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Stereocontrolled Synthesis of I ,3,5 . . . (2n + I ) Polyslst 
K. C.  Nicolaou":: and J. Uenishi 
Department of Chemistry, University of Pennsylvania, Philadelphia, PA I9 704, U.S.A. 

A method for the stereoselective synthesis of 1,3,5 . . . ( 2 n  ;- 1) polyols based on the Sharpless asymmetric 
epoxidation and regioselective epoxide opening by di-isobutylaluminium hydride is reported. 

In connection with a programme directed towards the total 
synthesis of amphotericin B (1)l we were in need of stereo- 
chemically defined 1,3-diol segments. Inspection of this 
molecular target reveals several such units, which, further- 
more, upon retrosynthetic analysis translate into higher 
members of the polyol series 1,3,5 . . . (2n -I- 1 ) .  In this com- 
munication, we report a highly efficient and stereocon- 
trolled synthesis of 1,3-diols which is extendable to higher 
homologues of this series by repetition.2 

Our approach utilizes the allylic alcohol functionality and 
relies on (a) the recently discovered Sharpless epoxidation3 
reaction and (b) the formation and regioselective reduction 
of y,&epoxy-o$-unsaturated esters by di-isobutylaluminium 
hydride (DIBAL) to afford allylic-homoallylic alcohols. The 
sequence is given in Scheme 1.  Thus, Sharpless asymmetric 
epoxidation of allylic alcohol (2) resulted in (3)s (80% yield, 

t This work was first reported at the 65th Canadian Chemical 
Conference, Toronto, Canada, May--Jiine, 1982. 

$ Fellow of the A. P. Sloan Foundation (1979-1984); recipient 
of a Camille and Henry Dreyfus Teacher-Scholar Award (1980-- 
1985). 

5 Satisfactory spectroscopic (i.r., lH n.m.r., and mass) and 
optical rotation data and exact mass data were obtained for all 
new compounds. 
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99: I stereoselectivity) which upon Swern oxidation (80% 
yield) followed by Wittig extension gave the y,&epoxy-cx,p- 
unsaturated ester (4) (84% yield, E :  Z 84: 16, chromato- 
graphically separated). The crucial regioselective epoxide 
opening (attack at %-carbon), necessary for the success of 
this method, was cleanly (92% yield) effected with DlBAE 
leading to the monoprotected intermediate (5) ,  \,ia temporary 
protection of the primary OH as a pivaloate ester, silylation 
of the secondary OH, and finally deprotection of the primary 
OH (77% overall yield). Compound (5) when subjected to 
the slightly modified sequence a, b, and d led to the higher 
homologue intermediate (7) via (6) (stereoselectivity of epoxi- 
dation ca. 9 1 : 9) in similar yields. The I ,3-diol derivative (7) 
was similarly extended by the sequence of a, b, and e to the 
1,3,5-triol system (8) (stereoselectivity of epoxidation cu. 



J. CHEM. SOC., CHLM.  COMMUN.,  1982 1293 

a 
P h - 0 7  - 

OH OH 

(2 )  (3) 

I b  
C 0. 

phno- C o p e  / - 
P h n O w  

I 6 R' OH 

( 5 )  

Ph-0- 
b R '  6 R 2  6 H  OH 

(9) 

Scheme 1. RL - SiBuTh,, R' ~- SiBii'Me,. Recrgent.5: a, 1.1 
equiv. Bu'OOH, 2.2 equiv. Ti(OPr'),, I .  1 cquiv. ( )-diethyl- 
tartrate, CH,CI,, - 23 C; b, 1.5 equiv. (COCI),, 2.0 equiv. 
dimethyl sulphoxide, 5.0 e q i i i b .  Et,N, C H 2 ( I ,  -78 to 25 ' C ;  
1.1 equiv. Ph,? CHCO,Me, PhH, 25 C ;  c, 6.0 equiv. DIHAL, 
CH,Cl2, 78 C;  1.1 ecliiiv. BLI'COCI, 4.0 e q u i k .  pyridine, 
CH2CI,, 25 C;  1.2 ecliii\. ButPh,SiC1, 4.0 eqiiiv. iniidamle, 
25 'C; 2.5 equiv. DIBAL,  CH2CI2, 78 C; d, as for c except 
ButPh,SiC1 replaced by ButMe,SiCI; e, a s  for c but first part of 
sequence only; f, 1.1 equiv. KEDAL, tetrahydrofuran, 0 -25 "C .  

95 : 5 )  which in principle could be homologated t o  higher 
members of the series 1,3,5 . . . (211 -t I )  polyols. O n  the other 
hand, the sequence can be terminated at  the hqdroxyeposide 
stage by regioselective R EDAL [NaAI H OCH LCH,0Me)2] 
r e d u c t i o n 2 ~ ~ 2 ~ ' ~ 4  giving rise to the polyols (10) [90% yield from 
(6)] and (9) [65% overall f rom (7)]. Furthermore, 4nce the 
Sharpless asymmetric epoxidation could, in principle, provide 
either enantiomeric epoxide. the flexibility of the above 
sequence in producing any desired stereochemical corn bina- 
tion is considerably enhanced. 

The present techno1 ogy and  the pol yhydroxy-i n termediates 
reported here with conveniently differentiated hydroxy-groups 
set the stage for the total synthesis of complex and  highly 
oxygenated natural products including amphotericin €3 (1).  
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