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The reaction of succinic anhydride and N-benzylidene-benzylamine gave rise to the correspond-
ing substituted trans-5-oxopyrrolidine-3-carboxylic acid, which was transformed stereoselectively
into two series of compounds. The first one consists of carboxamides, and the second one includes
aminomethyl derivatives. The compounds prepared incorporate both a pyrrolidinone part and other
nitrogen containing heterocyclic fragments of pharmacological interest.
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Introduction

The 2-pyrrolidinone (y-lactam) ring is incorporated
in various compounds with biological and pharmaceu-
tical activities [1]. It is the important core structure
in the molecule of Rolipram, which is a well known
inhibitor of phosphodiesterase IV and thus exhibits a
wide spectrum of physiological activities on the central
nervous system (CNS) [2]. The synthesis of Rolipram
and its analogs is an object of continuing investiga-
tions [3,4]. Recently a novel inhibitor of 178-hydr-
oxysteroid dehydrogenase type Il was identified for
the treatment of osteoporosis [5, 6]. This disubstituted
pyrrolidine is a close analog of the natural product
Clausenamide, which is used to treat viral hepatitis [5].
Some 4-substituted pyrrolidinones exert significant ac-
tivity as antiepileptic agents [7].

The diverse biological activities of substituted
pyrrolidines have provoked numerous synthetic stud-
ies. The reaction of succinic anhydride (1) with N-
arylidene-N-alkylamines represents a straightforward
pathway to the synthesis of the pyrrolidinone ring, giv-
ing rise to trans- and cis-1-alkyl-2-aryl-5-oxopyrrol-
idine-3-carboxylic acids in one step [8§—15]. Castag-
noli and Cushman have shown that the reaction leads
with high diastereoselectivity to the trans-isomers [9 —
11]. The 5-oxopyrrolidine-3-carboxylic acids thus pre-
pared can be regarded as substituted -aminoacids.
There is a continuing interest in §-aminoacids as a tool
for medicinal chemistry [16], with the purpose to in-
crease the molecular diversity such as the number of

stereoisomers and functional group variety [17]. Re-
cently a quantum-chemical interpretation of the mech-
anism of the cyclocondensation between succinic an-
hydride and imines was published [18].

In the frames of a broader synthetic program
on the preparation of polysubstituted lactams [19—
23], we started an investigation of the carboxylic
group transformations of trans-1-benzyl-2-phenyl-5-
oxopyrrolidine-3-carboxylic acid (2). Such transfor-
mations have not been investigated hitherto. The start-
ing acid 2 can be obtained by reaction of succinic anhy-
dride (1) and N-benzylidene-benzylamine (3) [8]. With
the present paper we report our results aiming at the
preparation of two series of pyrrolidinones. The mod-
ifications of the carboxylic group were designed to in-
corporate an amino group in the side chain as part of
another heterocycle such as 4-substituted piperazine,
morpholine, piperidine, efc. Such heterocyclic moi-
eties are well known pharmacophore substituents [24 —
28]. The combination of the pyrrolidinone ring with
different 4-substituted piperazines in the side chain
would result in a series of compounds with potential
antihistaminic, antianaphilactic and anti-inflammatory
activities [29].

Results and Discussion

The required 1-benzyl-5-oxo-2-phenylpyrrolidine-
3-carboxylic acid (2) was first prepared by Shetty et
al. [8] by refluxing of a mixture of succinic anhydride
(1) and N-benzylidene-benzylamine (3) in o-xylene
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NuH Product  Yield Jag Product Yield Jyp Table 1. Nucleophiles NuH, yields
Z 2 53 55 6 78 4.6  of the prepared compounds (in %)
_ 5 65 5.7 7 94 5.4  and the corresponding 3IA>B values
ammonia 4a 66 5.6 - - - (in Hz).
pyrrolidine 4b 37 7.1 8a 69 3.6
piperidine 4c 40 6.7 8b 66 33
morpholine 4d 72 6.9 8c 81 34
1-methylpiperazine 4e 74 6.7 8d 66 3.1
1-phenylpiperazine 4f 55 6.9 8e 60 3.0
1-(4-fluorophenyl)piperazine 4g 58 6.9 8f 63 3.1
1-(3-chlorophenyl)piperazine 4h 40 6.9 8g 46 3.0
1-(3-(trifluoromethyl)phenyl)piperazine 4i 34 7.0 8h 51 33
tryptamine - - - 8i 71 3.0
tert-butyl piperazine-1-carboxylate 4j 88 6.9 8j 95 3.0
- 4k 72 6.8 8k 46 5.0
Ph COOH
k 1. SOCl,, benzene, A
)/j>:o + SN Xylenea ] AT TN L . 2. NuH, CH,Cl
e )
Ph (0] ; (6] > Ha
1 3 P 2 P 4a-j

Scheme 1. Synthesis of trans-acid 2 (for clarity only one
enantiomer of 2 is shown).

for 12 h in 34 % yield (Scheme 1). In order to raise
the yield of the desired acid 2 we tried a prolonged re-
action time.

After 14 h of reflux the yield of the crude product 2
was 53 %, and its purity was already comparable to that
achieved by Shetty after recrystallization, as demon-
strated by the m. p. of our product [8]. Recrystalliza-
tion from ethyl acetate yielded an analytically pure 5-
oxopyrrolidine-3-carboxylic acid 2 in 31 % yield, with
m.p. 177-179 °C.

Shetty et al. did not determine the relative configu-
ration of the acidic product 2 [8]. In our experiments
the reaction of 1 with the imine 3 always gave rise
to a single diastereomer. The 'H NMR spectrum of 2
was measured, and it exhibited a doublet signal for the
proton Hp at 6 = 4.55 ppm with a coupling constant
3JA,B = 5.5 Hz of protons Hy and Hg. According to
the literature data for similar 2,3-disubstituted pyrrol-
idinones, the coupling constant 3JA,B is in the range
of 3.4-6.9 Hz for trans-compounds and in the range
of 8.0-9.0 Hz for cis-pyrrolidinones [9, 11,30-34].
The observed value of 3J a,B for the acid 2 falls in the
range typical for trans-2,3-disubstituted pyrrolidine-5-
ones. On this ground we assume a trans relative config-
uration of the substituents attached to the chiral atoms
of the acid 2 prepared by us.

Scheme 2. Synthesis of carboxamide derivatives 4a—j (only
one enantiomer is shown).

The preparation of carboxamides 4a —j from trans-
2 via the corresponding acid chloride is shown in
Scheme 2. The acid 2 was treated with thionyl chlo-
ride at 70 °C. It was essential not to exceed this tem-
perature in order to avoid the formation of colored side
products, which made the purification of the final car-
boxamides 4 very difficult. The crude acid chloride
thus obtained was reacted with an excess of the corre-
sponding amine NuH (Table 1). The compounds 4a —j
prepared were purified by recrystallization or column
chromatography followed by recrystallization. Com-
pound 4k was synthesized by sonicated BOC cleavage
of 4j and purified by column chromatography and sub-
sequent recrystallization. Thus, the obtained carbox-
amide derivatives 4a—k contain a f-alanine subunit
(the fragment given in bold in Scheme 2) [21,35].

The preparation of the aminomethyl derivatives
from the acid 2 followed a four-step reaction se-
quence [22,35] (Scheme 3). Methyl ester 5 was ob-
tained by esterification of the acid 2 with CH3OH/
H;,SOy4. The reduction of ester 5 with LiBH4 proceeded
selectively at the ester group to give trans-1-benzyl-
4-(hydroxymethyl)-5-phenylpyrrolidin-2-one (6). The
latter was converted with p-toluenesulfonyl chloride
(p-TosCl) into tosylate 7. The reaction of 7 with an
excess of selected secondary heterocyclic amines NuH
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COOH

""" "Ph - MeOH, H'
—_—

p-TosCl

Scheme 3. Synthesis of aminomethyl derivatives 8a—j (only
one enantiomer is shown).

(Table 1) was carried out in refluxing toluene. The re-
sulting aminomethyl derivatives 8a—j were purified
by means of recrystallization or column chromatogra-
phy. Compound 8k was synthesized by sonicated BOC
cleavage of 8j. The 4-(aminomethyl)pyrrolidinone
derivatives 8a—Kk can be considered as inverse amide
analogs of y-aminobutyric acid (GABA) [21, 35]. This
structural fragment is given in bold in Scheme 3. As
it is known, the analogs of GABA exhibit biological
activity on the CNS [2].

The compounds of types 4 and 8 are new. Their
structure and frans relative configuration were estab-
lished by means of '"H NMR spectral data, which
were compared with the data of the acid 2 as well as
with the data of previously described structurally sim-
ilar diastereomeric 2,3-disubstituted 5-oxopyrrolidine
derivatives [9, 11,30—34]. The relative trans config-
urations of methyl ester 5, alcohol 6, tosylate 7 as

well as target amides 4 and aminomethyl derivatives 8
follow directly from the configuration of the starting
acid trans-2 since the subsequent transformations do
not affect the stereogenic centers. Formation of the
other stereoisomer was not observed. In the 'H NMR
spectra of the aminomethyl derivatives 8 the signal
of Ha appears as a doublet with 3JA7B in the range
of 3.0—-5.0 Hz, which is again in agreement with the
trans configuration of compounds 8. In the case of the
amides 4, >J4 g is in the range of 5.6—7.1 Hz, which
is somewhat higher than the value for the pyrrolidin-
ones 2, 5—8 but still in the interval typical for the
trans-isomers [9].

As it was already mentioned, formation of other di-
astereomers during the preparation of the amides 4
was not detected. On this ground a trans configura-
tion of the amides 4 was also assumed. The change
of the 3JA7B value for compounds 4a—k and 8a—Kk is
probably due to a difference in the effective volume
of the substituents, which influences the dihedral an-
gle between Hy and Hp. The yields and 37, values
of the prepared compounds are summarized in Table 1.
The pharmacological screening of compounds 4a—-k
and 8a—Kk is in course.

Experimental Section

Melting points were taken on a “Boetius” PHMK 05
micro hot-stage apparatus and are uncorrected. IR spec-
tra were recorded on a Specord 75 instrument. 'H NMR
spectra (250.13 MHz) were obtained on a Bruker Avance
DRX-250 spectrometer. The chemical shifts are given in
ppm (0) relative to tetramethylsilane as internal standard.
Electrospray ionization (ESI) mass spectra were recorded by
flow injection of acetonitrile solution into an ESI source at-
tached to a Varian Prostar 240 instrument. The microanalyses
were carried out at the Faculty of Chemistry, University of
Sofia. Thin layer chromatography (TLC) was performed on
Merck 1.05554 silica gel 60F,54 aluminum plates. Column
chromatography purifications were performed using Acros
silica gel (0.060 —0.200 mm).

Preparation of (L)-trans-1-benzyl-5-oxo-2-phenylpyrrol-
idine-3-carboxylic acid (2)

To a solution of N-benzylidene-benzylamine (3, 7.32 g,
38 mmol) in dried xylene (18 mL), succinic anhydride (1,
3.68 g, 37 mmol) was added. The reaction mixture was re-
fluxed for 14 h. The separated crystals were collected by
filtration (5.76 g, 53 %; m.p. 169—175 °C). Recrystalliza-
tion from ethyl acetate afforded 3.37 g colorless needles
of acid 2. Yield 31 %. M.p. 177-179 °C (lit. [8]: 169 —
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171 °C). — IR (nujol): v = 2500—3300 (OH), 1730 (C=0),
1650 (CON) cm~!. - 'H NMR (250.13 MHz, [Dg]-DMSO):
8§ =2.63 (dd, 2J = 16.9 Hz, 3J = 6.7 Hz, 1H, CH,CON),
2.84 (dd, 27 = 16.9 Hz, 3J = 9.6 Hz, 1H, CH,CON), 3.06
(ddd, J =5.5,6.7,9.6 Hz, 1H, Hg), 3.45 (d, J = 15.2 Hz, 1H,
CH,Ph), 4.55 (d, J = 5.5 Hz, 1H, Hp), 4.82 (d, J = 15.2 Hz,
1H, CH,Ph), 6.97—7.45 (m, 10H, H-arom.), 12.77 (s, 1H,
COOH). — C13H;7NO;3 (295.34): caled. C 73.20, H 5.80;
found C 73.42, H 6.06.

General procedure for the preparation of (£)-trans-1-
benzyl-5-oxo-2-phenylpyrrolidine-3-carboxylic acid amides
(4a—j)

A mixture of 2 (0.30 g, 1 mmol) and SOCI, (0.15 mL,
2 mmol) in dry benzene (4 mL) was heated at 70 °C for 1 h.
The volatile products were evaporated under reduced pres-
sure, and the slightly yellow oil was dissolved in CH,Cl,
(4 mL). The solution was cooled to —5 °C, and 3 mmol of
the corresponding amine NuH was added dropwise. In the
case of the amide 4a, dry ammonia was bubbled through the
solution at —5 °C for 30 min. The mixture was stirred at r. t.
After completion of the reaction (TLC), the reaction mix-
ture was dissolved in ethyl acetate (50 mL) and washed with
water (3 x 20 mL). The organic phase was dried (Na;SQOy),
and the solvent was evaporated under reduced pressure. The
resulting oil was purified by recrystallization or by column
chromatography and subsequent recrystallization from ethyl
acetate-hexane if not stated otherwise. In this way the fol-
lowing compounds were prepared:

(& )-trans- 1-Benzyl-5-oxo-2-phenylpyrrolidine-3-carbox-
amide (4a)

Recrystallization from water gave 4a as colorless needle-
shaped crystals. Yield 66 %. M. p. 180 — 182 °C. — IR (nujol):
v =3190, 3360 (NH,), 1670 (CON), 1620 (CONH,) cm™~!. -
'H NMR (250.13 MHz, [Dg]-DMSO): § = 2.49 (dd, 2J =
16.5 Hz, 3J = 6.8 Hz, IH, CH,CON), 2.77 (dd, 2/ = 16.5 Hz,
3] =9.5 Hz, 1H, CH,CON), 2.93 (ddd, J = 5.6, 6.8, 9.5 Hz,
1H, Hp), 3.44 (d, J = 15.2 Hz, 1H, CH,Ph), 450 (d, J =
5.6 Hz, 1H, Hp), 4.83 (d, J = 15.2 Hz, 1H, CH,Ph), 6.97—
7.51 (m, 12H, CONH,, H-arom.). — C;gH;gN,O; (294.36):
calcd. C 73.45, H 6.16; found C 73.16, H 6.15.

(£)-trans-1-Benzyl-5-phenyl-4-(pyrrolidine- 1-carbonyl)
pyrrolidin-2-one (4b)

Column chromatography (light petroleum 37-50 °C/2-
propanol = 8:1) and recrystallization gave 4b as colorless
crystals. Yield 37 %. M.p. 127-129 °C. — IR (CHCls):
v = 1670, 1640 (CON) ecm~!. — 'H NMR (250.13 MHz,
CDCl3): 6 = 1.55-1.85 (m, 4H, CHj), 2.60-2.93 (m, 3H,
Hp, CH,N), 3.07-3.22 (m, 2H, CH,CON, CH;N), 3.29—

3.48 (m, 2H, CH,N), 3.53 (d, J = 14.7 Hz, 1H, CH,Ph), 4.68
(d,J =7.1 Hz, 1H, Hy), 5.07 (d, J = 14.7 Hz, 1H, CH,Ph),
6.96—7.43 (m, 10H, H-arom.). — MS (ESI): m/z (%) = 349
(100) [M]+, 271 (5), 201 (9). — C2yHp4N» 0, (348.45): calcd.
C 75.83, H 6.94; found C 75.44, H 7.19.

(£ )-trans-1-Benzyl-5-phenyl-4-(piperidine-I-carbonyl)
pyrrolidin-2-one (4c)

Column chromatography (light petroleum 37-50 °C/
ethyl acetate = 1:1) and recrystallization gave 4¢ as color-
less crystals. Yield 40 %. M.p. 110-112 °C. — IR (nujol):
v = 1665, 1630 (CON) ecm~!. — 'H NMR (250.13 MHz,
CDCl3): 6 = 1.00-1.61 (m, 6H, CHj), 2.71-2.95 (m, 2H,
CH,;CON), 2.95-3.17 (m, 2H, CH,N), 3.29 (ddd, J = 6.7,
8.5, 9.2 Hz, 1H, Hp), 3.41-3.58 (m, 3H, CH,Ph, CH;N),
472 (d, J = 6.7 Hz, 1H, Hp), 5.06 (d, J = 14.7 Hz, 1H,
CH,Ph), 6.95-7.44 (m, 10H, H-arom.). — MS (ESI): m/z
(%) = 363 (100) [M]T, 201 (8). — C3HygN>0, (362.48):
calcd. C 76.21, H 7.23; found C 76.36, H 7.46.

(£)-trans-1-Benzyl-4-(morpholine-4-carbonyl)-5-phenyl-
pyrrolidin-2-one (4d)

Column chromatography (light petroleum 37-50 °C/2-
propanol = 3:1) gave 4d as a colorless oil. Yield 72 %. —
IR (CHCl3): v = 1670, 1640 (CON) em~!. — 'H NMR
(250.13 MHz, CDCl3): & = 2.76 (dd, 2J = 16.8 Hz, 3J =
9.3 Hz, 1H, CH,CON), 2.86 —3.74 (m, 11H, Hg, CH,CON,
CH,Ph, CH;N, CH,0), 4.62 (d, J = 6.9 Hz, 1H, Hyp),
5.07 (d, J = 14.7 Hz, 1H, CH,Ph), 6.94-7.44 (m, 10H,
H-arom.). — CppHp4N,O3 (364.45): calcd. C 72.51, H 6.64;
found C 72.14, H 6.54.

(£ )-trans-1-Benzyl-4-(4-methylpiperazine- 1-carbonyl)-5-
phenylpyrrolidin-2-one (4e)

Column chromatography (ethyl acetate/2-propanol/aque-
ous ammonia = 5:1:0.02) gave 4e as a colorless oil. Yield
74 %. — IR (CHCL): v = 1670, 1640 (CON) cm~!. -
TH NMR (250.13 MHz, CDCl3): § = 1.83-2.02 (m, 1H,
CH,N), 2.08-2.38 (m, 6H, CH3, CH,N), 2.77 (dd, 2J =
16.7 Hz, 3J =9.4 Hz, 1H, CH,CON), 2.92 (dd, 2J = 16.7 Hz,
3J = 8.4 Hz, 1H, CH,CON), 3.01 (ddd, 2J = 13.1 Hz, 3J =
3.4, 6.7 Hz, 1H, CH,N), 3.17 (ddd, 2J = 13.1 Hz, 3J =
3.2, 7.1 Hz, 1H, CH,N), 3.28 (ddd, J = 6.7, 8.4, 9.4 Hz,
1H, Hg), 3.50 (d, J = 14.7 Hz, 1H, CH,Ph), 3.51-3.62
(m, 2H, CH,N), 4.65 (d, J = 6.7 Hz, 1H, Hp), 5.06 (d, J =
14.7 Hz, 1H, CH,Ph), 6.95—7.43 (m, 10H, H-arom.). — MS
(ESD): m/z (%) = 378 (98) [M]T, 134 (10), 130 (72), 124
(26), 118 (42), 113 (19), 106 (12), 105 (100), 102 (16), 101
(38). — C23Hp7N3 0, (377.49): caled. C 73.18, H 7.21; found
C 73.23, H 7.49.
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(£ )-trans- 1-Benzyl-5-phenyl-4-(4-phenylpiperazine-1-
carbonyl)pyrrolidin-2-one (4f)

Column chromatography (light petroleum 37-50 °C/
ethyl acetate = 1 : 1) and recrystallization gave 4f as colorless
crystals. Yield 55 %. M.p. 114-116 °C. — IR (CHCl3): v =
1670, 1640 (CON) cm~!. - "TH NMR (250.13 MHz, CDCl3):
§ = 2.53-2.65 (m, 1H, CH,N), 2.80 (dd, 2J = 16.8 Hz,
3] =9.4 Hz, 1H, CH,CON), 2.86—3.04 (m, 3H, CH,CON,
CH;N), 3.07-3.20 (m, 2H, CH,N), 3.23-3.41 (m, 2H, Hp,
CH,N), 3.51 (d, J = 14.7 Hz, 1H, CH;,Ph), 3.57-3.69 (m,
1H, CH;N), 3.74-3.86 (m, 1H, CH,N), 4.66 (d, J = 6.9 Hz,
1H, Hp), 5.08 (d, J = 14.7 Hz, 1H, CH,Ph), 6.76—7.44 (m,
15H, H-arom.). — MS (ESI): m/z (%) = 440 (100) [M]*, 331
(5),201 (7). — CgHp9N30; (439.56): caled. C 76.51, H 6.65;
found C 76.68, H 6.57.

(£ )-trans- 1-Benzyl-4-(4-(4-fluorophenyl)piperazine- I -
carbonyl)-5-phenylpyrrolidin-2-one (4g)

Column chromatography (light petroleum 37-50 °C/
ethyl acetate/aqueous ammonia = 1:1:0.02) and recrystal-
lization gave 4g as colorless crystals. Yield 58 %. M. p. 119 -
121 °C. — IR (CHCl3): v = 1670, 1640 (CON) cm~!. —
'H NMR (250.13 MHz, CDCl3): § = 2.44-2.56 (m, 1H,
CH,N), 2.73-3.20 (m, 6H, CH,CON, CH;N), 3.23-3.41
(m, 2H, Hg, CH;N), 3.51 (d, J = 14.7 Hz, 1H, CH,Ph),
3.57-3.69 (m, 1H, CH,N), 3.73-3.85 (m, 1H, CH,N), 4.66
(d, J = 6.9 Hz, 1H, Hy), 5.09 (d, J = 14.7 Hz, 1H, CH,Ph),
6.71-7.44 (m, 14H, H-arom.). — CpgHy3FN30; (457.55):
calcd. C 73.50, H 6.17; found C 73.19, H 6.26.

(£ )-trans-1-Benzyl-4-(4-(3-chlorophenyl)piperazine-1-
carbonyl)-5-phenylpyrrolidin-2-one (4h)

Column chromatography (light petroleum 37-50 °C/
ethyl acetate = 1 : 1) gave 4h as a colorless oil. Yield 40 %. —
IR (CHCL): v = 1680, 1645 (CON) cm~'. - 'H NMR
(250.13 MHz, CDCl3): 6 = 2.49-2.63 (m, 1H, CH,N),
2.73-3.05 (m, 4H, CH,CON, CH;N), 3.06—3.19 (m, 2H,
CH,N), 3.21-3.41 (m, 2H, Hg, CH;N), 3.50 (d, J = 14.7 Hz,
1H, CH,Ph), 3.54-3.66 (m, 1H, CH,N), 3.72-3.86 (m,
1H, CH;N), 4.64 (d, J = 6.9 Hz, 1H, Hp), 5.08 (d, J =
14.7 Hz, 1H, CH,Ph), 6.62—-7.45 (m, 14H, H-arom.). —
CrgHygCIN3 Oy (474.01): caled. C 70.95, H 5.95; found
C 70.58, H 6.26.

(£)-trans- 1-Benzyl-5-phenyl-4-(4-(3-(trifluoromethyl)phen-
yl)piperazine- 1-carbonyl)pyrrolidin-2-one (4i)

Column chromatography (light petroleum 37-50 °C/
ethyl acetate = 1: 1) and recrystallization gave 4i as colorless
crystals. Yield 34 %. M. p. 131-133 °C. - IR (CHCl3): v =
1670, 1640 (CON) cm~!. - 'H NMR (250.13 MHz, CDCl3):
8 = 2.53-2.66 (m, 1H, CH,N), 2.81 (ddd, 2J = 16.8 Hz,

3J = 9.3 Hz, 1H, CH,CON), 2.89-3.07 (m, 3H, CH,CON,
CH;N), 3.09-3.24 (m, 2H, CH,;N), 3.24 -3.42 (m, 2H, Hp,
CH,N), 3.51 (d, J = 14.7 Hz, 1H, CH»Ph), 3.57-3.69 (m,
1H, CH,N), 3.75-3.88 (m, 1H, CH,N), 4.64 (d, J = 7.0 Hz,
1H, Hp), 5.09 (d, J = 14.7 Hz, 1H, CH,Ph), 6.91 —7.46 (m,
14H, H-arom.). — Cy9HgF3N30, (507.56): calcd. C 68.63,
H 5.56; found C 68.94, H 5.77.

tert-Butyl 4-((%)-trans-1-benzyl-5-oxo-2-phenylpyrrolidine-
3-carbonyl)piperazine-1-carboxylate (4j)

Recrystallization gave 4j as colorless crystals. Yield 88 %.
M. p. 141143 °C. - IR (CHCl3): v = 1695 (OCON, CON),
1630 (CON) cm~!. — '"H NMR (250.13 MHz, CDCl3): § =
1.42 (s, 9H, CHj3), 2.70-3.46 (m, 10H, CH,CON, Hp,
CH;N), 3.49 (d, J = 14.7 Hz, 1H, CH,Ph), 3.54-3.67 (m,
1H, CH,N), 4.62 (d, J = 6.9 Hz, 1H, Hp), 5.07 (d, J =
14.7 Hz, 1H, CH;,Ph), 6.94 —7.45 (m, 10H, H-arom.). - MS
(ESI): m/z (%) = 464 (100) [M]T, 412 (12), 410 (19), 408
(56), 333 (13), 218 (12), 201 (18). — C7H33N304 (463.58):
caled. C 69.96, H 7.18; found C 69.90, H 7.54.

(£)-trans-1-Benzyl-5-phenyl-4-(piperazine- 1-carbonyl)
pyrrolidin-2-one (4k)

A mixture of the amide 4j (0.180 g, 0.4 mmol) and triflu-
oroacetic acid (0.45 mL, 6 mmol) was sonicated for 15 min.
The volatile components were evaporated, and the result-
ing oil was dissolved in ethyl acetate (30 mL). The mix-
ture was treated with 10 % aqueous Na;CO3 until pH = 10
was reached. The organic phase was washed with water and
dried (Na;SOy), and the solvent was removed under reduced
pressure. The resulting oily product was recrystallized to
give 0.105 g colorless crystals of 4k. Yield 72 %. M. p. 159 —
162 °C. — IR (CHCl): v = 1670, 1640 (CON) cm™!. —
'"H NMR (250.13 MHz, CDCl3): § = 2.00 (broad s, 1H,
NH), 2.28-2.45 (m, 1H, CH;N), 2.58-3.36 (m, 8H, Hg,
CH,;CON, CH;,N), 3.43-3.64 (m, 2H, CH,Ph, CH;,N),
3.65-3.82 (m, 1H, CH,N), 4.62 (d, J = 6.8 Hz, 1H, Hy),
5.06 (d, J = 14.7 Hz, 1H, CH,Ph), 6.95-7.46 (m, 10H,
H-arom.). — CpyHp5N30, (363.46): calcd. C 72.70, H 6.93;
found C 72.20, H 6.88.

Preparation of the methyl ester of (£ )-trans-1-benzyl-5-oxo-
2-phenylpyrrolidine-3-carboxylic acid (5)

A mixture of 2 (4.43 g, 15 mmol), dry methanol (25 mL),
and conc. HySO4 (1.6 mL) was refluxed for 2 h. The cooled
reaction mixture was poured into brine (50 mL). The sus-
pension was neutralized with 10 % aqueous Na;COs3 and fil-
tered. The resulting crystals were washed with water and
dried, thus yielding 4.55 g (98 %) of the methyl ester. The
crude product was recrystallized from ethyl acetate to af-
ford 3.02 g of 5§ as colorless crystals. Yield 65 %. M.p.
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96-98 °C. — IR (CHCl3): v = 1735 (COOCHj3), 1680
(CON) em™!. — 'H NMR (250.13 MHz, CDCl3): § = 2.80
(dd, 2J = 17.0 Hz, 3J =7.8 Hz, 1H, CH,CON), 2.91 (dd, 2J =
17.0 Hz, 3J = 9.0 Hz, 1H, CH,CON), 3.08 (ddd, J = 5.7, 7.8,
9.0 Hz, 1H, Hg), 3.48 (d, J = 14.7 Hz, 1H, CH,Ph), 3.65 (s,
3H, CH3), 4.61 (d, J = 5.7 Hz, 1H, Hp), 5.12 (d, J = 14.7 Hz,
lH, CH2Ph), 6.99-7.45 (m, IOH, H-arom.). - C19H19NO3
(309.37): caled. C 73.77, H 6.19; found C 73.63, H 6.42.

Preparation of (%)-1-benzyl-4-(hydroxymethyl)-5-phenyl-
pyrrolidin-2-one (6)

To a stirred suspension of LiCl (2.54 g, 60 mmol) and
KBH4 (3.24 g, 60 mmol) in THF (10 mL) was added drop-
wise a solution of 5 (6.19 g, 20 mmol) in THF (20 mL)
within 15 min. The reaction mixture was stirred at r. t. for 5 h.
The solvent was removed under reduced pressure, and brine
(100 mL) was added. The resulting emulsion was extracted
with ethyl acetate (3 x 30 mL), and the combined organic
phases were dried (Na;SOy4). After removal of the solvent,
the residue was purified by recrystallization from ethyl ac-
etate affording 4.37 g of 6 as colorless powder. Yield 78 %.
M.p. 98-99 °C. — IR (CHCl3): v = 3370 (OH), 1675
(CON) cm~!. — "H NMR (250.13 MHz, CDCl3): § = 1.83
(broad s, 1H, OH), 2.29-2.45 (m, 2H, Hg, CH,CON), 2.76
(dd, 2J = 18.5 Hz, 3J = 10.7 Hz, 1H, CH,CON), 3.47
(d, J = 14.5 Hz, 1H, CH,Ph), 3.58 (d, J = 5.7 Hz, 2H,
CH,0H), 4.24 (d,J =4.6 Hz, 1H, Hy), 5.10 (d, J = 14.5 Hz,
lH, CH2Ph), 7.02-7.43 (m, IOH, H-arom.). - C13H19N02
(281.36): caled. C 76.84, H 6.81; found C 76.58, H 7.09.

Preparation of ((L)-trans-1-benzyl-5-oxo-2-phenylpyrrol-
idin-3-yl)methyl 4-methylbenzenesulfonate (7)

p-Toluenesulfonyl chloride (2.67 g, 14 mmol) was added
in portions with stirring to a solution of 6 (1.97 g, 7 mmol) in
pyridine (30 mL) maintained at —10 °C. The reaction mix-
ture was allowed to warm to r.t., and stirring was continued
for further 5 h. The mixture was poured into ice-water, and
the product was extracted with ethyl acetate (3 x 30 mL). The
combined organic layers were washed successively with 5 %
HCI, 10 % NaHCOs3 and water to reach a pH = 7 and dried
(NazS0y). Evaporation of the solvent gave 2.69 g of 7 as
a non-crystallizable, slightly yellow oil. The resulting prod-
uct was used in the next steps without further purification. —
Yield 88 %. A sample of the latter product was purified by
column chromatography (light petroleum 37 —50 °C/ethyl
acetate = 3:2) for analytical purposes. — IR (CHCI3): v =
1675 (CON), 1170 (0SO;) cm™!. — 'H NMR (250.13 MHz,
CDCl3): § = 2.30 (dd, 2J = 16.6 Hz, 3J = 6.6 Hz, 1H,
CH,CON), 2.39-2.53 (m, 4H, Hg, CH3), 2.73 (dd, 2J =
16.6 Hz, 3J = 9.0 Hz, 1H, CH,CON), 3.43 (d, J = 14.6 Hz,
1H, CH;,Ph), 3.86-4.01 (m, 2H, CH,0), 4.09 (d, J = 5.4 Hz,
1H, Hy), 5.07 (d, J = 14.6 Hz, 1H, CH,Ph), 6.93-7.04

(m, 4H, H-arom.), 7.23 -7.39 (m, 8H, H-arom.), 7.60 —7.68
(m, 2H, H-arom.). — Co5Hy5NO4S (435.55): caled. C 68.94,
H 5.79, N 3.22, S 7.36; found C 69.55, H 5.77, N 3.16,
S 7.01.

General procedure for the preparation of (+)-trans-4-((sub-
stituted amino)methyl)pyrrolidin-2-ones (8a—j)

To a solution of the tosylate 7 in toluene (2 mL for
each mmol of 7) the threefold molar excess of the corre-
sponding amine was added. The reaction mixture was re-
fluxed until completion of the reaction as determined by
TLC. The mixture was allowed to cool down to r. t., and ethyl
acetate (50 mL) was added. The organic layer was washed
with water (4 x 20 mL) and then dried (Na;SQOy). The sol-
vent was removed under reduced pressure. The resulting oil
was recrystallized or purified by column chromatography
and subsequent recrystallization from ethyl acetate/hexane.
In this way the following compounds were prepared:

(£ )-trans-1-Benzyl-5-phenyl-4-(pyrrolidin-1-ylmethyl)
pyrrolidin-2-one (8a)

Column chromatography (ethyl acetate/aqueous ammo-
nia = 3:0.02) gave 8a as a colorless oil. Yield 69 %. — IR
(CHCL3): v = 1680 (CON) cm~!. - 'H NMR (250.13 MHz,
CDCl3): 6 = 1.57—1.74 (m, 4H, CHy), 2.22-2.39 (m, 7H,
CH,CON, CH,N), 2.43-2.55 (m, 1H, Hg), 2.79 (dd, 2J =
18.0 Hz, 3J = 9.2 Hz, 1H, CH,CON), 3.47 (d, J = 14.6 Hz,
1H, CH,Ph), 4.23 (d, J = 3.6 Hz, 1H, Hyp), 5.12 (d, J =
14.6 Hz, 1H, CH,Ph), 7.02-7.41 (m, 10H, H-arom.). —
CyyHp6N, O (334.47): caled. C 79.01, H 7.84; found C 78.81,
H8.17.

(£)-trans-1-Benzyl-5-phenyl-4-(piperidin-1-ylmethyl)
pyrrolidin-2-one (8b)

Column chromatography (light petroleum 37-50 °C/
ethyl acetate/aqueous ammonia = 1:1:0.02) gave 8b as
a colorless oil. Yield 66 %. — IR (CHCl3): v = 1675
(CON) cm~!. — TH NMR (250.13 MHz, CDCl3): § = 1.28 —
1.48 (m, 6H, CHj), 2.02-2.41 (m, 8H, Hg, CH,CON,
CH;,N), 2.75 (dd, 27 = 17.0 Hz, 3J = 8.4 Hz, 1H, CH,CON),
3.48 (d, J = 14.6 Hz, 1H, CH,Ph), 4.32 (d, J = 3.3 Hz, 1H,
Ha), 5.13 (d, J = 14.6 Hz, 1H, CH,Ph), 7.05-7.40 (m, 10H,
H-arom.). — Co3HpgN,O (348.49): caled. C 79.27, H 8.10, N
8.04; found C 79.63, H 8.05, N 8.49.

(£ )-trans-1-Benzyl-4-(morpholinomethyl)-5-phenylpyrrol-
idin-2-one (8c)

Column chromatography (light petroleum 37-50 °C/
ethyl acetate/aqueous ammonia = 1:1:0.02) gave 8c as
a colorless oil. Yield 81%. — IR (CHCl3): v = 1685
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(CON) cm~!. - "TH NMR (250.13 MHz, CDCl3): § = 2.09 -
2.42 (m, 8H, Hg, CH,CON, CH,N), 2.77 (dd, 2J = 16.9 Hz,
3J = 8.5 Hz, 1H, CH,CON), 3.46 (d, J = 14.5 Hz, 1H,
CH,Ph), 3.54 (t,J = 4.8 Hz, 4H, CH,0), 4.29 (d, J = 3.4 Hz,
1H, Hp), 5.14 (d, J = 14.5 Hz, 1H, CH,Ph), 7.04-7.42
(m, 10H, H-arom.). — C2oHy,N2O; (350.46): calcd. C 75.40,
H 7.48; found C 75.60, H 7.65.

(£ )-trans- 1-Benzyl-4-((4-methylpiperazin- 1-yl)methyl)-5-
phenylpyrrolidin-2-one (8d)

Column chromatography (ethyl acetate/2-propanol/aque-
ous ammonia = 9:1:0.02) gave 8d as a slightly yellow
oil. Yield 71 %. — IR (CHCl3): v = 1680 (CON) cm~!. —
'H NMR (250.13 MHz, CDCl3): § = 2.13-2.44 (m, 15H,
Hg, CH,CON, CH3, CH,N), 2.76 (dd, 2J = 17.1 Hz, 3J =
7.4 Hz, 1H, CH,CON), 3.46 (d, J = 14.5 Hz, 1H, CH,Ph),
428 (d, J = 3.0 Hz, 1H, Hy), 5.13 (d, J = 14.5 Hz,
lH, CH2Ph), 7.03-7.42 (m, IOH, H-arom.). - C23H29N3O
(363.51): calcd. C 76.00, H 8.04; found C 75.77, H 8.37.

(+)-trans- 1-Benzyl-5-phenyl-4-((4-phenylpiperazin-1-
yl)methyl)pyrrolidin-2-one (8e)

Recrystallization gave 8e as colorless crystals. Yield
66%. M.p. 147-149 °C. — IR (CHCL): v = 1675
(CON) cm™!. - '"H NMR (250.13 MHz, CDCl3): § = 2.23
(dd, 2J = 17.1 Hz, 3J = 4.1 Hz, 1H, CH,CON), 2.28 -
2.53 (m, 7H, Hg, CH,N), 2.80 (dd, 2J = 17.1 Hz, 3J =
8.1 Hz, 1H, CH,CON), 3.03 (t, J = 5.0 Hz, 4H, CH,N),
3.47 (d, J = 14.5 Hz, 1H, CH,Ph), 4.34 (d, J = 3.1 Hz,
1H, Hp), 5.15 (d, J = 14.5 Hz, 1H, CH,Ph), 6.79-6.93 (m,
3H, H-arom.), 7.05-7.42 (m, 12H, H-arom.). — C,gH31 N3O
(425.58): caled. C 79.02, H 7.34; found C 78.74, H 7.61.

(£ )-trans-1-Benzyl-4-((4-(4-fluorophenyl)piperazin-1-
yl)methyl)-5-phenylpyrrolidin-2-one (8f)

Column chromatography (light petroleum 37-50 °C/
ethyl acetate = 2:3) and recrystallization gave 8f as color-
less crystals. Yield 60 %. M. p. 126128 °C. — IR (CHCl3):
v = 1665 (CON) cm~!. — 'H NMR (250.13 MHz, CDCl3):
6 = 2.18-2.52 (m, 8H, Hg, CH,CON, CH,N), 2.80 (dd,
2] = 16.8 Hz, 3J = 7.7 Hz, 1H, CH,CON), 2.95 (t, J =
4.9 Hz, 4H, CH;)N), 3.47 (d, J = 14.5 Hz, 1H, CH,Ph),
4.33 (d, J = 3.0 Hz, 1H, Hp), 5.15 (d, J = 14.5 Hz, 1H,
CH,Ph), 6.75-6.99 (m, 4H, H-arom.), 7.06—7.43 (m, 10H,
H-arom.). — MS (ESI): m/z (%) = 444 (92) [M] ™, 130 (100),
101 (8). — CogH30FN30 (443.57): caled. C 75.82, H 6.82;
found C 75.45, H7.12.

(£ )-trans-1-Benzyl-4-((4-(3-chlorophenyl)piperazin-1-
yl)methyl)-5-phenylpyrrolidin-2-one (8g)
Column chromatography (light petroleum 37-50 °C/

ethyl acetate/aqueous ammonia = 2:1:0.02) gave 8g as
a colorless oil. Yield 63 %. — IR (CHCl3): v = 1685

(CON) cm~!. - "TH NMR (250.13 MHz, CDCl3): § = 2.16—
2.50 (m, 8H, Hg, CH,CON, CH;,N), 2.79 (dd, 2J = 16.8 Hz,
3] = 8.5 Hz, 1H, CH,CON), 3.02 (t, J = 5.1 Hz, 4H,
CH,N), 347 (d, J = 14.5 Hz, 1H, CH,Ph), 4.33 d, J =
3.1 Hz, 1H, Hyp), 5.15 (d, J = 14.5 Hz, 1H, CH,Ph), 6.67—
7.41 (m, 14H, H-arom.). — MS (ESI): m/z (%) = 460 (73)
M1, 130 (100), 127 (22), 125 (13), 115 (16), 113 (47),
101 (26). — C2gH3¢CIN30 (460.02): caled. C 73.11, H 6.57;
found C 72.80, H 6.73.

(£ )-trans-1-Benzyl-5-phenyl-4-((4-(3-(trifluoromethyl)
phenyl)piperazin-1-yl)methyl)pyrrolidin-2-one (8h)

Column chromatography (light petroleum 37-50 °C/
ethyl acetate = 1:1) and recrystallization gave 8h as color-
less crystals. Yield 46 %. M. p. 100-102 °C. — IR (CHCl3):
v = 1675 (CON) cm~!. — "TH NMR (250.13 MHz, CDCl3):
§ =223 (dd, 2J = 17.1 Hz, 3J = 4.0 Hz, 1H, CH,CON),
2.25-2.53 (m, 7H, Hg, CH,N), 2.80 (dd, 27 = 17.1 Hz,3J =
7.9 Hz, 1H, CH,CON), 3.07 (t, J = 4.8 Hz, 4H, CH;,N),
3.47 (d, J = 14.5 Hz, 1H, CH;,Ph), 4.33 (d, J = 3.0 Hz, 1H,
Ha), 5.16 (d, J = 14.5 Hz, 1H, CH,Ph), 6.95-7.45 (m, 14H,
H-arom.). MS (ESI): m/z (%) = 494 (69) [M] T, 296 (12), 131
(9), 130 (100), 113 (19), 102 (12). — Co9H30F3N30 (493.58):
calcd. C 70.57, H 6.13; found C 70.60, H 6.23.

(£ )-trans-4-((2-(1H-Indol-3-yl)ethylamino)methyl)-1-benz-
yl-5-phenylpyrrolidin-2-one (8i)

Column chromatography (ethyl acetate) gave 8i as a col-
orless oil. Yield 46 %. — IR (CHCl3): v = 3250 (NH),
1685 (CON) cm™!. — 'H NMR (250.13 MHz, CDCl3): & =
2.15-2.36 (m, 3H, Hg, NH, CH,CON), 2.54-2.91 (m, 7H,
CH,;CON, CH,N, CHy), 3.43 (d, J = 14.6 Hz, 1H, CH,Ph),
4.06 (d, J = 5.0 Hz, 1H, Hp), 5.09 (d, J = 14.6 Hz, 1H,
CH,Ph), 6.90 (d, J = 2.3 Hz, 1H, CH (indole)), 6.98 -7.56
(m, 14H, H-arom.), 8.05 (s, 1H, NH (indole)). — CogHy9N3O
(423.56): calcd. C 79.40, H 6.90; found C 79.21, H 7.09.

tert-Butyl 4-(((£)-trans-1-benzyl-5-oxo-2-phenylpyrrolidin-
3-yl)methyl)piperazine-1-carboxylate (8f)

Column chromatography (light petroleum 37-50 °C/
ethyl acetate = 1:1) and recrystallization gave 8j as color-
less crystals. Yield 51 %. M.p. 92-94 °C. — IR (CHCl3):
v = 1680 (CON, OCON) cm~!. — 'H NMR (250.13 MHz,
CDCl3): 6§ = 1.42 (s, 9H, CH3), 2.02-2.42 (m, 8H, Hgp,
CH,CON, CH,N), 2.76 (dd, 2J = 16.7 Hz, 3J = 8.1 Hz, 1H,
CH,CON), 3.24 (t, J = 5.1 Hz, 4H, CH;N), 345 (d, J =
14.5 Hz, 1H, CH,Ph), 430 (d, J = 3.3 Hz, 1H, Hy), 5.14
(d, J = 14.5 Hz, 1H, CH,Ph), 7.04 —7.42 (m, 10H, H-arom.).
— MS (ESI): m/z (%) = 450 (100) [M]™, 130 (28), 117 (10),
101 (13). — Co7H35N303 (449.60): caled. C 72.13, H7.85, N
9.35; found C 72.35, H 7.62, N 9.33.
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(£ )-trans- 1-Benzyl-5-phenyl-4-(piperazin- 1-ylmethyl)
pyrrolidin-2-one (8k)

A mixture of 8j (0.45 g, 1 mmol) and trifluoroacetic acid
(1.15 mL, 15 mmol) was sonicated for 15 min. The mixture
was neutralized with 10 % aqueous NayCOs3 and extracted
with ethyl acetate (3 x 30 mL). The organic phase was dried
(NazS0y), and the solvent was evaporated under reduced
pressure. Column chromatography (ethyl acetate/2-propan-
ol/aqueous ammonia = 4 : 1:0.02) afforded 0.330 g of 8k as
a slightly yellow oil. Yield 95 %. — IR (CHCl3): v = 1680
(CON) cm™!. — "H NMR (250.13 MHz, CDCl3): § = 2.09—

2.50 (m, 9H, Hg, CH,CON, CH,N), 2.75 (dd, 2J = 16.8 Hz,
3J=7.2 Hz, 1H, CH,CON), 2.81-2.99 (m, 3H, CH,N), 3.42
(d, J = 14.5 Hz, 1H, CH,Ph), 4.20 (d, J = 3.0 Hz, 1H, Hp),
5.11 (d, J = 14.5 Hz, 1H, CH,Ph), 7.01-7.41 (m, 10H,
H-arom.). — CyoHy7N30 (349.48): caled. C 75.61, H 7.79;
found C 75.18, H 7.93.
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