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The molecular structure of [PdCl(CH,SCH,)(PPh,)l has been determined 
from three-dimensional X-ray diffraction data collected at both -160 and 20°C. 
The crystal belongs to the monoclinic system, space group PZ,/c, with four 
formula units in a cell of dimensions: (I 11.398(2), b 9.788(l), c 17.267(2) a 
and fi 95.38(l)” at -160°C; a 11.454(3), b 9.880(Z), c 17.459(2) A and fl 
95.84(l)” at 20°C. The structure was solved by the conventional heavy atom 
method, and refined by the least-squares procedure to R = 0.049 (-160°C) and 
0.068 (20°C) for observed reflections. No essential difference is observed between 
molecular structures at -160 and 20°C. The geome’kry around the palladium 
atom is square-planar. The CH2SCH3 group, bonded to the palladium atom 
through Pd-C and Pd-S bonds, forms a metallocyclic three-membered ring 
[Pd-C(l) 2.042(6), Pd^S 2.371(l), S-C(l) 1.756(6) and S-C(2) 1.807(7) a, 
Pd-C(l)-S 76.9(2), Pd--C(l)-H 113(3) and 122(4)‘, S-C(l)-H 115(3) and 
112(4) and H-C(l)-H 113(5)” at-16O”C]. 

Introduction 

Among many studies of the metal-sulfur bonds, the preparation and the molec- 
ular structure of a molybdenum compiex involving a thiomethoxymethyl 
(CHISCH3) group have been reported [ 1,2]. It has been shown hitherto that 
two limiting modes are possible in the bonding of the CH*SCH, group to the 
metal atom. One involves a carbon--sulfur double bond ‘IT -bonded to the metal . 
atom_ The C&SCH, group must be more stable in the form of the positively 
charged methylenemethykulfonium ion and behaves as a two-electron ligand. 
The other type is the formation of a three-membered metal-carbonsulfur 
ring containing the metal-carbon a-bond and the donation of the sulfur 
to the metal atom. The CH,SCH, group functions as a neutral three-electron 
ligand. In addition to these types, a third mode which has only the metal-car- 



54 

bon a-bond also is possible_ In order to make detailed discussions of the bonding 
scheme of the CH2SCH3 group to the metal atom, the determination of the 
precise molecular structure, including the locations of the methylene hydrdgen 
atoms is indispensable. 

Very recently,‘novel palladium complexes containing a CH2SCH3 group have 
been prepared by Okawara and his coworkers of Osaka University [3,4]. 

Pd(PPh,), + ClCH,SCH, + [PdCl(CH,SCH,)(PPh,),f 

recryst*ation (-Ph3P) lT (+Ph3P) 
[PdCl(CH,SCH,)(PPh,)) 

In order to obtain information about how the CH2SCH3 group is bonded to 
the palladium atom, a series of X-ray crystal structure analyses of CH$SCH+on- 
taining palladium complexes have been carried out. This paper describes the 
precise determination of the molecular structure of chlorothiomethoxymethyl- 
tziphenylphosphinepalladium(II) [PdCl(CH,SCH,)(PPh,)] at -160°C. The 
molecular structure at room temperature (20°C) also has been determined and 
is compared with the low temperature structure_ 

Experimental 

Yellow prismatic crystals of [PdCI(CH,SCH3)(PPh3)] were kindly supplied 
by Professor R. Okawara and his coworkers. Preliminary oscillation and Weissen- 
berg photographs showed the crystal to be monoclinic, and tine systematic ab- 
sences of reflections, Ok0 with k odd and izOl with I odd, determined the 
space group as PZ1/c. Unit-cell parameters were determined accurately by a 
least-squares fit of high order reflections. Crystal data are shown in Table 1. 

Measurements of unit-cell parameters and integrated intensities were made 
on a Rigaku automated, four-circle, single-crystal diffractometer. A crystal with 
approximate dimensions 0.2 X 0.2 X 0.2 mm was used for the intensity measure- 

TABLE1 

CRYSTALDATA 

CZOI~&JIPPdS.mol. wt.465.28. F(000) =936 
SIonaclinic.SPace group P2t/c 

-160°C 20°c 

11.398(Z) 

9.788(l) 
17.267(2) 
95.38(l) 

1917.9(5) 
12.7 

1.612 

4 

11.454(3) 

9.880(2) 
17.459(2) 
95.84(l) 

1965.5(7) 

12.1 
1.573 
1.57 
4 
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ment. The required low temperature was attained by the gas flow method using 
liquid nitrogen_ Totals of 4183 (at -160%) and 4308 (at 20°C) reflections 
with 28 less than 54” were collected by the 8-28 scan technique using graph- 
ite-monochromatized MO-& radiation (h 0.71069 A). The scan width was 
48 = (1.0 i 0.35.tan 6)” and the scan speed was 4” min’-‘. The background in- 
tensities were measured for 5 st & both ends of a scan. 684 (at -160°C) and 
1099 (at 20°C) reflections were considered as unobserved. Three standard reflec- 
tions (062,408 and 800) were measured at regular intervals to monitor crystal 
stability and orientation. No intensity decrease was observed during the experi- 
ment. Corrections for the usual Lorentz and polarization effects were carried 
out, while no correction for absorption and extinction was made [(pR),,, 
= 0.21. 

Structure solution and refinement 

The structure was solved by the conventional heavy atom method using the 
intensity data obtained at -160°C. The coordinates of the palladium and 
phosphorus atoms were determined from a three-dimensional Patterson map. 
The locations of all the remaining non-hydrogen atoms were determined from 
the subsequent Fourier map based on these atomic positions. 

The refinements of the structures at low and room temperatures were carried 
out in parallel with each other by the block-diagonal least-squares procedure 
using the HBLS-V program [5]: the function m’nrimized being &I( IF01 - iF,i)‘. 
Several cycles of isotropic refinement reduced the R indices (R = ZIIF,I - lF,ll/ 
Z[IF,I) to 0.067 (at -160°C) and 0.098 (at 20°C) for non-zero reflections. 
No abnormal thermal factors were observed. A few more cycles of anisotropic 
refinements reduced the R values to 0.057 and 0.075. At this stage, all hydrogen 
atoms for both low and room temperature structures were found reasonably 
from difference Fourier maps, parameters of which were refined isotropically 
in the subsequent refinements. The final R indices are 0.049 and 0.068 for 
non-zero (0.074 and 0.123 for all) reflections at -160 and 2O”C, respectively. 
The weighting scheme used was w = ((I,, 2 + alF,I + b@‘,12)-’ for IF,1 > 0 and LO 
= c for IF,] = 0, where o,, is the value obtained from the counting statistics 
and values of Q, b.and c used at the final refinements are 0.0749,0.0002 and 
0.0233 (at -i6O”C) and 0.1065, -0.0003 and 0.0249 (at 20°C). The final 
weighted R indices (R, = {Xw(lF,I - ILP,~)‘/CWIF,I’}“~) are 0.061 and 0.075. 
The atomic scattering factors used were taken from those of Stewart et al. [6] 
for hydrogen atoms and those of Hanson et al. [7] for non-hydrogen atoms. 

The final atomic positional and thermal parameters at -160 and 20°C are 
listed in Tables 2 and 3. A table of observed and calculated structure factors is 
available *. 

(continued OR p. 58) 

* The table of structure factors has been deposited as NAPS Document No. 03050 (44 pages). Order 
from ASIS/NAPS. clo Microfiche Publications. P-0. Box 3513. Grand Central Station. New York. 

N.Y. 10017. A copy may be secured by citing the document number. remitting S for photo- 

copies or $ for microfiche_ Advance payment is required. Make checks payable to Microf;che 
Publications_ 
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TADLE 3 

FINkL ATOMIC PARAMETERS OF HYDROGEN_ ATOMS 

Positional parameters in fraction of cdl edges ana thermal &raaeters in *e. fo~km qf exp {-mh e th)* 3 

Atom X Y -2. B 

la) -1 60°C 

H<12) 
H(13) 

H(1-U 
Hl15) 

Hll6) 

H(22) 

W23) 
H(S) 

H(25) 

H(215) 

H(Z) 

H(33) 
HIiM) 

H(35) 

H(36) 
H<lh) 

HUB) 
H(2A) 
H(2B) 

Hl2C) 

(bJ 10°C 

II<12) 

H<13) 
Hll4) 
Hf15) 

H<16) 
Hl22) 
H(23) 

H(W 
Hi251 
Hl26) 

H<32) 
Hl33) 
H<34) 

KG? 5) 
HWS 
H<lA) 
HUB) 
H(2N 
Hl2B) 

H(2C) 

0.504<5) 
0.555<6) 
0.400(6) 
0.20316) 
0.15!!(5) 

0.439(5) 
0_611(5) 
O-699(5) 
0.614<5) 
0.418U) 
0.239(8) 
0.132<6) 
0.03215) 
O-035(5) 
0.135(5) 
0.081<5) 
O-203(6) 
O-254(6) 
0.183<7) 
0.159<6) 

0.49115) 
0.54118) 
0.397(5) 

0.211<6) 
0.15516) 
0.:25<6) 
0.60916) 
O-693(6) 
0.595(T) 

0.422(6) _ 
0.23816) 
0.133<7) 
0.935<7) 

0.041(6) 
0.X48(7) 
O.U84(7) 
0.212110) 
0.259(8) 
0.198(7) 
0.159(11) 

0.2i4<6) 
0.38616) 
0.459(71 
0.42217) 
O-296(61 

0.354(6) 
O-288(6) 
0.085(6) 

-Q.O92i6) 
--0.044(8) 
0.484(6) 
0.62817) 
O-564(6) 
0.341(6) 
O.lSl(6) 
O-072(6) 

-Q.O08(7) 
-0.24318) 
-O.295<8) 
"0.368(8) 

- 0.26416) 
0.390(10) 
0.450<7) 
0.415<8) 
0.297<8) 
0.34017) 
0.286<8) 
0.091(7) 

--0.073<8) 

-0.04417) 
0.479<7) 
0.62418) 
O-548(9) 

0.338(8) 
0.193(8) 
0.059(8) 
0.014<12) 

+X251(10) 
--0.306<8) 
-O-365(14) 

1.1110t 
.1.9112) 
2.6114) 

3.1115) 

1.1(11): 
1.2<11) 

1.-5(12) 
l-5(11) 

2.0<12) 
4.8<19) 
2.0113) 
3.1<15) 
1.9(12) 
1.4(11) 
2.3113) 

1.2(11) 
3.1115) 
4.1117) 
5.2(20> 
4.3(18) 

2.2(13) 
7.9(27) 

_2.6<14) 
4.1<18) 

4.008) 
3.6(17) 
4.3<18) 
2.8115) 
4.6(19) 

3.5(17) 
2.7115) 
5.1<20) 
5.3121) 
4.2(18). 

4_9(20) 

5.0(20) 
10.5<36) 
6.9<25) 
4.5(19) 

13.2143) 
: 

0.006(3) 
-0.108(3) 
-O.198<4) 
--0_186C4) 
-0.071<3) 
0.166(3)- 

0.244(3) 
O-247(3) 
0_155<3f. 
0.094<5) 
0.062(3) 
O.llS(4) 
0_212<3j 
0.262(3) 
0.192(4) 

-o_O95(3) 
--0.11514) 
-o.O68(4) 
-o.133~5) 
-o.O59(4) 

0_008(4) 
-0.09516) 
-o.197(4) 
-o_171<4) 

4.06714) 
0.167(4) 
0.23914) 
0.244(4) 
0.165141 

0.09814) 
0.061<4) 
0.122(5) 
O-213(5) 

0.24X4) 
0.189<4) 

-O.O90(5) 
-0.086<7) 
-o.O40<5) 
-o.114(4) 
-0.04318) 

R.esulk and disxssion 

Figxre 1 shows a perspective *view of the molecule with Atomic numbering. 
Figure 2 represents ORTEP drawings ofthe molecule with therm&l ellipsoids 
enclosing 50% probability levels at -160 and 20°C. Bond l&~gthsand bond- 
angles, along with their estimaied standard devititiks, qe given in’Tables 4 and 
5. 

No essential difference is observed in molecular stic$ures at -160 and 20°C 
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Fig. 1. A perxpective view of the molecule and the ~~cmbering ~stem of the atom. Hydrogen atom _ 

omitted. 

Fig. 2. ORTEP d&wings of the mokculi. The thermal ellipsoids correspond to 50% probability IeVeL 

Hydrogen atoms are omitted for clarity. <a) -160°C. (b) 205)C. 

.z 
- ._ 
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TABLE 4 

RO&D LENGTHS ALONG WIT= TEIEIR ESTIMATED STANDARD DEViATICiNS IN PARENTHESES 

(a) Bonds involving &n-hydrogen atoms (b) Bondsinvolvingf;ydrogenatoms 

Length(A) -160°C * 20°C Length (A) -160°C 20% 

Pd-Cl 
Pd-%i 
Pd-P 
Pd-C(l) 

S-ml) 
S-C(2) 
P-c(ll) 
P-xX21) 
P-cf31) 

C(ll)--c<l2) 
C~l2kCt13) 
C(13)--c(l4~ 
Cd14)--c(15) 
C<15)--c(16) 
C(16)-C<ll) 

C(21)-c(22) 

C(22F'Z23) 
C<23)--c<24) 
C(24jCX25) 

C<25)-C<26) 

C(26WX21) 
C(3l)--c<32) 
C<32)-C(33) 
C(33)--c(34) 
C(34Fc(35) 

C(35I-C(36) 
C<36)--c(31) 

2.402(l) 2.397(Z) C(l)-Ii 0.98(6) 0.92(8) 
2.371(l) 2.362<3) C<l)_H<lB) 1.01(7) 0.85<12) 
2.267(l) 2.267i2) C<2)_H<2A) 0.82(S) 0.88(10) 
2.042(6) 2.042(S) C<2)_H(2BJ 0.92(S) 0.79<8) 
X756(6) 1.726<9) C(2k--H(2C) 1.02(S) 1.13(X44) 
1.807(7) 1.806(14) C(12)-H<12) 0.95(6) 0.97(6) 
1.825(5) 1.814181 C<13)-H(13) 0.98(6) 0.92(10) 
1.818(5) 1.808<7) C(14)-H(14) 0.91<7) 0.95(7) 
1.824(5) l-823(7) C(15)_H(15) 1.02<7) 0.81(8) 
1.394<8) 1.368(12) C<16)-H(16) 0.94(5) 0.94(S) 
1.396(S) 1.400<15) C(22)_H<22> 1.02(6) 0.95<7) 
1.386(S) 1.351(15) C(23f-H(23) 0.83(6) 0.78<8) 
1.391<9) 1.350(14) C(24)-H(24) 0.97<6) 0.92<7) 
1.390(8) 1.383(13) C<25)--H(25) 1.01<6) 0.84(S) 
1.416(S) l-396(12) C(26)_H<26) 0.98(S) 0.96(7) 
1.397<7) 1.397<11) C<32)-H(32) 0.80(6) 0.87<?) 

1.39-Z(8) 1.393113) C<33)-H(33) 0.79(7) 0.86(S) 
1.393(S) l-359(14) C<34)-H<34) O-82(6) 0.74<9) 
1.402(S) 1.381<14) C1,35)_H(35) 1.02(6) 0.80<8) 

1.387(S) 1.395(12) C(36)-H(36) &90(S) 0.85(S) 
1.389(7) 1.384(11) 
1.386(S) 1.352<12) 
1.392(S) 1.393(14) 
1.377<9> 1.369<15) 
1.39x9> 1.382(14) 
1.383(S) 1.360(13) 
1.401(7) 1.368(11) 

except for the thermal ellipsoids. At -160°C the estimakd standard deviations 
of bond lengths and bond angles are very small, e.s.d.‘s of C-C bond lengths in 
phenyl groups lying between 0.007 and 0.009 A. The description of the molec- 
ular structure and the discussion will be made mainly on the low temperature 
structure. 

Figure 3 shows the coordination geometry around the palladium atom with 
selected bond lengths and bond angles. The remarkable feature of the molecular 
structure is that a Pd-C(l)-S three-membered ring is formed, the CH2SCH3 
group being attached to the palladium atom according to the second type of 
bonding mentioned above. The geometry around the palladium atom is square- 
planar. The equation of the least-squares plane formed by Pd, Cl, S, P and C(1) 
atoms, and the deviations of atoms from the plane are given in Table 6. The 
maximum deviation is 0.04 A. 

in the CH2SCH3 group, the observed bond length of S--C(l) (l-756(6) A) is 
slightl$ shorter than that of S-C(2) (1.807(7) A). The estimated S-C single 
and double bond lengths have been reported as 1.82 and 1.61 A, respectively 
181. The S-C(l) bond length in the present complex is not significantly dif- 
ferent from that of the S-C single bond. The geometry around the C(1) atom 
approximate!y coincides with that of the sp3 carbon, bond angles around it 

.,. 



TABLE5 

BONDANGLESI~VOLVINGNON-HYDROGENATOMSALONGWITHTHEiRESTIhiATEDSTAN- 
DARDDEVIATIONS 

Angle ("1 -160°C 20°C 

C1-E’d-S 
C1-Pd-P 

S-Pd-C(lt 
P-Pd--c(l) 
W--S-C(l) 
Pd-S-C(2) 
C(l)_S-c(2) 
Pd-C<l)_S 
Pd-P-C.(lI) 
Pd-P--C(ZI) 
Pd-P-C(Bl) 
C(ll)-P-c(21) 
c(ll)--p--c(3l) 
C(21)-PX(31) 
P-c(11~(12) 
P-c(11Fc(16) 
GX16&C(ll)-C(12) 
C(11hC(l.2)--c(13) 
C(12)-C(13)-_c(14) 
c(13)--c(14)--c(15) 
C(14FC(15)-C(16) 
C(15)-C(16)-_c(11) 

P-c(21)-c(22) 
P-C(2l)-C(26) 
C<26)-_c<21)--c(22~ 
C(21)-_c(22)--c(23) 
C;22)-C(23I-C<24) 
C(23)-C(24)-C(25) 
C(24)-C<25I--c(26) 
c(25)--c(26k-c(21) 
P-C(31)-C~32) 
P-C(31)-C<36) 
C~36)~<31)--c~32) 
C(31+C(32)--c<33) 
C<32)-C<33)-C<34) 
C<33)-c<3Q)--C(35) 
C<34)-c<3Z))--c<36) 
C<35)-C<36)--c(31) 

113.56(5) 
98.95(5) 
46.15(16) 

:01.37(16) 
56.98(19) 

106.7(2) 
103.8(3) 
76.9(2) 

115.98(17) 
111.35(17) 
114.81(17) 
104.4(2) 
X03.5(2) 
105.6(2) 
123.1(4) 
118.0(4) 
118.9(5) 
120.5(5) 
120.1(6) 
120.3(6) 
120.0(6) 
120.2(5) 
122-l(4) 
118.9(4) 
119.1(5) 
120-S(5) 
119.3(5) 
120.3(5) 
119.5(S) 
121-O(5) 
124.2i4) 
117.7(4) 
118.0(5) 
121-S(5) 
119.2(6) 
120.4(6) 
119.7(6) 
120.9(5) 

112.66(g) 

99.92(8) 
45.4(3> 

102.0(3) 
57.4<3) 

105.3<5) 
103.7(5) 
77.1(4) 

115.7(3) 
111.1(3) 
115.1<2) 
104.8<3) 
104.1(3) 
104.9(3) 
123.3(6) 
119.3<6) 
117.4(S) 

121.2(S) 
119.9<10) 
120.1<10) 
120.9(9) 
120.4(S) 
122.2(6) 
119.5(6) 
118.3(7) 
120.6(S) 
120.5(S) 
119-S(9) 
120.40) 
120.4(S) 
123.71<6) 
118.5<6) 
117,7(a) 
121.2(S) 
120.2<10) 
118.6(10) 
119.7(S) 
122+X8, 

being Pd-C(l)-H(lAj 113(3), Pd-C(l)-H(1B) 122(4), S-C(l)-H(lA) 115(3), 
S-C(l)-H(lB) 112(4) and H(lA)-C(l)-H(1B) 113(5)“; however, Pd--C(lj-S 
76.9(2)“. Thus, the S-C(l) bond is a single bond but may have a partial double 
bond character. The S-C(2) bond length (1.807(7) A) is approximately equal 
to the expected S-C single bond length. The bond angle of C(l)-S-C(2) is 
103.8(3)” and the methyl carbon C(2) is located 1.775 a away from the coordi- 
nation plane. Similar features as above are observed in the molybdenum com- 
plex ]Mo(n-C,Hs)(CO),(CH,SCH,j] [Z] (e.g. S-C(l) 1.78(l), S-C(2) 1.82(l) 
A, and C(l)-+-C(2j 105.0(5)“). 

The Pd-C(l) bond length (2.042(6) BL) is within the usual range of the 
Pdn-C(sp3) o bond 191. The Pdn-S distances in palladium complexes whose 



:::t:; 
115(3) 
llZ(4) 
113(5) 

C(1 )-H(lA) 0.92(a) 
C(l)-H(li3) O.SS(l2) 

Cb) 

Fig. 3. The coordination geometry eround the &kdil;m atom. <a) -160°C. ib) 20°C. 

molecular structures have been determined hitherto by the X-ray diffraction 
method, fall irr the range between 2.23 ad 2.45 A *_ Among these, the Pd-S 
bond lengths of complexes which have the same type of codrdination of the 

-- 
* This information has been obtained from the XDC data base of &e TOOL% System at the 

Computer Center of the Univesity of Tokyo which is based cn ihe data base at Cambridge 
Crystallographic Data Center [lO.lll. 
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.TABLB 6 

LEASTSQAURES-PL-ANBS 

the e&sionof tik plane k of the.f_orm: AX + BY + CZ f D = 0.0. where X. Y and Z are measure dinA 

units:X=~+~cos~. Y=by.zndZ=czsinp. 

Square-planar plane of Pd through Pd. Cl. S. P and C(1) 

(a) -160°C 
-0.87151X+ 0.47992Y + 0.100742 + 1.66402 = 0.0 

<bJ 20% 
-0.88209X + 0.4644OY i 0.079062 + 1.71412 = 0.0 

Deviationiof atoms from the plane <A) 

--160% 2o”c 

Pd +0.011 +0.025 
Cl to.013 +I.009 
S -0.037 --0.040 
P -43.025 -0.028 

C(l) ti.040 +0.037 

sulfur &om as that in the present-complexes are listed in Table 7. The-Pd--S 
bond length in the present complex (2.371(l) A) is considered to be a nor& 
Pd-S length; however, it is slightly longer than those in Table 7-which lie 
between 2.23 and 2.31 A. This may be partly due to the strain caused by the 
formation of the three-membered ring. 

As shown in Table 4(a), all tie bond lengths at 20°C are merely shorter than 
those at -160°C. This $ considered ma@ly due to the larger thermal vibration 
of molecules at 20°C. Therefore, this fact shows the importance of the d-c- 
tion work.at low temperature in order to obtain precise structural data. 

The crystal structure viewed along the b axis is given in Fig. 4. All inter- 
molecular atomic contacts are considered to be at the usual Van der Waals 
contacts. 

All computations were carried out on a NEAC 2200-700 computer at Osaka 

TABLE 7 

Pd-S BONLi LENGTHS OF PALLADIUM COMPLEXES WHICH HAVE THE SAME COORDKNATION 
OF THE SULFUR ATOM 4s THAT IN THE PRESENT COMPLEX 

Pd complex Reference 

Pd<C1)2NH2CH(COOH)CH?SCHJ 2.230<4) 12 
.- 2.261<4) 

. Pd(CloH22N2OS2) - <NO& 2.2610) . 13 

2.267(l) 

Pd<Cl)=<C,pH36N204S2) 2.264(l) 14 

2.265(l) 
Pd(Cl)~NH$H<COOHJCH2CH$CH3 Z-265(4) 15 

Pd(C34HsS.a) . 2.292(3) 16 

2.308(2) 

Pd2(Brk(CH3SCH3)2 2.30(2) 17 
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<b) 

Fig. 4. The crystal structure in a unit ceU as viewed down the b axis. Atoms are represented by thermal 
ellipsoids at 50% probability levels. Hydrogen atoms are omitted for clarity. (a) -160°C. (b) 2&C. 

UrAversity. Figures 2,3 and 4 were drawn on a NUMERICON 7000 system at 
Osaka University with the locaLversion qf O$.TEP-II [X3]. 
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