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w* 
Cyclobutanones were smoothly transformed into y-lactams 

by amura reagent. The stereoelectronic effects on the modified 
Beckmann rearrangement were discussed. The exteneion to the synthesis 
of substituted octahydrocyclopenta[b]pyrroles was described. 

The synthesis of pyrrolidine derivatives can usually be achieved by various kinds of 

cyclisation reactions. reaction2,3 of cyclo~uta~~~~iv~ lil;leth:ftention was paid to the nitrogen insertion 

corresponding pyrrolidones. To illustrate, 

Tannrra reagent, Wmesitylenesulfonylhydroxylamine (MSH)3 was recently used to effect a regio- and 

stereo-selective ring expansion of an unsmtrical cyclobutanone (eq. 1).4 On the other hand, dif- 
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ferent regioselectivity was obtained when hydroxylasine was employed. ‘We recently need significant 

quantities of substituted octahydrocyclopenta[b]pyrroles J,, 2 and 2 for various purposes. Since 
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cyclobutanones can very smoothly undergo ring expansion to give y-lactame, (eq. 1)4 and the 

corresponding four-membered ring systems J6 and,4’ or their derivatives can easily be synthesized, 

we felt that 2 and z might be readily obtained by uslog Tamura reagent. 3.8 We uov wish to report a 

convenient synthesis of & and 2, and the stereoalectrouic effecta on the nitrogen insertion 

reaction in cyclobutauoue by means of Tamura reagent. 

Treatment of & with ltSE at room temperature followed by basic alumina, afforded a mixture of 

LJ and 2 in a ratio of 2 to 1, respectively. Similarly. ,& was trausformed into ,Q and ,# (2:l). 

These results were in contra6t to a previous report 4,s which suggested a regiospecific rearranga- 

ment under these conditions. In a similar manner, j$ afforded & and & (3:1), and & yielded ,@ 
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and a (3:l). Consequently, the nature of the substituent and the stereochemistry (exo or endo) of _- 

the substituent at positions 2 and 3 in bicyclo[3.2.0]heptanones $, and 4 hardly affect the 

regioselectivity of the Beckmann rearrangement promoted by Tamura reagent. However, the 

selectivity improved vhen the reaction was operated at lower temperature. Thus, at -lO*C a mixture 

of ,j.J and Q, in a ratio of 5 to 1 was obtained from a. It is interesting to note that both 

methanesulfonyl and tetrahydropyranyl groups are unstable under the reaction conditions. Thus both 

& and ,$$ afforded the same mixture of & and a. Presumably, the hydrolysis may proceed before 

rearrangement. 

Although 2 and ;Z were conveniently synthesised as described above, there is a drawback in 

these preparations. In all of these reactions, separations from their respective isomers were 

necessary. It la generally believed that the leaving group in 0x1~ derivatives should be anti to 

the migratory group. 
2d 

Therefore, ve felt that substituent vith an electronegative group at C-7 

poaition in ,_$ might affect the stereochemistry of the oxime which. in turn, might lead to some 

degree of regioselectivity.10 We have tasted this ides by reacting of ,& with Tamura reagent. 

Interestingly, only one isomer 8$was obtained in 68X yield. This observation clearly demonstrates 

the electronic effect on the migratory aptitude in the modified Beckmann rearrangement. 

can readily be aynthesiead7 

Since k 

such reactions would provide a convenient route for the synthesis of 

cyclopenta[b]pyrrole skeleton. The removal of the two chlorine atoms should be straightforvard. 

Thus, treatment of g with zinc in glacial acetic acid afforded E in 89% yield. Addition of 

bromine to R yielded a single isomer 2a. On treatmant with N-bromosuccinimide in mathanol, 8b was 

smoothly transformed into B. The szreochemistry of these tvo products is identical to?hose 

obtained from the reactions of ,& and & whose stereochemistry vas previously assigned. ’ The 

lactams. ,&, & and & were reduced with Bg3.TPIP to give B, #, and 9~, respectively. 

In summary, ve have depicted that cyclobutanonea could readily be transformed into Y-lactam by 

Tamura reagent. The migratory aptitude strongly depends on the nature of the a<-substituent(s) to 

the ketone function. By carefully choosing the appropriate substrate(s). substituted octahydro- 

cyclopenta[b]pyrroles were conveniently prepared. 
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Melting points (mp) and boiling points (bp) are uncorrected. ‘E-nuclear magnetic resonance (mu) 

spectra were measured using a JEOL 60-HL spectrometer (60 MHz). 
13 

C- spectra were meaeured on a 

JEOL FX-9OQ spectrometer (22.5 MHz). Chemical shift6 are reported in parta per million (ppm) 

downfield with respect to internal tetramathyleilane standard. Infrared (ir) spectra were 

determined on a Perkin-Elmer 283 spectrometer, and only peaks of significant maxima are reported. 

Mass spectra (ms) were obtained on a VG 707OP high resolution mass spectrometer. Elementary 

analyses were performed by Australian Microanalytical Service, Melbourne. Australia. Reagents and 

solvents were purified by standard procedures. &a 3a6, 3bf 4a7, 4b’. 6a9 and 6b9 were prepared 
22 22 22 2% 22 22 

according to literature procedures. 

4-Hydroxy-2-oxo-octahydrocyclopenta[b]pyrrole la and 4-hydroxy-l-oxo-octahydrocyclopenta[c]- 

pyrrole _5art . To a atirred solution of 23 (2.0 i: 15.9 mmol) in dichloromethane (20 mL) was added 

a solution of MSH (3.5 g, 16.3 ml) in dichlorolethane (20 mL) at -1O’C. The reaction mixture was 

allowed to stand for 0.5 h. The solvent was removed in vacua at room temperature to yield the 

crystalline oxime mesityleneaulfonate, which was then dissolved in benzene-methanol (3:1, 20 mL) 

and added dropwise to a stirred suspension of basic alumina (Merck, activity I; 100 g) in methanol 

(100 IOL). The mixture was stirred for 4 h and filtered. The basic alumina was washed with 

anhydrous methanol (2x150 mL). The combined methanolic solution was concentrated in vacua and the 

residue was chromatographed on silica gel. Eydroxy-lactams ,11 and 2: were eluted by acetone- 

chloroform (2:l). The eluate was concentrated in vacua. which on standing gave a white solid 

(1.9 g. 84%). Analyeis by l3 C-nmr shoved the ratio of eX to ,5a5a was approximately 3:l. The desired 

isomer ,ll was isolated a8 white needle by successive recrystallization from ethyl acetate and 

then from methanol: mp 164-168°C; nmr 6(CD30D): 7.7-7.3 (1 ii, bs. NH), 4.2-3.8 (3 A. m. A4, H6a and 

OH), 3.5-2.4 (2 H. m. H3), 2.4-2.0 (1 A. IP. H3a) and 1.8-1.4 (4 8. m, R5 and H6); 13C-nmr 6(CD30D): 

180.8 (C-2). 73.7 (C-4), 59.8 (C-6a), 42.3 (C-3a). 33.9 (C-3). 31.2 (C-5) and 30.9 (C-6); ir (KBr, 
-1 

disc): 3500-3150 and 1683 cm ; ms (m/e): 141.0769 (calcd. for C7E11N02 141.0790). Anal. Calcd for 

C7H11N02: C. 59.56; Ii. 7.85; N, 9.92 Found C. 59.78; H. 7.48; N, 9.63. 

For the minor isomer. :S nmr 6 (CD_,OD) : 7.7-7.3 (1 ii, bs, NH), 4.2-3.8 (2 H. m. H4 and OB). 

3.5-2.4 (3 8. m. Ii3 and H6a), 2.4-2.0 (1 H. m, B3,) and 1.8-1.4 (4 8, m, H5 and H6); 13C-nmr 

S(CD,OD) : 183.0 (C-l), 75.0 (C-4). 46.5 (C-6a). 42.7 (C-3a). 41.6 (C-3). 32.2 (C-5) and 26.9 

(C-6). 

4-Acetoxy-2-oxo-octahydrocyclopenta[b]pyrrole lb and 4-acetoxy-l-oxo-octahydrocyclopenta[c]-pyrrole 
2% 

5b. 
22 

To a etirred solution of 2-acetoxybicyclo[3.2.O]heptan-6-one 3b (3.0 g. 17.9 msol) in 

dichloromethane (4.5 mL) va.g added a solution of MSE (7.0 g, 32.6 ml)% dichloromethane (2.5 mL) 

at -lO°C and the reaction mixture was allowed to etand for 10 min. The solvent vaa removed in - 

vacua to yield crystalline oxime sulfonate. which wa8 suspended in benzene (2 mL) and was added 

into a stirred slurry of basic alumina (100 g) in methanol (150 mL) at -1O’C. The rFrture was 

stirred for 4 h and filtered. The basic alumina was washed with methanol (2x150 mt) and the 

combined lsethanolic solution was concentrated in vacua. The residue was dissolved in chloroform 

(30 mL) and the insoluble material was removed by filtration. After evaporation of the solvent, 

the crude lactam-acetates 2 and 21 (3.0 g. 92%) were distilled with moderate decomposition to 

yield a colorless liquid, which on refrfgeration gave a white solid (bp 136’C/O.O2 nn). 13C-nmr 

spectrum indicated the ratio of lb to Z55 vae approximately 5:l. 

were unsuccessful; nmr S(CDCy:7?-6.9 (1 Ii, 

Attempts to seperate lb from 5b 
2% 

be. NH). 5.2-4.8 (1 H. P. H4), 4.2-3.9 (1 R:m. E6a), 

3.3-2.8 (1 B. m. H3a), 2.4-2.1 (2 8. m, A3), 2.0 (3 Il. B. CH3) and 2.1-1.7 (4 8. P. H5 and H6); 

ir(NaC1): 3400-3200, 1742. 1699 cm-‘; ma (m/e): 183.0879 (Calcd. for C9E13N02 183.0895); 
13 

C-nmr: 

for _ll 6 (CDC13): 178.1 (C-2). 170.3 (ester carbonyl). 75.4 (C-4). 57.8 (C-6a). 39.3 (C-3a). 30.5 

(C-3). 30.1 (C-5). 28.7 (C-6) and 20.9 (CH,); 13C-nmr for ,55 6 (CDC13): 180.4 (C-l), 170.4 (ester 
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carbonyl), 76.7 (C-4). 45.0 (C-6a), 40.8 (C-3), 39.7 (C-3a). 30.5 (C-5). 25.6 (C-6) and 21.0 (CR,). 

2-Tetrahydropyranyloxybicyclo[3.2.O]heptan-6-one 2:. 2-Eydroxybicyclo[3.2.O]heptaa-6-one & (1.0 

g, 7.9 nwl) in chloroform (2 mL) was mixed vlth dihydropyran (0.7 g, 8.3 ~~01. freshly distilled 

from KOE pellets), followed by the addition of 3 drops of concentrated hydrochloric acid. The 

mixture was stirred overnight under nitrogen. Powdered anbydrous sodium carbonate (1 g) was added 

to neutralize the solution. The solid was filtered and washed with chloroform (2x50 mL). The 

organic solveat was removed in vacua. Pure 23 was obtained as a diastereoisomeric mixture by 

distillation (1.3 g, 78%): bp 74'C/O.O2 elm; nmr 6 (CUC13): 4.6 (1 R, m, HZ), 4.4 (1 8, m, If,). 3.8 

(1 A, II. H5), 3.6 (2 8, m, H6), 3.0 (3 il. m. H1 and ii,) and 2.0-1.4 (10 Ii. m, E3, ii4, H3,, H4, and 

11,,); 13C-nmr 6 (CDC13): 213.0. 212.5, 98.8, 97.5 79.0. 78.0, 62.9, 62.6, 62.6, 62.4, 46.5, 45.7, 

31.6. 31.5, 30.9, 30.9, 29.5, 28.7, 25.5, 25.5, 24.5, 24.2, 19.7 aad 19.5; ir (NaCl) 1786 cm-'. 

2-Methanesulfonyloxybicyclo[3.2.O]heptan-6-oae 2 . To a solution of pyridiae (1.02 g, 12.9 mol) 

in ether (2 mL) vas added dropwise a solution of methaaesulfoayl chloride (1.48 g, 12.9 ml). The 

mixture was stirred at O'C for 15 min. 2-Rydroxybicyclo[3.2.O]heptand-one & (0.3 g, 2.4 -01) 

was added dropwise and the mfxture was stirred overnight. The solution was Poured into dilute 

hydrochloric acid (10 mL. 10%) and was extracted with dichloromethane (2x100 mb). The combined 

organic solution was washed vith dilute hydrochloric acid solution (3x20 mL), dilute potassium 

hydroxide solution (3x20 mL). aad dried over megaesium sulfate, filtered and evaporated in vacua to 

give ,33 (0.4 g, 82%). Pure ,3cc was obtained by distillation with slight decomposition or by 

chromatography on silica gel (70-230 mesh) using beneeae as elueat: bp 70°C/0.2 nrm; nmr 6 (CUC13): 

5.2 (1 H, m. a,). 3.5 (1 H, m. B5), 3.20 (3 E, s, CH3). 3.15 (2 8, m, R7). 2.8 (1 H. m, El) and 

2.5-1.6 (4 B. m, J and E4); 13C-nmr 6 (CUC13): 210.1 (C-6). 82.3 (C-2). 62.8 (C-5). 46.6 (C-7). 

38.2 0X3), 31.0 (C-l). 29.4 (C-3) and 23.9 (C-4); ir(NaC1): 1785, 1359 and 1180 cm 
-1 

ms (m/e): 

204.0449 (Calcd. for C8H12S04 204.0456). 

Reaction of ;2',- with MSH. The procedure uss essentially the same as described previously for 

3a. 2-Kethaaesulfoayloxybicyclo[3.2.O]heptaa-6-oae 2: (0.5 g, 2.5 maol) in dlchloromethaae (2 mL) 

%s added into a dichloromethane solution (5 mL) of MSE (0.6 g, 2.8 ml) at -10%. The mixture 

was stirred for 15 min and the solvent was evaporated In vacua, the residue was redissolved in 

beazeae (15 mL) and added dropwlse to a slurry of basic alumina in methanol (100 mL) and stirred 

for 4 h. The solution was filtered and washed with methanol (2x50 mL). Combined organic layers 

were removed in vacua to give a viscous oil, which was chromatographed on silica gel using 

chloroform as eluent. Eydroxy-lactams ,11 and 5a_ (0.28 g, 81%) were obtained when eluted by 

acetone-chloroform (1:l) mixture. 

Reaction of 2 vith MSE. The procedure was the same as described in the reaction of ,&. 

2-Tetrahydropyraayloxybicyclo[3.2.O]heptan-6-one 2 (1.2 g, 5.7 -1) was transformed into 

hydrolyzed products, hydroxy-lactams:$ and 5a5a (0.64 g, 80X). 

4-~ethanesulfonylory-2-oxo-octahydrocyclopeata[b]pyrrole lc. Hydroxy-lactams $f and & (600 mg. 

4.26 nmol, 3:l) were dissolved in dry tetrahydrofuraa GO mL) and vere added dropwise into a 

suspension of sodium hydride (130 mg, 80% dispersion in oil. 4.3 ~01) in tetrahydrofuraa (5 mL) 

under nitrogen atmosphere. The solution was stirred at room temperature for 16 h until the 

hydrogen evolution subsided. Kethanesulfonyl chloride (800 mg, 6.98 nnol) was added dropvise to 

the above mixture and was stirred for another 8 h at room temperature. The solution was then 

poured into a chloroforctetrahydrofuran mixture (2:l. 150 mL). boiled and filtered when the 

solutioa was still hot. Rvaporation of the filtrate in vacua gave a colorless oil. which was 

chromatographed on silica gel (70-230 mesh). The first fraction eluted with beneeae was 

methanesulfoayl chloride. The lactam-methanesulfonate ,5: (150 mg. 0.68 -1) was eluted vith 

acetone-chloroform (1:3). The desired isomer ,l.l. (300 mg, 1.37 ml) was obtained from the fraction 

using acetone-chloroform (2:l) as eluent. Unreacted hydroxylactams ,lala and & (200 mg, 1.42 ~1) 
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were isolated by flushing the colurm with acetone. The overall yield for ,ll was 48% baaed on 

unrecovered hydroxy-lactams. Coqound ,ll slowly crystallized on refrigeration. An analytical 

aanple of lclcwas obtained as colorlees needles by recryatalliration from cbloroforr: np 97-99°C;nar 

6 (CDC13): 7.5-7.2 (1 8. bs. NE), 5.0 (1 8. m. Ii,). 4.2 (1 H, 1. E ). 3.5-3.2 (1 8. P. Ega), 3.1 

(3 R. 8, ca3), 2.5 (2 8. P. 5) and 2.1-1.7 (4 B. 1. Es and E6); 
43 

c-nmr 6 (CDC13): 177.4 (C-2). 

81.2 (C-4), 57.1 (C-611). 40.7 (C-3a). 38.5 (CE,). 30.7. 30.3 and 30.1 (C-3, C-5 and C-6); ir (KBr) 

3600-3200, 1683, 1360 and 1180 cn-‘; Anal. Calcd for C81i13S04N: C, 43.82; Ii. 5.98; N, 6.39; S. 

14.62 Found C. 44.06; 8. 6.19; N. 6.26; S, 14.30 

4-exo-BrolPe-5-endothoxy-2-oxo-octabydrocycl~enta[b]pyrrole :k and 4-exo-brow-5-endo-methoxy-2- 

oxo-octahydrocyclopenta[c]pyrrole 
:t * To a etirred solution of 2-exe-br-3-endo-metboxy- - 

bicpclo[3.2.0]heptan-6-one $k (2.0 g, 9.14 nrmol) in dichloromathane (10 ti) was added dropwiae a 

solution of MA (2.6 g, 12.0 -1) in dichloromethane (10 mL) at -10°C and the reaction mixture was 

allowed to atand for 15 min. Tbe solvent wae removed under reduced pressure to give crystalline 

oxide-sulfonate which was dissolved in benzene:rethanol (3:l. 8 QL) and va.a added into a stirred 

slurry of basic alumina (80 g) in anhydrous retbanol (150 mL). The mixture va8 stirred for 4 h and 

filtered. Tbe basic alumina was washed with anhydrous ltethanol (2 x 70 mL) and the combined 

methanolic solution was concentrated in vacua. The residue van dissolved in chloroform (70 mL) and 

the insoluble material was removed by filtration. After evaporation of the solvent, the residue 

was chromatograpbed on silica gel. Products zk and ,77 (1.6 g, 75%. ratio 3:l) were eluted by 

acetone-chloroform (1:2) as inseparable isomeric rlxture: nu 6 (CDCl ): 
3 

8.0-7.7 (la, bs NE). 

4.4-3.8 (3H. m. H4, Es and ii6a), 3.4 (38. 8, CH3), 3.2-3.0 (lH, 1. E3a), 2.8-l .8 (4B. m, li3 and 

H6); ir(KBr) : 3500-3200. 1662 -l; cm 13C-nmr for 2b 6 (CDC13): 176.7. 88.9 57.3, 56.9, 56.1. 46.3, 

43.1 and 36.5; 13C-nmr for $ 6(CDC13): 179.7. 88:;. 57.3, 57.1. 56.3, 47.5, 47.2, 31.4. 

3,3-Dichloro-2-oxo-hexabydrocyclopenta-4-en[b]pyrrole k. To a stirred solution of 7.7- 

dichlorobicyclo[3.2.0]hept-2-en-6-one ,44 (3.0 g. 16.9 -1) in dicblorometbane (20 EL) van added 

dropvise a solution of Will (4.3 g, 20.0 mmol) in dicblormtbane (20 mL) at room temperature. Tbe 

reaction mixture was then stirred for an additional 1 h. The solvent was remwed in vacua to yield 

a colorless oil which was then dissolved in benzen&metbanol (3:l. 20 mL) and added dropwiae to a 

stirred suspension of basic alumina (110 g) in anhydroua methanol (110 mu). The mixture wan 

stirred for 4 b and filtered. The alumina was washed with wtbanol (2 x 100 mL). The combined 

metbanolic solution was concentrated in vacua. The residue was dissolved in chloroform (30 mL) and 

the insoluble material wa8 removed. After evaporation of the solvent, the residue was chrolato- 

graphed on silica gel (70-230 mesh). The first fraction was a mixture of methyl 

mesityleneeulfonate and k. The lactam product, 3.3-dicbloro-2-oxo-bexabydrocyc1openta-G 

en[b]pyrrole 8a, uaa eluted by acetone-cblorofoa (1:2). Tbe eluate was concentrated in vacua to 

give a white solid (2.2 g, 68%). An analytical aavle of pX was obtained as colorless cryetala by 

recrystallization from dicblorowthane-petroleum ether: mp 138-140’C; nmr 6 (CDC13): 8.5-8.0 (lE, 

be, NE), 6.0-5.7 (2b.q E4 and E,). 4.6-4.4 (la, I, E3a), 4.3-4.1 (la, P. Baa) and 2.8-2.5 (28. m. 

H6) ; 13C-nmr 6 (CDC13): 168.9 (c-2). 131.9. 128.2 (C-4 and C-5). 84.1 (C-3), 63.4 (C-3a). 54.3 

(C-6a) and 39.4 (C-6); ir (KBr): 3500-3200 and 1726 cm-‘; ma (m/e): 195. 193. 191; Anal. Calcd for 

C7H7C12NO: C. 43.77; A, 3.67; Cl, 36.92 Found: C. 43.83; 8. 3.87; Cl, 37.30. 

2-oxo-llexabydrocyclopentaJ+-en[b]pyrrole 8b. To a vigorously stirred suspension of zinc dust (0.4 

g, 6.1 -1) in glacial acetic acid (2 pL?IZat room teqerature was added dropvise a solution of k 

(2.0 g, 10.4 -1) in glacial acetic acid (4 uL). After addition va8 completed, the tamperature 

was raised and maintained at 70°C for 20 Pin. The reaction lixture was cooled and treated vitb 

chloroform, and the zinc residue vaa filtered. The organic layer vam vaahed with a saturated 

sodium carbonate solution to rmve acetic acid and dried over magneaiua sulfate and filtered. Tbe 

solvent was removed in vacua to give a white solid (1.1 g, 89%) which was recryatallired fron 

dichloromethane-petroleum ether: up 114-116-C; nmr 6 (CDC13): 8.0-7.5 (1E. be, NE), 5.9-5.6 (28, PL, 

E4 and ES). 4.5-4.3 (la. B. E6a), 3.6-3.4 (1E. I, H3a), 2.7-2.2 (4E. P, E3 and H6); 13C-nu 6 
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(CDC13): 178.2 (C-2), 131.7. 128.7 (C-4 and C-5). 56.4 (Cda), 46.1 (C-3), 35.8 (C-3a) and 34.9 

(C-6); ir (KBr): 3500-3200 and 1683 a-'; ms (m/e) 123; Anal. Calcd for C7EgNO: C. 68.27; E. 7.37; 

N. 11.37 Found: C, 68.53; 8. 7.32; N. 11.46. 

4-exo-5-endo-Dibroro-2-oxo-octahydrocyclopenta[b]pyrrole 
$? 

Method 1. From 2-oxo-3-endo- 

dibromobicyclo[3.2.0]heptan-6-one tt. To a stirred solution of pX (3.0 g. 11.2 xsaol) in 

dichloromethane (20 mL) was added a solution of KSR (3.2 g, 15 ssnol) in dichloromethane (20 mL) at 

-lo"c. The reaction mixture vas allowed to stand for 0.5 h. The solvent was removed in vacua at 

room temperature to yield the crystalline oxime mesitylene-sulfonate which vas dissolved in 

bensene:mathanol (3:l. 20 mL) and added dropvise to a stirred suspension of basic alumina (100 g) 

in anhydrous methanol (100 mL). The mixture was stirred for 4 h and filtered by suction. The 

alumina was washed with methanol (2 x 100 EL). The combined methanolic solution was concentrated 

in vacua. The residue was dissolved in chlorofona (80 mL) and the insoluble material was removed 

by filtration. After evaporation of the solvent, the residue were chromatographed on silica gel. 

The lactam-dibromide, 7a'a (0.6 g, 18.9%) was eluted with acetone-chloroform (1:2). The desired 

isomer, 2a% (1.6 g, 52.1X) was obtained from further flushing the column as colorless crystals (from 

benzene): mp 150-152'C; nmr 6 (DMSO-d6): 8.0-7.7 (la. bs, ND). 4.8-4.2 (38, m, E4, A5 and H6a). 
-1 

3.3-3.2 (Hi, m. fig,) and 2.6-2.2 (4H, m. A3 and H5); ir (KBr): 3500-3150 and 1684 cm . 

Method 2. From 2-oxo-hexahydrocyclopenta-+en[b]pyrrole 8b. To a solution containing et (1.0 g, 

8.13 mnol) in dichloromethane (60 mL) was sdded dropviseZ2solution of bromine (4.3 g, 26.4 ml) 

in dichloromethane (60 mL) over 1 h. The resulting red solution was stirred overnight at room 

temperature and poured into water (300 mL). The organic layer was washed with saturated sodium 

hydrogen carbonate solution (100 mL) and then water (100 mL) and dried over magnesium sulfate. 

Evaporation of the solvent in vacua gave a yellow solid which was chromatographed on silica gel 

using acetone-chloroform (1:l) as eluent The eluate was concentrated in vacua to give a white 

solid (1.4 g, 61%) which upon recrystallization from benzene gave 2a2a as colorless crystals: mp 

150-151'C; nmr (DMSO) 6(IMSO-d6) 8.0-7.7 (18. bs. NH), 4.7-4.2 (38, m. E4, Kg, H6a), 3.3-3.2 (lfl, 

m. Kg,) and 2.6-2.2 (4H. m, II3 and A6); L3C-nmr 6(DWSO-d6) 176.3 (C-2). 59.8 (C-6a). 48.3, 46.0 

(C-4 and C-5), 43.9 (C-Sa), 37.1 and 36.7 (C-3 and C-6); ir (KBr): 3500-3200 and 1683 cm-'; Anal. 

Calcd for C7HgBr2NO: C, 29.72; R. 3.21; N. 4.95; Br. 56.48 Found: C. 29.90; 8. 3.31; N, 4.91; Br, 

55.90. 

4-exo-Bromo-5-endo-methoxy-2-oxo-octahydrocyclo~nta[b]pyrrole 2: . 2-0x0-hexahydrocyclopenta-4- 

en[b]pyrrole 8b (1.5 g. 12.2 mol) was dissolved in dry methanol (30 mL) to which NBS (2.2 g, 12.5 
%Lz 

maol) was added. After stirring for 18 h at room temperature, the solution was diluted with 

chloroform (30 mL) and extracted with water (6 x 15 mL). The Bqueous extracts were washed with 

chloroform (2 x 20 mL). The combined organic layers were dried over magnesium sulfate and 

filtered. The solvent was removed in vacua to give a white solid (2.4 g, 84%) which on crystalli- 

zation from benzene gave :k as colorless crystals: mp 127-128'C; nmr 6 (CDC13): 8.0-7.7 (Hi. bs. 

NH), 4.5-3.9 (3H. m, E4' H5 and B6a). 3.4 (3R. 6, CK3), 3.3-3.1 (la. m, Hja) and 2.7-2.3 (4H. l , A3 

and A6); 
-1 

ir (KBr): 3500-3200 and 1680 cm ; Anal. Calcd for C8H12BrN02: C, 41.05; 8, 5.17; N, 5.98 

Found: C, 41.13; B. 5.23; N. 5.76. 

4-Nethanesulfonyloxy-octahydrocyclopenta[b]pyrrole 9a. The lactam;: (160 mg, 0.73 mmol) was mixed 

with BH3.TW (15 mL. 1.1 M, 17 ~1) and refluxed uzier nitrogen for 7 h. The reaction mixture was 

set aside at room temperature for 2 h. Concentrated hydrochloric acid (6 mL. 32%) was carefully 

added and the mixture was stirred for 5 h. It vas poured into chloroform (75 mL) and solid 

potassium hydroxide was added to adjust the pH to 10. The organic layer was vaehed with brine 

solution (10 mL) and dried over magnesium sulfate, filtered and evaporated in vacua to give a 

colorless liquid, vhich was a mixture of the desired product p% and significant amount of 

1.4-butanediol formed from the decomposition of tetrahydrofuran during work-up. 1.4-Dutanediol was 

removed by high vacuum distillation, the residue being crude ,99 (96 mg, 64%). Attempts to purify 
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it by chromatography led to decompoeition: nmr 6 (CDCl3): 5.1-4.7 (1 8, a. a,,, 3.8-3.1 (2 8. P. 

Ii and E6a), 3.0 (3 6. 8, CH3), 2.9-2.7 (2 8. 
lja 

I, R2) and 2.1-1.5 (7 8. a. li3, I$, H6 and NH); 

C-nmr 6 (CDC13): 83.5 (C-4), 62.4 (C_6a), 48.1 (C-2). 46.1 (C-3a), 38.3 (CH3), 31.1 (C-5). 29.8 

(C-6) and 28.1 (C-3); ir (NaCl): 3600-3200. 1360 and 1183 cm -l; me (I/e): 110,0961(Calcd for C71i12N 

110.0969). 

4-exe-S-endo-Dibrco&ahydrocyclopenta(b]pyrrole 9b. The procedure was the sm as described in 

the preparation of . The lactm2: (1.0 g, 3.6%&l) was traneformed into ,91 (0.6 g. 62X):nmr 6 

(CDC13) 4.6-3.3 (4;'m. E4, H5, li6a and B ), 
% 

3.0-2.6 (2B. Q. AZ), 2.4-2.2 (2H. m, Ha) and 2.0-1.6 

(3H. m. H3 and NIX); ir (NaCl) 3500-3200 cm ; PB (m/e) 188.0050 (calcd for C7H11BrN 188.0050). 

4-exo-Bramo-5-endo-methoxyoctahydrocyclopenta[b]pyrrole 9c. The procedure was the Bame as 

described in the reaction of la. Compound ,22 (1 g, 4.3 2:) was transformed into 2: (0.6 g. 65%): 

nmr 6 (CDC13) 4.2-3.6 (3H. n?H4, H5 and H6a), 3.45 (38. 8. CH3), 3.3-3.1 (lA, m. H3a), 3.0-2.2 

(4H. w. 
-1 

Ii2 and H5) and 2.0-1.4 (38. m, E3 and NH); ir (NaCl) 3600-3200 cm ; me (r/e) 140.1061 

(calcd for C8R14N0 140.1075). 

-* The authors thank W.C. Ho and T.K. Fung for laboratory assistance and to 

C.P. Yuen of the University of Bong Kong for manuring 13C-nm spectra . 
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