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ABSTRACT

NH
Br cl 2

1) i-PrMgCI-LiCI
(1.1 equiv) ‘
' THF, 20 °C, 1 h Zn (0.9 equiv) O al
: iPrl |+ 2
2) ZnCly-2LiCl @ Pd(dba), (1 mol %)
CN (0.55 equiv) RuPhos (2 mol %) CN
-20 to 25 °C, 30 min THF, 25 °C, 5 min 97%

The Negishi cross-coupling of arylzinc reagents with various bromoanilines is accelerated by the presence of i-Prl (1 equiv) and furnished the
expected biaryls within 5—12 min reaction time at 25 °C. Arylzinc reagents can also be cross-coupled under these conditions with a range of

aryl bromides bearing an enolizable ester or acidic benzylic protons.

The Suzuki and the Negishi cross-coupling reactions are the
most powerful and widely used methods for making
Cypn—Csp bonds.' In contrast to organoboronates (Suzuki
reaction), organozinc reagents usually undergo cross-
couplings under very mild conditions; however, arylboronates
are usually air- and water-stable reagents.” Recently, we
reported that primary and secondary amines, alcohols,
phenols and amides are compatible with the Negishi cross-
coupling conditions, when the zinc reagent is slowly added
(over 90 min) to the electrophile.® Furthermore, we reported
a new i-Prl-accelerated Kumada cross-coupling, allowing a
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reaction of aryl bromides and magnesium reagents within
5—10 min.* A radical reaction pathway has been proposed
for this reaction.*> Herein, we report that the Negishi cross-
coupling can similarly be accelerated by the presence of i-Prl.
These new reaction conditions allow the use of aryl bromides
bearing various acidic protons without the need of protection.

Thus, a Br/Mg exchange on 3-bromobenzonitrile (1a) and
subsequent transmetalation with the THF-soluble complex
ZnCl2LiCI° afforded the diarylzinc reagent 2 (Scheme 1).
Negishi cross-coupling of 2 with 4-bromoaniline (3a) in the
presence of Pd(dba), (1 mol %) and RuPhos’ (2 mol %)
gave only 37% conversion after 10 min at 25 °C. However,
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Scheme 1. Negishi Cross-Coupling of Zinc Reagents with Aryl
Bromides Accelerated by i-Prl

reaction in the absence of i-Prl
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reaction in the presence of i-Prl (1 equiv)
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when the same reaction is performed with the diarylzinc 2,
generated from the corresponding 3-iodobenzonitrile (1b),
full conversion was obtained after 10 min, and the desired
biaryl 4a was isolated in 89% yield. Other alkyl iodides gave
also an acceleration in this reaction. However, this effect
strongly depends on the nature of the used alkyl halide.
Secondary alkyl iodides gave the best results.® The same
rate enhancement can also be achieved by addition of i-Prl
(1.1 equiv) to a Grignard reagent obtained by Br/Mg-
exchange and subsequent transmetalation with the THF-
soluble complex ZnCl,2LiClL

Encouraged by these results, we studied the scope of this
new protocol, emphasizing the compatibility with amines and
various other functional groups bearing acidic protons. Thus,
the reaction of bis(3-cyanophenyl)zinc (2b) with 4-bromo-
2-chloroaniline (3b) in the presence of Pd(dba), (1 mol %)
and RuPhos’ (2 mol %) furnished the biphenyl 4b within 5
min at 25 °C in 97% yield (Table 1, entry 1). In a similar
manner, 1-iodo-3-(trifluoromethyl)benzene was converted to
the corresponding biarylzinc 2¢. This reagent was success-
fully coupled with various bromoanilines 3a,b, furnishing
the amines (4c,d) in 89—92% yield (entries 2 and 3).
Furthermore, the zinc compound 2¢ was reacted with the
sterically hindered 2-bromoaniline (3¢), providing the biaryl
4e within 10 min in 80% yield (entry 4). Interestingly, this
reaction also proceeds smoothly at larger scales (10 mmol),
furnishing the aniline derivative 4e after the same reaction
time in 8§1% yield.

This procedure was extended to functionalized zinc
reagents bearing an ester function. This may be of practical
interest since the corresponding magnesium reagents show
a low stability at room temperature. Therefore, the zinc
species 2d was chemoselectively coupled with 4-bromo-2-
chloroaniline (3b), affording the chlorobiphenyl derivative
4f in 91% yield (entry 5). After reaction of 2d with the

(8) The use of the other secondary alkyl iodides instead of i-Prl led to
comparable conversions. n-Bul and cHexI gave under similar conditions
after 10 min 88% and 85% conversion, respectively. In contrast, Mel resulted
in a conversion of 18%.

Org. Lett, Vol. 12, No. 12, 2010

Table 1. Palladium-Catalyzed Cross-Coupling of Zinc Reagents
2 with Aniline Derivatives of Type 3

entry  substrate electrophile product yield (%)?
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EtO2C
2d 3d 4g
Zn HaoN O
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Br NH2
CO2Et
CO2Et
2e 3c 4h
NH
o o L,
8 2 94f
F Br CH3 O CHa
F
2f 3e 4i
NH2
- <
NH2
2 d
9 cK@ O O 76
a Br cl
2g 3a ¢ 4j

“ Isolated, analytically pure product. Reaction conditions: 5 min at 25
°C. " The zinc reagent was obtained by an /Mg exchange and subsequent
transmetalation with ZnCl»2LiCl (0.55 equiv). © The reaction was performed
on a 10 mmol scale. ¢ The zinc reagent was obtained by a Br/Mg exchange
and subsequent transmetalation with ZnCl,2LiCl (0.55 equiv) and addition
of i-PrlI (1.1 equiv). 10 min reaction time./ The zinc reagent was obtained
after a Br/Mg insertion and subsequent transmetalation with ZnCl,-2LiCl
(0.55 equiv) and addition of i-PrI (1.1 equiv).
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methyl ester derivative 3d the corresponding biaryl 4g was
obtained in 94% yield (entry 6). 2-Bromoaniline (3¢) was
reacted with the ester-substituted organozinc compound 2e,
furnishing the aniline derivative 4h within 10 min in 79%
yield (entry 7). Additionally, we have applied this procedure
to zinc reagents prepared by transmetalation from the
corresponding arylmagnesium bromides. Thus, the reaction
of the zinc reagent 2f in the presence of i-Prl (1.1 equiv)
with 4-bromo-2-methylaniline (3e) gave within 10 min the
amine 4i in 94% yield (entry 8). In a similar sequence, the
reaction of the dichlorophenylzinc reagent 2g with 4-bro-
moaniline (3a) furnished the biaryl 4j in 76% yield (entry
9).

We used also this protocol for the reaction of enolizable
bromoaryl ketones. Therefore, ethyl 3-iodobenzoate (1¢) was
smoothly exchanged using iPrMgCI-LiCl (30 min, —20 °C).
Transmetalation with ZnCl,-2LiCl (0.55 equiv) furnished the
diarylzinc 2e (Scheme 2). Subsequent palladium-catalyzed

Scheme 2. Negishi Cross-Coupling of a Biarylzinc Reagent 2e
with 3-Bromoacetophenone (5a)
1) i-PrMgCI-LICI (1.1 equiv)
Etozc\@/' THF, -20 °C, 30 min Etozc\@i"
2) ZnCly 2LiCl (0.5 equiv)

1c -20 °C 10 25 °C, 30 min 2e

BrOY
EtO,C Zn o O
\©>< 2 5a (0.9 equiv) EtO,C O
(o]

Pd(dba), (1 mol %)
2e RuPhos (2 mol %)
- 869
THF, 25 °C, 10 min 6a: 86%

cross-coupling with 3-bromoacetophenone (5a) yielded the
biaryl ketone 6a in 86% yield.

By applying this procedure, various arylzinc reagents were
efficiently coupled with several bromoaryl ketones. Thus,
the reaction of 2d with 4-bromovalerophenone (5b) furnished
the ester 6b in 92% yield (Table 2, entry 1). Further-
more, the Pd-catalyzed cross-couplings of the zinc com-
pounds 2¢ and 2h with 3-bromoacetophenone (5a) resulted

Scheme 3. Negishi Cross-Coupling of a Diarylzinc Reagent 2a
with (4-Bromophenyl)acetonitrile (7a)

1) i-PrMgCI-LiCl (1.1 equiv)
NC I
THF, -20 °C, 30 min NC 22"
2) ZnCly:2LiCI (0.55 equiv)

1a -20 °C to 25 °C, 30 min 2a

e
Br

e
O
Pd(dba), (1 mol %)

7a (0.9 equiv)
RuPhos (2 mol %)
THF, 25 °C, 10 min

8a: 86%
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Table 2. Palladium-Catalyzed Cross-Coupling of Zinc Reagents
2 with Arylbromoketones of Type 5

entry  substrate electrophile product, yield (%)?

CF3

Cl
2h 5a 6d(85)°
F
n ®
g 0 O
Br o)
CN [e] N
2b 5c 6e (73)P4
o
5 C
5 s ®
F r E
2f 5d 6f O1y
(0]
(o]
Zn CaHg
o JOT e
F . ®

2f

g
b
2
OO

2f 5a 6h (91)°

“ Isolated, analytically pure product. Reaction conditions: 5 min at 25
°C. » The zinc reagent was obtained by an I/Mg exchange and subsequent
transmetalation with ZnCl,22LiCl (0.55 equiv). “ The zinc reagent was
obtained after a Br/Mg insertion and subsequent transmetalation with
ZnCl,2LiCl (0.55 equiv) and addition of i-PrI (1.1 equiv). ¢ 12 min reaction
time.

in the biaryls 6c¢,d in 85—86% yield (entries 2 and 3). The
coupling of 2b with the sterically hindered 3-bromo-4-
fluoropropiophenone (5¢) gave the desired product 6e within
12 min in 73% yield (entry 4). This reaction was also
applicable toward the reaction of zinc reagents obtained from
the corresponding arlymagnesium bromides and addition of
i-PrI (1.1 equiv). Thus, the reaction of 2f in the presence of
i-Prl, Pd(dba),, and RuPhos with various bromoarylketones
provided the biaryls 6f—h in 91% yield (entries 5—7).
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Furthermore, we used this method for the coupling of
arylzinc reagents with aryl bromides bearing acidic benzylic
protons. Thus, the I/Mg exchange of 3-iodobenzonitrile (1a)
with iPrMgCILiCl and transmetalation with ZnCl,2LiCl
(0.55 equiv) yielded the diarylzinc 2a (Scheme 3).

Subsequent Pd(0)-catalyzed cross-coupling with (4-bro-
mophenyl)acetonitrile (7a) furnished the dinitrile 8a in 86%
yield.

Also, the reaction of the chloroarylzinc reagent 2h with
7a yielded the biaryl 8b in 97% yield (Table 3, entry 1).

Table 3. Cross-Coupling of Arylzinc Reagents with Various
Aryl Bromides Bearing Acidic Benzylic Protons

entry  substrate product, yield (%)

. Jo ] o CI CN

2h 7a 8b 97°

electrophile

Zn
’ ’ /©\/
Br CN

CO2Et
2e 7b 8c 89°
O COEt
Zn
3 2 /©/\ COEt O
cl Br cl
cl Cl
2g Te 8d 83°
Zn CO2Et
Oy
4 2
EtO2C Br O
EtOLC
2d Tc 8e85b
7 O COzEt
Oy O
CF3 Br
CF3
2c Te 8f 94°

“ Isolated, analytically pure product. Reaction conditions: 5 min at 25
°C. » The zinc reagent was obtained by an I/Mg exchange and subsequent
transmetalation with ZnCl,22LiCl (0.55 equiv). © The zinc reagent was
obtained by a Br/Mg exchange and subsequent transmetalation with
ZnClp2LiCl (0.55 equiv) and addition of i-PrI (1.1 equiv).

Furthermore, the coupling of the zinc compound 2e bearing
an ester function with (3-bromophenyl)acetonitrile (7b)
provided the desired product 8c in 89% yield (entry 2). The
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reaction of the dichlorophenylzinc reagent 8d with (4-
bromophenyl)acetic acid ethyl ester (7¢) in the presence of
i-Prl leads to the dichlorobiaryl 8d in 83% yield (entry 3).
The coupling of the zinc compounds 2¢,d with aryl bromide
7c furnished the esters 8e.f in 85—94% yield.

This protocol was extended to alkylzinc reagents. Thus,
OctMgBr (9) was smoothly transmetalated with ZnCl,-2LiCl
(0.55 equiv) furnishing Oct,Zn (10a). Subsequent Pd-
catalyzed cross-coupling in the presence of i-Prl with various
bromoanilines provided within 10 min the amines 11a,b in
67—79% yield. In a similar manner, the reaction of 10a with
3-bromoacetophenone (Sa) furnished within 10 min the
ketone 12 in 72% yield (Scheme 4).

Scheme 4. Cross-Coupling of an Alkylzinc Reagent with
Various Aryl Bromides Bearing Acidic Protons

ZnCly-2LiCl Br R NH,

(0.55 equiv) (0.8 equiv)
o)
OctMgBr - “35°C 15min  O%teZn CeHay R
i-Prl (1.1 equiv)
9 10a .
Pd(dba); (1mol%)  11a:R=Cl,79%
RuPhos (2 mol %) 11b: R = CHy, 67%
THF, 25 °C, 10 min
ZnCly-2LiCl B’/©\g/
(0.55 equiv) (0.8 equiv)
OctMgBr o - OctyZn CgHq7
25°C, 15 min i-Prl (1.1 equiv) o
9 10a

Pd(dba); (1 mol %) 12: 72%
RuPhos (2 mol %)
THF, 25 °C, 10 min

In conclusion, we have reported a new protocol for the
Negishi cross-coupling of organozinc reagents with aryl
bromides bearing acidic protons in the presence of i-Prl and
an active Pd-catalyst system such as RuPhos, enhancing the
yield of application of this valuable ligand.” This new
procedure allows remarkably fast coupling reactions, thereby
allowing in several cases to avoid protecting groups.
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