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Synthesis and hydrogenation of 1-methylenecarbapenam
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Summary — A stereoselective synthesis of a bicyclic 13-methyl intermediate precursor of 15-methylcarbapenem antibiotics
has been developed from 4-acetoxyazetidin-2-one using a w-allyl palladium ring closure strategy and stereoselective

hydrogenation.

palladium catalyst / cyclization / stereoselective hydrogenation

Résumé -— Synthése et hydrogénation de l-méthylénecarbapéname. Une synthése stéréosélective d’un 13-méthyl-
carbapéname, intermédiaire bicyclique des antibiotiques de type 153-méthylcarbapénéme, o été mise au point a partir de
la 4-acétozyazétidin-2-one par cyclisation & U'aide des complezes du palladium, suivie d’une hydrogénation stéréosélective.

catalyseur au palladium / cyclisation / hydrogénation stéréosélective

Introduction

The carbapenems are very efficient 8-lactam antibiotics
(1] closely related to penicillins and cephalosporins.
They play an important role in antibacterial therapy
owing to their wide range of activity, negligible level of
toxicity, and stability to metabolism by (-lactamases.
Since the discovery by the Merck group of the first of
these antibiotics, (+)thienamycin 1 [2], a natural fungal
metabolite, numerous syntheses of analogues have been
carried out in attempts to increase their chemical and
enzymatic stability [3]. Indeed, thienamycin, is highly
active in vitro but is sensitive to renal dehydropepti-
dase I (DHPI) in vivo and fairly labile in solution.

In 1984, the Merck group reported the synthesis
of a non-natural 18-methyl analogue [4] of type 2,

HO

COOCH

1: (+) thienamycin 2 : 1B-methylcarbapenems

* Correspondence and reprints

which exhibited higher resistance to deactivation by
DHPI and still retained an excellent broad spectrum
of antibacterial activity.

Since 1984, the interesting properties of the
13-methylcarbapenems have attracted the attention of
many research groups and numerous syntheses have
been described [5], generally using the chiral 3-methyl
key precursor 3. Several methods have since been de-
veloped to obtain f-methyl intermediates with high op-
tical purity. Hydrogenation of monocyclic unsaturated
precursors of 3 is one of the main approaches but it re-
quires the use of chiral catalysts to increase the stereo-
selectivity [6]. Only one example, to our knowledge,
has shown high diastereoselectivity with non-chiral cat-
alysts by hydrogenation of a bicyclic precursor of 3 [7].
In these syntheses, the hydrogenation was always per-
formed before formation of the five-membered ring and
did not permit full -exploitation of the chiral carba-
penem skeleton as an asymmetric inductor. In this
paper we wish to report a full description of the syn-
thesis of 1-methylenecarbapenam and its hydrogenation
as a straightforward method leading to new 13-methyl-
carbapenem precursors.

Results and discussion

In a preliminary account, we developed a short and effi-
cient synthesis [8] of the 1-methylenecarbapenam 5 from
4-acetoxy-3-{(R)-1-[(tert-butyldimethylsilyl)oxy]ethyl}-
azetidin-2-one 4, the key step being the construction
of the bicyclic ring using m-allyl palladium methodol-
ogy. We stipulated then that the exocyclic double bond



946

?TBDMS OTBOMS QTBDMS
—, QJ<] —, 08z /‘/,, OAc
) )_[ 5 cyclization )ﬁi/ - ——‘/
OﬁN\/<E Pt O/—N\i/E O/——NH
) COOEt base COOE
5 4
Scheme 1
at the C-1 position is an interesting precursor of the OR oR
13-methyl group by stereoselective hydrogenation, as :I/( ;"{" 7 i l
shown in scheme 1. T //L | > .
The allylic benzoates 6 were obtained from the al- COOE S, COOEL
cohol 7 (scheme 2), easily prepared as reported, by CcooE COOE
protection of the alcohol as a benzoyl group, followed 13-methyl f-methyl
by introduction of the acetic ester chain on the nitro- R=TBDMS 5a 10 10b
gen atom by condensation with ethyl 2-bromoacetate. R=H 1 12a 12h
Substitution at the a-position of the ester group by
different electron-withdrawing groups (ethoxycarbonyl, Scheme 3

benzyloxycarbonyl or phenylthio), leading to the in-
termediates 6, has been shown to increase the acidity
of the protons and to be necessary for the cyclization
to occur. The cyclization reaction led to the expected
bicyclic methylenecarbapenams 5, appropriate for the
hydrogenation studies, in good yields using sodium or
potassium hydride as a base and catalytic Pd/dppe
(1,2-diphenylphosphinoecthane).

The second key step in this synthesis was the stereo-
selective reduction of the double bond of 5. The study
first focused on the compound 5a (E = COzEt) lead-
ing to only two possible diastereomers 10a and 10b
(scheme 3). We also studied the hydrogenation of the
deprotected intermediate 11 to demonstrate the pos-
sible steric role of the bulky tert-butyldimethylsilyl
(TBDMS) group. The reactions were carried out in
methanol using achiral catalysts such as Pd/C or Raney
Ni. The results are presented in table I.

The reduction of 5a with Pd/C at 25 °C, when
R = TBDMS, gives the S-isomer in 30% de (diastereo-
meric excess) (table I, entry 1). When the reaction is
carried out at 0 °C under the same conditions (entry 2)
we obtained a better de of 40%. When R = H, using
Raney Ni at 0 °C, the formation of the undesired

OTBDMS
NE(/PhCOC ’
CHLCILA°C

90% o
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or PhSSPh /THF

COOEt
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%, H

1.1 eq. Natl or KH
5% PA(OAc)»/7.5% dppe
65°C/THF 0 E
COOEt

2.4 ¢q LIHMDS/-40-C

a-stereoisomer was slightly predominant (30% de) (en-
try 3). However, in only one casc were the two diastereo-
mers 10a and 10b obtained easily separable by silica
gel chromatography and their o~ or F-structure was as-
signed by 'H NMR nOe (500 MHz). The 3 isomer 10a
shows an nOe effect between the 1-methyl group and
H-6 when the « isomer shows an nOe effect between
the 1-methyl group and H-5. The de values were mea-
sured by 'H NMR (250 MHz), since the proton shifts,
particularly on the g-lactam ring, were very different in
the two diastereomers.

Our results can be explained by the three-dimen-
sional structure of the bicyclic compound 5. Indeed,
when R = TBDMS (fig 1), the stereocontrol of the hy-
drogenation is not due to the bulky tert-butyldimethyl-
silyl group but rather to the bent structure of the bicylic
system itself. The more hindered face is then the g-face
and the hydrogenation proceeds predominantly at the
a-face to give the expected 14-methyl compound. On
the other hand, when R = H (fig 1), the more hindered
face is still the 3-face but it is possible that the cata-
lyst can coordinate between the oxygen of the side chain

OTBDMS

0Bz
1) LIHMDS/-30°C

2) BrCH>COZEVTHF
6010 - 10°C

0%
OTBDMS
6a E=COEL  91%
6b E=CO,Bn  75%
0 6c E=SPh 75%

Sa E=COsl 80 %
Sh E=CO,Bn 75%
Se E=SPh 75%

Scheme 2



Table I. Hydrogenation studies using various catalysts and
temperature conditions.

Entry R Conditions Ratio 8 /a
1 TBDMS Pd/C, rt 65:35
2 TBDMS Pd/C,0°C 70:30
35:65

3 H Ni Raney, 0 °C

and the double bond on the g-face. The hydrogenation
then proceeds predominantly at the f-face to give the
a-methyl compound [9].

R=TBDMS

R=11

Fig 1

Conclusion

In summary, we have shown that we can easily
access 13-methylcarbapenem derivatives by using our
two cyclization/hydrogenation key steps. The w-allyl
palladium strategy was very efficient for the five-
membered ring formation and the hydrogenation of the
ezo double bond with classical non-chiral catalysts pro-
duced quantitatively a mixture of a- and [(-isomers
which after separation, afforded the pure 3-isomer in
70% yield, by using the asymmetric induction of the
rigid bicyclic carbapenem skeleton.

Experimental section

All solvents were dried and distilled prior to use or were
HPLC grade. All reagents were of commercial origin from
freshly opened containers or distilled before use. All reac-
tions were carried out under argon with exclusion of mois-
ture. LIHMDS was prepared in situ from BuLi 2.5 M in
hexane and HMDS, 30 min at —40 °C in THF. Sodium and
potassium hydride, stored as suspensions in oil, were washed
before use with pentane. Sat NH4Cl = saturated aqueous so-
lution of ammonium chloride. 'H and *C NMR spectra were
recorded on Bruker AC 200 spectrometer. Infrared spectra
were recorded on a Perkin-Elmer 983G spectrophotometer.
Mass spectra were recorded on Helwett-Packard HP 5989.
Elementary analysis were done at the Regional Service of
Microanalysis (Université Pierre-et-Maric-Curie, Paris).

(38,45 )-4-{ 1-[(Benzoylozy )methylfethenyl}-3-{ (R )-
1-[(t-butyldimethylsilyl)oxy ethyl} azetidin-2-one 8

To a solution of 7 (2.6 g, 9 mmol) in CH2Clz (90 mL) were
added dropwise at 0 °C, 1.1 mL (9.5 mmol) of benzoyl chlo-
ride and 2.5 mL (18 mmol) of triethylamine. The solution
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was stirred 12 h at 0 °C, neutralized with 50 mL of sat

NH4Cl and extracted with CH2Cla. The organic layer was

dried on NaSQy4, filtrated and concentrated. Purification

by silica-gel flash chromatography (ether/cyclohexane, 7:3)

gave the expected compound (3.15 g, 90%) as a white crys-

talline solid: [a]&® = —37 (¢ 1.35, CH2Cly): mp = 76 °C.

IR (neat) 1765 (v C=0 cycle), 1725 (v C=0 benzoate),
1605 (v C=C).

'H NMR (200 MHz, CDCls) 6 0.1 (s. 6H), 0.9 (s, 9H), 1.25
(d, 3H, J = 6.3 Hz), 3.1 (n, 1H), 4.3-4.2 (m, 1H), 4.35 (s,
1H), 4.8 (d, 1H, J = 13.3 Hz), 4.95 (d, 1H, .J = 13.3 Hz),
5.4 (s, 2H), 6.2 (s, 1H), 8-7.3 (m, 5H).

3¢ NMR (50 MHz, CDCl3) & 168, 166, 142.6, 133, 129.5,
128.4, 114.5, 65.6, 65, 64.3, 31.5, 25.6, 22.5, 17.8, —4.4,
—5.

Anal calc for Co1H31NO4Si (M = 389.57): C 64.75, H 8.02,
N 3.59; Found: C 64.71, H 8.05, N 3.52.

(85,48 )-4-{ 1-[(Benzoylozy )methylfethenyl} -
3-{ (R )-1-[(t-butyldimethylsilyl)oxy/ethyl} -
1-{(ethoxycarbonyl)methyllazetidin-2-one 9

To a solution of LiHMDS (2.1 mmol) in THF (16 mL)

was added dropwise at —60 °C, a solution of 8 (778 mg,

2 mmol) in THF (2 mL). The solution was stirred 30 min

at —60 °C and 244 uL (2.2 mmol) of ethyl 2-bromoacetate

were added. The solution was stirred from —60 to —3 °C over

2.5 h, neutralized with sat NH4Cl and extracted with ether.

The organic layer was dried on NapSOy, filtrated and con-

centrated. Purification by silica-gel medium pressure liquid

chromatography (ether/cyclohexane, 1:1) gave the expected

compound (665 mg, 7T0%) as a colorless oil: o] = —46

(¢ 0.65; CHCly).

IR (neat) 1767 (v C=0 cycle); 1 740 (v C=0 ester); 1725
(v C=0 benzoate); 1 601 (v C=C).

'"H NMR (200 MHz, CDCl3) § 0.1 (s, 6H), 0.9 (s, 9H), 1.25
(m, 6H), 3.2 (dd, 1H, J = 2.2 and 6.6 Hz), 3.7 (d, 1H,
J =17.8 Hz), 4.3-4.1 (m, 4H), 4.45 (d, 1H, J = 2.2 Hz),
4.8 (d, 1H, J = 13.8 Hz), 4.95 (d, 1H, J = 13.8 Hz), 5.35
(s, 1H), 5.4 (s, 1H), 8-7.4 (m, 5H).

13C NMR (50 MHz, CDCl3) § 167.9, 167.8, 166, 140.7, 133.1,
129.5, 128.4, 116.7, 66.2, 65, 63.8, 61.3, 57.7, 41.7, 25.6,
92.5. 17.8, 14, —4.5, —4.8.

Anal calc for C25H37NOgSi (M = 475.66): C 63.13, H 7.84,
N 2.94; Found: C 63.11, H 7.89, N 2.89.

(35,45 )-4-{ 1-[(Benzoyloxy )methylfethenyl} -
3-{(R)-1-[(t-butyldimethylsilyl)oxyJethyl} -
1-[bis(ethozycarbonyl)methyljazetidin-2-one 6a

To a solution of LiHMDS (2.67 mmol) in THF (10 mL)

were added dropwise at —78 °C, a solution of 9 (528 mg,

1.11 mmol) in THF (3 mL) and 235 pL (2.67 mmol) of ethyl

chloroformate. The solution was stirred 2 h at —78 °C, neu-

tralized with 10 mL of sat NH4Cl and extracted with ethyl
acetate. The organic layer was dried on MgSO., filtrated
and concentrated. Purification by silica-gel flash chromato-
graphy (ether/cyclohexane, 3:7) gave the expected com-

pound (556 mg, 91%) as a colorless oil: [a]F = —41 (c 0.5;

CH,Clz).

IR (neat) 1770 (v C=0 cycle); 1740 (v C=0 esters); 1725
(v C=0 benzoate); 1650 (v C=C).

'H NMR (200 MHz, CDCls) 6 0.1 (s, 6H), 0.9 (s, 9H),
1.35-1.2 (m, 9H), 3.27 (dd, 1H, J = 2 and 5.2 Hz),
4.35-4.1 (m, 5H), 4.7 (d. 1H, J = 2 Hz), 4.87 (d, 1H,
J = 10.8 Hz), 4.97 (d, 1H, J = 10.8 Hz), 5.1 (s, 1H), 5.4
(s, 1H), 5.5 (s, 1H), 7.4-8.1 (m, 5H).
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3C NMR (50 MHz, CDCl3) 6§ 168.3, 166.0, 164.6, 140.6,
133, 130, 129.5, 128.3, 118.3, 66.1, 64.2, 63.5, 62.3, 58.4,
57, 25.6, 22.5, 17.8, 13.8, —4.5, —4.8.

Anal cale for CogHy1NOgSi (M = 547.72): C 61.40, H 7.54,
N 2.56; Found: C 61.39, H 7.56, N 2.50.

(55,48 )-4-{ 1-[(Benzoylozy )methyllethenyl} -
3-{ (R )-1-](t-butyldimethylsilylJoxylethyl} -
1-{/(ethozycarbonyl )benzylozycarbonylmethyl} -
azetidin-2-one 6b

To a solution of LiHMDS (0.985 mmol) in THF (5 mL)
were added dropwise at —78 °C, a solution of 9 (195 mg,
0.41 mmol) in THF (2 mL) and 150 uxL (0.985 mmol)
of benzyl chloroformate. The solution was stirred 2 h at
—78 °C, neutralized with 5 mL of sat NH4Cl and extracted
with ethylacetate. The organic layer was dried on MgSOy,
filtrated and concentrated. Purification by silica-gel flash
chromatography (ether/cyclohexane, 3:7) gave the expected
compound (184 mg, 75%) as a colorless oil, mixture of two
diastereomers.

IR (neat) 1770 (v C=0 cycle), 1745 (v C=0O esters), 1725
(v C=0 benzoate), 1653 (v C=C).

'H NMR (200 MHz, CDClz) 6 0.07 (s, 6H), 0.85 (s, 9H),
1.15-1.3 (m, 6H), 3.3 (m, 1H), 4.1-4.3 (m, 3H), 4.65 (dd,
1H, J = 2.5 and 5.1 Hz), 4.7-5.45 (m, 7H), 7.32-7.35 (m,
5H), 7.4-8.1 (m, 5H).

3¢ NMR (50 MHz, CDCl3) & 168.3, 165.8, 164.6, 140.6,
134.6, 133, 120.9, 129.5, 128.5, 128.3, 118.4, 118.2, 67.8,
66.1, 64.3, 64.2, 63.4, 62.3, 58.4, 57.0, 25.6, 22.5, 17.8,
13.8, 13.7, —4.5, —4.8.

Anal cale for C33HazNOsSi (M = 609.79): C 65.00, H 7.11,
N 2.30; Found: C 65.06, H 7.15, N 2.28.

(35,48 )-4-{ 1-(Benzoyloxymethyl)ethenyl} -
3-{(R.)-1-[(t-butyldimethylsilyl)oxylethyl} -
1-{[(phenylthio Jethozycarbonyl/methyl} azetidin-
2-one 6c¢

To a solution of LiIHMDS (1.03 mmol) in THF (1 mL)
were added dropwise at —78 °C, a solution of 9 (203 mg,
0.427 mmol) in THF (2 mL) and a solution of diphenyl sul-
fide (224 mg, 1.03 mmol) in THF (1 mL). The solution
was stirred 2 h at =78 °C, neutralized with 5 mL of sat
NH4Cl and extracted with ethyl acetate. The organic layer
was dried on MgSOQy, filtrated and concentrated. Purifica-
tion by silica-gel flash chromatography (ether/cyclohexane,
2:8) gave the expected compound {185 mg, 75%) as a color-
less oil, mixture of two diastereomers.

IR (neat): 1760 (v C=0 cycle), 1740 (v C=0 ester), 1720
(v C=0 benzoate), 1650 (v C=C).

TH NMR (200 MHz, CDCl3) 6 0.01-0.1 (m. 6H), (0.81, 0.84
(s + s, 9H)), (1.13, 1.19 (d + d, 3H, J = 6.1 Hz)), (1.25,
1.26 (t + t, 3H, J = 7.1 Hz)), 3.2-3.3 (m, 1H), 4.1-4.25
(m. 3H), (4.31, 4,69 (d, 1H, J = 2.6 Hz)), 4.8-5.05 (m
3H), 5.4 (s, 1H), 554 (d, 1H, J — 85 Hz). (5.7, 5.95
(s + s, 1H)), 7.3-8.1 (m, 10H).

13¢ NMR (50 MHz, CDClz) 6§ 168.4, 167.3, 166.1, 165.9,
140.4, 133, 132.2, 132, 129.9, 129.5, 129.2, 128.3, 128.2,
119.7, 119.2, 67.3, 65.5, 63.6, 63.3, 62.4, 62.1, 59.2, 58.9,
58.5, 58.2 , 23.6, 22.5, 22.2, 17.7, 13.8, —4.5, —4.7, —5.

Anal calc for C31H43 NOgSSi (M = 583.81): C 63.78, H 7.08,
N 2.40; Found: C 63.71, H 7.04, N 2.41.

(58,68 )-6-{ (R )-1-/(t- Butyldimethylsilyl joxy[ethyl} -
2,2-bis(ethoxycarbonyl)-4-methylidene-
1-azabicyclo[3.2.0/heptan-7-one 5a

To a suspension of sodium hydride (8.5 mg, 0.354 mmol)
in THF (1 mL), was added a solution of 6a (176 mg,
0.32 mmol) in THF (1 mL). The mixture was stirred
30 min at 25 °C and the catalyst, preformed 1 h at 25 °C
from Pd{OAc): (3.6 mg, 0.016 mmol) and dppe (9.5 mg,
0.024 mmol) in THF (1 mL), was added. The solution was
stirred 3 h at 65 °C, neutralized with sat NH;4Cl and ex-
tracted with ether. The organic layer was dried on NasSOy,
filtrated and concentrated. Purification by silica-gel flash
chromatography (cyclohexane/ether, 8:2) gave the expected
compound (108 mg, 80%) as a colorless oil: [o]F = +69 (¢
1.1, CHCl3).
IR (neat) 1775 (v C=0 cycle); 1 740 (v C=0 ester); 1660
(v C=C); 900 (6 C=C).
'H NMR (400 MHz, CDCl3), § 0.08 (s, 3H), O. 09 (s, 3H),
0.92 (s, 9H), 1.28 (d, 3H, J = 6.5 Hz), 1.33 (t, 6H,
J = 7 Hz), 3.05 (dd, 1H, J = 6.5 and 2.5 Hz J 310 (d,
1H, J = 17 Hz), 3.48 (d, 1H, J = 17 Hz), 4.4-4.2 (m,
6H), 5.13 (d, 1H, J = 2 Hz), 5.25 (d, 1H, J = 2 Hz).
13C NMR (00 MHZ CDCl3) 6 174.2, 168.2. 165.6, 145.3,
110.0, 72.3, 67.2, 65.7, 62.5, 62.0, 58.6, 44.3, 25.6, 22.4,
17.8, 13.8, 13.6, —4.6, —5.1.
Anal calc for C2;H3sNOgSi (M = 425.59): C 59.27, H 8.29,
N 3.29. Found: C 59.24, H 8.30, N 3.21.

(5S,6S )-2-Benzylozycarbonyl-6-{ (R )-1-[(t-butyl-
dimethylsilyl)oxy]ethyl} - 2-ethozycarbonyl-
4-methylidene-1-azabicyclo[3. 2.0/heptan-7-one bb

To a suspension of sodium hydride (8 mg, 0.33 mmol)

in THE (1 mL), was added a solution of 6b (184 mg,

0.302 mmol) in THF (2 mL). The mixture was stirred

30 min at 25 °C and the catalyst, preformed 1 h at 25 °C

from Pd(OAc)2 (3.4 mg, 0.015 mmol) and dppe (8.9 mg,

0.023 mmol) in THF (1.5 mL), was added. The solution

was stirred 3 h at 65 °C, neutralized with sat NH4Cl

and extracted with ether. The organic layer was dried on

NayS0y,, filtrated and concentrated. Purification by silica-

gel flash chromatography (diethyl ether/cyclohexane, 2:8)

gave the expected compound (106 mg, 72%) as a colorless

oil, mixture of two diastereomers.

IR (neat): 1775 (v C=0 cycle); 1 745 (v C=0 esters); 1 661
(v C=0C).

'H NMR (200 MHz, CDCl3) 6 0.02 (s, 6H), 0.8 (s, 9H), 1-1.2
(m, 6H), 2.95 (m, 1H), 3-3.45 (m, 2H), 4-4.3 (m, 4H),
5-5.3 (m, 4H), 7.3 (s, 5H).

3¢ NMR (50 MHz, CDCls) 6 174 4, 168.1, 165.6, 145.1,
134.8, 128, 110.2, 72.7, 68, 67 , 67.3, 65.8, 65.5. 62.6,
62.1, 58.8, 58.6, 44.2, 25.6, 12\) 17.8, 13.7. 13.6, —4.3,
—5.

Anal calc for CogHy7NOgSi (M = 487.66): C 64.04, H 7.65,
N 2.87. Found: C 64.14, H 7.69, N 2.74.

(58,68 )-6-{ (R )-1-[(t- Butyldimethylsilyl )oxy ethyl} -
2-ethoxycarbonyl-4-methylidene-2-phenylthio-
I-azabicyclo[3.2.0]heptan-7-one 5¢

To a suspension of potassium hydride (14 mg, 0.35 mmol)
in THF (2 mL), was added a solution of 6c (185 mg,
0.317 mmol) in THF (2 mL). The mixture was stirred
15 min at 25 °C and the catalyst, preformed 1 h at 25 °C
from Pd(OAc)2 (3.6 mg, 0.016 mmol) and dppe (9.5 mg,
0.024 mmol) in THF (1.5 mL), was added. The solution
was stirred 3 h at 25 °C, neutralized with sat NH;Cl
and extracted with ether. The organic layer was dried on



NaSOs, filtrated and concentrated. Purification by silica-

gel flash chromatography (ether/cyclohexane, 2:8) gave the

expected compound (33 mg, 33%) as a colorless oil, mixture
of two diastereomers.

IR (neat): 1770 (v C=0 cycle), 1 740 (v C=0 ester), 1 655
(v C=C).

'H NMR (200 MHz, CDCls) & 0.09 (s, 6H), 0.9 (s, 9H),
1.1-1.3 (rn, 6H), 2.97 (dd, 1H. J = 3 and 7 Hz),
2.78-3.42 (m, 2H). 4.1-4.3 (m, 3H), 4.35 (m, 1H),
5.1-5.25 (m, 2H), 7.25-7.8 (m, 5H).

30 NMR (50 MHz, CDCl3) § 174.5, 167.5, 145.9, 135.9,
134.9, 130.8, 129.2, 128.6, 110.1, 77, 67.9, 66.5, 65.5, 63,
62, 58.7, 57.6, 46.2, 25.7, 22.4, 17.9, 13.6, —4.5, —4.9.

Anal calc for Co4H3s NO4SSi (M = 461.69): C 62.44, H 7.64,
N 3.03. Found: C 62.49, H 7.66, N 3.00.

(58,68 )-2,2- Bis(ethozycarbonyl)-6-[(R )-1-hydrozyethyl]-

4-methylidene-1-azabicyclo[3.2.0[heptan-7-one 11

To a solution of 5a (348 mg, 0.82 mmol) in THE (4 mL),
were added dropwise at 0 °C 820 gL (0.9 mmol) of BusNF
1.1 M in THF. The solution was stirred for 3 h at 25 °C, neu-
tralized by sat NH4Cl and extracted with ether. The organic
layer was washed with brine, dried on Na;SQOy4, filtrated and
concentrated. Purification by silica-gel flash chromatogra-
phy (cyclohexane/ethyl acetate, 6:4) gave the expected com-
pound (198 mg, 78%) as a colorless oil: [a]y = +83 (c 1.5,
CHCls).

IR (neat): 3500 (v OH), 1 770 (v C=0 cycle),
esters), 1660 (v C=C).

'"H NMR (200 MHz, CDCl3) 6 1.1-1.3 (m, 9H), 2.9-3.05 (m,
2H), 3.4 (m, 1H), 4-4.3 (m, 6H), 5.05 (d, 1H. J = 2 Hz),
5.15 (d, 1H, J = 2 Hz).

3¢ NMR (50 MHz, CDCly) & 174.5, 168.1, 165.4, 144.7,
110.6, 73, 66.9, 65.1, 62.7, 62.2, 58.6, 44.1, 21.6, 13.8,
13.7.

Anal calc for C15H21NOg (M = 311.33): C 57.87, H 6.80, N
4.50. Found: C 57.88, H 6.83, N 4.48.

), 1740 (v C=0

Hydrogenation of the bicyclic compound 5a

A solution of 5a (553 mg, 1.3 mmol) and 5% Pd/C in
methanol (30 mL), was stirred 12 h under hydrogen (1 atm),
filtrated through celite and concentrated to give 553 mg
(100%) of the expected compound as a mixture of two
diastereomers easily separable by silica-gel chromatography
(cyclohexane/ether, 8:2):

IR (neat): 1775 (v C=0 cycle); 1 740 (v C=0 esters).
Anal cale for Cp1H37NOgSi (M = 427.61): C 58.99, H 8.72,

N 3.28; Found: C 58.91, H 8.73, N 3.25.

(4S,5R, 68 )-6-{ (R )-1-[(t-Butyldimethylsilyl Joxy]ethyl} -
2,2-bis(ethozycarbonyl)-4-methyl-1-aza-
bicyclof3.2.0]heptan-7-one 10a

The B-methyl isomer was obtained as a white crystallized
solid (389 mg, 70%); mp = 52 °C; {o]F = +126 (¢ 1.2,
CHCI3).

'H NMR (500 MHz, CDCls) 6 —0.02 (s, 6H), 0.8 (s, 9H),
1.04 (d, 3H, J = 6.7 Hz), 1.13 (d, 3H, J = 6.1 Hz), 1.2
(t, 6H, J = 8.4 Hz), 2.21 (dd, 1H, J = 9.1 and 12.7 Hz),
2.38-2.5 (m, 2H), 3 (dd, 1H, J = 2.5 and 6.5 Hz), 3.88
(dd, 1H, J = 2.5 and 7.4 Hz), 4.05-4.25 (m, 5H).

3CNMR (50 MHz, CDCly) § 174.5, 168.4, 165.6, 73.6, 66.2,
62.3, 61.9, 59.8, 59.7, 44.7, 32.1, 25.6, 22.5. 17.9, 15.3,
13.9, 13.7, —4.3, —5.
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(4R,5R, 68 )-6-{ /(R )-1-[(t-Butyldimethylsilyl )oxy]ethyl} -
2,2-bis(ethozycarbonyl)-4-methyl-1-aza-
bicyclo[3.2.0]heptan-7-one 10b

The a-methyl isomer was obtained as a colorless oil (166 mg,

30%).

'H NMR (500 MHz, CDCls) § 0.01 (s, GH), 0.8 (s, 9H), 1.04
(d, 3H, J = 6.2 Hz), 1.14 (d, 3H, J = 6.1 Hz), 1.2 (t.
6H, J = 8.4 Hz), 2.22 (dm, 1H, J = 12.8 Hz), 2.28 (m,
1H), 2.64 (dd, 1H, J = 12.8 and 5.6 Hz), 285 (d, 1H.
J = 5.7 He), 3.3 (d, 1H, J = 8.5 Hz), 41 (m, 1H), 4.16
(m, 4H).

3C NMR (50 MHz, CDCl3) 6 171.6, 168.8, 167.4, 71.9, 65.5,
63.4, 62.3, 61.8, 48.4, 38.4, 25.6, 22.5, 17.9, 14.9, 13.9,
13.8, —4.3, -3.

Hydrogenation of the bicyclic compound 11

A solution of 11 (60 mg, 0.193 mmol) and 5% Raney

Ni in methanol (3 mL), was stirred 12 h under hydrogen

(1 atm), filtered through celite and concentrated to give

60 mg (100%) of the expected compound as an inseparable

mixture of two diastereomers characterized by NMR.

IR (neat): 3 500 (v OH); 1 770 (v C=0 cycle); 1 740 (v C=0
esters).

Anal calc for Ci5HasNOg (M = 313.35): C 57.50, H 7.40, N
4.47. Found: C 57.52, H 7.43, N 4.41.

(45,5R, 6S )-2,2-Bis(ethozycarbonyl)-6-[(R )-1-hydrozy-
ethyl]-4-methyl-1-azabicyclo[3.2.0fheptan-T-one 12a

'H NMR (200 MHz, CDCls) 6 1.1 (d, 3H. J = 6.5 Hz).
1.2-1.35 (m, 9H), 2.1 (s, 1H), 2.25-2.6 (m, 3H). 3.1 (dd.
1H, J = 3.1 and 6.7 Hz), 4 (dd, 1H, J = 3.1 (md 7.4 Hz),
4.1-4.4 (m, 5H).

13C NMR (50 MHz, CDCl;) § 174.6, 168.,4, 165.5, 73.8, 65.5,
62.5, 62.1, 59.5, 59.3, 44.7, 32.1, 21.6, 15.2, 13.9, 13.7.

(4R, 5R,6S )-2, 2- Bis(ethozycarbonyl)-6- {(R )- 1-hydrozy-
ethylf-4-methyl-1-azabicyclo3.2.0lheptan-7-one 12b

'H NMR (200 MHz, CDCl3) & 1.15 (d, 3H, J = 6.1 Hz),
1214(m 9H), 2.1 (s, 1H)21525(m H), 2.75 (m,
1H), 3 (dd, 1H, J = 2 and 6.3 Hz), 3.45 (dd. 1H, J = 2

and 8.3 Hz), 4.1-4.3 (m, 5H).
3C NMR (50 MHz, CDCl3) § 171.7, 168.6, 167.2, 72.2, 65.1,
62.8, 62.5, 62, 48.3, 38.4, 21.6, 14.8, 13.9, 13.8.
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