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Abstract: Several triepoxide analogs of triptolide were synthesized efficiently using in situ generated 
dioxiranes and basic hydrogen peroxide. Two of them were found to be cytotoxic. 
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Triptolide is a natural product isolated from the poisonous plant Tripterygium wilfordii Hook F or Lei 

Gong Teng by Kupchan in 1972. t It contains an unusual triepoxide moiety and an a,J3-unsaturated ~,-lactone in 

the diterpene skeleton, and it has potent antileukemic' and immunosuppressive activities. 2 While triptolide's 

actions on cells remain elusive, 3 studies showed that the triepoxide portion of triptolide is important for its 

immunosuppressive activity. 4 As a part of  our program on chemistry and biology of triptolide, an efficient 

synthetic route to the triepoxide analogs of triptolide has been developed and preliminary biological assays on 

those analogs have been carried out. 

Previous efforts by both van Tamelen ~" and Berchtold ~b" 5~ on the total syntheses of triptolide 

encountered difficulty in epoxidation of a dienone precursor (low yields and stereoselectivity). As the C=C 

double bonds in the dienone system are strongly electron-deficient, a more powerful oxidant is apparently 

required. 

,. OH 0 ~ ~ ~ , ~  

o o 
Triptolide Dienone precursor 

O--O 

H3C/~F3 
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Since dioxiranes are highly efficient oxidants towards electron-deficient olefins under mild and neutral 

conditions, 6 we reasoned that dioxirane epoxidation could be effective for triptolide triepoxide synthesis. Two 
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dienone model compounds 2 and 3 were prepared in three steps starting from the commercially available 

phenols 2a and 3a (Scheme 1). 7 

OH OH OH ~ O ~  
R ~  SNCI4/CH20 • R ~ C H O  N a n a  4 = R ~ O  H Na~O4 R 

NEt3, Toluene MeOH MeOH I~ ~ , . ,~1~.  
y 

2a R = Me 2b R = Me; 33% 2¢ R = Me; 75% 2 R = Me; 67% 

3a R = i-Pr 3b R = i-Pr; 45% 3¢ R = i-Pr: 77% 3 R = i-Pr:. 73% 

S c h e m e  1. 

Dienone 2 was subjected to the epoxidation conditions using methyl(trifluoromethyl)dioxirane ( la)  

generated in situ (1,1,1-trifluoroacetone (1), Oxone/NaHCO3, CH3CN/H20, 0-1 °C) (Scheme 2). 6a Two 

diepoxides (cis-4 and trans-5 ) were formed in 15 min. When excess amounts of the epoxidizing reagents were 

added, triepoxides 6 and 7 were isolated in a 2 : 1 ratio after 9 h (90% overall yield). 
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no further epoxidation 

96% 

10 

Reagents and conditions: (a) CF3COCH3 (1), Oxone/NaHCO3, CH3CN/H20, 0-I °C, pH 7-7.5. 

(b) Isopropyl pyruvate, Oxone/NaHCO3, CH3CN/H20, rt, 24 h, pH 7-7.5. 

S c h e m e  2 .  
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The stereochemistry of  triepoxide 6 was established by X-ray crystallographic analysis. 

C9 OI ci c3 

O ~ ~ " - ' 0  ~ o 3  

O 

"0  
triepoxide 6 

Studies by both van Tamelen and Berchtold revealed that the last epoxidation was completely 

stereoselective, i.e., the epoxide at c~,13 position was anti to that at y,G position. 5 Therefore, we reasoned that 

triepoxide 6 came from epoxidation ofcis-diepoxJde 4 whereas triepoxide 7 was from trans-diepordde 5. 

The same epoxidation protocol was applied to iso-propyl dienone 3 (Scheme 2). In 20 min, diepoxide 8 

and 9 were formed, and their structures were determined by comparison of ~H NMR spectra with those of cis- 

diepoxide 4 and trans-diepoxide 5. However, no triepoxide could be obtained in a one-pot epoxidation of iso- 

propyl dienone 3. The steric hindrance of the iso-propyl group may prevent further epoxidation of 8 and 9 at 

the c~,13 position. 

Isopropyl pyruvate was used to further epoxidize 8 as it was found to have good catalytic actMty 

toward sterically hindered and electron-deficient olefins. 8 Only a single product 10 was isolated (96% yield) 

(Scheme 2). As 10 had similar tH NMR spectra as triepoxide 6, its structure was assigned accordingly. 

Besides, basic hydrogen peroxide was found to be effective for epoxidation of 8 and 9 to give triepoxides 10 

and 11, respectively, within 1 h (Scheme 3). 

H202, OH" 

M---'-~OH, rt, I h "- O>~" 
96% 

8 10 

H202, OH" 
IL 

MeOH, rt, lh  O 

76% 

9 11 

Scheme 3. 

In summary, using our in situ epoxidation method, several monocyclic epoxide analogs of  triptolide (,I- 

l l )  have been synthesized in high yields. 9 Among them, compounds 8 and 9 were found to be cytotoxic to 

human leukemia HL-60 cells (IC~o 16 ~tM for both) and human lymphoma Jurkat cells (IC50 31 laM and 36 

I.tM, respectively). ~° The electrophilic ot,13-enone groups, present in both compounds 8 and 9, may be 
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responsible for their similar biological activities. Syntheses  and biological evaluation o f  o ther  triptolide analogs 

are in progress.  
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