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ABSTRACT: Three concise enantioselective synthetic routes to the C17-C21 epoxyacid 
segment of the azinomycins are presented and were based on a Sharpless asymmet- 
ric epoxidation/kinetic resolution of racemic allylic alcohol (+)-3 that  occurred with 
reversal of the expected sense of enantioselection. © 1997 Elsevier Science Ltd. 

Azinomycins A and B are antitumor-antibiotic agents I that possess an intricately function- 

alized structure containing the unprecedented aziridino[1,2-a]pyrrolidine ring system. 2 Azino- 

mycins A and B exhibit potent in vitro cytotoxic activity and promising in vivo antitumor activity; 3 

the electrophilic epoxide and aziridine rings suggest that the azinomycins act by covalent cross- 

linking of DNA. 4 The azinomycins are attractive targets for synthetic efforts, 5 and we have 

reported a synthesis of the intact C8-C13 1-azabicyclo[3.1.0]hexane substructure of the azino- 

mycins.6,7, 8 Herein, we report the stereoselective construction of 2, the C17-C21 epoxyacid seg- 

ment of the natural product. Given the substantial body of literature on syntheses of 2,5a,b,c,n, ° we 

set synthetic efficiency and high enantioselectivity as preconditions for our work. Of particular 

note is the effectiveness that is exhibited by our synthesis, particularly in comparison with exist- 

ing routes.5a,b,e,n, o Our routes to 2 relied on introduction of the epoxide using a Sharpless asym- 

metric epoxidation/kinetic resolution of a racemic allylic alcohol (+)-3 to provide (2S,3S)-(-)-2. This 

reaction occurred with reversal of  the expected sense of  enantioselection. 

M o O  N N "" kinetic 
0 H . .. , . 

" . 4 ~ . V  A c O ~ ~  HO C02Bn resolution H 02Bn 

2 (:1:)-3 

azinomycin A (1) 

Existing syntheses of the five-carbon epoxide substructure of the azinomyeins are lengthy 

and/or inefficient. A synthesis by Armstrong and co-workers 5n required eight steps, and proceeded 

in only 4% overall yield. A synthesis by Shibuya, et al. 5b starting from D-fructose required 11 

steps, and a more recent publication by Shishido, et al., 5e which set the C18 and C19 stereogenic 

centers using a known Sharpless kinetic resolution of divinyl carbinol, reported a difficult four- 
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step 39% olefin-to-carboxylate conversion, one step of which took 10 days to reach completion. 

Konda, et al. 5a reported a synthesis of this epoxide similar to our present work, but in low yield 

(< 21%) and with poor stereoselectivity (43-73% ee), which necessitated a final HPLC purification 

to obtain material  of useful enantiomeric purity. After the completion of our work, a six-step syn- 

thesis of 2 appeared that  was based on a Sharpless asymmetric dihydroxylation, and was achieved 

in 27% overall yield. 5° In comparison to published work, our synthesis of the C17-C21 epoxide por- 

tion of the azinomycins reported herein is short (4 steps), effectual (40% overall yield), and pro- 

ceeds with 98% enantioselectivity. 

Intermediate  (_+)-3 could be prepared by addition of 2-propenylzinc chloride (4c) to benzyl 

glyoxylate (5), 9 in a reaction that  occurred with complete selectivity for the aldehyde carbonyl 

group. We found that  t rea tment  of glyoxylate 5 with 1 equivalent of propenyllithium 4b (prepared 

from 4a  and 2 equiv t-BuLi) occurred with poor chemoselectivity even at -78 °C,10 whereas zinc 

reagent 4e (prepared from 4b and 1 equiv ZnC12) added selectively to the aldehyde carbonyl group 

of 5 (Et20, 0 °C) to afford (+)-3 as the major reaction product in 60% yield. The instability of 5 lim- 

ited the effectiveness of this route. 

t_BuL,~____ X=Br 4a O . O ' ~ C  
ZnCI2 ~_~ H CO2Bn H O2Bn Li 4b ~ + 

ZnCI 4c X X 
5 (+)-3 

Alcohol (_+)-3 was also prepared effectively start ing from known phenylselenoacetone (6) 11 

by olefination (Nail,  THF, 25 °C) using the phosphonate prepared from benzyl chloroacetate and 

tr imethyl  phosphite. This afforded (E)-712 as a single diastereomer. Oxidation of 7 (30% H202, 

CH2C12, 25 °C) and spontaneous [2,3] sigmatropic rearrangement  of the intermediate selenoxide 

afforded (_+)-3 in 98% yield. 

O ~ SePh H202 O ' ~ C  " 
SePh + (MeO)2 PCH2CO2B n ,, 

O BnO2 C *" H O2Bn 

6 7 (-+)-3 
An even s impler  and more effective preparat ion of (-+)-3 tha t  avoided toxic selenium 

reagents was achieved s tar t ing from commercially available 3,3-dimethylacryloyl chloride (8). 

Esterification by t rea tment  with benzyl alcohol (pyridine) followed by epoxidation using m-chloro- 

perbenzoic acid (CH2C12, 25 °C) afforded the racemic glycidic ester 913 in 92% yield. Acid-catalyzed 

rearrangement  of 9 by t reatment  with anhydrous p-toluenesulfonic acid in CH2C12 under carefully 
controlled conditions (9 tool% p-TsOH, benzene, reflux, 6 h) effected rearrangement  to allylic alco- 

hol (_+)-3 in 90% yield. 14 

H•C 1 ) PhCH2OH ? C  p-TsOH O ' ~ C  
, ,  O ~, 

OCI 2) m-CPBA O2Bn H O2Bn 

8 9 (+)-3 
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Sha rp l e s s  a symmet r i c  epoxidat ion 15 of (+)-3 opera t ing  in  the  k ine t ic  r e so lu t ion  mode wi th  

D-(-)-di isopropyl  t a r t r a t e  (DIPT) and  0.6 equiv o f t -BuOOH proceeded smoothly  to afford the  epox- 

ide. Surpr i s ing ly ,  the  product  of th is  react ion was  demons t r a t ed  to be the  (2R,3R)-epoxide (+)-2 by 

compar ison  of t he  opt ical  ro ta t ion  wi th  t ha t  repor ted  by Sh ibuya  and  co-workers  for the  enant io-  

meric  (-)-epoxide,  5b which  was  p repa red  by a s tereochemical ly  unambiguous  rou te  s t a r t i n g  from 

D-fructose. Thus ,  Sha rp l e s s  k inet ic  resolut ion  proceeded to afford the  opposite enan t iomer  of epox- 

ide 2 t h a n  t h a t  p red ic ted  us ing l i t e r a tu re  precedent .  15 When  L-(+)-diisopropyl t a r t r a t e  was used in 

the  k ine t ic  r e so lu t ion  (10 tool% Ti(Oi-Pr)4, 15 tool% (+)-DIPT, 70 tool% t -BuOOH,  3 ~ sieves,  

- 2 0  °C, 48 h), the  des i red  (2S,3S)-epoxide (-)-2 was  obta ined  in 48% isola ted  yield wi th  > 98% ee. 16 

D-(-)-DIPT ,. O~O 
H 2Bn 
(2R,3 R)-(+)-2 Ti(O/-Pr)4 

t-BuOOH HO'~CO2Bn 
( rac)-3 L-(+)-DIPT 

m HO"~CO~Bn 
(2S,3~-(-)-2 

Overal l ,  t he  th ree  syn theses  of 2 proceeded wi th  excel lent  efficiency and  h igh  s tereoselect iv-  

i ty  (98% ee) in  a to ta l  of only four s teps  from dibenzyl  f u m a r a t e  (16%), i sopropenyl  ace ta te  (37%), 

or 3 ,3 -d imethy lac ry loy l  chlor ide  (40% overal l  yield),  inc lud ing  the  k ine t ic  r e so lu t ion  step.  The 

except ional  r e s u l t  ob ta ined  in the  Sha rp l e s s  a symmet r i c  epoxida t ion  is pos tu l a t ed  to be due  to 

coordinat ion of the  t i t a n i u m  by the  proximal  es ter  carbonyl,17,18 possibly a l t e r ing  the  aggregat ion  

s t a t e  of the  reac t ive  complex. The origin of th is  effect is cu r ren t ly  unde r  inves t iga t ion ,  and  these  

resu l t s  will  be r epor ted  separa te ly .  
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