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Abstract : A highly diastereoselective total synthesis of 25-hydroxy Windaus- 

Grundmann ketone (2) was achieved via a novel regiocontrolled C-C bond formation 

by an intramolecular epoxide ring opening reaction of the bissulfonyl epoxide 

(19) as a key step, which was derived stereoselectively by the thermolysis of 

olefinic benzocyclobutene (8) as a key step. 

Over the past decade, there has been intense interest1 in the development of 

methodology for the stereocontrolled construction of the CD-ring system and side 

chain of vitamin D3 and steroids. Of these steroidal compounds, la,25- 

dihydroxyvitamin D3 (1) has emerged at present time as one of the most important 

compounds because of its increasing biological importances.**3 On the basis of 

Lythgoe's methodology4 for the synthesis of calciferols via convergent routes, 

25-hydroxy Windaus-Grundmann ketone (2) has proven useful in the synthesis of 1. 

Here we report a new and general strategy for the diastereoselective synthesis 

of steroid side chains including CD-ring system based on the highly 

stereoselective intramolecular [4+2] cycloaddition reaction of o-quinodimethane5 

and strictly regiocontrolled C-C bond formation by intramolecular epoxide ring 

opening reaction.6 

Scheme I 

The preparation7 of 10, which has all the required chiral centers of 2, was 

initiated by a stereoselective 1,4-addition of isopropenyl group to 3s readily 

available from D-mannitol to give 4 ([a]n +3.7') (61%). Reduction of 4, tosyla- 
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tion of 5, followed by iodination of 6 afforded the iodide (7) ([a]~ -41.3') 

(79% overall from 4). Condensation of 7 with 1-cyano-4-methoxydihydro- 

benzocyclobuteneg followed by a removal of cyano group gave 8 ([uID -6.4’) [95% 

overall from the iodide (7)1, and the thermolysis of 8 at 190 'C in o- 

dichlorobenzene gave stereoselectively the tricyclic compound (9) (m.p. 90-91 

oc; [a]n +1.6') (90%) through in situ generated o-quinodimethane. Birch 

reduction of 9 followed by an acid catalyzed isomerisation afforded the enone 

(10) ([a]~ +14.6') (78% overall from 9). 
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The preparation of the substrate (19) for cyclization and the conversion of 

the cyclised product (20) into 2 were straightforward and as follows. 

Eschenmoser ring cleavage of the epoxide (11) obtained by epoxidation of 10, 

followed by acetonide formation gave the acetylenic ketone (12) ([a]~ -8.2') 

(51% overall from 10). Catalytic hydrogenation of 12, regioselective oxidation 

of 13, and then reduction of 14 gave the diol (15) (71% overall from 12). 

Cleavage of the diol (15), followed by reduction afforded the monocyclic diol 
(16) ([aiD +14.4") (87% overall from 15) which was converted to the bis(pheny1 

sulfide) (17) ([a]~ +48.4') (67%). Transformation of the acetonide (17) into the 

epoxide (la), followed by oxidation gave the substrate (19) ([ain +44.8O) (78% 

overall from 17). A complete regiocontrolled cyclisation of 19 was effected by 

the base treatment with lithium diisopropylamide to give the bicyclic alcohol 

(20) (76%) which was then subjected to reductive removal of phenylsulfonyl 

groups to afford the alcohol (21)l" ([a]~ +21.3') (49%). Protection of the 

hydroxy compound (21) gave 22 ([a]~ +9.6') (95%) which was then subjected to 
hydroboration-oxidation process to afford the alcohol (23) ([aID +11.1') (79% 
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overall). The acid (24) obtained by oxidation of 23 was converted to the ester 

(25) ([aID +10.4') (73% overall from 23) which was treated with methylmagnesium 

bromide to yield the alcohol (26) ([aID +ll.?) (93%). Finally deprotection of 

26, followed by oxidation furnished our aimed 25-hydroxy Windaus-Grundmann 

ketone (2)12 ([a]n +5.3') (96% overall from 26), which was identical with the 

data of the authentic sample in all aspects including optical behavior. 
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The synthetic route described above makes use of a novel approach to 

diastereoselective construction of CD-ring system including acyclic portion of 

steroid, making possible the synthesis of various types of biologically 

important steroids. 
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