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PREPARATION AND PROPERTIES OF NEW THIOLATO- AND MERCAPTO-TRANSITION
METAL COMPLEXES, MR(SR')(PR"3)2 (M = Ni, Pd; R = H, Ar; R’ = H, Ar).
EVOLUTION OF R-R’ FROM THE COMPLEXES THROUGH CLEAVAGE OF THE S-R’ BOND
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New nickel(II) and palladium(II) complexes having both hydrido
and arylthiolato ligands, MH(SAr)(PCy3)2, and complexes with aryl
and mercapto ligands, Ni(Ar)(SH)(PEt3)2 (M = Ni, Pd; Ar = C6H5~,
R-CH3CGH4-, E—CH3OC6H4-), were prepared. Thermolysis of these

complexes caused cleavage of the S-C or S-H bond to evolve Ar-H.

Elucidation of chemical reactivities of transition metal compounds containing
b The study on the

reactivities of SH or SR groups bonded to transition metals is valuable to

metal to sulfur bond is the subject of recent interest.

understand the fundamental reactions involved in metal-catalyzed desulfurization

2)

reactions at the metal center of some enzymes

3)

of organic sulfur compounds,
containing metal to sulfur bonds, and metal-organic chemical vapor deposition
(MOCVD) process which often proceeds through formation of a metal to SH or SR
bond.4) In this paper we wish to report preparation of new nickel and palladium
complexes having an arylthiolato (SAr) or mercapto (SH) ligand and occurrence of
facile cleavage of the S-C and S-H bond in the ligands at elevated temperatures.
The cleavage of the S-C and S-H bond is deemed relevant to the metal catalyzed
desulfurization and formation of metal sulfide in the MOCVD process.

The reaction of trans-Ni(Ar)(Me)(PEt3)25) with H2
Ni-Me bond to afford methane and trans—Ni(Ar)(SH)(PEt3)2 (Eg. 1, Yield = 41-93%).

Oxidative addition of ArSH to Ni,(N,) (PCys) ,® or Pa(pcy,)

S occurs selectively at the

4 27 proceeds smoothly
at room temperature to give trans-NiH(SAr)(PCy3)2 (Egq. 2, Yield = 65-66%) or

PdH(SAr)(PCy3)2 (Eg. 3, Yield = 44-82%), respectively.

Ni (Ar) (Me) (PEt) , + H,§ ———> trans-Ni(Ar)iSH)(PEt3)2 + cH, (1)
1
(la, Ar = C H-; lb, Ar = p-CH,C.H,~;
lc, Ar = E—CH30C6H4-)
N12(N2)(Pcy3)4 + 2 ArSH —mm> 2 trans-NlH(SAr)(PCy3)2 + N2 (2)
2

~

(2a, Ar = CHg-; 2b, Ar = p-CH,C.H,-)
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—_—_— =
Pd(PCy,;), + ArSH PdH (SAr) (PCy,), (3)
3
(§§, Ar = C6H5-; 3b, Ar = B-CH3C6H4-;

%9, Ar = E-CH3OC6H4—)

IR and NMR (1H and Slp(!

agree well with the proposed formulations of the complexes. The spectroscopic

H}) spectra as well as elemental analysis of the complexes

data are summarized in Table 1. Nickel complexes 1 and 2 have trans structures as
confirmed by NMR spectra where the proton signals of Ni-H and SH appear as

31,1

triplets due to P-"H coupling. Signals of Pd-H protons of 29—29 appear as

singlets presumably due to small J value, which obstructs the unequivocal

determination of the configurationpgy NMR spectroscopy.

Thermolysis of the Ni and Pd complexes causes the cleavage of S-H and S-Ar
bond. Coupling of the H atom released from the SH ligand with Ar group in 1 and
coupling of the Ar group released from the SAr ligand with the hydrido ligand in
2, respectively, give arenes. The remaining sulfur atom is trapped mainly by

the PR":3 ligand to form S=PK"3 and partly by the metal to form metal sulfide.

HS-Ni (C H,CH,) (PEt,) , —S> CH,C H, + S=PEt; + CH;C.H,SC.H,CH; + H, (4)
1b 70% 72% 15%
CH3OC6H4%S-PdH(PCy3)2—————E>CH3OC6H5 + S=PCy, (5)
3¢ 61% 73%
Table 1. IR and NMR data of the complexes
1R?) NMR
Complex )
v (MH) v (SH) 1yb) 3pilpyf
la 2560 -2.0(SH, t, Jp, = 18 Hz) 19.4(s)
1b 2550 -2.0(SH, t, Jpy = 18 Hz) 2.2(CHy, s) 19.3(s)
lc 2550 -2.0(SH, t, Jpy = 18 Hz) 3.4(OCH;, s) 19.5(s)
2a 1939 -20.0(NiH, t, J,; = 71 Hz) 41.4(s)
2b 1932 -20.1(NiH, t, J,, = 69 Hz) 41.5(s)
3a 1947 -11.0(pam) ¥ 47.3(s)
3b 1955 -11.0(pan) ¥ 47.5(s)
3¢ 1958 -11.1(pan) Y 47.7(s)

a) In cm-1 in KBr disks. b) 100 MHz in CGD

. 31
PPh3, 40 MHz in C6D6' d)

6" c) Ppm downfield from external
P—1H coupling was not observed. See text.
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Table 2. Thermolysis of MR(SR’)(PR”B)2

Conditiona) Products(Yield/%)b)
Complex Solvent Temp/°C Ar-H ArSAr H, S=PR'3
£§ CH3C6H5 120 70 15 c) 72
1b C6H6 120 54 15 c) 74
{9 C6H6 130 68 18 15 c)
%§ PhZCH2 140 37 18 c) 44
%? PhZCH2 140 28 35 c) 28
%9 Ph2CH2 200 22 26 23 68
%p PhZCH2 200 24 7 21 75
%g Ph2CH2 200 61 0 0 73

a) Reaction was carried out for 1-3 h under vacuum.
b) Yields by gaschromatography. «c¢) Formation of the compound was confirmed by

gaschromatography, but its amount was not measured.

The diaryl sulfide evolved in Eq. 4 is considered to be formed through the thermal
isomerization of 1 to NiH(SAr)(PEt3)2 followed by disproportionation of it to
Nin(PEt3)2 and Ni(SAr)z(PEt3)2, the latter complex undergoing the cleavage of
Ni-S and S-Ar bond. Thermolysis of Ni(SPh)z(PEt3)2 at 200 °C actually affords

PhSPh in 100% yield similarly to the result of thermolysis of cis—Ni(SPh)z(bpy)2

)

(bpy = 2,2’—bipyridine).8 In the case of the thermolysis of the hydrido-thiolato

complexes, 2b and 3a, such type of disproportionation occurs easily, thus giving
ArSAr as a main thermolysis product. Table 2 summarizes the results of the

thermolysis of 1-3.

-GS=N1i ————— =
CH;C H,-S-NiH(PCy,), CHyCcHy + S=PCy, + CH,C H,SC.H,CH (6)

3767477674773
2b 28% 28% 35%

+ H

3764

2

The reaction pathway for the thermolysis of 3 was estimated based on the reaction
using a mixture of PdD(SC6H4CH3)(PCy3)2 and PdH(SC6H5)(PCy3)2. It is revealed
that Ar-H obtained in this reaction (CH3C6H4D and C6H6) is formed mainly through
an intramolecular coupling of the hydrido ligand and the Ar group of SAr.

Related complexes, trans-MoH(SR)(dpe)2 (dpe = 1,2-bis(diphenylphosphino) -
?) ana 1rH(SPh)C1(CO) (PPhy) ,, 0

at room temperature in the presence or absence of CO. However, the corresponding

ethane) was reported to lose corresponding thiols
reductive elimination of ArSH was not observed in thermolysis of these Ni and Pd
complexes at all. Although formation of benzene from transition metal
benzenethiolato complex with hydrido ligand has been reported in thermolysis of

11)

an osmium compound, HOs3(CO)10(u-SPh), occurrence of such reactions as

described in Egs. 4 and 5 in a mononuclear complex has no precedent.



600

Chemistry Letters, 1986

References

1)

2)

3)

4)

5)
6)
7)

8)
9)
10)
11)

M.R. DuBois, M.C. VanDerveer, D.L. DuBois, R.C. Haltiwanger, and W.K. Miller,
J. Am. Chem. Soc., 102, 7456 (1980); R.J. Angelici and R.G.W. Gingerich,
Organometallics, 2, 89 (1983); D.A. Lesch, J.W. Richardson, R.A. Jacobson,
and R.J. Angelici, J. Am. Chem. Soc., 106, 2901 (1984); C.J. Ruffing and
T.B. Rauchfuss, Organometallics, 4, 524 (1985).

R. Mozingo, D.E. Wolf, S.A. Harris, and K. Folkers, J. Am. Chem. Soc., 65,
1013 (1943); K. Kondo, A. Negishi, K. Matsui, D. Tunemoto, and S. Masamune,
J. Chem, Soc,, Chem. Commun., 1972, 1311; J.J. Eisch, L.E. Hallenback, and
K.I. Han, J. Org. Chem., 48, 2693 (1983); H. Kwart, G.C.A. Schuit, and

B.C. Gates, J. Catal., 61, 128 (1980).

"Recent Developments in Nitrogen Fixation," ed by W. Newton, J.C. Postage,
and C.R. Barrueco, Academic Press (1977), p. 131; P.A. Lindahl, N. Kojima,
R.P. Hausinger, J.A. Fox, B.K. Teo, C.T. Walsh, and W.H. Orme-Johnson,

J. Am. Chem. Soc., 106, 3062 (1984).

H.M. Manasevit and W.I. Simpson, J. Electrochem. Soc., 118, 644 (1971);
P.J. Wright and B. Cockayne, J. Cryst. Growth, 59, 148 (1982); P.J. Wright,
R.J.M. Griffiths, and B. Cockayne, ibid., 66, 26 (1984); T. Yasuda, K. Hara,
M. Mizuta, K. Kukimoto, S. Ito, and K. Morimoto, 16th Int’1 Conf. on Solid
State and Devices and Materials, (1984), p. 6.

D.G. Morell and J.K. Kochi, J. 4m. Chem. Soc., 97, 7262 (1975).

P.W. Jolly, Angew. Chem., 80, 705 (1968).

S. Otsuka, T. Yoshida, M. Matsumoto, and K. Nakatsu, J. Am. Chem. Soc., 98,
5850 (1976).

T. Yamamoto and Y. Sekine, Inorg. Chim. Acta, 83, 47 (1984).

C. Shortman and R.L. Richards, J. Organomet. Chem., 286, C3 (1985).

T. Gaines and D.M. Roundhill, Inorg. Chem., 13, 2521 (1974).

R.D. Adams and L. Yang, J. 4Am. Chem. Soc., 104, 4115 (1982); R.D. Adams,
I.T. Horvath, B.E. Segmuller, and L. Yang, Organometallics, 2, 1301 (1983).

(Received January 29, 1986)



