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Abstract: The regioselective formation and alkylation of tricarbonyl(ns-2~arylcyclo—
hexadienyl)iron(1+}) salts provides a new, controlled route to intermediates for the
preparation of 5-substituted 2-arylcyclchexadienes, The best regiocontrol was obtained
when an electron donating group was placed on the arene substituent,

Reglocontrolled alkylation reactions are required for the efficient use of un-
symmetrically substituted w-complexes as intermediates in organiec synthesis. In the
design of synthetic applications, the analysis of established patterns of regiocontrol 1is
an essential step in the planning process.2 There has been extensive examination of the
tricarbonyliron series of w-complexes, through the development of synthetic routes
employing 1—002Me3 and 2-0Meu groups to direct nucleophiles to the far end of the dienyl
n-system, Similar control effects have heen identified® in other metal w-complexes,

Future synthetic work employing these control groups is thus on a firm footing.
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For phenyl directing groups in cationic tricarbonyl(n5-cyclohexadieny1)1ron(1+)
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Ph FelCO)

complexes such as (1) and (2), the directing effects have not previously been examined,
despite the fact that successful alkylation would lead to products with phenyl substi-
tuted cyclohexadienes containing chiral centres at the site of nucleophile addition.
Since aryl substitution in multiply substituted six-membered rings is a common elemént
within the structures of natural products, successful alkylation, controlled by planar
chirality,2 offers a new approach to the enantioselective synthesis of such substances,
Although phenyl substituted complexes (1), (2), and (3) have been prepared previously,6
the synthetic methods used were low ylelding and formed mixtures of regioisomers, The
alkylation of the dienyl cations has not been reported, ‘
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This paper describes a both new and general route for the regiocontrolled prep-
araticn of 2-aryl substituted cyclohexadienyl complexes, and an investigation of the
regiodirecting effects of aryl substituents bearing electron withdrawing and electron
donating groups. Our findings demonstrate that the introduction of a methoxy group onto
the phenyl substituent can lead to a completely regiocontrolled alkylation, which, in

common with other reactions of this type, also proceeds with complete stereocontrol,

Preparation of 2-arjlcyclohexadie91; complexes

Acid catalysed demethoxylation7 has found general use for regiocontrolled access
to tricarbonyl(n5—cyclohexad1enyl)1ron(1+) salts., In view of the accessibility8 of
5-phenyl substituted neutral complexes éuch as (53)9 and (5b),9 we have examined thelr
conversion into (6a,b) by reaction in TFA, In common with other examples,7 the process
exhibited complete regiocontrol, a terminus of the dienyl moilety of the product arising
at the site of OMe substitution in (5). The reaction has provided the first preparation
of (ba) (79% overall yield) free from regioisomers and proved convenient for the
formation of the substituted derivatives!'C (6b) and (6c) required for our regiocontrol.
studies. The CF3*56H4” substituent was introduced by addition of the diarylzinec reagent
to the cationic dienyl complex (4). The product (5e) could be isolated in 94% yield by
chromatography. Generally in the formation of (6a,b,c), crude alkylation products do not
require purification before conversion to the salts, since by-products from the alkyl-
ation step (aryls and biphenyls) can easily be removed from the final product by washing
with ether, 1In this way (6e¢) was obtained in 73% overall yield based on (4).

X X
x—@—/z" O 1) TFA
2 —_—

oMe —_— 2) NH4PF6
. OMe
FelCO), FelCO), Eelco),
(&) {(5) a: X = H {6) a: 79%
b: X = OMe b: 77%
¢ X =cF3 c: 3%
Alkylation of 2-aryleyclohexadienyl complexes {overall yields)

Alkylation of tricarbonyl(n5-2—phenylcyclohexa—1,3—dieny1)1ron(1+) PF6(1—) (6a)
was examined first. Hydride addition from sodium borohydride produced, in 99% yield, an
85:15 mixture of the known compounds {(7a) and (aa),6 indicating a substantial preference
for reaction at the terminus remote from the phenyl substitution, Similar product ratios

were obtained for the addition of cyanide and malonate anions. Addition of a further
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phenyl group from lithium diphenylecuprate, a reaction performed at lower temperature,
proceeded with marginally better regiccontrol. In all four cases, essentlally similar

results were obtained.
The influence of electron withdrawing (CF3) and electron donating (OMe) substit-

uents on the arene ring was then examined to explore the relationship between electronic

effects and regiocontrol of alkylation.

X X
w, 2
—_—

+
FelCOly FeiCOl, Fe(CO),
(6) {7) {8)
Nu=H Nu=CN Nu =CH(COzEf}, Nu=Ph
X=H a d f i
X = OMe b e g ]
SCHEME X = CFy _ h

0f all the cases (see Table), F3C06Hu substitution in (6¢) proved least effective in
promoting regiocontrol, producing, for example, an B80:20 mixture of (7e) and (8e).
Addition of malonate to the Meocéﬂu substituted complex (6b), on the other hand, ﬁaa
completely selective, forming only the S5-substituted adduct (7g) in 80% yield.

TABLE: Ratic of products from nucleophile additions*

H OMe CF3

(Expt.) (a) (d) () (1) (b) (e) (8) (J) (c) (h)
(see Scheme)

Ratic
(7):(8) 85:15 85:15 85:15 90:10 86:14  88:14 100:0 95:5 80:20 89:11

(Yield) {922) (92%) (78%) (83%) (99%) (80%) (80%) (80%) | (97%) (78%)

* Regioisomer ratios reported in the Table were measured from integration of 1H
n.m.r, spectra recorded at 400 MHz. Inh these measurements, care was taken to avoid
separation of products before examination by NMR (see Ref.10).
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Conclusions

For 2-aryl substitution, the overall picture is a pronounced preference for
alkylation at C~5. When transmitted through the arene ring, the influence of regio-
directing control'groups is attenuated, but OMe substitution still favours C-5, as it
does in complex (4) itself. 1In synthetic applications where regiocontrol is required,
methoxy substitution on the aryl group is appropriate, By the use of well controlled11
nucleophiles such as malonate, completely regiocontrolled alkylation can be achieved.

Alkoxy and methylenedioxy substitution 1is ‘common on arene rings in natural pfod-
ucts. Our demonstration of an efficient means of access to intermediate complexes, and
the éstablishment of the compatibility of electron-donating substituents on the arene
with complete regiocontrol in alkylation reactions, indicates the suitability of the
methods reported here for further development for use in natural product synthesis,
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