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4-(8-Substituted ethyl)-3,3-diphenyl-2-pyrrolidinones.
A New Series of CNS Stimulants'
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The conversion of «-(1-substituted 3-pyrrolidinyl)-«,«-diphenylacetic acids (IVb) to the corresponding acid
chilorides (IVe) is followed by the facile ‘‘rearrangement’” of the latter to l-substituted 4-(2-chloroethyl)-3,3-
diphenyl-2-pyrrolidinones (III, X = Cl). Several such compounds have been prepared and this series has been
extended by replacement of the halogen with a variety of bases. Proof that the materials have the 2-
pyrrolidinone structure and evidence that their formation from the acid chlorides (IVe) proceeds through a
transitory quaternary amide (VI) are presented. The starting acids are prepared by hydrolysis of the corre-
sponding nitriles (IVa) which, in turn, are obtained by alkylation of diphenylacetonitrile with an appropriate
l-substituted 3-chloropyrrolidine. Members of this series of pyrrolidinones fall into two pharmacological activity
classes—those which exhibit pronounced central nervous system (CN'S) and respiratory stimulation in the dog,
usnally accompanied by varving degrees of pressor activity, and those which exhibit depressor activity with
little or no CNS stimulation. One compound, 3,3-diphenyl-1-ethyl-4-(2-morpholinoethyl)-2-pyrrolidinone
hydrochloride hydrate (XII), selected for extensive evaluation, produces prolonged respiratory stimulation and
marked analeptic signs in the phenobarbital anesthetized dog at doses significantly below the convulsive dose.
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The conversion of vy-dimethylamino-a,a~-diphenyl-8-
methylbutyryl chloride to 1,4~dimethyl-3,3~-diphenyl-2-
pyrrolidinone was reported by Gardner, et al.,? in 1948,
and this type of reaction was subsequently studied by
others.® A typical example, observed by Clark,3h
1s the formation of 3-(2-diethylaminoethyl)-1-ethyl-3-
phenyl-2-pyrrolidinone (IT) from «,a-bis(diethylamino-
ethyl)phenylacetic acid (I) through the corresponding
acid chloride.

(EHzCHzN(CQI']E)Z (;:I‘IchzN(C2H5>2
(:“Hs—Ci—COOH — CeHym %——-CO
NC:Hs
~ : =} /
(_,HzCHZI\(CzH:)d CHA._C H2
I I

The utility of this reaction has been increased to allow
the formation of a 1-substituted 3,3-diphenyl-2-pyrroli-
dinone having a B-substituted ethyl group in the 4-
position (ITI).

CH;
CsHajj— CH,CH,X
0=~y
R
111

Cl, Br (subsequently replaced by various basic residues)
alkyl, cyecloalkyl, benzyl

X
R

Many members of this new series of compounds are
centrally acting respiratory stimulants and selected
ones appear to be among the most potent compounds
ever described for antagonizing phenobarbital anes-
thesia in the dog. It is the purpose of this report to
describe the chemistry of the compounds and to present

(1) Presented in part before the Division of Medicinal Chemistry at the
141st National Meeting of the American Cliemical Society, Washington,
D. C., March, 1962,

(2) J. H. Gardner, N. R. Easton, ard J. R. Stevens, J. Am. Chem. Soc.,
70, 2906 (1118).

(3) (a) D.J. Dupre, J. Elks, B. A. llems, K. N. 8peyer, and R, M. Evans,
J. Chem. Soc., 300 (1948); (b) R. L. Clark, A. Mooradian, P. Lucas, an:l
T'.J. Slauson, J. Am. Chem. Soc., T1, 2821 (1949); (¢) P. Lucas, R. L. Clark,
awd A, Mooradian, U, & Patents 2,355,353, 2.553,354 (1951).

in summary form the salient features of their biological
activity. The detailed pharmacology of selected
members of the series will be presented elsewhere.
Chemistry.—The reaction sequence leading to the
1-substituted 4-(2-haloethyl)-3,3-diphenyl-2-pyrrolidi-
nones (ITT, X = Cl or Br) is illustrated by the route
used for the preparation of 4-(2-chloroethyl)-3,3-di-
phenyl-1-isopropyl-2-pyrrolidinone (II1a).

CoH; CH.
|
9—-A C.H- iT CH,CH,(1
x 0
H. N
N CI)H:
i CH(CH,),
CH(CH.).
IVa, A = CN Ia, I = CH(CH;), X = Cl
b, A = COOH
¢, A = COCl

The starting nitrile (IVa) was obtained by alkylating
diphenylacetonitrile with 3-chloro-l-isopropylpyrroli-
dine using sodamide, and toluene as a solvent. The
preparation of the l-alkyl-3-chloropyrrolidines has
been described* and the properties of those not pre-
viously reported are given in Table I. Hydrolysis of
the nitrile (IVa) in 709, sulfuric acid at 130-140°
yielded a-(1-isopropyl-3-pyrrolidinyl)-¢, a-diphenyl-
acetic acid (IVb). This acid, usually without isola-
tion in a purified form, was converted to its hydro-
chloride salt and treated with thionyl chloride, effecting
formation of 4-(2-chloroethyl)-3,3-diphenyl-1-isopropyl-
2-pyrrolidinone (I1Ia) through the acid chloride (IVe).
In no case was IVe isolated since rearrangement to the
pyrrolidinone occurred readily when solutions of it
were heated or isolation was attempted. However,
appearance of the carbonyl chloride absorption in
the infrared spectrum at 5.62 p® and the formation of
derivatives indicate clearly the existence of this inter-
mediate. The entire course of the reaction, from

i4h B. V. Frankoaud C. D, Lunsforl, J. Med. Pharm. Clhem., 2, 523 (1960).

'3) All spectra reported were obtained in chloroform on a DBeckiaan
TR-4 spectrophotomneter.
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4-(B-SUBSTITUTED ETHYL)-3,3-DIPHENYL-2-PYRROLIDINONES

TasLe 1

1-SUBSTITUTED 3-CHLOROPYRROLIDINES

Cl
, NR

M.p.
Ib.p. (mm.)L
R °C. n%D
CH; [135 (760)] 1.4572
(Picrate) 211-214
C,H; [155 (760)] 1.4598
(Picrate) 153
1-C3H; [174 (760)] 1.4621
(Picrate) 172-173
1-CH,o [99-105 (39)] 1.4538
(Picrate) 119-120
CLH2~C4H5—9H [68 (0.02)] 1.4962
(Picrate) 158-159
Ce¢H;CH, [139 (20)] 1.5384
(HCI salt) 131-132
(Picrate) 133-137
¢ See ref. 4.

nitrile to pyrrolidinone, was easily monitored without
intermediate isolation by observing the absorption
in the nitrile and ecarbonyl regions of the infrared
spectra.

The starting nitriles are given in Table II, and the
2-pyrrolidinones which resulted from the reaction
sequence are listed in Table III.

Clark?® has described the conditions for the general
reaction and indicates that the rearrangement of the
acid chloride corresponding to the acid (I) appears to go
through a transitory quaternary ammonium ion (V)
which then decomposes with the elimination of a mo-
lecular equivalent of alkyl halide.

(EHQCHzN(CZHs)z
CsHs“_C"'"CO
| >N+(CzH5)2 ClI-
H,C—CH,
\Y%

In the conversion of the acid chlorides analogous to
IVe to the corresponding pyrrolidinones (I1Ta; III,
X = (), evidence supports the formation of such an
intermediate quaternary amide which in this case would

have the formula VI
(CeHe)aC—CH—;
— )
0=C—N¥

CH(CHs):

(CeH;5):C—C I‘;I I
TN 21 S
OZQC N

| |
Cl CH (CHs). «Cl1™

VI

303
% C % H % N
Empirical Caled. Caled. Caled.
formula Found Found Found
C:H,,CIN 11.71
11.50
CnH1:CIN,O; 37.88 3.76
37.95 3.65
CeH;,CIN 10.48
10.47
C12H sCIN,O; 39.73 4.17 15.45
39.99 4.12 15.31
C;H,,CIN 9.49
9.58
Ci3H.:CIN,O+ 41.44 4.55 14.87
41.50 4.66 15.18
CsHisCIN 59.43 9.98 8.66
60.01 10.07 8.95
CuH,,CIN,O 43.03 4.90
43.15 4.87
CyH;sCIN 63.98 9.66 7.46
64.26 9.87 7.44
Ci6Hx CIN,O; 46.10 5.08
46.35 5.18
CH,CIN 7.16
7.21
CuHi:CLN ClL 15.27
15.22
C17H1:CIN,O; 48.06 4.03
47.61 3.88

The pyrrolidinone (ITTa) would then result from this
intermediate by displacement of the nitrogen atom from
C-5 by chloride ion. The mild conditions required for
this bond cleavage strongly suggest a greatly weakened
1-5 bond of the pyrrolidine ring. This activation may
be attributed to formation of the proposed intermediate.
If the quaternary (VI) is, in fact, an intermediate then
other nucleophiles should be capable of reaction at
position 5 which would result in various 4-(3-substituted
ethyl)-2-pyrrolidinones where the 4-8-substituent cor-
responds to the reacting ion. In fact, when the acid
(IVb) was treated with acetic anhydride under condi-
tions required for the formation of the mixed anhydride,
4-(2-acetoxyethyl)-1-isopropyl-3,3-diphenyl-2-pyrrolidi-
none (VIIa) resulted and under the same conditions
addition of an excess of sodium iodide resulted in the
formation of the 4-(2-iodoethyl) compound (VIIb).
This iodo compound, which was identical with that
obtained from IIIa by displacement of the chloro group

(a) Acg0

(b) Acg0, Na1  (CeHs)2 CH.CH;X
vy Al T e =L N ]
CH(CHs)2
Vila, X=0Ac
b, X=1

by iodide, was not formed from the acetate (VIIa)
under conditions identical with those required for its
formation from the acid (IVb). This indicates that the
acetate (VIIa) was not an intermediate and that the
iodo compound was formed by attack of iodide ion on
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Tasre I1
@-( |-SUBSTITITED J-UYRROIIDIN YL )-ar, =DIPHEN Y LACETON TTRILES
(CH).Coo—y
| L.\'R
N(*
e C A % N
Jiaipirieal Caled. Caled. Caled.
R M., thop. Qera ], °C. foriaala Found Fourel Fourel
CHy 81--82¢ CraHaNs 82,57 T.20 10.14
[183-186 (0.75)] 8282 745 0.72
(.H; 83-84» CupHouNs 82,72 T.64 .65
[170-180 (0.15)] 82,83 7.8 .47
(Picrate) 1741754 CuaHusN:05 60.11 4+.35
60,006 1.96
1-CsHs T3-T4" Co Hug N2 82 .85 .05 0.20
[175-177 (0.25)] S2.88 7.89 0.05
(Picrate) 215 CurHe NG04 060.78 5.10
61.04 4,99
-CH, T6-77" CuHaa N ®2.07 8.2 $.80
[180-200 (0.15)] S3.21 S.12 562
(Pierate) 213-214 CusHuy N0 61.42 BN
61.70 5.10
CH.—CH—CH 90" CyHasNs 83067 <10 %.13
——— 1195-200 (0.005)] S5.23 2033 TN
(Picrate) 298-220 C Ha N0z (G2 .81 5.5
(G293 543
CsH;CH. [215-218 (0.01)] CasHug N 85.19 6 .50 .05
81,93 693 775
(Pierate) 164-165 CaHu N0 64.02 4.06%
63.70 .50

* Recrystallized from iscoctane.
recrystallized from ethanol or ethanol-water.

" Recrystallized from ethanol-wuter. » Reerystallized from propylene glycol.
¢ D. E. Antes, J. Chem. Soc., 2780 (1960).

4 All picrates were

Tapre III

1-BUBSTITUTED 4=(3-SIBSTITCTED ETHYL)-3,3-DIPHEN Y L--IYRROLIDINONES

(C.Hs). — CH.CH.X
oL, | ]

R
5 oI %N N
Empirical Claled, Caled, Caled. Caled.
Comqound R X A.p., °C. foromla Foand ol 1*and 1oamd
2 CH; Cl 140141 CyHACINO 7271 6.42 4.46 Cl, 11.30
287 6. 44 1.48 11.05
1 C.H; Cl 117-119¢ CaHaCINO .27 6.76 427 Cl, 10.82
73.50 .82 +.35 10.68
11 C,H; Br 120-130" CipHapBrNO 064.52 5.96 3.76 Br, 21.47
64.26 5.09 35.96 21.39
3 i-CyH: Cl 106-108~ CyHoCINO ST 7.08 4.10 Cl, 10.37
302 6.7¢ 4.16 10.10
n-CsHyz Cl 54-56.5¢ CesHy3:CINO 3.40
3.61
+-C4H, Cl 113.5-114 .52 Ca:HaeCINO T4.24 7.36 3.04 Cl, 9.96
74.37 .45 3.98 9.78
4 CH.—CHy—CH- Cl 151-152 CaHaCINO AT 7.39 3.67 Cl, 9.28
— 75.50 7.86 3.82 9.05
77.28 5.99 3.69 8.95
35 7-CsH7* I 147-149¢ CyHuINO 38.20 5.5H8 I, 29.29
58.05 H.37 20.04

» Recrystallized from methanol-water. - Recrystallized from isopropyl ether—ethyl acetate,
¢ Prepared from the corresponding Cl compound.

« Recrystallized from isopropyl ether.
4 Recrystallized from petroleum ether.

attack by the

the proposed intermediate quaternary amide (VI
where Clis replaced by OAc).

With the evidence supporting the formation of this
intermediate (VI) or au alternative concerted reaction
mechanism, which the evidence does not eliminate,
it becomes obvious that there are three ways the re-

action can proceed from this point:
chloride ion ean occur (1) at position 2 of the original
pyrrolidine ring forming a 2-piperidinone (VIII);
or (2) at the N-alkyl substituent, resulting in its elim-
ination as an equivalent of alkyl halide and the forma-
tion of an azabicyeloheptane; or (3) at position 5 form-
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R
{compound)

CeHs
8

C:Hj
(43)
C2Hs

C:Hs
(15)
Ca2Hs
(12)
CaHy
(14)
1-CaHy
37)
1-CsH;
(22)
1-C3Hy

1-C3Hy
(24)

1-CsHr
(23)

1-C4Hs
(7)
1-CeHy
9)
CsH;CH:
(6)

i-CsHy
(30)
1-CsHy
(32)
+-CsHs
(20)
i-Csllz
(34)

H

(41)
CHa

C2Hs
(13)
C:Hs

CoHs
39)
i~CsH;
(26)
n-CsHz
(40)
CeH;CHa
(42)
i-~CsH;
(38)

1-CsHy

(29)

1-C3Hs
(33)

¢ Isobutyl methyl ketone.
/ Bthanol-hydrochlorie acid.
¥ Ethyl acetate.

water.
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TasLE IV: 1-SUBSTITUTED 4-(8-AMINOETHYL)-3,3-DIPHENYL-2-PYRROLIDINONES
CsHs /R’
C¢H; CH:CH,N.
\R’
O0”°N
1
R
% C % H %N Mise.
Recryst. Empirical Caled. Caled. Caled. Caled.
NR'R’™ Salt M.p.. °C. solvent formula Found Found Found Found
N-(CHzs)z HCI1-H:0 161-164 a C2:H3(C1N202 67.58 8.00 7.17 Cl, 9.07
67.75 8.05 7.27 9.04
H20, 4.60
4.80
NH-CH:CH:0H HCI 209.5-211.5 b C2eH2CIN202 67.94 7.51 7.20
67.87 7.56 7.36
N-(CH:CH:0H): HC1 196-198 b CaosHuCINO3 66.57 7.68
66.63 7.74
N-(n-C:Hys): b.p. 205-210(0.05) C2HyeN:20 79.95 9.59 6.66
79.82 9.45 6.41
Pyrrolidino HCI1-H.0 169-172 ¢ C2H35CIN: 02 69.13 7.97 6.72 Cl 8.50
$9.23 8.75 6.73 8.58
Piperidino 89 d CasHaN20 79.74  8.37 7.44
79.89 8.60 7.70
NH, 102-103.5 ¢ CaHasN:0 78.22 8.13 8.69
78.38 8.05 8.57
NHCH; HC1 237-239 @ C2:H23CIN20 70.85 7.84 7.51 Cl, 9.51
70.93 7.99 7.56 9.79
N(CH,CH:0H): HC] 197-200 b C2sH3CIN203 67.17 7.89 6.27
66.95 7.89 7.56
N’-methylpiperazino 2HC1:-2H20 185-189 @ C26HuClaN3Os 60.69 8.03 8.17 Cl. 13.78
59.92 7.64 8.26 13.89
H,0, 7.00
7.60
N’-phenylpiperazino HC1:2H0 145-151 ! CaH42CIN3O3 68.92 7.84 7.78 1, 6.57
68.95 7.31 7.77 6.78
H.0, 6.67
6.66
N(CHaj): HCI 154~155 g C2H3sCIN20 71.88 8.29 6.99 Cl, 8.84
72.08 8.42 7.25 8.53
N(CHa): CH;Br 218-219 ¢ C2H3BrN20 65.35 7.68 17.39 Br, 6.10
65.49 7.87 17.30 6.25
N(CHa)2 HCl1.H:0 181-183 @ C27Hs3CIN20: 71.58 7.34 6.19 Cl, 7.83
71.90 7.65 6.29 8.05
H-O, 3.98
3.80
N(CaoHs)2 Fumarate 156-159 ¢ Ca29HisN20s 70.42 7.74 5.85
70.66 7.76 5.65
Hexamethyleneimino Fumarate 163-165 A CnHeN20s 71.51 7.74 5.38
71.51 7.50 5.38
CH3;NCOCH; 120-121 7 C2(HaoN.0 76.15 7.99 7.40
76.01 7.97 7.54
Phthalimido 164-166 i C2sHasN2O3 76.97 6.24 6.19
76.74 6.29 6.11
Morpholino 200-202. 5 k CHsN202 75.40  7.48 7.99
75.41 7.18 8.23
Morpholino 130-131 i C23H2sN202 75.79 7.74 7.69
75.89 7.79 7.58
Morpholino HCl1-H,0 217-219 ¢ CasH3:CIN:03 66.57 7.68 6.47 Cl, 8.19
66.60 7.53 6.52 8.22
Morpholino Benzoate 123-124 Ca1H3eNaOy 74.37 7.25 5.60
74.55 7.16 5.59
Morpholino CH;Br 247-250 b CosHuBrN: Oz 63.42  7.03 5.92
63.31 7.03 6.05
Morpholino HC1-H.0 182-185 a CasHasC1N203 66.87 8.31 6.24 Cl, 7.90
67.08 7.79 6.10 8.18
Morpholino HC1 H20 150.5-152.5 " CacHyCIN203 5.42
5.61
Morpholino 97-08 " C29H5:N202 79.05 7.32 6.36
— 78.81 7.33  6.34
N S HCl-H:0 225-230 b C2H3CIN2028 64,84 7.62 6.05 Cl, 7.67
—/ 65.94  7.57 6.05 7.76
CH, H.0, 3.89
)——\ 8.3
N o Maleate 177-178 A CaHywNOs 69.39  7.51 5.22
69.29 7.62 5.22
CH,
L
N o Maleate 149-150 A Co1HiwN20s 69.39 7.51 5.22
L‘{ 69.40 7.46 5.24
CH,

! 2N Hydrochloric acid,

b Isobutyl methyl ketone-methanol.
¢ Toluene-isobutyl methyl ketone.

¢ Ethyl methyl ketone.
% Ethanol-ether.

™ Ethyl alcohol-Ligroin.

4 Methanol-water.

“ Isopropyl ether-ethyl acetate.

¢ Isopropyl ether.
J Ethanol-
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TapLe V
[-SHBsTITUTED 4-(4~SUBSTITUTED ETNYL)=3,3-DIVHENY1~2-IYROLIDINONES
(CGH,).ZIT CH.CH:B
O”"™N
R
i C % H % N Mise,
R Empirical Caled. Caled. Caled. Caled.
(Compound) B A.p., °C formunla Found Found Found IYound
-CsH- OCOCH: 91-94s CosHaNOy 75.58 7.45 3.83
(18) 75.75 7.32 3.90
+-C;H, SH 104-107" CyHagNOS 74.20 7.42 4.13 S, 0.44
(21) T4.54 7.54 4.23 9,7
1-CsH SCH; 123-125° CuHiNOS 74.74 7.70 3.96 8, 9.07
(23) T4.87 7.01 4.15 $.65
1-CH, OCH;, 86874 CusHeNOy 850 8.32 3.99
(27) 7858 5.21 4.04
7-C3;H OCH; 105-1062 CanlsNO, 78.30 5.07 4.15
(10) TS0 7.90 4.17
i-CyH, OCH; 104-106" Curl TN Oy SLUI7 7.32 3.51
(16) 81.32 7.40 3.53
-C3Hq OH 180-182" CunHaxNO: T7.98 779 4.33
(17) o 7825 7.90 4.32
-CsH; ‘ 135-137° CousHyNOs 78.29 7.28 3.26
(19) OCH, 78,03 7.50 3.42

¢ Recrystallized from methanol-water.

CH,Cl
CH,
C.H,
N
0" CH(CH,),
VIII

ing a 2-pyrrolidinone (I11a) as has proven to be the case.
The second possibility can be eliminated since the
actual product is isomeric with the starting acid chlo-
ride. To establish that the 2-pyrrolidinone (IIIa)
and not the 2-piperidinone (VIIT) was, in fact, the
product of the reaction, the following sequence of reac-
tions was completed.

CH.CH,C1 CH,CH:N(CHa)a
<c6H5>zcj/ <csH5>zc—/(
0=LN 0=I\N Cci-
CHa, CH;
1ib I)l(
b,
<csH,.,>2c'—J/ 2 (CeHag)oC CHCH;
0=LN — 0=4\N
CH, CH.
X1

X

IITb was converted to the 4-(8-trimethylammonium)
compound (IX) which was then degraded under the
Hofmann conditions. The infrared spectrum indicated
that the resulting double bond shifted from the ter-
minal position giving the 4-ethylidene-2-pyrrolidinone
(X). This was catalytically reduced to 3,3-diphenyl-4-
ethyl-1-methyl-2-pyrrolidinone (XI) which was also ob-
tained by zinc-acetic acid reduction of IIIb, The
infrared spectrum of XI corresponded closely to those of
3,3-diphenyl-1-methyl-2-pyrrolidinone® and 1,4-di-
methyl-3,3-diphenyl-2-pyrrolidinone,? with the lactam
carbonyl absorption occurring in each case at 5.89 p.
The similar six-membered ring lactam, 3,3-diphenyl-1-
methyl-2-piperidinone, prepared from §-dimethylamino-
a,a-diphenylvaleric acid, absorbs at the longer wave

b Reerystallized from ethanol-water,

length 6.08 u. This infrared evidence, which cor-
responds to published work,® is taken as proof that the
rearrangement in the present series, 7.¢., the acid chloride
(IVe) to the 2-pyrrolidinone (IITa), occurs in the
manner indicated. By analogy and the fact that they
all show carbonyl absorption at 5.89-5.92 u it is con-
cluded that all members of the series of lactams re-
ported have this 2-pyrrolidinone structure.

The 4-(8-halogen) of the 2-pyrrolidinones (III, X =
Cl or Br) has been replaced by a variety of amines
and other bases resulting in the compounds presented
in Tables IV and V, respectively.

Pharmacology.—Some of the 2-pyrrolidinones of
Tables III, IV, and V were found to be unusually
effective in stimulating respiration in the phenobarbital
anesthetized dog. The frequency and amplitude of
breathing was increased markedly and the duration
of these effects was often in excess of 60 min. even after
relatively small intravenous doses. The strong respira-
tory stimulants were also found (a) to be powerful
antagonists to the barbiturate anesthetic and (b) to
produce prolonged pressor effects (Table VI). In
general, respiratory stimulation and pressor activity
were the first effects observed and were quite apparent
at doses which did not cause pronounced antianesthetic
activity.

Other compounds of this series produced only de-
pressor effects (Table VI). 1In general, the depressor
agents (a) had little or no direct effect on respiration
and (b) caused little or no antagonism to the anes-
thetic. Only two compounds (10 and 27) caused con-
vulsions. Although it may be coincidental, it is in-
teresting to note that in each case the 8-substituent of
the 4-ethyl group is methoxyl.

It is difficult to differentiate the degree of activity of
many of the 2-pyrrolidinones where the g-substituent
of the 4-ethyl group is varied, 7.e., chloro, merecapto,
phenoxy, and acetoxy. More specificity does exist
in the amine compounds. When this group (NR.’,

thy T,. . Pellamy, " The Infrared Spectra of Complex Molecules,” 2ud
Id.. Jolae Wiley aiol Sons, Ine., New York, N. Y., 1058, p. 214,
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Table IV) is dimethylamino and the N-substituent
is ethyl (8), the compound produces a marked and
prolonged hypotension in the anesthetized dog; how-
ever, the corresponding morpholino compound (XII,
13) has proven to be one of the most interesting pressor

CeHs) CH.CH,N 0
(CeHs), 2L,
0 N n_/

C,H,
X1

agents, respiratory stimulants, and CNS stimulants
of the series. This compound has undergone extensive
pharmacological evaluation which will be the subject of
separate reports. It is currently being studied eclin-
ically® for various conditions involving hypoventilation
or respiratory arrest.

Nikethamide, studied for comparison, required intra-
venous doses of 40-80 mg./kg. to produce a modest
effect on respiration. This effect was extremely brief
in nature no matter what dose was used. In contrast,
it was possible to stimulate respiration for several
hours following a single injection of XII. It was im-
possible to elicit any observable analeptic effects with
nikethamide at doses up to lethal.

It can be seen from Table VI that the 4-(2-morpho-
linoethyl) ecompounds are unique among the amino-
substituted derivatives. Substitution with other
heterocyclic amines [e.g., pyrrolidine (12), piperidine
(14), and hexamethyleneimine (32)] causes a marked
diminution in activity. Hindrance of the nitrogen
of the morpholino substituent, a probable site of metab-
olism, by methyl substitution in the morpholine nucleus
(29, and 33) produced an increase in duration of effect.

Substitution at the nitrogen of the pyrrolidinone ring
was necessary for antianesthetic activity and was
optimum for the smaller alkyl groups. The N-unsub-
stituted compound (41) and the N-octyl derivative
(40) were void of activity. Quaternization of XII
produced an inactive compound (39).

Experimental®

Synthesis.—The 1-substituted 3-chloropyrrolidines were pre-
pared by the method previously described for 3-chloro-1-iso-

butylpyrrolidine. The bases were characterized as their picrate
or hydrochloride salts. Properties and analyses are detailed in
Table I.

a=(1-Isopropyl-3-pyrrolidinyl )-«,«-diphenylacetonitrile,—
This method is typical of that used for each of the compounds of
Table IT in which the properties and analyses are reported. A
suspension of the sodium salt of diphenylacetonitrile was formed
by the addition of 193 g. (1.0 mole) of diphenylacetonitrile to a
stirred suspension of 43 g. (1.1 moles) of sodamide in 1 L. of dry
toluene. The mixture was refluxed for 4 hr., and then to the
refluxing mixture 148 g. (1.0 mole) of 3-chloro-1-isopropylpyr-
rolidine was added at a rapid dropwise rate with continuous
stirring. After addition was complete, stirring and refluxing
were continued for 3 hr. The mixture was then cooled and ex-
tracted with 1 N hydrochloric acid. The aqueous layer together
with the insoluble oily hydrochloride was separated, made basie
with dilute sodium hydroxide, and extracted with ether. The
ethereal solution was dried over sodium sulfate and concentrated,
and the residuie was distilled in vacuo; yield, 238 g. (78 %).

(7) Nonproprietary name of HCI salt hydrate is doxapram hydrochloride:

(8) See, for example, A. J. Wasserman and D. W. Richardson, J. Clin-
Pharmacol. Therap., 4, 321 (1963); H. G. Canter, Am. Rev. Respirat-
Discases, 8T, 830 (1963).

(9) Melting points are corrected and were determined with a Drechsel
apparatus. Boiling points are uncorrected.
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TasLe VI
ErrECTS OF 1-SUBSTITUTED 4-(3-SUBSTITUTED ETHYL)-
3,3-DIPHENYL~2-PYRROLIDINONES ADMINISTERED
INTRAVENOUSLY TO ANESTHETIZED DoGs

Minimum dose

observed to Predominant
stimulate blood
respiration, pressure Antianesthetic®
Compound mg./kg. effects effects
1e 2 Pressor + 4+
2a 2 Pressor +++
3@ 2 Pressor + 4+
4> 2 Pressor ++
5 5 Pressor + 4+
6¢ <14 Depressor +
(HCl salt)
7c <14 Depressor +
8 <14 Depressor +
Qe (Respiratory Depressor -
depressant)
10? 1 Pressor ++
lie 1 Pressor + +
12¢ 5 Depressor +
13¢ <1 Pressor + 44+
14¢ 8 Pressor +
(HCI salt)
154 2 Pressor +
162 1 Pressor + 4+
17a 2 Pressor + 4+
182 1 Pressor +++
19e 1 Pressor + 4+
20¢ 1 Pressor +++
21a 1 Pressor + 4+
22¢ 8 Depressor +
23a 1 Pressor ++4+7
24¢ 4 Pressor +
25¢ 4 Depressor =+
26° <1 Pressor +++
27a 2 Pressor +4++
28a 4 Pressor +
20e 1 Pressor +++7
30¢ 2 Pressor +
31e 16 Depressor -
32e 4 Pressor -
33¢ <1 Pressor ++++7
34s <1 Pressor ++++7
35¢ 1 Pressor + 4+
36¢ 4 Pressor +
37 (Respiratory Depressor -
depressant)
38¢ 1 Pressor ++
39 49 Pressor -
40¢ 16 Pressor -
41° 8 Depressor -
(HCI salt)
42 8 Pressor +
43¢ 16 Depressor -
Nikethamide 40 Depressor —
¢ Administered as a solution in propylene glycol. * Dimethyl-

acetamide. © Water. ¢ At high doses, respiratory stimulation
coincides with hvpotensive period. ¢— No activity; £ Question-
able; 4 Veryslight; + 4 Slight; +-+ + Moderate; —+-+-+-+
Marked. Long duration of activity. ¢ Respiratory effects
coincided with blood pressure effects which were depressor fol-
lowed by pressor at lower doses and pressor at higher doses.

The picrate salt crystallized from an ethanolic solution of equi-
molar quantities of acid and base.
a-(1-Isopropyl-3-pyrrotidinyl)-«,a-diphenylacetic Acid.—A
solution of 36 g. (0.12 mole) of a-(1-isopropyl-3-pyrrolidinyl)-
a,a-diphenylacetonitrile in 120 g. of 709, sulfuric acid was heated
at 128-134° for 64 hr. The hot solution was poured onto 100 g,
of ice and this mixture was made strongly basic with 509 sodium



308 C. D. Lunsrord, A, D, Cavg, Jr., J. W

hiydroxide. The water was removed at reduced pressure and
thie residue was extracted with two 250-ml. portions of boiling
absolute alecohiol. The alcoholic extracts were dried at reduced
pressure and the combined residue was dissnlved in 400 ml. of
water. Glacial acetic acid was added nntil no more precipitate
formed. The precipitated solid was collected and dried; yield.
341 g (8897).  The material was recrystatlized from dimethyi-
formamide; nip. 248-250° dec.

Anal.  Cualed. for CaHsNOp: C, 7708 H, ©.79: N, 4.0
Found: C,77.79; H,7.99; N, 4.13.

«-(1-Ethyl-3-pyrrolidiny! )-«,«~diphenylacetic acid was pre-
parced in oan analogons manner and was reervstallized Trom an
etlrmol-henzene mixture: mp. 136--139° dec.

Anal. Caled. for CoHaNO.: C, 7764 H, 7.40.
C, 77.41; H, 7.33.

The 1-substituted 4-(2-haloethyl)-3,3-diphenyl-2-pyrrolidi-
nones were generally prepared from the nitrites of Table It
withont isolation of the mtermediate acid (Method A).  This
method is typical of that nsed for each of the 4-(2-chloroethyt)
compounds of Table IIT in which the properties and analyses ure
reported. Method B illustrates the conversion of the purified
acids to the pyrrolidinones.

4-(2-Chloroethyl)-3,3-diphenyl-1-isobutyl-2-pyrrolidinone
(III, X = Cl, R = Isobutyl). A.—A solution of 100 g. (0.314
mole) of a-(1l-isobutyl-3-pyrrolidiny!)-e,e-diphenylacetonitrile
i 500 g. of 7097, sulfuric acid was heated at 130-140° for 48 hir.,
poured onto ice, made strongly basic with godinm hydroxide, and
extracted with chloroform. (Depending on the concentration
and on the substituent on nitrogen, the sodium salt of the amino
acid may either dissolve in the chloroform layer or form a separate
third layer between the water and chloroform.) The nqueocus
layer was discarded and the chloroform extract was acidified
with Iiydrogen chiloride gus, dried over sodinm sulfate, and con-
centrated. The residue was refluxed in 500 ml. of thionyl chlo-
ride for 3 hr. The resnlting solution was concentrated in vacuo
and the residue wag crystallized from isopropyl ether; yield,
60 g. (6207).
4-(2-Chloroethyl)-3,3-diphenyl-1-ethyl-2-pyrrolidinone [III,
X =CLR = C.:H; (1)]. B.—A suspension of 2.5 g. (0.0081 mole)
of a-(1-ethyl-3-pyrrolidinyl)- e, e-diphenylacetic acid in 100 ml.
of dry chloroform was treated with dry HCI gag nutil solution was
complete. Two ml. of thionyl chloride was added and the mix-
ture was refluxed for 2 hr. and concentrated in racuwo. The
residue was erystallized from isopropyl ether: yield, 2 ¢. (755 ):
m.p. 118-120°,
4-(2-Bromoethyl )-3,3-diphenyl-1-ethyl-2-pyrrolidinone [III,
X = Br, R = GH; (11)]. C.—A solution of 31.5 g. (0.091 mole)}
of emde w~(1-ethyl-3-pyrrolidinyl)-c, e-diphenylacetic aeid hy-
drochloride nnd 42.8 g. (0.21 mole) of thionyl bromide i1 70 ml. of
chloroform was refluxed for 7 hr. The infrared spectrum, car-
bonyl region, indicated formation of (he acyl bromide bnt no
rearrangement to the pyrrolidinone. The solution was treated
with 50 mlb. of morpholine dropwise with stirring and then ex-
tracted with dilute hydrochiloric acid, concentrated, and the
residue wus dissolved in 200 ml. of boiling 90¢. methanol. The
solution was decolorized with Norite, filtered, und 25 ml. of water
was added.  On cooling the prodnet precipitated and was re-
crystallized from a methanol-water mixture; vyield, 4.0 g. (1297);
n.p. 129-130°.

D.-—A solution of 31.5 g. (0.091 mole) of ¢rnde @-(1-ethyl-3-
pyrrolidinyl)-e,e-diphenylacetic acid hydrochloride in 20 ml. of
phosphorus tribromide and 70 ml. of chloroform was refluxed for
13 hr. and concentruted 7n zacuo. The residue was crystallized
from 909, mmethanol; vield, 5.2 g. (15°7); m.p. 120-130°. The
mixture of the two samples respectively prepuared by methods C
and D also melted at 129-130°.

4-(2-Acetoxyethyl)-3,3-diphenyl-1-isopropyl-2-pyrrolidinone
(VIla; 18). E.—A mixture of 2.5 g. (0.0077 mwole) of a-(1-
isopropyl-3-pyrrolidinyl)-e,e-diphenylacetic acid and 20 ml. of
acetic anhydride was refluxed 5 hr.  Water (60 ml.) was then
added cautiously. An oil separated whicli erystallized on cooling.
The solid was collected and reerystallized from methanol—water
(2:1); vield, 1.65 g. (59%¢); m.p. 94-935°.

F.—A mixture of 18 ¢g. (0.22 mole) of sodium acetate and 70 g.
(0.205 nwole) of 4-(2-chloroethyl)-3,3-diphenyl- l-isopropyl-2-
pyrrolidinone in 500 nil. of dimethylformamide was stirred and
refluxed for 15 hir., purtitioned between 300 ml. of water and 500
ml. of chloroform. The chloroform layer was washed with water,
dried over anhydrous sodinm sulfate, and concentrated in zacuo
and the residite crystallized from 85¢; aqueons methanol; yield,
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respectively, by Methods 1. and ¥ showed no depression of (he
melting point.  Infrared spectra of the two were identical.

3,3-Diphenyl-4-(2-iodoethyl)-1-isopropyl-2-pyrrotidinone 1{Ii1,
X =1, R = +-(GH; (35)]. G.—A mixture of 2.30 g. (0.007
mole) of a-(l-isopropyl-3-pyrrolidinyli-a,e-diphenylacetie aeid
and 2.1 g, (0.014 nmolej of sodinnt iodide was refliuxed in 25 mb, of
dry bitanene and 1.0 ml (0.011 mole) of acetic anhydride was
added.  Reflnsing wag continued for 30 min. sad an ndditional
1.0 mlb. (0.011 nwole) of ncetic anhydride was added.  After an
additional 1 hro of reflux the solvent wios removed at redueed
pressure and the residne was dissolved in 25 ml of 95, ethanol,
Chilling prodneed a white solid which wag cedlected aud reerysal-
from 95, aleohols yvield, 2.15 = (T000): np. 145+ 146°,

H.——A mixture of 25.0 g. (0.073 mole) of 4~ 2-chloroethyi)-
3,3-diphenyl-1-isopropyl-2-pyrrolidinone ad 12,5 . (0.083 mole)
of sodim iodide in 200 ml. of acctone was stirred and refluved for
18 hir.  About 7567 «f (he ncetone was distitled and 400 ml. of
water wag added slowly (o the cooled niixture.  The precipitated
solid was reerystallized from 400 nil. of 959 cthanol; yiekd
24.9 ¢ (7900, mup. 144-147.5% A pixture of the two samples
prepared by methods (i and H respectively, showed no depression
of melting point.

The 1-substituted 4-(2-aminoethyl)-3,3-diphenyl-2-pyrroli-
dinones were generally prepared from the corresponding 4-(2-
chloroethyl) compounds of Table 1T by heating at 90-120°
with an ethanolie salntian of 2 37 equiv. of the amine for a pertod
of at least & hr. When the componnds were isolated as hydro-
chloride salts, hvdrates of the salts were nsnally obinined.  The
following procedure is (vpieal.  The properties and nanalyses are
detaited in Table 1V,

4-(2-Dimethylaminoethyl }-3,3-diphenyl-1-ethyt-2-pyrroli-
dinone Hydrochloride Hydrate (8).—A solution of 40 g. (0.122
nmote) of 4-(2-chloroethyl)-3,3-diphenyl-1-ethyl-2-pyrrolidinone
and 11 g. {0.244 mole) of dimethylamine in 250 ml. of absolnte
ethanol was hreated Tor 16 hir. at 100° in a sealed system and con-
centrated n rvacwo.  The residue was dissolved in dilute hydro-
chlorie acid and extracted with ethyl acetate. The aeid extract
wins made bagic with sodium hydroxide and agiin extracted wich
ethyl uwecctate. This ethyl acetate extract was coneentrated
in vacuo and the residue was dissolved in butanone and acidified
with hvdrogen chiloride which caused precipitation of the prodnet:
vield, 32 g. (67770); m.p. 162-166°. Drying at 125° prodneed
the anhvdrous sult whiclt on standing nt room temperatnre
for 0.5 hr. reabsorbed its water of hydration.

nal. Caled, for CuHyeCINLO (anhydrons salt): () 70.85;
H, 7.80; N, 7.581; CL 9510 Tonnd: €, 70.50; 1, [.15; N,
TAT CL 930,

4-]2-(N-Acetyl-N-methylamino )-ethyl]3,3-diphenyl-1-iso-
propyl-2-pyrrolidinone (20).--~3,3-Diphenyl-1-isopropyi-4-(2-
methylaminoethyh-2-pyrrolidinone hydrochloride (27 g.. 0.0725
mole) was partitioned between agneons sodinm hydroxide and
chloroforma,  The chloroform extract was dried over anhyvdrons
sodimmn sulfate, 9 g. (0.08% mole) of neetic anhydride was added,
and the resnlting soliition was reflinxed for 2 hr. and concentrated
in vacuo. The residue was crystallized from isopropy! ether con-
taining a little cthyl acetate; vield, 24.5 g. (8997); m.p. 120-
121°,

3,3-Diphenyl-1-isopropyl-4-(2-phthalimidoethyl)-2-pyrroli-
dinone (34).—A mixture of 34.2 g. (0.10 mole) of 4-(2-chloro-
ethyl)-3,3-diphenyl-1-isopropyl-2-pyrrolidinone, 204 g. (0.11
mole) of the potassinm salt of phthalimide, and 200 ml. of di-
methytormamide was stirred and refluxed for 3 hr., then cooled
and left standing overnight at room temperature.  "Fhe renction
mixture was then poured into 600 nil. of hot water wherenpon
an oil geparated and solidified. This solid was collected and
recrystallized front | 1 of 95 methanol; vield, 36.3 g. (R077);
nLp. 164-166°.

4-(2-Aminoethyl)-~3,3-diphenyl-1-isopropyl-2-pyrrolidinone
(37)-—A solution of 176 g. (0.39 mole) of 3,3-diphenyl-1-iso-
propyl-4-(2-phthalimidoethyl)-2-pyrrolidinone and 15.2 g. (0.45
mole) of 95 hydrazine inn 8.7 1. of 95 ethanol was refluxed 5%
hr. aud econcentrated in ecacwo. The residue was partitioned
between 3 N hvdrochilorie acitl and cther. The acid extraet
was niade basic with concen(rated sodimm hydroxide and ex-
tracted with ethier. The ethereal laver was wished, dried over
sodimm  snlfate, and concentrated. The residite was crystal-
lized from tsopropylether; vield, 75 g. {60923 m.p. 100-102°,

3,3-Diphenyl-4-(2-morpholinoethyl )-2-pyrrolidinone (41).-~T0

nostirred suspension of 5.0 g0 (0,001 arede) 0 L-henzyl=3,3-di-


file://i:/kr./s

May, 1964

phenyl-4~(2-morpholinoethyl)-2-pyrrolidinone in 200 ml. of liquid
ammonia at reflux were added small pieces of sodium until a
blue color persisted for 10 min. This required 0.1 g. (0.026
g.-atom) of sodium. After addition of 1.6 g. of ammonium chlo-
ride, the ammonia was allowed to evaporate and the residue was
partitioned between 200 ml. of dilute sodium hydroxide and 200
ml. of chloroform. The chloroform was dried with anhydrous
sodium sulfate and concentrated in wacuo. The ecrystalline
residue was recrystallized from ethyl acetate; yield, 2.8 g. (73%);
m.p. 201-203°.
The following two procedures are typical of those used for the
oxygen ethers of Table V.
3,3-Diphenyl-1-isopropyl-4-(2-methoxyethyl }-2-pyrrolidinone
(10).—A solution of 34 g. (0.10 mole) of 4-(2-chloroethyl)-3,3-
diphenyl-1-isopropyl-2-pyrrolidinone in 150 ml. of absolute
methanol in which 2.5 g. (0.11 g.-atom) of sodium had been
dissolved was heated in a closed system for 16 hr. at 140°. Addi-
tion of 50 ml. of water to the resulting mixture yielded 27.5 g.
(819) of material which was recrystallized from a methanol-
water mixture; m.p. 105-106°.
3,3-Diphenyl-1-isopropyl-4-(2-phenoxyethyl )-2-pyrrolidinone
(16).—Sodium phenoxide was formed by adding a solution of 8.3
g. (0.088 mole) of phenol in 100 ml. of absolute ethanol to 200 ml.
of absolute ethanol in which had been dissolved 2.0 g. (0.087
g.-atom) of sodium, and 30 g. (0.088 mole) of 4-(2-chloroethyl)-
3,3-diphenyl-1-isopropvl-2-pyrrolidinone in 100 ml. of absolute
ethanol was added. The resulting solution was refluxed for 7
hr., concentrated in vacuo, and the residue was partitioned be-
tween water and chloroform. The chloroform layer was dried
with anhydrous sodium sulfate and concentrated in vacuo and the
residue crystallized from an ethanol-water mixture; yield, 17 g.
(499 ); m.p. 104-106°.
3,3-Diphenyl-1-isopropyl-4-(2-mercaptoethyl) -2-pyrrolidinone
(21).—A solution of 16.2 g. (0.176 mole) of sodium hydrogen
sulfide dihydrate and 30 g. (0.088 mole) of 4-(2-chloroethyl)-3,3-
diphenyl-1-isopropyl-2-pyrrolidinone in 400 ml. of 859 ethanol
was refluxed for 7 hr. and concentrated in zacuo. The residue
was partitioned between chloroform and water and the chloro-
form layer dried over anhydrous sodium sulfate and concentrated
in vacuo. The residue was distilled; yield, 17 g. (57%); b.p.
220-230° (0.05 mm.). The distillate was crystallized from an
ethanol-water mixture; m.p. 104-107°.
3,3-Diphenyl-1-isopropyl-4-(2-methylmercaptoethyl }-2-pyr-
rolidinone (23).—A solution of 11.5 g. (0.12 mole) of methyl
bromide in 200 ml. of absolute ethanol was added to a solution of
20 g. (0.059 mole) of 3,3-diphenyl-1-isopropyl-4-(2-mercapto-
ethyl)-2-pyrrolidinone in 200 ml. of absolute ethanol in which
1.5 g. (0.065 g.-atom) of sodium had been dissolved. The solu-
tion was stirred at room temperature for 4 hr., concentrated
in vacuo, and the residue was partitioned between water and
chloroform. The chloroform was concentrated in vacuo and the
residue was crystallized from 709, ethanol; yield, 20 g. (969.);
m.p. 123-125°.
3,3-Diphenyl-4-(2-hydroxyethyl)-1-isopropyl-2-pyrrolidinone
(17).—A solution of 34 g. (0.093 mole) of 4-(2-acetoxyethyl)-3,3-
diphenyl-1-isopropyl-2-pyrrolidinone and 4.0 g. (0.10 mole) of
sodium hydroxide in 450 ml. of ethanol and 10 ml. of water was
stirred and refluxed for 1 hr. and concentrated in vacuo. The
residue was partitioned between chloroform and water and the
chloroform layer was washed with water, dried over anhydrous
sodium sulfate and concentrated in vacuo. The residue erystal-
lized and was recrystallized from aqueous ethanol; yield, 22 g.
(73%); m.p.180-182°.
3,3-Diphenyl-4-ethylidene-1-methyl-2-pyrrolidinone (X).—
4-(2-Dimethylaminoethyl)-3,3-diphenyl-1-methyl-2-pyrrolidinone
methochloride was prepared by heating an ethanolic solu-
tion of 7.0 g. (0.022 mole) of 4-(2-chloroethyl)-3,3-diphenyl-1-
methyl-2-pyrrolidinone and 3.0 g. (0.051 mole) of trimethyl-
amine at 110° for 16 hr. The solution was concentrated and the
residue was crystallized from acetone; yield, 6.5 g. (79%); m.p.
122-127°. Without further purification 2.0 g. (0.0054 mole) of
this quaternary was dissolved in 100 ml. of water and stirred with
silver oxide (freshly prepared from 5.0 g. (0.29 mole) of silver ni-
trate and aqueous potassium hydroxide) for 30 min. at 50°. The
mixture was filtered and the filtrate concentrated. The residual
oil was heated under water aspirator vacuum on a steam bath for
1.5 hir., and crystallized from isopropyl ether; yield, 0.5 g. (33%);
m.p. 106-108°.
Anal. Caled. for C;sHisNO: C, 82.28; H, 6.91; N, 5.05.
Found: C,82.10; H,6.96; N, 5.01.
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The principal infrared absorptions® occurred at 3.30, 5.85,
5.93, 6.65, and 14.20 u.

3,3-Diphenyl-4-ethyl-1-methyl-2-pyrrolidinone (XI). J.—A
solution of 0.50 g. (0.0018 mole) of 3,3-diphenyl-4-ethylidene-1-
methyl-2-pyrrolidinone in 50 ml. of ethanol and 0.2 g. of 109,
palladium-on-charcoal were shaken in an atmosphere of hydrogen
for 1 hr., filtered, and the filtrate was concentrated. The residue
was crystallized from isopropyl ether and melted at 91-93°. A
mixture of this product with that prepared according to method K
which had also been crystallized from isopropyl ether melted at
91-92°. When this product or that prepared according to
method K was crystallized from 509 ethanol the m.p. was 100-
102°.

K.—A solution of 10 g. (0.032 mole) of 4~(2-chloroethyl)-3,3-
diphenyl-1-methyl-2-pyrrolidinone, 10 g. of potassium bromide,
and 25 ml. of 489, hydrobromie acid in 150 ml. of acetic acid was
stirred and refluxed for 2 hr. followed by addition of 20 g. of zine
dust in small portions. Another 25 ml. of 489 hydrobromic acid
was added dropwise over a 2-hr. period to the refluxing solution.
The mixture was cooled and filtered, the filtrate was concen-
trated in vacuo, and the residue was partitioned between chloro-
form and dilute sodium hydroxide. The chloroform layer was
separated, dried over anhydrous sodium sulfate, and concen-
trated. The residue was crystallized from 509, aqueous ethanol;
yield, 6.5 g. (73%); m.p.101-102°. When crystallized from iso-
propy! ether the m.p. was 91-92°.

Anal. Caled. for C,yHyNO: C, 81.68; H, 7.58; N, 5.01.
Found: C, 81.66; H,7.55: N, 5.21.

The principal infrared absorptions® occurred at 3.30, 5.89.
6.65, 14.36, and 15.51 4.

3,3-Diphenyl-4-ethyl-1-isobutyl-2-pyrrolidinone,—This  was
prepared by both methods J and K. After recrystallization
from aqueous ethanol, the m.p. was 94-96.5° for each product
and for a mixture of the two.

Anal. Caled. for CpHyNO: C, 82.20; H, 8.47; N, 4.36.
Found: C,82.46; H,8.58: N, 4.40.

3,3-Diphenyl-4-ethyl-1-isopropyl-2-pyrrolidinone.—This was
prepared by both methods J and K. After recrystallization
from aqueous ethanol, the m.p. was 95-97° for each product and
for a mixture of the two.

Anal. Caled. for CuHsNO: C, 82.04; H, 8.20; N, 4.56.
Found: C,81.78: H, 8.10: N, 4.69.

5.Dimethylamino-2,2-diphenylvaleric Acid.—A solution of
60.0 g. (0.216 mole) of 5~dimethylamino-2,2-diphenylvaleronitrile
in 200 ml. of 759 (wt./wt.) sulfuric acid was heated for 16 hr.
at 130-135°. The cooled solution was poured onto ice and the
resulting mixture made basic with excess 509 sodium hydroxide
solution. When this mixture was extracted with toluene in a
separatory funnel, three layers were formed. The dark center
layer was removed and concentrated ¢n vacuo on a steam bath
until it crystallized. The sodium salt of the amino acid was
extracted from this residue with 350 ml. of boiling aleohol. The
alcohol was evaporated in vacuo on a steam bath and the residue
was dissolved in 200 ml. of warm water. The solution was made
slightly acidic with acetic acid, causing a white solid to precipi~
tate. This was washed with alcohol and acetone and dried over-
night; yield, 34.5 g. (54%); m.p. 211-215° dec. An analytical
sample recrystallized from water (809, recovery) had m.p.
215-217.5° dec.

Anal. Caled. for C)Hy3NO,: C, 76.73; H, 7.79; N, 4.71.
Found: C, 75.95,76.17; H, 7.53,7.53; N, 4.70.

3,3-Diphenyl-1-methyl-2-piperidinone (VIII).—A suspension
of 4.9 g. (0.016 mole) of 5-dimethylamino-2,2-diphenylvaleric
acid in 50 ml. of chloroform was acidified with anhydrous hy-
drogen chloride. The chloroform was evaporated in vacuo and
the residue refluxed 18 hr. in 50 ml. of thionyl chloride. The
thionyl chloride was removed ¢n vacuo on a steam bath. The
residue was heated an additional 15 min. on a steam bath and
dissolved in 30 ml. of alcohol. The solution was filtered, diluted
with 20 ml. of water, chilled, and the crystals which formed were
filtered and dried: vield, 3.35 g. (77%); m.p. 119.5-121.5°.
Recrystallization from isooctane did not change the melting
point.

Anal, Caled. for CsH,y)NO: C, 81.47; H, 7.22; N, 5.28.
Found: C,81.34; H, 7.10;: N, 5.28. )

The principal infrared absorptions® occurred at 3.30, 6.08,
6.65, 7.37, and 14.25u.

Pharmacology. Method.—Mongrel dogs of either sex were
anesthetized by the intravenous administration of phenobarbital
sodinm, (s@ally 125 mg./kg. Sufficient anesthetic was always
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given to abolish the corneal reflex. A carotid artery was cannn-
lated for direct and continuous recording of the arterial blood
pressure. The trachea was cannulated for coutinnons recording
of amplitude and frequency of respiration. Recordings were
made with conventional apparatus. A femoral vein was exposed
for the administration of all compounds. Generally, 1 dog was
used per conipound. After blood pressure and respiration had
stabilized, an initial dose of 1 mg./kg. of the experimental coni-
pound wasg given. Thereafter, each succeeding dose was doubled
until 1t was impractical to continue. The time between doses
nsually varied from 15 to 60 min., depending upon response to the
preceding d ose.
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Antianesthetic effects were determnined by testing for the
integrity of various reflexes including corneal, blink, and pro-
prioceptive (limb withdrawal to n pinch on the toes).  Inercascd
skeletal nwsenlar tone, spontaneons movement of head, trunk,
limbs and tail, intaet drink reflex, eveball movement, cte. were
additional responses which indicated ONS stimnlation or an-
tagonisit to the anesthetie,
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6-Amino Derivatives of 5H-Dibenzo[d,f][1,3]diazepine
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6-Amino and substituted-amino derivatives of 5H-dibenzol[d,f][1,3]diazepine (I) have been prepared by re-
placement of the corresponding alkylthio function or by ring closure of 2,2’~diaminobiphenyl with N,N’-dialkyl-

carbodiimides or S-methylisothiourea.

Compounds containing a 7-membered ring are known
to exhibit diverse biological activities. These actions
include cardiovascular (e.g., azapetine)! and psycho-
pharmacologic (amitriptyline,? diazepam,® and chlor-
diazepoxide*). We wish to report a series of 6-amino
derivatives of 5H-dibenzo[d,f][1,3]diazepine (I),®> in-
corporating a bulky near-planar aromatic moiety as in
amitriptyline with a 7-membered cyclic guanidine
system. These 6-amino compounds were considered
of interest as potential psychotropic agents.

Other derivatives of I, substituted in the 6-position,
have been reported to include alkyl®—® aryl,®—!! al-
koxy,'t hydroxy,'? and sulfhydryl'® compounds, the last
two existing primarily as the keto and thione forms
(ITb,a) respectively.

NH NH
n N/'. ‘ “—NH
e s L

[Ia, X=S
IIb, X=0

(1) Ilidar®, 6-allyl-6,7-dihydro-5H-dibenz[¢,elazepine.

(2) Elavil®, 3-(3-dimetliylaminopropylidene) [1:2, 4:5]dibenzocycloliepta-
1,4-diene.

(3) Valium®, 7-chloro-1,3-dihydro-1-inethiyl-3-phenyl-211-1,4-benzodiaze-~
pin-2-one.

(4) Librium®,
4~oxide.

(5) S. Sako, Mem. Coll. Eng. Kyushu Imp. Unir., 6, 263 (1932); Chem
Abstr., 26, 3246 (1932).

(6) P. T. Charlton, G. Maliphant, P. Oxley, and D. Peak, J. Chem. Soc.,
485 (1951).

(7) Y. V. Levin, A. P. Mokhova, and V. A. Kukhtin, Zh. Obsheh. Khim.,
31, 1460 (1961).

(8) A. E. Blood and C. R. Noller, J. Org. Chem., 22, 873 (1957).

(9) A. E. 8. Fairfull, V, Petrow, and W. F. Short, J. Chem. Soc., 3540
(1955).

(10) German Patent 865,305; Chem. Abstr., 52, P20201 (1958).

(11) W. Ried and W. Storbeck, Ber., 95, 459 (1962).

(12) St. von Niementowski, ibid., 84, 3325 (1901).

(13) R.J. W. Le Fevre, J. Chem. Soc., 733 (1929).

7-chloro-2-nietliylaniino-5-plienyl-3 H-1,3-benzodiazepine

The simplest member of the series, 6-amino-3H-di-
benzo[d.f][1,3]diazepine (IV), was prepared in one step
from 22’-diaminobiphenyl (III) by fusion with 8-
methylisothiourea sulfate (method A).

In that Hungar, et al.,'* have recently employed car-
bodiimides in the synthesis of 2-(substituted amino)-
benziniidazoles, it was of interest to investigate the
applicability of similar reagents in the preparation of
7-membered cyclic guanidines such as the G-mono-
alkylamino derivatives of I. Two alkylamino deriva-
tives were prepared from III and the appropriate
carbodiimide; thus, heating IIT with N N’-dicyclo-
hexyl- or N,N’-diisopropylearbodiimide at 160-200°
gave B-cyclohexylamino- (VIa) and 6-isopropylamino-
5H-dibenzo[d,f1[1,3]diazepine (VIb) (method B).

Compounds of type VI were also prepared by another
route involving replacement of an alkylthio function
by amines (method C). The intermediate methylthio
compound (V) was produced in excellent yield by treat-
ment of the 6-thione derivative (IIa) with methyl
iodide in tetrahydrofuran. Preparation of VI(c-g,
j-t) was accomplished by heating the methylthio
compound with the appropriate amine or amine hydro-
chloride {in some cases, as with high-boiling amines. V
was effectively employed as the free base; however, the
use of the hydrohalide salt of either the methylthio
compound or the amine reagent appeared to be more
suitable in the case of low-boiling amines). Reaction
temperatures varied from 70-200°, depending upon the
reactivity of the amine function and the fusion tem-
perature of the mixture (Table I). The temperature at
which the reaction commenced was clearly observable
by the evolution of mercaptan. The strong odor less-
ened considerably as the reaction neared completion,
but never disappeared entirely. Yields were generally
between 50-90% of analytically pure material; lower
yields were usually due to logses in successive recrystal-
lizations.

(14) A. Hungar, J. Kebrle, A. Rossi, and <. Hofhnan, Helv. (‘him. Acia,
44, 1273 (1061).



