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Chemical and pharmacological research in the vitamin D field has greatly intensified since the discovery that 

ltz,25-dihydroxy-vitamin D3 [calcitriol; la ,  let,25-(OH)2-D3] - the hormonally active form of vitamin 1931 - can 

promote cell-differentiation and inhibit cell-proliferation. 2 Already, calcitriol and several of its analogues have 

been used or are being tested as drugs for the treatment of a wide range of human diseases, including rickets, 

osteoporosis, cancer, AIDS, psoriasis and Alzheimer's disease. 3 
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Analogues of 1 ~,25-(OH)2-D3 that have strong cell-differentiating activity and weak or negligible caicemic 

effects are of potential therapeutic utility. To obtain these analogues, several research groups are currently 

working on the development of new synthetic routes to the vitamin D skeleton, and on the improvement ot 

existing convergent routes. 4 Among the most useful routes is the convergent approach developed by Lythgoe and 

co-workers and later improved by Hoffmann-La Roche. 4,5 In this strategy the vitamin D triene system is prepared 

directly by coupling the ylide derived from phosphine oxide 3 with ketones bearing the C,D-ring and 
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side-chain moieties (Scheme 1). Proof of the importance of this route is the large number of synthetic approaches 

to 3 that have been reported.5C, 6 In the present work, we report the synthesis of 3 via vinylic triflate 2 from 

/-carvone. Compound 2 is also a potentially useful A-ring precursor for use in other synthetic approaches to 

l(x,25-(OH)2-D3 and analogues (Scheme 1). 
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Scheme 2 details the synthesis of vinylic triflate 2 and its subsequent conversion into phosphine oxide 3. 

The key steps are cleavage of protected epoxide 7 to give the dicarbonyl compound 8, and palladium-catalysed 

stereoselective cyclization-carbonylation of vinylic triflate 2. 7 

Protected epoxide 7 was prepared by modification of Takano's procedure. 6b Stereoselective epoxidation 8 

of/-carvone gave, after purification by flash chromatography and bulb-to-bulb distillation, epoxide 49 in 92% 

yield. Stereoselective reduction of 4 with L-Selectride ®, gave alcohol 56b in 96% yield. Compound 5 was 

converted to 6a in 67% yield by oxidative cleavage of the double bond with a catalytic amount of osmium 

tetroxide and potassium periodate, followed by Baeyer-Villiger oxidation (MCPBA, Na2HPO4-KH2PO4, pH 

7.6). The acetate 6a was hydrolysed to afford the desired dihydroxy epoxide 6b [mp 106-8 °C(EtOAc); 

[(X]D 20 = -35 (c = 4.9 MeOH), 99% yield], which was protected using tert-butyldimethylsilyl chloride in the 

presence of imidazole to give the known silylated compound 76b in 95% yield. 

The next step was the crucial oxidative cleavage of the epoxide. Reaction of protected epoxide 7 with 

periodic acid (1.5 equiv) in diethyl ether 1° gave aldehyde 8, which was immediately subjected to Wittig reaction 

using modified Corey-Fuchs conditions 11 (1.5 equiv CBr4, 1.5 equiv Ph3P, 1.5 equiv Zn, CH2C12-py, 0 °C, 

1 h), to afford, after flash chromatography, vinylic dibromide 9 (74% yield for the two steps). 12 After several 

experiments, we were delighted to find that 9 could be converted into the desired vinylic triflate 2 in one simple 

operation by treatment with LDA (3.5 equiv, -78 oC) in THF, followed by N-(5-chloro-2-pyridyl)triflimide 13 

(2 equiv) (81% yield from 9). Cyclization followed by carbonylation of vinylic triflate 2 was performed under 
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CO (balloon pressure) in methanol, using Pd(OAc)2 as catalyst, which afforded a 2:1 mixture of the Z- and E- 

esters 10a and 10b, respectively, in 88% combined yield. Photoisomerization of this mixture using the 

Hoffmann-La Roche method 5c gave the known ester 10a6C, i (92%). Reduction of 10a gave alcohol 115c,6b,c,m 

{[~]D 25 = + 8.7 ( 0.4, EtOH), lit 5c [~]D 25 = + 7.9 (c 0.4, EtOH)}. Transformation of alcohol U into the target 

phosphine oxide 3 can be achieved using known methods. 5c,6 
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In conclusion, an efficient, versatile 12-step sequence has been developed for the conversion of l-carvone 

into alcohol 11 in 26% overall yield. Alcohol 11 can be transformed into Lythgoe-Roche 3 by known 

procedures. Further investigations on the synthesis of vitamin D analogues using compounds 8 and 2 are being 

pursued in our laboratories. 
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