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The synthesis and antibacterial activity of the title compoundshaving an isoxazolidine ring at
the C-2 position are described. These derivatives were synthesized by the 1,3-dipolar cycloaddition
reaction of nitrone with 2-vinyl carbapenems. This 1,3-dipolar cycloaddition reaction proceeded
regioselectively to give diastereomeric isomers of2-(isoxazolidin-5-yl)carbapenems. It was ascertained
that the antibacterial activity of l/?-methylcarbapenem derivatives was superior to that of the
corresponding lH-carbapenem derivatives, and between the 2-(isoxazolidin-5-yl)- l^-methylcarba-
penems the antibacterial activity of the 5'i^-isomer was slightly better than that of the 5'S-isomer.

The discovery of thienamycin^ in 1976 opened up a
new antibiotic field, and numerous chemical modifica-
tions2~5) were introduced for exploiting this novel
antibiotic as a clinical candidate. However, these efforts
have been mostly limited to the natural-type alkylthio
side chain at the C-2 position because of the instability
of the carbapenem nucleus. In our laboratories, we have
been interested in carbapenems having unnatural-type
side chains, which directly connect a carbon unit in place
of sulfur at the C-2 position, and have found that
2-(N-methyl-4-pyridinio)thiomethyl derivatives show
excellent activities against both Gram-positive and

Gram-negative bacteria.6'7)
Weplanned to prepare unnatural-type carbapenems

which were based on the side chain at the C-2 position
of thienamycin. We first intended to replace Sr-C2'-C3'-
N4' of thienamycin side chain with unnatural-type
C1'-C2'-C3'-N4', forming a rigid 5-membered ring by

combining C1 and N4' through a spacer of one atom to
fix its conformation. Weanticipated that the adoption
of an electron-withdrawing oxygenatom as a spacer
should enhance the chemical reactivity of the /Mactam
ring, and would improve biological activity.8) Moreover
we chose to quaternarize the nitrogen atom N4' because
a cation charge on the side chain had tended to improve
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activity. Finally, we decided on a isoxazolidinio sub-
stituent as a side chain at the C-2 position. An iso-
xazolidine ring could be constructed by 1,3-dipolar

cycloaddition reaction. Herein, we describe the synthesis
of 2-(isoxazolidinio-5-yl)carbapenem derivatives via the
1,3-dipolar cycloaddition reaction of 2-vinyl carba-

penems with nitrone and their potent antibacterial ac-
tivities.

Chemi stry
Requisite material for 1,3-dipolar cycloaddition re-

action, 2-vinylcarbapenems 3, were synthesized from 2-
hydroxymethylcarbapenems 16) (Scheme 1). 2-Hydroxy-
methylcarbapenems 1 were transformed to 2-iodo-
methylcarbapenems by the direct iodination method
(PPh3/I2/Et3N/HMPA) in situ, and treatment of
2-iodomethyl carbapenems with triphenylphosphine
resulted in the formation of somewhat stable phos-

phonium derivatives 2.9) Wittig reaction ofphosphonium
salts 2 with aqueous formaldehyde in the presence of
sodium carbonate as a base gave 2-vinylcarbapenems 3.
Westored 3b as a solution of toluene since pure neat
compound 3b polymerized even stored in a freezer. The
isoxazolidine ring was constructed by the 1,3-dipolar
cycloaddition reaction of 2-vinyl- l /?-methylcarbapenem

Fig. 1: Design of novel unnatural-type carbapenems.
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3b with nitrone (Scheme 2), which was generated in situ
from N-methylhydroxylamine hydrochloride and form-
aldehyde in the presence of sodium methoxide. This
cycloaddition reaction gave two diastereomeric isomers

(4, 5) of 2-(2-methylisoxazolidin-5-yl)-lj6-methylcarba-

penem in 22% and 45% yield, respectively. The cor-
responding regioisomers, 2-(2-methylisoxazolidin-4-yl)-
ljS-methylcarbapenems, were not detected in this re-

<vvntVip«ic r»f 7-vinvirarhanpmems 3.

Scheme 2. Synthesis of 2-(isoxazolidinio-5-yl)-l^-methylcarbapenems 8 and 9.

Scheme 3. Synthesis of compound ll.
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Scheme 4. Synthesis of 2-(isoxazolidinio-5-yl)carbapenems 16 and 17.

Table 1. In vitro antibacterial activities (MIC; /ig/ml) ofcarbapenem derivatives.

Organism 8 9 16 17 Imipenem

Staphylococcus aureus FDA 209 JC- 1 0.01 0.01 0.02 0.02 0.01

Staphylococcus aureus Smith 0.01 0.01 0.05 0.02 0.01

Staphylococcus aureus SR 3 13 1 0. 1 0. 1 0.2 0.2 0.05

Streptococcus pyogenes C-203 <0.003 <0.003 0.006 0.01 <0.003

Streptococcuspneumoniae Type 1 <0.003 <0.003 0.006 0.006 <0.003

Enterococcusfaecalis SR 1004 0.8 0.8 1.6 1.6 1.6

Escherichia coli NIHJ JC-2 0,05 0.05 0. 1 0.2 0. 1

Escherichia coli EC- 14 0.05 0.05 0. 1 0.2 0. 1

Klebsiellapneumoniae SR 1 . 0.1 0.2 0.2 0.4 0.2

Proteus mirabilis PR-4 0.4 0.4 1 2.5 1 2.5 0.4

Proteus vulgaris CN-329 1.6 1.6 1.6 3.1 0.4

Enterobacter cloacae SR 233 0. 1 0. 1 0.4 0.4 1.6

Serratia marcescens ATCC 13880 3.1 3. 1 1.6 1.6 0.4

Pseudomonas aeruginosa ATCC 25619 0.8 0.8 3.1 6.3 0.8

Pseudomonas aeruginosa SR 24 0.8 1.6 6.3 6.3 1.6

action. These two diastereomeric isomers 4 and 5 could
be separated by silica gel column chromatography. After
quaternarization of compounds 4 and 5 with methyl

iodide, conventional deprotection by AlCl3/anisole

method10) easily gave 8 and 9, respectively. With respect
to stereochemistry at the 5'-position ofisoxazolidine ring,
we determined that compound5 has ^-configuration at

the 5'-position by X-ray crystallographic analysis of

compound ll which was prepared according to Scheme
3. Therefore, it was ascertained that configurations at
the 5'-position of compounds 8 and 9 are 5'R and 5'S,
respectively. The corresponding 1H carbapenem deriva-
tives (16, 17) were synthesized from compound 3a by the

similar method (Scheme 4), and two diastereomeric

isomers 12 and 13 could be separated by silica gel column
chromatography. Stereochemistry at the 5'-position of

isoxazolidine ring in diastereomeric isomers 16 and 17
was not determined.

Antibacterial Activity
The in vitro antibacterial activity of the new car-

bapenems 8, 9, 16 and 17 against selected Gram-positive
and Gram-negative bacteria were summarized in Table
1. For comparison, the MICvalues ofimipenem are also
listed.

As shown in Table 1, all compounds prepared in this
study and imipenemhad a comparable antibacterial
activity against both Gram-positive and Gram-negative
bacteria including P. aeruginosa. Stereochemistry at the
5'-position of isoxazolidine ring was found to have some

effect on their antibacterial activity. 5'i?-isomer 8 and

5'S-isomer 9 are almost equivalent against Gram-positive
bacteria, while 5'i£-isomer 8 possessed a slightly better

activity than 5'S-isomer against some Gram-negative

bacteria. In general, ljS-methylcarbapenem derivatives,
8 and 9, were superior to the corresponding 1H ana-
logues, 16 and 17.

In vivo activities (ED50) of l/J-methyl carbapenem



1484 THE JOURNAL OF ANTIBIOTICS

Table 2. In vivo activities (EC50; mg/kga) against infections
inmice

S. aureus E. faecalis E. coli P. aeruginosa
Smith SR 1004 EC-14 SR 24

8 0.02(0.01)b 1.8(0.8) 0.06(0.05) 0.8(0.8)

9 0.04(0.01) N.T.C NT. 1.5(1.6)

Imipenem 0.02(0.01) 3.5(1.6) 0.3(0.1) 0.6(1.6)

Challenge dose: 2x 106 CFU/mouse for S.a.
3 x 106 CFU/mouse for E.f.
2 x 106 CFU/mouse for Ex.
3 x 104 CFU/mouse for P.a.

MIC values.
Not tested.

derivatives 8 and 9 together with the data of imipenem
as reference were shownin Table 2. Therapeutic efficacy
of 1^-methyl compound 8 was excellent and better than
that of imipenem against E. coli infection.

In conclusion, we found that 2-(isoxazolidinio-5-
yl)carbapenem derivatives, especially 2-(5J?-isoxazolidi-
nio-5-yl)-l/?-methylcarbapenem, had an excellent broad
spectrum antibacterial activity.

Experimental

Chemistry
Reagents were used as supplied unless otherwise

noted. Reactions were carried out under nitrogen using
dry solvents. Silica gel (E. Merck, 230~400 mesh) and
high porous polymer CHP 20P (Mitsubishi Kasei, 75 ~
150fi) were used for column chromatography. Melting
points were determined on a Yanagimotoapparatus and
are uncorrected. Infrared (IR) spectra were recorded on
a Hitachi 260-10 spectrophotometer. Proton nuclear

magnetic resonance (*H NMR)spectra were obtained
on a Varian VXR-200 (200 MHz)spectrometer. Chemical
shifts are expressed in ppmdownfield from tetra-
methylsilane (TMS) as an internal standard in CDC13,
and determined by using DOH(S 4.80) as an internal
standard in D2O. Mass spectra (MS) were obtained on
a Hitachi M-90 (SIMS) mass spectrometer. Most of the
compoundsreported here are either non-crystalline solid
or viscous oil or unstable. Hence, their analytical data
could not be obtained.

Determination of Antibacterial Activity
The in vitro antibacterial activity is given as minimum

inhibitory concentration (MIC) in /ig/ml as determined
by the serial agar dilution method (sensitivity test agar)
after incubation at 37°C for 18~20 hours with an

inoculum size of one loopful of 106 CFU/ml.

In vivo Antibacterial Activity Test
ICR female mice (age: 5 weeks) were infected intra-
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peritoneally with the bacterial suspension in 5% mucin
and compounds were administered subcutaneously at 1
and 5 hours after infection. ED50values were calculated
from survival ratio of mice on 7th day after infection by
the probit method.

/7-Methoxybenzyl (5R,6S)-6-[( 1 R)- 1 -(Triethylsilyloxy)-
ethyl] -2-(triphenylphosphonio)-methylcarbapen-2-em-3-carboxylate Iodide (2a)

To a solution of la (6.73g, 14.6mmol) in CH2C12
(70ml) were added triethylamine (2.24ml, 16.0mmol),
iodine (4.07g, 16.0mmol), triphenylphosphine (5.74g,
21.9mmol) at -50°C. After being stirred at the same
temperature for 1 hour, hexamethylphosphoramide

(5.07ml, 29.2mmol) was added. After being stirred for
more 30 minutes, a solution of 2-iodomethylcarbapenem
derivative was obtained and then treated with triphen-
ylphosphine (3.82g, 14.6mmol). The reaction mixture
was left at -20°C overnight then diluted with water and
ethyl acetate, and extracted with ethyl acetate. The
extracts were washed with water, dried over magnesium
sulfate, and evaporated in vacuo. After being washed the
residue with ether, a crude phosphonium salt 2a (1 1.85 g,
97%) was obtained as a yellow foam: IR (CHC13) 1779,
1709cm"x; XHNMR (CDC13) 8 0.55 (q, /=8.0Hz, 6H),
0.90 (t, /=8.0Hz, 9H), 1.18 (d, /=6.2Hz, 3H),

2.64-2.82 (m, 1H), 3.01 (dd, /=5.2, 3.0Hz, 1H),
3.28-3.55 (m, 1H), 3.83 (s, 3H), 4.02-4.25 (m, 2H),
4.80 and 4.85 (ABq, /=12.1Hz, 2H), 5.29 (br-dd,
J=UJ, 14.4Hz, 1H), 5.75 (br-t, /=15.5Hz, 1H), 6.86
(d, 7=8.8Hz, 2H), 7.19 (d,.7=8.8Hz, 2H), 7.40-7.90

(m, 15H); HR-MS Calcd for C42H49NO5PSi (M-I)+
706.3115; Found 706.3118.

/7-Methoxybenzyl (lS95R,6S)-l-Methyl-6-[(lR)-1-

(triethylsilyloxy)ethyl] -2-(triphenyl-phosphonio)methyl-
carbapen-2-em-3-carboxylate Iodide (2b)

This compound 2b (87.57 g, 91% purity as 100% yield)
was prepared from lb (43.68g, 92mmol) by a similar
procedure used for 2a as a yellow foam: IR (CHC13)
1778, 1709cm-1; XHNMR(CDC13)80.55 (q,J=7.8Hz,

6H), 0.90 (t, 7=7.8Hz, 9H), 1.17 (d, 7=6.2Hz, 3H),

1.35 (d, 7=7.2Hz, 3H), 2.65-2.90 (m, 1H), 3.23 (dd,

7=4.6, 3.0Hz, 1H), 3.82 (s, 3H), 4.06 (dd, 7=10.2,
3.0Hz, 1H), 4.22 (dq, 7=6.2, 4.6Hz, 1H), 4.77 (s, 2H),
5.19 (br-t, 7=15.6Hz, 1H), 5.45 (br-t, 7=15.6Hz, 1H),

6.86 (d, 7=8.8Hz, 2H), 7.18 (d, 7=8.8Hz, 2H),
7.41 -7.87 (m, 15H); HR-MS Calcd for C43H51NO5PSi
(M-I)+ 720.3272; Found 720.3286.

l-Methoxybenzyl (5i?,6S)-6-[(1 7?)- l -(Triethylsilyloxy)-

ethyl] -2-vinylcarbapen-2-em-3-carboxylate (3a)
To an ice-cooled solution of crude 2a (1.00g, 1.2

mmol) in a mixed solvent of toluene (6ml), CH2C12
(0.5ml) and water (lml) were added 37% aqueous
formaldehyde (1.95ml, 24mmol) and sodium bicar-

bonate (191 mg, 1.8mmol), and the mixture was stirred
for 1 hour. The reaction mixture was poured into water
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and ethyl acetate, and extracted with ethyl acetate. The
combined extracts were washed with water and brine,
dried over magnesium sulfate, and evaporated under

reduced pressure. Purification of the residue by silica gel
column chromatography gave 2-vinylcarbapenem 3
(73mg, 13%) as a viscous colorless oil: IR (CHC13) 1778,
1710cm"1; XHNMR (CDC13) 8 0.60 (q, /=8.0Hz, 6H),
0.95 (t, /-8.0Hz, 9H), 1.28 (d, /=6.0Hz, 3H),

2.85-3.15 (m, 2H), 3.12 (dd, /=6.6, 2.8Hz, 1H), 3.80
(s, 3H), 4.12 (dt, J=9.6, 2.8Hz, 1H), 4.21 (quint,

/=6.4Hz, 1H), 5.21 and 5.25 (ABq, /=12.2Hz, 2H),

5.35 (dd, /=16.0, 1.2Hz, 1H), 5.42 (dd, /=9.4, 1.2Hz,

1H), 6.88 (d,.7=8.8Hz, 2H), 7.39 (d, /=8.8Hz, 2H),

7.39 (dd, /=16.0, 9.4Hz, 2H); HR-MS Calcd for

C25H36NO5Si (M+H)+ 458.2360; Found 458.2358.

^-Methoxybenzyl (l^^^^^^l-Methyl^-^l^)-!-
(triethylsilyloxy)ethyl]-2-vinyl-carbapen-2-em-3-

carboxylate (3b)
This compound 3b (12.0g) was synthesized from 2b

(37.23 g of91% purity, 40mmol) by a similar procedure
used for 3a: 64% yield as a viscous colorless oil. This
compoundwas stored as a solution of toluene since pure
neat compoundpolymerized under storage in freezer; IR
(CHC13) 1760, 1708cm"1; XH NMR (CDC13) S 0.59
(q, /=8.0Hz, 6H>, 0.94 (t, /=8.0Hz, 9H), 1.20 (d,

/=7.6Hz, 3H), 1.29 (d, /=6.0Hz, 3H), 3.19 (dd, /=6.7,
2.6Hz, 1H), 3.35 (quint, /=7.6Hz, 1H), 3.80 (s, 3H),
4.12(dd,/-9.4, 2.6Hz, 1H), 4.22 (quint,/=6.4Hz, 1H),
5.23 (s, 2H), 5.43 (dd, /=11.2, 0.9Hz, 1H), 5.50 (dd,

y=18.0, 0.9Hz, 1H), 6.88 (d, /=8.7Hz, 2H), 7.34 (dd,
/=18.0, ll.2Hz, 1H), 7.39 (d, /=8.7Hz, 2H); HR-MS
Calcd for C26H38NO5Si (M+H)+ 472.2518; Found

472.2525.

l-Methoxybenzyl (IS,5R,6S)-1-Methyl-2-[(5R)-2-

methylisoxazolidin-5-yl]-6-[(l R)- l -(triethylsilyloxy)-
ethyl]carbapen-2-em-3-carboxylate (4) and p-
Methoxybenzyl (15,5J?,65)-l-Methyl-2-[(55)-2-

methylisoxazolidin-5-yl]-6-[(l i?)- l -(triethylsilyloxy)-
ethyl]carbapen-2-em-3-carboxylate (5)

N-methylhydroxylamine hydrochloride (3.32 g, 39.8
mmol) and 37% aqueous formaldehyde (24ml, 0.296

mol) were added to a solution of 1 m sodium methoxide
(in MeOH,40ml, 40mmol) at room temperature. This
mixture was added to a solution of3b (6.24 g, 13.2mmol)
in toluene (100ml) at the same temperature, and heated
to 1 10°C for 4 hours. After cooling, the reaction mixture
was poured into water and ether, and extracted with
ether. The combined organic layer was washed with brine,
dried over magnesiumsulfate, and concentrated in vacuo.
The residue was purified by silica gel column chromato-
graphy, and gave 5'i?-isomer 4 (962mg, 22%), less polar
isomer, and 5'S-isomer 5 (1.97g, 45%), polar isomer, as
viscous colorless oils, respectively:

5'^-isomer 4; IR (CHC13) 1763, 1709cm"1; XH NMR
(CDC13) 8 0.58 (q, 7=7.8Hz, 6H), 0.94 (t, /=7.8Hz,
9H), 1.23(d, /=7.0Hz, 3H), 1.26 (d, /=6.0Hz, 3H),

1485

1.88-2.14 (m, 1H), 2.39-2.58 (m, 1H), 2.60-2.86 (m,
1H), 2.67 (s, 3H), 3.10-3.45 (m, 2H), 3.18 (dd, /=6.6,

2.4Hz, 1H), 3.80 (s, 3H), 4.06 (dd, /=9.3, 2.4Hz, 1H),
4.20 (quint, /=6.3Hz, 1H), 5.15 and 5.23 (ABq,
/=12.3Hz, 2H), 5.43-5.62 (m, 1H), 6.88 (d, /=8.8Hz,
2H), 7.38 (d, 7=8.8Hz, 2H); HR-MS Calcd for

C28H43N2O6Si (M+H)+ 531.2888; Found 531.2894.

5'S-isomer 5; IR (CHC13) 1764, 1709cm-1; XH NMR
(CDC13) 3 0.58 (q, /=7.8Hz, 6H), 0.94 (t, /=7.8Hz,

9H), 1.23 (d, /-7.4Hz, 3H), 1.27 (d, /=6.0Hz, 3H),

1.27-2.09 (m, 1H), 2.22-2.48 (m, 1H), 2.56-2.89 (m,
1H), 2.66 (s, 3H), 3.15-3.58 (m, 2H), 3.20 (dd, /=7.Q,

2.8Hz, 1H), 3.80 (s, 3H), 4.09 (dd, J=9.9, 2.8Hz, 1H),
4.19 (quint, /=6.4Hz, 1H), 5.19 (s, 2H), 5.34-5.55 (m,

1H), 6.88 (d, /=8.8Hz, 2H), 7.37 (d, /-8.8Hz, 2H);

HR-MS Calcd for C28H43N2O6Si (M+H)+ 531.2888;
Found 531.2890.

/7-Methoxybenzyl (1 5',5^,65>)-2-[(5^)-2,2-Dimethyl-
isoxazolidinio-5-yl]-1-methyl-6-[(lR)-1-(triethylsilyl-

oxy)ethyl]carbapen-2-em-3-carboxylate Iodide (6)
To a solution of 4 (839mg, 1.58mmol) in CH3CN

(10ml) was added iodomethane (10ml) at room tem-
perature, and the mixture was stirred at the sametem-
perature for 10 minutes. Concentration of the reaction
mixture under reduced pressure gave a crude qua-
ternarized salt 6 as a pale yellow foam: IR (CHC13) 1776,
1717cm"1; XHNMR(CDC13)80.58 (q,7=8.0Hz, 6H),

0.93 (t, 7=8.0Hz, 9H), 1.20 (d, 7=7.2Hz, 3H), 1.23 (d,

7=6,2Hz, 3H), 2.86-3.06 (m, 2H), 3.26 (dd, 7=5.4,
3.0Hz, 1H), 3.36 (dd, 7=9.8, 7.2Hz, 1H), 3.80 (s, 3H),

3.82 (s, 3H), 3.87 (s, 3H), 4.24 (quint, 7=6.2Hz, 1H),

4.28 (dd, 7=9.8, 3.0Hz, 1H), 4.47-4.66 (m, 1H),
4.76-4.93 (m, 1H), 5.21 (s, 2H), 6.05(dd,7=9.1, 7.1 Hz,
1H), 6.89 (d, 7=8.8Hz, 2H), 7.38 (d, 7=8.8Hz, 2H);

HR-MS Calcd for C29H45N2O6Si (M+H)+ 545.3044;
Found 545.3039.

l-Methoxybenzyl (l S,5i?,6S)-2-[(5S)-2,2-Dimethyl-
isoxazolidinio-5-yl]-l-methyl-6-[(l^)- l-(triethylsilyl-
oxy)ethyl]carbapen-2-em-3-carboxylate Iodide (7)

Quaternarization of5 (5.0 g, 9.42mmol) gave 7 by the
same way used for 6: a pale yellow foam; IR (CHC13)
1778, 1714cm"1; XH NMR (CDC13) 8 0.58 (q,-/==8.2
Hz, 6H), 0.93 (t, /-8.2Hz, 9H), 1.24 (d, 7=6.2Hz, 3H),
1.27 (d, /=6.4Hz, 3H), 2.57-2.84 (m, 1H), 3.00-3.19

(m, 1H), 3.19-3.38 (m, 2H), 3.8.1 (s, 3H), 3.91 (s, 3H),

3.94 (s, 3H), 4.22 (dd, /= 10.2, 3.0Hz, 1H), 4.24 (quint,
/=6.2Hz, 1H), 4.50-4.83 (m, 2H), 5.23 (s, 2H), 5.91
(dd, /=10.0, 6.2Hz, 1H), 6.89 (d, /=8.7Hz, 2H), 7.38

(d, /-8.7Hz, 2H); HR-MS Calcd for C29H45N2O6Si
(M+H)+ 545.3044; Found 545.3036.

( 1 5>,5i?,65>)-2-[(5^)-2,2-Dimethylisoxazolidinio-5^yl>
6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-

carboxylate (8)
To a solution of crude 6 in CH2C12 (6ml) and

nitromethane (3ml) were added at -60°C a solution of
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aluminum chloride (843mg, 6.32mmol) and anisole

(3.5ml). The mixture was allowed to warm to -15°C
over 1.5 hours, and was stirred at the same temperature
for 30 minutes. The reaction mixture was diluted with
CH2C12, a aqueous solution (10ml) of sodium bicar-
bonate (707mg, 8.41 mmol) was added, and the mixture
was stirred under ice cooling for 10 minutes. After
filtration of the mixture, aqueous filtrate was separated,
washed with CH2C12, and purified by CHP-20P column
chromatography. The fractions containing the product
were concentrated and freeze-dried to give 8 (301 mg,
61% from 4) as a colorless powder: IR (KBr) 3400, 1750,
1598cm"1; XH NMR (D2) S 1.15 (d, /-7.2Hz, 3H),
1.27 (d, J=6.2Hz, 3H), 2.61-2.93 (m, 2H), 3.35 (dq,

/=9.4, 7.2Hz, 1H), 3.47 (dd, /=6.2, 2.6Hz, 1H), 3.60
(s, 6H), 5.98 (dd, J=9J, 6.3Hz, 1H); UV A2£ 274 nm
(s=6S00); HR-MS Calcd for C15H23N2O5 (M+H)+

311.1606; Found 311.1610.

( 1 5,5^,6^)-2-[(55f)-2,2-Dimethylisoxazolidinio-5-yl] -
6-[(li?)- l-hydroxyethyl]-l-methylcarbapen-2-em-3-
carboxylate (9)

Deprotection of 7 gave 9 (1.375g) by a similar

procedure used for 8: 47%from 5 as a colorless powder;
IR (KBr) 3500, 1750, 1595cm"1; XH NMR (D2) S 1.23
(d, /=7.2Hz, 3H), 1.30 (d, /=6.4Hz, 3H), 2.59-3.13

(m, 2H), 3.29-3.47 (m, 1H), 3.50 (dd, /=5.1, 2.9Hz,

1H), 3.63 (s, 6H), 4.08-4.37 (m, 4H), 5.91(dd, /=9.9,

6.3Hz, 1H); UV A££ 274 (8=5000), 225 (e=5500) nm;
i5H23N2O5

Found 311.1600.HR-MS Calcd for C15H23N2O5 (M+H)+ 311.1606;

l-Methoxybenzyl (lt$',5i?,65)-6-[(li?)-l-Hydroxy-

ethyl]- l -methyl-2-[(5S')-2-methyl-isoxazolidin-5-yl]-
carbapen-2-em-3-carboxylate (10)

To an ice-cooled solution of5 (116mg, 0.22mmol) in
THF (lml) were added acetic acid (38/4 0.66mmol)
and tetrabutylammonium fluoride (1 m solution in THF,
0.66ml, 0.66mmol). After being stirred for 30 minutes,
the reaction mixture was poured into water and ethyl
acetate, and extracted with ethyl acetate. The extracts
were washedwith saturated aqueous sodium bicarbonate
and brine, dried over magnesium sulfate, and con-
centrated in vacuo. The residue was chromatographied
on silica gel column to afford 10 (70mg, 77%) as a
colorless foam: IR (CHC13) 3424, 1767, 1712cm"1; XH
NMR (CDC13) 3 1.24 (d, /=7.4Hz, 3H), 1.33 (d,

/=6.2Hz, 3H), 1.70-2.12(m, 1H), 2.28-2.52 (m, 1H),
2.56-2.86 (m, 1H), 2.66 (s, 3H), 3.19-3.60 (m, 2H),
3.25 (dd, J=6.6, 2.8Hz, 1H), 3.80 (s, 3H), 4.15 (dd,
/=9.8, 2.8Hz, 1H), 4.23 (quint, /=6.4Hz, 1H), 5.16
and 5.24 (ABq, /=12.1Hz, 2H), 5.36-5.55 (m, 1H),
6.89 (d, J=8.7Hz, 2H), 7.37 (d, /=8.7Hz, 2H); HR-MS
Calcd for C22H29N2O6 (M+H)+ 417.2024; Found

417.2031.

DEC. 1995

/7-Methoxybenzyl ( l £5lt,6SH -Me%l-2-[(5S)-2-meth-
ylisoxazolidin-5-yl]-6-[(li?)- l -(/?-nitrobenzoyloxy)-
ethyl]carbapen-2-em-3-carboxylate (1 1)
To a solution of 10 (188mg, 0.45mmol) in CH2C12

(4ml) were added triethylamine (94ml, 0.68mmol),
4-nitrobenzoyl chloride (126mg, 0.68mmol) and 4-

dimethylaminopyridine (28mg, 0.23 mmol) at -40°C,
and the mixture was stirred for 2 hours. The reaction
mixture was diluted with water and CH2C12, extracted
with CH2C12, and dried over magnesium sulfate. After
evaporation, purification of the residue by silica gel
columnchromatography gave ll (227mg, 89%) as a
colorless crystal. This compound was recrystalized from
ether and hexane. X-ray crystallographic analysis
determined that the configuration at the 5'-position of
isoxazolidine ring is the ^-configuration: mp 13 1 - 1 32°C;
IR (CHC13) 1774, 1720, 1528, 1341cm'1; XH NMR
(CDCI3) S 1.29 (d, /=7.4Hz, 3H), 1.53 (d, /-6.2Hz,

3H), 1.78-2.14(m, 1H), 2.28-2.52 (m, 1H), 2.58-2.90
(m, 1H), 2.67 (s, 3H), 3.16-3.63 (m, 2H), 3.55 (dd,

/=6.4, 2.8Hz, 1H), 3.78 (s, 3H), 4.22 (dd,/=9.7, 2.8Hz,
1H), 5.20 (s, 2H), 5.35-5.60 (m, 1H), 5.54 (quint,

Z=6.4Hz, 1H), 6.85 (d, /=8.6Hz, 2H), 7.34 (d,

/=8.6Hz, 2H), 8.15 (dd, /=6.6, 2.6Hz, 2H), 8.22 (dd,
/=6.6, 2.6Hz, 2H).

Anal Calcd for C29H31N3O9: C 61.59, H 5.52, N 7.43.
Found: C 61.46, H 5.64, N 7.44.

/7-Methoxybenzyl (5i^,6iS')-2-(2-Methylisoxazolidin-5-

yl)-6-[(l i^)- l -(triethylsilyloxy)-ethyl]carbapen-2-em-3-
carboxylate (12, 13)

1,3-Dipolar cycloaddition reaction of 3a (696mg,

1.52mmol) gave less polar isomer 12 (90mg) and polar
isomer 13 (131 mg) by a similar procedure used for 4 and
5: 12(ll%)asaviscousoil; IR(CHCl3) 1775? 1713cm-1;

XH NMR (CDC13) 5 0.59 (q, /=8.0Hz, 6H), 0.94 (t,
/=8.0Hz, 9H), 1.26 (d, /=6.2Hz, 3H), 1.88-2.14 (m,
1H), 2.24-3.38 (m, 5H), 2.66 (s, 3H), 3.ll (dd, J=6A,

2.8Hz, 1H), 3.80 (s, 3H), 4.09 (dt, /=9.2, 2.8Hz, 1H),
4.19 (quint, /=6.2Hz, 1H), 5.16 and 5.23 (ABq,

/=12.0Hz, 2H), 5.39-5.64 (m, 1H), 6.88 (d, /=8.8Hz,
2H), 7.37 (d, /=8.8Hz, 2H); HR-MS Calcd for

C27H41N2O6Si (M+H)+ 517.2732; Found 517.2738. 13
(17%) as aviscous oil; IR (CHC13) 1773, 1712cm"1; XH
NMR (CDCI3) 3 0.59 (q, /=8.0Hz, 6H), 0.94 (t,

/=8.0Hz, 9H), 1.27 (d, /=6.0Hz, 3H), 1.84-2.10 (m,
1H), 2.34-3.36 (m, 5H), 2.67 (s, 3H), 3.08 (dd, /=6.8,

2.8Hz, 1H), 3.80 (s, 3H), 4.02-4.27 (m, 2H), 5.19 (s,
2H), 5.35-5.61 (m, 1H), 6.88 (d, 7=8.6Hz, 2H), 7.36

(d, /=8.6Hz, 2H); HR-MS Calcd for C27H41N2O6Si
(M+H)+ 517.2732; Found 517.2738.

/?-Methoxybenzyl (5i^,65')-2-(2,2-Dimethylisoxazoli-

dinio-5-yl)-6-[( l JR)- l -(triethyl-silyloxy)ethyl]carbapen-
2-em-3-carboxylate Iodide (14)

Quaternization of 12 (161mg, 0.31mmol) gave 14

(178mg) by the same procedure used for 6: 87% yield
as a pale yellow foam; IR (CHC13) 1783, 1713cm"1; *H
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NMR (CDCI3) 8 0,59 (q, /=8.0Hz, 6H), 0.94 (t,
/=8.0Hz, 9H), 1.24 (d, /=6.2Hz, 3H), 2.84-3.06 (m,

3H), 3.12-3.35 (m, 2H), 3.80 (s, 6H), 3.95 (s, 3H),

4.13-4.57 (m, 3H), 4.85-5.03 (m, 1H), 5.22 (s, 2H),

6.20 (t, /=7.8Hz, 1H), 6.89 (d, /=8.6Hz, 211), 7.38 (d,
/=8.6Hz, 2H); HR-MS Calcd for C28H43N2O6Si
(M-I)+ 531.2888; Found 531.2892.

l-Methoxybenzyl (5i??6^)-2-(2,2-Dirnethylisoxazoli-

dinio-5-yl)-6-[( l i?)- l -(triethylsilyl-oxy)ethyl]carbapen-
2-em-3-carboxylate Iodide (15)

Quaternization of 13 (102mg, 0.20mmol) gave 15

(114mg) by the same manner used for 6: 87% yield as
a pale yellow foam; IR (CHC13) 1784, 1712cm"1; *H
NMR (CDC13) 5 0.5? (q, 7=8.0Hz, 6H), 0.93 (t,

/=8.0Hz, 9H), 1.24 (d, 7=6.2Hz, 3H), 2.85-3.14 (m,
3H), 3.26-3.50 (m, 2H), 3.80 (s, 6H), 3.96 (s, 3H),

4.13-4.50 (m, 3H), 4.83-5.03 (m, lH), 5.22 (s,-2H),

6.17 (t, /=7.8Hz, 1H), 6.88 (d, /=8.6Hz, 2H), 7.38 (d,

/=8.6Hz, 2H); HR-MS Calcd for C28H43N2O6Si

(M-I)+ 531.2888; Found 531.2891.

(5i?,65()-2-(2,2-Dimethylisoxazolidinio-5-yl)-6-[(l ^)-
l -hydroxyethyl]carbapen-2-em-3-carboxylate (16)

Deprotection of 14 (156mg, 0.24mmol) gave 16

(39mg) by a similar procedure used for 8: 56% yield as
a colorless powder; IR (KBr) 3420, 1760, 1600cm-1; *H
NMR (D2O) 8 1.26 (d, /=6.2Hz, 3H), 2.53-3.17 (m,
4H), 3.44 (dd,.7=5.8, 2.8Hz, 1H), 3.55 (s, 3H), 3.59 (s,

3H), 4.06-4.31 (m, 4H), 6.13 (dd, J=9A, 6.2Hz, 1H);

UV /lS2a? 224"(6 =4700), 273 (e = 3900) nm; HR-MS Calcd
for C14H21N2O5 (M+H)+.297.1450; Found 297.1451.

(5^,65)-2-(2,2-Dimethylisoxazolidinio-5-yl)-6-[(l ^)-
l -hydroxyethyl]carbapen-2-em-3-carboxylate (17)

Deprotection of 15 (217mg, 0.33mmol) gave 17

(46mg) by a similar procedure used for 8: 47% yield as
a colorless powder; IR (KBr) 3400, 1760, 1600cm"1; XH
NMR (D2O) d 1.25 (d, /=6.6Hz, 3H), 2.53-3.10 (m,
4H), 3.44 (dd,.7=5.8, 3.0Hz, 1H), 3.56 (s, 3H), 3.58 (s,

3H), 4.09-4.30 (m, 4H), 6.15 (dd,.7=9.4, 6.4Hz, 1H);

UV AS£ 223 (e= 5000), 272 (e=4300) nm; HR-MS Calcd
for C14H21N2O5 (M+H)+ 297.1450; Found 297.1460.
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