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Abstract - By radical cyclisaion of N-[($)-1-phenylethyl]-N-allyl-
iodoacetamides (6a-d), 4-substituted pyrrolidin-2-ones (7a-d) and
(8a-d) were prepared as diastereomeric equimolar mixtures which
were separated by column chromatography. The preferred
conformation of 7a-d and 8a-d was determined by molecular
mechanics methods and the configuration of the newly introduced
stereogenic center was assigned by !H nmr data and further confirmed
by NOE experiments. Compounds (7a-d) and (8a-d) can be converted
into 3-alkylpyrrolidines in both enantiomerically pure forms following

procedures reported in the literature.

The pyrrolidine ring and its monosubstituted derivatives are components of a number of natural and synthetic
products with biclogical activity. ! In addition, enantiomerically pure pymolidines are efficiently employed as
chiral auxiliaries 2 and intermediates of a variety of non-racemic compounds 3 such as Rolipram (1), 4 an
antidepressant and inhibitor of phosphodiesterase, the hypolipidemic (2} * and 3-pyrrolidineacetic acid (3), §

which acts as an inhibitor of GABA transfer in neurons and glial cells.
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Although a number of synthetic approaches to racemic 3-substituted pyrrolidines have been reported, 7 methods
for the preparation of these compounds in both the enantiomerically pure forms are scarcely found in the
literature. ®

As part of a program directed towards the synthesis of naturally occurring compounds with biological activity
containing the 3-substituted pyrrolidine ring, we recognised that a pyrrolidin-2-one bonded to a chiral auxiliary
that could be readily removed, should be exploitable as a latent pyrrolidine structure,

Thus, the present paper deals with the synthesis of 4-alkylpyrrolidin-2-ones (7a-d) and {8a-d) containing the (5)-
1-phenylethylamine moiety 9 as almost equimolar diastereomeric mixtures, which can be separated to give the
pure diastereomers. Moreover the configuration of the newly introduced stereogenic centre can be assigned on
the basis of 'H nmr data and NOE experiments. We envisioned that diastereomeric equimolar mixtures of
4(R,5)-alkyl-1-[(5)-phenyleth-1"-yl)]pyrrolidin-2-ones (7) and (8) could be obtained by intramolecular radical
cyclisation of either N-allyl-N-[{(S)-phenyleth-1-ylliodo- or phenylselenoamides.
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Scheme 1. Reagents and conditions. a. Dichioromethane, 12 h, room a,Ri=zR2=H

temperature. b, Ethyl acetate, Et3N, DMAP, chloroacetyl chloride,
0°C, 3 h.c. Acetone, Nal, room temperature, 12 h.  d. Bu3SnH, AIBN,
refluxing benzene, column chromatography.

b, Rl = Me, R2=H
¢, R1=R2=z Me
d, A1 = COOMe, R2=H
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First, by treatment with a number of allylic bromides, (S)-1-phenylethylamine was converted into the
comresponding secondary allylic amines (4a-d). 1 The subsequent acylation, performed with chioroacetyt
chloride, afforded the chloroacetamides (5a-d) which gave without isolation the iodoamides (6a-d) by reaction
with Nal in acetone at room temperature. Although the ir and mass spectra of 6a-d were consistent with the
assigned structure, 'H and 13C nmr spectra showed two sets of signals, correspending to the anti and svn
conformers, respectively, owing to the resiricted rotation around the amidic bond. 1! In fact, by recording the 1H
nor spectra at 80 *C, the separate sets of signals coalesce into a unique set. The rotameric anti:syn ratios
observed in 'H and 1*C nmr spectra were in good agreement with molecular mechanics calculations performed
by using the force field MMX. 2 The anti conformer was found to be less stable than the sy one, owing to a
high Van der Waals interaction between the phenyl group and the iodometyl group, and the energy differences
range from 0.53 to 1.67 Kcal mole! (Table 1).

Q@ s
25 T o

At the cyclisation temperature (353 K), the antj:gyn ratio increases, although the syn conformer always remains
the prevalent one. Table 1 reports the relative population ratios determined from 'H and BC nmr spectra, and
the calculated ratios at 298 K and 353 K, together with the calculated total steric energy differences and Van der

Waals energy differences berween the anti and gyn conformers of (6a-d).

Table 1. Experimentally observed and calculated anti:syn; ratios for jodoacetamides (6a-d).

Total steric Van der Waals
Observed Calculated Calculated . .
Product : : . anti-syn AE anti-syp AE
ratio (298 K) ratio (298 K) ratio (353 K) (Kcal mole-1) (Kcal mole-1)

(6a) 24:76 22:78 30:70 0.8 0.53
{6h) 20:80 14:86 17:83 1.11 0.70
(6¢) 12:88 14:86 18:82 1.08 0.77

(6d) 35:65 39:61 41:59 0.26 1.67
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The cyclisation, performed with Bu,;SnH-AIBN in refluxing benzene, 13 gave diastereomeric equimolar mixtures
of 4-substituted pyrrolidin-2-ones (7a-d) and (8a-d) in moderate to good yield, together with little amounts of
the acetamides which arise from the reductive cleavage of the C-I bond. As previously reported, 14 only the gy
conformer can cyclise to give the pyrrolidin-2-one, whereas the anti one leads to the corresponding acetamide,
via dehalogenation reaction, since the radical formation is much faster than the conformational interconversion
by rotation around the amidic bond. This is in agreement with the experimental results, since increasing yields
were observed with increasing syn-anti ratios.

Moreover, by treatment of the chloroacetamides (Sa) and (5¢) with phenylselenolate anion, 15 the corresponding
phenylselenamides (9a) and (9b) were prepared in good yield. It is noteworthy that by cyclisation of 9a,
performed with Bu;SnH-AIBN in refluxing benzene, the pyrrolidin-2-ones (7a) and (8a) were obtained in 75:25
diastereomeric ratio, although the reasons of the observed asymmetric induction are difficult to explain. On the
contrary, the cyclisation of 9b, performed under the same conditions, led to an equimolar mixture of 7¢ and 8¢,
in analogy with the cyclisation of 6¢c.

The diastereomeric mixtures were separated by column chromatography and the configuration of the stereogenic
center at C-4 was first assigned from the chemical shifts and the coupling constant (J) values of the protons at
C-5 (Ha and Hy,). First of all the more stable conformations of the pyrrolidin-2-ones (7) and (8) were determined
from molecular mechanics calculations performed by using the force field MM+  (Figure 1), 1¢ In the lowest
energy conformations the dihedral angle O-C(2)-N-C(1')-H ranges between 3° and -8* for 7a-d and between 27°

and 41° for 8a-d, respectively.

R1R2HC

H 8
Hy -

a. 0-C(2)-N-C(1)-H = 37 H-C(10-C(1")-C(2") = -46° a. 0-C(2)-N-C(1'-H = 28", H-C(1)-C(1")-C(2") = -14*
b. 0-C(2)-N-C(1")-H = 3*; H-C(1)-C(1")-C(2") = 46" b. 0-C(2)-N-C(1)-H = 27°; H-C(1)-C(1"-C(2") = -15°
¢. O-C(2)-N-C(1'}-H = 4°; H-C(1)-C(1")-C(2") = 46° €. 0-C(2)-N-C(1)-H = 29°; H-C(1)-C(1")}-C(2") = -14*
d. O-C(2)-N-C(1)-H = -8"; H-C(1)-C(1")-C(2") = -50° d. 0-C(2)-N-C(1')-H = 41°; H-C(1)-C(1")-C(2") = 4

Figure 1. Preferred conformations and selected dihedral angles for diastereomers (7a-d) and (8a-d).
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In addition the plane of the phenyl group wrns always towards Hy since H-C(1)-C(1")-C(2") ranges between
-50° and -4°, As a consequence, in diastercomers (7a-d), either H, and H, experience a single shielding effect,
due to the phenyl ring and the alkyl group, respectively. On the other hand, in diastereomers (8a-d), in which
both the phenyl group and the alkyl group lie on the same side of H,, H, experiences two shielding effects,
whereas H;, experiences no shielding effect (Table 2). Moreover, for the diastereomers (7a-d), the values ® of
J(H,,H,) and J(H,,H,) suggest a syn relationship between H, and H, and an antj relationship between Hy and H,.
On the contrary, the reverse trend of coupling constants is observed for diastereomers (8a-d), and the J(H,H;)
and J(H,,H,) values suggest an anti relationship beiween H, and H,, and a syn relatonship between H, and H,
respectively. Thus on the basis of the chemical shift values and the ] values the configuration at C-4 either in
7a-d and in 8a-d was assigned (Table 2),

In addition, the results of NOE experiments performed on the diastereomers (7a-d) and (8a-d) confirmed the
stereochemical assignment. In fact the irradiation of the protons o to C-4 in diastereomers (7a-d) produced an
enhancement of the signals of Hy and H,, so that these protons must lie gyn to the CHR'R? group. On the other
hand, when the protons o to C-4 in diastereomers (8a-d) were irradiated, both H, and H, signals were enhanced,
thus confirming a gyn relationship between these protons and the CHR!R? group. Following this approach, the

configuration at C-4 of either 7a-d and 8a-d was unequivocally assigned.

Table 2. 1H Nmr Data for 4-Alkylpyrrolidin-2-ones (7a-d) and (8a-d).

Product SH, SHp J(Hga,Hy) J(HpHy
(7a) 3.07 2.84 7.6 6.2
(7h) 3.14 2.96 7.8 6.6
(7¢) 3.01 3.01 -2 —a
(7d) 3.21 3.02 7.5 5.8
(8a) 2.54 3.41 5.9 7.3
(8b) 2.53 3.39 6.5 7.8
(8¢) 2.59 3.03 7.7 8.1
(8d) -b 3.52 -b 7.2

& H, and Hp are superimposed at 3.015, and cither J(H, Hy) and J(Hp.Hy) cannot be detcrmined
b Hj, and H; are superimposed at 2.54-2.748, and 8(H,) and J(Ha,Hx) cannot be determined
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The conversion of pyrrolidin-2-ones (7) and (8) into the corresponding enantiomerically pure pyrrolidines can be
performed by subsequent removal of both the carbonyl group 17 and benzylic group 18 following literature
methods, which proceed without racemisation at the stereogenic center, so that 7 and 8 allow a convenient

access to enantiomerically pure 3-alkylpyrrolidines (9) and (10) with biological activity. ¢

L I
o
o= J"
—
N
H

N
A7 %  aR1=R2=H
~Ph b, Rt =Me, R2= H
¢, R1=R2=Me

d, R1 =COOMe, R2=H

R1
R2 R2
—
N
H 10

EXPERIMENTAL

General Methods. Ir spectra were recorded on a Nicolet Fourier Transform Infrared 20-§X
spectrophotometer. 'H Nmr and *C nmr spectra were recorded at 200 MHz and 50 MHz, respectively, on a
Varian Gemini 200 spectrometer, using CDCl, as a solvent. Chemical shifts (8) are reported in ppm relative to
TMS and coupling constants (J) in Hz. The nmr tubes containing samples of 7a-d and 8a-d were degased with
the freeze-pump-thaw technique before running NOE experiments. Specific rotations were measured on a Perkin
Elmer 241 polarimeter. GC-ms analyses were performed with a cross linked methyl silicone column and were
recorded on a Carlo Erba QMD 1000 spectrometer. Flash chromatography was performed with silica gel 60
(230-400 mesh). The solvents were distilled under argon before use. (S)-1-Phenylethylamine was purchased by
Aldrich and distilled before use.
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Preparation of N-[(S)-1-phenylethyl]-N-allylamines (4a-d). General Procedure. A solution of allylic
bromide (30 mmol) and ($)-1-phenylethylamine (7.3 g; 60 mmol) in dichloromehane (75 ml) was stirred at room
temperature for 5 h and then washed with saturated aqueous NaHCO, solution (50 ml). The organic layer was
separated, dried over Na,SO, and concentrated. The residue was purified by flash chromatogaphy (70:30
cyclohexane:ethyl acetate), to afford the secondary allylic amines as colorless ails.
N-[(S)-1-Phenyleth-1-yi}-N-allylamine (4a). The title product was prepared in 75% yield as colorless oil
starting from allyl bromide and (S)-1-phenylethylamine; 'H nmr: 1.38 (d, 3H, J = 6.5), 1.55 (br s, 1H, NH]), 3.12
(4, 2H, ] = 6.1), 3.82 (q, 1H, J = 6.5 Hz), 5.02 - 5.21 (m, 2H), 5.81 - 6.01 (m, 1H), 7.32 (m, 5 ArH); *C nmr:
24.7, 50.7, 58.0, 116.2, 127.1, 127.4, 128.9, 137.4, 145.9; [a]p -63.0° (c 1, CHClz);, m/z 161 (M"), 146, 105,
91, 77. Anal. Caled for C, H;sN: C, 81.94; H, 9.38. Found: C, 81.90; H, 9.35.
N-[(S)-1-Phenyteth-1-y1]-N-[2(E)-buten-1-yl)]Jamine (4b). The title compound was prepared in 72% yield as
colorless oil starting from 1-bromo-2(E)-butene and (S5)-1-phenylethytamine; H nmr: 1.35 (d, 3H, J = 6.6), 1.54
(br s, 1H, NH), 1.67 (d, 3H, T = 4.0), 3.04 (m, 2H), 3.78 (q, 1H, J = 6.6), 5.55 (m, 2H), 7.30 (m, 5 ArH); 3C
nmr; 18.3, 24.7, 50.0, 58.0, 127.1, 127.7, 128.9, 130.0, 146.0; [al, -76.0° (c 1, CHCl,); m/z 175 (M*), 160,
106, 105, 91, 77. Anal. Caled for C,H;N: C, 82.23; H, 9.78. Found: C, 82.19; H, 9.74.
N-[{5)-1-Phenyleth-1-y1]-N-(3-methyl-2-buten-1-yl)amine (4c). The title compound was prepared in 76%
yield as colorless oil starting from 1-bromo-3-methyl-2-butene and ($)-1-phenylethylamine; 'H nmr: 1.36 (d, 3H,
J=6.6), 1.41 (br s, 1H, NH), 1.53 (s, 3H), 1.70 (s, 3H), 3.05 (d, 2H, J = 7.0), 3.79 (q. 1H, } = 6.6), 5.25 (1, 1H,
F=7.00,7.31 (m, 5 AtH); 3C nmr: 18.3, 24.8, 26.2, 45.7, 58.3, 123.5, 127.1, 127.4, 1289, 134.8, 146.0; [ct]p -
70.5" (¢ 1, CHCL,);, myz 189 (M*), 174, 146, 120, 106, 105, 91, 77; Anal. Calcd for C;HgN: C, 82.43; H,
10.12. Found: C, 82.43; H, 10.08.

N-[(5)-1-Phenyleth-1-y1)-N-[3-methoxycarbonyl-2(E)-propen-1-yllamine (4d). The title compound was
prepared in 70% yield as colorless oil starting from methyl 4-bromo-2(E)-butenoate and (S)-1-phenylethylamine;
IHnmr: 1.38 (d, 3H, ] = 6.6), 1.52 (brs, 1H, NH), 3.25 (dd, 2H, J = 5.5, = 1.8), 3.73 (5, 3H), 3.79 (g, I1H, ) =
6.6),5.97(dt, 1H,J = 15.7, 1= 1.8), 697 (dt, LH,J = 15.7, 1 = 5.5), 7.31 (m, 5 ArH}; C nmr: 24.8, 43.5, 52.0,
58.1, 121.4, 127.6, 128.8, 128.9, 145.5, 147.8, 167.4; [¢], -48.5° (¢ 1, CHCL); m/z 219 (M+), 204, 144, 114,
105, 91, 77. Anal. Calcd for C,3H;NO,: C, 71.21; H, 7.81. Found: C, 71.17; H, 7.76.

Preparation of iodoacetamides (6a-d). General Procedure, To a solution of the secondary allylic amine (30
mumol) in ethy! acetate (70 ml), containing triethylamine (3.4 g; 33 mmol) and N, N-dimethylaminopyridine (0.37
g; 3 mmol) at 0 °C, chloroacetyl chloride (3.7 g 33 mmol) in ethyl acetate (30 ml) was added and the mixture
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stirred at 0 *C for 1 h. The reaction mixture was poured into ethyl acetate (150 ml) and the organic phase was
washed with 2 M HCI (100 ml) and then with 10% aquecus Na,CO; (100 ml). After drying over Na,SO,, the
organic layer was removed in vacuo to give the crude chloroacetamides (5a-d) as an oil which was dissolved in
acetone (100 ml). To the solution, Nal (9.0 g; 60 mmol) was added and the mixture was stirred overnight. The
solvent was removed under reduced pressure, and the residue was dissolved in ethyl acetate (150 ml). The
organic phase was subsequently washed with 10% aqueous Na,$,0; (50 ml) and with brine. After drying over
Na;S0, and removal of the solvent, the residue was purified by flash chromatography (cyclohexane:ethyl acetate
70:30), to give the iodoacetamides (6a), (6b) and (6d) as yellow oils, whereas 6¢ was a yellow solid.

N-[(5)-1-Phenyleth-1-yl]-N-allyliodoacetamide (6a). The title compound was obtained in 91% yield as
colorless oil; ir (CHCl,): 1658 cm); 'H nmr: 1.50 (76%, d, 3H, J = 6.5), 1.69 (24%, d, 3H, J = 6.5), 3.35-391
(m, 2H}, 3.76 (s, 2H), 4.96 - 5.18 (m, 2H), 5.65 - 5.75 (m, 1H), 6.04 (q, 1H, ] = 6.5), 7.32 (m, 5 ArH); 13C nmr:
-1.6 (24%), -1.5 (76%}, 16.7 (76%), 18.9 (24%), 46.1 (24%), 47.4 (76%), 52.1 (16%), 57.6 (24%), 116.7
(24%), 117.0 (76%), 127.9, 128.0, 128.9, 134.3 (24%), 135.4 (76%), 140.7, 169.2; [a]p -121.1" (¢ 1, CHCL);

m/z 178 (M* - CH,I), 143, 127, 105, 91, 77. Anal. Calcd for C,yH,,;NOL: C, 47.43; H, 4.90. Found: C, 47.39;
H, 4.86.:

N-[(5)-1-Phenyleth-1-y1]-N-[2(E)-buten-1-yl)iodoacetamide (6b). The title compound was obtained in 87%
yield as colorless oil; ir (CHCL;): 1662 cm!; 'H nmr: 1.51 (80%, d, 3H, J = 6.5), 1.66 (d, 3H, J = 4.2), 1.69
(20%, d, 3H, J = 6.5}, 3.35 - 3.85 (m, 2H), 3.78 (ABq, 2H, ] = 6), 5.08 (20%, q, 1H, J = 6.5), 5.15 - 5.65 (m,
2H), 6.02 (80%, q, 1H, ] = 6.5), 7.33 (m, 5 AcH); 1*C nmr: -1.65 (20%), -1.15 (80%), 16.5(20%), 16.7 (80%),
18.0 (80%), 18.2 (20%), 45.6 (20%), 46.8 (80%), 52.0 (80%), 57.5 (20%), 127.0 (20%), 127.2 (80%), 127.9,
128.2, 128.4 (80%), 128.6 (20%), 128.9, 140.8, 169.1; [c]p -112.9* (¢ 1, CHCL,); m/z 202 (M* - CH,l), 157,
127, 105,91, 77 . Anal. Calcd for C, ,H ;,NOI: C, 48.99; H, 5.29. Found: C, 48.95; H, 5.27.
N-[(S)-1-Phenyleth-1-yI]-N-(3-methyl-2-buten-1-yl)iodoacetamide (6¢). The title compound was obtained in
85% yield; mp 78 "C (from ether); ir (CHCl,): 1655 cml; 'H nmr: 1.51 (88%, d, 3H, J = 6.5), 1.58 (s, 3H),
1.65 (s, 3H), 1.69 (12%, d, 3H, ] = 6.5), 3.41 - 3.85 (i, 2H), 3.75 (ABq, 2H, 1 = 7), 4.86 (88%, t, 1H,J =
6.1), 5.05 (12%, t, 1H, ] = 6.1), 5.10 (12%, q, tH, J = 6.5), 5.98 (88%, q, 1H, J = 6.5), 7.31 (m, 5 ArH); 13C
nmr: -2.2 (12%), -1.9 (88%), 16.6, 18.3 (88%), 18.4 (12%), 26.1, 41.0 (12%), 43.3 (88%), 51.9 (88%), 57.3
(12%), 121.7 (12%), 122.7 (88%), 127.9, 128.9, 129.2, 132.1 (12%), 135.6 (88%), 140.9, 168.9; [a], -112.2°
(c 1, CHCly); mfz 216 (M* - CH,lI}, 171, 127, 105, 91, 77. Anal. Calcd for C,;H,,NOIL: C, 50.43; H, 5.64.

Found: C, 50.39; H, 5.61.
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N-[(5)-1-Phenyleth-1-y1]-N-[3-methoxycarbonyl-2(E)-propen-1-yl]iodoacetamide (6d). The title compound
was obtained in 83% yield as colorless oil; ir (CHCL;): 1744, 1660 cm; 'H nmr: 1.49 (65%, d, 3H, J = 6.5),
1.68 (35%, d, 3H, ] = 6.5), 3.5 - 4.05 (m, 4H), 3.81 (35%, s, 3H), 3.86 (65%, s, 3H), 5.15 (35%, q, 1H, T =
6.5),5.75 (35%, d, 1H, ] = 15.6), 5.84 (65%. d, 1H, J = 15.6), 6.05 (65%, g, 1H, J = 6.5), 6.85 {m, 1H), 7.3 (m,
5 ArH); 13C nmr: -3.3 (65%), -1.9 (35%). 16.7 (65%), 18.8 (35%), 44.1 (35%), 45.8 (65%), 50.2 (35%), 52.2
(35%), 52.3 (65%), 57.5 (65%), 122.0 (35%), 122.4 (65%), 127.1, 128.0, 128.4, 139.8, 144.3 (35%), 144.9
(65%), 166.2, 169.3; [a], -79.1° (¢ 1, CHCL); m/z 218 (M* - COCH,I), 162, 127, 105, 91, 77. Anal. Calcd
for C sH ;NC,I: C, 46.53; H, 4.69. Found: C, 46.49; H, 4.66.

Cyclisation of iodoacetamides {(6a-d), General Procedure. To a refluxing solution of the iodoacetamide
(6a-d) (15 mmol) in benzene (350 ml), was added a solution of Bu,SnH (5.2 g; 18 mmol) and AIBN (2.9 g; 18
mmol) in benzene (35 ml) vig a syringe during 4 h, and the mixture was heated at reflux for an additional hour.
After removal of the solvent in vacuo, ether (50 ml) and saturated KF agueous solution (10 ml) were added to
the residue, and the mixture was stirred vigorously at room temperature for 1 h. The organic layer was
separated, dried over Na,50, and concentrated. The residue was chromatographed on silica gel
{cyclohexane:ethyl acetate 70:30), to give the pure diastereomers (7a-d) and (8a-d) as colorless oils.
(45,1'S)-4-Methyl-1-(phenyleth-1'-yl)pyrrolidin-2-one  (7a) and (4R,1'S)-4-methyl-1-(phenyleth-1'-
yhpyrrolidin-2-one (8a). An equimolar diastereomeric mixture of 7a and 8a was recovered in 54% yield as a
colorless oil; ir (CHCl,): 1668 cmt; (45,1'S)-Isomer (7a): R; = 0.32; 'H nmr: 1.06 (d, 3H, J = 6.7), 1.49 (d,
3H,7=7.2),2.04(dd, 1H,H,,J=7.3,T = 15.7), 229 (m, 1H, H)), 2.54 (dd, 1H, H,, T = 8.1, J=15.7), 2.84
(dd, 1H, H,, ] = 6.2,1=9.5), 3.07 (dd, 1H, H,, J = 7.6, J = 9.5), 547 (q, 1H, Y = 7.2), 7.32 (m, 5 ArH); 13C
nmr: 16.6, 20.0, 27.1, 40.3, 49.2, 50.1, 127.5, 127.9, 1289, 140.8, 174.4. [a], -106.3" (¢ 1, CHCl).
(4R,1'S)-Isomer (8a): R;=0.30; 'Hnmr: 0.94 (d, 3H, J=6.7), 1.49 (d, 3H, J = 7.2), 2.01 (dd, 1H, H,, ] = 6.7,
J=16.2), 2.33 (m, 2H, H,+H,), 2.54, (dd, 1H, H,, ] = 59,1 =9.4),3.41 (dd, 1H,H,, ] =7.3,1 = 9.4), 549 (g,
1H, J = 7.2), 7.33 (m, 5 ArH); 13C nmr: 16.6, 20.1, 26.8, 40.3, 49.2, 49.9, 127.5, 127.9, 128.9, 140.8, 174.4;
falp -132.2° (¢ 1, CHCLy). M/z 203 (M+), 189, 146, 105, 91, 77. Anal. Caled for C3H;NC: C, 76.81; H, 8.43.
Found: C, 76.77; H, 8.39.

(45,1'S)-4-Ethyl-1-(phenyleth-1'-yl)pyrrolidin-2-one  (7b} and  (4R,1'S)-4-ethyl-1.{phenyleth-1'-
y)pyrrolidin-2-one (8b). An equimolar diastercomeric mixture of 7b and 8b was recovered in 65% yield as a
colorless oil; ir (CHCL): 1671 cml; (45,1'S)-Isomer (7b): R; = 0.34; 'H nmr: 0.88 (1, 3H, J = 7.3), 1.50 (d,
3H,J =7.1), 2.12 (m, 3H), 2.54 (dd, 1H, H,, T = 11.1, T = 19.0), 2.96 (dd, 1H, H,, J = 6.6 ] = 9.6), 3.14 (dd,
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IH,H,,J=78,1=96), 548 (g, 1H, J = 7.1), 7.3 (m, 5 ArH); 13C nmr: 16.6, 27.9, 33.9, 38.3, 48.3, 49.2,
127.5, 127.6, 128.9, 140.8, 174.4; [a]p -75.4" (c 1, CHCL). (4R,1'S)-Isomer (8b): R; = 0.31; 'H nmr: 0.80 (t,
3H,1=17.3), 142, 3H,¥=7.1), 2.11 (m, 3H), 2.51 (dd, 1H, H,,J = 6.0,] = 19.0), 2.53 (dd, 1H, H,,J =465,
J=96),3.39(dd, 1H,H,, T =7.8,J =9.6), 549 (q, 1H, J = 7.1), 7.32 (m, 5 ArH); 13C nmr: 12.1, 16.5, 27.8,
33.8, 38.3, 48.1, 49.1, 127.5, 127.6, 128.8, 140.6, 174.4; [a]p -91.5° (c 1, CHCly). M/z 217 (M*), 202, 160,
105, 91, 77. Anal. Caled for C,yH(NO: C, 77.38; H, 8.81. Found: C, 77.33, H, 8.78.

(45,1'S)-4-(1'-Methyleth-1'-y1)-1-(phenyleth-1'-yl)pyrrolidin-2-one (7¢) and (4R,1'S)-4-(1'-methyleth-1'-
yl)-1-(phenyleth-1'-yl)pyrrolidin-2-one  (8c). An equimolar diastereomeric mixture of 7c¢ and 8¢ was
recovered in 8§1% yield as a colorless oil; ir (CHCL,): 1669 cm!; (45,1'S)-Isomer (7¢): R; = 0.36; 'H nmr: 0.84

(d, 3H,J = 6.6), 0.90 (d, 3H, ] = 6.6), 1.48 (m, 1H), 1.51 (d, 3H, J = 6.9), 1.80 - 2.22 (m, 2H), 2.50 (dd, 1H, ]
= 16.3, J = 8.5), 3.01 (m, 2H, H,+H,), 5.52 (q, 1H, J = 6.9), 7.32 (m, 5 ArH); *C nmr: 16.5, 20.5, 20.8, 33.0,

36.9, 394, 47.0, 49.2, 127.4, 127.8, 128.9, 140.8, 174.6.[a], -121.47 (c 1, CHCL). (4R,1'S)-Isomer 8c: R; =
0.34; 'H amr: 0.70 (d, 3H, J = 6.6), 0.83 (d, 3H, J = 6.6), 1,48 (m, 1H), 1.50 (d, 3H, J = 6.9), 1.80 - 2.24 (m,
2H),2.51 (dd, H,J = 16.3,1 =8.8),2.59(dd, 1H, H,,1 =7.7,7 =9.6), 3.03 (dd, tH,H,,J=8.1,1=9.6), 5.51
(g, 1H, I = 6.9), 7.32 (m, 5 ArH); B¥Cnmr: 16.6, 20.8, 20.9, 32.8, 36.9, 39.5, 46.8, 49.2, 127.7, 127.9, 128.8,
140.5, 174.6; [a]p -102.6° (c 1, CHCl). M/z 231 (M%), 216, 160, 140, 105, 91, 77. Anal. Calcd for
C,sH,;NO: C, 77.88; H, 9.15. Found: C, 77.84, H, 9.11.

Methyl (4R,1'S)-{1-(phenyleth-1'-yl}-2-oxopyrrolidin-4-yl]acetate (7d) and methyl (4S5,1'S)-[1-(phenyleth-
-1'-yl)-2-oxopyrrolidin-4-ylJacetate (8d). An equimolar diastereomeric mixture 7d and 8d was recovered in
48% yield as a colorless oil; ir (CHCL,): 1745, 1665 corl; (4R,1'S)-Isomer {7d): R, = 0.30; 'H nmr: 1.51 (d,
3H,J=17.2),2.0-2.35(m, 1H), 2.45 (m, 1H), 3.02 (dd, 1H, H,,] =5.8,1=9.8),3.21 (dd, IH, H,,J = 7.5,) =
9.8), 3.67 (s, 3H), 545 (g, 1H, ] = 7.2), 7.31 (m, 5 ArH); 13C nmr: 16.6. 28.6, 38.1, 38.9, 48.1, 484, 52.3,
127.5. 128.1, 129.1, 140.5, 172.5, 195.0; [a]p, -103.6" (¢ 1, CHCL,). (4S,1'S)-Isomer (8d): R, = (.28; 'H nmr:
1.51 (d, 3H, ] =7.2), 2.25 - 2.50 {m, 1H), 2.54 - 2.74 (m, 2H, H,+H,), 3.52 (dd, 1H, H,, ] = 7.2, ] = 9.5), 3.63
(s, 3H), 5.48 (g, 1H, J = 7.2), 7.32 (m, 5 ArH); 13C nmr: 17.2, 28.6, 38.2, 38.8, 48.0, 49.4, 52.3, 127.5, 128.0,
128.2, 140.5, 173.5, 195.1; [o]p -98.4° (c 1, CHCl,). M/z 261 (M*), 246, 190, 136, 105, 91, 77. Anal. Caled for
C;sH,oNO;: C, 68.94; H, 7.33. Found: C, 68.89; H, 7.29.

Preparation of Phenylselenoacetamides (9a-b). General Procedure. To a solution of the secondary allylic
amine (4a) or (4¢) (20 mmol) in ethyl acetate (50 ml), containing triethylamine (2.2 g; 21 mmol) and NN-
dimethylaminopyridine (0.12 g; 1 mmol) at 0 °C, chloroacetyl chloride (2.4 g; 21 mmol} in ethyl acetate (20 ml)
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was added and the mixture stirred at 0 °C for 1 k. The reaction mixture was poured into ethy) acetate (100 ml)
and the organic phase was washed with 2 M HCIl {100 ml) and then with 10% aqueous Na,CO,. After drying
over Na,80,, the organic layer was removed in vacuo to give the crude chlorcacetamide (Sa} or (5¢) as an oil.
Then, to a solution containing NaBH, (0.95 g; 25 mmol) in ExQH (50 ml) at 0°C, dipheny! disclenide (3.4 g; 11
mmol) was slowly added. The chloroacetarnides (6a) or (6¢) dissolved in EtOH (15 ml) was dropped into the
colotless solution at 0°C and the mixture was stirred for 1 b at 0°C. The solvent was removed under reduced
pressure, and ethyl acetate (100 ml) and H,O (30 ml) were added to the residue. The organic layer was separated
and the aqueous phase was further extracted twice with ethyl acetate (50 ml). After drying over Na;S0O4 and
removal of the solvent, the residue was chromatographed on silica gel (cyclohexane:ethyl acetate 70:30), to give
in good yield the phenylselenoacetamides (9a-b) as yellow oils.
N-[($)-1-Phenyleth-1-yI]-N-allylphenylselenoacetamide (9a). The title compound was obtained in 81% yield
as yellow oil; ir (CHCl;): 1654 cool; 'H nmr: 1.51 (82%, d, 3H, J = 6.5), 1.62 (18%, d, 3H, J = 6.5), 3.35 -
3.87 (m, 2H), 3.73 (s, 2H), 493 - 5.13 (m, 2H), 5.14 (18%, q, 1H, J = 6.5), 5.48 - 5.65 (82%, m, 1H), 5.63 -
5.88 (18%, m, 1H), 6.07 (82%, q, 1H, J = 6.5), 7.32 (m, 3 ArH), 7.62 (m, 2 ArH); 13C nmr: 17.1 (82%), 19.4
(18%), 29.4 (18%), 29.5 (82%), 46.1 (18%), 46.8 (82%), 51.9 (82%), 57.1 (18%), 116.6 (18%), 117.1 (82%),
128.1, 128.2, 1289, 129.6, 134.1 (18%), 135.5 (82%), 141.1, 170.8; [al]p -119.2° (¢ 1, CHCL); m/z 358
(M*), 278, 202, 157, 105, 91, 77. Anal. Caled for C,¢H,,NOSe: C, 63.68; H, 5.91. Found: C, 63.64; H, 5.88.
N-[(5)-1-Phenyleth-1-yl]-N-(3-methyl-2-buten-1-yl)phenylselenoacetamide (9b). The title compound was
obtained in 78% yield as yellow oil; ir (CHCL;): 1649 cmr!; 'H nmr: 1.38 (s, 3H), 1.48 (80%, d, 3H, J = 6.5),
1.57 (s, 3H), 1.60 (20%, d, 3H, J = 6.5), 3.32 - 3.75 (m, 2H), 3.63 (s, 2H), 4.81 (80%, t, 1H, J = 6.2), 4.95
(20%, t, 1H, J = 6.2), 5.04 (20%, q, 1H, J = 6.5), 5.96 (80%, q, 1H, J = 6.5), 7.23 (m, 3 ArH), 7.58 (m, 2 ArH);
3C nmr: 16.5, 17.2 (80%), 19.3 (20%), 25.2, 29.3 (20%), 29.6 (80%), 46.2 (20%), 46.7 (80%), 51.7 (80%),
58.9 (20%), 115.8 (20%), 117.3 (80%), 128.2, 128.4, 129.1, 129.6, 134.1 (20%), 135.7 (80%), 139.9, 170.6;
[alp -112.4" (¢ 1, CHClL); nyz 386 (M}, 306, 202, 157, 105, 91, 77. Anal. Calcd for C,;H,sNOSe: C, 65.28;
H, 6.52. Found: C, 65.22; H, 6.48.

Cyclisation of phenylselenoacetamides. General Procedure. To a refluxing solution of the
phenylselenoacetamide (10 mmol} in benzene (250 ml), was added a solution of Bu,SnH (3.2 g; 11 mmol) and
AIBN (1.8 g; 11 mmol) in benzene (20 ml) via a syringe during 3 h, and the mixture was heated at reflux for an
additional hour. The solvent was evaporated in vacuo and the residue was chromatographed on silica gel

{cyclohexane:ethyl acetate 70:30), to give the pure diastereomers as colorless oils.
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{4R,1'S)-4-Methyl-1-(phenyleth-1'-yl)pyrrolidin-2-one {7a) and (48,1'S)-4-methyl-1-(phenyleth-1'-
yDpyrrolidin-2-one (8a). Starting from the phenylselenoacetamide (9a), a diastereomeric mixture of 7a and 8a
in 70:30 ratio was obtained in 56% yield as colorless oil.

{4R,1'S)-4-(1'-Methyleth-1'-yI)-1-(phenyleth-1'-yI)pyrrolidin-2-one (7c) and (45,1'S)-4-(1'-methyleth-1'-
yD)-1-(phenyleth-1'-yDpyrrolidin-2-one (8c). Starting from the phenylselenoacetamide (9b), an equimolar

diastereomeric mixture of 7c¢ and 8¢ was obtained in 86% yield as colorless oil.
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