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Regioselective Opening of a Cyclopropane Ring by Mercury(ll) and
Transmetalation of the Product with Molybdenum.
A Novel, Sterecelectronicelly Controlled, Skeletal Rearrangement
and Grob-Type Fragmentation of Organomolybdenum Intermediates!

Ji¥i Srogl and Pavel Kotovsky *

Department of Chemistry, University of Leicester, Leicester LE]1 7RH, England

Abstract: urial 2, arising by a regioselective ring-opening of cyclopropane derivative 1, can
be transmetalated with Mo-reagents to initially generate complexes 3 and 7. While 3 reacts further via a
stereoclectronically controlled cascade rearrangement to afford 6, complex 7 favors a Grob-type
fragmentation leading to 9.

Stereoselective cyclopropanation followed by ring-opening is an interesting strategy for
building up contiguous chiral centers.2 We have recently described a stereoelectronically controlled
cleavage of 3a,5-cyclo-5a-cholestan-6a-0l (1) by mercury(Il) that afforded the rearranged
organomercurial 2 (97%) as a stable compound (Scheme I).36 We have also shown that transmetalation
of 2 with Li, Cu, or Pd can be employed to synthesize various products and that the reactivity of the
intermediate organometallics can be further controlled by added ligands.> Herein, we report on the
transmetalation of 2 with molybdenum in two different forms.

Scheme 1
1. Hg(N03)2.H2°
DME, MeCN
rt,15h MoClg
_ —_—
o Et,0
. 2. KBr, H,0 S 2
ngy_/ \ 49 . BrHg 0 rt.2h rl
‘ (97%) , Ci,Mo
1 2 ' 3
C
cl - O=MoCly or- _ (
(78%) 20
6 CigMo
L 4

5991 ¢



5992

Reaction of 2 with MoCls afforded cholesteryl chloride (6),’ formation of which can be
rationalized as follows (Scheme I). Transmetalation of 2 presumably generated molybdenum species 3
(with extrusion of HgBrCl), in which the highly oxophilic Mo can interact with the carbonyl oxygen.
This interaction triggered off a. stereoelectronieally controlled Wagner-Meerwein migration to generate
the clectron-defficiency at Cis) (4) which was:then saturated by forming a bond to Cyyy (4 — 5).8 The
resulting cyclopropyl intermediate § subsequently collapsed to cholesteryl chloride (6) via the well
known® "iso-steroid” rearrangement.!%!! The whole reaction sequence is apparently controlled by the
combination of high oxophilicity!2 of Mo in 3 with stereoelectronic effects.

Another molybdenum reagent, whose reactivity has been explored, was generated in sit,
using a known procedure (eq. 1):13

Me,N'Br- + Mo(CO)g + Br, ——  MeN'IMO(COBrd~ + 200  (eq.1)

Using this complex, transmetalation of 2 was accomplishéd again, but the resulting organomolybdenum
intermediate 7 displayed a completely different behavior compared to 3. Due to the negative charge on
molybdenum, the interaction with the aldehyde oxygen is now precluded so that 7 is compelled to react
differently: in this case, the molecular structure favors a novel, stereoelectronically controlled Grob-type
fragmentation which eventually gave rise to the olefinic aldehyde 915 (via the enolate 8).
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In conclusion, we have shown, for the first time, that organomercurials, such as 2 (which in
turn are synthesized by a ring-opening of cyclopropane!6), can be readily transmetalated with various
molybdenum reagents. Depending on the nature of the reagent, namely on the oxidation state of Mo, the
subsequent reactions of the organomolybdenum intermediates can be directed towards different products.
Thus, while MoCls readily converted the substituted [3.3.0]bicyclooctane system into a [4.4.0] skeleton
(2 — 3 —6), the [MoL,]" anion effected a fragmentation reaction (2 — 7 — 9). It is pertinent to note,
however, the difference between the classical Grob reaction and our Mo-mediated fragmentation:
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according to the Grob protocol, TsO" typically serves as a leaving group and. the negative species (e.g.
O) forms a double bond (eq. 2). By contrast, our Mo-complex suffers a different series. of events: the
negative charge on molybdenum is transduced to the enolate, while Mo leaves as a ncutral species (eg.
3). Moreover, whereas the classical Grob fragmentation requires a three-carbon unit with the reacting
substituents at 1,3-positions, our fragmentation occurred on a 1,4-disubstituted, four-carbon framework. !
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It appears that all these novel transformations (Schemes I and II) are subject to a stringent
stereoelectronic control. The unique feature of this chemistry is that the reactivity of the organometallic
intermediates can be tuned by a delicate balance of the oxidation sate of the metals involved and the
ligands attached. Although the experiments were confined to the steroidal skeleton, we believe that our
findings are of general nature and may be used for synthetic purposes, particularly in view of a number of
methods for preparation of organomercurials. !¢
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