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Abstract - Synthesis of 5 - a l k y l p y r r o i i z ~ d i n - 3 - o n e s  2 and 

8 trom pyrrolizidin-3.5-dione 1 is descr~bed. Grignard - 

reaction of 1 gave 5-(3'-oxobutyl)pyrroiidin-2-0ne 2. Reduc 

tion of 2 with sodium borohydrlde, followed by mesylation, 

bromination, and cyciizatton afforded a d~astereomeric mix- 

ture 7a and &, which we,-e separated by chromatography. 

The same procedure with 3, also obtained frnm 1 by a G r ~ g -  

nard reaction, afforded 7b and 8b. 

Lukes-germ's' dklactam L is a valuable compound in medicine and in chemlstry. 

Under the  generic name rolziracetam. 1 has recently been rcpurted to h a v e  

amnesia-reversal actlvity and was subject of a multicenter, phase 2 clinical 

study in memory-impaired elderly patients, as well as in individuals with 

primary degenerative dementia (PDD12. We reported3 a synthesis of rJ-s-5-n_- 

propylpyrrolizid~ne (91, whose analogs are found among ant toxins4.'. Recently, 

we reported a conversion of 1 into trans-2,s-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 nucleophiles7. We now r'eport a simple 

conversion of I ~ n t o  _ci~-5-alkylpyrroliz1d1n-3-ones (m) and j~ans-isomers 
&&&. 

Reaction of 1 with methylmagnesium bromide and a-propylmagnesium chloride gave 

ketolactams 2 and 9, respectively, in good yields7. Reduction of ketone 2 with 

sodium borahydride on silica gel gave the alcohol 4a as a mixture of stere'o- 



isomers. Because hydroxylactam & is s o l v b l e  i n  water, supported borohydride 

gave bettcr result. Mesylntion of the alcohol .@ and treatment nf the mesylate 

with lithium bromide in acetone gave the bromide &a in 64% yield. The same 

procedure with 3 yielded a. HPactlon of the b r o m ~ d e  &a with sodium hydride in 

tetrahydrofuran gave a mixture of cis-5-methylDYrrolizidin-3-one I = )  and !r.on~- 

isomer a. I!? 37% and 35% yieid, respectiveiy. Although the synthesis descr~bed 

SCHEME 

here is not stereosclectivr, the i snmrrs  are effectively separated by flash 

~hromatogl~aphy affording the c_i_s-lsilmer as the 1 ess polar meterlal. Bromide & 

when SlmilarlY treated wlth sodium hydrtde afforded c ~ - 5 - n _ - p r u p y l p y r r o l i z i d 1 n -  

3-one (a) and irg"-ns-isnmer. Bh, in 34% and 32% yields, respectively, whirh were 

identical with the samples prepared by the reported procedure". The ~1s-isomer 

7b, whose stereochemistry was confirmed by X-ray analysisa of the thiokctsl ( u f  - 
ci.s-5-acet~nylpyrr01iz~din-3-0ne~ shows the nmr signals uf C.- and C s - p r o t o n s  a t  

3.55 and 3.88 ppm, respectively. On the other hand. the nmr signals of the 

protons at Cs- and C,-positions of t m ~ E - t s o m e r  Bh wcrc observed at 3.55-1.10 

ppm as a multiplet3. The nmr comparison of 78 and allowed to assign to the 

cis- and to BB the I==-conf~guration. 

Ketones 2 and 3 obtained from diiactam 1 by Grignard reaction were used for syn- 

thesis of 5-alkylpyrrolid~n-2-on- and derived pyrroiidine ant aikalo~ds. I t  is 

now shown that these ketnlnctams are also versatile intermediates for synthesis 

o f  5-alkylpyrroii~idin-3-ones and derived pyrrolizidine ant  alkaloid^"^ 

- 2476 - 
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EXPERIMENTAL 

lr spectra were determined by "sine a Heckman 4230 instrument in chloroform 

sol~tion. 'ti-Nmr spectra vere determined in deuterochioroform by using a Varian 

HR-220 spectrometer or a Jeol FX-100 spectrometer. Ms v e r e  obtained w ~ t h  a V. G. 

Micromass 7070F spectrometer with a Perkin-Elmer Slama 3 eas chrnmatngraph eq- 

quipped with 2% OV-l column, or a Hitachi-Perkin-Elmer HMU-GE spectrometer (70 

oV). Chcm~ce.1 lon~zatzon 1CIl Ms were obtained by using a Pinnienn 1015D 

spectrometer. Sillca gel (230-400 mesh1 for flash chromatography was from EM 

1,nboratnr'ies. 

5 - ( 3 ~ - H ~ d r 0 x ~ - n - b u t ~ I ) ~ ~ r r o I i d i n - 2 - 0 n e  ( 4 a ) .  A mlxturo of the ketone 2 (155 rng, 

1.0 mmol), NaBIi, on silica gel (Aidrich, 8%. 160 me) in CH2Cl. (2.0 mi) was 

stirred at 25'C for' 10 min. T!le m ~ x t u r e  was dillltcd with 5% McOH in Cll~Ci.. f i i -  

tercd through a siilca gel column to give 4a (101 mR. 64%) as an oil: ir 3440 

and 1695 c m - ' ;  nmr 7.25 (It{, br s ,  NH), 3.77 and 3.64 (each IH, each br s ) ,  2.72 

(IH, br s ) ,  2.39- 2.05 (4H, m ) ,  1.81-1.36 (6H, ml, and 1.16 (3H, d, J = 6 Hz, C- 

Me); CI-Ms (NH:,, ml-7) 158 lM*+l) and 174 (ge+17). 

5-(3'-H~dr0x~-n-he~ylLPyrroIidin-2-one (4b). The ketone 3 (1.50 g. 8.2 mrnul) was 

treated wlth NaHti. o n  srllcn gcl (Aidrich, 8%. 1.60 el in CHICIZ (50 ml) as - 
above to give 4e (1.32 g. 97%) as an oil: Ir 3440 and 1680 em-'; nmr 7.25 (lli, 

br s, NH), 5.80-3.32 (ZM, m), 2.95-2.66 (IH, m ) ,  2.45-1.10 (12H, ml, and 0.87 

5-(3'-Bromo-n-but~l)~~rroIidin-2-0ne ( 6 a ) .  MaCl (573 me, 5.0 mmol) was added to 

a stirred sulution of t h e  aicnhol (985 mg, 5.0 mmol) and E1.N (505 mg. 5.0 

mmol) ~n CH.CI. ( 3 0  mll at O'C. The mixture was stirred nt 0.C fnr I h, washed 

With brine, dried (MgSO,), and evaporated to Klve 58 as an oil: Nmr 8.00 (IH, br 

s ,  NH), 4.95-4.65 (IH, m), 3.95-3.70 (IH, m ) .  3.00 3 s ,  Ms), 2.70-1.50 (RH, 

ml, and 1.42 (3H. d. 1 = 6 Hz, C-Me), which was used in the next step without 

further purification. A mixture of the mesylate a. LiBr (1.00 g. 11.5 mmnl). 
and acetone (50 ml) was stirred at 26'C for 15h. The mixture was diluted with 

CH.Ciz, washed with brtne, dried (MbSO*), and evaporated t o  Rive 6e (705 me, 

64%) as an oil: Ir 3440 and 1680 cm-*; nmr 7.65 (1H. br s .  NH), 4.30-3.80 and 

3.80-3.35 (each 111, each m). 2.45-1.40 (8H, m), and 1.76 (311. d. J = 6 Hz. C- 

r0mo-n-hex~I)~~rro1idin-2-0ne (6b). The alcohol 4b (1.86 R, 10 mmnl) was 

treated with MsCi (1.14 g. 10 mmol) and Et.N (1.01 g. 10 mmnll in CH2Cl. ( 50 



ml) as above to give 5-(3'-mesyloxy-_n-hexyl)pyrrolidin-2-one (a): Nmr 7.65 (1H. 

br s ,  NH), 4.90-4.35 (IH, m), 3.85-3.35 (IH, m), 3.00 (3H, s ,  Ms), 2.70-1.10 

(12H, m ) ,  and 0.92 (3H, br t. I = 6 Hz. C-Me). Reaction of the mesylate and 

LiBr (3.0 8. 34.5 mmol) in acetone (50 ml) carried out as above yielded & (1.56 

g, 53%): I r  3440 and 1690 cm-'; nmr 7.30 (lH, br s ,  NH), 4.15-3.30 (2H, m ) ,  

2.55-1.10 (12H, m), and 0.89 (3H, br t, = 6 Hz, C-Me): ms (mi') 247 and 

24!l(M-). 

~ i s - 5 - H e t h ~ 1 ~ v r r 0 l i ~ i d 1 ~ - 3 - 0 n e  (7a)  and trans-5-MethYl~~rrolizidin-3-one (88). A 

mixture of the bromide 6e (220 mg, 1.0 mrnal) and NaH (50% dlspersion in rnlneral 

oil. 48 mg, 1.0 mmol) in THF (2.0 mi) was fitirred at 25'C for 15 h. Thc mixture 

Was diluted with CHZCI.. washed with brine, dried (MgSO,), and evaporated to 

give an oil, which was chromatabraphed on silica gel with CH.CIz/WcOH= 95/5 as 

the eluent ylelding (53 mg. 37%) as an oil: Ir 1680 c m - ' :  n m r  3.95 11H. m .  

C,-H), 3.55 (IH, m, C.-ti), 3.10-1.00 (RH, m), and 1.05 1311, d. J = 6 Hz.  C-Me); 

ms (&) 139 M and oily 8a as the more Polar compound (49 mg, 35%): I r  1580 

cm-'; nmr 4.16-3.55 (2H. m, C.- and CS-HI, 3.00-1.00 (8H, m ) ,  and 1.05 1311, d ,  J 

= 5 Hz, C-Me); ms (h) 139 ( M - 1 .  

cis-5-n-Pr0~~1~~rro1izidin-3-0ne (7b) aud trans-5-n-Pro~vl~vrrolizidin-3-one 

. A mixture of the bromide & (1.00 g. 4.0 mmol), NaH (50% dlspersion in 

mineral oil, 192 mg, 4.0 mmol) in THF (30 ml) was stirred a t  25'C for 15 h. 

Work-up as mentioned above yielded 7b (228 mg, 34%) and 8b as the more polar 

compound (215 mg, 32%). which were both identical with authentic samples" by 

TLC, ir, and nmr comparison. 
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