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Preparation of highly functionalized arylmagnesium reagents
by the addition of magnesium phenylselenide to arynes
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Abstract—The described polyfunctional arylmagnesium reagents, resulting from the highly regioselective addition of magnesium
phenylselenide to functionalized arynes, can be trapped by a range of electrophiles, yielding polyfunctional selenoethers in
45–85% yields. Furthermore, these Grignard reagents can be used in Negishi cross-coupling reactions with iodoarenes after trans-
metalation to the corresponding arylzinc compounds, furnishing functionalized biaryl products in 55–73% yields.
� 2006 Elsevier Ltd. All rights reserved.
Arynes are highly reactive intermediates, which have
found numerous applications in organic synthesis.1

Of special interest is the addition of nucleophiles to
arynes.1–3 Recently, we have described a new prepara-
tion of polyfunctional arynes by the elimination of
2-magnesiated diaryl sulfonates prepared from the cor-
responding iodides of type 1.4 Application of this
method enabled the preparation of functionalized aryl-
magnesium reagents 2 and 3 by the addition of magne-
sium arylthiolates 4 and amides 5 to aryne.5 In
contrast to previous methods, these aryl magnesium
reagents can be trapped by electrophiles giving rise to
aryl thioethers of type 6 and aryl amines of type 7
(Scheme 1).5
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Scheme 1. Preparation of aryl thioethers and aryl amines by addition reacti
Arylselenoethers are very useful compounds, which can
be converted to various compounds.6 Two examples
have been reported for the addition of magnesium phe-
nylselenide (8) to benzyne, followed by trapping with
electrophiles.5 Herein, we report the regioselective addi-
tion of magnesium phenylselenide (8) to arynes gener-
ated by our previously reported procedure, providing
2-seleno-substituted aryl magnesium species of type 9.
The resulting arylmagnesium reagents 9 can be trapped
by a range of electrophiles, yielding aryl selenoethers of
type 10 (Scheme 2 and Table 1).

Thus, the addition of i-PrMgCl (2.0 equiv) to phenyl-
selenol (1.0 equiv) in THF (�78 �C, 0.5 h) followed by
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Scheme 2. Preparation of aryl selenoethers by addition reactions to arynes.

Table 1. Synthesis of selenoethers of type 10 by the addition of
magnesium phenylselenide 8 to arynes followed by the trapping of the
intermediate Grignard reagents 9 with an electrophile (see Scheme 2)

Entry 1 Electrophile Product of type 10 Yield (%)a

R

OCH3PhSe

1 1b H2O 10a: R = H 85
2 DMF 10b: R = CHO 70
3 Allyl bromideb 10c: R = allyl 82
4 PhCOClc 10d: R = COPh 77

R

OBnPhSe

5 1c H2O 10e: R = H 84
6 DMF 10f: R = CHO 72
7 Allyl bromideb 10g: R = allyl 74
8 PhCOClc 10h: R = COPh 76

R

OTESPhSe

9 1d I2 10i: R = I 51
10 Allyl bromideb 10j: R = allyl 45

a Yield of analytically pure isolated product.
b The reaction was performed with 0.5 equiv CuCNÆ2LiCl.
c The reaction was performed with 1.0 equiv CuCNÆ2LiCl.
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the addition of 2-iodo-3-methoxyphenyl 4-chlorobenz-
enesulfonate (1b) (1.0 equiv; �78 �C, 0.5 h) and subse-
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Scheme 3. Reagents and conditions: (a) THF, PhSeMgCl (2.0 equiv), i-PrM
�78 �C, 10 min; EtCOCl (3.0 equiv), �78 �C to rt, 1 h; (c) CuCNÆ2LiCl (0.5
quent stirring at ambient temperature for 1 h led to
the aryne-addition product 9b, which upon quenching
with water provided 1-methoxy-3-(phenylseleno)-benz-
ene (10a) in 85% isolated yield (Table 1, entry 1). Simi-
larly, intermediate Grignard reagent 9b was formylated
with DMF (1.5 equiv, �40 �C to rt, 1 h), leading to
2-methoxy-6-(phenylseleno)-benzaldehyde (10b) in 70%
yield (entry 2).7,8 Allyl bromide and benzoyl chloride
(in the presence of CuCNÆ2LiCl) also served as excellent
electrophiles, yielding 10c and 10d in 82% and 77%,
respectively (entries 3 and 4).

The intermediate Grignard reagent 9c, which was formed
from 2-iodo-3-benzyloxyphenyl 4-chlorobenzenesulfo-
nate (1c) under the same reaction conditions as 9b,
was successfully quenched with a range of electrophiles
to give rise to the corresponding products 10e (84%
yield), 10f (72% yield), 10g (74% yield), and 10h (76%
yield), respectively (entries 5–8).

Even the more sterically hindered Grignard reagent 9d
generated from 2-iodo-3-triethylsilanyloxyphenyl 4-
chlorobenzenesulfonate (1d), was successfully trapped
with iodine (1.5 equiv, �78 �C to rt, 1 h) to give rise to
10i in 51% yield (entry 9). Furthermore, the reaction
of 9d with allyl bromide gave rise to the allylated sele-
noether 10j in 45% yield (entry 10).

Interestingly, functionalized arynes displayed a remark-
able regioselectivity in the addition step.5 Thus the poly-
functional sulfonate 11 was selectively magnesiated at
the ortho-position of the sulfonate group, and its reac-
tion with magnesium phenylselenide (8) provided selec-
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gCl (1.0 equiv), �78 �C, 0.5 h; rt, 2 h; (b) CuCNÆ2LiCl (1.0 equiv),
equiv), �78 �C, 10 min; allyl bromide (3.0 equiv), �78 �C to rt, 1 h.
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Scheme 4. Reagents and conditions: (a) THF, PhSeMgCl (1.0 equiv), i-PrMgCl (1.0 equiv), �78 �C, 0.5 h; 0 �C, 10 min; (b) ZnBr2 (1.0 equiv),
�78 �C, 10 min; iodoarenes (1.5 equiv), Pd(dba)2 (5 mol %), tfp (10 mol %), �40 �C to rt, 5 h.
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tively the magnesiated reagent 12, which was stabilized
by chelation. Its reaction with various electrophiles,
such as an acid chloride, or allyl bromide in the presence
of CuCNÆ2LiCl, furnished the tetrasubstituted seleno-
ethers 13a (60% yield)8 and 13b (64% yield), respectively
(Scheme 3).

Furthermore, the arylmagnesium reagent 14, which
resulted from the reaction of 8 with 1a under similar
reaction condition, can be subjected to Negishi cross-
coupling reaction. After transmetalation with ZnBr2,
the corresponding zinc reagents can react with various
iodoarenes 15a–c under standard reaction conditions,
furnishing functionalized biaryls 16a–c8 in 55–73% yields
(Scheme 4 and Table 2).

In summary, we have developed a general procedure for
the selenomagnesiation of arynes. The resulting func-
tionalized arylmagnesium species can be trapped with
numerous electrophiles including iodoarenes, which
undergo smooth Negishi cross-coupling reactions, in
contrast to most previously reported addition reactions.
Table 2. Synthesis of selenoethers of type 16 from 14 by Negishi cross-
coupling reaction with an electrophile (see Scheme 4)

Entry Electrophile Product of type 16 Yield (%)a

1

15a

N

I

16a

PhSe

N

73

2

15b

I

CO2Et

16b

PhSe

CO2Et

69

3

15c
I

CN

16c

PhSe

CN

55

a Yield of analytically pure isolated product.
Further extensions of this work, utilizing other hetero-
arynes, are currently underway in our laboratories.
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