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Summary — A new approach to carbacephems is reported involving the formation of the six-membered ring by cyclization of
N-acyliminium ions. With methylene iminium species the reaction appeared general, while with (methoxycarbonyl)methylene
iminium intermediates the cyclization occurred only if the acceptor carbon-carbon double bond was sufficiently electron

enriched.
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Résumé — Une nouvelle approche des carbacéphémes racémiques. Une nouvelle approche des carbacéphemes basée sur
la formation du cycle pipéridine par cyclisation exocyclique d’un N-acyl iminium est rapportée. Avec les méthyléne iminiums
comme ntermédiaires la réaction de cyclisation semble générale, alors qu’avee les (méthoxycarbonyl)méthyléne iminiums la
cyclisation n'est observée que si la double liaison réceptrice est suffisamment électroniquement enrichuic.
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Introduction

Structural modification of naturally occurring B-lac-
tams without loss of their bioactivity appears to be a
good way to compete against bacterial resistance. The
structural modification of cephalosporins into carba-
cephems [1], recently put in concrete form by the com-
mercialization of Lorabid®, corresponds to such an aim
fig 1) {2].

Lorabid®

Fig 1

Different approaches have been emploved to gain
access to the carbacephem framework [3]. One of the
strategies consists of the obtention of the J-lactam ring
in the final step by either cycloaddition [4] or ring

* Correspondence and reprints

closure {5]. However, most methods studied involve the
construction of the six-membered ring on the existing
J-lactam ring. In these approaches, the formation of the
N-C [6] or the C-C [7] bonds and a catalyzed Diels—
Alder reaction [8] have been examined.

We wish to report our approach to the carbacephem
skeleton in which the piperidine ring was formed by
a C»-Cy bond ring closure using a highly rcactive
N-acyliminium intermediate (fig 2). Indeed, although
the reactivity of N-acyliminium ions has been inten-
sively studied [9], little is known about such an exo-
cyclization in the g-lactam field.

;‘/\I R" R" OAc
! f——nl I et

d R Ry

R OH 1

pol

Fig 2

The lactams studied (table I) have been prepared
starting from 4-acetoxyazetidin-2-one 1 [10]. Its reac-
tion with allyltrimethylsilane 2a in the presence of
BF3.Et;0 was reported to give 4-allylazetidin-2-one 3a
[11]. This reaction was applied to the substituted al-
lylsilanes 2b-e. Allylazetidinones 3a-d were obtained
in satisfactory yields (table I). No product could be
isolated in the case of the deactivated silane 2e. The
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[-lactams 3a-d were purified by liquid chromatogra-
phy and characterized from their NMR and IR spec-
tra. In these reactions we found that other Lewis acids,
such as SnCly, TiCly and AlCls, gave lower yields. The
subsequent hydroxymethylation, which could be carried
out in high yields by reaction of paraformaldehyde in
the presence of potassium carbonate [12], led to the
lactams 4a-d, also characterized by standard spectro-
scopic methods.

Table 1. Preparation of 4-allyl-1-(hydroxymethyl)azetidin-
2-ones 4da—d.
R

i R
)\/SIMGL; 2 H,CO
; 7] T
BF,.Et,0 o “H 0 N
OH
3 4
a:R =H 30% Y%
b: R = Ph 83% 95%
¢: R = CH,COOMe 62% 79%
d: R = CH,SPh 52% 95%
e: R = COOMe 0% -

The 3,y-ethylenic ester 3¢ was also transformed
into the (Z)-«,0-ethylenic ester 3f by reaction with
1.8-diazabicyclo[5.4.0Jundec-7-ene (DBU) in methanol
(80% yield, fig 3). The subsequent hydroxymethylation
led to the F-lactam 4f.

COOMe COOMe
DBU Z HCO
3¢ —— N
methanol g “H
3f 4f

Fig 3. Preparation of lactam 4f.

The formation carbacephem skeleton was then stud-
ied by reaction of lactams 4a—d, f with BF3.Et2O and
SnCly as Lewis acids (2.2 equiv). Our results are re-
ported in table IL.

Fast reactions (15 min) were observed in methylene
chloride. The structures of products 5-14 were deduced
from their NMR, IR and mass spectra. Cyclization of
J-lactam 4a (entry a) led to compound 5 as a mixture
of two diastereomers (75:25). Halogenated compounds
7 and 10 (entries ¢ and d) formed during the reaction
of lactam 4c¢ were obtained as single diastereomers of
unknown stereochemistry and were only characterized
by mass spectra (EI and CI). Their structures were con-
firmed by transformation into unsaturated esters 8 and
9 (50:50 ratios), after reaction of the reaction mixtures
with DBU (90% yields). Cyclization of lactam 4d in the
presence of BF3.Et,O (entry e) was more surprising. If
the reaction was carried out in the absence of molecular
sieves, the hydroxysulfide 11 was isolated as a single
product (80% yield). Even in the presence of molecu-
lar sieves, the formation of the alcohol 11 could not
be completely prevented. Compound 11 was isolated
as a unique diastereomer of unknown stcreochemistry,

Table II. Preparation of carbacephems.

Entry Substrate Lewis acid

Products (yield, %)

a 4a SnCl,
N
5(63)
6(30)
COQMe
c ac BF,.ELO
J COZMe
7 (35) 8 (15)
[ couMe
" N
o]
9 (25)
cl
4 ac Sncl, ;@ + B(28)+9(12)
COyMe
o
10(40)
e 4d BF,.E4,0 m m
11(80) 12(0)
11(40)? 12 (40)*
I
i 4d SnCl J:Cé&
4 o Ph
13 (60)
Ja g
at I N
9 SnCly 5 O.Me
14 (60)

* In the presence of molecular sieves.

while compound 12 was obtained as a mixture of two
diastereomers (40:60). This result suggests that com-
pound 11 was obtained under thermodynamic control,
while the fluorides were formed under kinetic control.
Cyclization of lactam 4d with SnCly (entry f) led to
a single diastereomer 13, while lactam 4f (entry g) led
to a mixture. Reaction of the carbacephems 13 and 14
with DBU led to the unsaturated compounds 15 and
6 (fig 4).

O
15
DBU
14 N l
90 % o CO Me
16
Fig 4

The next step of our work was to study the in-
troduction of a carboxylic function onto C2 of the
carbacephem framework (R’ = COOH, fig 1). The
N-a-hydroxyesters 17a—c,f were obtained in quantita-
tive vields (50:50 mixture of the two diastereomers) by



reaction of allyl-B-lactams 3a—c,f with the commer-
cially available methyl 2-hydroxy-2-methoxyacetate in
the presence of triethylamine in THF (fig 5).

o > R NEt o Y~on A
Me0,C
3a-c, 3f 17a-¢, 17f
Fig 5

The subsequent cyclization was studied under the
conditions used with the N-(hydroxymethyl)lactams
4. With the lactams 17a—b.f or their corresponding
acetates, only tarry material was generally obtained.
These results were unexpected, since, for example, the
cyclization of the equivalent to compound 3a in the
~v-butyrolactam series was achieved in 73% yield [13]

(fig 6).
Z SnCly =
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Fig 6

Only lactam 17c led to a cyclized product by re-
action with BF3.EtoO (30% wyield, fig 7). A single
diastereomer was isolated as an oily compound. By com-
parison with the results reported for the 3-lactam [7x]
and y-butyrolactam series {13] the ester function onto
C2 should have an axial stereochemistry (S configura-
tion). We expected to confirm this possibility by com-
parison of the coupling constants of the different hydro-
gens in the 'H NMR spectrum with those calculated
from the Karplus—Altona equation [14] after determi-
nation of the more stable conformations of the differ-
ent diastereomers by molecular modelling (Pro Chemist
Model 5.3 program). The results reported in the ta-
ble IIT are in fact ambiguous and it is difficult to chose
between the various diastereomers.

From these cyclization results, it appears that the
formation of the six-membered ring by reaction of
iminium ions formed from N-a-hydroxyesters is only

Hs He:
Hg S/ ° OH
W COMe  cicr, COMe
N
o \r“OH BF;.Et,0 o
MeO,C MeO,C H;
17¢ 18

Fig 7
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Table III. 'H NMR coupling constants for compound
18 (6R).

Jiary Jmpag,  JHsHe  JHy He
(Hz) (Hz) (Hz) (Hz)

Experimental values 0.0 7.3 10.7 4.5
Calculated values
2R-4R 1.8 11.6 10.7 4.9
2R-4S8 1.8 11.7 10.7 4.9
25-485 2.6 3.5 11.5 2.8
25-4R 2.8 3.2 11.4 2.9

possible if the CC double bond is not too electron-poor.
Better results should thus be expected if this CC dou-
ble bond was electronically enriched. Compound 21 was
prepared from the S-lactam 17c¢ (fig 8). After acetyla-
tion (AcoO, NEtg3, 95% yield) the lactam 19 was treated
with ozone to give the 3-ketoester 20 (60% yield), which
was transformed into the desired trimethylsilyl enol
ether 21 (70% yield; E'/Z mixture 20:80).

o
N, ©
¢ )~oac

o OAc
MeO,C MeO,C
19 20

OH
CISiMe; WCO?M‘* Lewis [
N OSiMe. ; N
NEt; 5 }""OAC 3 acid g COMe
MeO,C CO,Me

21 22
Fig 8

The subsequent cyclization was achieved with differ-
ent Lewis acids (1 equiv). Yields of 44, 34 and 50% in
carbacephem 22 (mixture 60:40 of the two diastereo-
mers) were obtained with SnCly, EtoO.BF3 and ZnCl,,
respectively.

In conclusion, this study has showiu that the forma-
tion of the six-membered ring of carbacephems is pos-
sible using the cyclization of N-acyliminium interme-
diates. However, introduction of the carboxylic func-
tion onto the C2 position because of the formation of
the corresponding N-acyliminium ion (or its low reac-
tivity) requires increasing the electronic density of the
acceptor C=C double bond. Work is in progress to ap-
ply this strategy to the preparation of optically active
carbacephems.

Experimental section

All NMR spectra were measured in CDCl; and chemical
shifts are expressed in ppm relative to internal CHCls.
In chemical ionization mass spectra were recorded in the
presence of ammonia. All solvents were purified by known
standard procedures; in particular CH2Cls was distilled over
CaHs. BF3.Et20 and SnCly were distilled over CaHz under
argon.

4-Acetoxyazetidin-2-one 1 was prepared as reported pre-
viously [10]. Allyltrimethylsilane 2a is commercially avail-
able. The other allylsilanes were prepared as previously re-
ported: 2b [15], 2¢ [16], 2d [17] and 2e [18].
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Molecular calculations were made using Pro Chemist
Model 5.3 program with specific parameters for the nitrogen
of the S-lactam ring.

General procedure for the preparation of lactams 3a-d

To a solution of 4-acetoxyazetidin-2-one 1 [10] (0.9 g,
6.9 mmol) and allylsilane 2 (13.8 mmol) in CH;Clz (20 mL)
under argon was added BF3;.Et2O (1.3 mL, 8.29 mmol).
The mixture was stirred overnight at rt. Aqueous NaHCO;
(10 mL of a 5% solution) was added and, after separation
of the organic phase, the aqueous phase was extracted with
CH2Clz (2 x 10 mL). The combined organic phases were
dried (MgSQy), concentrated and purified by liquid chro-
matography on silica gel (eluent: McOH/CH,Cl, 1:99).

o 4-Allylazetidin-2-one 3a

Reported previously [11, 19].

H NMR (200 MHz) & 2.40 (m, 2H), 2.60 (m. 1H), 3.10 (ddd.
J = 2.0, 4.0, 14.0 Hz, 1H), 3.68 (m, 1H), 5.10-5.20 {m
2H). 5.75 {(m, 1H), 6.10 (bs, 1H).

e J-(2-Phenylallyl)azetidin-2-one 3b
'H NMR (250 MHz) & 2.77 (ddd, part A of an ABCXY

system, J = 14.4, 8.2, 0.7 Hz, 1H), 2.89 (ddd, part B of

ABCXY system, J = 14.4, 4.6, 0.9 Hz, 1H), 2.60 (m, 1H),
3.10 (ddd, J = 12.5, 7.4, 4.9 Hez, 1H), 3.69 (m, 1H), 5.08
(d, J = 0.9 Hz, 1H), 5.40 (d, / = 0.9 Hz. 1H), 6.40 (bs,
LH), 7.40 (i, 5H).

BC NMR 6 168.0, 144.7
46.7, 43.2, 41.3.

MS CI m/z (vel int): 205 (M™* + 18, 61), 183 (MT + 1, 50,
145 (M1 - 42, 100).

Anal cale for Cy3H 13NO: C, 76.98; H, 7.00. Found: C, 77.00;
H, 7.11

. 140.0. 128.5, 127.8, 125.9, 114.6,

e 4-(3-Methoxycarbonyl-2
2-one 3¢

YHONMR (250 MIz) 6 2.38 (dd, part A of a ABCX system,
J =147, 8.2 Hz, lH), 247 (dd, B part of ABCX system,
J = 117 5.6 Hz 1H), 2.65 (m, 111}, 3.05(s, 2H), 3.15
(m, 1H), 3.70 (s, 3H), 3.79 (m. 1H), 41.90 (s, 1H), 5.05 (s,
1H), 6.05 (bs, 1H).

BCNMR 6 171.4, 168.2, 1384, 116.3, 31.¢
41.6.

MS EI m/z (rel int): 183 (23), 110 (IO(J 3 (56).

Anal cale for CoH13NO3: C, 59.00; H. 7.15. bound: C, 59.17;
H, 7.38

-methylallyl)azetidin-

L45.9,13.2, 41.7,

o J-{2-]( Phenylthz’o )Tm?th,yljallyl }azetidin-2-one 3d

'H NMR (200 MHz) 6 2.15 (m, 2H), 2.60 (m, 1H) 3.10 (m,
1H), 3.55 (s, 211) 583 (m, 1I1). 1.82 (s, 11T), 4.95 (s, 1H).

6.90 (bs, 1H), 7.30 (m, 5H).

13C NMR 6 168.3, ]40,5, 135.2, 129.5, 128.5, 126.2, 115.0,
46.0, 42.9, 40.3, 39.6.

MS CIL m/z (rel int): 251 (18). 233 (23), 123 (100).

Anal calc for C13H15NOS: C, 66.92; H, 6.48. IFound: C, 66.73;
H, 6.29.

(Z.)-4-[3- (Methozycarbonyl)-2-methylallyljazetidin-
Z-one 3f

To the 3-lactam 3c (0.55 g, 3 mmol) in solution in MeOH
(5 mL) was added dry DBU (0.92 mL, 6 mmol). After 41 h at
rt, the methanol was removed and the residue was purified
by chromatography over silica gel (elution MeOH/CH,Cly
1:99) to give 0.44 g of lactam 3f (80%.).

'"H NMR (200 MHz) 6 1.90 { sH) 2.10 (dd, J = 17.0,
6.3 Hz, 1H), 2.45 (m, ?H) 3 35 (m. 1EH), 3.65 (s. 3H),
5.68 (s, 1H), 6.40 (bs, 1H).

BC NMR 6§ 171.0, 166.1, 151.3, 118.9, 5
22.8.

MS EI m/z (rel int): 183 (6), 141 (7), 82 (51), 39 (100).

Anal calc for Col13sNO3: C, 59.00; H, 7.15. Found: C, 59.28;
11, 7.16.

1.0, 46.8, 38.7. 34.2,

4-Allyl-1-(hydrozymethyl)azetidin-2-ones 4da—d

Compounds 4a—d were obtained by a known procedure and
have been described previously [12].

(7. )-1-(Hydrozymethyl)-4-[5- (methozycarbonyl)-
2-methylallyljazetidin-2-one 4f

'H NMR (200 MHz) & 1.89 (s, 3H), 2.35-
(m, 1H), 3.70 (s, 3H), 4.00 (m, 1H),
{m, 1H), 5.70 (s, 1H), 5.80 (s. IH)

BCNMR 6 167.3, 166.5, 155.2, 118.1. 63.7, 51.1, 44.3, 36.7,
25.6, 19.0.

MS CI m/z (rel int):
154 (13).

2.70 (m, 3H). 3.00
1.60 (m, 1H), 4.80

231 (20), 213 (51), 200 (100), 183 (52),

General procedure for the reaction of lactams 4
with Lewis acid

To a solution of lactam 4 (0.4 mmol) in CH2Cly (5 mL)
under argon was added BF3;.Et,O (102 pL, 0.88 mmol) or
SnCly (102 pl, 0.88 mmol). After 15 min at rt, a 10%
aquecous solution of sodium bicarbonate (5 ml) was added
and the organic phase was separated. After extraction of
the aqueous phase with CH2Cly (3 x 5 mL), the combined
organic phases were dried (NazSO4) and concentrated. The
residue was purified by liquid chromatography over silica
gel (eluent CH2Cl,/McOH 99:1). In the cases of entries ¢,
d, f and g (table II) the mixture of products obtained after
chromatography was dissolved in MeOI1 (5 mL) and dry
DBU (0.2 mL, 12 mmol) was added. After 2 h at rt, the
solvent was removed under vacuum and the residue was
purified by liquid chromatography over silica gel ({eluent
CH»Cly/MeOH 99:1).

e 4-Chloro-1-azabicyclof4.2.0/octan-8-one 5
Obtained as a 75:25 mixture of the two diastercoisomers.
YH NMR (250 MHz, CgDg) & 0.58 (m, 1TH), 0.90 (m, 1H),

1.10 (m, 1H), 1.28 (mm, 0.25H), 1.50 (dt, J = 5.3, 13.3 Hz,

0.7511), 1.68 (dt, J = 2.6, 10.6 Tz, 0.25H), 1.75 (m,

0.25H), 2.00 (dd, J = 1.0, 13.3 Hg, 0.73H)7 2.28 (m,

0.25H), 2.46 (ddd J = 1.0, 55, 159 Hz, 0 2011) 2.55

(ddd, J = 1.0, 5.1, 13.2 Hz, 0.75H). 2.70 (m, 1H), 3.15

(m. 1H), 3.40 (dd, J =53, 13.2 Mz, 1H), 3.69 (m, 1H).
l'ﬁ(" NMR (CDCls ) & major diastercomer: 165.4, 55.4, 44.2,

2.3, 37.4, 33.5, 31.4; minor diastercomer: 165.3, 54.1,

1() 6, 44.8, 44. 2, 38.3, 37.4, 34.5.

MS EI m/z (rel int): major diastereomer: 161 (12), 159
(12), 131 (23), 124 (13), 96 (11), 82 (52), 35 (100); minor
isomer: 161 (13), 159 (10), 131 (32), 124 (12), 55 (100).

Anal cale for C7H10CINO: C, 52.67; 1, 6.31. Found (mixture
of the two diastereomers): C, 52.75; H, 6.50.

o 4-Phenyl-1-azabicyclof].2.0]oct-3-en-8-one 6

'H NMR (250 MHz) § 2.38 (m, 111), 2.60 (dd, J = 1.3,
13.1 Iz, 1H), 2.80 (ddd, / = 1.1, 5.3, 15.9 Hz, 1H), 3.22
(ddd, J = 2.3, 4.7, 14.6 Hz, 1H). 3.49 (m, 1H), 3.60 (m,
1), 4.20 (dt. J = 2.4, 18.6 Hz. 1H), 5.90 (m, 1I1), 7.40
{m, 5H).



130 NMR § 167.0, 141.4, 134.5, 128.4, 127.6, 125.3. 119.6,
45.5, 43.8, 39.2, 32.5.

MS EI m/z (vel int): 199 (77), 170 (41). 1
129 (46), 115 (46).

Anal cale for C13H13NO: C, 78.36; H, 6.58. Found: C, 78.10;
H, 6.63.

6 (100), 141 (12),

o J-[(Methoxycarbonyl)methyl/-1-azabicyclof4.2.0]oct-

3-en-8-one 9
During the cyclization of the lactam 4c¢ (entry c, table 1),
a mixture of the three products 7-9 was obtained which
could not be separated by liquid chromatography over silica
gel (CH2Cla/MeOH 99:1). By reaction of this mixture with
DBU (1 equiv) in methanol, a 50:50 mixture of lactams 8
and 9 was obtained (80% yields).

'H NMR (200 MHz) § 2.10 (m, IH). 2.39 (dd, J = 15.3,
5.1 Hz, 1H), 2.60 (dd, J = 1.1, ]O’ Hz, lH), 3.10 (s,
2H), 3.20 (m, 1H), 3.48 (m, 2H), 3.70 (s, 3H), 4.15 (d,

J = 15.3 Hz, 1H), 5.58 (m, 1H).
MS EI m/z (rel int): 195 (85), 136 (7), 122 (50}, 94 (100).
Anal calce for C10I113N03: C, 61.53; I1. 6.71. Found (mixture
8 and 9): C, 61.77: H, 6.82.

e 4-Hydrozy-4-[(phenylthio )methyl]-1-aza-
bicyclof4.2.0]octan-8-one 11

'H NMR. (250 MHz, CsDs) & 0.55 (dd. .J = 11.2, 14.0 Hz,
1H), 0.85 (td, J = 6.8, 12.3 Hz, 111), 1.22 (dd, J = 1.9,
12.3 Hz, 1H), 1.55 (dd, .J = 0.8, 14.0 Hz. 1H). 2.09 (dd,
J = 1.0, 14.0 Hz, 1H). 2.20 (bs, 1I1). 2.60 (s. 2H), 2.7
(m 2H), 3.15 (m, 1H). 3.46 (dd, J = 5.6, 14.2 Hz, 1H),

7.40 (111 3H), 7.70 (m, 2H).

B30 NMR 6 166.1, 138.0, 129.6 (2C), 129.1 (2C), 126.6, 70.6,
48.3, 44.3, 43.9, 40.6, 34.8 (2C).

MS CLm/z (rel int): 283 (81), 266 (100). 265 (8), 246 (16),
158 (12).

Anal cale for Cy4H7NO2S: C,
63.99; H, 6.69.

63.85; H, 6.51. Found: C.

o 4-Fluoro-4-[(phenylthio jmethyl]-1-uza-
bicyclof4.2.0]octan-8-one 12

“H NMR (200 MHz) § 1.22 (dd, J = 113, 4.5 Hz. 1H), 1.50
(m, 1H), 1.70 (m, 1H), 1.90 (m, 1H), 2.40 (m, 1H), 2.60
(d, J = 11.3 Hz, 2H), 3.05 (m, 1H), : 25 (s, 2H), 3.70
(m, 1H), 3.85 ((ld, J = 4.5, 11.3 Hz, 1H), 7.3 (m, 3H),
7.4 (m, 2H).

B NMR 6 165.2, 136.9, 130.8, 129.9, 129.0, 126.7, 94.1,
44.2, 43.4, 39.5, 38.1, 34.5, 32.7, 32.4.

MS EI m/z (vel int): 265 (72), 245 (14). 156 (10}, 142 (7).
136 (10), 123 (100).

Anal cale for C4HigFNOS: C, 63.37: H. 6.03. Found: C,
64.01: H, 6.20.

o 4-Chloro-4-[(phenylthio Jmethyl/-1-aza-
bicyclof4.2.0]octan-8-one 13

'H NMR (200 MHz) 6 0.7 (dd, J = 9.0, 13.6 Hz, TH), 1.20
(m, 2H), 1.70 (m, 1H), 1.95 (dd, J = 1.1, 13.6 Hz, 1H),
2.60 (m, 2H), 2.90 (s, 2H), 3.05 (ddd, J = 2.2, 10.0,
13.6 Hz, 1H), 319 (m 1H), 3.45 (dd J = 5.1, 18.0 Hz,
1H), 6.90 (m. 3H). 7.30 (m, 2H).

BC'NMR 6 164.1, 137.6, 130.5, 129.3, 126.8, 72.2
11.7, 36.0, 35.3.

MS CI m/z (rel int): 299 (55). 282 (100), 246 (15).

MS EI m/z (rel int): 284 (24), 283 (60). 282 (44). 281 (100),
246 (40), 245 (43), 172 (40), 136 (18), 123 (10}, 110 (92),
94 (48).

.44.5,43.8,

1001

Anal cale for C14H16CINOS: C, 59.67;
60.01; H, 5.88.

H, 5.72. Found: C,

o J-[(Phenylthio jmethylidene/-1-aza-
bicyclof4.2.0]octan-8-one 15

Prepared as reported for compound 16. A 50:50 mixture of

the I£/Z isomers was obtained.

'H NMR (250 MHz) & 1.88 (m, 1H), 2.08 (m, 1H), 2.40
(m, 1H), 2.68 (m, 2H), 3.20 (m, 2H), 3.40 (m, 1H), 4.00
(m, 1H), 6.19 (s, 1H, A isomer), 6.21 (s, 1H, B isomer),
7.20-7.40 {m, 5H).

MS EI m/z (rel int): 246 (45), 245 (92
91 (84).

Anal calc for C14H15NOS: C, 68.54; H, 6.16. Found: C, 68.59;
H, 6.38.

), 136 (53), 108 (100),

o 3-(Methozycarbonyl)-4-methyl-1-aza-
bicyclof4.2.0]oct-3-en-8-one 16

' NMR (250 MHz) & 2.10 (bs, 3H), 2.22 (m, 1H), 2.48 (m,
1), 2.55 (dd, J = 1.3, 14.7 Hz, 1H), 3.25 (ddd, J = 1.8,
4.3, 14.7 Hz, 1H), 3.45 (m, 1H), 3.65 (m. 1H), 3.73 (s,
311, 4.3 (bdt, J = 17 Hz, 1H).

13C NMR 6 166.5, 166.3, 145.1, 119.8, 51.5, 45.5
37.2, 22.8.

MS CI m/z (rel int): 213 (100), 196 (60).

Anal calc for Clong\I()d C,61.53; H,6.71. Found: C, 61.88;
H. 6.81.

.42.3, 38.8.

General procedure for the preparation
of lactams 17a—c,f

To a solution of lactam 3 (1 mmol) in THF (5 mL) was
added methyl 2-hydroxy-2-methoxyacetate (2 mmol, 0.24 g)
triethylamine (1 mmol, 0.2 g) and 4 A molecular sieve
(300 mg in powder). The mixture was stirred 1 h at rt,
filtered and concentrated under vacuum. The residue was
heated at 60 °C for 3 h under high vacuum (0.1 mmHg),
and then purified by liquid chromatography over silica gel
(elution: methanol/CH,Clz 2:98). Lactams 17a—c,f were
obtained as 50:50 mixture of diastereomers. They did not
give satisfactory elemental analysis, which were therefore
carried out on their corresponding chloroacetates.

o 4-Allyl-1-fhydrozy(methozycarbonyl)methyl/-
azetidin-2-one 17a

'H NMR (200 MHz) § 2.25 (m, 1H), 2.50 (m, 2H), 2.68
(dd, J = 2.1, 14.8 Hz, 1H), 3.05 (dt, J = 4.2, 14.8 Hz,
1H), 3.80 (s, 1.5H. (Ist diastereomer)), 3.90 (s, 1.5H,
(2nd diastereomer)), 4.00 (m, 1H), 5.10 (m, 2H), 5.38 (d.
J = 5 Hz, 0.5H, (1st diastereomer)), 5.42 (d J =5 Hz,
0.5H, (2nd diastereomer)), 5.70 (m, 1H).

B3¢ NMR (mixture of diastereomers) & 169.2, 168.3, 167.0,
166.5, 132.5, 132.0, 117.9, 721.5, 71.0, 52.5, 50.6, 49.1,
41.4, 41.3, 37.3, 36.3.

MS CI m/z (rel int): 217 (9), 129 (100).

o 1-[Hydrozy(methozycarbonyl)methyl]-4-(2-phenyl-
allyl)azetidin-2-one 17b

"H NMR (250 MHz) 6 2.65 (m, 1H), 2.72 (m, 1H), 2.80 (2d,
J = 8 Hz, 1H (2 diastereoisomers), 2.96-3.20 (m, 2H),
3.80 (s, 3H), 3.95 (m, 1H), 5.13 (bs, 1H), 5.18 (bs, 1H),
5.37 (d, J = 8.0 Hz, 0.5H (Ist diastereomer)), 5.39 (d,
J = 8.0 Hz, 0.5 Hz (2nd diastereomer), 7.40 (m, 5H).

¥ NMR (mixture of diastereomers) & 169.9. 168.7, 167.3,
166.9, 144.1, 139.8, 128.4, 127.7, 125.8, 125.7, 71.8, 71.4,
53.2, 53.1, 50.9, 50.5, 49.3, 42.9, 39.8, 39.7.

'H NMR of the chloroacetate (250 MHz) 6 2.70 (m, 2H), 3.05
(m, 2H), 3.78 (s, 1.5H, (1st diastereomer)), 3.81 (s, 1.5H
(2nd diastereomer)), 3.90 (m, 1H), 4.12 (s, 2H), 5.13 (d,
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J = 7.0 Hz, 1H), 5.38 (d. J = 7.0 Hz, 111}, 6.19 (s, 0.5H
(Ist diastereomer)), 6.40 (s, 0.5, (2nd diastereomer)),
7.40 (m, 5H).

Anal calc for Ci7H16CINOg (chloroacetates): (!, 38.38; H,

4.61. Found: C. 58.59; H. 4.78.
e I-/Hydroxy(methoxzycarbonyl)methyl]-
4-{[(3-methozycarbonyl)methyljallyl} azetidin-
Z-one 17c

I NMR (200 MHz) 8 2.20-2.62 (1, 2H). 2.71 (dd, J = 1.0,
14.8 Hz, 1H). 3.10 (s, 11 (Ist (lm\towomm)), 3.13 (s,
LH (2nd diastereomer)), 3. )O (dd, J = 6.3, 14.8 Hz, 1),
3.70 (s. 3H). 3.88 (s. L.5H, Ist diastercomer)), 3.91 (s,
L.5H. 2nd diastereomer)). 4.99 (d. .J = 7.0 Hz, 1H),
506 (d, J = 7 Hz, M), 531 (d, J = 6.4 Hz, 0.pH
(Ist diastereomer)), 3.36 (d. J = 6.4 Iz, 0.5 H (2nd
chastereomer)).

Anal cale for Ci4H,7CINO; (chloroacetates): C.
4.94. F'ound: C, AR.81; H, 5.13.

48.50; 11.

o (7 )-1-[Hydrozy(methoxycarbonyl)methylf-
4-[5-(methoxycarbonyl)-2-methylallyljazetidin-
2-one 17f

YH NMR (200 MH}) 6 1.90 (s, 3H), 2.18 (d, J = 9.9 Hz, 1H),
2.65 (m, 2H), 2.90 (m, 2H), 3.70 (s, 31T), 3.80 (s, 3H), 4.20
(m, 1H), 1.40 (d, J = 9.9 Hz, 0.5 H (1lst diastereomer)),
4.90 (d. J = 9.9 Hz. 0.5H, (2nd diastereomer)), 5.70 (i,
1H).

YO NMR (mixture of dia::toromners) o 171.6, 171.3, 169.0,
164.8, 164.3, 151 G 5110 1194, 119.1. 53.7, 53.0, 51.7,
51.4, 17.0. 39.0, 37.7, 34.4, 34.1, 29.8.

Anal cale for (,fl.1}117(JlN()7 (chloroacetates): C,
4.94. Found: C, 4%.90: 11, 5.32.

43.50; H,

4-Hydrozy-2-(methozycarbonyl)-4-[(methorycarbonyl)-
methyl/bicyclof4.2.0]octan-8-one 18

The cyclization was conducted by using the conditions re-
ported for the preparation of compounds 5-14, with a reac-
tion time of 6 h.

"H NMR (250 M1z, CoDg) &
1H), 0.97 (dd. J = 7.2, 13.6 =, 1H), 1
4.4, 11.6 Hz, 1H),
an AB system)), 1.95 (d. J = 15.9 Hz, 1 (part B of an
AB s\\i[’lll)) 2.08 (dd, ] = 1.9. 14.4 Hz, TH), 2.20 (dt,
J o= 150136 Hz, 1H), 2.70 (dd. J = 4.7, 14.4 Hz, 111),
3,19 {s. 3H), 3.35 (s, 3H). 3.68 (m. TH). 3.73 (s, lH) .48
(d, J = 7.2 Hz, 111).

BCONMR (CDClg) & 1721, 171.3, 1654,
A8.1, 45.2, 44.7, 43.1, 40.3, 36.6.

MS CIm/z (rel int): 289 (435), 272 (94). 256 (100). 212 (12).

Anal calc for C2H 7NOg: C, 53.13; H, 6.32. Found: C, 53.18;
H, 6.51.

0.15 (dd. J = 10.7, 11.6 He.
55 (ddd, J = 14,

69.0, 51.9, 51.2,

1-[Acetory(methozyearbonyl)methyl]-4-{ 2-[(methoay-
carbonyl)methyljallyl} azetidin-2-one 19

To a solution of lactam 17c¢ (1 mmol) in THEF (5 mL)
was added methyl 2-hydroxy-2-methoxyacetate (2 mmol,
0.24 ¢), triethylamine (I mmol.
4 A molecular sieves in powder. After | h, tricthylamine
(1 mmol, 0.2 g) and acetic anhydride (2 mmol) were added
and the mixture was stirred 1 h at rt. After filtration, the
solution was concentrated under vacuum. The residuc was
heated at 60 °C for 3 h under high vacuum (0.1 mmHg) and
purified by liquid chromatography over silica gel (clution

1.88 (d. J = 15.9 Hz. 1H (part A of

0.2 g) and 300 mg of

methanol/CHzCly 2:98) to give lactam 19 as a 50:50 mixture

of the two 1'-diastereomers (100% yield).

'H NMR (200 MHz) 6 2.15 (s, 311). 2.30 (m, 1H). 2.70 (i
2M), 3.05 (s, IH (lst diastereomer}), 3,10 (s, 1H {2nd di-
asterecomer) ), 3.25 (m, 1H), 3.70 (s, SH) 3.78 (s, 1.5H (1Ist
(lldstomomm)) 3.80 (s. 1. oH, (2nd diastereomer)), 4.00
(m, 1H), 4.91 (d, J = 5.0 Hz, 1H). 4.99 (d. J = 5.0 Hz,
1H), 6.20 (s, 0.5II (1st diastercomer)), 6.30 (s, 0.5H, (2nd
diastereomer)).

B NMR (mixture of diastereomers) ¢ 171.1, 171.0, 169.3,
169.2, 165.4, 164.8, 137.7, 137.6, 116.3, 116.1. 71.7. 71.6,
53.1, 52.9, 50.4, 50.1, 43.4, 43.3, 41.8, 41.7, 39.7, 38.9.
20.4, 20.2.

Anal cale for C 4 1oNO7: C, 53.67: 11, 6.11. IFound: C, 53.81;
11, 6.29.

1-[Acetozy(methozycarbonyl )inethyll-4-[5- (methoxy-
carbonyl)-2-oxopropyljazetidin-2-one 20

Through a solution of lactam 17¢ (1 mmol) in CH;Cly

(20 mL) cooled at —78 °C was bubbled an oxygen/ozone

mixture until a persistent blue color appeared. After 30 min

at =78 “C argon was bubbled into the solution to remove
excess ozone and PPhy (1.5 mmol, 0.395 g) was added. The
flask was warmed to 1t and the solvent removed under vac-
uum. The residue was then purified by liquid chromatogra-

phy over silica gel (eluent: CH2Clz) to give lactam 20 (60%

yield) as a mixture of the two 1’-diastercomers.

T NMR (200 MHZ) 6 2.15 (s, 3H), 2.70 (dd, J = 2.1,
14.8 Hz, 1H), 2.95 (dd. J = 8.6, 17.0 Hz. 1H), 3.25 (m,
2H), 3.45 (d. J = 12.3 Hz, IH (A part of an AB system)).
3.54(d, J = 12.3 Hz, 1H (B part of an AB system)), 3.73
(s, 3H), 3.90 (s, 3H), 4.20 (m. ). 6.20 (s, 0.5H (lst
diastereomer)), 6.40 (s, 0.5H (2nd diastereomer)).

B NMR (mixture of diastercomers) 6 200.2, 199.8, 169.4,
169.2, 167.0, 165.8, 165.5, 164.8. 71.9, 71.6, 53.3. 52.8.
49.5, 474, 47.2, 46.4, 46.2, 13.4, 13.2. 20.3. 20.2.

Anal cale for C13H 7N O5: C, 71.().. 3 H.5.43. Found: C, 49.66:
I1, 5.81

1-[{ Acetozy(methoxycarbonyl)methyl)-4-{ 3- (methoxy-
uubmzul} -[(trimethylsilyl)oxyjallyl} azetidin-
2-one 21

To a solution of lactam 20 (1 mmol) in THEF (5 mL) was
added triethylamine (3 mmol, 0.3 g) and chlorotrimethyl-
silane (2 mmol, 0.265 mL), and the mixture was stirred 2 h
at rt. After filtration over dry Celite under argon, the filtrate
was carefully concentrated under vacuum to give a residue
(85% yield in crude product) which was immediately used
for the subsequent cyclization.
'H NI\IR (200 \l[]/) & 0.20 (s, 1.8H (F isomer)), 0.28 (s.
7.2H (Z isomer)), 2.15 (s. 311), 2.70-3.20 (m, 9H), 3.70 (
Sll)‘ 3.80 (s, 0. ()ll (15, isomer)), 3.88 (s, 2.4H (Z isomer)
4.00 (m, MI). 5.12 (s, 0.2H (£ isomer)), 5.20 (s, 0.8H (
isomer)), 6.40-6.42 (2s, 1H).

s,
)s
Z

3\*;

L 3-(Dimethozycarbonyl)-4-hydrozy-1-aza-
bicyclofq.2.0)oct-3-en-8-one 22

The cyclization was carried out as reported for lactams 4.

"H NMR (250 MHz) § 2.45 (ddd, / = 1.3, 8.7, 18.0 Hz, 1H),
2.70 (m, 2II), 3.37 (dd, J = 4.7, 14.8 Hz. 1H). 3.75 (s.
311, 3.76 (s, 3H), 3.78 (m, 111), 5.10 (d, J = 1.3 Hz. 1H).
L1.8 (bs, 1H).

BONMR §171.3, 170.8, 169.9, 164.2, 95.08. 52.0. 51.4. 49.9,
46.4, 42.4, 32.5.

Anal cale for Cy 113N OQq: C, 51
H. 5.15.

77, H.5.13. Found: C, 51.91:
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