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Abstract

FeCl;3/Bipy catalyst system was found to be a good combination in the oxidative homo-coupling of aryl Grignard reagents directly
using molecular oxygen as the oxidant. Moderate to good yields of desired corresponding symmetrical biaryls were obtained at room

temperature in 10 min.
© 2007 Elsevier Ltd. All rights reserved.
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Biaryls as a central part of organic framework have been
found in a large number of natural products and widely
applied in many useful man-made materials.' * Transition
metal catalyzed oxidative homo-coupling reaction is one
of the efficient methods to construct symmetrical biaryls.
Palladium-catalyzed carbon-carbon coupling reactions
have been extensively studied and well established in the
past several decades.* Our group have used a-halocarbonyl
compounds as oxidants in palladium-catalyzed oxidative
homo-coupling reactions and several important results
were achieved (Scheme 1).>® Although an excellent
chemo-selectivity in the reactions was given, we reconsid-
ered the applications and limitations of oxidative homo-
coupling reaction protocol. Palladium, a kind of expensive
noble metal, has a toxic effect on human and environment.
Moreover, using a stoichiometric amount of organic oxi-
dant is considered to be neither ‘green’ (environmentally
friendly) nor economical. Thus, with the urgent demand
for green chemistry process and sustainable development
in the chemistry industry, searching for cheap and nontoxic
catalysts as well as green and inexpensive oxidants obvi-
ously becomes one of the most important topics. And there
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Scheme 1. Palladium-catalyzed oxidative homo-coupling reactions
involved a-halocarbonyl compounds as organic oxidants.

have been some examples carried out on palladium-cata-
lyzed homo-coupling reactions using molecular oxygen as
the oxidant.">!> In addition, several other kinds of transi-
tion metal salts (CoCl,,'® TiCly,'” VO(OEt)CL,'® and
CuCl,") were used in stoichiometric amount or catalytical
amount in the presence of reoxidant,”!'*!%20-2! such as oxy-
gen or other organic oxidants, to carry out the oxidative
coupling process. Iron is a very common and cheap metal,
which has been widely applied as a catalyst in carbon—car-
bon bond formation reactions®>>* and other types of reac-
tions.** 3 Recently, Nagano and Hayashi’’ and Cahiez
et al. *® reported their iron-catalyzed oxidative homo-cou-
pling of aryl Grignard reagents using 1,2-dihalogeno-
ethanes as an oxidant. Undoubtedly, using cheap iron
salts as catalysts combined with oxidant in the synthesis
of biaryls is of great potential importance. However, 1,2-
dihalogenoethanes®”*® is not an ideal oxidant candidate
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from both the sustainable and green point of view. Obvi-
ously, molecular oxygen should be the best choice of green
and environment-friendly oxidant for the oxidative homo-
coupling reactions and other oxidation processes. To the
best of our knowledge, directly using molecular oxygen
as an oxidant combined with catalytical amount of com-
mercially available and cheap iron salts was seldom®”
reported in oxidative homo-coupling of aryl Grignard
reagents for the preparation of corresponding symmetrical
biaryls. Herein, we would like to present our results in this
area.

In our initial study on the iron-catalyzed oxidative
homo-coupling reactions using 4-methylphenyl magnesium
bromide 1a as a model substrate in the presence of catalyt-
ical amount of FeCl; (5 mol %), at oxygen atmosphere
(bubbling by oxygen balloon), the result gave 4,4'-di-
methyldiphenyl 2a as the main product, and 62% isolated
yield was obtained (Table 1, entry 3). And meanwhile a
little amount of phenol was observed from TLC. As we
know, without adding any transition metal salts, aryl
Grignard reagents could react directly with oxygen to give
ArOH as the oxidation products.'®*" In this experiment,
we found that the reaction proceeded so quickly that only
10 min was needed. Encouraged by the above promising
result, a series of experiments were carried out to optimize
the reaction conditions.

As shown in Table 1, with no iron salts added, trace of
homo-coupling product was observed (Table 1, entry 1) at
oxygen atmosphere, which indicated that iron salts were
essential to this reaction. Then, iron salts were also evalu-
ated. When Fe(acac); (Table 1, entry 4) was added, only
46% homo-coupling product 2a was obtained. While FeCl,

Table 1
Optimizing the reaction conditions for the oxidative homo-coupling of
aryl Grignard reagent

02
MgBr
THEF, r.t
2a

la homocoupling
Entry Iron salt Ligand Yield (%)
1 No No <54
2 FeCl; (2 mol %) No 47
3 FeCl; (5 mol %) No 62
4 Fe(acac)z (5 mol %) No 46
5 FeCl; (3 mol %) TMEDA (6 mol %) 35
6 FeCl; (3 mol %) Bipy (6 mol %) 85

| N 6mol %)
7 FeCl; (3 mol %) N7 N~~~ 57

S
8 FeCl; (6 mol %) Bipy (12 mol %) 91
9 FeCl; (5 mol %) Bipy (10 mol %) 87

Reactions were carried out with 1.0 mmol of 1a. All reactions completed
in 10 min at room temperature in THF.
# The yield was checked by GC.

was proved to be more efficient than Fe(acac); (Table 1,
entries 3 and 4). On the basis of our experiments (Table
1, entries 1-4), the homo-coupling results were not satisfy-
ing due to the direct oxidation of aryl Grignard reagents
with oxygen, which acted as a main side reaction. To facil-
itate the oxidative homo-coupling reactions, we examined
the efficiency of FeClj as a catalyst with the aid of various
ligands (Table 1, entries 5-7), N, N, N, N-tetramethylethane-
1,2-diamine (TMEDA), 2,2'-bipyridine (Bipy), and N-
butylpyridine-2-carbothioamide. TMEDA and Bipy were
commonly used as ligands in the iron-catalyzed coupling
reactions. The results indicated TMEDA was not efficient
in this reaction (Table 1, entry 5), as well as N-butylpyri-
dine-2-carbothioamide (Table 1, entry 7). We were glad
to find that FeCl; in the presence of Bipy appeared much
more powerful (Table 1, entry 6), with 85% isolated yield
given in 10 min. Furthermore, we increased the amount
of catalyst used in this reaction and the yield of homo-cou-
pling product 2a was enhanced to 91% in 10 min when
6 mol % FeCl; and 12 mol % Bipy were used (Table 1,
entry 8). In general, Table 1, entry 8 gave the best
condition.

Under the aforementioned optimized conditions and
promising results, we have examined the substrate scope
of this reaction.*' As shown in Table 2, our experiments
indicated that a variety of aryl Grignard reagents could
quickly transform to the desired corresponding symmetri-
cal biaryls. Using our new protocol, the oxidative homo-
coupling reactions could afford excellent yields (Table 2,
entries 1, 2, and 11). And moderate to good yields of biar-
yls (Table 2, entries 3—10) were also obtained with this new
efficient method. In the oxidative homo-coupling reaction
of ortho-methyl phenyl Grignard reagent 1d (Table 2, entry
4), because of the presence of ortho position, 72% homo-
coupling product 2d was obtained. In Table 2, entry 9,
4,4'-dichlorobiphenyl 2j was given in 76% yield. Further-
more, when the methoxy group was present at the ortho
position, the yield of 2k was not apparently affected (Table
2, entry 10). And considering the catalyst loadings used in
our oxidative homo-coupling reactions and to enhance this
new method’s preparative meaning, we attempted to use
1 mol % catalyst system to carry out the reaction at
10 mmol scale, 86% isolated yield of 2b (Scheme 2) was
given in 15 min by dropping the phenyl Grignard reagent
1b into the reaction system. In addition, we directly used
dry air as the oxidant, a very good result (Scheme 3) was
observed after 2 h at room temperature, which made us
believe that this new method would be easily applied in
the synthesis of symmetrical biaryls under a very mild
condition.

In summary, we have developed a novel and practical
reaction system for oxidative homo-coupling reaction of
aryl Grignard reagents directly using molecular oxygen as
an oxidant and FeCl; combined with Bipy as catalyst.
Moderate to good yields of desired corresponding symmet-
rical biaryls were obtained at room temperature in 10 min.
This reaction system is applicable to the quick preparation
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Table 2
FeCls/Bipy catalyzed homo-coupling of aryl Grignard reagents using oxygen as an oxidant
0,
6 mol % FeCl3/12 mol % Bipy - -
; \ MgBr - N / \ /\/
R\— THF, r.t, 10 min RN
Entry Aryl Grignard reagents Product Yield (%)
5 1f 2f 78
MgBr
6 { y OX®; y o
Wa W,
7 MeOOMgBr 1h MeOOMe 2h 80
MeQ MeO, OMe
8 1i 2i 84
-0
9 ClOMgBr 1j c1c1 2§ 76
OMe
OMe
w : o5 :
MgBr
MeO
! . L . ’

MgBr

All reactions were performed on a 2 mmol scale at room temperature.
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o

2
Q 1 mol % FeCly/2 mol % Bipy
-0
THEF, r.t, 15 min
10 mmol 1b 86% yield 2b

Scheme 2. Iron-catalyzed oxidative homo-coupling reaction using
1 mol % FeCls/Bipy as catalyst.

OMe Dry Air MeOQ
6 mol % FeCl;/12 mol % Bi
O sstsrotinsnn, (o) 0
THF, r.t,2 h
2 mmol 86% yield OMe
1k 2k

86% yield was determined by GC.

Scheme 3. Directly using dry air as the oxidant in the oxidative homo-
coupling reaction.

of symmetrical biaryls from the corresponding aryl Grig-
nard reagents under the very mild condition. And further
study on the mechanism is in progress.

Acknowledgments

This work was supported by National Natural Science
Foundation of China (Grant No. 20502020) and the start-
up fund from Wuhan University.

Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2007.11.144.

References and notes

1. Smith, K. A.; Campi, E. M.; Jackson, W. R.; Marcuccio, S.;
Naeslund, C. G. M.; Deacon, G. B. Synlett 1997, 131.

2. Bringmann, G.; Gunther, C.; Ochse, M.; Schupp, O.; Tasler, S. Prog.
Chem. Org. Nat. Prod. 2001, 82, 1.

3. Organ, M. G.; Abdel-Hadi, M.; Avola, S.; Hadei, N.; Nasielski, J.;
O’Brien, C. J.; Valente, C. Chem. Eur. J. 2006, 13, 150.

4. Yin, L.; Liebscher, J. Chem. Rev. 2007, 107, 133.

5. Lei, A.; Srivastava, M.; Zhang, X. J. Org. Chem. 2002, 67, 1969.

6. Lei, A.; Zhang, X. Tetrahedron Lett. 2002, 43, 2525.

7. Lei, A.; Zhang, X. Org. Lett. 2002, 4, 2285.

8. Zhao, Y.; Wang, H.; Hou, X.; Hu, Y.; Lei, A.; Zhang, H.; Zhu, L. J.
Am. Chem. Soc. 2006, 128, 15048.

9. Moreno-Manas, M.; Perez, M.; Pleixats, R. J. Org. Chem. 1996, 61,
2346.

10. Yamaguchi, S.; Ohno, S.; Tamao, K. Synlett 1997, 1199.

11.

12.

13.
14.

15.
16.
17.

18.
19.

20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.

40.
41.

Massicot, F.; Schneider, R.; Fort, Y.; Illy-Cherrey, S.; Tillement, O.
Tetrahedron 2001, 57, 531.

Falck, J. R.; Mohapatra, S.; Bondlela, M.; Venkataraman, S. K.
Tetrahedron Lett. 2002, 43, 8149.

Koza, D. J.; Carita, E. Synthesis 2002, 2183.

Yoshida, H.; Yamaryo, Y.; Ohshita, J.; Kunai, A. Tetrahedron Lett.
2003, 44, 1541.

Punna, S.; Diaz, D. D.; Finn, M. G. Synlett 2004, 2351.

Kharasch, M. S.; Fields, E. K. J. Am. Chem. Soc. 1941, 63, 2316.
Inoue, A.; Kitagawa, K.; Shinokubo, H.; Oshima, K. Tetrahedron
2000, 56, 9601.

Ishikawa, T.; Ogawa, A.; Hirao, T. Organometallics 1998, 17, 5713.
Kang, S.-K.; Kim, T.-H.; Pyun, S.-J. J. Chem. Soc., Perkin Trans. 1
1997, 797-798.

Mukhopadhyay, S.; Rothenberg, G.; Lando, G.; Agbaria, K.;
Kazanci, M.; Sasson, Y. Adv. Synth. Catal. 2001, 343, 455.

Wallis, P. J.; Booth, K. J.; Patti, A. F.; Scott, J. L. Green Chem. 2006,
8, 333.

Felkin, H.; Meunier, B. J. Organomet. Chem. 1978, 146, 169.

Seidel, G.; Laurich, D.; Fuerstner, A. J. Org. Chem. 2004, 69, 3950.
Bedford, R. B.; Bruce, D. W.; Frost, R. M.; Hird, M. Chem. Commun.
2005, 4161.

Lecomte, V.; Bolm, C. Adv. Synth. Catal. 2005, 347, 1666.

Dunet, G.; Knochel, P. Synlett 2006, 407.

Ottesen, L. K.; Ek, F.; Olsson, R. Org. Lett. 2006, 8, 1771.

Cahiez, G.; Duplais, C.; Moyeux, A. Org. Lett. 2007, 9, 3253.
Cahiez, G.; Habiak, V.; Duplais, C.; Moyeux, A. Angew. Chem., Int.
Ed. 2007, 46, 4364.

Dongol, K. G.; Koh, H.; Sau, M.; Chai, C. L. L. Adv. Synth. Catal.
2007, 349, 1015.

Guerinot, A.; Reymond, S.; Cossy, J. Angew. Chem., Int. Ed. 2007, 46,
6521.

Hatakeyama, T.; Nakamura, M. J. 4Am. Chem. Soc. 2007, 129,
9844.

Kofink, C. C.; Blank, B.; Pagano, S.; Goetz, N.; Knochel, P. Chem.
Commun. 2007, 1954.

Murata, S.; Suzuki, K.; Miura, M.; Nomura, M. J. Chem. Soc.,
Perkin Trans. 1 1990, 361.

Bolm, C.; Legros, J.; Le Paih, J.; Zani, L. Chem. Rev. 2004, 104, 6217.
Taillefer, M.; Xia, N.; Ouali, A. Angew. Chem., Int. Ed. 2007, 46, 934.
Nagano, T.; Hayashi, T. Org. Lett. 2005, 7, 491.

Cahiez, G.; Chaboche, C.; Mahuteau-Betzer, F.; Ahr, M. Org. Lett.
2005, 7, 1943.

Before we intended to submit this paper, we noted that Cahiez et al.
reported a similar Fe/O, catalyzed homocoupling of ArMgCl without
the addition of ligand: Cahiez, G.; Moyeux, A.; Buendia, J.; Duplais,
C. J. Am. Chem. Soc. 2007. ASAP.

Walling, C.; Buckler, S. A. J. Am. Chem. Soc. 1955, 77, 6032.
General procedure for the oxidative homo-coupling of aryl Grignard
reagent catalyzed by iron. In a Schlenk tube were added anhydrous
FeCl; (0.12 mmol), Bipy (0.24 mmol), and 3 mL dry THF. Under the
atmosphere of nitrogen, 2.0 mmol aryl Grignard reagent was added
into the above stirred mixture and then the reaction mixture was
degassed and refilled with pure oxygen by an oxygen balloon, and the
reaction mixture was stirred at room temperature for 10 min. After
the reaction was completed, 10 mL of ethyl acetate and a little amount
of silica gel were added to the reaction mixture. The solvent was
removed under reduced pressure and the residue was purified by
column chromatograph to afford the desired product. All the
products are known and have been characterized by "H NMR.


http://dx.doi.org/10.1016/j.tetlet.2007.11.144
http://dx.doi.org/10.1016/j.tetlet.2007.11.144

	Efficient Fe-catalyzed homo-coupling of aryl Grignard reagents using O2 as the oxidant
	Acknowledgments
	Supplementary data
	References and notes


