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ABSTRACT
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The cobalt-catalyzed coupling reaction of aromatic halides and allylic acetates proceeds readily under mild conditions in the presence of the
appropriate reducing agent to produce allylaromatic derivatives either in pure acetonitrile (aryl bromides) or in an acetonitrile/pyridine mixture

(aryl chlorides).

Many natural products exhibit allylbenzene and propenyl-
benzene skeletordsSubstitution reactions of allylic halides

less reactive than allylic halides, can be coupled with aryl
bromides by palladium catalysis either directly in the

with various aromatic organometallic reagents have provided presence of hexa-butylditin® or from allylic stannanes.
an important route for the synthesis of these compounds.More recently, a variety of arylboronic acids were found to
Indeed, aromatic Grignard reagents have received muchbe efficient in cross-coupling also with allylic acet&tesder

attention, but their useprecludes the presence of most

neutral conditions using the palladium catalyst. However,

reactive functional groups on the aromatic nuclei such as this catalyst remains expensive.
aldehydes, esters, ketones, or nitriles except in the case of Among the nhumerous topics developed in our laboratory,

low-temperature iodinemagnesium exchange reaction.

the synthesis of arylallyl compounds is of current interest.

Alternatively, arylzinc compounds are convenient reagents In the past few years, these compounds have been success-
due to their high functional group tolerance and their good fully synthesized from aryl halides under mild conditions

reactivity toward allylic halides in the presence of the soluble
salt CUCN2LICI to activate the arylziné.Similarly, aryl-
palladium species prepared in situ from arylmercuric and
Pd(ll) salts react with allylic halides to produce allylaromatic
compound3in moderate yields. Allylic acetates, which are
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by two electrochemical procedures. The first one was based
on the catalytic activity of a nickel complex in DMF as a
solvent and allowed the electrochemical allylation of aryl
halides? More recently, we have developed a simpler
catalytic system involving CoXin DMF or acetonitrile
associated to pyridin®¥. The use of cobalt allowed us to
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achieve the arylation of allylic acetates from aryl halides by || NG
introducing all the allylic substrate in the cell at the beginning  scheme 3. Aryl Chioride Allylation by Allyl Acetate with
of the reaction (unlike the electrochemical process using a Co—Fe—Mn

nickel complex as a catalyst) and to use a less toxic catalyst MeCN/pyridine (20/2)

FG

(Scheme 1) @CI _~_Ohc CoBr, 2 mmol
| + - T .

FG Mn 50 mmol

Scheme 1. Arylation of Allylic Acetate Catalyzed by CoBr
by the Electrochemical Method

FeBr, 5 mmol
50°C

5 mmol 10 mmol

DM“S;’:‘ZS}’V’:;/ Y (0.16 g, 1.5 mmol). The reaction medium was activated by
ArX CoBr, cat A adding acetic acid (0.024 g,4 19‘4 mmol) and stirred for
or A Tronareae or 30 min at room temperature until bromobenzene was totally
HetArX ron anode
eAr Stainiess steel grid cathode 2~ AT consumed. Allyl acetate (3.03 g, 30 mmol) a_lnd ethyl
X< Br. Ol 50°C, 1=0.2 A 4-bromobenzoate (2.427 g, 15 mmol) were then introduced

into the solution. After being stirred fo3 h at room
temperature, the reaction mixture was poured into a solution
of 2 M HCI (40 mL) and extracted with diethyl ether (3

These electrochemical methods favorably compare with 40 ML). The combined extracts were dried over MgSO
known chemical processes. However, all the electrochemicalEvaporation of ether and purification by column chroma-
reactions are generally considered more difficult to handle tography on silica gel (pentane/ether, 99/1) afforded 1.852
than conventional chemical methods. As a result, electro- 9 (65%) of 4-(2-propenyl)ethyl benzoate as a colorless oil.
chemical syntheses are poorly applied by organic chemists A(_:etlc acid was necessary to activate the zinc dust. lodine
and are not used in a larger scale than in the laboratory. OF trlf_luo_roacetlc acid <_:0u|_d also play this part. Nevertheless,

Recently, we have demonstrated that in some cases ax_mth iodine as an activating agent, ethyl 4-bromobenzqate
purely chemical reaction could be extended from our initial IS totally consumed only after 48 h and the amount of zinc
electrochemical process. Indeed, we have established thaflust must be increased to 100 mmol. The presence of the
the low-valent cobalt generated from the chemical reduction ZiNc bromide is not necessary but enhances the yield of the
of cobalt halide can unprecedently activate aryl bromide in "€action. To decrease the amount of the reduction product,
acetonitrile to form arylzinc speciés. a catalytic amount of bromobenzeng is added to the so[utlon

Herein, we describe that the cobalt catalyst is suitable for Pefore the introduction of the functionalized aryl bromide.
the efficient arylation of allylic acetate not only with aryl Bromobenzene is readily converted into the reduced product.
bromides but also with aryl chlorides, using a different This procedure is the same as described before for the
reducing agent in the appropriate medium. _formatlon o_f the aryl zinc spemés—:-xcept_ that allylic acet_ate_

Aryl bromides react with allylic acetate in the presence |s.pres_ent in the medlgm and reacts directly by substitution
of zinc dust in pure acetonitrile (Scheme 2). However, aryl With this compound without a supplementary catalyst. The

byproducts of this reaction are the reduction product and the

dimer of the aryl bromide. The results of the allylation of
various aryl bromides by allyl acetate are reported in Table
Scheme 2. Aryl Bromide Allylation by Allyl Acetate with
Co—2Zn

1.
MeCN

Y= OAc, OCOOMe

Good vyields are obtained with several aryl bromides
substituted either by an electron-withdrawing group in the
para meta, and ortho positions (Table 1, entries3land
5—8) or by an electron-donating group (Table 1, entry 4). It
can be pointed out that the position of the substituent has a
slight influence on the yield. For all aryl bromides, the
reaction time was ca. 3 h. However, the yield decreases with
a substituted allyl acetate, and the cross-coupling of crotyl
chlorides require stronger reducing metal (manganese pow-acetate or cinnamyl acetate wiphBrPhCOOEt leads to 21
der) in a mixture of acetonitritepyridine with a stoichio-  or 30%, respectively, of the corresponding coupling products.
metric amount of iron salt to carry out the same reaction Undoubted|y, these y|e|ds can be improved through Opt|m|-
(Scheme 3). zation of the process toward substituted allylic acetates. When

We first investigated the reaction between an aryl bromide the ha|ogen on ArX is chlorine instead bromine, the ary|
and allyl acetate. To an acetonitrile solution (20 mL) was chloride is not consumed even if the aromatic nucleus is
successively added zinc dust (3.25 g, 50 mmol), GEBE57  supstituted by an electron-withdrawing group as we have
g, 3 mmol), ZnBg (0.338 g, 1.5 mmol), and bromobenzene jready observed in the formation of the aryl zinc species in
this medium.

CoBr; 3 mmol

@Br + /\/OAC Zn 50 mmol
| ~

FG ZnBr; 1.5 mmol
PhBr 1.5 mmol

Sommol o COOH 0.02 mL

15 mmol
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However, this process has been successfully extended to
aryl chlorides by changing several experimental conditiéns.
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Table 1. Aryl Bromide Allylation by Allyl Acetate with Table 2. Aryl Chloride Allylation by Allyl Acetate with
Co—2Zn Co—Fe—-Zn
yield,”  other yield, other
entry FG product %  products entry FG product % products
ArH 20% ArH 10%
1 p-COOE E*OOC‘O"\: 65  ArAr15% 10 p-COOMe MeOOC 72 ArAr 18%

9

2 p-CN NC-Q—\‘ 75 ArH 25% 11 p-CN NC‘O——\-
= 2 = 2
FC ArH 40% ArH 14%
3 p-CF, 3 < > \__ s 50  ArAr 10% 12 0-CN Q_\: 8 g3 ArAr 3%
CN
Fo )\
= 3

83 ArH 17%
AtH 27%
4 p-OMe  MeO ArH 26%

50 ArAr24%

‘O—\: 60  ArAr 13%
4 13 p-CE,
ArH 36% '
Q—\: 51 ArAr13%
s 14 H

ArH 48%

5 m-COOEt X
14 ArAr38%

EtOOC
ArH 54% ) _ _
6 m-CF, Q‘—\: 6 31 ArAr15% 2Yields of isolated pure product3GC yields.
Fac ArH 34% dust. The role of the bromobenzene added at the beginning
7 m-Cl ﬁ ; 54 ArAr 12% is to decrease the proportion of the hydrogenated product
o (ArH). Recently, we have shown that Co(l) undergoes fast
ArH 29% complexation with allylic acetaté.We have established that
8  oCN Q—\z s 66 ArAr5% aromatic halides are reactive toward that latg@rdllylOAC)-
N cobalt(l) complex. The arylallyl compound is released either
, ArH 50% through &2 from (y%-allylOAc)-stabilized arylcobalt or
9 H ©—\= 9 35 ArAr15% arylzinc species. Further studies are still in progress to

elucidate how aryl bromides react with Co(l) complexed to
2Yields of isolated pure product$ Although used as additive in all allylic acetate. In the case of the aryl chlorides, the
other experiments (allowing the initial reduction into ArH to proceed on hani . l d si . . '
an unsubstituted ring), bromobenzene undergoes coupling with allyl acetateM&Chanism is more complicated since iron ions are present
if used in a stoichiometric amount. in the acetonitrile/pyridine solution. Indeed, pyridine is
known to be an excellent ligand for cob&iManganese dust
probably plays the role of a reducing agent, but iron bromide
The zinc dust has been replaced by manganese dustis also susceptible to reduction and to reaction with allyl
Moreover, the presence of a stoichiometric amount of iron acetate. This system needs to be studied more deeply.
bromide and pyridine is necessary. In this case, no interme- This transposition of the electrochemical allylation of
diate aryl zinc species is formed. Therefore, bromobenzenearomatic halides using cobalt bromide as a catalyst provides
and zinc bromide are not required. Considering the low a new method for the preparation of allylbenzenes. This
reactivity of Co(l) toward aryl chloride, the solution should reaction requires the GeZn system for aryl bromides and
be heated at 50C and 40% CoBris required. However, = Co—Fe—Mn for aryl chlorides. This process is interesting
contrary to the allylation of the aryl bromides, the reaction since the presence of several substituents on the aromatic
takes place without the preliminary activation of the metal. nuclei are compatible. This method does not require the use
The results of the allylation of various aryl chlorides by allyl  of electricity, which is an advantage. However, further studies
acetate are reported in Table 2. are in progress to extend the reaction to substituted acetates
Because aryl chlorides are less reactive than correspondingand to other allylic substrates. The mechanism of this process
bromides, reaction times are about 24 h. Nevertheless,has not yet been completed.
excellent yields of coupling product are obtained, notably
with the chlorinated derivatives of the benzonitrile, and the
position of the substituent has no influence (Table 2, entries
11 and 12). As described before for the electrochemical
cross-coupling? aryl chlorides need to be activated by the 0OL0340641
presence of an electron-withdrawing g_I’OUp. Indeed, with (12) General Procedure for Aryl Chlorides. Allyl acetate (10 mmol)
chlorobenzene (Table 2, entry 14), the yield of allylbenzene ang aryi chioride (5 mmol) were introduced into a solution of acetonitrile
decreased to 14% according to GC analysis and with and pyridine (20 mL/2 mL) containing manganese dust (50 mmol), cobalt
. bromide (2 mmol), and iron bromide (5 mmol). The solution was heated at
chloroanisole, Only traces of a”ylated prOdUCtS are deteCted'SO °C, and the reaction mixture was stirred until the total consumption of
From a mechanistic point of view, in the case of the the aryl chloride. Allylbenzenes were purified as described above.
- . . (13) Buriez, O.; LabbgE.; Peichon, J.J. Electroanal. Chemin press.
?”ylauon Of_ aryl bromldgs, We assume that CObal_t brom'de (14) Buriez, O.; Cannes, C.;'Mdec, J.-Y.; Peichon, J.J. Electroanal.
is reduced in Co(l) species in the presence of activated zincChem.200q 495, 57.

Supporting Information Available: Experimental details
and characterization data. This material is available free of
charge via the Internet at http://pubs.acs.org.
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