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Abstract: A PdCI2(PPh3)2/LiCI catalyst effectively promoted the cross-coupling reaction of 
trimethyl(4-pyridyl)stannane and aromatic polybromides to offer easy access to poly(4-pyridyl)- 
substituted aromatic compotmds. 

In addition to sustained interest in pyridyl-containing compounds in view of their unique biologicall and 

physical properties, 2 newly and rapidly increasing use of polypyridyl-substituted aromatics ((Py)uAr) as 

essential components for supramolecular synthesis3,4.prompted us to search for an efficient Py-Mtl + X-Ar 

type cross-coupling reaction (route a in eq 1; Py = pyridyl).5, 6 An umpoled route b is less effective for 
(Py)uAr synthesis because of the need for troublesome polymetallic stx~cies Py(Mfl) n. Despite many examples 

a b 
Py-Mtl + X-Ar ) Py-Ar , Py-X + MtI-Ar (1) 

of the route b reaction, 5 however, there are fewer reports on the route a reaction. 6 In particular, only one 

example has appeared for the cross-coupling reaction of a (4-pyridyl)metal with aryl halides. 6a In this 

example, the coupling of a (4-pyridyl)stannane and a heteroaromatic bromide was promoted by a Pd(PPh3) 4 

catalyst, but the reaction required somewhat forced conditions and common aryl bromides were not 

examined. 7 After making a careful examination of the reaction conditions, we found a remarkable salt effect of 

LiCI on this coupling reaction. Although there are a few reports on LiC1/Pd(0) promoted cross-coupling 

reactions,8, 9 the salt effect has been never examined in the coupling reaction with aromatic bromides which 

usually give the coupled products in excellent yields. We now report highly efficient access to (poly)pyridyl- 

substituted aromatic compounds via the cross-coupling reaction of trimethyl(4-pyridyl)stannane (1)10 and 

aromatic (poly)bromides promoted by a PdClz(PPh3)2/LiCI catalyst (eq 2). 

N ~  PdCI2(PPh3)2 / N ~ / ~ n  SnMe 3 + Ar(Br) n ). Ar 
LiCI 

1 

(2) 

5247 



5248 

The following reaction procedure is representative: PdCI2(PPh3) 2 (0.02 mmol) and LiCI (1.5 mmol) were 

added to a toluene solution (5 mL) of  1 (0.36 mmol) and bromobenzene (0.30 retool), and the mixture was 

stirred for 71 h under reflux. The usual workup and purification by column chromatography afforded 4- 

phenylpyridine (2) in 79% yield. In the absence of  LiCl, the yield decreased to 34%. Employment  o f  

iodobenzene did not significantly improve the yield (82%). The reaction using tributyl(4-pyridyl)stannane 

was inferior even in the presence of  LiC1 to give 2 in 44% yield. PdC12(PPh3) 2 was more effective than 

PdCl2(dppp) or Pd(PPh3) 4. The reactions employing other 4-pyridylmetal reagents involving Li, MgX, or 

ZnX as the metal failed probably because of  their insolubility. 

Table  1. PdCI2(PPh3)2/LiCI promoted cross-coupling reaction of  (4-Py)SnMe3 and (X)nAr.a 

,o , 2 500/0 3 4 I~,N 
t'a4°/°Jb 99% (18%) b 5 79% 
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aAll compounds were prepared by the reaction of 1 and the corresponding aromatic (poly)bromides with PdCI2(PPh3)2/LiCI 
catalyst (toluene, 110 °(2, 2-5 d). Dashed lines indicate the bonds newly developed by the present cross-coupling reaction. The ratio 
of the reagents are as follows: for the syntheses of 3-8, 1 : dibromide : PdCI2(PPh3)2 : LiCl = 3 : 1 : 0.1 : 10; for the syntheses 
of 9-11, 1 : tribromide : PdCI2(PPh3)2 : LiCI =4.5 : I : 0.15 : 15; for the synthesis of 12, 1 : teirabromide : PdC12(PPh3) 2 : 
LiCI = 6.0 : 1 : 0.2 : 20. byields in the absence of LiC1. CR form, lCtlD -20.4 (c = 0.5, CHC13). dR form, [Ct]D -155 (c = 0.26, 
CHCI3). 
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The salt effect of LiCI was more enhanced in the synthesis of polypyridyl-substituted compounds. For 

example, 1,3,5-tris(4-pyddyl)benzene (9) was obtained in 90% yield from 1 and 1,3,5-Wibromobonzene in 

contrast to the poor result (7% yield) of a control experiment without LiC1. Selected results are summarized in 

Table 1. In addition to simple bis(4-pyridyl)-substituted aromatics (3-6), optically active derivatives 

containing a binaphthyl unit (7 and 8) were easily accessible. Furthermore, tris- and tetrakis(4-pyridyl)- 

substituted aromatics (9-12) were prepared similarly. Supramolecular self-assembly using these polypyridine 

compounds has been successfully studied in our laboratory. 

It is interesting that the LiCI effect was also observed in a typical Stille's biaryl synthesis. 9 Although 

Stille's standard conditions 9 gave biphenyl according to eq 3 in fair yield (75%), the addition of LiCI 

dramatically increased the yield up to >99%. According to StiUe's interpretation for the LiCI effect in the cross- 

coupling reaction of organostannanes and aromatic (or vinylic) triflates, LiC1 accelerates the transmetallation 

step by replacing an inert Pd-O bond with an active Pd-CI bond for transmetallatiorLab Since our reaction does 

not involve an inert bond in the intermediate, another mechanism is a ~ t l y  involved for the acceleration of 
the reaction by LiCI. 13 

_ _ _ _ 0  PdCI2(PPh3)2 (5 moP/o) 
SnBu3 + Br ~ (3) 

toluene, 110 °C, 4 d 

without LiCI 75% 

with LiCI (5 mol eq) >99% 
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