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Abstract

The stereochemistry of intramolecular hydrogen transfer was determined for the title pro-
cess using [19-pro—S—2H]—cho]esta—5,7-dien—36,19—dio] diacetate.

Conversion of 7-dehydrocholesterol into vitamin D3 involves photochemical opening of the
B-ring diene to the cisoid zCz triene previtamin followed by an 1ntramo]ecu1ar], 1,7-antara-
facial2 hydrogen shift to yield the vitamin. The C]g-acetoxyl and methoxyl derivatives,
cholesta-5,7-dien-38,19-diol diacetate (1) and cholesta-5,7-dien-3g,19-dio]1-3-acetate-19-
methyl ether (1a), analogously yield vitamin D3 derivatives, 2 and 2a, respectively.:3 Inter-

estingly, in each case, only one of the two possible sterecisomers of the C]9 carbon atom is

formed, namely, the C]g-E-isomer4
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Akhtar and Gibbons have shown that the 1,7 hydrogen shift in the vitamin 03 series is non
5
steregspecific. Accordingly, one might expect both the C]9 E and Z isomers to form in 1 » 2;

la - 2a, contrary to what is actually observed.

The observed stereospecific result could come about in two stereochemically distinct ways.
First ring-opening could yield the previtamin (3 or 3a) and one of the diastereotopic protons
at C]9 could be preferentially transferred to the Cg position in a transition state involving

one of the two possible twist senses of the cisoid-triene, I or II,

a
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The formation of the observed E-isomer from I requires transfer of the pro-S§ C]g—
hydrogen to the Cg—u position. Likewise, formation of the observed E-isomer from II re-

quires transfer of the pro-R Clg—hydrogen to the QQ-B position.
In order to probe this point the stereospecifically labeled gqg—gro S—2H compound 5 was

6
synthesized by Li Al 2H4 reduction of 4:
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The incorporation of deuterium was 78% and the pro-S stereochemistry has been established
by work of Arigoni gg_gl.7 Subseguent conversion of 5 to 6 did not alter the stereochemical
homogeneity of the compound.

If 1,7 hydrogen transfer involved the right-handed twist sense of the cisoid-triene
(Case I) then selective transfer of a deuterium atom should occur and this would be detected
by formation of C,g-vinylic group with n78%H. If a left-handed cisoid-triene (Case II) inter-

vened then a protium atom would be transferred and the C]9~v1ny1ic group should contain ~22%H.

Case 11

Irradiation of 6 (CcHe, ca. 280 nm) followed by heating at 80° for 13 hr. led to the
vitamin analog 9,19-2H-g_with 26.4% hydrogen in the C]Q-Z position.8 This result is close

to the predicted 22% value for the left-handed A-ring above the C-D rings, 9p-transfer of the
pro R hydrogen.

This stereochemistry is opposite to the conclusion of Mazur gg.gl,g for the present
system; i.e., the vitamin D3-previtamin D3 isomerization was proposed to prefer the right-
handed conformation of the cZc triene system. Results in the two systems may not be strictly
comparable since in the present case two opposing factors are present. In the left-handed
conformation a destabilizing steric interaction exists between 018'C19' In the right-handed
conformation, formation of [ZH]-g_requires transfer of a deuterium atom and a large deuterium
isotope effect may operate in this process kH/kD m45.9

The remarkable stereospecific formation Z is apparently due to stereospecificity in the

conformation of triene 3 for intramolecular hydrogen transfer.
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