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ABSTRACT

Chelation-controlled arylation of olefins with organozinc or Grignard reagents proceeds in the presence of an iron catalyst, under mild conditions
and typically without the need of external ligands, to afford substituted olefins in high yield and with complete regio- and stereocontrol.

The cross-coupling of olefins with organometallic reagents
has recently emerged1 as an attractive alternative to the
Mizoroki-Heck reaction2 to selectively construct polysub-
stituted olefins, compounds of interest for bioactive molecules
and materials science. The catalyst of choice utilized so far
for this “oxidative Heck” reaction was a late transition metal
such as palladium or rhodium.1 Iron is attracting much
attention recently,3 but its application for the Heck-type
coupling of olefins has been largely neglected.4 We report
herein the iron-catalyzed arylation of olefins with organozinc

and Grignard reagents, where we achieved complete regio- and
stereoselectivity by designing the reaction to proceed through
a putative ferracycle intermediate (such as A in eq 1).

On the basis of our previous work on pyridine- and imine-
directed C-H bond activation,5 we assumed that formation
of a ferracycle such as A would facilitate addition of a phenyl
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iron species6,7 to 2-pyridyldimethylvinylsilane (1),8,9 and
following �-hydride elimination would afford a phenylated
olefin 2 (eq 1). The reaction of 1 with diphenylzinc generated
in situ from phenylmagnesium bromide and ZnCl2·TMEDA
(TMEDA ) N,N,N′,N′-tetramethylethylenediamine)10 in the
presence of a catalytic amount of Fe(III) salt11 afforded 2
as a single regio- and stereoisomer in moderate yield, together
with reduced starting material 3, and a trace amount of the
reduction product of 2 (eq 1 and Table 1, entry 1). By

comparison, substrates without a directing group (e.g., 1-octene,
styrene, dimethylphenylvinylsilane), substrates possessing an
oxygen-directing group (e.g., vinyl acetate), or substrates
possessing a pyridine group unsuitable for forming a ferracycle
(e.g., 2-vinylpyridine) did not react at all.

We assumed that the reduced byproduct 3 was formed
from the reduction of 1 with an iron hydride species

generated via �-hydride elimination of A, and hence we
investigated several oxidants to suppress the formation of 3
(Table 1). 1,2-Dichloroisobutane, a compound we previously
used to oxidize iron intermediate species,5a,b was not effective
in this case (entry 2), nor was its linear congener, 1,2-
dichloroethane (entry 3). The use of 1,2-dibromoethane
significantly suppressed the reduction of 1 (entry 4), and
1-bromo-2-chloroethane was found to be an optimal oxidant
(entry 5), allowing the formation of 2 in 92% NMR yield,
when the reaction was performed at room temperature for
20 h (entry 6). Molecular oxygen could also be utilized, but
it was less efficient (entry 7). Acetophenone also largely
suppressed the reduction (entry 8).

With the optimized conditions in hand, we investigated
the scope and limitations of the present reaction (Table 2).

Grignard reagents could also be utilized, albeit the yield was
lower (entry 2). Both electron-rich (entries 3, 4, and 7) and
electron-deficient (entries 8 and 9) organozinc reagents
reacted with good yields, whereas sterically demanding
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Table 1. Screening of Oxidants To Suppress the Formation of
the Reduced Byproduct 3a

a Reaction of 1 (0.5 mmol) with Ph2Zn generated from ZnCl2·TMEDA
(3.0 equiv) and PhMgBr (6.0 equiv), in the presence of Fe(acac)3 (10 mol
%), oxidant (1.5-2.0 equiv) in THF at 0 °C for 3 h. b 1H NMR yield.
Isolated yield in parentheses. c Reaction performed at room temperature
for 20 h.

Table 2. Iron-Catalyzed Directed Oxidative Arylation of Olefins
with Organozinc and Grignard Reagentsa

a Reaction conditions: starting material, Ar2Zn or PhMgBr (4.0 equiv),
Fe(acac)3 (10 mol %), 1-bromo-2-chloroethane (2.0 equiv) in THF at rt.
b The product was obtained as a single regio- and stereoisomer. c Isolated
yield. d 1,2-Dichloroisobutane was used as an oxidant. e PPh3 (20 mol %)
was used as a ligand.
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reagents gave lower yields (entry 6). It should be noted that
the reaction proceeded with complete regio- and stereose-
lectivity, and in all cases, the product was obtained as a single
trans isomer. Diarylated compounds were not observed in
any cases, even when excess organometallic reagent was
used.12 The obtained compounds can be utilized as a versatile
platform for further functionalization.13

8-Vinylquinoline also reacted smoothly to give the cor-
responding phenylated product in excellent yield and with
complete selectivity, and in this case the Grignard reagent
was higher yielding than the corresponding zinc reagent
(entries 10 and 11). It should be noted that a product resulting
from the addition of the Grignard reagent to quinoline in a
1,2-fashion14 was not observed. Quinolines are a ubiquitous
motif for natural products and bioactive compounds, such
as antimalarial drugs.15

In conclusion, we have developed an iron-catalyzed,
chelation-controlled reaction of olefins with organozinc and
Grignard reagents. This reaction proceeds with catalytic
amounts of iron salt, typically without the need for expensive
ligands, and affords a variety of olefin derivatives with
perfect control of regio- and stereoselectivity. To the best
of our knowledge, this is the first application of iron catalysis
for an oxidative Heck-type reaction, which allows the use
of organozinc reagents and Grignard reagents as a nucleo-
philic partner.
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