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Synthesis of Biaryls Using the Coupling Reaction of Diaryldimethyltinswith Copper(I1) Nitrate
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The coupling of diaryldimethyltins with Cu(NO,),-3H,0
in THF proceeds smoothly at room temperature under ambient
atmosphere to produce the corresponding biaryls in good to
high yields. Diaryldimethyltins can be prepared in high yields
by the reaction of aryllithiums with dichlorodimethyltin.

Although a number of reactions have been reported for the
homocoupling of aromatic and heteroaromatic halides to pro-
duce biaryls and their heteroaromatic analogues,’? the
Ullmann reaction is believed to be the best method because of
its ease of operation.®> Previously, we reported an improved
Ullmann reaction using a copper(ll)-mediated coupling of an
organozinc species to produce biphenylene and its derivatives.*
Recently, we have found another new improved method for the
synthesis of biaryls and their heteroaromatic analogues using
the coupling of diaryldimethyltins with Cu(NO,),-3H,0
(Scheme 1).
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Scheme 1. Reagents and conditions: i) Bu"Li (1.1 equiv.);
ii) RoSnCly (0.5 equiv.); iii) Cu(NO3)23H20.

As shown in Scheme 1, the preparation of dialkyl-
diaryltins (1 and 2) was carried out starting from the corre-
sponding aryl bromides. Thus, the reaction of aryl bromides
with butyllithium (1.1 equiv.), followed by treatment with
dialkyldichlorotin (0.5 equiv.) afforded dialkyldiaryltins (1 and
2) in moderate to high yields [1la: R = 4-Cl, 85%; 1b: R = H,
93%; 1c: R = 4-Me, 90%; 1d: R = 3-Me, 76%; le: R = 2-Me,
83%; 1f: R = 4-OMe, 85%; 1g: R = 3-OMe, 49%; 1h: R = 2-
OMe, 80%; 1i: R = 3-Cl, 73%; 2a: R = 4-Cl, 80%;]. Inasimi-
lar manner, the reaction of bromothiophenes with butyllithium,
followed by treatment with dichlorodimethyltin gave 4 in good
yields[4a: R = H, 2-thienyl, 81%; 4b: R = H, 3-thienyl, 72%.

The coupling reactions of dialkylbis(4-chloromethyl)tins
(1a and 2a) with Cu(NO,),-3H,0 are summarized in Table 1.
Although the known couplings of organotin compounds using
organometallic reagents can be carried out under an inert
atmosphere,>S the reaction of 1a with Cu(NO,),-3H,0 in THF
at 23 °C proceeded smoothly under ambient atmosphere or in
an atmosphere of oxygen to produce 4,4'-dichlorobiphenyl (3a)
in 91 and 88% yields, respectively (entries 1 and 2). A similar
reaction of 1a under nitrogen gave 3a in lower yield (entry 3).
The reaction rate of 1a with Cu(NQ,),-3H,0 (2.2 equiv.) a 0
°C in THF was much slower than that at 23 °C to afford the

Table 1. Coupling of 1a and 2a with Cu(NO3),*3H,0?

c 3:;@—01 LuNOg)+3H0 cn

1a: R = Me, 2a: R = Bu" 3a

Entry Compound Temp Atmosphere Time Yield of 3aP

/°C /h ! %
1 1a 23 Ambient 0.5 91
2 1a 23 Oxygen 0.5 88
3 1a 23 Nitrogen 0.5 73
4 la 0 Ambient 1 85
5 1la 0 Oxygen 1 85
6 la 0 Nitrogen 1 69
7 2a 23 Ambient 0.5 85

To a solution of Cu(NO3),*3H;0 (2.2 mmol) in THF (1 ml) was added
a solution of 1a or 2a (1 mmol) in THE (1 ml). PIsolated yield.

coupling product 3a in 69-85% yields (entries 4-6). A similar
reaction of dibutylbis(4-chlorophenyl)tin (2a) with
Cu(NO,),-3H,0 (2.2 equiv.) in THF at 23 °C produced 3a in
85% yield which was dlightly lower than that of l1a (entry 7).
The coupling reaction needed 2 equiv. of Cu(NO,),-3H,0, and
the reaction of 1a with 1 equiv. of Cu(NO,),-3H,0 gave 3ain
45% yield, together with the recovered starting materia la.

On the basis of the results shown in Table 1, the coupling
reactions of various kinds of diaryldimethyltins with
Cu(NO,),-3H,0 were carried out (Table 2). As shown in
Table 2, the reactions of diaryldimethyltins with
Cu(NO,),-3H,0 in THF proceeded smoothly to produce
biaryls in good to high yields. Thus, the reaction of
dimethyldiphenyltin (1b) with Cu(NO,),-3H,0 in THF at 23
°C gave biphenyl (3b) in 97% yield (entry 2). Similar reac-
tions of diaryldimethyltins (1c-d, 1f-g, and 1i) containing
para- or meta-substituents produced the corresponding biaryls
in 78-95% vyields (entries 3-4, 6-7, and 9). In the case of ortho-
substituted diaryldimethyltins, the reaction of dimethylbis(2-
methylphenyl)tin (1e) with Cu(NO,),-3H,0 gave 2,2'-
dimethylbiphenyl (3e) (entry 5) in 82% yield, whereas the
reaction of dimethylbis(2-methoxyphenyl)tin (1h) with
Cu(NO,),-3H,0 in THF was slow to produce 2,2"-dimethoxy-
biphenyl (3h) in 49% vyield (entry 8). The reactions of
dimethylbis(thienyl)tins (4a and 4b) with Cu(NO,),-3H,0
afforded bithiophenes (5a and 5b) in 62 and 68% yields,
respectively (entries 10 and 11).

Although the reactions of tributylaryltin (Ar-SnBu";) with
Cu(NO,),-3H,0, PdCI,(CH,CN),, and [PdCl(n-C,H,)], were
reported to produce biaryls (3),%7 the reaction of diaryl-
dimethyltins reported here gave higher yields of the products
(Table 2). In addition, the intramolecular coupling of diaryl-
dimethyltins with Cu(NO,),-3H,0 in THF can be carried out
without an inert atmosphere, and hence this coupling can be
widely employed for the construction of biphenyl frameworks
under ambient atmosphere or under oxygen.
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Table 2. Synthesis of biaryls using the coupling of diaryldimethyl-

tins (1a-i and 4a,b) with Cu(NO3),¢3H,0"

Cu(NQO3)2*3H-0 Ar-Ar
3

AroSnMes
1

Entry Ar (Starting Material) Time Product Yield of 3°

/h /%

1 4CICgH, 1la 05 3a 91
2 CeHs ib 05 3b 97
3 4-MeCgHy e 05 3¢ 92
4 3MeCeHs 1d 05 3d 78
5 2-MeCgHy le 05 3e 82
6  4-MeOCgHs If 05 3f 95
7 3-MeOC¢Hs 1g 05 3g 92
8  2-MeOCgH; 1h 4 3h 49
9 3-CICgHs 1li 05 3i 81
10 2-Thienyl 4a 05 5a 68
i 3-Thienyl 4b (5 5b 62

2To a solution of Cu(NO3);*3H;0 (2.2 mmol) in THF (1 ml) was added
a solution of 1 or 4 (1 mmol) in THF (1 ml) at room temperature, and
the mixture was stirred at room temperature. PIsolated yield.

Interestingly, the reaction of bis(4-bromo-3-
thienyl)dimethyltin (6)8 with Cu(NO,),-3H,0 produced 4,4"-
dibromo-3,3'-bithiophene (7)%1° in 76% yield (Scheme 2).
Similarly, the reaction of bis(4-bromo-3-furyl)dimethyltin and
bis(3-bromo-2-thienyl)dimethyltin (8 and 10)8 with
Cu(NO,),-3H,0 afforded 4,4'-dibromo-3,3-bifuran and 3,3
dibromo-2,2'-bithiophene (9 and 11)°° in 72 and 52% yields,
respectively. These reactions gave selectively the coupling
products without loss of the bromo substituents.
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Scheme 2.

We anticipated that the first step of the reaction of diaryl-
dimethyltins with Cu(NO,),-3H,0 involves an electron-trans-
fer process and transmetallation to afford an organocopper(1l)
species and dimethyltin dinitrate as depicted in Scheme 3.
Since the reaction of a mixture of 1a (0.5 mmol) and 6 (0.5
mmol) with Cu(NO,),-3H,0 (2.2 mmol) in THF (2 ml) at
room temperature for 1 h produced 3a (26%) and 7 (25%) with
the corresponding cross-coupling product (30%), the interme-
diates for biaryls may be radical-like species which dimerizes
to produce the coupling products.

/‘\
Ar-SnMes-Ar + CU(NO3)p — Ar-SnMep-ONO; + Ar-Cu(NO3)

Cu(NO
uiNO92 2Ar-Cu(NOz) —» 2Ar" — = Ar-Ar

Scheme 3.
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The reaction reported here can be widely applied for the
synthesis of biaryls and heterobiaryls. Further studies on the
coupling reactions of diaryldialkyltins with transition metal
catalysts are now under way.
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