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ABSTRACT

ci O (1.2 equiv)

MgBr
@ 9 FeCla (1-5mol%) /7 N/ \
> EtO, reflux =/ \="g

R 46-100% yield
Iron-catalyzed homo-coupling of aryl Grignard reagents was successfully developed. A variety of aryl Grignard reagents were efficiently converte d
into the corresponding symmetrical biaryls in the presence of 1 -5 mol % FeCl; and a stoichiometric amount of 1,2-dichloroethane.

Oxidative homo-coupling of aryl-metal reagents is one of or copper-catalyzed reactions of organobdtsiticon? and

the most efficient synthetic methods for the construction of tin'® reagents. In the course of our studies on the iron-
a symmetrical biaryl backboriéA wide variety of transition catalyzed cross-coupling reaction between aryl Grignard
metal halides such as Tig TICI,® VO(OEt)Ch,* FeCk,® reagents and alkyl halides possesgiruydrogens, we found
CoCh,® and CuC§” have been used as oxidants in stoichio- that homo-coupling of arylmagnesium reagents took place
metric amounts, and catalytic use of the metals in combina-as a main side reaction, where iron is a catalyst and alkyl
tion with reoxidants such as molecular oxygen and dibromo- halides act as stoichiometric reoxidants (Schenié lipmo-
alkanes has been also examified.Recent research interests
in oxidative homo-coupling have been limited to palladium-
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Several reaction conditions were examined for the iron-

catalyzed oxidative homo-coupling of 4-methylphenylmag- 1 pie 2.

nesium bromide (1a) (Table 1). It was found that inexpensive

Table 1. Iron-Catalyzed Homo-Coupling of
4-Methylphenylmagnesium Bromide (2a)

/©/MgBr

FeCls (5 mol %)
oxidant (2) (1.2 equiv)
solvent, temperature

1a th 3a
entry  solvent temp (°C) oxidant yield (%)
1 Et0 reflux CICH2CH;Cl1 (2a) 100
2 THF rt 2a 96
3 benzene 40 2a 99
4 THF 0 2a 83
5 THF 0 BrCH3>CHyBr (2b) 75
6° Et,0 reflux 2a 99

aReactions were carried out with 0.52 mmol Id. ® With 15.0 mmol
of 1lain the presence of 1 mol % Fedbr 9 h. Biaryl 3awas isolated by
vacuum sublimation.

1,2-dichloroethane@) is an excellent oxidant for the homo-
coupling, giving 4,4'-dimethylbiphenyl (3a) in high yields.
Thus, in the presence of 5 mol % Fg@hd 1.2 equiv oRa,

the homo-coupling of the Grignard reagémtwas complete

in 1 h, in refluxing diethyl ether (entry 1), in THF at room
temperature (entry 2), or in benzene at*4®d (entry 3), to
afford a quantitative yield of the biaryda. Use of 1,2-
dibromoethane2b) also gave homo-coupling produga
without formation of cross-coupling products, although the
yield of 3awas slightly lower (entry 5). The present oxidative
homo-coupling with 1,2-dichloroethane (2a) can be readily
scaled up to the reaction of 15.0 mmol of the Grignard
reagentla using 1 mol % of the FeGlcatalyst, which gave
99% yield (1.35 g) of biaryBawithout any byproducts (entry
6).

Table 2 summarizes the results obtained for the oxidative

homo-coupling of other aryl Grignard reagents. Introduction
of methyl groups at the ortho-positions of the aryl Grignard

Iron-Catalyzed Oxidative Homo-Coupling of
Grignard Reagents

CICH,CH,CI (2a)

ArMgBr Ar=Ar
FeCls (5 mol %)
1 3
entry  aryl Grignard 1 product 3 time/h yield/%b
MgBr
J©/ e Walli
3a
MgBr
3b
MgBr
v
3c
OMe
MgBr
Q ® T
3d
MeO
OMe MeO
MgBr
OMe 3e
MgBr
: Q O
3f
OMe
gBr
" @L o
1g OMe 3g
OO
8 12 84
1h 3h

aUnless otherwise noted, the reactions were carried out using aryl
Grignard reagents (0.52 mmol), 1,2-dichloroethane (0.62 mmol), and FeCl
(0.026 mmol) in refluxing BO (3 mL).?Isolated yield after column

reagents resulted in somewhat lower y|e|ds of the homo- chromatography° In THF at room temperaturé In benzene at 60C.

coupling products (entries-13). 4-Methoxy- and 2-methoxy-
phenylmagnesium bromide can be efficiently converted into
the corresponding biaryl8d and 3e, respectively, under
similar conditions (entries 4 and 5). It is noteworthy that
the present reaction system is tolerant of aryl chloride
functionality (entry 6). Although sterically demanding sub-
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strateslg and1h required higher reaction temperature and/
or longer reaction time, they gave the corresponding biaryls
3g and3h in moderate to good yields (entries 7 and 8).

A proposed mechanism for the present iron-catalyzed
homo-coupling is shown in Scheme 2. Oxidative addition
of 1,2-dichloroethane to a low-valent iron compléx'?
generated by the reaction of Fe@ith Grignard reagent,
forms an alkyl iron intermediatB. -Halogen elimination
giving ethylené* and dihaloiron specie€,'® followed by

(13) In the iron-catalyzed Grignard cross-coupling, Fe(l), Fe(ll), and
Fe(—1l) species are proposed as catalytically active species: see ref 12c
and references therein.

(14) Generation of ethylene was confirmed by trapping the evolved gas
with bromine, which gave 1,2-dibromoethane. See also ref 15.
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Scheme 2. Mechanism for Iron-Catalyzed Homo-Coupling Scheme 3. Homo-Coupling Reaction Utilizing Directed
MgXy Ortho-Metalation

Ar
Fe]. -
[ D]\Ar Ar-Ar OMOM OMOM MOMO
ArMgX FeCls @ n-BuLi @/ |MgBr2
’/ﬁ OMOM

[Fe]:x [Fe] ArMgX EtzO i. CICH,CHoCl (2a) (2a),
c X A FeCls (5 mol %)
Ar-Ar 4

X 71% yield (3 steps)
N A,
CoHy [Fel ~ X
B _s-BuLi | iMgBro
Et,0 ii. CICHQCHZCI (2a),
FeCl; (5 mol %)

transmetalation of the aryl group from magnesium to iron, é
affords a diaryliron intermediat®. Reductive elimination 63% yield (3 steps)
of the homo-coupling product regenerates catalytically active

SpeciesA. for phenyloxazolines, which gave the corresponding biaryl
Combination of the heteroatom-directed ortho-metalation 7 in 63% vyield.

techniqué® and the present homo-coupling provides a new |, summary, we have developed a new and practical
one-pot route to 2;isubstituted biaryls (Scheme 3). For  yaaction system for oxidative homo-coupling of Grignard
examp_le, methoxymethyl-proteqteq phedolas treatgd with reagents using Feglas a catalyst precursor and 1,2-
n-BuLi to generate the ortho-lithiated phenol derivatiVe.  gichioroethane as a reoxidant. This reaction system is
Metal exchange with anhydrous magnesium bromide fol- 5ppjicaple to the homo-coupling of various aryl Grignard

lowed by subjection to the present homo-coupling reaction \eagents and is readily amenable to a large-scale synthesis
gave the corresponding biaryd in 71% isolated vyield. of biaryl compounds.

Transformation of the aryllithium to the corresponding
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