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Abstract: Radical hydragenolysis of the bromchydrin acetate 7 with BuzSnH surprisingly leads to

-

the 6a-acetoxy derivative 8 and not to the expected product §. Structural requirements of this
stereospecific rearrangement are discussed. Isotopic labeling demonstrated that the rearrange-
ment proceeds as a 1,2-shift involving the ether oxygen of the acetoxy group (Z}-*-ZZ) in
contrast to an earlier observation. -

Reductive removal of halogens by means of Bu35nH is an established,lmild and reliable me-
thod which tolerates various functional groups in the substrate molecule™. We have used this ra-
dical reduction in a number of instances both for structure elucidation and synthetic purposes
and we have always obtained good yields of the expected productsz.

Recently we have studied the reactivity of the diacetoxycholestene ] towards electrophilic
reagents3. On HOBr addition 1 afforded a single bromohydrin as the only isolable product (56%)

for which two structures (2 or 3) could be suggested (Scheme 1). Though the spectral data” (IR,
l -

H-NMR) together with the mechanistic considerationsj’

strongly supported structure 2, they
still gave no conclusive evidence for the unambiguous assignments. In order to achieve the final
proof we attempted to remove the bromine atom by treatment with Bu}SnH under the standard condi-

tions (i.e. reflux in C_H, with a catalytic amount of AIBN)l. We expected formation of:i from'g
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whereas the isomer 3 should give 3. The reaction proceeded smoothly and afforded triol diaceta-
te 5 as the major product (42%) whase structure was deduced from IR and NMR spectr36’7. This re-
sult seemed to support the less probable structure 3 for the bromohydrin in question. Neverthe-
less we still did not feel convinced and a suspicion arose that a rearrangement might have occu-
red during the dehalegenation stepB.

To check this assumption we prepared by an unequivocal route the acetoxybromide9‘2 as a mo-
del of 2 and reduced it with BUBSHH under the same conditions. The reduction w?g clean and rea-
dily afforded a single product which turned out to be the diacetoxy derivative™ 8 instead of
the expected isomer é.(Scheme 2). Hence, an unexpected rearrangement must have occurred
when both the model 7 and the bromohydrin of unknown structure were treated with BuBSnH. Thus

we have obtained further evidence in support of formula 2 to the bremohydrin in question”.
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This type of rearrangement 1is not unprecedented in the literaturee. However, only little

is known of its structural requirements and more information is therefore desirable. To this

end we undertook a brief study of a series of several related bromohydrins and their derivati-
ves Qg, i}, i} and l?; Scheme 3)11. None of the tested compounds, however, undergoes the re-

arrangement and, instead, all of them afford products of simple hydrogenolysis (;9, 12, 14 and

£§)lz. Note that both the bromohydrin 3 (whose acetate 7 readily rearranges) and the acet-

oxy bromide 11 (which is isomeric to_Z) yield the unrearranged debrominated products.
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From these findings it may be concluded that the rearrangement has some specific require-
ments: (1) Only esters of vicinal bromohydrins can rearrange. (2) The mutual orientation of AcO
and Br must be anti-periplanar13 (i.e. diaxial in cyclohexane ring). (3) The acetoxy group can
migrate only from tertiary to secondary carbon14 (compareqz and l}).

The driving farce for the rearrangement to occur thus appears to comprise two factors:

(1) The stereoelectronic effect {(alignment of Br and ACD)13 and (2) the stabilization of the se-
condary radical at C(6) by migration of AcO to yield the more stable tertiary radical at C(S)
which is subsequently quenched to give the product.

The bidentate character of the migrating group raised the question of the relative reactivity
of the carbonyl vs. the ether oxygen atoms, i.e. whether the rearrangement proceeds as a 1,2-

8,15

-shift involving the ether oxygen or as a 2,3-shift with intervention of the carbonyl oxy-

gen (see Scheme 4).
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The actual role of the two potential pathways was elucidated EBP

by a labeling experiment: The labeled substrate 2} was prepared .) \X
from cholesteryl acetate (17) in seven steps (Scheme 5)16. The la- Ac
bel was introduced by acid cleavage of the 503, 68-epoxide £§ with

N
o0

water enriched in 180 isotope. Resulting diol was converted via

the nitrate l? to the 5Sa,6a-epoxide gg whose content of 180 Scheme 4 <:F43
(13.9+40.2%) was established by mass spectral analysis. Fission of the epoxide Eg with HBr fo-

llowed by acetylation furnished the desired labeled compound 2217.

The labeled acetoxy bromide 21 was then reduced with BUBSnH and the resulting product gz

analyzed by 13C—NMR spectroscopy”’18

. The analysis showed that the label remained in the ether
oxygen. This qualitative information was supplemented by quantitative determination of the con-
tent of 180 by mass spectrometry: The diacetate 22 was hydrolyzed (LiAlHa, EtZU, 20°C) to the
5«-cholestane-3f3, 6a-diol whose mass spectrum revealed the presence of 10.7+0.4 % of 180. Hence,
it follows that at least 77% of the label remained in the ether oxygen of the migrating acetoxy
group. On this ground we can conclude that the rearrangement proceeds as a 1,2-shift in this
case. This is, however, in conflict with the observation of Beckwith and Thomasls, who found,
though in a different substrate, a 2,3-shift of an ester group. This difference is not quite
clear to us at present. It may stem from the rigid character of our compound and from strict
anti-disposition of both the leaving Br and the migrating AcO group.

Summarizing, we have observed a Bu35nH mediated radical rearrangement that occurs when
specific structural requirements are met. It may thus mislead the chemist in structure elucida-
tion or in synthetic strategy. On the other hand it might prove synthetically useful, for in-
stance in radical ring closure of olefins where one could plan the rearrangement prior to the
cyclization. Further investigation of the features and scope of the reported rearrangement is

in progress in this Laboratory.
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Scheme 5: a, CHBCUNHBr, HClDa, dioxane, HZU’ r.t. 20 min; b, KHCO}, HZO’ dioxane, MeOH, reflux

5 min; c, HC10, (trace), 20.7% H2180 in H,0, dioxane, T.t. 1 h; d, 65%-HNO;, Ac,O,
CHCly, -20°C, 1 hj e, 48%-HBr, CHCly, 0°C, 10 min; £, CH,COC1, PhiMe, CHEl,, 60°C,

72 h; g, BqunH, AIBN, C6H6’ reflux 30 min.
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