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HIGHLY STEREOCONTROLLED REDUCTION OF a'-ALKOXYENONES TO GIVE EITHER THE 

THREO OR ERYTHRO ALLYLIC 1,2-DIOL. ASSIGNMENT OF THE THREO CONFIGURATION 

TO THE C-15,C-16 DIOL OF PUMILIOTOXIN 8.' 

Larry E. Overman* and Russell J. McCready 

Department of Chemistry, University of California 
Irvine, California 92717 

Summary: Model studies indicate that the allylic diol of pumiliotoxin B has the 
threo configuration, and that this functionality can be prepared with excellent 
stereocontrol by reduction of an a '-t-butyldiphenylsilyloxyenone. 

The gross structure of pumiliotoxin B (1) was reported by Daly and coworkers 

in 1980, 2 and last year our laboratory described 
3 the first total synthesis of a 

member of this alkaloid class, toxin 251D (2). As a prelude to a total synthe- 
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sis of pumiliotoxin B, we have been investigating stereocontrolled methods for 

assembling the allylic diol functionality of this toxin. In this Letter, we 

report that the allylic diol of pumiliotoxin B has the threo configuration, and 

moreover relate that the reduction of a’ -alkoxyenones can be accomplished to 

give either threo or erythro allylic 1,2-dials with excellent 095%) stereocon- 

trol. 

Since 1,2-addition to an enone is expected to occur via a skewed4 backside5 

trajectory which should accentuate interactions of an entering hydride with a 

chiral at-carbon, we chose to explore the preparation of the pumiliotoxin B diol 

functionality by relative 1,2-asymmetric induction6 as illustrated in eq 1. The 

model (2S,4E)-enones 3 and 47 - - were prepared from ethyl (S)-(+)-lactate in 30-40% 
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overall yield as summarized in the Scheme. Reduction of 2 with 2 equiv of di- 

isobutylaluminum hydride (toluene, rt) gave a 3:2 mixture of diastereomeric 

alcohols in 80% yield. Separation by HPLC8 gave pure samples of z7 (major iso- 

mer) and 5, 
7 

which were reductively debenzylated (Na/NH3, -78') in essentially 

quantitative yields to give the threo diol I7 

6 3.70, m, C2-H; 
9 

6 3.72, 

([?.]g5 10.O", E30.5 CHC13; 'H NMR 

broadened d, J = 7.0 Hz, C3-H; C NMR 6 81.0, C3; 

68.0, C2) and the erythro diol g7 ([ali -9.8', C 1.5 CHC13; 'H NMR 6 3.91, 

broadened d, J = 5.2 Hz, C3-H; 6 3.85, m, C2-H; 
9 13 C NMR 6 83.1, C3; 69.2 C2) 

respectively. The stereochemical assignments for 7 and 8 were made on the basis 

of intramolecular nuclear Overhauser experiments. 
io 

Thus, 

nide 2 (IH NMR 6 3.8-3.9, 

the threo d6-aceto- 

m, C2-H and C3-H) showed a strong signal (6 3.87, d, 

J = 3.7 Hz) for the C3-hydrogen in the difference NOE spectrum 
1Obc 

when the 

methyl doublet at 6 1.21 was irradiated, while the erythro d6-acetonide g (IH 

NMR 6 4.40, d, J = 5.2 Hz, C3-H; 6 4.38, m, C2-Hg) showed no detectable signal 

for the C3-hydrogen under identical conditions. The 250 MHz 
1 H NMR spectrum of 

pumiliotoxin B2 (broadened d for the C15-H at 6 3.66, J -- 8 Hz; m for the C16-H 

at 6 3.75) most clearly resembles the model threo diol 1. 
11 

The reduction of a'-alkoxyenones of this type can be controlled to give 

either the threo or erythro allylic diol by the proper choice of reducing agent 

and alcohol protecting group; a few of the combinations examined are summarized 

in the Table. The high erythro selectivity (98%) obtained from the reaction of 
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(a) PhCH20CH2C1 or Ph2ButSiC1; (b) 5% KOH, MeOH, rt; 2-pyridinethiol, DCC, rt; 

(c) CH3CH=PPh3, THF, rt; (d) CH3CH2CH0, 50°; (e) CD3COCD3, TsOH, rt. 
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Table Stereoisomer Ratiosa from Reduction of 2-Alkoxy-4-methyl-4E-hepten-3-ones 

Enone R Reductant Temp, 'C Threo:Erythro 

R=CH20CH2Ph (1) BujiAl, 

Bu31Al, 

LiA1H4, 

LiA1H4, 

R=H LiA1H4, 

R=Ac Bu3lA1, 

R=SiMe3 

R=SiPh2But 

Bu;lAl, 

(4) Bu31A1, 

LiAlH4, 

pentane 

pentane 

THF 

Et20 

THF 

pentane 

pentane 

pentane 

THF 

25O 70:30 

-22O 55:45 

-loo 30:70 

-loo 2:98 

-loo 40:60 

25O 45:55 

25' 43:57 

25' 94:6 

-20° 95:s 

a From 250 MHz 1 
H NMR analysis of crude products. 

enone 3 with LiA1H4 in ether is consistent with reduction of a chelated 
6 

inter- - 

mediate. With many reducing agent-protecting group combinations, bad mixtures 

of threo and erythro diols were obtained, presumably resulting from competitive 

reduction of both chelated and non-chelated intermediates. When the extremely 

bulky t-butyldiphenylsilyl ether 12 was employed, chelation was apparently pre- 

vented, and excellent (>94%) threo selectivity was observed with both LiA1H4 and 

triisobutylaluminum. On a preparative scale, reduction of the t-butyldiphenyl- 

silyloxyenone 4 with Bu3 
iA 

followed by chromatographic purification of 11 and 

desilylation (iu4NF)12 gave the pure chiral'l 

- 

threo diol 7 in 75% overall yield. - 

The excellent erythro and threo selectivities obtained from LiA1H4 reduction 

of a'-alkoxyenones 2 and 4 are higher than selectivities recorded in the litera- 

ture6'15 
- 

for hydride reductions of a-alkoxy (and a-hydroxy)ketones, and may re- 

flect the skewed trajectory illustrated in eq 1. 
16 

Since enones 3 and 4 should - - 

be effectively locked in s-trans conformations, 
17 

we note that the unusually 

high "Cram" selectivity observed with 4 

minor "Felkin-Ahn"'* 
- may reflect also destabilization of the 

transition state as a result of steric interactions between 

the a'-methyl group and the B-hydrogen of the enone system. 
16 

minor 

(erythro product 1 

major 

% 

(three product) 
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