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Abstract: Stereocontrolled route to the 6-benzylidenemethyl-P-hydroxy-6-lactone system has 

been developed utilizing a new epoxyacetylene budding block prepared from optically active 

epichlorohydrin. The present synthesis allowed efficient construction of goniothalamin in 

natural and unnatural forms and its 3-hydroxy derivative having the essential anti-P/6- 

stereochemistry for HMG Co-A reductase inhibition. 

We have recently demonstrated that the chiral hydroxyacetylene (1) has versatile utility as a powerful 

building block for the construction of a wide variety of optically active natural productsf We report here the 

preparation and a utilization of a new acetylene building block, 4,5-epoxy-1-trimethylsilyl-1-butyne (2), 

relating to 1. Although this compound may be taken merely as a synthetic equivalent of 1, it has much higher 

potentiality owing to its high electrophilicity by the terminal epoxide and nucleophilicity by the masked 

terminal acetylene besides the chirality at the secondary carbon center. We demonstrate an enantiospecific 

synthesis of both natural and unnatural products having benzylidenemethyl group at &position of the 6- 

lactone moiety and stereocontrolled introduction of hydroxy group at P-position by exploiting electrophilic 

and nucleophilic characters of this new chiral building block (2). Since some Garylidenemethyl-P-hydroxy-6- 

lactone derivatives (e.g., 3), possessing the same lactone stereochemistry as compactin (4) and mevinolin (5), 

were reported to be highly potent inhibitors of 3-hydroxy-3-methylglutaryl Coenzyme A (HMG Co-A) 

reductase,* the present synthesis utilizing 2 is promising as a general entry to a variety of their structural 

analogues3 (Figure 1). 

BnoT--h o!j 
OH 
1 2 

TMS c,n& 9r--!Jg 

\ 
Cl R” 

3 compactin (A=H) (4) 
mevinolin (R=Me) (5) 

Figure 1 

Reaction of (R)-epichlorohydrin4 [(R)-6J with lithium trimethylsilylacetylide, generated from 

trimethylsilylacetylene in the same flask, in the presence of boron trifluoride etherate afforded the (R)- 
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chlorohydrine t(R)-71, [aID -12.8 (c 1.0, CHC13), in 93% yield. This compound was then exposed to 

potassium hydroxide in THF to furnish the key epoxyacetylene [(R)-21, [a]#’ -30.0 (c 1.0, CHC13), in 

quantitative yield. Reaction of (R)-2 with the carbanion, generated from benzyl phenyl sulfide in the same 

flask, afforded the hydroxy sulfide (8) in 80% yield as an inseparable epimeric mixture at the benzylic center. 

After removal of the trimethylsilyl group by treating 8 with potassium carbonate in methanol,’ the resulting 

terminal acetylene (9), obtained in 80% yield, was exposed to carbon monoxide under atmospheric pressure in 

methanol in the presence of palladium(E) chloride, copper(B) chloride, and sodium acetate*,9 to give rise to 

the methyl propiolate (10) in 71% yield. Hydrogenation of 10 using Lindlar catalyst followed by stirring the 

resulting Z-ester (11) in methanol containing a catalytic amount of hydrochloric acid at room temperature 

allowed facile cyclization to give the &lactone (12) in 93% overall yield. 

Having constructed the unsaturated &lactone moiety, 13 was next treated with m-chloroperbenzoic acid 

at low temperature (-78 - -40 “C) in dichloromethane in the presence of sodium hydrogen carbonate to give 

the sulfoxide (14) in 95% yield. Thermolysis of 13 was carried out in refluxing toluene in the presence of 

calcium carbonate’0 to yield natural (+)-goniothalamin l* [(+)-141, mp 82-85 ‘C, [a]D2* +171.3 (c 0.49, 

CHC13) [naturalt*c~t? mp 81-82 “C, [a]~ +178.5 (c 2.0, CHCl3)], quantitatively, as a single isomer having 

E-benzylidenemethyl configuration (Scheme 1). 

H H 

Cy?yy, a > Cl+TMS b, 

OH 

(W6 7 

8 X=TMS 
d681X=H 

12 : n=O 
h!L:n=l 

goniothalamin [(+)-141 

Scheme 1 
Reagents and conditions: a) trimethylsilylacetylene, n-BuLi, then BF3.OEt2, then (R)-6, THF, -78 OC (25 
min), -30 “C (18 h); b) KOH, THF, 0 “C, 4 h; c) benzyl phenyl sulfide, n-BuLi, then (R)-2, THF, -78 “C (1.5 
h), -20 ‘T (10 h); d) K2CO3, MeOH, room temperature, 9 h; e) PdC12 (cat.), CuC12, NaOAc, CO, MeOH, 
room temperature, 5 h; f) Hz, Lindlar catalyst, MeOH, room temperature, 11 h; g) cont. HCl (cat.), MeOH, 
room temperature, 4 h; h) m-CPBA, NaHC03, CH2Cl2, -40 ‘C, 2 h; i) CaC03, toluene, reflux, 1 h. 

To fabricate the anri &G-P-hydroxy-&lactone having the requisite absolute configuration for HMG Co- 

A reductase inhibiting activity, unnatural ent-goniothalamin [(-)-141, mp 83-85 T, [a]D28 -178.1 (c 0.6, 

CHCl3), was first prepared in a comparable overall yield starting from (S)-epichlorohydrin [(Q-6] via the 

enantiomeric (S)-chlorohydrin [(S)-71, [aID +12.6 (c 1.01, CHC13), and (S)-epoxyacetylene [(S)-21, [CK]D24 
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+29.4 (c 1.02, CHC13). When en?-goniothalamin [(-)-141 thus obtained was treated with alkaline hydrogen 

peroxide at 0 “C, the reaction took place stereoselectively to afford the epoxide (16), mp 104-105 “C, [a]~~~ 

+52.9 (c 1.11, CHCl3), in 82% yield as a single isomer. Apparently, the hydroperoxide ion was introduced 

from the stereoelectronically more favored p-face of the unsaturated 8-lactone molecule in the transition 

statelhB 1 (15) as well-recognized in the cyclohexenone analogues. 13 Treatment of 16 with phenylselenolare 

complex, generated in the same flask from diphenyl diselenide and sodium borohydride in THF,lh,9,14 

furnished the P-hydroxylactone (17), mp 109-l 11 ‘C, [a]D 27 +9.86 (C 0.80, CHCl3), having anti p.S- 

stereochemistry with the requisite absolute configuration in 83% yield as a single product by regioselective 

cleavage (Scheme 2). 

ent-goniothalamln [(-)-141 

Scheme 2 
Reagents and conditions: a) 30% H202, 4N-NaOH, MeOH, 0 ‘C, 1 h; b) diphenyl diselenide, NaBH, AcOH 
(cat.), THF, then 16,O ‘C, 20 min. 

In conclusion, stereocontrolled route to optically active S-lactones having Gbenzylidenemethyl and p- 

hydroxy functionalities has been established utilizing the new epoxy acetylene building block (2) accessible 

from optically active epichlorohydrin (6). Further exploitation of this building block (2) is currently in 

progress in our laboratory. 
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