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SYNTHETIC COMMUNICATIONS, 27(11), 1893-1897 (1997) 

PALLADIUM- AND COPPER-CATALYZED 

HOMOCOUPLING OF ORGANOLEAD COMPOUNDS: 

SYNTHESIS OF BIARYLS AND DIYNES 

Suk-Ku Kang,* Uma Shivkumar, Chuljin Ahn, Sang-Chul Choi, and Jae-Sun Kim 

Department of Chemistry, Sung Kyun Kwan University, 
Natural Science Campus, Suwon 440-746, Korea 

Abstract: The palladium- and copper-catalyzed dimerization of aryl- and 
alkynyllead triacetates to form biaryls and dialkynes under mild conditions is 
described. 

Functionalized symmetrical biaryls show specific properties as materials 

able to form semiconducting complexes’ and as precursors of rigid liquid crystals? 

The synthesis of biaryls from aryl halides can be achieved by transition metal 

catalysis in the presence of a reductant.’ Thus, the synthesis of biaryls from aryl 

halides is catalyzed by nickel@) complexes, in the presence of a chemical reductant 

such as zinc or upon electrochemical reduction catalyzed by palladium 

c~mplexes.~ Here we wish to report that aryl- and alkynyllead triacetates’ are 

converted to biaryls and dialkynes6*’ by treatment with a catalytic amount of 

palladium or copper catalyst (Eq. 1). 

*To whom correspondence should be addressed. 
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1894 KANG ET AL. 

Pd or Cu catalyst RPb(OAc), t R-R 

3a R = P h  
3b R =p-CH3C,H4 
3c R =  p-CH,OC6H, 
3d R =Zthienyl 
4 R = P h C E C  

The results of palladium-catalyzed homocoupling of organolead compounds 

are summarized in Table 1. When phenyllead triacetate la was reacted with a 

catalytic amount of Pd2(dba);CHC1, (5 mol %) in CHCl, at room temperature for 

10 min, biphenyl (3) was produced in 68% yield (entry 1 in Table 1). Instead of 

palladium as a catalyst, copper was used as a catalyst in this homocoupling. Thus 

phenyllead triacetate (la) was stirred with CuI (10 mol %) in dry DMF at 50 “c 

for 10 min to give biphenyl (3a) which was obtained in 68% yield (entry 2 in 

Table 1). By palladium and copper as catalysts, p-methylphenyllead tnacetate lb  

was dimerized to afford 3b in 65 and 62% yields, respectively (entries 3 and 4). 

By the same methods, p-methoxyphenyllead triacetate l c  was coupled to afford 

3e (entries 5 and 6). Alternatively, 2-thienyllead triacetate (Id) was treated with 

palladium and copper as catalysts to afford the coupled product 3d in 8 1 and 78% 

yields, respectively (entries 7 and 8). This method was also extended to alkynyl- 

substituted lead triacetate. The alkynyl-substituted lead triacetate 2 was reacted in 

the presence of Pd,(dba);CHCI, (5 mol9i) and CuI (10 mol %) to give diacetylene 

4 in 70 and 53% yields, respectively (entries 9 and 10). 
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BIARYLS AND DlYNES 1895 

Table 1. Palladium- and Copper-Catalyzed Homocoupling of Organolead 
Compounds 

Entry Substrate Methoda Product Yield( %)b 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

l a  

l a  

l b  

l b  

lc 

lc 

Id 

Id 

le 

le 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

3a 

3a 

3b 

3b 

3c 

3c 

3d 

3d 

4 

4 

68 

68 

65 

62 

75 

80 

81 

78 

70 

53 
~~ ~~ ~ 

a Method A: All the reactions were run in the presence of Pd,(dba)3*CHC13 
(5 mol %) in CHC1, at room temperature for 10 min. Method B: All the 
reactions were run in the presence of CuI (10 mol %) in DMF at room 
temperature for 10 min. The yields are isolated yields. 

Experimental Section 

Typical procedure. 

Method A: Biphenyl (3a) 

To a stirred solution of phenyllead triacetate (la) (0.20 g, 0.43 mmol) in 

CHCI, (5 mL) was added P&(dba);CHCl, (22.4 mg, 5 mol %) and the reaction 

mixture was stirred at room temperature for 10 min. After evaporation of the 

solvent, the crude product was separated by SiO, column chromatography (hexane 

Rf = 0.54) to afford biphenyl (3a) (22.7 mg, 68%). 'H NMR (CDCl,, 400 MHz) 6 

7.39 (m, 2H), 7.47 (m, 4H), 7.62 (m, 4H). IR (KBr) 3205,3099, 1602, 1466 cm-'. 
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1896 KANG ET AL. 

Method B: 

To a stirred solution of phenyllead triacetate (la) (0.20 g, 0.43 mmol) in 

DMF (4 mL) was added CuI (8.25 mg, 10 mol %) and the reaction mixture was 

stirred at 50 “C for 10 min. H20 (20 mL) was added and extracted with ether (20 

mL X 3). The organic layer was dried over anhydrous MgSO, and evaporated in 

vucuo. The crude product was separated by column chromatography (hexane, Rf 

= 0.54) to afford biphenyl (3a) (22.6 mg, 68%). 

4,4’-Dimethylbiphenyl( 3b) TLC, SO,, hexanes, Rf = 0.51. ‘H NMR (CDCl,, 

400 MHz) 6 2.39 (s, 6H), 7.24 (m. 4H), 7.47 (m, 4H). IR (KBr) 3107, 1452, 1368, 

803,720 cm-’. 

4,4’-Dimethoxybiphenyl( 3c) TLC, SO,, EtOAc : hexane = 1 : 30, Rf = 0.32. ’H 

NMR (CDCl,, 400 MHz) 6 4.82 (s, 6H), 6.95 (m. 4H). 7.48 (m, 4H). IR (KBr) 

3145,1609,1478,1301,1042 cm-I. 

2,2’-Bithiophene (3d) TLC, SiO,, hexanes, Rf = 0.52. ‘H NMR (CDCl,, 400 

MHz) 6 6.99 (m, 2H). 7.17 (m, 4H). IR (KBr) 3081,1783,1372,830,695 cm-’. 

1,4-Diphenylbutadiyne (4) TLC, SO,, hexanes, Rf = 0.43. ‘H NMR (CDCl,, 400 

MHz) 6 7.36 (m, 6H), 7.55 (m, 4H). IR (KBr) 3104,2158,1594, 1477,920 cm-’. 

Acknowledgement. Generous financial support by KOSEF-OCRC and Ministry 

of Education (BSRI-96-3420) is gratefully acknowledged. 

References and Notes 

1. Anton, U.; Goeltner, C.; Muellen, K. Chem Ber. 1992,125,2325-2330. 

2. (a) Gray, G. W. “Molecular Structures and the Properties of Liquid Crystals.” 

D
ow

nl
oa

de
d 

by
 [

St
on

y 
B

ro
ok

 U
ni

ve
rs

ity
] 

at
 0

2:
17

 1
8 

D
ec

em
be

r 
20

14
 



BIARYLS AND DIYNES 1897 

Academic Press : London, 1962. (b) Solladie, G.; Gottarelli, G. Tetrahedron 

1987,43, 1425-1437. 

3. Ni-Catalyzed homocoupling: (a) Semmelhack, M. F. ; Helquist, P. M.; Jones, 

4. 

5.  

6. 

7.  

L. D. J. Am. Chem SOC. 1971, 93, 5908-5910. (b) Yamashita, J.; Inoue, Y.; 

Kondo, T.; Hashimoto, H. Chem Lett. 1986,407-408. (c) Colon, I.; Kelsey, 

D. R. J. Org. Chem 1986, 51, 2627-2637. (d) Laurak, M.; Vanderesse, R.; 

Fort, Y.; Caubere, P. J. Org. Chem. 1989, 54, 4840-4844. (e) Iyoda, M.; 

Otsuka, H.; Sato, K.; Nisato, N.; Oda, M. Bull. Chem SOC. Jpn. 1990, 63, 

80-87. (f) Jutand, A.; Mosleh, A. Synlett 1993, 568-570. Palladium-catalyzed 

homocoupling: (g) Clark, F. R. S.; Norman, R. 0. C.; Thomas, C. B. J. Chem. 

SOC. Perkin Trans. I 1W5, 121-125. (h) Bamfield, P.; Quan, P. M. Synthesis 

1978, 537-538. (i) Barton, D. H. R.;Ozbalik, N.; Ramesh, M. Tetrahedron 

1988, 44, 5661-5668. (i) Miura, M.; Hashimoto, H.; Itoh, K.; Nomura, M. 

Chem Lett. 1990,459-460. Others : (k) Kretchmer, R. A. ; Glowinski, R. J. 

Org. Chem 1976,41,2661-2662. 

(a) Torii, S.; Tanaka, H.; Mirisaki, K. Tetrahedron Lett. 1985, 26, 1655- 

1658. (b) Jutand, A.; Negri, S.; Mosleh, A. J. Chem. SOC. Chem. Commun. 

1992,1729-1730. 

Review for organolead compounds: Pinhey, J. T. Pure & Appl. Chem.1996. 

68,819-824. 

Diacetylenes have been found to display liquid-crystalline and non-linear 

optical properties: Stiegman, A. E.; Graham, E.; Perry, K-J.; Khumdkar, 

L. R.; Cheng, L.-T.; Perry, J. W. J. Am. Chem SOC. 1991,113,7658-7666. 

Diacetylenes can be synthesized by oxidative dimerization of acetylenes: 

Valenti, E.; Pericas, M. A.; Serratosa, F. J. Am. Chem. SOC. 1990, 112, 

7405-7406. 

(Received i n  the U K  31st October 1996) 

D
ow

nl
oa

de
d 

by
 [

St
on

y 
B

ro
ok

 U
ni

ve
rs

ity
] 

at
 0

2:
17

 1
8 

D
ec

em
be

r 
20

14
 




