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and improves the quantum efficiency of the device. Figure 6 
shows the L-I curves of the single and double layer EL dev­
ices.

Good processibility and pure red emission of the DAPPV- 
PTV, and the dramatic voltage dependent spectral change 
and the quantum efficiency improvement in the double lay­
er device may make it a good candidate for application in 
polymer LEDs.

References

1. Burroughes, J. H.; Bradley, D. D. C.; Brown, A. R.; 
Marks, R. N.; Mackay, K.; Friend, R. H.; Bum, P. L.; 
Holmes, A. B. Nature 1990, 347, 539.

2. Yang, Z.; Sokolik, I.; Karasz, F. E. Macromolecules 
1993, 26, 1188.

3. Gustafsson, G.; Cao, Y.; Treacy, G. M.; Klavetter, F.; 
Colaneri, N.; Heeger, A. J. Nature 1992, 357, 477.

4. Bum, P. L.; Holmes, A. B.; Kraft, A.; Bradely, D. D. 
C.; Brown, A. R.; Friend, R. H.; Gymer, R. W. Nature 
1992, 356, 47.

5. Andersson, M.; Berggren, M.; Inganas, O.; Gustafsson, 
G.; Gustafsson-Carlberg, J. C.; Seise, D.; Hjertberg, T.; 
Wennerstrdm, O. Macromolecules 1995, 28, 7525.

6. Cho, H. N.; Kim, D. Y.; Lee, J. Y.; Kim, C. Y. Adv. 
Mater. 1997, 9, 326.

7. Grem, G.; Leditzky, G.; Ullich, B.; Leizing, G. Adv, 
Mater. 1992, 4, 36.

8. Granstrom, M.; Inganas, O. Appl. Phys. Lett. 1996, 68, 
147.

9. Zyung, T.; Jung, S. D. ETRI Journal 1996, 18, 181.
10. Kang, I. N.; Hwang, D. H.; Shim, H. K.; Zyung, T.; 

Kim, J. J. Macromolecules 1996, 29, 165.
11. Frederiksen, P.; Bj^mholm, T.; Madsen, H. G.; Be- 

chgaard, K. J. Mater. Chem. 1994, 4, 675.
12. Greenham, N. C.; Moratti, S. C.; Bradley, D. D. C.; 

Friend, R. H.; Holmes, A. B. Nature 1993, 365, 628.
13. Kido, J.; Kimura, M.; Nagai, K. Science 1995, 267, 

1332.
14. Strukelj, M.; Jordan, R. H.; Dodabalapur, A. J. Am. 

Chem. Soc. 1996, 118, 1213.
15. Kang, I. N; Hwang, D. H.; Shim, H. K. manuscript in 

preparation.
16. Wu, C. C.; Chun, J. K. M.; Burrows, P. E.; Strum, J. 

C.; Thompson, M. E.; Forrest, S. R.; Register, R. A. 
Appl. Phys. Lett. 1995, 66, 653.

17. Matsumura, M.; Jinde, Y. IEEE Transactions on Elec­
tron Device 1997, 44, 1229.

Synthetic Studies on Carbapenam Skeletons (II)

Min Hyo Seo, Yang Mo Goo1, and Youn Young Lee*

Department of Chemistry and ^Department of Pharmacy, Seoul National University^ Seoul 151-742, Korea 
Received November 18, 1997

Syntheses of carbapenam skeletons were achieved from 3-benzyloxypropanal through 1,3-dipolar cycloaddition. 
3-Benzyloxypropanal was reacted with A^-hydroxyglycine ester to give C-(2-benzyloxyethyl)-7V-alkoxycarbonyl- 
methylnitrone (6). 1,3-Dipolar cycloaddition of the nitrone with ethyl crotonate gave 3-(2-benzyloxyethyl)isox- 
azolidine (7). Compound 7 was transformed to 4-(2-hydroxyethyl)-2-azetidinone (11). Compound 11 was con­
verted to 4-(2-iodoethyl)-2-azetidinone (13) or 4-phenylthiocarbonylmethyl-2-azetidinone (16) which was cy­
clized to give 6-(l-hydroxyethyl)carbapenam-3-carboxylate (14, 17).

Introduction

Thienamycin (1) has a unique structure and shows broad 
and strong antimicrobial activity.1,2 Many synthetic studies, 
therefore, have been carried out to obtain thienamycin and 
its derivatives. One of the synthetic approach was through 1, 
3-dipolar cycloaddition of crotonates with nitrones to give 
isoxazolidine derivatives, which were transformed to car- 
bapenems.3-5

During the development of a new route for the synthesis 
of carbapenem analogs, the isoxazolidine derivatives (3) pro­
duced by 1,3-dipolar cycloaddition of C-(2-hydroxyethyl)-7V- 
alkoxycarbonylmethylnitrone (2) with crotonate were cy­
clized to give 3-methyl-7-oxo-2-azabicyclo[3.3.0]octane-4,8- 
dicarboxylate (4). The N-0 bond of 4 was reduced to give 
^3-amino esters, which could be cyclized by treatment with 

a Grignard reagent to yield 6-(l-hydroxyethyl)-2-oxocarba- 
penam-3-carboxylate (5). The results were published in the 
previous paper6 (Scheme 1).

As a part of the continued study, the present paper covers 
another conversion of isoxazolidine derivatives to carba­
penam skeletons.

Results and Discussion

Synthesis of HxitoxygrbonylmethylTTlVt. 
butyldimethylsilyloxy)ethyl] -4- (2-hydroxyethyl) -2- 
azetidinone. Reflux of the benzene solution of JV-hy- 
droxyglycine r-butyl ester7 and 3-benzyloxypropanal8 for 30 
min yielded 7V-(3-benzyloxypropylidene)glycine Moxide t- 
butyl ester (6) in a good yield (89%). The product showed 
a triplet (7=5.7 Hz) at 6.82 ppm for N=CH, a singlet at 4.43
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Scheme 1.

ppm for NCH2CO2. The compound was unstable in the air 
and employed without purification in the next step. Com­
pound 6 was reacted with crotonate in toluene at 80 °C for 
48 h to yield two stereoisomers 7a and 7b of isoxazolidine- 
4-carboxylate in 80% yield. Isolation of the two isomers by 
silica gel column chromatography was unsuccessful. Howev­
er, since only the cis isomer 7a can be converted to a )3-lac- 
tam,9 we employed the mixture directly for the next step. 
The signals in NMR spectrum of the mixture suggested 
that 7a and 7b existed in a 3:2 ratio. The proton signals of

a) ZrVHOAc b) TBSCI, imidaz어e/D내F c) MeMgBr/THF d) Jf/Pd-C

Scheme 3.

H-4 of 7a were observed at 2.87 (dd, J=9.0 and 5.4 Hz) 
ppm, but those of 7b at 3.00 (dd, J=9.0 and 8.9 Hz) ppm 
(Scheme 2).

The N-0 bond of the isoxazolidine-4-carboxylate (7) was 
reduced with zinc powder in acetic acid-water to yield jB-am- 
ino /3-hydroxy ester (8) in 92% yield. Compound 8 showed 
a broad band around 3500-3200 cm 1 for NH and OH 
groups. The spot on the tic (silica gel) plate gave a purple 
color on spraying of ninhydrin solution and heating. The hy­
droxy group of 8 was protected with r-butyldimethylsilyl 
group to give 9 in 96% yield. Compound 9 showed a band 
at 3350 cm-1 for the NH group and a band at 1255 cm-1 
for the Si-C bond. Reaction of compound 9 in THF with 
methylmagnesium bromide at - 10 °C for 4 h and at room 
temperature for 18 h yielded the /3-lactam compound 10 in 
54% yield. Compound 10 showed bands at 3320, 1750, and 
1735 cm1 for the NH, the j&lactam carbonyl, and the ester 
carbonyl groups, respectively. The coupling constant value 
2.4 Hz between the protons on )3-lactam ring (at C-3 and C- 
4) implied a trans relationship. Hydrogenation of 10 in 
ethyl acetate gave compound 11 in 98% yield (Scheme 3).

Synthesis of 6- [ 1 - (t-butyldimethylsilyloxy)ethyl]- 
carbapenam-3-carboxylates. The jB-lactam compound 

7b

3 2

a) MgSO4/PhH reflux b) CHjCH*CHCO2Et/PhCH3( 80 <>C
a)TsQ/Pyridine b) Nal/ Acetone c)UHMDS/THF(-78<»C

Scheme 2. Scheme 4.
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11 was tosylated by p-treatment of toluenesulfonyl chloride 
in pyridine at 0-4 °C for a day yield to give 12 in 78% and 
the tosyloxy group of 12 was substituted with iodide by re­
fluxing in acetone with sodium iodide for 6 h in 82% yield. 
Treatment of the iodo compound (13) in THF at - 78 °C 
with lithium hexamethyldisilazide gave 6-[ 1 -(Z-butyIdimeth- 
ylsilyloxy)ethyl]carbapenam-3-carboxylate (14) in 72% 
yield. The ir spectrum of compound 14 showed bands at 
1770 and 1730 cm-1 for the j3-lactam carbonyl and the est­
er carbonyl groups, respectively. Its〔H NMR spectrum 
showed the signals of H-l and H-2 around 2.04-2.58 ppm 
as a multiplet, and of H-6 at 2.78 ppm as a double doublet 
(7=7.0 and 2.1 Hz) (Scheme 4).

After the j8-lactam compound 11 was oxidized for 12 h 
in DMF with PDC at room temperature to a carboxylic acid 
15 in 87% yield, the product 15 was converted to an acid 
chloride by treatment of oxalyl chlorode and pyridine in 
benzene at 0 °C for 1 h. After evaporation of benzene, 
thiophenol and 1 eq of pyridine was added to the reaction 
mixture to give a thioester 16 in 80% yield. Compound 16 
was treated with lithium hexamethyldisilazide at - 78 °C 
for 30 min to yield 2-oxocarbapenam-3-carboxylate (17) in 
82% yield. The compound showed bands at 1785, 1770, 
and 1745 cm 1 for the )3-lactam carbonyl, the ketone car­
bonyl, and the ester carbonyl groups, respectively. In the 
NMR spectrum it showed two H-l proton signals at 2.42 
and 2.93 ppm as double doublets. The H-6 proton signal 
were observed at 3.18 ppm also as a double doublet.

Experimental

IR spectra were recorded with Perkin-Elmer 735-B IR or 
Jasco J-0068 FT IR spectrophotometer. 'H NMR spectra 
were obtained with Varian EM-360, Bruker AC 80 or Vari- 
an VXR-200S NMR spectrometer with tetramethylsilane 
(TMS) as an internal standard. Chemical shifts are ex­
pressed as 8 (ppm). Melting points were obtained with di­
gital melting point measurement instrument made by Elec­
trothermal Co. without correction. THF and ethyl ether 
were distilled in the presence of sodium and benzophenone. 
Benzene was washed with concentrated sulfuric acid and 
distilled over sodium. DMF was dried over KOH pellets be­
fore use. Other solvents are first grade and distilled before

a)PDC/DMF b) i. (COCl)^ Pyridine ii. PhSH Pyridine c)LiHMDS/THF,-78®C

Scheme 5.
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use. All the chemicals were purchased from Aldrich Chem­
ical Co. or Merck Co.

N-(3-Benzyloxypropylidene)glycine N-oxide t-bu- 
tyl ester (6). A^-Hydroxyglycine Z-butyl ester (2.9사 g, 20 
mmol) and 3-benzyloxypropnal (3.6 g, 22 mmol) were dis­
solved in benzene (50 mL) and the solution was refluxed 
for 30 min. After evaporation of the solvent, the liquid was 
chromatographed over silica gel with hexane-ethyl acetate (1 
:2) to give 6. Yield, 5.25 g (89%);NMR (CDC13) 8 1.48 
(s, 9H, C(CH3)3), 2.72 (dt, 2H, J=6.0, 5.7 Hz, CH2), 3.80 (t, 
2H, J=6.0 Hz, OCH2), 4.36 (s, 2H, OCH2Ph), 4.43 (s, 2H, 
NCH2CO2), 6.82 (t, 1H, J=5.7 Hz, N=CH), 732 (s, 5H, Ph); 
IR (neat) 3080-2845, 1740, 1595, 1365, 1150, 740, 700 cm1.

Ethyl 3-(2-benzyloxyethyl)-2-(t-butoxycarbonyl- 
methyl)-5-methylisoxazolidine-4-carboxylate (7). 
Compound 6 (5.0 g, 17 mmol) and ethyl crotonate (5.71 g, 
50 mmol) was dissolved in toluene and stirred at 80 °C for 
48 h. After evaporation of the solvent, the oil was chro­
matographed over silica gel with hexane-ethyl acetate (8:1) 
to give 7. Yield, 5.56 g (80%);NMR (CDC13) 8 1.2-1.9 
(m, 8H, CH2, OCH2CH3, 5-CH3), 1.47 (s, 9H, C(CH3)3), 
2.87 (dd, 0.6H, J=9.0, 5.4 Hz, H-4), 3.00 (dd, 0.4H, J=9.0, 
8.9 Hz, H-4), 3.47-4.00 (m, 5H, H.3, OCH2j NCH2CO2), 
4.16 (q, 2H, J=7.0 Hz, OCH2CH3); 4.41 (m, 1H, H-5), 4.58 
(s, 2H, OCH2Ph), 7.42 (s, 5H, Ph); IR (neat) 3100-2860, 
1740, 1360, 1150, 740, 700 cm \

Ethyl 5-benzyloxy-3-(t-butoxycarbonylmethyl- 
amino) -2- (1 -hydroxyethyDpentanoate (8). Com­
pound 7 (4.1g , 10 mmol) was dissolved in acetic acid (100 
mL) and water (5 mL) was added. To the solution that was 
cooled in ice-water bath zinc powder (2.3 g, 30 mgatm) 
was added portion by portion. After the mixture was stirred 
at the same temperature for 2 h and at room temperature for 
4 h. The reaction mixture was filtered and evaporated to 
give residue which was dissolved in ethyl acetate (100 mL). 
The solution was washed with 10% sodium bicarbonate 
solution and dried over magnesium sulfate. Evaporation of 
solvent gave a colorless oil which was chromatographed 
over silica gel with hexane-ethyl acetate (6:1) to give 8. 
Yield, 3.78 g (92%);NMR (CDC13) 8r 1.00-1.60 (m, 4H, 
CH3, NH), 1.23 (t, 3H, J=7.0 Hz, OCH2CH3), 1.47 (s, 9H, 
C(CH3)3), 1.89-2.10 (m, 3H, CH2, OH), 2.78 (dd, 1H, J=8.0, 
3.0 Hz, H-2), 3.13-3.89 (m, 5H, NCH2CO2, NCH, CH2O), 
4.23 (q, 2H, J=7.0 Hz, OCH2CH3), 4.00-4.21 (m, 1H, 
CHOH), 4.53 (s, 2H, OCH2Ph), 7.45 (s, 5H, Ph); IR (neat) 
3600-2700, 3300, 3080-2860, 1725, 1720, 1100, 740, 700 
cm L

Ethyl 5-benzyloxy-3-(t~butoxycarbonylmethyl-  
amino)-2-[ 1 - (t-butyldimethylsilyloxy)ethyllpen - 
tanoate (9), Compound 8 (3.7 g, 9.0 mmol) and im­
idazole (0.68 g, 10 mmol) were dissolved in DMF (20 mL). 
r-Butyldimethylchlorosilane (1.38 g, 9.2 mmol) was added 
to the solution and stirred for 6 h at room temperature. The 
reaction was stopped by addition of diethyl ether (50 mL) 
and water (50 mL). The ethyl ether layer was separated and 
the water layer was extracted with ethyl ether (50 mL). The 
combined organic layer was washed with 1% HC1 solution 
and water. After drying over magnesium sulfate, the solu­
tion was evaporated to give a coloreless oil which was furth­
er purified by column chromatography over silica gel with 
hexane-ethyl acetate (8 :1). Yield, 4.52 g (96%);NMR
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(CDC13) 5 0.02 (s, 6H, 2 SiCH3), 0.87 (s, 9H, SiC(CH3)3), 
1.07-1.45 (m, 7H, OCH2CH3, CH3, NH), 1.47 (s, 9H, C- 
(CH"), 1.87-2.18 (m, 2H, CH2), 2.80 (m, 1H, H-2), 3.03- 
3.45 (m, 1H, NCH), 3.47-3.97 (m, 5H, NCH2CO2, CH2O, 
CHOSi), 4.23 (q, 2H, J=7.0 Hz, OCH2CH3), 4.58 (s, 2H, 
OCH2Ph), 7.50 (s, 5H, Ph); IR (neat) 3350, 3080-2860, 
1730, 1725, 1450, 1255, 1095, 835, 780, 740, 700 cm1.

4-(2-Benxyloxyethyl)-l-(t-butoxycarbonylmeth-

none (10). Compound 9 (4.2 g, 8.0 mmol) was dis­
solved in THF (150 mL) and the s이utkm was cooled to 
-10 °C in ice-water bath. Under nitrogen gas methyl­
magnesium bromide in ether (3 M, 4.0 mL, 12 mmol) was 
added to the solution with stirring. The mixture was stirred 
at the same temperature for 4 h and at room temperature for 
18 h. The reaction was stopped by adding saturated am­
monium sulfate solution (50 mL). The reaction products 
were extracted with ethyl acetate. The extract was washed 
with w가er and dried over magnesium sulfate. The solvent 
was evaporated and the residue was chromatographed over 
silica gel with hexane-ethyl acetate (2:1). Yield, 2.06 g 
(54%);NMR (CDC13) 8 0.08 (s, 6H, 2 SiCH3), 0.89 (s, 
9H, SiC(CH3)3), 1.32 (d, 3H,丿=6.4 Hz, CH3), 1.47 (s, 9H, 
OC(CH3)3), 1.96 (m, 2H, CH2), 3.00 (dd, 1H, J=8.8, 2.4 Hz, 
H-3), 3.51 (t, 2H, J=7.0 Hz, CH2O), 3.66 (d, 1H, J=17.8 
Hz, NCHCO2), 3.78 (m, 1H, H-4), 4.06 (d, 1H, J=17.8 Hz, 
NCHCO) 4.17 (m, 1H, CHOSi), 4.36 (s, 2H, OCH2Ph), 
7.33 (s, 5H, Ph); IR (neat) 3080-2840, 1750, 1735, 1255, 
835, 780, 740, 700 cm-1.

1 - (t - Butoxy carbonylmethyl) - 3 - [ 1 - (t-butyldimeth - 
ylsilyloxy)ethyl]-4-(2-hydroxyethyl)-2-azetidinone
(11) . Compound 10 (1.92 g, 4.0 mmol) in ethyl acetate 
(40 mL) was hydrogenated with hydrogen gas at 40 psi in 
the presence of Pd-C (10%, 0.8 g) for 4 h. After filtration, 
the solution was evaporated to give the product, an oily resi­
due. Yield, 1.52 g (98%); NMR (CDC13-D2O) 3 0.012 (s, 
6H, 2 SiCH3), 0.90 (s, 9H, SiC(CH3)3), 1.33 (d, 3H, J=6A 
Hz, CH3), 1.47 (s, 9H, C(CH3)3), 1.96 (m, 2H, CH2), 3.03 
(dd, 1H, J=8.8, 2.4 Hz, H-3), 3.66 (d, 1H, J=17.8 Hz, 
NCHCO) 3.73 (m, 3H, H-4, CH2O), 4.06 (d, 1H, J=17.8 
Hz, NCHCO2), 4.17 (m, 1H, CH-O); IR (neat) 3430, 2930, 
1750, 1735, 1255, 1155, 835, 780 cm1.

1 -(t-Butoxycarbonylmethyl)-3-[ 1 -(t-butyldimeth - 
ylsilyloxy) ethyl]-4-( 2 - tosyloxy ethyl) - 2 - azetidinone
(12) . Compound 11 (0.58 g, 1.5 mm이) in pyridine (5.0 
mL) was cooled to 0 °C and p-toluenesulfonyl chloride (0.86 
g, 4.5 mmol) was added under nitrogen gas. The solution 
was stirred at the same temperature for 2 h and kept in the 
refrigerator for 24 h. The reaction mixture was poured into 
crushed ice (20 g) and extracted with ethyl acetate (20 mL 
x 2). The extract was washed with 1% hydrochloric acid 
solution, water, and sodium bicarbonate solution (5%), and 
then with water. After drying over magnesium sulfate, the 
solution was evaporated to give solid which was purified by 
chromatography over silica gel with hexane-ethyl acetate (4: 
1). Yield, 0.63 g (78%);】H NMR (CDC13) 8 0.02 (s, 6H, 2 
SiCH3), 0.89 (s, 9H, SiC(CH3)3), 1.33 (d, 3H, J=6.4 Hz, CH 
3), 1.47 (s, 9H, C(CH3)3), 1.97 (m, 2H, CH2), 2.51 (s, 3H, 
CH3), 3.08 (dd, 1H, J=8.7, 2.4 Hz, H-3), 3.60-4.10 (m, 5H, 
CH2O, NCHKQ, H-4), 4.20 (m, 1H, CHOSi), 7.33 (dd, 
2H, Ar), 7.70 (dd, 2H, Ar); IR (neat) 3100-2800, 1750-1720, 

1350, 1255, 1175, 835, 780 cm1.
1 - (t- Butoxy carbonylmethyl) - 3 - [ 1 - (t-butyldimeth - 

ylsilyloxy)ethyl]-4-(2-iodoethyl)-2-azetidinone (13).
Compound 12 (0.54 g, 1.0 mmol) and sodium iodide 

(0.45 g, 3.0 mm이) in acetone (5.0 mL) was refluxed for 6 
h. After filtration, the solution was evaporated to give a 
brown oily residue. The residue was dissolved in ether (10 
mL) with water (10 mL). The ether layer was separated and 
washed with 5% sodium thiosulfate solution and 5% so­
dium chloride solution, and dried over sodium sulfate. Eva­
poration of the solution gave a colorless oil which was chro­
matographed over silica gel with hexane-ethyl acetate (4:1) 
to give compound 13. Yield, 0.41 g (82%); 'H NMR 
(CDC13) 8 0.083 (s, 6H, 2 SiCH3), 0.88 (s, 9H, SiC(CH3)3), 
1.26 (d, 3H, J=6.2 Hz, CH3), 1.47 (s, 9H, C(CH3)3), 2.26 
(m, 2H, CH) 2.86 (dd, 1H, J=6.2, 2.3 Hz, H-3), 3.13 (m, 
2H, CH2I), 3.79 (m, 1H, H-4), 3.85 (s, 2H, NCH2CO2), 4.18 
(m, 1H, CHOSi); IR (neat) 2920, 1760, 1740, 1250, 1155, 
835,775 cm —

t-Butyl 6- [ 1 - (t-butyldimethylsilyloxy)ethyl]carba - 
penam-3-carboxylate (14). Compound 13 (0.37 g, 
0.74 mmol) in THF (5.0 mL) under nitrogen gas was cool­
ed in dry ice-acetone bath. To this s이ution with stirring 
was injected the THF solution of LiHMDS (1 M, 0.9 mL, 
0.9 mmol). The solution was stirred at the same temperature 
for 30 min and warmed up to room temperature slowly dur­
ing 1 h. The reaction was stopped by adding saturated am­
monium chloride and the mixture was extracted with ethyl 
acetate (5.0 mL). The extract was washed with water and 
dried over magnesium sulfate. Evaporation of the solvent 
gave the product which was purified by chromatography 
over silica gel with hexane-ethyl acetate (4:1). Yield, 0.20 
g (72%);NMR (CDC13) 8 0.02 (s, 6H, 2 SiCH3), 0.87 (s, 
9H, SiC(CH3)3), 1.23 (d, 3H, J=6.2 Hz, CH), 1.47 (s, 9H, 
C(CH3)3), 2.04-2.58 (m, 4H, H-l, H-2), 2.78 (dd, 1H, J=7.0, 
2.1 Hz, H-6), 3.84-3.91 (m, 1H, H-5), 4.12 (m, 1H, H-8), 
4.30 (t, 1H, J=8.0 Hz, H-3); IR (neat) 2980, 1770, 1730, 
1255, 1100, 835, 775 cm —

1 - (t-Butoxycarbonylmethyl)-3- [ 1 - (t-butyldimeth - 
ylsilyloxy)ethyl]'*4acarboxymethyl-2-azetidinone 
(15). Compound 11 (0.58 g, 1.5 mm이) in DMF (2.0 mL) 
was added to the solution of PDC (2.0 g, 5.3 mmol) in 
DMF (3.0 mL) and the mixture was stined at room tem­
perature for 12 h. The reaction mixture was poured to water 
(30 mL) and the product was extracted with ethyl acetate 
(10 mL x 2). After washing with water and saturated sod­
ium chloride solution, the extract was dried over mag­
nesium sulfate. Evaporation of the solvent gave the product 
as a colorless solid which was purified by recrystallization 
in ethyl acetate-diethyl ether. Yield, 0.52 g (87%); NMR 
(CDC13) 8 0.02 (s, 6H, 2 SiCH3), 0.87 (s, 9H, SiC(CH3)3), 
1.22 (d, 3H, J=6.2 Hz, CH), 1.47 (s, 9H, C(CH3)3), 2.58 
(dd, 1H, J=16.0, 9.5 Hz, CHCO2), 2.78 (dd, 1H, J=16.0, 4.0 
Hz, CHCO2), 2.87 (dd, 1H, J=6.2, 2.2 Hz, H-3), 3.66 (d, 
1H, J=17.8 Hz, NCHCO2), 3.98 (m, 1H, H-4), 4.06 (d, 1H, 
J=17.8 Hz, NCHCO2), 4.20 (m, 1H, CHOSi), 10.62 (br s, 
1H, COOH); IR (neat) 3500-2500, 1760, 1730, 1250, 1155, 
835, 775 cm'1.

1 - (t-Butoxycarbonylmethyl) -3-[ 1 ・(t・bu 切 Idim 晚 h - 
ylsilyk>xy)ethyl 卜 4・phen 미 thiocarbon 이 methyl・2・ 
azetidinone (16). Pyridine (0.11 mL, 1.30 mm이) and 
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oxalyl chloride (0.12 mL, 1.4 mm이) were added to the 
benzne (5.0 mL) solution of compound 15 (0.50 g, 1.25 
mmol) which was cooled in ice-water bath (0 °C) and stirr­
ed for 1 h at the same temperature. After evaporation of 
benzene, pyridine (5.0 mL) and thiophenol (1.14 g, 1.30 
mmol) were added and the mixture was stirred at room tem­
perature for 3 h. The reaction mixture was diluted with 
diethyl ether (10 mL) and water (10 mL). The ether layer 
was separated, washed with 1% hydrochloric acid solution 
and water, and dried over magnesium sulfate. Evaporation 
of the solvent gave the product as an oily residue. Yield, 
0.48 g (80%);百 NMR (CDC13) 8 0.02 (s, 6H, 2 SiCH3), 
0.87 (s, 9H, SiC(CH3)3), 1.22 (d, 3H, J=6.2 Hz, CH), 1.47 
(s, 9H, C(CH3)3), 2.58 (dd, 1H, J=16.0, 9.5 Hz, CHCOS), 
2.78 (dd, 1H, J=16.0, 4.0 Hz, CHCOS), 2.87 (dd, 1H, J= 
6.2, 2.2 Hz, H-3), 3.66 (d, 1H, J=17.8 Hz, NCHCO2), 3.98 
(m, 1H, H-4), 4.06 (d, 1H, J=17.8 Hz, NCHCO2), 4.20 (m, 
1H, CHOSi), 7.42 (s, 5H, Ph); IR (neat) 3080-2920, 1760, 
1725, 1250, 1155, 835, 775, 700 cm L

t-Butyl 6- [ 1 - (t-butyldimethylsilyloxy)ethyl]-2- 
oxocarbapenam-3-carboxylate (17). The THF solu­
tion of LiHMDS (1.0 M, 2.1 mL, 2.1 mmol) was added to 
the solution of compound 16 (0.34 g, 0.71 mmol) in THF 
(5.0 mL) which was cooled in dry ice-acetone bath (-78 
°C). The mixture was stirred at the same temperature for 30 
min and warmed up to 0 °C. The reaction was stopped by 
adding saturated ammonium chloride solution (5.0 mL) and 
the reaction mixture was extracted with ethyl acetate (10 
mL). The extract was washed with water and dried over 
magnesium sulfate to give an oily residue product. The pro­
duct was purified by column chromatography over silica gel 
with hexane-ethyl acetate (4:1). Yield, 0.22 g (82%);〔H 
NMR (CDC13) 8 0.02 (s, 6H, 2 SiCH3), 0.87 (s, 9H, SiC- 
(CH3)3), 1.35 (d, 3H, J=6.5 Hz, CH3), 1.47 (s, 9H, C(CH3)3), 
2.42 (dd, 1H, J=19.0, 8.0 Hz, H-l), 2.93 (dd, 1H, J=19.0, 
6.4 Hz, H-l), 3.18 (dd, 1H, J=6.8, 2.1 Hz, H-6), 3.84-3.91 

(m, 1H, H-5), 4.12 (m, 1H, H-8), 4.67 (s, 1H, H-3); IR 
(neat) 2980, 1785, 1770, 1745, 1255, 1100, 835, 775 cm1.
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