Cycloheptyne—cobalt complexes via allylation of stabilized vy-carbonyl cations
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The Bu,BOTf mediated reaction of stannylsilanes (5 and 9)
with y-methoxy-alkynoate and -alkynone hexacarbonyldi-
cobalt complexes (8), followed by conversion of the organic
carbonyl into an acetate and a BF;-OEt, mediated intra-
molecular reaction, affords cycloheptenyne hexacarbonyldi-
cobalt complexes (13 and 15).

Cyclic akynes are compounds of limited stability.l The
smallest unsubstituted member of the series which can be
isolated under conventional laboratory conditions is cyclooc-
tyne; in the vast mgority of cycloheptynes and smaller
cycloalkynes, the strain of bending the sp hybridized carbon
atoms substantially away from 180° has too great an energetic
cost. Thissituation may be ameliorated by resorting to transition
metal complexes of cycloheptynes, particularly the dicobalt
hexacarbonyl complexes.2Alkyne hexacarbonyldicobalt com-
plexes have bond angles which average ca. 140° at the alkynyl
carbons; the resultant lower angle strain renders the cyclo-
heptyne and cyclohexyne complexes thermally stable.3

In addition to the above reasons, cobalt cycloheptyne
complexes are of interest due to the potential for applying the
rich synthetic utility of cobalt—alkyne complexes*$ to seven
membered ring systems. This potential is largely unexplored,
however, as these systems have been prepared infrequently,?8
and their systematic synthesis and study has escaped report.
Notably, the attempt to prepare systems of thistypevia adouble
Nicholas reaction using alyldimetal equivalent 1 and propa
rgylic ether 2 met with complete failure.®
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During our recent work involving silver mediated reactions
of ~y-chloro-alkynoate and -alkynone hexacarbonyldicobalt
complexes,10 we observed striking effects of the presence of an
additional oxygen based function on the viability of propargyl
alcohol or propargy! ether based Nicholas reactions. Asaresult,
we believed that a stepwise reaction of 1 at the carbon bearing
the chloride, manipulation of the carbonyl into aleaving group,
and intramolecular allylsilane attack would give a cyclohepte-
nyne complex.t Therefore, we tested the reaction of chloride 3
with 1 and AgBF, (0 °C, CHCl.), and to our surprise obtained
a small amount of 4 as the sole condensation product.
Compound 4 most probably results from the preferential 1oss of
the internal trimethylsilyl group from the B-silyl cation
intermediate, and alyldimetal equivalents with different elec-
trofuges were investigated for their reactivity with 3. Stannylsi-
lane 5al! gave more satisfactory results, and allylsilane 6a was
obtained asthe major product, contaminated with vinylsilane 7a
(55%, 6a: 7a = 78: 22). In this case the source of theisomeric
impurity is believed to be Lewis acid mediated alylic
rearrangement of the tin moiety in 5a to give isomeric alyltin
5a’;12 despite this, recovered 5a showed no evidence of 5&'.
Attempts to use systems with more bulky silyl groups gave
improved regiochemical ratios in favour of the alylsilane
product, at the expense of a satisfactory chemical yield.
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Based on the report from Jacobi's laboratory of the
condensation of boron enolates with y-methoxyalkynoate
hexacarbonyldicobalt complexes,13 we found that Bu,BOTf (0O
°C, CH,Cl,) was capable of inducing the condensation between
propargyl ether 8a with 5a to give 6a/7a (84%, 6a: 7a = 78:
22). While regiochemical impurity 7a was till present, the use
of silylstannane 5b14 with 8a was now possible, and alylsilane
6b could be prepared in good yield with only atrace of 7b (63%,
6b:7b = 96: 4; Table1). Application of thisprotocol to phenyl
ketone 8b gave 6¢ as the magjor product, with a more substantial
amount of vinylsilane 7c (73%, 6¢ : 7c = 82 : 18). The methyl
ketone 8c would undergo additional reaction of the alkyl ketone
function in the presence of >1 equivalents of Bu,BOTf, and
optimum results for the formation of 6d were obtained by
inverting the order of reagent addition, and by conducting the
reaction at —60 °C (39%, 77% based on recovered starting
material, 6d : 7d = 92 : 8). Finally, silylstannane 95 reacted
smoothly with 8a to give 10 in good yield (83%).

The carbonyl functionsin 6 and 10 could be converted into a
leaving group by low temperature (—78 °C) reduction with
Bui,AlH, and trapping of the resultant alkoxide with freshly
distilled acetic anhydride a room temperature, affording
acetates 11-12 in excellent yields. In the case of phenyl ketone
6¢, the acylation step was very slow, and the addition of sodium
acetate with catalytic amounts of DMAP was required to give
useful amounts of 11c.

Table 1 Bu,BOTf mediated condensations of allyldimetals 5 and 9 with
8

Substrate Allyldimetal  Product Ratio Yield (%)
8a 5a 6a+ 7a 78:22 84

8a 5b 6b + 7b 96: 4 63

8b 5b 6c + 7C 82:18 73

8c 5b 6d + 7d 92:8 39 (77)2
8a 9 10 — 83

a Based on recovered starting material.
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With the appropriately attached allylsilane and propargylic
acetate functions in place, the ability of the substrates to form
cycloheptyne complexes was investigated. Slow addition of a
CHCI, solution of 11 to a 0 °C CH,Cl, solution of excess
BF3-Et;O (final substrate concentration = 1 mm) rapidly
afforded cycloheptenyne complexes 13, as red-violet oils of
good thermal stability, in excellent yields (Table 2). In the
phenyl and methy! substituted cases 11c and 11d, trace amounts
of fluorocycloheptyne complexes 14b (8%) and 14c (6%),
respectively, were aso isolated. In the case of substrate 12,
cyclization under these conditions afforded methylenecyclo-
heptyne complex 15a contaminated with a minor amount of the
endo double bond isomer 15b (46%, 87 : 13), dong with
desilylated fluorocycloheptyne complex 16 (44%). An alter-
native procedure which employed the slow addition of
BFs-Et,O (5 equiv.) to asolution of 12 (1.5 mm) at 0 °C gave
dlightly enhanced amounts of 15a + 15b (55%, 90 : 10) and a
small amount of 16 (8%).

The results demonstrate the facility with which the Nicholas
reaction chemistry of cobalt stabilized y-carbonyl cations can be
applied to the preparation of cycloheptyne cobalt complexes.
Further work in thisarea, including that on superior alyldimetal
equivalents and one pot, [4 + 3] cycloaddition approachesto the

Table 2 Conversion of condensation products 6 and 10 to cycloheptenynes
complexes 13 and 15

Acetate Cycloheptenyne  Fluorocycloheptyne

Substrate (Yield [99]) (Yield [%]) (Yield [%9])

6a 11a (88) 13a (89) —

6b 11b (90) 13a (87) —

6c 11c (842) 13b (84) 14b (8)

6d 11d (88) 13c (85) 14c (6)

10 12 (90) 15a + b (46) 16 (44)

[87: 13]p

a DMAP (0.2 equiv.) and NaOAc (excess) added during acylation step.
b Numbers in square brackets represent the 15a : b ratio.
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complexes, and the synthetic applications of these compounds
are in progress and will be reported in due course.
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