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Summary An efflclent stereospeclflc synthesis of optIcally active 4-allylazetldlnones (6_, 7_, 

z, and 15a,b) has been accomplished using sliver-promoted coupling reaction of allylsllanes 

(2 and 14b) wzth 4-chloroazetldlnones (3, 4, and lOa,b) derived from penlcllllns. 

The potent, broad antIbacteria actzvrty and the unique chemical structure of the carbapenem 

family of antlblotlcs,i of which thlenamycln (1) IS a typical representative, have led to many - 

recent efforts to synthesize these carbapenems In choral form. 
2.3 

As part of our contlnulng 

program on B-lactam antlblotlcs , we are working to synthesize optically active carbapenems from 

genicllllns (2) One of the most lntrlgulng problems 1s to introduce , with correct stereocontrol, 

two properly functzonallzed alkyl groups Into the C5 and C6 posltlons of 2 In place of Its thlo - 

and amino groups. A noteworthy structural feature common to all of the carbapenems 1s the R 

conflguratlon of C 
5 

unlike some varlatlons at the C6 posltlon. Accordingly, we first focused 

our attention on introduction of the alkyl group into the C5 positlon of 2. 
4 

- We here report a 

stereospeclfrc reactlon of 4-chloroazet>dlnones (3, 4, and lOa,b) with allylsllanes (2 and 14bj5 - 

to produce the trans-substituted allylazetldlnones 12, I, g, and lSa,bf and a short step 

synthesis of the key IntermedIates (16a,b) for (+)-thlenamycln and 8-eplthlenamycln 

If a planar azetldlnlum ion having a bulky substltuent at the C3 posltlon (e.g. A) could be 

generated and subsequently trapped with certain nucleophlles, this would lead to the desired 

stereoselectlve trans-alkylatlon (Scheme 1). When the chloroazetldlnone 36 was allowed to react - 

with allyltr~ethyls~lane 2 In the presence of Ag%F4 In CH2C12 (-60-O°C, 2 h), 
7 

the trans- 

allylazetldlnone 6 was obtained stereospeclfically In 60-70% yields after slllca gel chromato- - 

graphy and crystalllzatlon 
8 

The observed coupling constant (J3 4 = 2.5 Hz) conflrmed the 3,4- 

trans stereochemistry of 6. - Examlnatlon of the crude product m&ure revealed the absence of the 

corresponding cls-isomer. Slmllarly, reactlon of the benzyl ester 4 with 5 afforded stereo- - - 

speclfzally L In 50% yield. 

In order to confirm the appllcablllty of thus reactIon, the C3 alkyl substituted chloro- 

azetldlnone lob was coupled with 5. - An eplmerlc mixture of the alcohols 8' was protected with - 

p-nltrobenzyl chloroformate (p-dlmethylamlnopyrldlne, CH2C12, O"C, 1 5 h) to give a mixture of 

the R- and S-carbonates 9a,b, separable by szlrca gel chromatography. Chlorlnatlon of the R- 

carbonate 9a (C12, CH2C12-Ccl - 4' 
-78-O°Cf led to an Inseparable mzxture of the C4 eplmerz 

chlorrdes 10a fcrs : trans = 45 : 55) In 84% yield after silica gel chromatography. On the 

other hand, treatment of the S-isomer 9b with chlorine furnzhed a separable mixture of the two - 
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c4 ep1mers (Cl.5 trans = 65 35), from which, subsequent crystalllzatlon and slllca gel chromato- 

graphy gave the cls-chloride 10b (mp 154-157'C) and the trans-Isomer (011) In 46% and 25% yields, - 

respectively. The coupling reactlon of the cls-chloride 10b with 5 under the condltlons described - - 

above afforded stereospeclflcally the allylazetldlnone 11 In 78% yield. Ozonolysls (1 EtOAc, - 
-78'C, 2 NaHS03 aq) followed by reductive methanolysls (Me2S-MeOH-CH2C12, O'C-RT, 4 h, 5O"C, 6 h) 

provided the known aldehyde 12, 
10 

an lntermedlate for 8-eplthlenamycln, and Its acetal 13 In 15% - 

and 36% yields, respectively 

Since the Merck group 
31 

has shown that the azetldlnone z, having a y-substituted aceto- 

acetate side chain at Its C4 posItIon, 1s a versatile lntermedlate for syntheslzlng thlenamycln, 

we have concentrated on the exploltatlon of a convergent synthetic method for this key Inter- 

mediate (Scheme 2) We considered that such acetoacetates 16 could directly be prepared by - 

reaction of 2-(alkoxycarbonylmethy1)allyltr~methyls~lane 14, a reglospeclflc y-anlon equivalent 

of the acetoacetate, with 4-chloroazetldlnones 10 and subsequent oxldatlve removal of the extra 

carbon atoms from the coupling products 15. 
11 - 

The requlslte allylsllane PNB ester 14b can be - 

readily prepared by esterlflcatlon of 3-(trlmethylsllylmethyl)but-3-enolc acid 14a (p-nltrobenzyl 

bromide, Et3N, DMF, O'C, 4 h 66%, bp 160°C/0.05 torr), which was synthesized by coupling of 

dlketene with tr~methyls~lylmethylmagneslum chloride as described by Itoh et al 
12 

The sliver- 

promoted reaction of the allylsllane 14b with the chloroazetldlnones lOa,b proceeded stereo- and 

reglospeclflcally to give the allylazetldlnones 15a,b In 58% and 69% yields, respectively 

Oxldatlve removal of the extra carbon atoms from 15a,b as above afforded the acetoacetates 16a,b 

In 73% and 78% yields, respectively The compound 16a was ldentlfled by comparlng Its spectra 

(lr and nmr) with those of (?r)-16a which had already been converted to (+)-thlenamycln 
13 

Since this two-step conversion of the chloroazetldlnones 10 to the carbapenem precursors 16 - - 

affords good yields under mild reactlon condltlons with tolerance of the various functlonal 

groups and demonstrates the allylsllane 14b to be a stable, easy-handling y-anlon equivalent of - 

the acetoacetate, we belleve that the present study provides a convergent synthetic method for 

(+)-thlenamycln and other trans-substituted carbapenem antlblotlcs 

The compound 6 could be deprotected to the amine (6 _ Ft = NH2) In good yield Using this _ 

compound as a key IntermedIate, further work 1s In progress to develop an alternative synthetic 

method for preparing the carbapenem antlblotlcs 
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