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Abstract. Novel, stereoselective syntheses of (3s. 4R, 5R)-l-(allyloxycarbonyl)metbyl-3-[ 1-hydroxyethyll-4 
P-naphthoxy(thiocarbonyl)thio-2-azetidinone (13) and (3S, 4R, 5R, 3’s. 4’R, SIR)-4,4’-dithio-bis-l-(allyloxy- 
carbonyl)methyl-3-[-l-hydroxyethyl]-2-azetidinone (22). key intermediates in the synthesis of the penem 
antibiotic Sch 34343, were developed starting from readily available 6-aminopenicillanic acid. Advantages of 
these routes include 1) the highly stereospecific introduction of the hydroxyethyl sidechain with the desired 
(R)-configuration and 2) the retention of the sulfur of the starting material. 

Sch 34343 (1) is a member of the 

penem antibiotic group and possesses OH 

potent antimicrobial activity against both / j,,. 6 5 S1 
I 5 S’ 

aerobic and anaerobic Gram-positive 
8 . 

N ‘3 

2 s/c\/OCONH, 

and Gram-negative organisms J-v 

‘;P* N 
-3 

0’4 
CO,H 

C02H 
(excluding Pseudomonas), is stable to p- 

lactamases and is bactericidal.1 Several 1 (Sch 34343) 
2, R, =NH,. R2=H 
3, Ri, R2=Br 

syntheses have been developed for Sch 

343431a2 starting from 6-aminopenicillanic acid (2). However, introduction of a 6-[(lR)-hydroxyethyl] group 

via an aldol condensation on 6,6-dibromopenicillanic acid (3),3 readily prepared from 2,4 provides a mixture 

of stereoisomers and the sulfur of 2 is not retained in the synthetic sequence. It occurred to us that 

anhydropenicillin$ may he more useful starting materials for penem synthesis for the following teasons.h7 

DiNinno et al.fa have shown that aldol condensation of the P-enolate of 3 with acetaldehyde affords solely the 

C-8 (R) stereoisomer and that reaction of the a-enolate leads to a mixture of the C-8 (R) and C-8 (S) 

stereoisomers. Inspection of molecular models suggested that for anhydropenicillins the interactions that are 

present in 3 between the substituents at C-6 with the C-2 P-methyl group would be attenuated. This would 

lead to higher stereoselectivity in the aldol condensation if the enolate is formed from the p-face with greater 

selectivity than with 3.8 Secondly, cleavage of the S-C(O) bond of the anhydropenicillin would retain the 

sulfur and permit its incorporation into the target penem, avoiding additional steps for its removal and 

reintroduction.9 This paper describes the stereospecilic conversion of 2 to advanced intermediates for the 

synthesis of Sch 34343. 
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(a) SO& 4 eq pyridine, CH2C12, O’C, 93% (b) 1) EtMgBr, THF, -78’C 2) 1.2 eq CH3CH0, -78’C, 93% (c) 

Zn, NH~OAC, MeOH, 0°C 76% (d) TBDMSCl, pyridine, DMF, 97% (e) 03. EtOAc, -78°C (not isolated) (f) 

P(OEt)3, 5 eq, -78”C+RT (not isolated) (g) HOAc, H20, 42% (8 + 11) (h) 1) ally1 alcohol or MeOH, cont. 

HCl 2) NC CT, 10% (i) AgIm. ally1 alcohol, CH3CN (i) NCCT, CH2C12, 62% (11 -+ 16) (k) 

HOAcmHF/H20 (3: 1: 1). 70°C, 86%. 

Claytonda has previously described the synthesis of 3 from 2 and the conversion of 3 to 

anhydropenicillin 4, in modest yield, via rearrangement of the mixed anhydride of 3 (Scheme 1). It was found 

that by proceeding through the acid chloride5 the rearrangement went very well to afford 4 in 93% yield.10 Of 

note is that pyridine is sufficient for the rearrangement to proceed in this case since Wolfe et ~11.5 reported that 

addition of the more basic triethylamine is necessary to effect rearrangement. In this case triethylamine 

afforded 4 together with a significant amount of 6-a-bromoanhydropenicillin. Aldol condensation of 4 with 

acetaldehyde afforded a single product in 93% yield, which was expected to be 6-p-[( lR)-hydroxyethyl] 5 

based on literature precedents. 3 Reduction with zinc then yielded a mixture of tram and cis isomers 6 and 7 in 
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a 15S:l ratio. Recrystallization (2 crops) afforded pure tram 6 in 75% yield. The absolute stereochemistry of 

6 was determined unambiguously by single crystal X-ray analysis (See Figure 1) indicating it to he the desired 

6-a-[( Ill)-hydroxyethyl] isomer.11 

Attention was next focused on converting 6 to an 

advanced intermediate suitable for conversion to Sch 

34343. Silylation using TBDMSCl afforded silyl ether 8 

in 97% yield. Removal of the ho-propylidene group was 

accomplished by a two-step procedure.12 Ozonolysis 

gave tricarbonyl9 (not isolated) and subsequent treatment 

with P(Ok?t)3 followed by hydrolysis of the intermediate 

phosphorane 10 (not isolated) then afforded thiolactone 

11 and phosphonate 12’3 in 42% and 10% yield, 

respectively. Monitoring of the two-step sequence using 

lH, 13C and 3tP NMR showed that formation of 9 

proceeded cleanly at -7O*C but that phosphorane 

formation occurred at an appreciable rate only at 0°C or 

higher (about 3 h at 12Y). AIcoholysis of the S-C(O) 

bond of thiolactone 11 under basic conditions 

(morpholine, triethylamine) were unsuccessful. 

However, acid catalyzed transesterificatian with ally1 

alcohol or MeOH and further reaction of the respective 

intermediate thiols with O-2-naphthalenyl 

Figure 1. ORTEP diagram (50% probability 
ellipsoids) showing the solid-state conformation 
of 6; small circles represent hydrogen atoms. 

carbonochloridothioate (NCCT) gave ally1 ester 13 and methyl ester 14 in 10% and 32% yield (unoptimized), 

with the expected concomitant loss of the TBDMS protecting group. More successful was use of silver 

imidazolate to cleave the S-C(O) bond, which in the presence of ally1 alcohol afforded crude silver salt 

15.14-15 Subsequent treatment with NCCT then gave 16 in 62% overall yield for the two steps. Removal of 

the TBDMS group afforded 13 in 86% yield. 16 Since both l$b and 1617 have been converted to Sch 34343, 

these routes constitute formal syntheses of Sch 34343. 

Although the cleavage of the S-C(O) bond of thiolactone 6 with silver imidazolate worked well, the 

conversion of 8-+11 proceeded in only modest yields. Therefore, an alternative method for cleavage of the S- 

C(0) bond was developed using an earlier intermediate (Scheme 2). Treatment of 8 with CuCl in the presence 

of oxygen and MeOH gave two products, which were identified as the symmetrical trisulfide 17 and disulfide 

18 (=1:5 ratio). Trisulfide 17 could be converted to disultide 18 upon treatment with PPh3** to give disulfide 

18 in 86% overall yield. Control experiments indicated that the additional sulfur in trisulfide 18 comes from 

the starting material and is the result of both C(5)-S and S-C(O) bond cleavages. Removal of the nitrogen 

side-chain was accomplished by a two-step sequence. Ozonolysis afforded &is-oxalimide 19 in 90% yield, 

which was then treated with NH40H to complete removal of the side-chain to give 20 in 88% yield. 

Alkylation with allyi iodoacetate gave 21 in 72% yield. Al~matively, disulfide 21 was also prepared from 11 

by copper-catalyzed cleavage of the S-C(O) bond in the presence of ally1 alcohoi in 73% yield. Finally, 

removal of the TBDMS group afforded the key intermediate 22 in 89% yield.16 As with 13 and 16 this 

constitutes a formal synthesis of Sch 34343 since 22 is a known intermediate for its synthesis.2b 
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Scheme 2 
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(a) CUCL 0.56 eq, 02, MeOH, 50°C (b) PPh3, CHjCN, RT, combined yield for (a) and (b) is 86% (c) 1) 

03, CH2C12, -78°C 2) Me& RT, 90% (d) 5% NIQOAc, Et20, RT, 88% (e) 2.4 eq NaH, 4 eq ally1 

iodoacetate, THF, -3O’C. 72% (f) 1 eq CuCI, ally1 alcohol, 55’C, 73% (g) HOAc/THF/HzO (3:1:1), 70°C, 

89%. 

To summarize, two routes were developed starting from 2 that intersect known intermediates (13, 16 

and 22) for the synthesis of Sch 34343. Notable advantages of these short routes include the highly 

stereoselective introduction of the 6-(R)-hydroxyethyl sidechain and the retention of the C-5 sulfur of 2. 

Furthermore, these routes are applicable to the synthesis of other penems. 
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