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Summary: The recently developed total synthesis of lactacystin (I) has been improved by using 
the zirconium enolate derived from (R)- or (S)-2-siloxy-1,2,2-triphenylpropionate which lead 
stereospectjkally to either (6S, 7R) or (6R, 7s) lacta 

7 
stin, respectively. 

thiol ester in the synthesis of I proceeds mainly via a 
The formation of the 

lactone intermediate. 

Recently we reported the first total synthesis1 of the neurotrophic factor lactacystin?3 A key step in the 

synthesis involved the construction of the C(6)-C(7) subunit by a si face selective anti-aldol coupling using the 

lithium enolate of 2,6-dimethylphenylpropionate4 and aldehyde 3. Although this reaction has since been 

improved from that originally reported,5 the moderate facial selectivity (3 : 2) has limited the isolated yield of 

the desired (6S,7R) diastereomer to 56%. We describe herein studies on the improvement of this bond 

construction by the use of the zirconium enolate derived from 2-siloxy-1,2,2_triphenylpropionate6 in a 

diastereofacial selective anti-aldol reaction with aldehyde 3. Finally, we report the isolation of a highly stable 

bicyclic p-lactone derived from p-hydroxy acid 2, and its bearing on the mechanism of the thiol ester formation 

from 2 and esters of N-acetylcysteine. 

H 

1 2 3 

The diastereoselectivity of the reaction of aldehyde 3 with the lithium enolate of 

2.6dimethylphenylpropionate under Pirrung-Heathcock conditions4 could not be improved much by the use of 

other silyl ether analogs; the observed aldol facial selectivities were 1.5 : 1 for 3, 1: 1 for the triethylsilyl analog, 

and 2 : 1 for the tert-butyldiphenylsilyl analog. Apparently, the benzyl and isopropyl substituents on the 

oxazoline ring of 3 are cis to one another in the transition state resulting in little steric difference in nucleophilic 
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attack at the re and si faces of the formyl carbon (see Figure 1). The application of the chiral zirconium enolates 

of 2-siloxy-1,2,2-triphenylpropionatee in the aldol reaction with aldehyde 3 was therefore investigated. 

Figure 1 

It was found that reaction of 3 with 2 eq of the zirconium enolate 4 at -20 ‘C for 12 h followed by an 

additional 2 eq of 4 for a further 12 h resulted in complete conversion to four diastereomeric aldol products in a 

ratio of 32 : 2 :2 : 1 with the (6S,7R) diastereomer (5) being isolated in 80% yield7va after silica gel 

chromatography. Although simple unfunctionalized aldehydes react completely with 4 at - 105 ‘C in 3 h,e these 

conditions resulted in complete recovery of aldehyde 3. The use of excess zirconium enolate 4, higher 

temperatures, and longer reaction times were essential for an optimal yield of 5. Hydrogenation of 5, followed 

by diazomethane treatment and subsequent cyclization in methanol (4 h, 50 “C) provided 6, identical with an 

authentic sample.1 When the enantiomer of propionate 4 was employed, the (6R,7s) diastemomer derived from 

re face attack predominated.9 

THF,-2O’C,ld.80% Ph 
) 

The improved synthesis of 6 allowed the synthesis of gram quantities of P_hydroxy acid 2. As reported, 

2 was coupled selectively with N-acetylcysteine ally1 ester without hydroxyl protection using bis(2-oxo-3- 

oxazolidinyl)phosphinic chloride (BOPCl)-triethylamine to provide lactacystin ally1 ester (7).t Due to the 

proximity of the unprotected cis hydroxyl functionality, we were curious as to the possibility that the thiol ester 

coupling proceeded via the p-lactone 8. 
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Treatment of 2 (0.2 M) alone with BOPCl (1.2 eq) and triethylamine (3 eq) in dichloromethane-d:! at 

23 “C resulted in rapid, clean fo~~on (>95% conversion, 74% isolated yield) of the @-la&one 8 after 20 tin 

as a stable, colorless, crystalline solid, mp 185 “C (dec), the structure of which was determined by 1H NMR, IR, 

mass spectral analysis and confirmed by X-ray analysis. 10~1 Reaction of 8 (0.2 M) with N-acetylcysteine ally1 

ester (1.2 eq) and ~e~yI~e (3 eq) in dichlorome~~e resulted in conversion (>30 : 1) to lactacystin ally1 

ester 7, after 30 min at 23 OC. 

Correspondingly, the coupling of 2 (0.2 M) with N-acetylcysteine ally1 ester (1.2 eq) and triethylamine 

(3 eq) in ~chlorometh~e~2 was monitored by tH NMR in 5 min intervals over the course of the reaction. 

After 2 min, the reaction had progressed to 50% completion providing both p-lactone 8 and lactacystin ally1 

ester 7 in a ratio of ca 1: 1. After 10 min (75% conversion), the ratio of 8 : 7 was 1: 2 and after 30 min (starting 

material was consume), the ratio of products 8 : 7 was 1 : 10. The opening of the remaining @-lactone 8 to 7 

progressed smoothly and was complete after 60 min. This study shows that the p-lactone 8 is an important 

intermediate in the formation of the thiol ester 7 from 2, thiol and BOPCL Some thiol ester 7 may form from 2 

via the co~s~nding BOP mixed anhydride by a route of secondary irn~~~ce at the concen~tions reported 

above. 

In summary, we have shown that the aldol reaction of the chiral zirconium enolate derived from 

2-siloxy-1,2,2-t~phenylpropiona~ with the aldehyde 3 proceeds with very good diasterof~i~ and anti- 

selectivity and allows the controlled synthesis of either the (6S,7R) or (6R,7s) aldol product. The &lactone 8 is 

of interest not only for its stability and ease of synthesis, but as an interesting candidate for biological study.t2 
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