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A simple and efficient route to biaryls via Pd-catalyzed decarboxylative cross-couplings of arene carboxylic acids and aryl iodides is reported.
The PdCl,/AsPh ; catalytic system in the presence of Ag ,CO; in DMSO was found to be particularly efficient to perform this transformation.
This reaction can be extended to the synthesis of various biaryls, including sterically hindered biaryls, with yields ranging from 58% to 90%.

A general aim of modern organic synthesis is to develop The Suzuki-Miyaura Pd-catalyzed cross-coupling reaction
new ways of formation of carbercarbon (C-C) bonds. In of aryl halides and arene boronic acids is the predominant
this respect, Pd-catalyzed cross-coupling reactions offer method for the synthesis of biaryis? This reaction requires
powerful and versatile synthetic methods for the creation of mild reaction conditions and generally proceeds in high
C—C bonds, in particular, for the preparation of biarfy¥s.  yields. One of its few drawbacks is the high price of many
T.hese' compoqnds are important fo'r'the preparan.ons of (3) (a) Lloyd-Williams, P.; Giralt, EChem. Soc. Re 2001, 3, 145 and
biologically active moleculésand herbicidesand also find references therein. (b) Bringmann, G.:i@er, C.; Ochse, M.; Schupp,
important applications in the fields of molecular recogniﬁon' O.; Tasler, S. Biaryls in Nature: A Multi-Faceted Class of Stereochemically,

L . . . Biosynthetically, and Pharmacologically Intriguing Secondary Metabolites.
|IqUId Crysmls‘? organic semiconductofsor metal Ilgands In Progress in the Chemistry of Organic Natural Produdterz, W., Falk,

for catalysis® H., Kirby, G. W., Moore, R. E., Eds.; Springer-Verlag: New York, 2001;
Vol. 82.
T Universitede Haute-Alsace (4) Szmant, H. HOrganic Building Blocks of the Chemical Industry
* Novalyst Discovery Wiley: New York, 1989.
(1) (@) Hassan, J.; 8@gnon, M.; Gozzi, C.; Schulz, E.; Lemaire, M. (5) Schulte, J. L.; Laschat, S.; Vill, V.; Nishikawa, E.; Finkelmann, H.;
Chem. Re. 2002 102 1359. (b) Horton, D. A.; Bourne, G. T.; Smythe,  Nimtz, M. Eur. J. Org. Chem1998 2499.
M. L. Chem. Re. 2003 103 893. (c) Stanforth, S. Pretrahedron1998 (6) (@) Pu, L.Chem. Re. 1998 98, 2405 and references therein. (b)
54, 263. (d) Metal-Catalyzed Cross-Coupling ReactipnSuzuki, A., Poetsch, EKontakte1988 15. (¢) Croom, K. F.; Keating, G. MAm. J.
Diederich, F., Stang, P. J., Eds.; Wiley-VHC: Weinheim, Germany, 1998. Cardiovasc. Drugs2004 4, 395.
(e) Tsuiji, J.Palladium Reagents and Catalysi®hn Wiley and Sons: New (7) (a) Wallow, T. I.; Novak, B. MJ. Am. Chem. Sod991, 113 7411.
York, 1995. (b) Elsenbaumer, R. L.; Shacklette, L. WHandbook of Conducting

(2) Other powerful transition-metal-catalyzed synthetic methods for the Polymers Marcel Dekker: New York, 1986.
preparation of biaryls are available. (a) For Cu-catalyzed cross-coupling  (8) Spivey, A. C.; Fekner, T.; Spey, S. E.0Org. Chem200Q 65, 3154.
reactions, see: Fanta, P. &nthesid974 9. (b) For Ni-catalyzed cross- (9) (a) Miyaura, N.; Suzuki, ATetrahedron Lett1979 36, 3437. (b)
coupling reactions, see: Lee, C.-C.; Ke, W.-C.; Chan, K.-T.; Lai, C.-L.; Miyaura, N.; Suzuki, AChem. Re. 1995 95, 2457. (c) Bellina, F.; Carpita,
Hu, C.-H.; Lee, H. MChem=—Eur. J.2007, 13, 582 and references therein.  A.; Rossi, R.Synthesi2004 2419. (d) Pershichini, P. Curr. Org. Chem.
(c) For C-H activation reactions, see: Alberico, D.; Scott, M. E.; Lautens, 2003 7, 1725. (e) Kotha, S.; Lahiri, S.; Kashinath, Detrahedron2002
M. Chem. Re. 2007, 107, 174. 58, 9633.
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arene boronic acids, which could even, in certain cases, b
difficult to prepare. Because carboxylic acids are widely
available, they could represent an interesting alternative to

Table 1. Determination of the Reaction Conditions

OMe

the arene boronic acids. Their use for this reaction, which is CO,H
related to the SuzukiMiyaura process, has recently been O
described by two group$:* This prompts us to disclose 1 OMe  pycatalyst, Ligand, Ag,CO; ~ MeO OMe
herein our own results. Goossen et al. reported the prepara- . DMSO. 150°C.6h
tion of biaryls via a Pd-catalyzed decarboxylative coupling o O
reaction in the presence of a bimetallic Pd/Cu catdfyst. \©\ OMe
Good yields have been obtained, but mostly for carboxylic ) I 3a
acids bearing electron-withdrawing groups. This procedure
is somewhat tedious and often has to be adapted to the nature yield
of the arene carboxylic acid. The Boehringer Ingelheim group entry Pd catalyst ligand (%)
reported a Pd-catalyzed arylation reaction of heteroaromatic 15 pqcy, _ 51
carboxylic acids with aryl halide®. Herein, we report a 26 PdCly(MeCN), - 49
versatile one-step synthesis of biaryls via a Pd-catalyzed 3° Pd(02CCFs); - <40
cross-coupling reaction of both electron-rich and electron- 4° Pd(CN). - <40
deficient arene carboxylic acids with various aryl iodides. 5Z Pd(OAc), - <40
This method can also be used for the preparation of sterically 7b lﬁggdp‘;i%le(CHchZ)Z B <4g
hindered biaryls. 8  Pdy(dba)s B .

The determination of the reaction conditions was per- 9 pdcl, PPh; 37
formed with 2,6-dimethoxybenzoic acid, 4-iodoanisole, and 10 PdCl, AsPh; 71 (90)¢
Ag,COz in DMSO (Table 1) It turned out that PdGiwas 11¢  PdCly AsPh; <60
the most active catalyst, and the desired bis3gl was 12° PdCl; PhoAs—(CHz)o—AsPhy  —¢

13%  PdCl, SbPh; —c

obtained in 51% yield (entry 2}.Apart from PdC}(MeCN),
which gave almost identical results (entry 2), other Pd(ll)
or Pd(0) catalysts (entries-8) or Ni(ll) derivatives [NiC}-
(PPh), or Ni(acac)] were unsuccessful. Modifications of
the nature of the base @GO;, NaCOs;, K,CO; CsCO;5,
AgOAc, or TMSOK) or of the solvent (sulfolane, DMA,

a |solated yields after flash chromatography of the crude reaction mixture
on silica gel? Reagents and reaction conditions: 4-iodoanisole (1.0 equiv),
2,6-dimethoxybenzoic acid (1.1 equiv), A20s (3.0 equiv), ligand (0.6
equiv), and Pd catalyst (0.3 equiv).Complex reaction mixtures were
obtainedd The reaction was performed using 1.3 equiv of 2,6-dimethoxy-
benzoic acid® The reaction was performed using 0.1 equiv of RdCI

DMF, or DMSO/DMF mixture$®), addition of various salts
(LiBF4, LiCl, MgCl,, CaCh, CsCl, BiCk, or Cul9), or
decrease of the amount of AgO; afforded only much lower
yields of 3a. Despite the fact that Pd catalysts containing
phosphine ligands were less efficient than Bd&te above),
we carried out the reaction with PdGh the presence of
additional PBP (entry 9) or numerous other phosphines (e.g.,
PCy;, DavePhos, xanthphos, or BINAP), and as expected,
3awas obtained in lower yields. Interestingly, the addition
of AsPhy was much more beneficial, witBa being isolated

in 71% vyield (entry 10) and even in 90% vyield if a slight
excess (1.3 equiv) of carboxylic acidwas used. Surpris-
ingly, only complex mixtures were obtained in the presence

(10) Goossen, L. J.; Deng, G.; Levy, L. Nbcience2006 313 662.

(11) Forgione, P.; Brochu, M.-C.; St-Onge, M.; Thesen, K. H.; Bailey,
M. D.; Bilodeau, F.J. Am. Chem. So2006 128 11350.

(12) Baudoin, OAngew. Chem., Int. EQ007, 46, 1373.

(13) Carboxylic acids and derivatives have also been used in Pd- or Rh-
catalyzed couplings to replace the aryl halides. For an example in a Rh-
catalyzed SuzukiMiyaura-type reaction, see: (a) Goossen, L. J.; Paetzold,
J.Adv. Synth. Catal2004 346, 1665. For examples in Pd-catalyzed Heck-
type reactions, see: (b) Myers, A. G.; Tanaka, D.; Mannion, MJ.RAm.
Chem. Soc2002 124, 11250. (c) Tanaka, D.; Romeril, S. P.; Myers, A. G.

J. Am. Chem. So@005 127, 10323. (d) Tanaka, D.; Myers, A. @rg.
Lett. 2004 6, 433. (e) Goossen, L. J.; PaetzoldAhgew. Chem., Int. Ed.
2002 41, 1237. (f) Goossen, L. J.; Paetzold,Angew. Chem., Int. Ed.
2004 43, 1095. (g) Goossen, L. J.; Paetzold, J.; Winkel Slynlett2002

10, 1721. (h) Carmichael, A. J.; Earle, M. J.; Holbrey, J. D.; McCormac,
P. B.; Seddon, K. ROrg. Lett.1999 1, 997. (i) Stephan, M. S.; Teunissen,
A.J. J. M;; Verzijl, G. K. M.; de Vries, J. GAngew. Chem., Int. EA.998

37, 662. (j) Mo, J.; Xiao, JAngew. Chem., Int. EQ006 45, 4152.

(14) No starting material or 2 was recovered. In addition t8a, 1,3-
dimethoxybenzene, anisole, and'4ddimethoxybiphenyl were isolated.
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of other arsine or stibine ligands such as 1,2-bis(diphenyl-
arsino)ethane (entry 12) and triphenylstibine (entry 13).
Using either 0.3 equiv of Pdghnd 0.1 equiv of AsPhor

0.3 equiv of PdGland 0.1 equiv of AsPhafforded3ain
only 50% and 66% yields, respectively. In the presence of
AsPh; (0.6 equiv), attempts to lower the temperature to 100
°C or to decrease the amount of Pgtdl 0.1 equiv afforded
3ain much lower yields, whereas replacing 4-iodoanisole
by 4-bromoanisole gave no biargh. Additionally, use of
microwave irradiation (150°C, 10 min) yielded almost
identical results and was therefore not pursued.

With these reaction conditions in hand, we evaluated the
scope and limitation of the reaction using various arene
carboxylic acids and aryl iodides (Table®2)The use of the
electron-rich 2,6-dimethoxybenzoic acid, 2,4,6-trimethoxy-
benzoic acid, or 3-bromo-2,6-dimethoxybenzoic acid gave
the desired biaryls in good yields (entries3). Interestingly,
the sterically more hindered 2,6-diisopropoxybenzoic &cid

(15) Typical experimental procedure: DMSO (6 mL) was added to a
mixture of the aryl iodide (0.50 mmol, 1.0 equiv), the arene carboxylic
acid (0.65 mmol, 1.3 equiv), AGO; (1.50 mmol, 414 mg, 3.0 equiv),
AsPhs (0.30 mmol, 91.9 mg, 0.6 equiv), and Pd@.15 mmol, 26.6 mg,

0.3 equiv). The reaction mixture was degased twice with argon and directly
heated at 150C for 6 h. After cooling to rt, the reaction mixture was filtered
with Celite and AcOEt (100 mL) was added to the filtrate. The organic
phase was washed with saturated /&H(70 mL), dried with MgSQ,
filtered, and concentrated under a vacuum. The residue was purified by
flash chromatography on silica gel to afford pure biaryls after drying under
a vacuum (0.1 mbar).
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Table 2. Synthesis of Biaryls

R® R
R® COH LN PdCL AsPh AQCOs — R®
” " TR DMSO, 150 °C, 6 h R \ 7
R3 R® R?
3a-3r
entry® R! R2 R3 R* R RS product yield (%)?
1 OMe OMe H H H 4-OMe 3a 90
2 OMe OMe H OMe H 4-OMe 3b 75
3 OMe OMe Br H H 4-OMe 3c 65
4 O'Pr OiPr H H H 4-OMe 3d 62
5 NOg H OMe OMe H 4-OMe 3e 79
6 NOg H H H H 4-OMe 3f 63
7 F F F F F 4-OMe 3g 92
8 F Cl H H H 4-OMe 3h 82
9 OMe OMe H H H 3-OMe 3i 89
10 OMe OMe H H H 2-OMe 3j 62
11 OMe OMe H H H 4-Me 3k 76
12 OMe OMe H H H 4-Cl 31 78
13 OMe OMe H H H 2-Br 3m 58
14 OMe OMe H H H H 3n 84
15 OMe OMe H H H 3-CF3 30 77
16 OMe OMe H H H 4-Ac 3p 70
17 OMe OMe H H H 2-NOy 3q 71
18 OMe OMe H H H 2-CO2Et 3r 59

a Reagents and reaction conditions: aryl iodide (1.0 equiv), arene carboxylic acid (1.3 equig)(®P8@huiv), AsPk(0.6 equiv), AGCO; (3.0 equiv).
b Isolated yields after flash chromatography of the crude reaction mixture on silica gel.

gave3din 62% yield (entry 4). Very good results were also
obtained by reacting 3,4-dimethoxy-2-nitrobenzoic acid with

only with moderate yields (ca. 25%), whereas benzoic, 2,4-
dimethoxybenzoic, 2,4,6-trimethylbenzoic, aNepivaloyl-

4-jodoanisole, and the corresponding biaryl was obtained in Protected anthranilic acids gave no coupling reaction with

79% vyield (entry 5). Remarkably, the electron-deficient

4-iodoanisole and were recovered unchanged. The coupling

2-nitrobenzoic acid also gave the expected biaryl in 63% reaction was also performed between carboxylic dcahd

yield (entry 6). The cross-coupling reaction of 4-iodoanisole
with pentafluorobenzoic acid (entry 7), 2-chloro-6-fluoroben-

many electron-rich or electron-deficient iodobenzenes with
yields ranging from 58% to 89% (entries-28) and with

zoic acid (entry 8), and 3-methylbenzofuran-2-carboxylic acid 1-iodonaphthalene with 73% yield (Scheme 1). Noteworthily,
(Scheme 1) afforded 92%, 82%, and 65% vyields, respec-2.2,6-substituted hindered biaryls could be obtained in good

Scheme 1. Syntheses of Two Other Biaryls

PACly, AsPhs

Ag,COs DMSO
NocoH + 2 28 \OMe
o 150 °C. 6 h S

65% 3s

| ®
MeO OMe
1 + J—
= O

3t

tively. The reaction ofN-pivaloyl or N-acetyl-protected
2-amino-6-fluorobenzoic acid with 4-iodoanisole proceeds

(16) Florvall, L.; Qyren, S.-O.J. Med. Chem1982, 25, 1280.
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yields using this procedure (entries 10, 13, 17, and 18).

In summary, we have reported a simple and efficient Pd-
catalyzed cross-coupling reaction of arene carboxylic acids
and aryl iodides. Despite some remaining limitations (high
amount of Pd and lack of generality for the carboxylic acids),
these preliminary results open a practical and versatile route
for the formation of aryt-aryl bonds from arene carboxylic
acids. Further investigations are currently in progress in our
groups.
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