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Abstract 

The square-planar complex trans-[PdCl2{Ph2PCH2S(O)Me } {MeOH}] has been prepared. The compound crystallizes as orange-red 
prisms in the monoclinic space group P21/n, with a =9.446(2), b = 14.858(3), c= 13.578(3)/~, fl= 105.08(2) ° and Z=4. The structure 
was determined by direct methods and refined to R = 0.027 and Rw = 0.041. All atoms including hydrogens were located directly from Fourier 
difference maps. The coordination geometry around palladium is square-planar. The metal is coordinated to the two chlorines, the oxygen of 
methanol and the phosph0ms of the sulfinyl-substituted ligand. In solution, a similar structure is assigned to the complex by NMR studies. In 
contrast to the previously'documented Ph2PCH2CH2S (O)Me analogue, the sulfoxide function in the PhEPCH2S (O)Me ligand is not involved 
in any coordination bondings with palladium, both in the solid state and in solution. 
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1. Introduction 

A significant number of chiral sulfoxides and their transi- 
tion metal complexes have been reported in recent years for 
possible applications in biochemistry [ 1,2 ], asymmetric syn- 
thesis [3] and homogenous catalysis [4]. The use of such 
complexes as catalysts in asymmetric catalysis, however, is 
limited by their kinetic instability and the two interconvertible 
sulfoxide-metal connectivities [ 1,5 ]. In the effort to resolve 
these inherent problems, we have published several papers in 
the last two years describing the coordination chemistry and 
the optical resolution of a new family of sulfinyl-substituted 
chiral amine, arsine and phosphine ligands, Ph2E(CH2)2- 
S(O)Me (where E = N ,  As, P). Hence, stable complexes 
with five-membered E~S and six-membered E-O chelates can 
be prepared controllably [6]. In this paper, we report the 
synthesis of the anal6gous ligand (+)-Ph2PCH2S(O)Me 
and its coordination properties towards palladium(II). 

2. Experimental 

Rout ine  1H and 31p NMR spectra were recorded at 25 °C 
on a Bruker ACF 300 spectrometer. Chloromethylmethyl- 
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sulfoxide was prepared by a literature method [7]. Elemental 
analyses were performed by the Microanalytical Laboratory 
staff of the Department of Chemistry. 

2.1. Synthesis of PhePCHeS(O)Me 

The sulfinyl-substituted phosphine was prepared by treat- 
ing a solution of diphenylphosphine ( 12.7 g) in tetrahydro- 
furan (200 ml) with sodium metal (1.6 g) at room tem- 
perature followed by chloromethylmethylsulfoxide (9 g) in 
tetrahydrofuran at - 78 °C. After work-up, the crude product 
was isolated as a white solid via column chromatography 
(silica gel 60 and 1:4 ethyl acetate:hexane as eluent). The 
product was then recrystallized as colourless prisms from 
ethyl acetate-hexane; m.p. 82-83 °C, yield 7.9 g (44%). 
Anal. Calc. for CI4H~5OPS: C, 64.1; H, 5.8; P, 11.8. Found: 
C, 64.1; H, 5.7; P, 11.6%. 

2.2. Synthesis of trans-[PdCl2{Ph2PCH2S(O)Me} - 
{MeOH}] 

The neutral complex was prepared by adding a solution of 
the sulfinyl-substituted phosphine ligand (0.62 g) in aceto- 
nitrile (15 ml) to (CH3CN)2PdCI 2 (0.61 g) in acetonitrile 
(40 ml). Methanol (40 ml) was then introduced and the 
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Table I 
Summary of crystal data for [ PdC12 { Ph2PCH2S ( O ) Me } { MeOH } ] 

Chemical formula C15H19C1202PPdS 
Formula weight 471.6 
Crystal system monoclinic 
Space group P21/n 
a (,~) 9.446(2) 
b (.~,) 14.858(3) 
c (,~) 13.578(3) 
/3 (o) 105.08(2) 
Volume of unit cell (/~3) 1839.9(6) 
Z 4 
De (g cm -3) 1.703 
/z (cm- 1 ) 15.02 
F(000) 944 
Temperature (°C) 25 
R ~ 0.027 
Rw b 0.041 

~ R=EIFo-Fcl/E(Fo). 
b Rw = { [EwiFo_ Fcl2] /[Ew(Fo)2] }1/2. 

reaction mixture was allowed to stir for 1 h at room temper- 
ature. The compound crystallized from methanol-diethyl 
ether as bright orange-red crystals; m.p. 200 °C (dec.), yield 
0.83 g (80%). Anal. Calc. for C15H19CI202PPdS: C, 38.2; H, 
4.1; C1, 15.0; P, 6.6. Found: C, 38.4; H, 4.2; CI, 15.3; P, 6.7%. 

2.3. X-ray data collection and structure refinement 

Cell dimensions of [PdC12{Ph2PCH2S(O)Me} {MeOH} ] 
were determined by least-squares calculation from 24 
reflections at 20> 15 ° . The reflections were obtained by 
an automated random search routine at room temper- 
ature on a Siemens R3m/V four-circle diffractometer 
using graphite monochromated Mo Ka radiation (A= 
0.71073/k). An orange-red crystal of approximate dimen- 
sions 0.45 × 0.30 × 0.30 mm was used. Data were collected 
for 3 . 0 < 2 0 < 5 0  ° and index range 0 < h < l l ,  0 < k < 1 7 ,  
- 16 < l < 15 with a variable scan rate of 3.0(O33.48 ° min - ~. 
Table 1 gives a summary of the crystallographic data. A total 
of 3610 reflections was collected and 3007 observed reflec- 
tions ( F >  3o-(F) ) were used in the refinement. Semiempir- 
ical absorption corrections were applied. The structure was 
solved by direct methods. All atoms were located from Fou- 
rier difference maps but only the non-hydrogen atoms were 
refined anisotropically. The function minimized during full- 
matrix least-squares refinement was E w l F o -  Fcl 2 where 
w - l  = tr2(F) +0.0011F 2 giving R=0.027, Rw=0.041 and 
S = 1.09. All calculations were performed on a Digital Equip- 
ment Corp. MicroVax II computer using the Siemens 
SHELXTL PLUS package. 

3 .  R e s u l t s  a n d  d i s c u s s i o n  

The sulfinyl-substituted ligand was prepared from the reac- 
tion between NaPPh 2 and MeS (O) CH2C1 [ 7 ] in THF at - 78 
°C. The compound was crystallized from ethyl acetate-hex- 
ane as air-stable colourless prisms. In CDC13, the 3tp NMR 
spectrum of the ligand exhibited a sharp singlet at # - 29.01. 

The 300 MHz IH NMR spectrum of the same sample showed 
a characteristic sharp SMe singlet at 6 2.69. A four line NMR 
resonance pattern at 6 3.51 was assigned to one of the non- 
equivalent CH2 protons (2j(HH) = 13.2 Hz, 2j(PH) = 2.86 
Hz). Interestingly, the second prochiral proton exhibited only 
a simple doublet at 6 3.69 (2j(HH) = 13.2 Hz); no phospho- 
rus coupling was detected for this nucleus. The sulfoxide 
ligand is stable in the solid state and in solution. In contact 
with iodide or molecular iodine, however, it rearranges imme- 
diately to the isomeric methylthio-substituted phosphine 
oxide, Ph2P(O)CH2SMe [6]. 

Similar to its Ph2E (CH2) 2S ( O ) Me analogues, the shorter 
chain compound Ph2PCH2S (O)Me is also a powerful ligand 
for the palladium(II) ion. It reacts immediately with 
[PdCI2(CH3CN)2] in acetonitrile-methanol to give the sta- 
ble neutral complex [PdCI2{Ph2PCH2S(O)Me} {MeOH} ] 
as orange-red prisms in 80% isolated yield. The 31p NMR 
spectrum of the complex in CDCI 3 shows a sharp peak at 6 
24.12. The chemical shift of the NMR signal, however, indi- 
cates that the sulfinyl-sustituted ligand does not adopt a five- 
membered P-O chelate ring [8], and coordinates to 
palladium only with its phosphorus atom. The tH NMR spec- 
trum of the same sample exhibits two sharp singlets at 6 2.68 
and 3.48 for the SMe and OMe resonances, respectively. The 
chemical shift of the sulfoxide SMe signal is typical for pal- 
ladium complexes with uncoordinated sulfoxide functions 
[ 1,9]. For comparision, the 31p and SMe resonances of the 
analogous compound [PdC12{Ph2PCH2CH2S(O)Me}] in 
CD3CN both occurred at significantly higher chemical shifts, 
i.e. 3 70.50 and 3 3.53, respectively [6]. Based on these 
NMR data, a five-membered P-S ring has been assigned to 
the structure of the complex in solution. In another resolving 
complex, [Pd{ (S)-CH3CH(1-CIoH6)NMe2}{ (S)-{Ph2P- 
CH2CH2S(O)Me}]CIO4, in which the sulfoxide ligand 
adopted a six-membered P-O ring [6], the 31p and SMe 
signals were observed at # 33.23 and 3.12 (in CDCI3). 

In the solid state, structural characterization of the palla- 
dium complex was carded out by single crystal X-ray dif- 
fraction (Fig. 1 ). Selected bond lengths and angles are listed 
in Table 2. Table 3 gives the fractional atomic coordinates 

_ ~  CLs° C14o 

CI2 C 2 ~  

H7-o ' "  ~ C 1 5 b ~ ~  C14b 

Fig. 1. Molecular structure and atomic numbering scheme for [PdCI2- 
{ Ph2PCH2S (O) Me } { MeOH } ]. 
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Table 2 
Selected bond distances (/~) and angles ( o ) of [ PdCI2{ Ph2PCH2S (O) Me } - 
{MeOH} ] with e.s.d.s in parentheses 

Pd-CI(1) 2.275(1) 
Pd--Cl(2) 2.291(1) 
Pd-P(1) 2.213(1) 
Pd-O(6) 2.148(2) 
P(I)--C(2) 1.838(3) 
C(2)-S(3) 1.819(4) 
S(3)-C(4) 1.791(5) 
S(3)-O(5) 1.497(2) 
O(6)-C(7) 1.424(5) 

CI(1)-Pd-CI(2) 174.3(1) 
CI(1)-Pd-P(1) 90.8(1) 
CI(1)-Pd-O(6) 84.9(1) 
CI(2)-Pd-P(1) 91.8(i) 
CI(2)-Pd-O(6) 92.9(1) 
P(1)-Pd-O(6) 174.4(1) 
Pd-P(1)-C(2) 112.0(1) 
Pd--O(6)-C(7) 127.8(2) 
C(2)-S(3)-C(4) 97.8(2) 
C(2)-S(3)-O(5) 104.7(1) 
C(4)-S(3)-O(5) 104.9(2) 

for the non-hydrogen atoms. The study confirms that 
Ph2PCH2S(O)Me coordinates to the metal as a mondentate 
via solely its phosphorus donor atom. Methanol is coordi- 
nated to the metal via its oxygen in the position t rans  to 
phosphorus and the Pd-O distance (2.148/~) is the shortest 
among the four metal-donor bondings. The large Pd-O(6)-  

Table 3 
Fractional atomic coordinates ( × 104) and equivalent thermal parameters 
(A2× 103) with e.s.d.s in parentheses for the non-hydrogen atoms of 
[ PdCI2{ Ph2PCH2S (O) Me I { MeOH } ] 

C(7) angle of 127.8 ° is noteworthy and probably suggests 
the presence of ~r-bond character. The oxygen and sulfur 
atoms of the sulfoxide function are not located within the 
bonding distance to palladium; they are about 5.04 and 3.85 
/~ from Pd, respectively. Interestingly, the S--O bond length 
of 1.497(2) A is in between those involved in palladium 
complexes with sulfoxide-O (1.52-1.56/~) and sulfoxide- 
S (1.46--1.49) bonds [ 1,6,9,10]. 

It is noteworthy that the isolation and the remarkable sta- 
bility of this methanol-palladium (II) complex are somewhat 
unexpected. Although it is long known that methanol coor- 
dinates to palladium(H) in solution [11,12], previous 
attempts to isolate such complexes in solid state have not 
been successful [ 12]. Our experimental observations clearly 
indicate that the a-sulfinyl-substituted phosphine ligand is a 
more efficient supporting ligand for coordinating methanol 
than other tertiary phosphines, such as dppe [ 12]. Although 
not proven, it is likely that the well known It-acid character 
of the phosphorus donor atom is further strengthened by the 
electron withdrawing sulfoxide function in Ph2PCH2- 
S(O)Me. When methanol was not introduced during the 
complex synthesis, however, only small quantities of 
[PdCI2{Ph2PCH2S(O)Me}2] could be isolated from a mix- 
ture of yet unidentified products. 

4. Supplementary material 

Synthetic and spectroscopic data, tables of thermal param- 
eters, and bond distances and angles are available from the 
authors on request. 

Atom x y z U~q a Acknowledgements 

Pd 10716(1) 5212(1) 2233(1) 30(1) 
Cl(l) !1763(1) 3825(1) 2513(1) 55(1) 
C1(2) 9778(1) 6641(1) 2116(1) 52(1) 
P(1) 8503(1) 4610(1) 1942(1) 30(1) 
C(2) 7091(3) 5342(2) 1146(2) 38(1) 
S(3) 7418(1) 5588(1) -89(1) 41(1) 
C(4) 6614(7) 6687(3) -260(4) 81(2) 
0(5) 6357(3) 5001(2) -824(2) 50(1) 
0(6) 12922(3) 5686(2) 2437(2) 43(1) 
C(7) 13420(5) 6594(3) 2505(3) 55(1) 
C(IlA) 8291(3) 3530(2) 1288(2) 33(1) 
C(12A) 7518(3) 2831(2) 1592(2) 44(1) 
C(13A) 7369(4) 2015(2) 1076(3) 52(1) 
C(14A) 7957(4) 1895(2) 262(3) 51(1) 
C(15A) 8727(4) 2588(2) -36(3) 49(1) 
C(16A) 8905(3) 3396(2) 473(2) 43(1) 
C(llB) 7870(3) 4458(2) 3084(2) 33(1) 
C(12B) 6399(4) 4518(3) 3058(3) 49(1) 
C(13B) 5945(4) 4378(3) 3947(3) 60(1) 
C(14B) 6953(4) 4181(3) 4842(3) 56(1) 
C(15B) 8390(4) 4120(3) 4872(3) 57(1) 
C(16B) 8880(4) 4251(3) 3998(3) 48(1) 

a Equivalent isotropic U defined as one-third of the trace of the orthogonal- 
ized Uij tensor. 

We acknowledge the financial support for this project from 
the National University of Singapore ( Grant RP 900604) and 
a research scholarship to G.H. Quek. 

References 

[ 1 ] J.A. Davies, Adv. Inorg. Radiochem., 24 ( 1981 ) 115. 
[2] N. Farrell, D.M. Kiley, W. Schmidt and M.P. Hacker, Inorg. Chem., 

29 (1990) 397; A. Pasini, G. D'Alfonso, C. Manzotti, M. Moret, S. 
Spinelli and M. Valseechi, lnorg. Chem., 33 (1994) 4104. 

[3] D.H. Hna, S.N. Bharathi, F. Takusagawa, A. Tsujimoto, LAX. 
Panangadan, M.H. Hung, A.A. Bravo and A.M. Erl~lding, J. Org. 
Chem., 54 (1989) 5659; S.G. Pyne, P. Bloem, S.L. Chapman, C.E. 
Dixon and R. Gdffith, J. Org. Chem., 55 (1990) 1086; R. Davies, J.R. 
Kern, L.J. Kurz and J.R. Ptister, J. Am. Chem. Soc., 110 (1988) 7873. 

[4] K.U. Baldenius and H.B. Kagan, Tetrahedron: Asymmetry, 1 (1990) 
597; B. Ronan and H.B. Kagan, Tetrahedron: Asymmetry, 3 (1992) 
115. 

[ 5l S.K. Maden, C.M. Hull and L.J. Herman, lnorg. Chem., 7 (1968) 491; 
M. Bonivento, L. Cattalini, G. Marangoni, G. Michelon, A.P. Schwab 
and M.L. Tohe, lnorg. Chem., 19 (1980) 1743; R. Romeo and M. 
Cusumano, lnorg. Chim. Acta, 49 ( 1981 ) 167. 



188 G.H. Quek et aL / Inorganica Chimica Acta 239 (1995) 185-188 

[6] S.Y.M. Chooi, P.H. Leung and K.F. Mok, Inorg. Chim. Acta, 205 
(1993) 245; S.Y.M. Chooi, S.Y. Siah, P.H. Leung and K.F. Mok, 
lnorg. Chem., 32 (1993) 4812; S.Y. Siah and P.H. Leung, Bull. 
Singapore Natl. Inst. Chem., 21 (1993) 147, S.Y.M. Chooi, P.H. 
Leung, K.Y. Sire, K.S. Tan and O.L. Kon, Tetrahedron: Asymmetry, 
5 (1994) 49; S.Y.M. Chooi, J.D. Ranford, P.H. Leung and K.F. Mok, 
Tetrahedrqn: Asymmetry, 5 (1994) 1805; C.C. Lira, P.H. Leung and 
K.Y. Sim, Tetrahedron: Asymmetry, 5 (1994) 1883; S.Y. Siah, P.H. 
Leung and K.F. Mok, Polyhedron, 13 (1994) 3253. 

[7] G.I. Tsuchihashi and K. Orgura, Bull Chem. Soc. Jpn., 44 (1971) 
1726. 

[8] P.E. Garrou, Chem. Rev., 81 (1981) 229; l.J. Colquhoun, W. 
Macfarlane and R.L. Keiter, J. Chem. Soc., Dalton Trans., (1984) 
455. 

[9] S.K. Madan, C.M. Hull and L.J. Herman, lnorg. Chem., 7 (1968) 491. 
[ 10] N.W. Alcock, J.M. Brown and P.L. Evans, J. Organomet. Chem., 356 

(1988) 233; G.F. Sousa, C.A.L. Filqueiras, M.Y. Darensbourg and 
J.H. Reibenspies, Inorg. Chem., 31 (1992) 3044. 

[ I 1 ] M. Graziani, R. Ros and G. Carturan, J. Organomet. Chem., 27 ( 1971 ) 
C19; J. Dehand, M. Pfeffer and M. Zinsius, J. Organomet. Chem., 118 
(1976) C62. 

[12] J.A. Davies, F.R. Hartley and S.G. Murray, J. Chem. Soc., Dalton 
Trans., (1980) 2246, and Refs therein. 


