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Abstract: By changing the cyclisation conditions (NaH in THF or NaOEt in EtOH), an

enantlopure malonamide containing an enoate acceptor afforded either diastereomeric pyrrohdm—
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2-one 3 or 4 as the major product of the intramolecular conjugate addition. After se
diastereomers were converted throush simple stens into the corresnonding 3-aza-2-
ereomers were converte rougn  simp:e  steps mnto  the  corresponaing  3-aza

oxobicyclo[3.2.0] heptane which eventually led to each enantiomer of cix-
ammomuthylcyclobutanecarboxyhc acid, 1, a conformationally restricted analogue of GABA,
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 pepuaes has been considered as a
useful means to study conformational requisites for their biological activities." Moreover, conformationally
constrained analogues of GABA, ‘the main inhibitory neurotransmitter in the mammalian central nervous

ate the active conformere of GA an
ate the active contor rs of CABA an

features of GABA receptorq Among them, cyciopropane containing amino acids have been frequentiv
reported,’ whereas the cyclobutane containing ones and their derivatives are scarcely reported in the

literature *

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

(1R.28)-1a and (15,2R)-1b, conformationally restricted analogues of GABA.

H H HOOC NH;
\1-/——'/7 \ — /=
HoOC — NH2 H H
(1R,25)-1a (1S.2R)-1b
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o an o.B-unsaturated ester.”” Now we disclose that th
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 NaH as the base, led mainly to
3,4-frans-disubstituted pyrrolidin-2-one 3 (d.r. 3:4 80:20)° 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).”
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Scheme 1. Reagents and conditions: i. NaH, 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 'H NMR spectra.® In fact the minimum energy conformations of both diastereomers 3
and 4 were
Thus, in compound 3 Hsa experiences a double shielding effect, since the aikyl 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

configuration at C4, which was further confirmed by n.O.e. experiments.
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Scheme 2. Reagents and conditions: i. Wet DMF, NaCl, 80 °C, 78%. ii. LiBH4, THF, 0 °C,
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-15 °C, 12 h, 83%. vi. Li-NH3, -78 °C, 79%. vii. IM HCI 12 h, 78%



with
2-one 5 was obtained in good yield.'” Reduction of 5, performed with LiBH, 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'' By addition of  Li-hexamethyldisilazide in THF at -15 °C, the 3-aza-2-
oxo[3.2.0]bicycloheptane 9 was obtained in good yield as a sole diastereomer, whose configuration was
confirmed by analysis of the 'H NMR spectrum * The phenylethyl group was then removed by treatment with
Li-NH; at -78 °C, to give the bicyclic amide 10a in good yield. Eventually, hydrolysis of this compound,

performed with 1M HCI at 80 °C, aliowed preparation of the amino acid (1R,25)-1a as the corresponding

hydrochloride (Scheme 2).

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

o

conformational biases imposed by incorporating the amino acids (1R,25)-1a and (15,2K)-1b into peptide

sequences and to determine their biological activities.
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Scheme 3. Reagents and conditions: i. Wet DMF, NaCl, 80 °C, 76%. ii. LiAlH4, THF, 0 °C,
86%. iii, MsCl, EtzN, DMAP, CH,Cl,, 0 °C, 90%. iv. Nal, acetone, rt., 88%. v. LIHMDS, THF,
-15°C, 12 h, 85%. vi. Li-NHj, -78 °C, 77%. vii. IM HCI, 80 °C, 12 h, 76%.

Melting points were measured on a Electrothermal 1A 9000 apparatus and are uncorrected Ir spectra were
recorded in CHCI; on a Nicolet Fourier Transform Infrared 20-8X spectrophotometer. Diastereomeric ratios

were determined by GC an

ree

ing a Chrompack 9001 instrument equipped with a Chrompack 7720

- . . ; U SURR | S,
capillary column (50 m x 0.25 mm rd.; stationary phase CP-S1i-5 CB). H and "C NMR spectra were
recorded at 200 MHz and 50 MHz, respectively, on a Varian Gemini 200 spectrometer, using CDCl, as a
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Assignments were aided by decoupling and homonuclear two-dimensional experiments. Specific rotations
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spectrometer 5890, series 11, using a HP-5 capillary column (30 m x 0.25 mm i.d ; stationary phase 5% pheny!
methyl silicone). Flash chromatography  was performed with silica gel 60 (230-400 mesh). (R)-
Phenylethylamine, 2 M LiBHj, solution in THF and 1 M solution of Li-hexamethyldisilazide in THF-hexanes
were purchased from Aldrich. According to our already reported procedure™ compound 2 was prepared
starting from ethyl (/)-4-bromo-2-butenoate and (R)-phenylethylamine: [at]p +32.8 (¢ 1, CHCl3). GC-MS (EL
70 eV) mz 233 (M), 218, 204, 190, 172, 144, 128, 105, 77. Anal Calcd for C;4H;oNO;: C, 72.07; H, 8.21;

N, 6.00. Found: C, 72.02; H, 8.17; N, 5.96.

Preparation of ethyl (35,45,1’ R)-[1-(1’-phenyleth-1’-yl)-3-methoxycarbonyl-2-oxopyrrolidin-4-yl]acetate
(3) and its isomer (3R, 4R,1’R), (4), by cyclisation of (2) carried out with NaH.

A solution containing the amide 2 (2.3 g, 10 mmotl) in dry THF (30 mi) was siowly added at -78 °C o a
suspension of NaH (048 g; 10 mmol, 50% dispersion in mineral oil) in dry THF (20 ml). After 1 h solid
NH,CI (5g) was added'' and the temperature raised to 20 °C. The mixture was poured in water (50 ml) and
on with ethyl acetate {2 x 100 ml) and drying (Na,S
reduced pressure The residue was chromatographed by silica gel chromatography (cyciohexane:ethyl acetate
7:3) to give the diastereomers 3 and 4 as colorless oils in 80% overall yield and 8020 dr Isomer

(35,45,1’R)-3: 64% yield. IR: 1742 1665 em” 'HNMR: 1.16 (t 3H, I=72),1.51(d,3H,1=70), 226 (dd,

IH,J=771=161),242(dd, IH,J=66,T=161), 257 (dd, 1H, Hsa, J45 =64, Jag = 9.6), 2.91 - 3.14 (m,
1H, Hy), 3.19 (d, 1H, Hy. J = 7.7), 3.66 (dd, 1H, Hsp, Jos = 8.9, Jap = 9.6), 3.76 (s, 3H), 4.03 (q, 2H, ] = 7 2),
544 (g, 1H, J = 7.0), 7.18 - 7.39 (m, 5 ArH).’C NMR: 146, 16.5, 32.9, 37.9, 46.7, 50.1, 53.2, 55.1, 61.3
127.6,128.1, 128.2, 129.0, 129.1, 139.9, 168.7, 170.3, 171.4. [a], +87 1 (c 0.5, CHCL). GC-MS (EL, 70 eV):
mz 333 (M), 318, 288, 274, 242, 214, 188, 132, 120, 105, 91, 77. Anal. Calcd for C;3H23NOs: C, 64 85; H,
6.95; N, 420. Found: C, 64.77; H, 6.91; N, 423 Isomer (3R,4R,1’R)-4: 16% yield. IR: 1744, 1665 cm H
NMR: 1.23 (t, 3H, J=7.1), 1.53(d, 3H,J = 7.1), 243 (dd, 1H, J =72, ] =162), 255(dd, 1H, ] =6.1,] =
16.2), 2.84 - 3.09 (m, 2H, Hy + Hs,), 3.23 - 3.32 (m, 2H, H; + Hsp), 3.79 (s, 3H), 4.11 (q. 2H, J = 7.1), 5.47 (q
IH, J=7.1), 7.18 - 7.38 (m, 5 ). BC NMR: 14.6, 16.6, 33.0, 38.1, 46.8, 50.0, 53.2, 55.1, 61.4, 127 4
1281, 1291, 139.8, 1689, 1703, 1714 [a], +129.8 (c I, CHCL,). GC-MS (EL, 70 V). mz 333 (M), 318,

288,274,242, 214, 188, 132, 120, 105, 91, 77. Anal. Calcd for CigH;3NOs: C, 64.85; H, 6.95; N, 4.20. Found:
C,6482.H, 697.N,4.19.

Preparation of ethyl (35,45,1’R)-[1-(1’-phenyleth-1"-yl)-3-methoxycarbonyl-2-oxopyrrolidin-4-yljacetate
(3) and its isomer (3R,4R,1’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

enhitinn rantaining endinim othavida 10 mmal nrenared hy dicenlvine Na (240 ma- 10 mmalll in drv ethannl
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(20 ml). After 1 h solid NH4CI (5.0 g) '* 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

it was evaporaited 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 (35,45,1’R)-3: 25% yield. [a], +87.1 (¢ 0.5, CHCL,). GC-MS (EI, 70 eV): m z 333
120, 105, 91, 77. Anal. Caled for C;3H23NOs: C, 64.85; H, 6.95; N,
)

420 Found: C, 6481; H, 6.93; N, 422 Isomer (3R4R,I’R)-4: 57% yield. [a], +129.8 (¢ I, CHCl,). GC-
EI

10 mmol) in DMF (10 mi) 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 (Na;SO,). 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. TR: 1743, 1664

em’ 'HNMR: 120 (t, 3H, J=72), 152 (d, 3H, J = 7.2), 2.04 - 2.15 (m, 1H, Hsx), 223 (dd, 1H,J=78. ] =

16.2), 2.37(dd, 1H, J=6.3,J = 16.2), 2.55 - 2.79 (m, 3H, Hap + Hy + Hs4), 3.53 (dd. 1H, Heg, J=7.1. 1= 94)
21 -7

494,611, 1276, 1280, 129.1, 1403, 1721 [a], +108.6 (¢ 0.5, CHCL). GC-MS (EI, 70 eV): mz 275 (M),
260, 232, 230, 184, 170, 160, 146, 132, 126, 105, 91, 77. Anal. Calcd for C,¢H3NOs: C,69.79; H, 7.69; N,

1
R ¢

(4°8,1”R)-2-[1’-(1”-Phenyleth-17-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, LiBH,
was added (6 mmol; 3 mi of a 2M solution in THF) at 0 °C. After 2 h methanol (1 ml) and H,O (30 ml) were
added and the mixture was pured into a Na;SOj saturated aqueous solution (50 ml). After extraction of the
reaction mixture with ethyl acetate (3 x 100 ml) and drying (Na;SQOy), 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 em’” "H NMR: 152 (d,3H,1=72), 149 - 163
(m, 2H), 1.75 (br s, 1H, OH), 2.13 (dd, 1H, Hza, J34 =609, Jag = 15.8), 2.39 - 2.56 (m, 1H, Hy), 2.62 (dd, 1H,
Hip, Jos= 8.2, Jap = 15.8), 2.63 (dd, 1H, Hsa, Jas = 6.2, Jan = 9.4), 3.46 (dd, 1H, Hsp, Jas= 7.5, Jau = 9.4),

3.59(t, 2H, J = 6.3), 5.50 (q, 1H,J=72),7.23 - 7.41 (m, 5 ArH). "C NMR: 16.7,293,37.5,38 5, 48 4,49 3,
61.1,127.6, 128.0, 129.0, 140.5, 174.3. [a], +133.6 (c 0.5, CHCL,) GC-MS (EI, 70 eV): m z 233 (M"), 218,

160, 146, 142, 105, 91, 77. Anal. Caled for C14H19NOy: C, 72.07; H, 8.21; N, 6.00. Found: C, 72.04; H, 8.17,

LL PSS TRPURppIy I S PR s 19 _N\___.
“Heuane>ul lUlllelyCl 1-1

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 O °C, methanesulfonyl chloride (3.1 g ; 27 mmol) dissolved in ethyl acetate
(10 m\ wae clowly added Aftar the aicnencion was noured in A 8N MmN and  avtrantad yith athol
VAW Ly vWas JIUviy auuilua. Adlia HBUT SUSPULISIVIL Wao PUBILVU 1L L7 (JV 1il]  alld - CAualiCy willd Slliyi

acetate (3 x 100 ml). The organic layer was dried (Na;S0O,4) 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

o
2]
Fis

1664 cm™. 'HNMR: 1,52 (d, 3H, T = 7.1), 1.70 (dt, 2H,
(dd, 1H, Hsa, J34= 66, Jag = 15.9), 2.40 - 2.56 (m, 1H, Hy), 2.61 (dd, 1H, Hsa, Jo5= 62, Jag = 9.6), 2.65 (dd,
IH, Hap, J3.0=83, Jap = 15.9), 3.47 (dd, 1H, Hsp, Jas= 7.4, Jap = 9.6), 414 (1, 2H. ] = 6.2), 5.50 (g, 1H, J =
7.1), 720 - 7.39 (m, 5 ArH). 'C NMR: 16.6, 29.1, 34.1, 37.9, 38.1, 479, 494, 679, 1276, 128.1, 1290,

140.3, 173.6. [a], +105.8 (c 0.5, CHCL,). GC-MS (EL 70 eV): mz 311 (M"), 296, 220, 160. 146, 105, 104,

93% vield as colorless oil. IR:

91,79, 77 Anal. Calcd for C;sHz NO,S: C, 57.86; H, 6 80; N, 450 Found: C, 57.84; H, 6.77, N, 4.48.

(48,1’ R)-1-(1’-Phenyleth-1°-yl)-4-(2”-iodoeth-1"-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 layer was then washed with a 10% aqueous

cabiial s O NT . FEN o1y N B T e N OAL s e O
SOMUTION O INazdoU3 (DU IMi), dnd Aried (iINd223U4). ALLCT TCINOvVdl O Lie S01vernt Ilﬂef TCUUCGCI pressure me

residue was purified by silica gel chromatography (cyclohexane ethyl acetate 70:30), to give the title
compound in 91% yield as colorless oil. IR: 1667 cm T THNMR: 1.53(d, 3H,J=7.1), 1.75 - 1.87 (m, 2H),

208 (dd 1 H:. IL;=63 J..=158) 235 ’)’7l{m 3H, Hyg + Hy + Hsa), 3.04 (t. 2H, J = 7.0). 3.45 (dd
LU0 MM, 1Rk, KRJA, V34 V.2, JAB 1.0, 4.2 3B ii4 1154, [RS4  Na FU), 2092 (GG,
LH, Hsp, Jas = 7.2, Jap = 9.3), 5.51 (q, 1H, I =7.1), 7.24 - 7.43 (m, 5 ArH). "C NMR: 3.3, 16 6, 33.0, 376
382,475 494, 127.6, 128 1, 129.1, 1403, 173.7. [a], +98.3 (c 0.5, CHCL)). GC-MS (EL 70 eV) m z 343
(M), 328, 310, 309, 252, 161, 160, 135, 127, 118, 105, 91, 77. Anal. Calcd for C;4H;sNOL C, 48.99; H, 5.29
N, 408 Found: C, 49.05; H, 5.24; N, 4.14
(1R,5S, I’R)-3-(1’-Phenyleth-1’-yl)-3-aza-2-oxobicyclo[3.2.0]heptane (9)
Tin o anditimnn cnmtainiasg tha ~oamrnannd f /5 g 15 mmal)l in dey THE (&N ml\ a¢ 18 O T,
1O a SUNLIVIL LulNiLdiiliilg e Lullipouundg O \v.1 B, IJ Huuil) i W 11 (Jv lll} at —-1J LS 5 o

hexamethyldisilazide (15 mmol; 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 H,O-ice and extracted with ethyl acetate (3 x 100 ml). The

organic layer was dried (Na,S0,) and the solvent was removed under reduced pressure. The residue was

o
z

)
=
]

yield as white crystals. M.p. 61 - 63 °C. J=7
2.03 - 2.27 (m, 2H.), 2.35 - 2.50 (m, 1H), 2.73 (d, 1H, Hap, J4u = 10.1), 2.79 - 2.96 (m, 1H, Hy),

fevw 10T LT Y 2 A2 /(A4 1LY LY . T _
LHE, 103, K1) ), 290 \Ud, 111, I'14B, J4.5 .7, JAB

249,265, 304, 42.5, 49.0, 49.2, 67.9, 1274, 1278, 1279, 1290, 1410, 1774, [a], +130.7 (c 05,
CHCl,). GC-MS (EL, 70 eV): m'z 215 (M), 200, 187, 174, 172, 124, 120, 105, 104, 91, 77. Anal. Calcd for



R. Galeazzi et al. / Tetrahedron 55 {1999) 26]1-270 )
uuuuuuuu AAl TF Wb 7/ L CMTUIICRTUNE IO (177 7) LUL—L /U p4
(1R,55)-3-Aza-2-oxobicyclo[3.2.0lheptane (10a)
Tn a flack ninder aroon atmocnhere NI (abhoad 100 ! wae conndanca 78 °C noan -n
i @ 1dsSk unaeér argon aumospnere inriz (aboul 1VV 1Ml ) was condensed at - °C and then Li vay g ju

mmol) was added When the metal dissolved in NHs, a solution containing the compound 9 (3.2 g; 15 mmol)
in THF - /-BuOH (30 ml of a 90:10 mixture) was quickly added. After 10 min powdered NH4Cl (7 g) was

added and the mixture was extracted with ethyl acetat e (3 x 150 ml). The organic layer was dried (Na,SQs)
LEGILEY IRV WWAS WiiVU 1 NQZIg )

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

acetate), to give the title compound in 79% vyield as a colorless oil. IR: 3351, 1667 cm'14 lH NMR: 191-218

(m, 2H), 2.21 - 2.53 (m, 2H), 2.81 - 2.94 (m, 1H), 2.95-3.09 (m, 1H), 3.17(d, 1H, ] = 10.2), 3.47 (dd, 1H. ] =
6.9, J = 10.2), 7.25 (br s, 1H, NH). ’C NMR: 24.4, 26.7. 33.8, 40.9, 49.2, 182.3. [a], -58.0 (c 0.5, CHCI,)

GC-MS (EI, 70 eV) mz 111 (M), 83, 82, 68, 67, 55 Anal Calcd CéHoNO: C, 64.84; H, 8.16; N, 12.60.
Found: C, 6480, H, 8.13; N, 12.64

(1R,285)-2-Aminomethylcyclobutanecarboxylic acid hydrochloride (1a)
A solution of compound 10a (1.0 g; 9 mmol) in IM HCI (30 ml) was stirred at 80 °C for 6 h. after

removal of H,() under reduced

n
2.7 Ll (918 eSSl FRLE 1))

ressure. the solid residue was recrysta allized (rlmfhv! ether-etha

LNRE N EANRAILY 8 R i,

428 1774 [a],-24.5(c 0 5, CH;OH) MS (EL 70 eV): m'z 130 (

Anal Calcd for CeH12NOCL: C, 43.51; H, 7.30; N, 8.46. Found: C, 43 45 H, 7.26; N, 8 51

Ethyl (45, ’R)}-{1-(1’- phenyleth- 1’-yl}-2-oxopyrrolidin-4-vllacetate (11)
JY [ 3 AN rJ J rd

Starting from 4, the title compound was prepared in 76% yield as a colorless oil following the procedure
above reported for compound 5. IR: 1744, 1663 em’” ]H NMR: 128 (t, 3H,J=7.1), 1.51 (d, 3H, ] = 7.2),
2.10-226(m, 1H, H3p), 2.39(dd, 1H,J=79.1=16.2),249(dd, IH, J=59,1=162), 257 -2.72 (m, 2H),
3.01 (dd, 1H, Hsg, J45s=5.9,Ja5=9.9), 3.20 (dd, 1H, Hsa, Jas =7.5,J.B=99),412(q, 2H,J=7 1), 549 (q,
1H, J=72), 722 -742(m, 5 ArH). ’C NMR: 14.7, 166, 28.7, 381, 392, 48 1, 494 612 127.5. 128.0,
129 1, 1404, 1721, 173 6 [a],, +118.9 (c 0.5, CHCL). GC-MS (EI, 70 eV) m’z 275 (M"), 260, 232, 230
184, 170, 160, 146, 132, 126, 105, 91, 77. Anal. Calcd for C;¢H1NO3: C,69.79; H, 7.69; N, 5.09. Found: C,

69.68: H, 7.74, N, 5.14.

(4’R,1”R)-2-|1’-(1"-Phenyleth-1"-yl)-2’-oxopyrrolidin-4’-yljethanol (12)
Starting from 11, the title compound was prepared in 86% yieid as a colorless oil following the procedure
above reported for compound 6. IR: 3345, 1664 cm'i. 'HNMR: 1.52 (d,3H,J=7.1), 1.70(dt, 2H, J=6.4, ] =

6.9),2.00 (brs. 1H, OH), 2.19 (dd, 1H, Hap, J3.4 =81, Jap = 15.7), 2.28 - 2.51 (m, 1H, Hy), 2.62 (dd, 1H, Hs,,

=—4£0Q T

| S 1744 11T 1T )
1 1Qa, 11, sy, J4i—'U Y, JAR — 9. oj, 3

on 1 o1& \ b
J34 T OV, JAR T 12.7), I

2H,J=64),549 (q, 1H,1=6.9), 7.20 - 7.39 (m, 5 ArH). ’C NMR: 16.6, 29.6, 37.6, 38.5, 48 7, 49.4, 6
127.4, 1279, 1290, 140.6, 174.3. [a], +85.8 (c 0.5, CHCL,). GC-MS (EL 70 eV): mz 233 (M"), 218, 160,
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146, 142, 105, 91, 77. Anal. Calced for Ci4H;sNO;: C, 72.07; H, 8.21; N, 6.00. Found: C, 72.11; H, 8.24. N,
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278,

(4R,1’ R)-1-(1’-Phenyleth-1’-yl)-4-(2”-methanesulfonyloxyeth-1"-yl)pyrrolidin-2-one (13)

Starting from 12, the title compound was prepared in 90% yield as a colorless oil following the
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procedure above reported for compound 7. IR: 1665 ¢cm . H
1=62),219(dd, 1H, H3p, J34 =80, Jag = 15.8),2.31 - 2.51 (m, 1H, Hy), 2.65 (dd, 1H, Hj, Ja4 =
15.8), 2,95 - 3.05 (m, 1H, Hsg), 2.99 (s, 3H), 3.16 (dd, 1H, Hsa, J45 =77, Jag = 9.6), 423 (t, 2H, J = 5 8),
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1281, 1291, 1403, 1737 [a], +96.4 (c 0.5, CHCl,). GC-MS (EL, 70 eV): mz 311 (M"), 296, 220. 200, 160,
9

146, 105, 104, 91, 79, 77. Anal. Calcd for C;sH;NO4S: C, 57.86; H, 6 80; N, 4.50. Found: C, 57.91; H, 6.75;

(4R,1’R)-1-(1’-Phenyleth-1-yl)-4-(2"-iodoeth-1"-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’! 'THNMR: 152 (d,3H,J=72),196(dt,2H,J=7.1,1=7.1).
2.14 (dd, 1H, Hap, J34 = 7.4, Jag = 15.8), 2.28 - 2.45 (m, 1H, Hy), 2.62 (dd, 1H, Haa, J34 = 84, Jay = 158),
296 (dd, 1H, Hsg, J4s =66, Jap = 9.6), 3.07 - 320 (m, 3H, Hsy + CHzl), 549 (q, I1H, J = 7.2),722-742
(m, 5 ArH). BC NMR: 3.1, 16.6, 33.2, 37.6, 38.6, 47.8, 49.5, 127.5, 1276, 128 1, 1291, 1404, 173.7. [a],
+81.6 (c 0.5, CHCl,). GC-MS (EI, 70 eV): mz 343 (M"), 328, 310, 309, 252, 161, 160, 135, 127, 105, 91, 77.

Anal Calcd for CsH7NO: C, 78 10; H, 7.96; N, 6 51 Found: C, 78.15; H, 8.03; N, 6.54.

(15,5R,1’ R)-3-(1’-Phenyleth-1’-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
above reported for compound 9. IR 1666 cm™. 'H NMR: 1.59 (d, 3H, J = 7.1), 181 - 1.99 (m, 1H), 2.03 -
2.21 (m, 1H), 2.22 - 2.64 (m, 3H), 2.75 - 2.94 (m, 1H, H;), 298 - 3.12 (m, 2H), 5.58 (q, 1H, J = 7.1), 7.25 -
7.44 (m, S ArH). "C NMR: 16.8, 24.7, 27.0, 304, 42.5, 49.4, 49.6, 127.8, 1279, 128.0, 129.0, 140.3, 177.3
[al}, 209.1 (¢ 0.5, CHCLy). GC-MS (EI, 70 eV): mz 215 (M), 200, 187, 174, 172, 120, 105, 91, 77. Anal.

Caled for C14H7NO: C, 78.10; H, 7.96; N, 6.51. Found: C, 78.06; H, 791, N, 6 54
(LS,5R)-3-Aza xob:cyclo[?a Olheptane (10b)

above reported for compound 10a. [at], +57.2 (¢ 0.5, CHCI,). GC-MS (EI, 70 eV): mz 111 (M), 83, 82, 68,
67, 55. Anal. Calcd CsHoNO: C, 64.84; H, 8.16; N, 12.60. Found: C, 64.77; H, 8.19; N, 12.57.

(LS,2R)-2-Aminomethylcyclobutanecarboxylic acid hydrochloride (1b)

Starting from 16, the title compound was prepared in 76% yield following the procedure above reported



for compound 1a. M.p.: 190 - 191 °C. [a],24.1 (¢ 0.4, CH;0H). Anal. Calcd for CéH1a2NOCl: C, 43 51; H,

195 QL1
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Preliminary studies about the outcome of the reaction depending on the conditions employed suggest a
thermodynamic vs. kinetic control. In fact, the calculated steric energies of compounds 3 and 4 resulted

to be 0.00 and 0.53 kcal/mol, respectively.’ By using NaH in THF in the absence of a

a proton source,
the conjugate addition leads to an equilibrium mixture and product 3, more stable, is mainly formed
under thermodynamic control. On the contrary, when sodium ethoxide in ethanol is employed, the anion
arising from conjugate addition immediately undergoes protonation by the solvent, so that product 4 is
mainly formed under kinetic control. Studies are in progress in order to attain a deeper insight about this
behaviour and for possible extension of the method to the synthesis of bioactive compounds, and will be
reported in due course.
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The cyclisation was also performed starting from mesylate 8, but in this case bicyclic compound 9 was

isolated in only 53% yield.

3) of the ester groun was
. J) of the ester group was

suppressed.



