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Alan W. Messing, Frederick P. Ross, Anthony W. Norman and William H. Okamura*
Departments of Chemistry and Biochemistry
University of California, Riverside, California 92521 uUsa

In an effort to improve on prior art utilizing 9-borabicyclo[3.3.llnonane (9-BBN) for ef-

10(19) double bond and subsequent 19-functionalization

fecting regiospecific reduction of the A
(with H or X) of vitamin D3 (%) and its SE-isomer (,%),2 we have investigated the reaction of %
and % with Schwartz's reagent [(n -C5H5)2Zr(cl)H abbreviated Zr-—H].3 Hydrozirconation with
this reagent would appear to be opera-
rehT tionally simpler and faster than the
analogous hydroboration procedures.
Moreover, protonation of 9-alkyl-9-BBN
adducts (e.qg., those derived from %
and %) is generally a poor reaction,

while protonation of alkylzirconium

W compounds is reportedly an excellent

2 (5E) 3 (5E) 4 (57) reaction. We were also cognizant of

the fact that the action of Zr-H on

s Ry = CHy; Ry=H

» Ry =H; Ry= CHy

! complex conjugated trienes had not been

{o lo

previously reported.

In a typical procedure, solid steroid (100 mg) and Zr-H (see Table) were admixed and
placed under argon in a septum capped vessel containing a magnetic stirring bar. Benzene (4
mL, freshly distilled from potassium-benzophenone ketyl under argon) was introduced by syringe
and the flask was warmed to 40°C. At the requisite time, the reaction was quenched by addi-
tion of ~0.1M hydrochloric acid (10 mL). Conventional work up was followed by chromatographic
separation of products.4 The results for a series of experiments are recorded in the Table.

As can be seen from entry 3, the reaction of % is complete after only one hour using stoichio-
metric proportions of Zr-H and % (2:1). The sterically more congested 5Z-isomer % reacts
significantly more slowly (compare entries 2 and 3). It is indeed clear that hydrozirconation~
protonation is superior to 9-BBN hydroboration-protonation for preparing % and é. The new pro-
cedure is operationally simpler, faster and provided higher yields of products. Neither the
old2a nor new procedure afforded any significant stereoselectivity however.

A very interesting result is that 5225E isomerization occurred during hydrozirconation-
protonation. It is significant that the four dihydrovitamins %ﬁ’ %k, %ﬁ and QR are recovered
unchanged upon being subjected to conditions more severe (2 molar equivalents of 2Zr-H for 5-6

hrs at 40°) than the conditions used for their preparation. Moreover, there is no evidence of
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any 2 in reactions of | and vice versa. In an attempt to reverse the reaction between Zr-H
and %, excess l-hexene (30 molar-equivalents) was added to the reaction (% + three molar
equivalents of Zr-H as above) after 1 hr. No effect was seen on product distribution and no

1l or 2 was detectable.5
n v

TABLEZ
yields (based on steroid)
f —
Steroid Zr-H Benzene %% %R %2 %Q
(mmol) {mmo1l) (mL) t (hrs) 5E, 10R 5E, 108 5Z,108 5Z,10R
52-D,(0.26)2 (0.82) 4.0 1.0 15% traceS  323S 373
SZ—D3(O.26) (0.54) 4.0 21 (>75% unreacted SZ-D3)
58-D,(0.28)% (0.59) 4.0 1.0 35% 36% trace 6.5%
SE—D3(O.36) (1.15) 5.5 <0.17 (unreacted SE-D3 not detectable by TLC)
5E,10R(0.054) (0.12) 0.9 5.0 95% -— -—— -—
5E,10S(0.056) (0.13) 0.9 5.0 -—— 74% - -—
52,105(0.056) (0.13) 0.9 5.0 - - ~100% -
5Z,10R(0.090) (0.19) 1.4 6.0 -— —-— — 77%

2At 40° under an inert atmosphere with magnetic stirring, absolute weighed yields are given;
brn a separate experiment, l-hexene (8.0 mmol) was added and then the mixture stirred for 2
additional hours. No change (NMR, TLC) was observed; SThe less efficient dry column chroma-
tography method (see footnote 4) was used. The two 10S-isomers were inseparable. The 1H-NMR
is identical to that of TLC pure 5%-10S isomer, but TLC reveals the presence of a trace amount
of 5E,10S isomer; @Products were separated by the efficient wet column (see footnote 4) method.
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