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Abstract

In THF, a palladium-catalyzed cross-coupling reaction of organomanganese reagents with various aryl bromides including
unreactive deactivated or hindered aryl bromides was performed successfully in the presence of a new catalytic system 1%
PdCL,(dppp)—four equivalents DME. The scope of the reaction is very broad since many functional groups are tolerated,
moreover, even hindered O,0’-di- or trisubstituted diaryls were obtained in high yields. It is interesting to note that hindered aryl
bromides are more reactive than the corresponding aryl iodides. Alkyl, alkenyl and alkynylmanganese chlorides also react under
similar conditions. © 2001 Elsevier Science B.V. All rights reserved.
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Previously [1], we reported that functionalized un-
symmetrical biaryls can be prepared in high yields in
THF by reacting arylmanganese chlorides with aryl
halides or triflates (X =1, Br, OTY) in the presence of a
new catalytic system 1% PdCl,(PPh,),—four equivalents
DME. We have shown that the presence of DME
greatly accelerates the coupling reaction rate and im-
proves the yields. Unfortunately, under these condi-
tions, all our attempts to prepare unsymmetrical biaryls
from unreactive aryl bromides such as hindered ortho-
substituted aryl bromides (i.e. 1) or deactivated aryl
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bromides bearing an electron-donating group (i.e. 3)
resulted in unsatisfactory yields [2].

These results prompted us to undertake a more de-
tailed study to extend the scope of this coupling reac-
tion. Some preliminary experiments were performed in
the case of the first coupling reaction described above
(synthesis of 2 from 1). A very interesting result was ob-
tained by changing the nature of the catalyst (Table 1).
Table 1
Synthesis of ortho-cyanobiphenyl 2 from phenylmanganese chloride

and ortho-bromobenzonitrile 1; influence of the nature of the catalyst
PdL, @

Entry PdL, Time (h) Yield (%) ®
1 PdCL,(PPhs;), 15 47
2 PdCI,(TMEDA) 24 0
3 PdCL,(PhCN), 24 0
4 PdCl,(dppe) 24 0
5 PdClL,(dppb) 21 15
6 PdClL,(dppp) 3 98
7 Pd(OAc),+dppp 7 91

2 PhMnCl was prepared from PhMgCl, all reactions were per-
formed at 20°C. For a general procedure see Ref. [4].
® Isolated yield based on 1.
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Table 2
Preparation of unsymmetrical biaryls from PhMnCl* and hindered or
deactivated aryl bromides

Entry ArBr Time (h) Yield (%)°
PdCL(dppp)*  PAClL(PPh,),’
Br
8 2 98 )
NC
Br
9 0.1 96
Et00C
1 0 Br 3 95c _
1 B'_O_OMe 72 94 )
Br
12 7 93 .
OMe
Br
13 4 91 4
MeO
14 Br —Q—Me 20 96° 28
15wl Dt 1 95° ;

a/ PhMnCl was prepared from PhMgCl, all reactions were performed
at 20°C. For a general procedure see ref. 4. b/ Isolated yield based on
aryl bromides. ¢/ 1% PdCl,(PPh,), was used as catalyst. d/ GLC
yield. ¢/ 1% PACL,(dppf) was used as catalyst.

Table 3
Preparation of unsymmetrical biaryls from ArMnCl and functional-
ized aryl bromides?

Entry RMnCl® ArBr

Br —O—CN 0.6 98
7 Mo Y-wa ” 1 98
18 MezN—Q—MnCI ” 0.5 96

o M MnCl " 0.3 90

” 0.5 9%
Br —Q
1 )
CN
COOEt
Br O 0.5 95
Bl_O—

COBu < 0.05 75

Bf‘@‘COPh <0.05 83

a/ All reactions were performed at 20°C, for a general procedure see
ref. 4. b/ Prepared from ArMgCl. ¢/ Isolated yield based on aryl
bromides,

Time ¢h) Yield (%)

23 ”

2 ”

Indeed, in the presence of various palladium com-
plexes PdCLL, (L, =TMEDA, (PhCN),, dppe, dppb)
the yield of 2 was lower than with PdCL,(PPh;),. On the
other hand, in the presence of 1% PdCl,(dppp) the
reaction occurred quickly (3 h) at room temperature to
afford 2 in excellent yield (98%). Moreover, the forma-
tion of the homo-coupling product (biphenyl), which is
often a very annoying side-product for such cross-cou-
pling reactions, was almost completely avoided.

This very promising result encouraged us to extend
the reaction to various unreactive aryl bromides bear-

ing an electron-donating group or/and a substituent in
the ortho-position (Table 2). In all cases, excellent
yields (91-98%) were obtained by varying only the
reaction time [3]. The results obtained by using
PdCl,(PPh,), are clearly inferior (Entries 8, 13 and 14).

As expected, under similar reaction conditions, the
coupling of arylmanganese chlorides with reactive aryl
bromides bearing an electron-withdrawing group gave
high yields (Table 3). Interestingly, the reaction is very
chemoselective since even a reactive keto group is toler-
ated (Entries 23 and 24).

It should be noted that the reaction has also been
performed successfully with aryl triflates which can be
easily prepared from the corresponding phenols [4]
(Table 4).

On account of the large scope of this coupling proce-
dure, we have tried to synthesized various highly hin-
dered O,0’-substituted biaryls (Tables 5 and 6). Indeed,
these compounds are generally very difficult to obtain
via a palladium-catalyzed aryl—aryl coupling since such
reactions are not very efficient from sterically hindered
organometallic and/or aryl halides [5]. At first, we have
compared the reactivity of various ortho-substituted
aryl bromides and iodides with phenylmanganese chlo-
ride (Table 5). In all cases aryl bromides led to better
results (Entries 30—33). It is very surprising since, as a
rule, it is accepted that aryl iodides are more reactive.

The difference of reactivity increases along with the
steric hindrance. Thus, all our attempts to prepare
0,0’-di-or trisubstituted biphenyls from aryl iodides
were unsatisfactory whereas the corresponding aryl
bromides gave excellent yields (Entries 34—-37). A simi-
lar difference was observed by comparing aryl bromides
and triflates (Entries 38 and 39). To our knowledge, it
is the first time that such a difference of reactivity is
reported.

According to this observation, various O,0’-substi-
tuted biaryls were prepared in high yields from various
ortho-substituted arylmanganese chlorides and ortho-
substituted aryl bromides (Table 6). It should be under-
lined that this procedure is currently one of the most
efficient for the preparation of such hindered diaryls [5].

Finally, under these reaction conditions, it is also
possible to extend the scope of the reaction to benzyl,
alkenyl, alkynyl and alkylmanganese chlorides (Table
7). However, in some cases, it is necessary to use
PdCl,(dppf) as catalyst instead of PdCIl,(dppp), for
instance with alkyl derivatives having eliminable B-hy-
drogen atoms [6] (Entries 45 and 46).

In conclusion, we have reported a new catalytic
system 1% PdCl,(dppp)—four equivalents DME to per-
form efficiently the coupling of organomanganese chlo-
rides with aryl bromides or triflates. The reaction has a
very large scope, thus, many functional groups such as
esters, nitriles or ketones are tolerated and excellent
yields were obtained from both electron-rich and elec-
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tron-poor substrates. This new procedure is especially
interesting for the synthesis of hindered O,O’-substi-
tuted biaryls which were difficult to prepare until now
by using a palladium-catalyzed cross-coupling reaction
[5]. In addition, we have shown that, in our case,

Table 4
Preparation of unsymmetrical biaryls from PhMnCl and aryl
triflates *

Entry ArBr Yield, %°
(x equiv. PhMnCl, Time)

PdCly(dppp) PdCL,(PPh;),

93 7

% o~{_)-ome Qeq. 10min) (3.5 eq., 72h)
98 88

% o Ycoom eq.Smin) (3 eq. 2h)
98 98

z o~ Y-cn (2eq, 15min)  (2eq. 15 min)

28 Q—O’I‘f 90 )

d
e (3.5 eq., 3h)
7\ 88 77
2 O~ = (2eq,5min) (3 eq. 48h)

a/ PhMInCl was prepared from PhMgCl, all reactions were performed
at 20°C. For a general procedure see ref. 4. b/ Isolated yield based on
aryl triflate. ¢/ GLC yield. d/ Reaction performed at 65°C.

Table 5

Preparation of hindered O,0’-substituted unsymmetrical biaryls from
ArMnCl and Ar’X; influence of the nature of Ar'’X (X =Br, I and
OTf) a

Entry  ArMnCl ACX  AMnCl  Reaction  Yield
x equiv. Conditions  (%)°
3 {Oma 2 3h,20°C 95
Br
31 O@ 2 12h,20°C"  96°
I
2 {Hwa Q—Bf 2 35h,20°Ct ol
OMe
33 3.5h,20°C 50

e
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w

19h, 65°C 93
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a/ All reactions were performed at 20°C, for a general procedure see
ref. 4. b/ Prepared from ArMgCl. ¢/ Isolated yield based on Ar'X.
e/ GLC yield.

Table 6
Preparation of hindered O,0’-substituted unsymmetrical biaryls from
RMnCl and aryl bromides ®

Entry  RMnCP ArX RMnCl  Reaction  Yield

x equiv. Conditions  (%)°

4 Q‘M“‘j Q‘Bf 22 2m,20°C 94
Me COOE

41 " Q—Bf 2 2h,65°C 97
CN

o - O, 2 mec w
Br

43 Q‘ MaCl Br 3.5 1h, 65°C 95
CN

44 chx Br 25  19h,65°C 96
Me

a/ For a general procedure see ref. 4. b/ Prepared from RMgClL ¢/
Isolated yield based on ArX.

Table 7
Pd-cross-coupling reaction from various non-aromatic organoman-
ganese reagents and aryl bromides *

Enry RMnCP® AtBr Time (h) Yield (%)

45 C;H,;MnCl Bf—O'CN 0.3 91
46 O-M"C' ” 0.5 93¢
. @_/Mncl ” t 91°
48 >=/Mm ” 0.6 92

49 CsHy—=MnCl ” 24 914

a/ For a general procedure see ref. 4. b/ Prepared from RMgCL
¢/ Isolated yield based on aryl bromide. e/ 1% PdCl,(dppf) was used
as catalyst. f/ 1% PdCl,(dppp) was used as catalyst.

hindered aryl bromides are clearly more reactive than
the corresponding iodides. It is, to our knowledge, the
first report of such a reversal of reactivity. The use of
this new catalytic system with various organometallic
compounds (RMgX, RZnX) is currently under investi-
gation.
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