
Chinese Chemical Letters Vol. 16, No. 11, pp 1437-1440, 2005 
http://www.imm.ac.cn/journal/ccl.html 

1437 

Convenient and Highly Efficient Inversion of 1β-OH Configuration of 
trans-Vitamin D3 

Yong Bin HAN1,3, Jin Ping CHEN1,3, Ying Ying LI1,3, Bai Ning LIU1,3,  
Guo Qiang YANG2*, Yi LI1,3* 

 
1Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100101 

2Key Laboratory of Photochemistry, Institute of Chemistry, Chinese Academy of Sciences,  
Beijing 100080 

3Graduate School, Chinese Academy of Sciences, Beijing 100039 
 
 

Abstract: A convenient and highly efficient conversion of 1β-OH-trans-vitamin D3, a main 
byproduct in synthesis of active vitamin D3, to 1α-OH-trans-vitamin D3 is reported.  The 
conversion could be accomplished in 1 minute with 90% yield. 
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1α-OH-Vitamin D3 4, well known as a hormonally active form of vitamin D3 3, plays an 
important role in the regulation of mineral metabolism, the promotion of cell 
differentiation and the inhibition of proliferation of various types of tumor cells.  It is 
also very possible to be used in the treatment of cancer and other hyper-proliferation 
diseases1.  

 
Figure 1  Vitamin D3 3 and 1α-OH-vitamin D3 4 
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Some of the major synthetic routes utilized in recent years to synthesize 4 and its 
analogues have been amply reviewed by Zhu and Okamura2.  In these strategies, direct 
modification of vitamin D3 (3) is becoming more attractive in the practice application3 
(Scheme 1).  Unfortunately, a 1β-byproduct, a stereoisomer of 1α-product 2, is 
produced accompanying with the formation of 2.  The ratio of 1β- to 1α-product is 
about 1/3~1/5 (in our experiments) and usually 1 is thrown away. 
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Scheme 1  Preparation of 1α-OH-vitamin D3 4 
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Our aim is to make 1β-OH-trans-vitamin D3 1 convert to 1α-OH product 2 in a 
convenient and highly efficient way.  The Mitsunobu reaction4, which can virtually 
complete the inversion of configuration of the alcoholic hydroxyl group under the mild 
and neutral conditions, has been applied to the synthesis of A-ring synthons by Gotor and 
his co-workers5.  In this paper we give an example of transferring 1β-OH-trans-vitamin 
D3 1, which has a conjugated triene system, to 1α-OH-trans-vitamin D3 2 by using the 
Mitsunobu reaction. 

Inversion of 1β-OH configuration of compound 16 under Mitsunobu conditions 
using p-nitrobenzoic acid afforded p-nitrobenzoate ester 57 immediately with high yield.  
Subsequently, a selected and quantitative deprotection of ester group in 5 with KOH in 
THF produced 28 quantitatively (Scheme 2).  The conjugated triene structure, which is 
very sensitive to the acid, kept stable during reactions and the total isolated yield from 1 
to 2 reached 90%.  

We also found that the order of addition of reactants has a significant effect on the 
reaction.  DEAD, Ph3P and p-nitrobenzoic acid must be mixed together in the solvent 
before 1 was added.  Otherwise only a very poor yield or even no desired product could 
be expected.  This can be explained by the mechanism suggested by Brunn and 
Huisgen9.  The formation of an intermediate, a protonated quaternary, is a very 
important step which makes system free of acid and keeps the conjugated triene structure 
stable during the reaction. 

The Mitsunobu reaction has been used in the synthesis and the transformation of 
various kinds of natural products because of its mild and neutral conditions, 
stereospecificity, functional selectivity and regioselectivity.  We demonstrated here an 
approach of convenient and efficient configuration conversion of the compound with 
conjugated triene structure, which increases the total yield in the synthesis of 
1α-OH-vitamin D3 and its analogues.  This expands the applications of the Mitsunobu 
reaction. 
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Scheme 2  Conversion of 1 to 2 
 

 
 

(a) DEAD, Ph3P, p-nitrobenzoic acid, THF, rt., 1 min (90%);   
(b) KOH, THF, H2O, rt., 1 min (quantitative). 
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