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When 4 is dissolved in fluorosulfonic acid, it undergoes
protonation and forms Cos(CO);CCHCHMe,*.1® As the
temperature is lowered, the isopropyl methyl *C reso-
nance, a single peak at § 24.2 at room temperature,
broadens; at —65 °C two peaks of equal intensity are ob-
served at 25.8 and 22.1 ppm. The barrier to site exchange
of the methyl groups can be estimated from the coalescence
temperature (-52 % 2 °C) as AG* = 10.5 £ 0.1 kcal mol™.

These results are consistent with 2 as the most stable
structure, but not with 1 or 3.1 The observed coalescence
corresponds to a process of enantiomerization for which
two diastereomeric transition states, 3b and 3’b, need be
considered. The observed barrier corresponds to the one
lower in energy; this is presumably 3b since in 3’b a bulky
i-Pr group is compressed against the Co(CO); groups. By
the same token, the magnitude of the barrier in 3b should
be similar to that in 3a, since the bulky i-Pr group is now
out of the range of repulsive nonbonded interactions. The
rough agreement between the barriers calculated for 3a
(16 kcal mol™! as an upper limit*) and found for 3b is in
accord with this supposition.

It is appropriate to view Co3(CO)yCCH,* as an elec-
tronically driven bevel gear system in which gearing occurs
by disrotatory correlated rotation about the two axes, via
3a (Figure 1).1? We particularly note the stereochemical
correspondence of this system to 9-benzyltriptycene,'® in
which a twofold rotor (benzyl) and a threefold rotor
(triptycene) undergo an analogous internal rotation. The
major difference between the two systems lies in the cou-
pling mechanism, since the forces governing the internal
motions in 9-benzyltriptycene are nonbonded interactions.

The transition-metal-stabilized cations Cog(CO);CCHR*
are thus not true three-coordinate carbenium ions but are
stabilized by direct interaction between the cationic carbon
and the metal framework. A similar conclusion, suggested
by similar use of isopropyl diastereotopism as a chirality
probe, has already been reached for the other principal
class of transition-metal-stabilized carbocations, the fer-
rocenyl derivatives FcCCHR™,! and has been confirmed by
X-ray structure determinations.!®
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Summary: Treatment of 7-trimethylsilyl-substituted bicy-
clo[4.1.0] carbinols with electrophiles leads to ring ex-
pansion into an cycloheptenylallylsilane, which can un-
dergo further transformations into substituted cyclo-
heptene derivatives.

The general formulation shown depicts a complicated
overall transformation involving one carbon ring expansion
of a cyclic enone, combined with the introduction of an
electrophile and nucleophile in a 1,4 relationship to one

another.
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Here we describe a short and flexible way of carrying
out this transformation for the cyclohexenone to cyclo-
heptene system, that utilizes the combined chemistry of
silyleyclopropanes,! cyclopropylcarbinyl rearrangements,?
and allylsilane electrophilic substitution.® It was envi-
sioned that a (silyleyclopropyl)carbinol, 1, would readily
rearrange under electrophilic conditions via la to give 1b,
where the carbenium ion is now situated 8 to the tri-
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methylsilyl group. It should be noted that whether the
trimethylsilyl group is exo or endo'? the stereoelectronic
requirements of the conversion of la into 1b does not
initially place the newly developing sp? orbital in the same
plane as the C-Si bond; and, therefore, the carbenium ion
1b should not experience the same degree of stabilization
as a colinear arrangement of the sp? orbital and the C-Si
bond. If the 8 carbenium ion 1b had a colinear arrange-
ment with the C-Si bond, it would be expected that the
trimethylsilyl group would be lost to give a diene, lc. As
we shall see, this is not the case, and 1b is intercepted by
nucleophiles to give 1d, an allylsilane. Allylsilanes of the
type 1d can undergo electrophilic substitution with a
concomitant double-bond shift to give le.

Reduction of 2 (ca. 9:1 exo/endo)! with sodium boro-

Q OH
Ha,

SiMesz

iy H

(/
"y ””’H

hydride in methanol gave the alcohol 2a as a mixture of
cis and transisomers (8:3); the cis-exo!'? epimer slowly
crystallized from this mixture, mp 42-44 °C.® Treatment
of pure 3, or the cis/trans-exo/endo mixture with acetic
acid containing perchloric acid (ca. 5%) at 20°Cfor 1 h
gave the allylsilane 4 as a mixture of epimers (3:2). Further
exposure (2 h) of 4 to the above reagents gave cyclo-
heptenyl acetate 5 in good yield.? It should be noted that
the ratio of cis and trans epimers 4 does not vary with the
composition of 3. At first sight this seems to be a curious

(5) Cope, A. C.; Liss, T. A.; Wood, G. W. J. Am. Chem. Soc. 19587, 79,
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(6) 3. p-nitrobenzoate, mp 122 °C. Anal. Calcd for C;yH30,NSi: C,
61.23; H, 6.95; N, 4.20. Found: C, 61.43; H, 7.08; N, 4.44 (94% yield).
4: u(max) 1735, 1230, 1040, 830 cm“; NMR 5 5.6 (1 H, m), 5.0 (2 H, m),
1.97 and 1.91 (3 H, two singlets for epimers), 2.30-1.1 (7 H, m), 0.19 and
0.08 (9 H, two singlets) (74% yield). 7: »(max) 1660 cm™; A(max) 288
nm; NMR 4 6.77 (1 H, d, J = 8 Hz), 6.30-5.7 (2 H, m), 2.5 (4 H, m), 2.29
(3 H,s), 1.87 (2H, m) (80% yield). 8: NMR 45.7 (2 H, m), 5.37 (1 H,
m), 4.36 (1 H, m), 2.00 (3 H, s), 2.2-1.7 (6 H, b s), 6.9 (1 H, exchanged
by D;0) (60% yield). 9: v(max) 1730, 1670 em™; NMR 4 6.31 (1 H, dd,
J =12 Hz and 3 Hz), 5.84 (1 H, dd, J = 12 Hz and 2 Hz), 5.45 (1 H, m),
2.50 (2 H, t,J = 6 Hz), 2.00 (3 H, ), 2.20-1.70 (4 H, m); 1*C NMR 202.20,
169.29, 144.13, 131.45, 72.08, 42.90, 31.74, 21.0, 18.15 ppm (80% yield).
11: NMR §5.21 (1 H, d, J = 4.5 Hz), 4.93 (1 H, m), 1.45-2.15 (7 H, m),
1.92 (3 H, 8), 0.00 (9 H, 8) (70% yield). 14: NMR 6§ 5.8-5.6 (2 H, m), 4.4
(1H,m),4.0(1 H,bs), 1.95 (3 H, s), 2.4-1.5 (6 H, b m) (54% yield). 15:
NMR 6 3.28 (J = 3.5 Hz), 7a, 3.10 (J = 3.5 Hz). (90% yield). 16: NMR
$1.2-2.7 (9 H, m), 0.67 (2 H, d, J = 5 Hz), 0.01 (9 H, s) (84% yield). All
new compounds gave satisfactory MS and/or microanalytical data.

Organometallics, Vol. 1, No. 3, 1982 563

result since it would appear to imply that the carbenium
ion 1b is trapped by the acetic acid in a totally nonster-
eoselective manner. Furthermore 1b, if formed, can rapidly
undergo conformational inversion to bring the §-carbenium
ion into the same plane as the C-Si bond and eliminate
“Me,Si,” to give le. No cyclohepta-1,3-diene was formed.
This would indicate that 4 is formed by concerted attack
of AcOH on 3, which should give clean stereochemical
results. In other words, cis-exo-3 should yield trans-4. If
3 (exo/endo ratio of the Me;Si group, 7:1) is exposed to
BF;0Et; at 0 °C and the resulting product oxidized
(PCC), the ketone 2is recovered (84%), but, as a mixture
of exo/endo-trimethylsilyl epimers in the ratio of 1:1. The
formation of 4 as a 3:2 cis/trans mixture is a result of
epimerization at the trimethylsilyl group and not the

acetoxy group.t
SiMe; é 5

SiM63 MG3S

T ity

H SiMesz Me;Sn H
N\,
—
H H
trans AcO

cis
When 3 was treated with acetic anhydride/acetic acid
containing perchloric acid (0 °C, 0.5 h), the initially formed
allylsilane 4 was acetylated under these mild conditions

to give 6 which readily ehmmated acetic acid to give the
dienone 7 (A(max) 288, v(max) 1660, 1595 cm™). The

--§-8

intermediate 6 is readily observable (v(max) 1755 and 1735
cm™1). The structure of 7, and of course, ultimately, the
diagnostic proof of this ring expansion, was demonstrated
by hydrogenation (H,/Pd/C) of 7 to give acetylcyclo-
heptane.’

Treatment of 3, in acetic acid with peracetic acid (40%

HO 0
DAc OAc

v/v) at 20 °C for 7.5 h, gave a clean conversion into 8
(v(max) 3400 and 1730 cm™) as a 3:2 mixture of epimers.
Oxidation of 8 with pyridinium chlorochromate gave v-
acetoxycycloheptenone 9, reinstating the carbonyl group
in its original position.

(7) Comparison with an authentic sample of acetylcycloheptane, pre-
pared from cycloheptanone and Me;SiCMeLiCl, followed by acid hy-
drolysis, confirmed its identity. Cooke, F.; Magnus, P.; J. Chem. Soc.,
Chem. Commun. 1977, 513.
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Treatment of 2 with methyllithium in ether at 0 °C gave
the tertiary carbinol 10, which when exposed to BF;

2z gOH
%
g SiMey
,I,/'H SiMey
10

Ac

A\
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1

LS
SiMey
+
(E%SiMes . @/
s +
12

OEt;/AcOH/CH,CI, at —40 °C for 15 min, was cleanly
converted into the allylsilane 11. In this particular case
there was no scrambling of stereochemistry, presumably
because the tertiary carbenium ion 12 has nothing to gain
in stabilization by entering into cyclopropane migration
in the way that 3 does.*

The allylsilane 4, on treatment with diphenylseleninic
anhydride® in dichloromethane at 20 °C containing a
catalytic amount of BF;OEt,, gave the a-acetoxyalcohol
14 (3:2 cis/trans), via a [2.3] sigmatropic rearrangement
of the intermediate 13.

13
(PhSe)a
Q\OH+
OAc
i4

To demonstrate that the cyclopropylcarbinyl system is
necessary to ring expansion and the —-SiMe; group cannot
direct this alone, we treated the ketone 2 with tri-

0 0
MezSi-1 H—Sn~2-Bu3z
2 o SiMes " SiMes
-20°C
5 16
15, X =1 I
15a, X = Br c 5
15b, X = Cl o

“+ {Me3SiCH,)pCuli

methylsilyl iodide in acetonitrile® at 20 °C for 1.5 h. The
iodide 15 was the only product formed.!® Its structure was
demonstrated by removal of the iodine atom with tri-n-
butyltin hydride to give 16. An authentic sample of 16 was
prepared from cyclohexenone and the cuprate

(8) Barton, D. H. R,; Ley, S. V.; Magnus, P.; Rosenfeld, M. N. J. Chem.
Soc., Perkin Trans. 1 1977, 567.
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1979, 61.
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(Me;SiCH,),CuLi.!! Similarly the ketone 2 gave the ad-
ducts 15a and 15b, respectively, on treatment with HBr
and HCL

The ring expansion-functionalization sequences (e.g.,
3 —9), where no stereochemistry evolves, provide a new
method of converting cyclohexenone into y-acetoxycyclo-
heptenone. We anticipate that the conversion of the
tertiary carbinol 10, with control of stereochemistry into
11, will have synthetic promise in the construction of
seven-membered rings with substitutents in fixed relative
stereochemistry.
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Summary: A new m-arene complex, (n®-toluene)NKSICl;),
(1), was prepared by three methods: the reaction of (1)
Ni vapor + CI3SiSICl; + toluene, (2) Ni vapor + HSICl; +
toluene, and (3) Ni(COD), + HSICl, + toluene. Complex
1 possesses a very labile w-toluene ligand which can be
exchanged with CgDg at room temperature.

For several years we have been investigating the
syntheses and chemistry of w-arene complexes of Co(II)
and Ni(II).1b2

CeF
M + CgFgBr + arene —= @M< ¢Sy MBr,
Cef's

These complexes are rare and Ligand for two reasons: (1)
they are unique structures® and, until now, only stable
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