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A Stereoselective Wittig Reagent and Its 
Application to the Synthesis of 25-Hydroxylated 
Vitamin D Metabolites 

Summary: A method for the selective preparation of trans- 
homoallylic alcohols is described, and its mechanism discussed 
in terms of an internal Schlosser "trans-selective Wittig" re- 
action. 

Sir: The Wittig reaction is one of the most important in syn- 
thetic organic chemistry.' We have made use of this conden- 
sation reaction in a number of syntheses of 25-hydroxycho- 
lesterol. For example, reaction of 3a,5a-cyclo-(20S)-formyl- 
6P-methoxypregnane (1)  with dibromomethylenetriphenyl- 
phosphorane2 or with dichloromethylenetris(dimethy1am- 
ino)phosphorane3 leads to the dihalovinyl compounds 2.4 The 
ylide 3 derived from isoprene condensed with the same alde- 
hyde to give the diene 4.5,6 The compounds 2 and 4 were then 
converted to 25-hydroxycholesterol as described previous- 
iY.4,6 
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In this communication we wish to report a further prepa- 
ration of 25-hydroxycholesterol through the agency of a novel 
stereoselective Wittig reagent.7 Methylenetriphenylphos- 
phorane, prepared in tetrahydrofuran from methyltriphen- 
ylphosphonium bromide and n-butyllithium, reacts with 
isobutylene oxide at  0 The product, which possesses ei- 
ther the betaine structure 5 or more likely the oxaphospholane 
structure 6,9 reacts with a further mole of n-butyllithium to 
yield the ylide 7.'O 
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The aldehyde 1 reacts with this ylide to give the AZ2-25- 
hydroxy product 8. The manner in which the reaction is per- 
formed is important. In the first step of the preparation of the 
ylide 7 it is necessary to ensure that all of the methyltri- 
phenylphosphonium bromide is converted to the methylene 
ylide, otherwise during the subsequent addition of n-butyl- 
lithium some of the mei,hylene ylide will again be formed as 
a contaminant, giving rise to the methylene compound 9 as 
a by-product. 
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Similarly, if insufficient isobutylene oxide is added in the 
second step, the same methylene by-product will result. If too 
much isobutylene oxide is used and the excess is not removed, 
n-butyllithium will be consumed by the epoxide in the next 
stage. Finally, in the second addition of n-butyllithium an 
excess must be avoided lest the aldehyde 1 be consumed, 
giving rise to the alcohol 10. In short, if the reaction is not 
conducted with due regard to the stoichiometry of the re- 
agents, yields are adversely affected. In properly conducted 
reactions yields of isolated alcohol 811 are in the range 75- 
86%. 
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Two stereochemical considerations are germane to the re- 
action of the aldehyde 1 with the ylide 7. The first is the re- 
tention of chirality at  C-20; clearly any epimerization at  this 
center would result in the lowering of yield of the desired 
product 8 having the correct natural 20R stereochemistry. 
Generally aldehydes are easily epimerized by base so at  the 
outset of this work we were concerned about the presence of 
a fully developed alkoxide anion in the ylide 7. Compounds 
11, 12, and 13 were therefore independently prepared.12 
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Comparison of the NMR spectral3 of these compounds with 
that of the total crude product mixture (after benzoylation) 
revealed that no epimerization at  C-20 had taken place. The 
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results indicate that C-C bond formation between aldehyde 
and ylide is faster than deprotonation at  C-20, easily ration- 
alized after the event since aldehydes are known to react 
rapidly even at  -70 "C with ylides to give oxaphosphetane 
in te rmedia te~l~  (see below). 

The second important, and possibly more interesting, ste- 
reochemical aspect of this reaction is the configuration of the 
resulting double bond. The NMR spectra of the crude product 
also revealed a mixture in which the hZ2E/Az2Z ratio was 
approximately 85:15. The isolated crystalline material is pure 
AZ2E compound 8, a somewhat surprising result since, nor- 
mally, nonstabilized ylides are cis selective. This has been 
elegantly rationalized by Vedejs and Snoble14 in terms of the 
first step of a Wittig reaction being a =ZS + ,2, cycloaddition 
to give an oxaphosphetane. For maximum overlap of the rel- 
evant orbitals in such a cyclization, the A bonds must approach 
one another orthogonally. If this is done in the least hindered 
orientation, the most hindered oxaphosphetane inevitably 
results. Thus, the first product of our reaction would be the 
oxaphosphetane 14. If this were to collapse to olefin and tri- 
phenylphosphine oxide, the A222 product would of course be 
the result. An explanation for the predominant production 
of A**E in our reaction is that there exists an intrinsic 
Schlosser "trans-selective Wittig" mechanism.15 Thus, the 
initially formed cis-oxaphosphetane 14,16 if prevented from 
collapsing to olefin, can enter into equilibrium with the ylide 
15 through a five-center transition state as depicted. By rep- 
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rotonation of C-22 from the other side this ylide 15 can then 
establish equilibrium with the more stable trans-oxaphos- 
phetane 16, which ultimately decomposes to give the hZ2E 
product. Based on this postulate the aldehyde 1 and ylide 7 
were mixed at  low temperature (-35 to -20 "C) and kept at  
this temperature for a period of time (usually about 1 h) before 
warming and allowing the oxaphosphetanes to decompose to 
olefin and triphenylphosphine oxide. This did indeed lead to 
greater yields of the trans product than had been obtained in 
earlier experiments conducted in the range of 0-20 O C .  

Confirmation of the need for the 25-alkoxide function in 
the formation of the A22E product and support for this in- 
tramolecular mechanism were derived by allowing the ylide 
7 to react with 1 mol of trimethylsilyl chloride, yielding the 
ylide 17. Condensation with the aldehyde 1 gave an oily mix- 
ture of olefins in which the approximate E / Z  ratio was dra- 
matically changed to 15:85.1T 
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Hydrogenation of the olefin 8 in methylene chloride solution 
over a 5% platinum on carbon catalyst led essentially quan- 
titatively to the saturated derivative 18>,6,18 which is readily 
transformed to 25-hydroxycholesterol and thence to the vi- 
tamin D metabolites. 

We believe that this type of ylide has possibilities of wider 
application in organic synthesis where a stereoselective syn- 
thesis of trans-homoallylic alcohols is desired.lg 
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