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Halogen—magnesium exchange of various aryl halides is achieved with a magnesium ate complex
at low temperatures. Tributylmagnesate ("BusMgL.i) induces facile iodine—magnesium exchange
at —78 °C. Dibutylisopropylmagnesate (‘Pr"Bu,MgL.i) is more reactive than "BusMgLi, and this
reagent accomplishes selective bromine—magnesium exchange at —78 °C. This procedure is utilized
for the preparation of various polyfunctionalized arylmagnesium species. The exchange of alkenyl
halides using this method proceeds with retention of configuration of the double bond.

Introduction

Organomagnesium reagents are synthetic tools of great
importance, and numerous reports for the preparation
of various organomagnesium compounds have been pub-
lished.! Methods for the preparation of organomagnesium
compounds are usually based on (1) direct metalation of
organic halides with metallic magnesium, (2) deproto-
nation, (3) transmetalation from other organometallics,
or (4) halogen—magnesium exchange. For the preparation
of polyfunctional organomagnesium compounds, method
3 or 4 is particularly attractive. Very recently, Knochel
et al. have shown that polyfunctional aryl- and alkenyl-
magnesium reagents can be prepared by the halogen—
magnesium exchange reaction with 'PrMgBr at low
temperatures.?~> However, the substrates are limited to
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electron-defficient aryl halides or alkenyl halides having
an oxygen functionality acting as a metal directing group.

The utility of organometallic ate complexes such as R,-
CulLi, RsZnLi, R4AILI, and RzMnLi in organic synthesis
is well-recognized,® and these complexes are known to
induce halogen—metal exchange reactions in some cases.”
Since a magnesium ate complex (RsMgLi) was first
reported in 1951, several investigations on its structure
have been reported.2 However, synthetic application of
magnesate reagents still remains unexplored.® Herein we
wish to report a versatile method for the preparation of
various organomagnesium reagents which makes use of
the magnesium ate complex.t°

Results and Discussion

(1) lodine—Magnesium Exchange of Aryl lodides.
Lithium tributylmagnesate ("BusMgL.i) was easily pre-
pared by mixing butylmagnesium bromide and butyl-
lithium in a 1:2 ratio in THF at 0 °C. Treatment of
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a nBuszMgLi (0.5 equiv) was used.

various aryl iodides 1 with 1.2 equiv of "BusMgL.i followed
by an addition of electrophiles afforded the desired
products 3 in good to excellent yields (Table 1).11

Electron-rich aryl iodides such as o-, m-, or p-iodoani-
sole can be converted into the corresponding arylmag-
nesates at —78 °C (entries 3—5). The amount of the
magnesate reagent can be reduced to 0.5 equiv to the
substrate (entry 2). This result indicates that two of the
three butyl groups in the reagent can work for the
exchange reaction.

The fact that the iodine—magnesium exchange reaction
proceeds at —78 °C encouraged us to investigate the
reaction of functionalized aryl iodides. Indeed, the treat-
ment of tert-butyl p-iodobenzoate (1r) with 0.5 equiv of

(11) In the trapping reaction of resultant magnesate (Ar"Bu,MgL.i)
with electrophiles, no significant difference in the migratory attitude
of the ligands (Ar vs "Bu) was observed. For example, the reaction of
ArBu,MgLi (Ar = 4-methoxyphenyl) with 1.0 equiv of PhCHO
provided a mixture of ArCH(OH)Ph and "BuCH(OH)Ph in a 1:2 ratio.
Therefore, we recommend the use of more than 3 equiv of electrophiles.

"BuzMgLi at —78 °C furnished the desired magnesium
compound which reacted with allyl bromide in the
presence of CUCN-2LiCI*? (Scheme 1). The reaction of
o-iodobenzoates (1p and 1q) with heptanal after the
exchange provided 3-hexylphthalide (4) as a major prod-
uct. Interestingly, this exchange reaction was much faster
than the nucleophilic attack of the butyl group to an
aldehyde. The addition of "BusMgLi to a mixture of
o-iodobenzoate ester (1p or 1q) and heptanal provided
3-hexylphthalide (4) as the single product (Scheme 2).
The ester group of ethyl (2-iodophenoxy)acetate (1s) could
survive under the reaction conditions, and 3-coumara-
none (5) was obtained in 85% yield via the intramolecular
attack of the resultant magnesium reagent (Scheme 3).

(2) Bromine—Magnesium Exchange of Aryl Bro-
mides. We next turned our attention on the bromine—
magnesium exchange reaction of aryl bromides, because
it is desirable to use readily available aryl bromides as
substrates. Various aryl bromides 6 could be efficiently
converted into the corresponding arylmagnesium com-
pounds with "BuzMgLi at 0 °C. The resultant arylmag-
nesium species could be trapped by various electrophiles
such as aldehydes or allyl bromide (Table 2). Several
comments are worth noting. (1) Both electron-rich and
electron-deficient aryl bromides give satisfactory results
in this magnesate-induced reaction. In contrast, isopro-
pylmagnesium bromide-induced exchange reaction often
requires electron-withdrawing groups on the aromatic
ring.28¢4ab (2) In contrast to aryl iodides, the exchange
reaction of aryl bromides does not go to completion at
—78 °C in some cases. (3) A half-equivalent of the reagent

(12) (a) Knochel, P.; Yeh, M. C. P.; Berk, S. C.; Talbert, J. J. Org.
Chem. 1988, 53, 2390. (b) Knochel, P.; Singer, R. D. Chem. Rev. 1993,
93, 2117. (c) Knochel, P. Synlett 1995, 393.



Halogen—Magnesium Exchange Reaction

Table 2. Bromine—Magnesium Exchange of Aryl
Bromides
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a2 nBusMgLi (0.5 eq.) was used.? "BuMe,MgLi was used.
¢ CuCN-2LiCl (30 mol %) was added.
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is sufficient. (4) Sterically hindered halides such as 6m
and 6n can be also metalated efficiently. In these cases,
a catalytic amount of CuCN-2LiCl improves efficiency of
the trapping reaction with allyl bromide.*?

This magnesate-induced exchange reaction was com-
pared with the conventional bromine—lithium exchange
(Scheme 4). Treatment of allyl 2-bromophenyl ether (60)
with "BuLi in THF at 0 °C afforded a complex mixture
containing dihydrobenzofuran derivative 7 which re-
sulted from bromine—lithium exchange and subsequent
intramolecular carbolithiation.’® In contrast, the mag-
nesate reagent induced the clean bromine—magnesium
exchange providing the magnesium species 20.%4

With this successful exchange procedure in hand, we
examined the preparation of functionalized arylmagne-
sium compounds from the corresponding aryl bromide.
The reaction of aryl bromides with "BuzMgL.i did not go
to completion under the same conditions as the reaction
of aryl iodides. To enhance the reactivity of a magnesate
reagent, an isopropyl group was introduced on magne-
sium as a ligand. The reagent ‘Pr"Bu,MgLi was prepared
by mixing iPrMgBr and "BuLi in a 1:2 ratio. With this
reagent the exchange reaction proceeded smoothly at —78
°C, and the subsequent addition of various electrophiles
provided the desired coupling products in moderate to
good yields (Table 3). Functional groups such as ester,
amide and cyano groups are tolerable during the ex-
change procedure. The addition of a catalytic amount of
CuCN-2LiCl was necessary when allyl bromide was
employed as an electrophile.!? The cyano group was
tolerable at even —40 °C and, therefore, the exchange
reaction of bromobenzonitriles with "BusMgLi was per-
formed at —40 °C (Scheme 5). Aryl bromide 6y containing
a bromo acetal moiety at the proper position provided
2-alkoxy-substituted coumaran 8 in moderate yield via
intramolecular nucleophilic substitution without decom-
position of the acetal moiety (Scheme 6).

(3) Halogen—Magnesium Exchange of Dihaloare-
nes. The preparation of polymetalated aromatic com-
pounds has been a topic of organometallic chemistry.*®
In addition, selective metalation of polyhaloarenes pro-
vides an efficient methodology to synthesize substituted
aromatic compounds. We then investigated the selective
exchange reaction of dihalogenated aromatics (Table 4).
In the case of p-bromoiodobenzene (9a), none of the
bromide—magnesium exchange proceeded (entry 1). Only
one of two bromines of m- or p-dibromobenzene was
exchanged (entries 2 and 3). On the other hand, p-
diiodobenzene (9d) was converted into dimagnesiated
benzene upon treatment with 1.0 equiv of "BuzsMgLi
(entry 4), while dimetalation of m-diiodobenzene (9e)
required 2.0 equiv of the reagent to furnish m-dimagne-
siobenzene (entry 6). The reagent "BuMe,MgLi was
employed to induce selective monomagnesiation of p-
diiodobenzene (entry 5). Because the methyl ligand on
magnesium is less reactive than the butyl group, the
second exchange is enough slow to be controlled. In
contrast to p-dibromobenzene (entry 3), dimagnesiated
biphenyl was formed quantitatively via the double ex-
change reaction of 4,4'-dibromobiphenyl (10) (entry 7).

(13) Bailey, W. F.; Carson, M. W. J. Org. Chem. 1998, 63, 9960, and
references therein.

(14) Carbomagnesiation has been reported to be slow. Richey, H.
G., Jr.; Veale, H. S. Tetrahedron Lett. 1975, 615, and references therein.
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(b) Bickelhaupt, F. Chem. Soc. Rev. 1999, 28, 17.
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a nBusMgLi was used. ® CUCN-2LiCl (30 mol %) was added.

Treatment of o-dibromobenzene (9f) with "BuzMgLi
yielded 2-butylphenylmagnesium 15. The formation of 15
arises from the addition of the butyl group to benzyne
which is derived from 2-bromophenylmagnesium 14 via
1,2-elimination.*® (Scheme 7).

(4) Halogen—Magnesium Exchange of Heteroaryl
Halides. The bromine—magnesium exchange of 3-bro-

(16) Ghosh, T.; Hart, H. J. Org. Chem. 1988, 53, 3555, and
references therein.

9e
n .

7 BrBr BuMoLi(1-0) 5 b D 100
0°C,1h

10 13

¢

mopyridine with "BuzMgLi at 0 °C followed by an
addition of propanal furnished the desired product in low
yield along with various byproducts. To prevent side
reactions induced by an excess butyl group, the ate
complex "BuMe,MgLi was employed. This reagent gave
satisfactory results for the preparation of pyridylmag-
nesiums (Table 5).3d94~f 2-]odo-, 2-bromo-, and 3-bro-
mopyridine were converted into the corresponding py-
ridylmagnesiums (entries 1—4). The reaction of 2-chloropyridine
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Scheme 7
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a nBusMgLi was used. ? Trapping reaction was performed at
—78 °C.

provided a complex mixture.r” Thienylmagnesium can be
prepared in good yield via the exchange reaction with
"BusMgLi at 0 °C (entry 5).

(5) Halogen—Magnesium Exchange of Alkenyl
Halides. This new procedure is also applicable for the
preparation of alkenylmagnesates from alkenyl iodides
(Table 6). The iodine—magnesium exchange of alkenyl
iodides 23 proceeds with complete retention of configu-
ration of the double bond. The reaction of nonactivated
iodoalkene with 'PrMgBr is reported to require increased
reaction time at room temperature.3" In contrast, this
method can achieve the complete exchange within 1 h
at —78 °C. The presence of an ester functionality is
compatible with the formation of alkenylmagnesate at
—78 °C (Scheme 8).

Unfortunately, the bromine—magnesium exchange of
alkenyl bromides® was disappointing. Because the ex-
change was slow, the dehydrobromination and deproto-
nation afforded magnesium acetylides. The results are
shown in Table 7. Especially in the case of the Z isomer
25b, the acetylenic products 26A and 26B were obtained
predominantly.

The results of the exchange reaction of 1-silyl-1-
haloalkenes are shown in Table 8. In the case of alkenyl

(17) The deprotonation at 5-position of 2-chlorothiophene occurred
under the same conditions.
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Table 6. lodine—Magnesium Exchange of Alkenyl
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. o o
R
23d R ="CsHi, R 24dA
R
15 23d PhSSPh 77
sS % SPh
R 24dE
16 23d PhCHO R\ oH 70
Ao
R 24dG

a The exchange reaction was performed at —78 °C. ® "BuzMgLi
was used. ¢ CuCN-2LiCl (30 mol %) was added.

Scheme 8
0

{,
BuO s | THF,0°C,1h
23e (E/Z = 11/89) __ECHO
78°C.05h B“O)Wr

24¢F (E/Z= 11/89) 80%

iodides 27, considerable isomerization'® was observed in
the preparation of trimethylsilyl-substituted alkenyl-
magnesium (entries 1 and 2). For tert-butyldimethylsilyl-

(18) Silyl-substituted alkenyl halides have been reported to isomer-
ize easily in the presence of organometallic reagents. (a) Zweifel, G.;
Murray, R. E.; On, H. P. J. Org. Chem. 1981, 46, 1292. (b) Negishi, E.;
Takahashi, T. 3. Am. Chem. Soc. 1986, 108, 3402.
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Table 7. Bromine—Magnesium Exchange of Alkenyl

Bromides
R iPr”BuzMgLi(1.2eq.) Electrophile Rn/\ + R———E
Br  THFO0°C,05h E
25 R 24 26
Entry Substrate Electrophile Yield (%)
1 A, D;0 R~p R—=-D
25a R ="C1oHy 24aA 64 26A 25
2 25a MesSiCl R ~giye, R—=—5Me;
24aB 71 26B 29
R R
3 D,0
K/Br 2 K/D R——D
25b R ="CyoHy 24bA 24 26A 54 25b 10
R
a4 25b Me,SiCl
3 \\_SiMe; R—=—SsiMe,

24hbB 27 26B 59 25b 10

Table 8. Halogen—Magnesium Exchange of
1-Silylalkenyl Halides

SR jpengy MgLi(1.2eq.) Electrophile TiRs
R. = 2 kil R._~
i THE0'C. 1h e
27,28 29
Entry  Substrate® Electrophile Product E/Z Yield (%)
SiMes SiMe;
1 Ry D0 Ru2Np 32/68 98
27a (E/Z=85/15) 29aA
SiMeg
2 CHp=CHCH,B® R._~ N 2971 95
29aC
SiMe,'Bu D
3 Ry D0 R%SiMegBu 96/ 4 89
27b (E/Z=84/16) 29bA
\)\/\
_ b
4 CH,=CHCH,Br* R._~ SiMe,'Bu 94/ 6 99
29hC
SiMeg D
5 R~ Br D,0 R\/\SiMee 93/ 7 90
28a (E/Z=100/0) 29aA
\)f\
_ b R
6 CHy=CHCH,Br = SiMes 93/ 7 92
29aC
SiMe,Bu D
R R
7 g D,0 \)\SiMeztBu 93/ 7 86

r
28b (E/Z=84/16)

29bA
\)f\
= b R
8 CHy=CHCH,Br = SiMe,'Bu 96/ 4 80
29bC

Br D
9 Fh,/\ . D0 R%SiMes 94/ 6 99

SiMey
28a (E/Z=35/65) 29aA

X
] X \)\/\
10 CH,=CHCH,B® R._~ SiMes 94/ 6 98
29aC

aR = "CgHj3. P CUCN-2LiCl (30 mol %) was added.

substituted alkenylmagnesium, almost perfect isomer-
ization was observed (entries 3 and 4). Obviously, these
results reflect strong preference of the bulky silyl group
in the trans orientation to the alkyl group. On the other
hand, the bromine—magnesium exchange is slower than
the isomerization of bromosilylalkenes. Therefore, (E)-
silylalkenylmagnesiums were obtained regardless of the
bulkiness of the silyl groups (entries 5—10). The resulting
1-silylalkenylmagnesiums could be trapped with chlo-
rotrimethylsilane in the presence of a catalytic amount
of CUCN-2LiCI*? to afford 1,1-disilylalkene (Scheme 9).

(6) Bromine—Magnesium Exchange of Cyclopro-
pyl Bromide. Because a bond of strained cyclopropyl
rings has significant s-character, cyclopropyl halides can

Inoue et al.

Scheme 9

SiMes  PrBu,MglLi (1.2 eq.)
Ru g, THF.0°C,05h

MegSiCl SiMes
cat. GUCN-2LICl  *nPgive,

28a (R ="CgHqa) 29aB 44%
Scheme 10
"BuzMgLi (1.0 mmol)  PhCHO (3.0 mmol) Ph  "Bu Ph
D—Br S < 2 + Y
THF,0°C,0.5h -78°C >—-60°C OH OH
30 31 32
1.0 mmol 0.91 mmol (91%) 1.84 mmol
2.0 mmol 1.48 mmol (74%) 1.11 mmol

undergo metalation reactions.’® We investigated the
halogen—magnesium exchange reaction of cyclopropyl
halides. Treatment of cyclopropyl bromide (30) with 1.0
equiv of "BusMgLi for 0.5 h at 0 °C followed by an
addition of benzaldehyde furnished a-cyclopropylbenzyl
alcohol (31) in 91% yield. Two-fold amount of 1-phenyl-
pentanol (32), which was separable from the desired
product by silica gel column chromatography, was also
obtained. An attempt to reduce the amount of the
magnesate reagent decreased the yield of 31 (Scheme 10).

Conclusions

We have demonstrated that a magnesium ate complex,
RsMgLi, induces the facile halogen—magnesium ex-
change of various aryl halides and alkenyl halides. The
reaction proceeded smoothly at low temperatures. The
reactivity of magnesate reagents is tunable by a proper
choice of ligands on magnesium. Because of these notable
characteristics of the reaction, one can prepare function-
alized organomagnesium reagents using the magnesate-
induced halogen—magnesium exchange reaction.

Experimental Section

IH NMR (300 MHz) and *3C NMR (75.3 MHz) spectra were
taken on a Varian GEMINI 300 spectrometer in CDCl; as a
solvent, and chemical shifts were given in 6 value with
tetramethylsilane as an internal standard. IR spectra were
determined on a JASCO IR-810 spectrometer. Mass spectra
were determined on a JEOL JMS-700 spectrometer. TLC
analyses were performed on commercial glass plates bearing
0.25 mm layer of Merk Silica gel 60F2s4. Column chromatog-
raphy was done with silica gel (Wakogel 200 mesh). The
analyses were carried out at the Elemental Analysis Center
of Kyoto University. Tetrahydrofuran (THF) was freshly
distilled from sodium benzophenone ketyl before use. Grignard
reagents were prepared from the corresponding alkyl halide
and Mg turning (Nacalai tesque, INC), and the concentration
was titrated with 2-butanol using 1,10-phenanthroline as the
indicator. Unless otherwise noted, materials obtained from
commercial suppliers were used without further purification.
Aldehydes were distilled and stocked under argon.

Procedure for the Bromine—Magnesium Exchange of
Aryl Bromides. To a solution of butylmagnesium bromide (1.2
mL, 1.0 M solution in THF, 1.2 mmol) in THF (2 mL) was
added butyllithium (1.5 mL, 1.6 M solution in hexane, 2.4
mmol) at 0 °C, and the mixture was stirred for 10 min. A
solution of 4-bromoanisole (6g, 187 mg, 1.0 mmol) in THF (2
mL) was introduced dropwise. After stirring for 0.5 hat 0 °C,
the mixture was cooled to —78 °C and benzaldehyde (0.37 mL,
3.6 mmol) was added. After stirring for 0.5 h at —78 °C, the
reaction was quenched with saturated aqueous NH4CI. The

(19) (a) Lukina, M. Yu. Russ. Chem. Rev. (Engl. Transl.) 1962, 31,
419. (b) Eaton, P. E.; Lee, C.-H.; Xiong, Y. J. Am. Chem. Soc. 1989,
111, 8016. (c) Walborski, H. M.; Impastato, F. J.; Young, A. E. J. Am.
Chem. Soc. 1964, 86, 3283.
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mixture was extracted with ethyl acetate, and the combined
organic layers were dried over anhydrous Na,SO,. Concentra-
tion and purification by chromatography provided 1-(4-meth-
oxyphenyl)-1-phenylmethanol (3gE, 193 mg, 0.90 mmol) in
90% yield.

Preparation of Polyfunctional Arylmagnesiums from
Aryl Bromides. To a solution of isopropylmagnesium bromide
(1.2 mL, 1.0 M solution in THF, 1.2 mmol) in THF (2 mL) was
added butyllithium (1.5 mL, 1.6 M solution in hexane, 2.4
mmol) at 0 °C, and the mixture was stirred for 10 min. The
resulting yellow solution was cooled to —78 °C, and a solution
of tert-butyl 2-bromobenzoate (6q, 304 mg, 1.0 mmol) in THF
(2 mL) was introduced dropwise. After the mixture was stirred
for 1 h, CuCN-2LiCl (0.3 mL, 1.0 M solution in THF, 0.3 mmol)
and allyl bromide (0.35 mL, 4.0 mmol) were sequentially
added. After stirring for 0.5 h at —78 °C, the reaction was
guenched with saturated aqueous NH4CIl. The mixture was
extracted with hexane, and the combined organic layers were
dried over anhydrous Na,SO,. Concentration and purification
by chromatography provided tert-butyl 2-allylbenzoate (3gB,
215 mg, 0.99 mmol) in 99% vyield: R = 0.74 (hexane/ethyl
acetate = 5/1); IR (neat) 1711 cm™%; *H NMR (CDClz) d 1.59
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(s, 9H), 3.73 (d, J = 6.3 Hz, 2H), 5.01 (d, J = 16.8 Hz, 1H),
5.03 (d, 3 = 10.5 Hz, 1H), 6.02 (ddt, J = 10.5, 16.8, 6.3 Hz,
1H), 7.22—-7.29 (m, 2H), 7.36—7.43 (m, 1H), 7.78 (dd, J = 1.5,
8.4 Hz, 1H); 3C NMR (CDCls) 6 28.07, 38.22, 81.16, 115.53,
126.10, 130.32, 130.78, 131.41, 132.00, 137.59, 140.66, 167.33.
Found: C, 76.98; H, 8.49%. Calcd for C14H1580,: C, 77.03; H,
8.31%.
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