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IRON-MEDIATED AROMATIC ALLYLATION
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Abstract. Electron rich aromatic and heteroaromatic compounds react with
(n3-allyl)Fe(CO),BF, to produce allylated aromatics in moderate to good yields.
Unsymmetrically substituted allyl complexes afford the corresponding butenyl-,
1,1~dimethylallyl~, cinnamyl-, and geranyl-derivatives with moderate to excellent
regioselectivity and complete stereoselectivity.

The widespread natural occurrence of allyl and isoprenyl aromatic compounds' has pro-
moted the long standing interest in synthetic methods for introduction of these side chains
onto the aromatic nucleus. The classical methods of Friedel-Crafts alkylation? and Claisen
rearrangement, ® and the available organometallic couplings (M=Mg,* Ni,® 5i°) variocusly
suffer from limited chemo-, regio-, and stereo-selectivity with respect to both the
aromatic, and, especially, the allyl components. Prompted by prior reports of the attack of
(n*-allyl)Fe(CO),* species by various heteroatomic nucleophiles and stabilized enolates, 8¢
we have examined the reactivity of these complexes towards aromatics in an effort to
overcome the above limitations of aryl/allyl coupling. Herein we report that such reactions
provide a convenient method for aromatic allylation, with moderate to excellent regio- and
stereocontrol.

Whereas nitromethane solutions of the cations 1a-e under 1 atm CO were unreactive
at 20°C towards mildly activated aromatics such as anisole, phenol, p-hydroquinone, and
2-methyl-1,U4~-dimethoxynaphthalene, more electron rich substrates including N,N-dimethyl-
aniline, pyrrole, 1,3-C¢H,(0Me),, 1,2,4~C¢H,(OMe),, 1,3,5-C¢H,(OMe),, furan and 2-methylin-
dole underwent ready reaction as determined by IR and GC monitoring (eq. 1).

R
2 Co R, _Ar
7N _ Ar ?
\
Ar-H + /h/ CH3NOZ \/\( > X\ (1)

R
Fe(C0)3BF3 R, Ry R
1_a: Rl = R2 = H
1b: Ry = H; Rp = Me
Ic: Ry = Me; R = H
1d: Ry = H; Rp = Ph
le: R = R2 = Me

Upon reaction completion, the mixture was diluted with ether and washed with brine. The
organic phase was treated with iodine, washed with aqueous thiosulfate, dried, and the pro-
ducts were isolated by distillation, flash chromatography on silica gel, or preparative GC
(to separate isomers). Structures were established on the basis of combined IR, 'H MR (300
MHz) and mass spectral data; new compounds gave satisfactory elemental analyses or high

resolution mass spectra. Results are summarized in the Table.
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In all cases examined the observed aromatic regioselectivity is that expected based on
attack by the allyl complexes at the site of greatest combined electrophilicity/
accessibility. In several instances, especially with the parent complex
la, 1:1 substrate/complex reactant ratios afforded small amounts of dialkylated products
(ca. 10%) which could be almost entirely suppressed when 1 was added slowly to a modest
excess of the substrate.

The regio- and stereoselectivity of coupling with respect to the allyl fragment was
probed using the substituted allyl complexes 1b-e. These were conveniently prepared by
in situ protonation of the corresponding (n?-allyl alcohol)Fe(CQ), species.® The syn- and
anti-(n®-methallyl)Fe(C0),* complexes, 1b and lc, reacted with 1,2,4-trimethoxy-
benzene (1,2,4-TMB) with moderate selectivity for attack at the less-substituted allyl ter-
minus but with essentially complete stereoselective retention of the allyl fragment's geome-
try, consistent with our recent observations involving reactions of 1b,c with stabilized
enolates.”’@ On the other hand, the syn-cinnamyl derivative 1d and 1,2,4~TMB combined
regio- and stereospecifically (attack at less-substituted terminus and retention of allyl
geometry) affording violastyrene methyl ether as the only detectable product. The 3,3-di-~
methylallyl chain, so prevalent in naturally occurring aromatic compounds, was specifically
introduced inte 1,3,5-TMB and methylindole using complex le under the standard condi-
tions. These findings are particularly significant in light of the inefficacy of the
Friedel-Crafts and Claisen approaches to this unit.?2,?

An initial assessment of the prospects for introduction of polyisoprenyl side chains
using this method also was very encouraging. Although linalool (2) formed an unstable, dif-
ficult to isolate n*-Fe(CO),* derivative under typical conditions,® generation of the neu-
tral (n*-linalool)Fe(C0), complex (Et,0, 1 atm CO, 25°C, 8 h) followed by its dissolution in
CH;NO, and addition of 1,3,5-TMB (0.6 equiv) and HBF,/Ac,0 (1 equiv) led to the completely
stereoselective formation of 1-geranyl-2,4,6-C,H,(OMe),® in 63% yield along with a small
amount (ca 10%) of an unidentified, apparently isomeric product (eq. 2).

OMe

/ Fez(C0)g/CO 1,3,5-TMB

Y EtZO HBF4/AC20 (2)

IS

OMe OMe

This intriguing result, which presumably proceeds via a transient (n®-geranyl)Fe(CO),* com-
plex, should be contrasted with coupling reactions of the corresponding (n’-allyl)Ni-
species® which give E,Z isomer mixtures.

Efforts are underway to further establish the scope of these coupling reactions and to

illustrate their utility in the synthesis of naturally occurring polyisoprencid derivatives.
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Table. Aromatic Allylation with (n3-AHy1)Fe(c0)4sF4, la-e?

Substrate/ b
Complex Substrate Complex Time (hr) Products Yield (%)

MeO OMe Me0
o \\I::::]::,/<§> ¥

la

8 g

MeO
1:1 20 87
MeO
MeO OMe
\©/ 1.5:1 4 .-¢
Otte 1:1 4 "4 10% d1a11y1ated 79
ﬁ N
1:1 24 w4117 3,5 and 1,3- 81
diallylated
7\ ~25:1 2 m -
0 0
Me QOMe
1b 0:©/ 1:1 24 ArW 4+ Arl 68
MO (3:1)é\\r/<§§
/AT
: 20 a0 + \r\ 61
lc 1:1 Ar (4:1)e
' e
1d 1:1 24 NG NG 60
MeO OMe
le Ar' Are
= \©/ 1:1.5 4 . 51
(>50:1)
OMe
Ar! Ar'
@- 1:1.2 24 r\/\(+ 7<§ 73
N
H (>50:1)f

3Reactions run at 25°C 1n CH3N0g unless noted otherwise; bnon-optimized, isolated yield;
y1e1d not determined; T 0°C; “<5% stereoisomer detected by GC; fca. 10% dialkylation.
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