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Summary

Reaction of pentacarbonylmanganese tetrafluoroborate with veratrole (1,2-di-
methoxybenzene) affords n¢-veratrolemanganese tricarbonyl tetrafluoroborate
in 66% yield. This complex does not react satisfactorily with alkyllithium com-
pounds, but it does undergo highly regioselective reaction with the lithium
enolate of cyclohexanone, ortho to the MeO substituent. The product was con-
verted to 2-(2,3-dimethoxyphenyl)cyclohexanone, thereby giving a novel and
unique method for regioselective functionalization of veratrole. Similarly,
anisolemanganese tricarbonyl tetrafluoroborate, and 4-bromoveratrolemanganese
tricarbonyl tetrafluoroborate were prepared and their reactivity toward the
enolate nucleophile was examined.

Activation of aromatic compounds toward nucleophilic attack represents an
attractive method for the synthesis of polysubstituted derivatives and, ultimately,
might provide useful methodology for the synthesis of natural products. The use
of arene chromium tricarbonyl complexes is now fairly weli established [1], but
these compounds undergo carbon—carbon bond formation only with very reac-
tive nucleophiles, thereby limiting the degree to which deactivating substituents
(OR, NR,, etc.) may be attached to the ring. The corresponding arenemanganese
tricarbonyl cations are much more reactive, leading to a potentially greater range
of nucleophile additions, but have been little studied with regard to their synthet-
ic capability [2]. Recent advances have been accomplished by Sweigart et al. [3]
and these prompt us to disclose preliminary results of our own studies aimed at
the functionalization of veratrole(1,2-dimethoxybenzene) (1) via its tricarbonyl-
manganese derivative 2a.

The sensitivity of 1,2-dimethoxybenzene derivatives to aluminium chloride
precludes [4] the use of the usual conditions (BrMn(CO)s, AICl;, high tempera-
ture) for preparation of their Mn(CO); derivatives, so we devised the following
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alternative procedure, using pentacarbonylmanganese tetrafluoroborate [ 5],
which should also be applicable to a wide range of polysubstituted aromatic com-
pounds. A solution of bromomanganese pentacarbonyl (2.75 g) in dichloro-
methane (300 ml) was stirred vigorously under argon atmosphere and with exclu-
sion of light, whilst silver tetrafluoroborate (2.0 g) was added. Stirring was con-
tinued under reflux for 8.5 h, the precipitate of AgBr removed by filtration, and
the filtrate was concentrated to ca. 150 ml. Veratrole (3.2 g, 2.5 equiv.) was
added and the mixture was stirred at reflux temperature under argon, with exclu-
sion of light, for 3.5 h. The product 2a (2.4 g, 66% based on BrMn(COQ);) was
isolated by evaporation of solvent, and precipitation with ether [6].

The reactivity of complex 2a is somewhat different from that observed for the
simpler arenemanganese tricarbonyl systems previously reported [2]. For ex-
ample, reaction with PhLi or MeLi led only to extensive decomposition with no
detectable formation of alkylated dienylmanganese tricarbonyl complexes.
Considerable amounts of biphenyl were isolated from the reaction with phenyl-
lithium, suggesting that electron transfer processes occur readily.

Treatment of 2a with the lithium enolate 3 (generated from the silyl enol
ether, by treatment with MeLi) in THF at 0°C (30 min) led to the isolation of a
dienylmanganese tricarbonyl complex in 70% yield [6]. The 'H NMR spectrum,
showing unresolved multiplicity of the dienyl proton resonances, indicated the
presence of two diastereoisomers, as expected, but only one regioisomer.
However, it was not possible on this basis to determine unambiguously whether
the structure of the product was 4 or 5. That the correct structure was in fact 4
was shown conclusively by its conversion to the substituted aromatic compound
6 [6] using buffered ceric ammonium nitrate in acetone [7]. The 200 MHz 'H
NMR spectrum of 6 was exactly as anticipated for the substitution pattern
shown [6]. '

The above method of preparation of arenemanganese tricarbonyl cations is ap-
plicable to other substituted derivatives. We have prepared the known [8]
anisolemanganese tricarbonyl tetrafluoroborate 2b, and the previously unpre-
pared 4-bromoveratrole complex 2¢ by this method, although the latter was ob-
tained in somewhat lower yield (42%). The anisole complex underwent reaction
with the cyclohexanone enolate 3 to give only the product 7 of meta addition
{(NMR) which could be converted to the meta-substituted anisole' 8 by the above
procedure (67% overall), but so far we have been unable to isolate character-
isable adducts from similar reactions of 2c. These procedures are therefore most
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useful for complexes not carrying bromo substituents. It should be pointed out
that reaction of (non-cyclic) ketone enolates with the unsubstituted benzene-
manganese tricarbonyl hexafluorophosphate has previously been reported by
Sweigart et al. [3] but we are unaware of any reports of similar reactions of the
more complex alkoxy-substituted derivatives, which are more sensitive to the

usual oxidation conditions.
Whilst it is known that MeO substituents on arenemanganese tricarbonyl! com-
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plexes deactivate ortho and para positions, leading to predominant nucleophilic
attack at the meta position [2], the results described above demonstrate that the
para position is in fact the most deactivated, leading to preferential addition of
enolate nucleophiles at the sterically more hindered 3-position in complex 2a.

An exactly analogous regioselectivity has been reported for the addition of
LiCR,CN (R = H, Me) nucleophiles to veratrolechromium tricarbonyl [9] and
this has been rationalized by correlation with arene LUMO coefficients [10]. We
are not aware of any successful addition of ketone enolates to the chromium deri-
vative, so we believe the more reactive manganese complex may be used in a com-
plementary manner. Future work will be directed at exploring the range of sub-
stituted veratrole and related complexes available using Mn(CO)sBF, and the
types of nucleophile which react with these electronically deactivated systems.
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