and 300 ml of CHCl;. The H,O layer
was extracted with another 300 ml of CHCl;; the CHCl; solu-
tions were combined, dried (Na;SO.), and concentrated. The
residue was crystallized from 709 ethanol and recrystallized

111) Dried witlh MgiOCHs)e:  see "Organic Syutlieses,'” Coll. Val. I,
Jolin Wiley and Sons, Inec.,, New York, N. Y., 1941, p 249, note 2.

(12) Dried by shaking with NaOH followed by refluxing with LiAlH, for
21 L.

{13) Water asl be wlded vecy slowly due 1o excessive foumihg.
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twice from isopropyl ether; yield 10 g (44¢;), mp 142-143°,
A mixture melting poiut with a sample from procedure a gave
10 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 )] propiouyl chloride in 200 mi of CsHs 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 C¢Hs. After addition the
mixture was allowed to warni to room temperature, then re-
fluxed for 1 hr. The benzene was evaporated under rednced
pressire 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 SOCI; 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,80,), and concentrated in vacuo, and the residue crystallized
from 60% 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-pyrrolidinoie aud 200
ml of dry benzene was added dropwise a solition of 8.65 g (0.077
mole) of chloroacetyl chloride in 50 ml of dry C¢Hs 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 -
reacted chloroacetyl chloride. The residue was redissolved in
200 ml of dry CsHg in the same flask and a solution of 16.8 g
(0.23 mole) of diethylamine in 40 ml of dry Ce¢H; was added,
maintaining the temperature below 40°. The mixture was then
heated at 40° for 12 hr. The CgH; solution was extracted iu the
cold with dilute HCI and several times with H,O. The combined
aqueons acid extracts were washed with ether, made basic with
6 N NaOH, and extracted several times with ether. O evapora-
tion of the ether the product began to crystallize. The product
was treated with decolorizing carbon in hot isopropyl ether and
the produet was filtered and vacuiim dried.

Method R. 3,3-Diphenyl-1-isopropyi-4-(3-morpholinopropyl)-
2-pyrrolidinone Maleate (45).—Compound 44 (5 g, 0.014 mole)
was dissnlved 1 35 ml of morpholine and reflaxed for 17 hr.
The solution was concentrated in vacuo, and the residiue was
partitioned between 100 ml of CHCl; and 100 ml of 1 N HCI.
The CHCI; solution was washed with 100 ml of 1 .V NaOH and
concentrated in vacuo. The residne was dissolved i 100 nil of
ethyl acetate, aud 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 CHCIl; extract was dried
(Na,80;) and coucentrated 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 resnlting from cooling were recrystallized from
ethanol; yvield 1.4 g.

3,3-Diphenyl-1-isopropyl-4-(3-oxopentyl)-2-pyrrolidinone (53).
—To 2.4 g (1.10 g-atom) of Mg shavings in 200 ml of dry ether
wis added 10.9 g (0,10 mole) of ethyl bromide in 100 ml of dry
etlier at sich a rate as (o maintain reflnx.  When the addition
was complete the mixture was refluxed for 2 hr.  The mixtare
wax ennled and 10 g (0.055 mole) of CdCl; was added over a period
of 5 min.  The temperainre was raised to reflux and maimained
for 1 hr. The ether was distilled leaving a syrupy oil.  To 1his
was added 200 ml of dry toluene, and the temperature was raised
to 90° for 30 min. The shirry was cooled to 60° and 30 g (0.081
mole) of 3-14-(3,3-diphenyl-1-isopropyl-2-pyrrolidinone )] propi-
onyl chloride in 150 mi of dry toluene was added at a rapid drop.
The mixture was stirred at 85° for 2 hr and cooled, and 100 ml
of HO was added followed by 100 ml of 6 .V HCIl. The toluene
layer was separated and washed with dilute NaOH, dried (Nao-
80s), and concentrated in wzacwo. 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-cynno-
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ethyl)-3,3-diplienyl-1-izsopropyl-2-pyrralidinone and 2 heaspoons
of Raney nickel in 300 ml of absolute erthanol was <haken i a
hydrogen atmosphere Tor 54 hr during which time .12 mole of
hydrogen was absorbed. The mixinre was filieved, 1he filiem:
wus concentrated in rarieo, and the rvesidae was distilled, hp
210-215° (0.2 mnj, vield 13 ¢ . This disvillate, wgerher with
A g oof famarie acid was dissolved 11 100l o' erthanaol, and the
solvent was removed on the steqn hath. Fhe residue wies
dissolved in 400 ml of hor water, weared with aciivined chavenal,
and filteved.  The filirate was concenivated to about 200 ml.
The resulring precipitare was recrystallized from 200 ml of 141

4-(3-Acetamidopropy])-3.3-dipheny!-1-isopropyl-2-pyrrolidi-
none (57).-—The above funmarate (2 g, 0.0044 mole) was pa-
1tioned berween 100 ml of CHCly and 100 ml of 1V NaOll,
The CHCl; extract wax dried (N30 and concemrared 1y a1
ml.  Acetyl chloride (0.84 g, 0.011 mole) was added, and 1the
solnion was refluxed Tor 15 hr, allowed 1o stand for 24 e oa
room teniperature, washed (dilare NaOll), dricd NwSOs0,
and concemrated in vucuo. The residue was crvstallized Trom
isopropyl ether conraining abom 30 etlivl neernte.

Method S.  3,3-Diphenyl-1-isopropyl-4-(2-nicotinoyloxyethyli-
2-pyrrolidinone (58).—To 17.1 g (0.050 molel of 4-(2-ehbnn-
ethyh-3,3-diphenyl-1-isopropyl-2-pyrrolidinone  in 250 ml ol
DATE was ndded 7.25 g n11.050 wole) of sndinm nieminate, and vhe
mixture was refluxed for 24 hee The NaCl was removed hy
filtrntan,  gvaporaion of the DM gave the podact which
was erystallized Trom soprapyl ether.

| -Isopropyl-4-[2-(1-isopropyl-3-pyrrolidinyloxy )ethyl|-3,3-di-
phenyl-2-pyrrolidinone (62).—Snduniide (1.24 ¢, .022 wole) was
suspended i 30 ml of dry toliene and stirred at ramm tempern-
ire wlhile 8.24 ¢ (0.064 mnle) of 1-isnprapyl-A-pyrralidinl was
added dropwise, and the mixnbre was stivved for 1.5 oot e,
After cooling to »0°, 10 g 0.020 mole) of 4-2-chlorarthyli=1-
i~opropyl-3,8-diphenyl-2-pyrrolidione wans added portiouwise.
The mixture was heated and stirved a1t 100° nvernigln and enaled,
and the produei was extvacied into #1ml of v N HCL The
aqueons lnyer was iwade strongly hasie wul 5, NaOll. The
resuliing oil was pxtracted inta 100 ml of ¢iher, dried ( Naa2Qy.
caveentrated, and disvilled o vedaced pressure. The fractinn
taken a6 220-2301° 4L0Y nmny was vedistilled, bpo 252-254°
(0.1 nim).

Dimethylaminoethyl 3-{4-(3,3-Diphenyl-1-isopropyl-2-pyrroli-
dinone)]propionate Methobromide (64).—-"I'0 an erher snlution af
10 g 10.024 mole) of dimerhylaminoerhyl 3-[4-¢3,3-diphenyi-1-
isopropyl-2-pyrrolidinone)propionnte was added 3.4 g {0,027
mole) of CH3Br in erher. White crysinls formed which were
reerystallized three vimes fram ethyl methyl ketone containing
few drops of CHO1.

Diethylamineethy! 3-[4-(3.3-Diphenyl-1-isopropyl-2-pyrroli-
dinone)]propionate Methiodide (65).-—-A siream of HCL was
hubbled hroigh a refluxing solution of 20 g (0.057 mole) of 2-
j4- (4, 3-diplienyl- 1-isopropyl-2-pyreolidinene)] propionie acid and
R g (0.06% mole) of diethylaniimethanal e 2500 ml of CHCY,
for & hr. The solavion wins washed with three 200-ml portinns
ol water TaHowed by 200 ml of dilme Natlo The CHICH,
laver was dried INasSO.) and concemvaed. The vesidue wias
dissolved i1 73 ml of isohmyl merhyl kerone, and =801 g ALy
mole) of CILI was added.  The vesalring crystals were ve-

Wanrn, asp Ly ssrouwn Vol i

vryvstallized onee T isabhmyl nethivl Kevone cantaining o <nedi
aonnt ol CHLO and oner fron 2-pspinal.

Method T. 4-(2-Chloroethyl!)-3 3-diphenyl-1-isopropyl-2-
pyrrolidinethione (69 ). - Povassium snlfide (25 g, 120 moley qand
P, 72500 g0 (0105 mole t were graand tgether qand pliceal o n
=olation of 170 g {44 maolet of 4-32-chdaroethyt =305-diphenyi-1-
snpropyl-2-pyrralidinone in YO0 ml of dey tadnene, and che s
tre was reflaxed with sviveing tor 24 by filiever while haot, seened
with decolovizing envhon, filtered again, and albwed o cond,
giving aoyvstaliine preripasae, vield 88 @ 36, 5L p 1S 150
an recrystdlizavinn Teay tilacne, wgp 1491517,

3-14-13,3-Dipheny)-1-isopropyl-2-pyrrolidinethione )j propiony!
Chloride.- Tu a stirral refluxing <:laion of 30 g QLOUSZ ndedof
S-b-cn s -diphienyi-1-iopmpyl-2-pyeslisinerthinue propiowie
aeid i 10l andey Calle was added dmpwise 107 20090 midde
af ROCL and reflaxing was coramaed for 1 e dver addaion,
The pradnet wias ased withant Dather luracrervizatinn
preparation ol 78-75.

Dimethylaminoethyl 3-/4-(3.3-Diphenyl-I-isopropy!-2-pyrroli-
dinethione )| propionate Methiodide (80).--Dimcthyhuninacthyi
S- -G8 S-diphenyl-1-isopropyl-2-pyrrolidinethinne s propiona o
Ivdmehlovide £5.11 g, LS moler was partivioned berwren 75 ml
i byt merhvl kerone aud S0 ml of dilmee NaO1L The argnnie
Bver wies dried ¢ NS00 and 1.6 ¢t males of CHE was
added. The resaliing ervstads were reervsiallized Trom cthanal.

3,3-Diphenyl-1-isopropyl-4-,2-{4-methyl-1-piperaziny!)ethyl; -
2-pyrrolidinethione (81" -T'o n snluthm of 20 ¢ OLULG nuder o
A0 2-chbmethy b-303-diphenyl-1-izoprapyl-2-pyvmdidinethicase i
A0 mboof hiilaog toliene was added 11,2 ¢ alir2 mole: of -
wmethvipiperazine. The =olatvion was vefluxed 20 Lo dinving
which tinwe aa ol separated.  The wixtuee was washied wil
Al of dibbae NaOll (allowed Dy 3anmb of 11,0, Sallivieia
CHCL was added v bring almnm ramplete =oltion Csone pre-
piteaian tonn the tolnene el occrvedy, The solntion was
driedd NSO cand concentrated o oraen. The vesidne was
vrysidlized from =apropyl ether: vield 16 ¢ r08", 0 mp 115
15020 Three vrystallizaions Trow isoprapyl eiher vieldel 7 og
with anclianged mehing vange. The solid was dissolyved 0 im
il ol oharyh merhivl ketone aned treatess with 2 g ot THCT e jon
wl ol woharyhwethyl kewne,  Aunil sepavated whivh was dis-
~alved by adding o Tiode CHLOT v the batling mixinne: Tloe
vrvstals nbhned e canling were partitioned hetween 1y
aof CHCL and 1ol or dilme NaOUo The CHCL was el
NSO and coneengrmed oo nnd the vesidie wasovaaad-
lized T onpespyl ether.

Correction.- W waonld like tovake this apporinnity v ecamee:
anercar o peat 1Yol this series. dn Table 1V the strnetnre of
eommpotids 29 and 33 ave veversed: thevelore, thealan reparted
i Tables TN and V1 Tore 29 ave Do 4= 222020 G6-Ghimethvimarphnling =
ethyli-3,5-diphenyi-1-isopmpyl-2-pyrealidiomune. ancl vhe dan
veparted for 38 ave Dy b 2200 A-dinterhyhmaepludina serhivd =005
Hgeheayl-T-tsopropyvl=2-pyrmhdiaoe

e
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