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General

All reactions were carried out under an atmosphere of nitrogen in oven or flame-dried glassware
with magnetic stirring. Solvents were distilled prior to use. Tetrahydrofuran (THF) was distilled
from sodium metal/benzophenone ketyl. Dichloromethane (CH,Cl,) was distilled from calcium
hydride. Purification of reaction products was carried out by flash chromatography using
silicagel 60 (230-400 mesh). Analytical thin layer chromatography was performed on 0.25 mm
silica gel 60-F plates. Visualization was accomplished with UV light and phosphomolybdic
acid-ammonium cerium (IV) nitrate sulfuric acid-water reagent, followed by heating. Melting
points are uncorrected. 'H NMR and *C NMR spectra were recorded at 500 MHz and 75 MHz
respectively and are reported as & values (ppm) relative to residual CHCl; 8H (7.26 ppm) and
CDCI; 0C (77.16 ppm) as internal standards, respectively. Mass spectra were either under EI (70
eV) or CI conditions after direct injection (HRMS) or using GC-MS coupling (column: fused
silica gel, 15 m, 0.25mm, 0.25 nm phase SPB-5).

Preparation Details and Physical and Spectroscopic Data of Compounds 12, 16-36:

Preparation and physical data of compounds 10,5® 11,°® 13,3® 14,%® and 15,”® was previously
described.

ol
Ph&l/N",

Ph

(3R)-3-Benzyl-1-[bis(trimethylsilyl)-methyl]-3[(4S,5R)-4,5-
diphenyl-2-oxo0-oxazolidin-3-yl]azetidin-2-one (12): This compound
was prepared in 74% yield from 9 (R= Ph; R= H) and benzyl
N\(S“V'es bromide, following the reported protocol for a-alkylation.*® M.p:

SiMe;  204-6°C; [alp” = + 0.99 (c= 1.0, CLCH,); IR(cm™, KBr): 1734.2;
1699.5 (C=0); 845.7 (C-Si); MS m/z (Ion Source Type: ESI, positive
polarity): MS +1: 557.3; MS2(557.0): 513.2,188.1; MS3(511.1): 406.4, 354.3, 262.1, 188.0. 'H-
NMR (8, ppm, CDCls): 7.52-7.38 (m, 5H); 7.23-7.08 (m, 5H); 5.91 (d, 1H, J = 7.3 Hz); 5.44 (d,
1H, J = 7.3 Hz); 3.58 (d, 1H, J = 6.2 Hz); 3.48 (d, 1H, J = 6.8 Hz); 2.96 (d, 1H, J = 13.7 Hz),
2.56 (s, 1H); 2.37 (d, 1H, J = 13.7 Hz); 0.02 (s, 9H); -0.16 (s, 9H). *C-NMR (8, ppm, CDCls):
164.3; 156.7; 135.5; 134.9; 133.8; 130.7; 128.7; 128.2; 127.9; 127.6; 127.0; 125.7; 81.2; 72.3;
65.3; 52.4; 37.4; 37.3; -0.45; -0.64. Anal. Calcd. for C3,H4N>O3S1,: C, 69.02; H, 7.24; N, 5.03.
Found: C, 68.74; H, 7.23; N, 5.10.

12

(3R)-1-[Bis(trimethylsilyl)-methyl]-3-zert-butoxycarbonylamino-
3-isobutylazetidin-2-one (16): This compound was prepared in 64%

overall yield from 11 following the reported phenyloxazolidinone
NYSiMes deprotection and Boc-protection protocol.*® M.p: 67°C; [a]p” = —
16 SiMes
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26.1 (c= 1.0, Cl,CH,); IR(cm™, KBr): 3260.0 (NH); 1733.5; 1701.2 (C=0); MS m/z (int): 329
(37), 188 (26), 172 (30), 157 (50), 101 (100), 73 (47), 57 (64). "H-NMR (8, ppm, CDCl;): 5.13
(s, 1H); 3.67 (d, 1H, J= 5.2 Hz); 3.29 (d, 1H, J = 5.5 Hz); 2.69 (s, 1H); 1.95-1.52 (m, 3H); 1.43
(s, 9H); 0.99 (d, 3H, J = 5.1 Hz); 0.96 (d, 3H, J = 4.9 Hz); 0.13 (s, 9H); 0.12 (s, 9H). ’C-NMR
(8, ppm, CDCls): 167.8; 154.3; 79.6; 67.2; 56.2; 36.6;28.2; 24.4; 24.1; 23.4; -0.30. Anal. Calcd.
for C1oH4oN>O5S15: C, 56.95; H, 10.06; N, 6.99. Found: C, 57.11; H, 9.94; N, 7.05.

(3R, 4R)-3-Benzyl-4-isobutyl-3-(tert-butoxycarbonylamino)-1-(tri
methylsilylmethyl)azetidin-2-one (17): This compound was prepared
in 70% overall yield from (BR,AR)-3-benzyl-1-
[bis(trimethylsilyl)methyl]-3-fertbutoxycarbonylamino-4-isobutyl
SiMe, azetidin-2-one,”® following  the  described  CsF-mediated

monodesilylation procedure.*® M.p.: Oil; [a]p” = +27.6 (c= 0.5,
CLCH,); IR(cm™, KBr): 1748.2 (CO), 1699.0 (CO), 853 (C-Si); MS m/z (int): 348 (11), 289
(11), 233 (52), 232 (13), 177 (100), 173 (53), 146 (42), 129 (47), 91 (12); '"H-NMR (§, ppm,
CDCls): 7.32-7.24 (m, 5H); 4.93 (bs, 1H); 3.78 (t, 1H, J = 6.3 Hz); 3.33 (d, 1H, J = 13.3 Hz);
3.17 (d, 1H, J = 13.6 Hz); 2.78 (d, 1H, J = 15.9 Hz); 2.51 (d, 1H, J = 15.9 Hz), 2.00 (m, 1H);
1.68 (m, 1H); 1.54 (m, 1H); 1.42 (s, 9H); 1.03 (t, 6H), 0.16 (s, 9H). >C-NMR (8, ppm, CDCl;):
167.8, 154.7; 135.8; 130.8; 130.3; 128.5; 127.9; 127.1; 126.5; 79.7; 68.2; 64.2; 45.1; 38.4; 35.3;
32.4;29.8; 25.8; 22.8; —1.1. HRMS (m/z) 418.2637; C,3H3§N,0O3Si requires 418.2653.

17

0 (3R)-3-Benzyl-1-[bis(trimethylsilyl)-deutero-methyl]-3-[(45)-4-
o—( Ph phenyl-2-oxo-oxazolidin-3-yl]azetidin-2-one  (18): The general
N, procedure was followed at a 0.5 scale from 10 (0.5 mmol, 247 mg),
N SiMe; sBuLi (0.65 mmol. 0.5 mL) and MeOD (5.0 mmol, 0.2 mL). The reaction
o) SiMe; mixture was warmed overnight from -78°C to 20°C. Eluent:
18 D EtOAc/hexanes 1:10. Yield: 197 mg (82%). M.p.: 154-7°C (CH,Cl,-
hexanes); [a]p> = +20.5 (c= 1.0, CLCH,); IR(cm™, KBr): 1737 (CO), 1730 (CO), 846 (C-Si);
MS m/z (int): 279 (17), 172 (3), 104 (23), 91 (22), 73 (100); 'H-NMR (8, ppm, CDCls): 7.70-
7.17 (m, 10H); 5.18 (dd, 1H, J = 8.1 and 1.8 Hz); 4.64 (t, 1H, J = 8.5 Hz); 4.43 (dd, 1H, J =8.7
and 1.9 Hz); 3.52 (d, 1H, J = 6.4 Hz); 3.44 (d, 1H); 2.85 (d, 1H, J = 13.7 Hz); 2.52 (s, 1H); 2.24
(d, 1H, J = 13.7 Hz); 0.00 (s, 9H); — 0.12 (s, 9H). *C-NMR (8, ppm, CDCLs): 164.1, 156.7;
140.2; 134.8; 130.5; 129.0; 128.4; 127.7; 126.9; 72.3; 71.1; 59.6; 52.1; 37.3; — 0.6; —0.8. Anal.
Calcd. for CoH35DN>05S1,: C, 64.82; H, 7.74; N, 5.81. Found: C, 64.89; H, 7.60; N, 5.91.

Ph

0 (3R) 3-Benzyl-1-[1,1-bis(trimethylsilyl)ethyl]-3-[(4S5)-4-phenyl-2-oxo0-
04( Ph 1,3-oxazolidin-3-yl]azetidin-2-one (19): The general procedure was
N.., followed at a 0.5 scale from 10 (0.5 mmol, 247 mg), sBuLi (0.65 mmol.
J;_‘ SiMe; 0.5 mL)/TMEDA (0.65 mmol, 98 uL) and methyl iodide (1.5 mmol, 94

Ph N
& YsiMe,

19 Me
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uL). Eluent: EtOAc/hexanes 1:5. Yield: 126 mg (51%). M.p.: 170-1°C (CH,Cl,-hexanes); [o]p>
=+36.5 (c= 1.0, CL,CH,); IR(cm™', KBr): 1762.5; 1734.8 (C=0); MS m/z (int): 73 (100); 91 (27);
104 (24); 114 (24); 115 (29); 193 (37); 279 (47); 352 (25); 393 (88); 394 (30); 421 (21); 480 (20).
"H-NMR (3, ppm, CDCls): 7.66-7.63 (m, 2H); 7.44-7.35 (m, 3H); 7.20-7.15 (m, 3H); 7.09-7.06
(m, 2H); 5.19 (dd, 1H, J= 1.6 and 8.0 Hz); 4.63 (t, 1H, /= 8.3 Hz); 4.44 (dd, 1H, J= 1.6 and 8.6
Hz); 3.55 (d, 1H, J= 6.6 Hz); 3.39 (d, 1H, J= 6.7 Hz); 2.80 (d, 1H, J=13.6 Hz); 2.23 (d, 1H, J =
13.6 Hz); 1.15 (s, 3H); 0.05 (s, 9H); —0.12 (s, 9H). BC-NMR (8, ppm, CDCl;3): 164.0; 156.8;
140.3; 134.9; 130.7; 129.1; 128.5; 127.8; 126.9; 71.3; 68.2; 59.7; 49.7; 40.4; 37.4; -1.2; —1.5.
Anal. Calcd. for C,7H3gN-O3Si,: C, 65.54; H, 7.74; N, 5.66. Found: C, 65.82; H, 7.91; N, 5.78.

A(o Ph (3R)-3-Benzyl-1-[1,1-bis(trimethylsilyl)-2-phenylethyl]-3-[(4S)-4-
P N phenyl-2-oxo0-1,3-oxazolidin-3-yl]azetidin-2-one (20): The general

L procedure was followed at a 0.25 mmol scale from 10 (0.25 mmol, 120
Ph 7N S;'Y'N‘I"s mg) nBuLi (0.30 mmol, 0.12 mL)/TMEDA (0.30 mmol, 45 uL) and
14 s benzyl bromide (0.50 mmol, 61 ulL). The reaction mixture was warmed

20 Pn overnight from —100°C to 20°C. Eluent: EtOAc/hexanes 1:5. Yield: 100
mg (70%). M.p.: 173-5°C (CH,Cly-hexanes); [a]p> = +13.0 (c= 1.0, CLCH,); IR(cm™, KBr):
1761.3; 1736.0 (C=0); MS m/z (int): 465(15.3), 352(13.1), 280(22.5), 279(100), 234(16.3),
220(22.4), 158(16.7), 144(54.2,) 117(20.9), 104(41.4). "H-NMR (8, ppm, CDCLs): 7.66 (d, 2H, J
= 7.3 Hz); 7.44-7.35 (m, 3H); 7.26-7.25 (m, 3H); 7.14-7.08 (m, 5H); 6.82 (d, 2H, J = 6.8 Hz);
5.26 (d, 1H, J= 6.8 Hz); 4.72 (t, 1H, J = 8.3 Hz); 4.51 (d, 1H, J= 7.8 Hz); 3.87 (d, 1H, J = 6.8
Hz); 3.62 (d, 1H, J= 6.8 Hz); 3.12 (d, 1H, J=15.6 Hz); 2.94 (d, 1H, J=15.6 Hz); 2.85 (d, 1H, J
= 13.7 Hz); 2.35 (d, 1H, J = 13.7 Hz); 0.05 (s, 9H); —0.06 (s, 9H). >C-NMR (8, ppm, CDCl;):
165.0; 156.7; 140.2; 139.4; 134.8; 130.9; 129.8; 129.1; 128.7; 128.1; 127.9; 127.2; 126.4: 71.2;
69.3; 59.8; 50.7; 47.5; 37.6; 36.8; 0.9; 0.6. Anal. Calcd. for C33H4,N,05Si,: C, 69.43; H, 7.42; N,
4.91. Found: C, 69.86; H, 7.59; N, 5.10.

oxo0-1,3-oxazolidin-3-yl]azetidin-2-one (21): The general procedure was
_ followed at a 0.5 mmol scale from 10 (0.5 mmol, 240 mg) nBuLi (0.60
Ph N._SMes  mmol, 0.24 mL)/TMEDA (0.60 mmol, 90 uL) and n-butyl iodide (1.50

O iM . . .
5q BU SiMes mmol, 170 uL). The reaction mixture was warmed overnight from —100°C

to 20°C. Eluent: EtOAc/hexanes 1:5. Yield: 107 mg (40%). M.p.: 123-4°C
(CH,CL); [a]p” = +6.4 (c= 1.0, CL,CH,); IR(cm™, KBr): 1753; 1726 (C=0); 845(C-Si). MS m/z
(int): 435(28), 156(18), 91(12), 73(100), 69(11). '"H-NMR (8, ppm, CDCls): 7.67 (d, 2H, J = 8.4
Hz); 7.43 (m, 2H); 7.37 (m, 1H); 7.22-7.15 (m, 3H); 7.08 (d, 2H, J= 6.8 Hz); 5.23 (d, 1H, J=8.9
Hz); 4.64 (t, 1H, J = 8.3 Hz); 4.46 (dd, 1H, J; = 8.6 Hz, J,=1.5 Hz ); 3.53 (d, 1H, J = 6.7 Hz);
3.37(d, 1H, J= 6.7 Hz); 2.79 (d, 1H, J=13.6 Hz); 2.24 (d, 1H, J=13.6 Hz); 1.47 2.35 (m, 2H);
1.05 (m, 2H); 0.82 (m, 1H); 0.77 (m, 3H); 0.107 (s, 9H); 0.09 (s, 9H) . BC-NMR (8, ppm,

_(O - (3R)-3-Benzyl-1-[1,1-bis(trimethylsilyl)-2-n-butyl]-3-[(45)-4-phenyl-2-
0]
N //I
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CDCl3): 164.2; 156.7; 140.3; 134.8; 130.6; 129.0; 128.4; 127.7; 126.8; 71.2; 68.2; 59.5; 45.2;
31.1; 28.3; 23.1; 13.6; 1.0; -0.2. HRMS (m/z) 536.2897; C30H44N,03S1, requires 536.2891.

(3R)-1-[1,1-Bis(trimethylsilyl)-2-phenylethyl]-3-isobutyl-3-[ (4S)-4-
phenyl-2-oxo0-1,3-oxazolidin-3-yl]azetidin-2-one (22): The general
procedure was followed at a 0.25 mmol scale from 11 (0.25 mmol, 111
jfé':"l\;: mg), nBuLi (0.30 mmol, 0.12 mL)/TMEDA (0.30 mmol, 45 uL) and

3

benzyl bromide (0.50 mmol, 61 ulL). The reaction mixture was warmed
overnight from —100°C to 20°C. Eluent: EtOAc/hexanes 1:5. Yield: 103
mg (77%). M.p.: 76-78°C (CH,Cl,-hexanes); [a]p> = —32.9 (c= 1.0, CLCH,); IR(cm™, KBr):
1743.4 (C=0); MS m/z (int): 407(12), 321(28), 320(100), 244(8), 218(7), 115(9), 75(13), 73(14).
"H-NMR (8, ppm, CDCl3): 7.65-7.62 (m, 2H); 7.46-7.39 (m, 3H); 7.30-7.25 (m, 5H); 5.33 (dd,
1H, J=2.0 and 8.4 Hz); 4.72 (t, 1H, J= 8.6 Hz); 4.49 (dd, 1H, J= 2.1 and 8.7 Hz); 4.18 (d, 1H, J
= 6.9 Hz); 3.64 (d, 1H, J= 7.0 Hz); 3.28 (d, 1H, J = 15.1 Hz); 3.16 (d, 1H, J = 15.0 Hz); 1.63-
1.57 (m, 1H); 1.39-1.33 (m, 1H); 1.29-1.08 (m, 1H); 0.97 (d, 3H, J= 6.4 Hz); 0.48 (d, 3H, /= 6.7
Hz); 0.17 (s, 9H); 0.14 (s, 9H). BC-NMR (8, ppm, CDCls): 167.0; 157.1; 140.6; 139.6; 129.8;
129.0; 128.9; 128.1; 127.7; 126.7; 71.1; 68.1; 59.4; 53.3; 47.1; 42.0; 36.3; 24.0; 23.0; 1.0; 0.9.
Anal. Calcd. for C39H44N,03Si,: C, 67.12; H, 8.26; N, 5.22. Found: C, 67.52; H, 8.69; N, 5.22.

22 Ph

0 (35)-1,3-Dibenzyl-4-isobutyl-3-[(45)-4-phenyl-2-oxo0-1,3-0xazolidin-3-
Og/ﬁ < o yl]azetidin-2-one (23): The general procedure was followed at a 0.25 scale
k|/ ; from 14 (0.25 mmol, 116 mg), nBuLi (0.30 mmol, 0.12 mL)/TMEDA (0.30
mmol, 45 uL) and benzyl bromide (0.50 mmol, 61 uL). The reaction mixture
pn  was warmed overnight from —100°C to 20°C. Eluent: EtOAc/hexanes 1:5.

23 Yield: 58 mg (50%). MS m/z (int): 468.2(2), 335.2(2), 294.1(6), 293.1(42),
174.1(2), 149.0(3), 130.1(10), 129.1(6), 105.1(10), 104.1(100), 103.1(12), 97.1(11), 91.1(67),
83.1(11), 71.1(12), 57.1(20), 55.1(16). '"H-NMR (8, ppm, CDCls): 7.49 (d, 2H, J = 7.0 Hz); 7.38-
7.22 (m, 7H); 7.19-7.13 (m, 4H); 6.65 (d, 2H, J = 7.0 Hz); 4.78 (dd, 1H, J = 3.0 and 9.0 Hz);
4.21-4.13 (m, 3H); 3.96 (d, 1H, J=15.5 Hz); 3.71 (d, 1H, J=13.5 Hz); 3.48 (dd, 1H, J= 3.0 and
9.0 Hz); 3.32 (d, 1H, J=13.5 Hz); 1.50 (ddd, 1H, J = 3.0, 12.5 and 14.0 Hz); 1.26 (m, 1H); 0.82
(m, 1H); 0.67 (d, 3H, J = 6.5 Hz); 0.53 (d, 3H, J = 6.5 Hz). HRMS (m/z) 468.2425; C39H3,N;,03
requires 468.2413.

(3R)-3-Benzyl-1-[bis(trimethylsilyl)-deutero-methyl]-3-(ztert-
butoxycarbonylamino)azetidin-2-one  (24): The  general

Ph
H
o) N'
>r WO]/ N SiMe, procedure was followed at a 0.5 mmol scale from 15 (0.5 mmol,
& fsive, 247 mg), sBuLi (0.65 mmol, 0.5 mL) and MeOD (5.0 mmol, 0.2
24 D

mL). The reaction mixture was warmed overnight from —78°C to
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20°C. Eluent: EtOAc/hexanes 1:10. Yield: 197 mg (82%). Oil; [a]p> = + 30.7 (c= 1.0, CLCH,);
IR(cm™, KBr): 3290, 2951 (NH), 1733, 1700, (CO), 846 (C-Si); MS m/z (int): 365(16), 347 (18),
283 (26), 234 (18), 208 (21), 177 (100), 92 (40), 73 (33). '"H-NMR (8, ppm, CDCls): 7.30-7.24
(m, 5H); 5.38 (s, 1H); 3.54 (d, 1H, J = 5.4 Hz); 3.40 (d, 1H, J = 5.3 Hz); 3.27 (s, 2H); 1.48 (s,
9H); 0.06 (s, 9H); —0.08 (s, 9H). BC-NMR (8, ppm, CDCls): 167.1; 154.6; 135.5; 130.4; 129.2;
126.6; 78.4; 68.3; 54.0; 39.2; 37.3; 28.5; — 0.3; — 0.6. Anal. Calcd. for C»,H37DN,05Si»: C, 60.64;
H, 9.02; N, 6.43. Found: C, 60.83; H, 8.84; N, 6.05.

(3R)-1-[Bis(trimethylsilyl)-deutero-methyl]-3-(zert-butoxy

carbonylamino)-3-isobutylazetidin-2-one (25): The general

_ procedure was followed at a 0.5 scale from 16 (0.5 mmol, 247 mg),

N SSIMI\/TS 1.3M sBuLi (0.65 mmol, 0.5 mL in cyclohexane) and MeOD (5.0

o5 D e mmol, 0.2 mL). The reaction mixture was warmed overnight from —

78°C to 20°C. Eluent: EtOAc/hexanes 1:10. Yield: 197 mg (67%).

M.p: 63°C; [a]p> = —27.8 (c= 1.0, CL,CH,); IR(cm™, KBr): 3260.0 (NH); 1733.5; 1701.2 (CO);

MS m/z (int): 330 (29), 189 (28), 172 (30), 158 (64), 101 (100), 73 (55), 57 (40). "H-NMR (9,

ppm, CDCls): 5.13 (s, 1H); 3.67 (d, 1H, J = 5.2 Hz); 3.29 (d, 1H, J= 5.5 Hz); 1.95-1.52 (m, 3H);

1.43 (s, 9H); 0.99 (d, 3H, J = 5.1 Hz); 0.96 (d, 3H, J = 4.9 Hz); 0.13 (s, 9H); 0.12 (s, 9H). "*C-

NMR (0, ppm, CDCl3): 167.8; 154.5; 79.4; 67.2; 56.1; 42.6; 36.7; 28.2; 24.5; 24.3; 23.2; —0.3.

Anal. Calcd. for C19H39DN,O3 Siy: C, 56.81; H, 10.29; N, 6.97. Found: C, 56.52; H, 11.03; N,
7.03.

0 (3R)-3-Benzyl-1-(carboxymethyl)-3-[(4.5)-4-phenyl-2-0x0-1,3-0xazolidin-
O‘( Ph 3-yl]azetidin-2-one (26): To a solution of 10 (1.0 mmol, 0.48 g) in THF (8
QI/N" mL) cooled to —78°C under nitrogen was added 1.3M sBuLi (1.2 mmol, 0.92

Ph N mL in cyclohexane) and the mixture was stirred at —78°C for 30min. Then,

O

COLH CO; gas was collected in a balloon, dried through a molecular sieves tube and
26 bubbled into the carbanion solution until color vanishment. The cooling bath
was removed and the reaction mixture was allowed to warm to 0°C, while the excess of carbon
dioxide was vented. After work-up, the product was purified by column chromatography (eluent:
EtOAc/hexanes 1:5). Yield: 220 mg (58%). Oil; [a]p™ = +27.2 (c= 1.0, CLCH>); IR(cm™, KBr):
3500-2900broady (OH); 1749.9; 1770.8 (CO); MS m/z (int): 307 (12), 279 (100), 235 (14), 220
(29), 194 (12), 144 (74), 117 (21), 115 (24), 104 (58), 103 (24), 91 (27). 'H-NMR (3, ppm,
CDCls): 7.52-7.38 (m, 5H); 7.23-7.07 (m, 3H); 7.08-7.06 (m, 2H); 5.09 (dd, 1H, J=2.4 and 8.3
Hz); 4.71 (t, 1H, J = 8.6 Hz); 4.36 (dd, 1H, J = 2.4 and 8.8 Hz); 3.96 (d, 1H, J=18.1 Hz); 3.73
(d, 1H, J=5.9 Hz); 3.44 (d, 1H, J=18.1 Hz); 3.32 (d, 1H, J= 6.4 Hz); 2.97 (d, 1H, J=13.7 Hz),
2.63 (d, 1H, J = 13.2 Hz). "C-NMR (§, ppm, CDCl;): 170.1; 165.7; 157.0; 139.9; 134.1; 130.0;
129.1; 129.0; 128.2; 127.1; 71.5; 71.2; 59.5; 51.0; 42.4; 37.7. Anal. Calcd. for C,;Hy9N,Os: C,
66.31; H, 5.30; N, 7.36. Found: C, 66.26; H, 5.36; N, 7.31.
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o (3R)-3-Benzyl-1-(benzyloxycarbonylmethyl)-3-[(4.5)-4-phenyl-2-oxo-
OAﬁ o oxazolidin-3-yl]-azetidin-2-one (27): To a solution of 10 (1.0 mmol, 0.48
J;_‘ g) in THF (8 mL) cooled to —78°C under nitrogen was added 1.3M sBuLi
Ph 5 NW (1.2 mmol, 0.92 mL in cyclohexane) and the mixture was stirred at —78°C
o7 co,Bn for 30min. Benzyl chloroformate (2 mmol, 0.29 mL) was added and, after
stirring for 30 min at the same temperature, the cooling bath was removed
and the reaction mixture was allowed to warm to 0°C. After the work-up, the crude was purified
by column chromatography (silicagel-60, eluent: EtOAc/hexanes 1:1). Yield: 211 mg (45%). Oil;
[alp” = +30.9 (c= 1.0, CLCH,); IR(cm™, KBr): 1815; 1769; 1747 (C=0); MS m/z (int):
465(17.6), 280(22.4), 279(100), 234(16.3), 220(24.5), 158(14.6), 144(42.7), 104(31.7), 73(36.3).
"H-NMR (3, ppm, CDCls): 7.54-7.44 (m, 2H); 7.44-7.31 (m, 8H); 7.30-7.21 (m, 3H); 7.20-7.08
(m, 2H); 5.12 (d, 1H); 5.08 (d, 1H); 5.04 (dd, 1H); 4.60 (t, 1H); 4.30 (dd, 1H, J= 2.4 and 8.4 Hz);,
3.98 (d, 1H,J=18.1 Hz); 3.73 (d, 1H, J= 5.9 Hz); 3.43 (d, 1H, J=18.1 Hz); 3.36 (d, 1H, J=6.3
Hz); 2.98 (d, 1H, J = 13.7 Hz); 2.52 (d, 1H, J = 13.7 Hz). >C-NMR (8, ppm, CDCl3): 167.2;
165.2; 156.6; 140.1; 134.8; 130.1; 129.1; 128.7; 128.6; 128.4; 128.3; 128.2; 127.4; 127.0; 126.5;
72.1; 71.1; 67.2; 59.7; 51.0; 42.4; 37.8. Anal. Calcd. for C,gH¢N>Os: C, 71.47; H, 5.57; N, 5.95.
Found: C, 71.52; H, 5.50; N, 5.86.

(3R)-3-Benzyl-1-[(N-phenylaminocarbonyl)methyl]-3-[(45)-4-phenyl-

o A(O Ph 2-0x0-1,3-oxazolidin-3-yl]azetidin-2-one (28): The general procedure was
Ql/N"' followed from 10 (1.0 mmol, 0.48 g), 0.60M nBuLi/TMEDA solution (1.2
N /J:_l‘\l mmol, 2.00 mL), and phenyl isocyanate (2.0 mmol, 0.24 mL). Eluent:
Y EtOAc/hexanes 1:1. Yield: 287 mg (63%). M.p.: 165-7°C; [a]p> = +34.1

og CONHPR  (c= 1.0, CLLCH,); IR(cm™, KBr): 1763; 1729; 1683 (C=0); MS m/z (int):
280(13), 279(100), 234(6), 220 (8), 158(5), 144(22), 104(19), 103(4); 'H-
NMR (8, ppm, CDCls): 9.01 (s, 1H); 7.75 (d, 2H); 7.52-7.08 (m, 13H); 5.04 (dd, 1H, J = 2.7 and
8.6 Hz); 4.78 (t, 1H, J = 8.7 Hz); 4.29 (dd, 1H, J = 2.6 and 8.7 Hz); 4.18 (d, 1H, J = 17.6 Hz);
3.70 (d, 1H, J = 5.6 Hz); 3.26 (d, 1H, J = 13.3 Hz); 3.02-2.95 (3d, 3H). "C-NMR (3, ppm,
CDCl3): 166.7; 165.2; 157.3; 139.9; 137.9; 132.7; 130.1; 129.9; 129.5; 128.8; 128.5; 127.8;
126.0; 124.4; 120.4; 71.1; 70.9; 58.9; 51.2; 45.5; 36.8. Anal. Calcd. for C,7Hy5N304: C, 71.19;
H, 5.53; N, 9.22. Found: C, 70.79; H, 5.53; N, 9.28.

(3R)-1-(Carboxymethyl)-3-isobutyl-3-[(4.5)-4-phenyl-2-0x0-0xazolidin
-3-yl]-azetidin-2-one (29): The general procedure was followed at a 3
mmol scale from 11 (3.0 mmol, 1.34 g) and 0.60M nBuLi/TMEDA solution
(3.6 mmol, 6.0 mL), using CO; gas as electrophile. Yield: 0.934 g (90%).

o Oil [a]p” =—-4.4 (c= 1.0, CL,CH,); IR(cm™', KBr): 3400-3100 (broad, OH);
29 1741.3; 1739.5(CO); HPLC-MS (ESI): MS: 345.2; MS2(345.2): 162.0,
132.1; MS3(162.0): 132.0; 'H-NMR (8, ppm, CDCls): 7.51-7.34 (m, 5H); 5.10 (dd, 1H, J = 8.6
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and 2.5 Hz); 4.70 (t, 1H, J = 8.6 Hz); 4.37 (dd, 1H, J = 8.8 and 2.6 Hz); 4.10 (d, 1H, J = 18.2
Hz); 4.03 (d, 1H, J=18.2 Hz); 3.95 (d, 1H, J = 6.3 Hz); 3.55 (d, 1H, J = 6.2 Hz); 1.68-1.60 (m,
1H); 1.45 (dd, 1H, J= 14.5 and 3.5 Hz); 1.25 (dd, 1H, J = 14.5 and 3.5 Hz); 0.90 (d, 3H, J = 6.6
Hz); 0.62 (d, 3H, J = 6.7 Hz). "C-NMR (9§, ppm, CDCls): 170.8; 167.1; 157.2; 140.1; 129.1;
127.4; 71.3; 71.0; 59.6; 52.9; 42.8; 41.4; 27.3; 24.2; 24.0; 23.0. Anal. Calcd. for C;gH>,N,Os5: C,
62.42; H, 6.40; N, 8.09. Found: C, 62.24; H, 6.26; N, 7.55.

(3R)-1-Cyanomethyl-3-isobutyl-3-[(45)-4-phenyl-2-0x0-1,3-0xazolidin-3-

yl]azetidin-2-one (30): The general procedure was followed at a 0.5 mmol
scale from 11 (0.5 mmol, 0.22 g), 0.60M nBuLi/TMEDA solution (0.6
mmol, 1.00 mL) and trimethylsilyl isocyanate (1.0 mmol, 0.13 mL). After
the addition of the isocyanate the reaction temperature was slowly raised to
0°C and the mixture was stirred for Sh. Eluent: EtOAc/hexanes 1:2. Yield: 98
mg (60%). Oil; [a]p> = —10.6 (c= 1.0, CLL,CH,); IR(cm™, KBr): 3448; 2958; 2922; 2328; 1769;
1746; HPLC-MS (ESI): MS+1: 328.2; MS2(328.2): 300.1, 273.1; MS3(300.1): 273.1, 137.0;
MS4(273.1): 242.2, 198.0, 110.1; "H-NMR (8, ppm, CDCl3): 7.46- 7.41 (m, 5H); 5.00 (dd, 1H, J
= 8.5 and 2.3 Hz); 4.71 (t, 1H); 4.38 (dd, 1H, J=8.5 and 2.3 Hz); 4.31 (d, 1H, J=17.8 Hz); 4.11
(d, 1H, J=17.8 Hz); 3.91 (d, 1H, J= 6.1 Hz); 3.48 (d, 1H, J= 6.1 Hz); 1.62 (m, 1H); 1.45 (dd,
1H, J= 3.8 and 14.5 Hz); 1.26 (dd, 1H, J= 3.8 and 14.5 Hz); 0.92 (d, 3H, J = 6.5 Hz); 0.67 (d,
3H, J= 6.5 Hz). "C-NMR (d, ppm, CDCLs): 166.4; 156.7; 139.9; 129.3; 127.2; 113.3; 71.8; 70.9;
59.5; 52.6; 41.3; 31.9; 29.8; 24.2; 23.0. HRMS (m/z) 327.1576; CgH;1N303 requires 327.1583.

30 C=N

(3R)-1-[(Aminocarbonyl)methyl]-3-isobutyl-3-[(45)-4-phenyl-2-0x0-
oxazolidin-3-yl]-azetidin-2-one (31): The general procedure was followed
at a 4 mmol scale from 11 (4 mmol, 1.79 g), 0.60M nBuLi/TMEDA
solution (4.8 mmol, 8.00 mL) and trimethylsilyl isocyanate (12.0 mmol,

CONH, 1.60 mL). After the addition of the isocyanate, the reaction mixture was
31 stirred at —78°C for 2h and quenched with saturated aqueous NH,Cl solution
at the same temperature. Eluent: EtOAc. Yield: 1.10 g (80%). For
characterization data, see ref. 9(a)

(3R)-3-Benzyl-1-[(N-phenylaminocarbonyl)methyl]-3-[(4S,5R)-
4,5-diphenyl-2-0x0-1,3-0xazolidin-3-yl]azetidin-2-one (32): The
general procedure was followed from 12 (1.0 mmol, 0.557 g), 0.60M
nBuLi/TMEDA solution (1.2 mmol, 2.08 mL) and phenyl
isocyanate (2.0 mmol, 0.24 mL). Eluent: EtOAc/hexanes 1:1. Yield:

32 CONMPN 304 me (74%). Mip.: 74-75°C; [a]p® = —41.5 (c= 1.0, CL,CH,);
IR(cm‘l, KBr): 1767; 1731; 1683; HPLC-MS (ESI) m/z (int): MS:
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530.4; MS2(530.4): 324.1, 291.1; MS3(291.1): 248.0, 172.0, 144.1, 115.1; MS4(172.0): 157.0.
"H-NMR (8, ppm, CDCls): 9.14 (s, 1H); 7.82-6.98 (m, 20 H); 6.04 (d, 1H, J = 7.5 Hz); 5.21 (d,
1H, J=7.3 Hz); 4.21 (d, 1H, J = 17.7 Hz); 3.89 (d, 1H, J = 5.8 Hz); 3.35 (d, 1H, J = 13.2 Hz);
3.03 (d, 1H, J= 5.5 Hz); 2.98 (d, 1H, J = 17.6Hz); 2.94 (d, 1H, J= 13.4 Hz). "C-NMR (8, ppm,
CDCl3): 166.9; 165.3; 157.2; 137.9; 135.1; 133.2; 132.6; 130.1; 128.0; 127.8; 127.2; 125.9;
124.4; 120.4; 80.9; 71.2; 64.4; 50.9; 45.4; 36.9. Anal. Calcd. for C33Hy9N304: C, 74.56; H, 5.50;
N, 7.90. Found: C, 74.43; H, 5.61; N, 8.41.

(3S5,4R)-3-Benzyl-1-carboxylmethyl-4-isobutyl-3-[(4S)-4-phenyl-2-o0xo-
1,3-oxazolidin-3-yl]azetidin-2-one (33): The general procedure was followed
from 14 (1.0 mmol, 0.45 g), TMEDA (1.2 mmol, 0.19 mL) and 1.5M tBuLi
(1.2 mmol, 0.84 mL in pentane) at —78°C, using CO, gas as electrophile.

Yield: 353 mg (81%). Oil; [a]p® = +0.84 (c= 0.1, C1,CH,); IR(cm™, KBr):

33 COMH 35002700 (broad, OH); 1749; 1738; 1718 (CO); MS m/z (int): 378(13.7),

294(13.1), 293(57.1), 130(16.2), 104(100), 91(13.9). 'H-NMR (3, ppm,

CDCls): 7.47-7.30 (m, 10H); 4.50 (d, 1H, J = 6.8 Hz); 4.14 (dd, 1H, J=2.7 and 8.5 Hz); 4.08 (d,

1H, J=18.1 Hz); 4.00 (t, 1H, J = 8.5 Hz); 3.93 (d, 1H, J = 14.2 Hz); 3.84 (dd, 1H, J = 9.8 Hz);

3.45 (d, 1H, J= 18.1 Hz); 3.38 (d, 1H, J = 14.2 Hz); 1.63-1.58 (m, 1H); 1.40 (m, 1H); 0.96 (m,

1H); 0.89 (d, 3H, J = 6.4 Hz); 0.80 (d, 3H, J = 6.4 Hz). "C-NMR (8, ppm, CDCL): 171.4; 166.1;

157.4; 140.3; 135.0; 130.8; 128.7; 128.6; 128.2; 127.9; 127.3; 72.3; 71.5; 62.6; 59.0; 41.8; 38.7;

38.1; 25.8; 23.7; 21.4. Anal. Calcd. for C;5Hy3N,0s5: C, 68.79; H, 6.47; N, 6.42. Found: C, 69.03;
H, 6.39; N, 6.55.

H (R)-3-Benzyl-3-tert-butoxycarbonylamino-1-carboxymethyl

>r0\ﬂ/N£\ azetidin-2-one (34): The general procedure was followed from 15 (1.0
N mmol, 0.43 g) and 0.60M nBuLi/TMEDA solution (2.5 mmol, 4.17

0 W mL) using CO, gas as electrophile. Yield: 214 mg (64%). For
characterization data, see ref. 9(b)

(R)-3-tert-Butoxycarbonylamino-1-carboxymethyl-3-isobutyl-
azetidin-2-one (35): The general procedure was followed from 16 (1.0
mmol, 0.40 g) and 0.60M nBuLi/TMEDA solution (2.5 mmol, 4.17
mL) using CO, gas as electrophile. Yield: 204 mg (68 %). Oil; [a]p” =
CO,H + 18.9 (c= 1.0, Cl,CH,); IR(cm™, KBr): 3550-2910 (OH); 1765; 1743;

1716 (CO); MS m/z (int): 279.2(32), 167.0(78), 150.0(12), 149.9(24),
149.0(100), 113.1(13). "H-NMR (8, ppm, CDCls): 5.06 (s, 1H); 4.07 (m, 2H); 3.78 (bs, 1H); 3.52
(bs, 1H); 1.88 (m, 2H); 1.75 (m, 1H); 1.44 (s, 9H); 1.00 (d, 3H, J = 5.0 Hz); 0.97 (d, 3H, J= 5.0
Hz). BC-NMR (8, ppm, CDCl5): 169.7; 154.8; 81.3; 68.3; 54.1; 50.7; 42.1; 28.2; 24.4; 24.1; 23.4;

35
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—0.30. Anal. Calcd. for Ci4H24N,Os: C, 55.98; H, 8.05; N, 9.33. Found: C, 55.56; H, 7.89; N,
9.28.

(3R,4R)-3-Benzyl-3-tert-butoxycarbonylamino-1-carboxymethyl-4-
isobutylazetidin-2-one (36): The general procedure was followed from
17 (1.0 mmol, 0.42 g), TMEDA (2.5 mmol, 0.38 mL) and 1.5M tBuLi
(2.5 mmol, 1.67 mL in pentane) at —78°C, using CO, gas as
electrophile. Yield: 0.176 g (45%). For characterization data, see ref.
9(a)
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COMPUTATIONAL DATA

Cartesian Coordinates and Total Energies of Structures 37-39:

Structure 37:
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Structure 39:
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Total Energy (Hartree)
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