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ABSTRACT 

A novel and efficient partial synthesis of la-hydroxy vltamln D3 C$), 

starting from 7-dehydrocholesterol (t), is reported. The crucial step rn the 

synthesis involves a selective Diels-Alder reaction of 4-phenyl-1,2,4-trlazo- 

line-3,5-dlone with the 6,8-diene system of previtamin D3 (z), generating an 

adduct x sultable for the stereoselectlve introduction of the la-hydroxyl group. 

Cycloreverslon of @ leads to the title compound. 

During the study of the metabolic pathway of vitamin D3 (2) it was discovered 

that the rntroductlon of a la-hydroxyl group on the vitamin skeleton 1s an essen- 

tial metabolic event In relation to calcium absorbtlon in man2. The scarcity of 

la-hydroxylated vltamln D derivatives has led us to look for synthetic routes 

amenable to large scale operation. We wish to report a novel and efficient par- 

tial synthesis of la-hydroxy vitamin D 3 (g), Involving four distinct stages 

(scheme) : (a) selective Duels-Alder reaction on the 6,8-dlene system of prevl- 

tamin D3 (2); (b) regloselectlve functlonallzation at C(1); (c) stereoselective 

introduction of the la-hydroxyl group; (d) stereoselective generation of the vi- 

tamln D triene system ($j). 

Previous syntheses were achieved by total synthesis3 or by the photochemical 

and thermal lsomerlzatlons of la-hydroxy provitamin (cf. 5 + $ + Q)4. The latter 

route suffers from low yields obtained during the photochemical interconversion. 

Since direct oxldatlon of vitamin D3 was inefficient5 an indirect approach should 

involve the temporary modification of the trlene system of the vltamln, whilst 

maintaining a double bond at C(l0) so as to leave C(1) as the preferred allyllc 

position for subsequent functionallzation. This strategy has recently been 

applied 
5b 

via a cyclovltamln derlvatlve 6 . 

At the outset of our study it occurred to us that some remarkable structural 

features of the previtamin molecule (2) had not yet been synthetically exploited. 

Indeed, from the probable geometry of the triene system7, a selective reaction 

of a dlenophlle on the 6,8-diene system would be anticipated 8c . This would leave 

the cyclohexene ring A untouched, an Ideal situation for selective lntroductlon 

of the requisite la-hydroxyl function. Fmally, concerted cycloreverslon and 
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subsequent thermal Isomerlzation8, should lead to the desired la-hydroxy vita- 

min D3 (k) (cf. II;2 * $, + g). 

Short-time Irradiation of 7-dehydrocholesterol (4)' and recovery of unreacted 

material afforded crude prevltamln D 3 (2) which upon treatment with I-phenyl- 

1,2,4-triazollne-3,5-dlone lo (CH2C12, O’C, N2, 2 min) led to adduct a". Heady 

purlficatlon occurred via recrystallization from acetone (m.p. 147-148OC; 50 8 

isolated yield based on converted $1. Only a single prevltamin adduct, orlgi- 

natlng from the antlclpated reaction from the least hindered a-face of the 

trans-hydrindane system on the more reactive dlene, was Isolated. Its struc- 

ture was proven by X-ray diffractlon 
12 . 

After protection of the C(3)-hydroxyl group (t-BudiMeSlCl, Imldazole, DMF; 

m.p. 137'C; 95 % yield) Q was oxidized with Cr03-3,5-DMP13 to enone J&j11 in 

33 % yield. Alternatlvely, allylic bromination of z with NBS (CC14, AIBN, N2, 

12O"C, 20 mln) was highly regioselectlve and led to dlastereolsomerlc bromides 

at C(1) (crude yield > 80 %), which were directly converted to 14 and kz upon 

stirring with silicagel-water-collIdlne_hexane-hexane for 24 hr at r.t. (64 % overall 

yield from z). Although both Isomers j-1 and ,# ( ratlo 7:3) can be separated by 

column chromatography (benzene-ethyl acetate, 8:2), for synthetic purposes the 

crude mixture was converted to the corresponding enone J-Q (PDC, CH2C12, 4 hr, 

r.t.; 57 % yield from z). 

After cleavage of the silyl ether in J.Q (n.butyric acid, (n.Bu)4NF, THF, 

-lo"c to -20°c, 3 hr) the keto-alcohol 2 (m.p. 101-102°C; 90 8 yield) was re- 

duced with alumlnumhydrlde In THF at -7O'C yielding 12 
11 with high stereoselec- 

tlvity (better than 9:l as deduced from 'H NMFt; m.p. 165D-1670C from ether: 84 % 

yield after column chromatography on slllca gel with benzene-acetone 8:2). The 

anticipated stereochemlcal result 1s ratlonallzed by the prior formation of an 

alkoxymetal hydride complex with the hydroxyl group at C(3), followed by lntra- 

molecular hydride transfer to the carbonyl group. 

Deprotection of the 6,8-diene by heating J.2 at 8;iC In 15 N KOH-MeOH for 24 

hr under argon restored w$th complete stereocontrol the prevltamln trlene 

system ($,), which, under t;hese reactlon conditions, was directly lsomerlzed to 

la-hydroxy vitamin D3 (g). Heady column chromatoqraphlc purification and re- 

crystallization (m.p. 134'C from hexane) gave pure 6 
11 

15 
(64 8 Isolated yield), 

which was found identical with an authentic sample . 

Starting from 7-dehydrocholesterol (J,) the present method yields la-hydroxy 

vitamin D 3 In 8 % (7 steps) or in 13 % overall yield via the longer route in- 

volvlng J.& and J.2 (9 steps). The maln advantage of the present sequence resides 

in its broad scope and in the possibility for gramscale preparation of the title 

compound (wlthout tedious chromatographic separations). 
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1 X=H 

2 X=OH 
a r/ 2 X=H LX=” 

4 X=0” ,$ X=0” 

8Hl7 

;! R=H 

2 R = Sl(t .BuIMep 

2 R=H jl_ R=SI(t BuIMepX =H ,Y=OH 

2 R=Sl(t Bu)Me2 2 R=SI(t_BuJMe2,X=OH,Y=H 

13 R:“, X=0” ,Y=H 

C8H17 = 
“-r^r 
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