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Abstract - 8Bynthesis of b-alkylpyrrelizidin-3-ones 7 and

8 from pyrrolizidin~-3,5-dione 1 is described. Grignard
reaction of 1 gave 5-(3'-oxobutyllpyrrolidin-2-one 2. Reduc-
tion of 2 with sodium borohydride, followed by mesylat:on,
bromihation, and cyclization afforded a diastereomeric mix-
ture 7a and 8a, which were separated by chromatography.

The same procedure with 3, also obtained from 1 by a Grig-

nard reaction, afforded 7b and 8b.

Lukes-gorm‘s1 ditactam ] is a valuable compound in medicine and in chemistry.
Under the generic name rolziracetam, 1 has recently been reported to have
amnesia-reversal activity and was subject of a multicenter, phase 2 clinical
study in memory-impaired elderly patients, as well as in individuals with
primary degenerative dementia (P?D)z. We reported® a synthesis of cis-5-n-
propylpyrrolizidine (9), whose analogs are found among ant toxins?-%_ Recently,

we reported a conversion of 1 into trans-2,5-dialkylpyrrolidine®, also found

among natural ant toxins, and an improved synthesis of 1 and ring opening reac-
tion of 1 with Grignard reagents and other nucleophiles?., We now réport a simple
conversion of 1 1nto ¢is~5-alkylpyrrolizidin—-3-ones (7a.b) and trans-isomers
8a,b.

Reaction of 1 with methylmagnesium bromide and n-propyimagnesium chloride gave
ketolactams 2 and 3, respectively, in good yields”. Reduction of ketone 2 with

sadium borohydride on silica gel gave the alcohol 4a as a mixture of stereon-
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isomers. Because hydroxylactam 4a i8 solubkie :n water, supported borohydride
gave better resuit. Mesylation of the alcohol 44 and treatment nf the mesylate
Ba with lithium bromide in acetone gave the bromide 6a in 64% yield. The same

progedure with 3 yielded 6b. Reacti:ion of the brom:de 6a with sodium hydride 1n

isomer 8a, :n 37% and 35% yield, respectively. Althouygh the synthesis described
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Sa.b X=z=OMs
Ga,b X=Br
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here is nol sterenselective, the isaomers are ef{fectively separated by flash

chromatography affording ilhe cig~i1somer as the less polar material. Bromide b
when similarly treated with sodium hydride afforded ¢is~6-n-propylpyrrol:zidin-
3-one (7b) and frans-isomer 8b, in 34% and 32% yields, respectively, which were

identical with the samples prepared by the reported procedure®. The cis-isomer
7b, whose stereochemistry was confirmed by X-ray analysis® of the thisketal of
gis-bh-acetonylipyrrotizidin=-d-one, shows the nmr signals uf Ce- and Ce~protons at
3.55 and 3.88 ppm, respectively. On the other hand, the nmr signals of the
protons at Cs- and Ces-positions of trans-isomer 8b were observed at 3.55-4.1¢
ppm as a multiplet®. The nmr compartson of 7a and 8a ajlowed to assign to 74 the
cis- and to 8a the trans-configuration.

Ketones 2 and 3 obtained from dilactam 1 by Grignard reaction were used for syn-
thesis of 5-alkylpyrrolidin-2-ones and derived pyrrolidine ant alkalo:ids. It is

now shown that these ketolactams are also versatile intermediates for synthesis

of S-alkylpyrrolizidin-3-ones and derived pyrrolizidine ant alkaloids®‘®.
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EXPERIMENTAL

Ir specira were determined by using a Beckman 4230 instrument in chioroform
solution. *H-Nmr spectra were determined 1n deuterochleroform by using a Varian
HR-220 spectrometer or a Jeol FX-100 spectrometer. Ms were obtained with a v. G.
Micramass 7070F spectrometer with a Perkin-Elmer Sirgma 3 gas chromatngraph eq-
gquipped with 2% OV-1 column, or a Hitachi-Perkin-Elmer RMU-6E specirometer (70
eV)., Chemical 10ni1zation (CI) Ms were nbhtained by using a Finnigan 1015D
gpectrameter. Silica gel (230-400 mesh) for flash chromatography was from EM
lL.aboratories.

b-(3'-Hydroxy-n-butyl)pyrrolidin-2-one (4a). A mixture of the ketone 2 (155 mg,
1.0 mmol}, NaBHs on silica gel (Aldrich, 8%, 160 mg) in CH2Cla (2.0 ml) was
stirred at 25°C for 10 min. The mixture was diluted with 5% MeOH in CHaCla, fil-
tered through a silica gel column to give d4a (10! mg., 64%) as an nil: Ir 3440
and 1695 em™?; amr 7.25 (1H, br s, NH), 3.77 and 3.64 (each 1H, each br s), 2.72
(1H, br s), 2.39- 2.05 (4H, m>, 1,81-1.36 (6H, m), and 1.16 (3H, d, J = 6 Hz, C-
Me); CT-Ms (NHa, m/z) 158 (M™+1) and 174 (M +17).

-n-hex rreolidin-2-on b). The Ketone 3 (1.50 g, 8.2 mmol?} was

ireated with NaBHs on si1lica gel (Aldrich, 8%, 1.60 g) in CHz2Ciz (0O ml) as

'
abnve to give 4b (1.32 g, 97%) as an oil: Ir 3440 and 1680 cm™'; nmr 7.25 (lH,
br s, NH)Y, 3.80~3.32 (2H. my, 2.95-2.65 (1H, m), 2.45-1.10 {(12H, m), and 0.87
(34, br t, J = 6 Hz, C-Me): ms {(m/z) 185 (M™).
5-(3'-Bromo-n-butyl)pyrrolidin-2-one {(Ba). MsCl (573 mg, 5.0 mmo!l) was added to
a stirred soilution of the aicohol 4a (985 mg. 5.0 mmel) and EtsN (505 mg, 5.0
mmel) in CHaClz (30 ml) at 0°C. The mixture was stirred at 0°C for ! h, washed
with brine, dried (Mg50,), and evaporated to give $5a as an oil: Nmr 8.00 (1H, br
s, NH), 4.95-4.6%5 (I1H, m), 3.95-3.70 (1H, m>, 3.00 (3H, s, Ms), 2.70-1.50 (8H,
m), and .42 (3H, d, J = 6 Hz, C-Me}, which was used in the next step without
further purification. A mixture of the mesylate 5a, LiBr (1.00 g, 11.5% mmol),
and acetone (50 ml) was stirred at 26°C for 16h. The mixture was diluted with
CHz2Cls:, washed with brine, dried (MgS0.), and evaporated to give 6a (7056 mg,
64%) as an oil: Ir 3440 and 1680 c¢m™*; nmr 7.65 (1H, br s, NH), 4.30-3.80 and
3.80-3.35 (each 1H, each m), 2.45-1.40 (8H, m), and 1.76 (3H, d, J = &6 Hz, C-
Me); ms (m/z) 219 and 221 (M™).

6-(3'~-Bromo-n~hexyl)pyrrolidin-2-one (6b). The alcohol 4b (1.85% g, 10 mmol} was

treated with MsCl (1.14 g, 10 mmol) and EtaN (1.0t g, 10 mmol) in CH.Clz ( 8O
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ml) as abeve to give 5-(3'-mesyloxy~n-hexylipyrrolidin-2-one (5b): Nmr 7.65 (1#,

br s, NH), 4.90-4.35 (1H, m>, 3.85-3.35 (1H, m), 3.00 (3H, s, Ms), 2.70-1.10
{12H, m), and 0,92 (3H, br t, J = 6 Hz, C-Me), Reaction of the mesylate Sb and
LiBr (3.0 g, 34.5 mmol) in acetone (50 ml) carried out as above yvielded 6b (1.56
E, 63%): Ir 3440 and 1690 cm™*; nmr 7.30 (1H, br s, NH), 4.15-3.30 (2H, m),

2.65-1.10 (12H, m), and 0.89 (3H, br t, J = 6 Hz, C-Me); ms (m/g)> 247 and

249(M7) .

cis-5-Met izi idi . A

mixture of the bromide 6a (220 mg, 1.0 mmol) and NaH (60% dispersion in mineral
oil, 48 mg, 1.0 mmol) in THF (2.0 ml) was stirred at 25°C for 15 h. The mixture
was diluted with CHzCl., washed with brine, dried (MgS0,), and evaporated to
give an oil, which was chromatographed on silica gel with CH.Cl./MeOH= 95/5 as
the eluent yielding Ta (53 mg, 37%) as an cil: Ir 1680 cm™; nmr 3.95 (1H, m,
Ce-H), 3.55 (1H, m, Cs~H), 3.10-1,00 (8H, m}, and 1.05 (3H, d, J = 6 Hz, C-Me);
ms (mfz) 139 (M*), and oily 8a as the more polar compound (49 mg, 35%): Ir 1680
em *; amr 4.16-3,55 (2H, m, Cg- and Cs-H), 3.00-1.00 (8H, m), and 1.05 ¢(4H, d, J
= 6 Hz, C-Me); ms (m/z) 139 (M™).

¢is-5-n-Propylpyrrolizidin-3-one (7b) and trans-5-n-Propylpyrrolizidin-3-one

{8by. A mixture of the bromide €6b (1.00 g, 4.0 mmol}, NaH (50% dispersion in
mineral oil, 192 mg, 4.0 mmol) in THF (30 ml) was stirred al 25°C for 15 h.

Work-up as mentioned above yielded 7b (228 mg, 34%) and 8b as the more polar
compound (216 mg, 32%), which were both identical with authentic samples® by

TLC, ir, and nmr comparisan.
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