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Abstract: By changing the cyclisation conditions (Nail in THF or NaOEt in EtOH), an 
enantiopure malonamide containing an enoate acceptor afforded either diastereomeric pyrrolidin- 
2-one 3 or 4 as the major product of the intramolecular conjugate addition. After separation, both 
diastereomers were converted through simple steps into the corresponding 3-aza-2- 
oxobicyclo[32.0] heptane which eventually led to each enantiomer of cis-2- 
aminomethylcyclobutanecarboxylic acid, 1, a conformationally restricted analogue of  GABA, in 
both enantiomerically pure form. © 1998 Elsevier Science Ltd. All rights reserved. 

Non-proteinogenic amino acids containing small rings can be used to mimic backbone and side chain 

conformations of peptides In fact introduction of rigidity into bioactive peptides has been considered as a 

useful means to study conformational requisites for their biological activities 1 Moreover, conformationally 

constrained analogues of GABA, the main inhibitory neurotransmitter in the mammalian central nervous 

system, are currently employed in order to investigate the active conformers of GABA and the structural 

features of GABA receptors. 2 Among them, cyclopropane containing amino acids have been frequently 

reported, 3 whereas the cyclobutane containing ones and their derivatives are scarcely reported in the 

literature. 4 

Our continuing interest in the preparation of non proteinogenic amino acids with biological activity 

prompted us to realize the synthesis of both enantiomers of cis-2-aminomethylcyclobutanecarboxylic acid, 

( I R,2S)- I a and ( 1S,2R)- 1 b, conformationally restricted analogues of GABA 

H H HOOC 

HOOC ~ NH2 H ~ ~ - N  

(1R,2S)-la (1 S,2R)-lb 

NH2 
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We recently reported a stereoselective approach to pyrrolidin-2-ones exploiting an intramolecular 

conjugate addition of a chiral amide enolate to an ct,13-unsaturated ester. 5"6 Now we disclose that the 

diastereoselection of this reaction can be changed by selecting proper conditions for the enolate formation. 

Thus, the cyclisation of amide 2, carried out in dry THF at -78 °C by using Nail  as the base, led mainly to 

3,4-trans-disubstituted pyrrolidin-2-one 3 (dr. 3:4 80:20). 5 On the contrary, when the amide enolate was 

generated with sodium ethoxide in dry ethanol at -78 °C, a reversal of diastereoselection was observed, and 

pyrrolidin-2-one 4 was the major component of the diastereomeric mixture (d.r. 3:4 30:70). 7 

COOMe 
Me O~ ~ / /  /COOEt 

H,,~...N~....~ i or i i  

Ph 
2 

O COOMe COOEt q. H5B 
Me ~ Me ")"--I---~ 

- -  COOMe H,, . ~ N ~ - ~  H5B H , , , V N ~ ' ~ C O  (: 
.~= ~ ~. SA COOEt rn H5A r .  

3 4 

Scheme 1. Reagents and conditions. i. NaI--I, THF, -78 °C, 80%, d.r. 80:20. ii. NaOEt, EtOH, -78 

°C, 82%, d.r. 30:70. 

First, the diastereomers were easily separated by silica gel chromatography and the configurations were 

assigned on the basis of 1H NMR spectra. 8 In fact the minimum energy conformations of  both diastereomers 3 

and 4 were calculated and it resulted that the phenyl group lies under the plane of  the pyrrolidin-2-0ne ring 9 

Thus, in compound 3 HSA experiences a double shielding effect, since the alkyl group at C4 which lies on the 

same side of the phenyl group. On the contrary, in compound 4 HSA experiences a single shielding effect, since 

the alkyl group at C4 which lies on the opposite side with respect to the phenyl group. Therefore, the chemical 

shifts and coupling constants values of both HSA and HSB proved diagnostics in order to assign the 

configuration at C4, which was further confirmed by n.O.e experiments. 

COOMe 
Me O ~ C O O E t  Me O. C OOEt Me O ~ v ~ ~  OR 

Ph Ph Ph iii 
3 5 ~_/ R=H,  6 

R= Ms, 7 

H H H H 
Me O ~ _ ~ " ~  I v Me O ~  O ~ ; , ~  

H,,~N~.......~ l ~ . H , , , ~ j ~  / ~ v i  H v i i  (1R,2S)-,a. HCl 

Ph $ Ph 9 (1R,5S)-t0a 

Scheme 2. Reagents and conditions: i. Wet DMF, NaCI, 80 °C, 78%. ii. LiBH4, THF, 0 °C, 

89%. iii, MsCI, Et3N, DMAP, CH2CI2, 0 °C, 93%. iv. NaI, acetone, r.t., 91%. v. LiHMDS, THF, 

-15 °C, 12 h, 83%. vi. Li-NH3, -78 °C, 79%. vii. 1M HCI, 80 °C, 12 h, 78%. 
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With the stereodivergent synthesis of either 3 or 4 in hand, starting from the acyclic amide 2, the next 

challenge was the preparation of the enantiomers (1R,25)-la and (IS,2R)-lb, starting from pyrrolidin-2-ones 3 

and 4, respectively In fact, upon treatment of 3 with NaCl in wet DMF at 80 °C. the 4-substituted pyrrolidin- 

2-one 5 was obtained in good yield. 1° Reduction of 5, performed with LiBH4 in THF at 0 °C, afforded the 

alcohol 6, which was subsequently converted first into the corresponding mesylate 7 and then into the iodo 

derivative 8 ~1 By addition of Li-hexamethyldisilazide in THF at -15 °C, the 3-aza-2- 

oxo[3 20]bicycloheptane 9 was obtained in good yield as a sole diastereomer, whose configuration was 

confirmed by analysis of  the IH NMR spectrum s The phenylethyl group was then removed by treatment with 

Li-NH3 at -78 °C, to give the bicyclic amide 10a in good yield. Eventually. hydrolysis of this compound, 

performed with IM HCI at 80 °C, allowed preparation of the amino acid (1R,2S)-la as the corresponding 

hydrochloride (Scheme 2). 

On the other hand, following the same synthetic pathways (Scheme 3), the enantiomeric amino acid 

(1S,2R)-lb was prepared with nearly identical yield. Further studies are in progress both to test the 

conformational biases imposed by incorporating the amino acids (1R,2S)-la and (IS,2R)-lb into peptide 

sequences and to determine their biological activities. 

Me 0 ~ _ ~  . Me 0 ~ , . ~  Me 0~____~ 

. , ,  

'~pi ~ COOEr Ph Ph 
i i i  R = 4 11 ~--~R H, IZ 

Ms, 13 

o 

I v__~ vi ~ (1S.2R)-lb 
W' H" ~ H • HCl 

Ph 14 Ph 15 
(1S,5R)-IOb 

Scheme 3. Reagents and conditions: i. Wet DMF, NaCl, 80 °C, 76% ii. LiAIH4, THF, 0 °C, 

86% iii, MsC1, Et~N, DMAP, CH2C12, 0 °C, 90%. iv. NaI, acetone, r.t, 88%. v. LiHMDS, THF, 

-15 °C, 12 h, 85% vi. Li-NH3, -78 °C, 77% vii. 1M HCI, 80 °C, 12 h, 76% 

Experimental 

Melting points were measured on a Electrothermal IA 9000 apparatus and are uncorrected, lr spectra were 

recorded in CHCI3 on a Nicolet Fourier Transform Infrared 20-SX spectrophotometer. Diastereomeric ratios 

were determined by GC analysis using a Chrompack 9001 instrument equipped with a Chrompack 7720 

capillary column (50 m x 0.25 mm id4 stationary phase CP-Sil-5 CB). IH and 13C NMR spectra were 

recorded at 200 MHz and 50 MHz, respectively, on a Varian Gemini 200 spectrometer, using CDCIs as a 

solvent Chemical shifts (8) are reported in ppm relative to TMS and coupling constants (J) in Hz. 
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Assignments were aided by decoupling and homonuclear two-dimensional experiments. Specific rotations 

were measured on a Perkin Elmer 241 polarimeter. GC-MS analyses were performed with a Hewlett-Packard 

spectrometer 5890, series II, using a HP-5 capillary column (30 m x 0.25 mm id.; stationary phase 5% phenyl 

methyl silicone). Flash chromatography was performed with silica gel 60 (230-400 mesh). (R)- 

Phenylethylamine, 2 M LiBH4 solution in THF and 1 M solution of Li-hexamethyldisilazide in THF-hexanes 

were purchased from Aldrich. According to our already reported procedure 5'8j compound 2 was prepared 

starting from ethyl (E)-4-bromo-2-butenoate and (R)-phenylethylamine: [ct]D +32.8 (c 1, CHCIs). GC-MS (El, 

70 eV): m/z 233 (M+), 218, 204, 190, 172, 144, 128, 105, 77 Anal Calcd for C14I--I19NO2: C, 72.07; H, 8.21; 

N, 6.00. Found: C, 7202; H, 8.17; N, 5.96 

Preparation of ethyl (3S~4S~R)-[~-(~-pheny~eth-~-y~)-3-meth~xycarb~ny~-2-~x~pyrr~idin-4-y~]acetate 

(3) and its isomer (3R,4R, I'R), (4), by cyclisation of (2) carried out with Nail. 

A solution containing the amide 2 (2.3 g; 10 mmol) in dry THF (30 ml) was slowly added at -78 °C to a 

suspension of  Nail  (0.48 g; 10 mmol; 50% dispersion in mineral oil) in dry THF (20 ml). After 1 h solid 

NHaC1 (5g) was added II and the temperature raised to 20 °C The mixture was poured in water (50 ml) and 

after extraction with ethyl acetate (2 x 100 ml) and drying (Na2SO4), the organic layer was evaporated under 

reduced pressure The residue was chromatographed by silica gel chromatography (cyclohexane:ethyl acetate 

7:3) to give the diastereomers 3 and 4 as colorless oils in 80% overall yield and 80:20 dr.  Isomer 

1H = = (3S,4S,1'R)-3: 64% yield. IR: 1742, 1665 cm -~. NMR: 1 16 (t, 3H, J 7.2), 1.51 (d, 3H, J 7.0), 2.26 (dd, 

1H, J = 7.7, J = 16.1), 2.42 (dd, IH, J = 6.6, J - 16.1), 2.57 (dd, 1H, HSA, J4.5 = 6.4, JAB = 9.6), 2.91 - 3 14 (m, 

I H ,  H a ) ,  3.19 (d, IH, H3, J = 7.7), 3.66 (dd, IH, HsB, J4.5 = 8 .9 ,  JAB = 9.6), 3.76 (s, 3H), 4.03 (q, 2H, J = 72), 

5.44 (q, 1H, J = 70), 7.18 - 7.39 (m, 5 ArH) 13C NMR: 146, 16.5, 32.9, 37.9, 46.7, 50.1, 53.2, 551, 61.3, 

127.6, 128.1, 128.2, 129.0, 129.1, 139.9, 168.7, 1703, 171.4. [ct]D +871 (c 0.5, CHCI3). GC-MS (El, 70 eV): 

m/z 333 (M~), 318, 288, 274, 242, 214, 188, 132, 120, 105, 91, 77 Anal. Calcd for C18H23NOs: C, 64.85; H, 

6 95; N, 4.20 Found: C, 64.77; H, 6.91; N, 4.23 Isomer (3R,4R, I'R)-4: 16% yield. IR: 1744, 1665 cm 1. IH 

NMR: 1.23 (t, 3H, J = 7.1), 153 (d, 3H, J = 71), 2.43 (dd, IH, J = 7.2, J = 16.2), 2.55 (dd, IH, J = 6.1, J = 

16.2), 2.84 - 3.09 (m, 2H, H4 + Hs.~), 3.23 - 332 (m, 2H, H3 + HSB), 3.79 (S, 3H), 4.11 (q, 2H, J = 7.1), 5.47 (q, 

1H, J = 7.1), 7.18 - 7.38 (m, 5 ArH). 13C NMR: 14.6, !6.6, 33.0, 38.1, 46.8, 50.0, 53.2, 55.1, 61.4, 127.4, 

128.1, 129.1, 139.8, 168.9, 170.3, 171.4. [et]D +129.8 (C 1, CHCI3). GC-MS (El, 70 eV): m/z 333 (M+), 318, 

288, 274, 242, 214, 188, 132, 120, 105, 91, 77 Anal. Calcd for CIsH2~NOs: C, 64.85; H, 6.95; N, 4.20. Found: 

C, 64.82; H, 6.97; N, 4.19. 

Preparation of ethyl (3S•4S•1•R)-[••(••-pheny•eth-1•-y•)-3-meth•xycarb•ny•-2-•x•pyrr••idin-4-y•]acetate 

(3) and its isomer (3R,4R, I'R), (4), by cyclisation of(2) carried out with NaOEt. 

To a solution containing the amide 3 (2.3 g; 10 mmol) in dry ethanol (30 ml) was slowly added at -78 ° a 

solution containing sodium ethoxide [ 10 mmol; prepared by dissolving Na (240 mg; 10 mmol)] in dry ethanol 

(20 ml). After 1 h solid NH4CI (5.0 g) Jz was added and the temperature raised to 20 °C The mixture was 
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poured in water (50 ml), extracted with ethyl acetate (3 x 100 ml) and then the organic layer was dried 

(Na2SO4) The solvent was evaporated under reduced pressure and the residue was purified by silica gel 

chromatography, to give the diastereomeric pyrrolidin-2-ones 3 and 4 as colorless oils in 82% overall yield 

and 30:70 d r  Isomer (3S,4&l'R)-3: 25% yield. [ct]r ) +87.1 (c 0.5, CHCI3). GC-MS (El, 70 eV): m/z 333 

(M'), 318, 288, 274, 242, 214, 188, 132, 120, 105, 91, 77..Anal Calcd for ClsH23NOs: C, 64.85; H, 6.95; N, 

4.20 Found: C, 64.81; H, 6.93; N, 4.22. Isomer (3R,4R, l 'R)-4:  57% yield. [et]D +1298 (C 1, CHC13). GC- 

MS (El, 70 eV): m z  333 (M+), 318, 288, 274, 242, 214, 188, 132, 120, 105, 91, 77. Anal. Calcd for 

C~sH23NO_~: C, 64.85; H, 6.95; N, 4.20 Found: C, 64.79; H, 6.99; N, 4.15 

Ethyl (4R, I'R)-[ 1-(l'-phenyleth- l'-yl)-2-oxopyrrolidin-4-yl]acetate (5) 

A solution containing the pyrrolidin-2-one 3 (3.3 g; 10 mmol), NaCl (0.68 g; 10 mmol) and HzO (0.18 g; 

10 mmol) in DMF (10 ml) was heated at 80 °C for 3 h Then the solvent was removed under reduced pressure 

and the residue was dissolved in ethyl acetate (100 ml). The organic layer was washed with brine (30 ml) and 

dried (Na2SO4). After removal of  the solvent in vacuo, the product was purified by silica gel chromatography 

(cyclohexane:ethyl acetate 60:40), to give the title compound in 78% yield as a colorless oil IR: 1743, 1664 

cm l. IH NMR: 1.20 (t, 3H, J = 7.2), 1.52 (d, 3H, J = 7.2), 2.04 - 2.15 (m, IH, H3A), 2.23 (dd, 1H, J = 78, J = 

16.2), 237 (dd, IH, J = 6.3, J = 16.2), 2.55 - 2.79 (m, 3H, H3B + H4 + HsA), 3.53 (dd, 1H, HsB, J = 7.1, J = 9.4), 

4.07 (q, 2H, J = 72), 5.51 (q, IH, J = 72), 721 - 742 (m, 5 ArH). 13C NMR: 14.6, 16.6, 28.7, 38.1, 39.0, 48.1, 

49.4, 61.1, 127.6, 128.0, 129.1, 140.3, 172.1. [c~]D +108.6 (c 05, CHCI3). GC-MS (EI, 70 eV): m/'z 275 (M+), 

260, 232, 230, 184, 170, 160, 146, 132, 126, 105, 91, 77. Anal. Calcd for CI6H21NO3: C,69.79; H, 7.69; N, 

5.09. Found: C, 6975; H, 7.72; N, 5.12 

(4'S,1"R)-2-[ l'-(l"-Phenyleth-l"-yl)-2'-oxopyrrolidin-4'-yl]ethanol (6) 

To a solution containing the ester 5 (5.5 g; 20 mmol) in dry THF (80 ml) under argon atmosphere, LiBH4 

was added (6 mmol; 3 ml o fa  2M solution in THF) at 0 °C. After 2 h methanol (1 ml) and H20 (30 ml) were 

added and the mixture was pured into a Na2SO4 saturated aqueous solution (50 ml). After extraction of the 

reaction mixture with ethyl acetate (3 x 100 ml) and drying (Na2SO4), the solvent was removed under reduced 

pressure. The residue was then purified by silica gel chromatography (ethyl acetate), to give the title 

compound in 89% yield as a colorless oil. IR: 3345, 1665 cm 1. IH NMR: 1.52 (d, 3H, J = 7.2), 1.49 - 1.63 

(m, 2H), 1.75 (br s, 1H, OH), 2.13 (dd, 1H, H3A, J3.4 = 6 9, J.~3 = 15.8), 2.39 - 2.56 (m, 1H, H4), 262 (dd, 1H, 

H3B, J3,4 = 8.2, JAB = 15.8), 2.63 (dd, 1H, HSA, J4.5 = 6.2, JAB = 9.4), 3.46 (dd, IH, Hsn, J4,5 = 7.5, JAB = 9.4), 

3.59 (t, 2I-1, J = 6.3), 5.50 (q, IH, J = 7.2), 7.23 - 7.41 (m, 5 ArH). ~3C NMR: 16.7, 29.3, 37.5, 38.5, 48.4, 493, 

61 1, 127.6, 128.0, 129.0, 140.5, 174.3. [a]D +133.6 (C 0.5, CHCI3) GC-MS (El, 70 eV): m/~, 233 (M+), 218, 

160, 146, 142, 105, 91, 77. Anal. Calcd for C14H19NO2: C, 7207; H, 8.21; N, 6.00. Found: C, 72.04; H, 8.17; 

N, 6.03. 

(4S, I'R)- l-(l'-Phenyleth- l'-yl)-4-(2"-methanesulfonyloxyeth-l"-yl)pyrrolidin-2-one (7) 
To a solution containing the compound 6 (4.7 g; 20 mmol) triethylamine (3.9 ml; 27 mmol) and DMAP 
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(0.3 g) in ethyl acetate (70 ml), at 0 °C, methanesulfonyl chloride (3.1 g ; 27 mmol) dissolved in ethyl acetate 

(10 ml) was slowly added After 3 h the suspension was poured in H20 (50 ml) and extracted with ethyl 

acetate (3 x 100 ml). The organic layer was dried (NazSO4) and then the solvent was removed under reduced 

pressure The residue was purified by silica gel chromatography (ethyl acetate) to give the title compound in 

93% yield as colorless oil. 1R: 1664 cm ~ ~H NMR: 1.52 (d, 3H, J = 7 . 1 ) ,  170 (dt, 2H, J = 6.4, J = 6.9), 2 13 

(dd, IH, H3A, J3.4 = 6.6, J.~13 = 15.9), 240  - 256  (m, 1H, H4), 2.61 (dd, 1H, H~..\, J4.~ = 6.2, JAr3 = 9.6), 2.65 (dd, 

1H, H3B, J3.4 = 8.3, JAB - 159), 3.47 (dd, IH, H~t~, J4._~ = 74,  JaB = 96), 4.14 (t, 2H, J = 62),  5.50 (o., IH, J = 

7 1), 720  - 7.39 (m, 5 ArH). ~3C NMR: 166, 29.1, 34.1, 37.9, 38 1, 47.9, 49.4, 67.9, 127.6, 128.1. 129.0, 

140.3, 173 6. [ct]j) + 1058 (c 0 5, CHCI3) GC-MS (El, 70 eV) m z 311 (M) ,  296, 220, 160 146, 105, 104, 

91, 79, 77 Anal  Calcd for C15H21NO4S: C, 57.86; H, 6.80; N, 4.50 Found: C, 57.84; H, 6.77; N, 4.48. 

(4S, 1 'R)- !-(1'- Phenyleth- l'-yl)-4-(2"-iodoeth- I"-yl)pyrrolidin-2-one (8) 

To a solution containing the compound 7 (4.7 g; 15 mmol) in acetone (70 ml), Nal (4.5 g; 30 mmol) was 

added and the mixture was stirred for 12 h at 20 °C. The solvent was then removed under reduced pressure and 

the residue was dissolved in ethyl acetate (150 ml). The organic laver was then washed with a 10% aqueous 

solution of Na2S203 (50 ml), and dried (Na2SO4) After removal of  the solvent under reduced pressure, the 

residue was purified by silica gel chromatography (cyclohexane:ethyl acetate 70:30), to give the title 

compound in 91% yield as colorless oi l  IR: 1667 cm -1 i H NMR: 1 53 (d, 3H, J = 71), 1.75 - 187 (m, 2H), 

208  (dd, 1H, H~..x, J34 = 63,  J=~r~ = 158), 235 - 271 (m, 3H, H:~B + H4 + HsA), 3.04 (t, 2H, J = 70), 3.45 (dd, 

IH, H~j~, J4.5 = 72, J A B  = 93), 5.51 (q, 1H, J : 7 1), 724 - 743 (m, 5 ArH). 13C NMR: 33,  16.6, 330, 376, 

38.2, 475,  494, 1276, 1281, 129 1, 140.3, 173 7 [¢t]D +983 ( c 0 5 ,  CHC13). GC-MS(EI,  7 0 e V ) : m Z 3 4 3  

(M) ,  328, 310, 309, 252, 161, 160, 135, 127, 118, 105, 91, 77. Anal. Calcd for CI4HtsNOI: C, 48.99; H, 529~ 

N, 408  Found: C, 4905;  H, 5.24; N, 4.14. 

(IR,5S, l 'R)-3-( l ' -Phenyleth-l ' -yl)-3-aza-2-oxobicyclo[3.2.0lheptane (9) 

To a solution containing the compound 8 (51 g; 15 retool) in dry TI-[F (50 ml) at -15 °C Li- 

hexamethyldisilazide (15 retool; 15 ml of 1 M solution in THF-hexane) was added and the solution was stirred 

at -15 °C for 12 h. The mixture was poured in H20-ice and extracted with ethyl acetate (3 x 100 ml) The 

organic layer was dried (Na2SO4) and the solvent was removed under reduced pressure. The residue was 

purified by silica gel chromatography (cyclohexane:ethyl acetate 50:50) to give the title compound in 83% 

I H yield as white crystals M p  61 - 63 °C IR 1664 cm 1. NMR: 1.53 (d, 3H, J = 7.2), 1.57 - 1.73 (m, IH), 

2.03 - 2.27 (m, 2H,), 2.35 - 2.50 (m, IH), 2.73 (d, lH, H4A, J~.,q = 101), 2.79 - 2.96 (m, IH, Hs), 3.00 -3.12 

(m, IH, HI), 3.43 (dd, IH, H4B, 34.5 = 69,  JAn = 10.1), 5.57 (q, IH, J = 7.2), 7.23 - 7.43 (m, 5 ArH). 13C NMR: 

16 1, 249,  26 5, 304, 42.5, 490, 49.2, 67.9, 127.4, 1278, 1279, 129.0, 1410, 177.4. [a]D +130.7 (C 05,  

CHCI~) GC-MS (El, 70 eV): m z  215 (M'), 200, 187, 174, 172, 124, 120, 105, 104, 91, 77. Anal. Calcd for 

C~4HwNO: C, 7810; H, 7.96; N, 6 51. Found: C, 78.12; H, 8.01; N, 6.46. 
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(1R,SS)-3-Aza-2-oxobicyclo[3.2.0] heptane (10a) 

In a flask under argon atmosphere NH3 (about 100 ml) was condensed at -78 °C and then Li (0.49 g; 70 

mmol) was added. When the metal dissolved in NFI3, a solution containing the compound 9 (3.2 g; 15 mmol) 

in THF - t-BuOH (30 ml of  a 90:l0 mixture) was quickly added. After 10 min powdered NH4CI (7 g) was 

added and the mixture was extracted with ethyl acetate (3 x 150 ml)  The organic layer was dried (Na2SO4) 

and, after evaporation under reduced pressure, the residue was purified by silica gel chromatography (ethyl 

l H acetate), to give the title compound in 79% yield as a colorless oil. IR: 3351, 1667 cm q NMR: 1.91 - 2.18 

(m, 2H), 2.21 - 2.53 (m, 2H), 2.81 - 2.94 (m, IH), 2.95 - 3.09 (m, 1H), 3.17 (d, 1H, J = 10.2), 3.47 (dd, IH, J = 

6.9, J = 10.2), 7.25 (br s, 1H, NH). 13C NMR: 24.4, 26.7, 33.8, 40.9, 49.2, 182.3. [Ct]D -58.0 (C 0.5, CHCI~). 

C-C-MS (EI, 70 eV): m/z 111 (M+), 83, 82, 68, 67, 55 Anal. Calcd C6I-I9NO: C, 64.84; H, 8.16; N, 12.60. 

Found: C, 64.80; H, 8.13; N, 12.64. 

(IR,2S)-2-Aminomethylcyclobutanecarboxylic acid hydrochloride (la) 

A solution of compound 10a (1.0 g; 9 mmol) in IM HCI (30 ml) was stirred at 80 °C for 6 h. flier 

removal of  H20 under reduced pressure, the solid residue was recrystallized (diethyl ether:ethanol) to give the 

title compound in 78% yield as white crystals. M.p.: 186-188 °C. 1H NMR (CD3OD): 1.75 - 1.98 (m, 1H), 

2.12 - 2.41 (m, 2H), 2.72 - 3.11 (m, 2H), 3.14 - 3.51 (m, 3H). ~3C NMR (CD3OD): 22.9, 24.0, 36.1, 41.4, 

42.8, 177.4. [Ct]D -24.5 (C 0.5, CH3OH) MS (El, 70 eV): m:z 130 (MH+), 129, 113, 112, 99, 97, 90, 85, 83, 68. 

Anal. Calcd for C6H12NO2CI: C, 43.51; H, 7.30; N, 8.46. Found: C, 43.45; H, 7.26; N, 8.51. 

Ethyl (4S, l'R)-[I-(l'-phenyleth-l'-yl)-2-oxopyrrolidin-4-yl]acetate (11) 

Starting from 4, the title compound was prepared in 76% yield as a colorless oil following the procedure 

l H above reported for compound 5. IR: 1744, 1663 cm q. NMR: 128 (t, 3H, J = 7.1), 1.51 (d, 3H, J = 7.2), 

2.10 - 2.26 (m, 1H, H3B), 2.39 (dd, IH, J = 7.9, J = 16.2), 2.49 (dd, 1H, J = 5.9, J = 16.2), 2.57 - 272 (m, 2H), 

3 01 (dd, IH, Hm, J4.5 = 5.9, JAB = 9.9), 3.20 (dd, 1H, HSA, J4.5 = 7.5, JAB = 9.9), 4.12 (q, 2H, J = 7.1), 5.49 (q, 

IH, J = 7.2), 7.22 - 7.42 (m, 5 ArH). 13C NMR: 14.7, 16.6, 28.7, 38.1, 39.2, 48.1, 49.4, 61.2, 127.5, 128.0, 

129 1, 140.4, 172.1, 173.6. [et]D +118.9 (C 0.5, CHCI3). GC-MS (EI, 70 eV): m/z 275 (M~), 260, 232, 230, 

184, 170, 160, 146, 132, 126, 105, 91, 77. Anal. Calcd for C16H21NO3: C,69.79; H, 7.69; N, 5.09. Found: C, 

69.68; H, 7.74; N, 5.14. 

(4'R,I"R)-2-[ l'-(l"-Phenyleth- l"-yl)-2'-oxopyrrolidin-4'-yl]ethanol (12) 

Starting from 11, the title compound was prepared in 86% yield as a colorless oil following the procedure 

l H above reported for compound 6 IR: 3345, 1664cm q. NMR: 1.52 (d, 3H, J = 7.1), 1.70 (dt, 2H, J = 6 4 ,  J = 

69),  2.00 (br s, 1H, OH), 2.19 (dd, IH, H3B, J3,4 = 8 . 1 ,  JAB = 15.7), 2.28 - 2.51 (m, 1H, H4), 2.62 (dd, 1H, H3A, 

J3,4  = 8 . 0 ,  JAB = 15.7), 3.01 (dd, IH, H58, J4.5 = 6.9, JAB = 9.8), 3.15 (dd, IH, HSA, J4.5 = 7.7, JAB = 9.8), 3.66 (t, 

2H, J = 6.4), 5.49 (q, 1H, J = 6.9), 7.20 - 7.39 (m, 5 ArH). ~3C NMR: 16.6, 29.6, 37.6, 38.5, 48.7, 49.4, 61.2, 

127.4, 127.9, 129.0, 140.6, 174.3. [Ot]D +85.8 (C 0.5, CHCI3). GC-MS (EI, 70 eV): m/z 233 (M+), 218, 160, 
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146, 142, 105, 91, 77. Anal Calcd for C14H19NO2: C, 7207; H, 8.21; N, 6.00. Found: C, 72.11; H, 8.24; N, 

5.98. 

(4R, I 'R)- l-(l'-Phenyleth- l'-yl)-4-(2"-methanesulfonyloxyeth- l"-yl)pyrrolidin-2-one (13) 

Starting from 12, the title compound was prepared in 90% yield as a colorless oil following the 

procedure above reported for compound 7 IR: 1665 cm -J. IH NMR: 1.52 (d, 3H, J = 7.0), 1.89 (dt, 2H, J =58. 

J = 6.2), 2.19 (dd, I H, H3r~, J3.4 = 8.0, J.x~ - 15.8), 231 - 2.51 (m, I H, Ha), 2.65 (dd, I H, H3A, J3.4 = 8 1, J ~  = 

15.8), 2.95 - 3.05 (m, IH, HsB), 299 (s, 3H), 316 (dd, IH, Hs..x, J4.5 = 77, JA~ = 96), 423 (t, 2H, J = 58), 

5.48 (q, 1H, J =  70), 724 - 742 (m, 5 ArH). 13C NMR: 166, 29.3, 34.2, 38.0. 38 .1 ,483 ,495 ,  680, 127 5, 

128.1, 1291, 1403, 1737. [~]D +964 (c 05, CHCI3)GC-MS (El, 70 eV): m z  311 (M*), 296, 220. 200, 160, 

146, 105, 104, 91, 79, 77. Anal Calcd for CIsHzINO4S: C. 57 86; H, 6.80; N, 450. Found: C, 57.91; H, 6 75: 

N, 4.55. 

(4R, 1 'R)- 1-(l'-Phenyleth- 1 '-yl)-4-(2"-iodoeth- l"-yl)pyrrolidin-2-one (14) 

Starting from 13, the title compound was prepared in 88% yield as a colorless oil following the procedure 

above reported for compound 8. IR: 1664 cm 1. 1H NMR: 1.52 (d, 3H, J = 7.2), 1.96 (dt, 2H, J = 7.1, J = 7.1), 

2.14 (dd, 1H, H313, J34 = 7.4, JAB = 15.8), 228 - 2.45 (m, IH, Ha), 2.62 (dd, 1H, H3A, J3,4 = 8.4, JAB = 15.8), 

2.96 (dd, 1H, HsB, J4.5 = 66, JAB -- 9 6), 307 - 3.20 (m, 3H, HsA + CH2I), 5.49 (q, 1H, J = 7.2), 722 - 7.42 

(m, 5 mrH). I3C NMR: 3.1, 16.6, 33.2, 37.6, 38.6, 47.8, 49.5, 127.5, 127.6, 128.1, 129.1, 140.4, 173.7. [Ct]v 

+81.6 (c 0.5, CHCI3). GC-MS (El, 70 eV): m,~ 343 (M*), 328, 310, 309, 252, 161, 160, 135, 127, 105, 91, 77. 

Anal. Calcd for CI4HI7NO: C, 78.10; H, 7.96; N, 6.51. Found: C, 78.15; H, 8.03; N, 6.54. 

( IS,5R, l ' R)-3-( l ' -Phenyleth-l  '-yl)-3-aza-2-oxobicyclo[ 3.2.0]heptane (15) 

Starting from 14, the title compound was prepared in 85% yield as a colorless oil following the procedure 

1H _ _ above reported for compound 9. IR: 1666 cm l .  NMR: 1.59 (d, 3H, J = 7.1), 1.81 1.99 (m, lH), 2.03 

221 (m, 1H), 2.22 - 2.64 (m, 3H), 2.75 - 2.94 (m, IH, HI), 2.98 - 3.12 (m, 2H), 5.58 (q, 1H, J - 7.1), 7.25 - 

744 (m, 5 ArH). 13C NMR: 16.8, 24.7, 27.0, 304, 42.5, 49.4, 49.6, 127.8, 127.9, 128.0, 129.0, 140.3, 177.3 

[O~]n 2091 (C 05, CHCI3). GC-MS (EI, 70 eV): m/z 215 (M-), 200, 187, 174, 172, 120, 105, 91, 77. Anal. 

Calcd for C14HI7NO: C, 78.10; H, 7.96; N, 651. Found: C, 78.06; H, 7.91; N, 6.54. 

(IS, SR)-3-Aza-2-oxobicyclo[3.2.0] heptane (10b) 

Starting from 15, the title compound was prepared in 77% yield as a colorless oil following the procedure 

above reported for compound 10a [~]D +57.2 (C 0.5, CHCI3). GC-MS (El, 70 eV): m/z 111 (M+), 83, 82, 68, 

67, 55. Anal. Calcd C6HgNO: C, 64.84; H, 8.16; N, 12.60 Found: C, 64.77; H, 8.19; N, 12.57. 

(IS,2R)-2-Aminomethylcyclobutanecarboxylic acid hydrochloride (lb) 

Starting from 16, the title compound was prepared in 76% yield following the procedure above reported 
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for compound l a  M.p.: 190 - 191 °C. [C~]D24.1 (C 0.4, CH3OH). Anal. Calcd for Cd'II2NO2CI: C, 43.51; H, 

7 30~ N. 8 46 Found: C, 43.45; H, 7.26; N, 8.51. 
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