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Abstract

In the presence of PdCl 42_ in alcohol/water (2/1) solution, thiophene oligomerized to form
a,a-coupled bithiophene while 2,2’-bithiophene oligomerized to form a,a-coupled tetrathiophene as the
major products. In the case of thiophene, two unstable intermediates were isolated and characterized by
'H NMR as 7',C-bonded and 7°,7-bonded thiophene-palladium(Il) complexes. The mechanism of
a,a-coupling of thiophene is thus proposed.

Non-substituted thiophene-metal complexes have been of substantial interest to
chemists recently, particularly in attempts to study the mechanism of the hydrode-
sulfurization (HDS) process, which involves reactions via C-S bond activation, and
of thiophene oligomerization, which involves reactions via C—H bond activation. A
few examples of 7',S-bonded [1] and %’,7-bonded [2] complexes of thiophene have
been identified or proposed. The 7°,7-bonded complexes appear to be generally
more stable than the 7',S-bonded complexes. n’-Complexes [3] and n*-complexes
have also been proposed [2h,3,4]. Although 7',C-bonded thiophene complexes of
main group metals have long been known, only a few 7',C-bonded complexes of
transition metal have been reported. [5]

Recently we have studied the oligomerization of thiophene in the presence of
PdCl,>~ and successfully isolated two intermediates. Because these two inter-
mediates are fairly unstable, we were unable to obtain sufficient data to characterize
them fully at the present time; however the '"H NMR data and the results of metal
content analysis give some important information.

Thiophene reacts over 24 h with PdC142' in an alcohol / water (2/1) solution at
room temperature to give primarily a,a-coupled terthiophene and bithiophene
products (3:1 product ratio). In the course of product separation, two unstable
species were isolated by TLC. The 'H NMR spectrum of the first species shows
three doublet-doublet sets with equal intensity. In the '"H NMR spectrum, the first
doublet—doublet set appears at § 7.27 ppm with coupling constants J 1.5 Hz and
5.4 Hz. The second set appears at 8§ 7.07 ppm with coupling constants J 1.5 Hz and
3.9 Hz. The third doublet-doublet set appears at 8 6.89 ppm with coupling
constants J 3.9 Hz and 5.4 Hz. From the chemical shift and coupling constant data,
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we can assign the double doublets to the thiophene protons on C-5, C-3, and C-4,
respectively; a protonless substituent must be present on C-2. This species decom-
pose gradually at room temperature even under nitrogen atmosphere to form
2,2'-bithiophene and palladium metal. Therefore, this species could be an inter-
mediate, I or II, in bithiophene formation. However, an ICP-mass analysis of this
species shows that it contains 18.38 4+ 0.16% potassium and 25.15 4+ 0.18% pal-
ladium. Therefore this species is the potassium salt of complex I1.
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The 'H NMR spectrum of the second unstable species shows two sets of
multiplets with equal intensities at ~ 7.70 and 7.55 ppm. This species, containing
40.57 £+ 0.32% palladium, decomposed gradually, only thiophene and palladium(II)
chloride being recovered. Of several stable n°,7-bonded thiophene complexes the
NMR data were reported previously {2a,2b,2c2e,2f2g,2h]. It was found that
thiophene complexes with a lower oxidation state imetal center will cause the
thiophene proton to shift up-field and those with a higher oxidation state metal
center will cause the thiophene proton to shift down-field relative to uncoordinated
thiophene, with proton resonances appearing at ~ 7.15 and 7.35 ppm. From the 'H
NMR chemical shift data and the decomposition products we conclude that the
species could be an 7°-bonded thiophene-palladium complex (III). A similar com-
plex (IV), which is stabilized by four methyl substituents on the thiophene, was
prepared by Maithis in 1978 [2b].
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In a typical reaction, 2.00 ml of thiophene (35.8 mmol) reacted with 0.5044 g
(1.547 mmol) of K,PdCl, in 50 ml of an ethanol/water (2/1) solution under
nitrogen at room temperature for 24 hours. The reaction mixture was concentrated
and extracted with chloroform. After the combined chloroform extract was con-
centrated, the reaction mixture was chromatographed with n-hexane on a 20
cm X 20 cm silica gel 60 plate (layer thickness 0.25 nm). 0.0540 g of 2,2"-bithiophene
(0.325 mmol, 21.0% based on PdCl,””) and 0.1324 g of a-coupled terthiophene
(0.540 mmol, 69.9% based on Pdle*) were obtained as the two major products.
Several minor products including trace amounts of a-coupled tetrathiophene (4.91
mg, 0.0263 mmol), palladium complex III (12.55 mg, 0.0298 mmol), and complex 11
(10.70 mg, 0.0312 mmol) were also isolated from the TLC plate.
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Scheme 1

Rudakov and Ignatenko [6] have studied the coupling of thiophene in aqueous
solution of palladium sulfate and palladium perchlorate and they suggested, from
the kinetic isotope effects and the influence of acidity, that the coupling reaction
should proceed through intermediates V and VI.
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From these intermediates, we propose the mechanism for the coupling reaction of
thiophene shown in Scheme 1. The 2,2’-bithiophene thus formed might react with
PdC142— further to form intermediate VII, or react with I to form another inter-
mediate (VIII), which leads to terthiophene. In the thiophene coupling reaction,
only trace amounts of a-tetrathiophene and the higher oligomers were found
because an excess amount of thiophene was present and bithiophene is more bulky
relative to thiophene. This steric effect is also found in the coupling reaction of
2,2’-bithiophene under the same conditions. The major product of this coupling
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reaction is a-tetrathiophene and the rate of coupling is slower than that in the
thiophene case (50% yield based on PdCl 2.

@@—/m——@ @;/Pd——fé\ (3

N
Cl

(VID) (VIII)

Acknowledgements. We thank the National Science Council of Taiwan for
grants in support of this work.

References

1 (a) W.C. Bucknor, T.B. Draganjac, C.J. Ranch, W.C. Fultz and A.L. Rheingold, J. Am. Chem. Soc.,

106 (1984) 5379; (b) M. Draganjac, C.J. Ruffing and T.B. Rauchfuss, Organometallics, 4 (1985) 1909;

(c) J.D. Goodrich, P.N. Nickas and J.P. Selegue, Inorg. Chem., 26 (1987) 3423; (d) V. Guerchais and

D. Astme, J. Organomet. Chem., 316 (1986) 335; (e) N. Kuhn and H. Schumann, J. Organomet.

Chem., 276 (1984) 55.

(a) R.A. Sanchez-Delgado, R.L. Marquez-Siloa, J. Puga, A. Tiripichio, and M.T. Camellini, J.

Organomet. Chem., 316 (1986) C35; (b) M.J.H. Russell, C.White, A.Y. Peter and M.J. Maitlis, J.

Chem. Soc., Dalton Trans., (1978) 857; (c) G.H. Spies and R.J. Angelici, Organometallics, 6 (1987)

1897; (d) J.R. Locbemeyer, T.B. Rauchfuss, A.L. Rheingold and S.R. Wilson, J. Am. Chem. Soc., 111

(1989) 8828; (e) C.C. Lee, M.L. Qbal, U.S. Gill and R.G. Sutherland, J. Organomet. Chem., 288 (1985)

89; (f) M.F. Bailey and L.F. Dahl, Inorg. Chem., 4(9) (1965) 1306; (g) D.A. Lesch, J.W. Richardson,

Jr., R.A. Jacobson and R.J. Angelici, J. Am. Chem. Soc., 106 (1984) 2901; (h) A.E. Ogilvy, A.E.

Skaugset and T.B. Rauchfuss, Organometallics, 8 (1989) 2739.

3 R. Cordone, W.D. Harman and H. Taube, J. Am. Chem. Soc., 111 (1989) 5969.

R.J. Angelici and J. Chen, Abstracts of Papers, 198th National Meeting of the American Chemical

Society, Miami Beach, FL, American Chemical Society, Washington DC, 1989.

(a) T.J. Giordano and P.G. Rasmussen, Inorg. Chem., 14 (1975) 1628; (b) Y. Fujiwara, O. Maruyama,

M. Yoshidomi and H. Taniguchi, J. Org. Chem., 46 (1981) 851.

6 (a) E.S. Rudakov and V.M. Ignatenko, Dokl. Akad. Nauk. SSSR, 241(1) (1978) 148; (b) E.S. Rudakov
and V.M. Ignatenko, React. Kinet. Catal. Lett., 22(1-2) (1983) 75.

[

£

v



