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summary 

A stable homoleptic palladium compound, [Pd(CH$C,HS)& was isolated 
by treatment of (C,HjCN)2PdC12 with LiCH2SC,Hs, and its molecular structure 
has been determined by means of three-dimensional X-ray diffraction data at 
-160°C. The CH2C12 solvate ( [Pd(CH2SC6H5)2]4 - CH,Clz) forms orange-yellow, 
monoclinic crystals; (I 16.302(3), b 19.394(4), c 18.552(3) a and jl 91.28(2)” 
at -16O”C, space group P2Jn with 2 = 4. The structure was solved by the con- 
ventional heavy atom method, and refined by the least-squares procedure to 
R = 0.089 foi 4363 independent non-zero reflections. The fairly rigid cyclic 
tetramer is formed, which has approximate 222 symmetry. Four palladium 
atoms occupy the comers of a distorted rectangle and two averaged Pd.--Pd 
distances are 4.051 and 3.304 A, respectively. Four coordination planes around 
the palladium atom, the geometries of which are essentially square-planar, are 
equivalent with each other. The CH2SC,H5 groups bridge four palladium atoms 
(mea.nS-C(methylene) 1.82, S-C(phenyl) 1.80 hi). 

Introduction 

In a series of studies on thioalkoxymethylmetal complexes [I], the coordina- 
tion behavior of the CHzSR (R = CH3, C,H,) group, especially that of the sulfur 
atom, is of particular interest. The X-ray molecular structure of [PdCl- 
(CH$SCH,)(PPh,)] has already been reported [2]. Recently, a novel dialkyl- 
palladium(I1) compound containing bridged thiophenoxymethyl groups has 
been prepared, which is of good thermal and hydrolytic stability for a homo- 
leptic alkylpalladium(I1) compound. In this paper, the preparation and struc- 
ture of this crown-type palladium complex, bis(thiophenoxymethyl)palladium- 
(II) tetramer, [Pd(CH#C,H,),], are described. The molecular structure was 
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determined at -160°C because of the instability of the crystals at room tempera- 
ture. This is the first example of -an X-ray. molecular structure determination of 
a dialkylpalladium complex without a “stabilizing Iigand” such as trialkylphos- 
phine. 

RxperimentaI 

Preparation of bis(thiophenoxymethyI)paliadium(II) tetramer 
To a dry benzene solution (20 ml) of (C,H&N),PdC12 (3.94 mmol) cooled 

to 0°C LiCHISC,H, [S] (15.74 mm01 in 15 ml of dry THF) was added drop- 
wise. After it had been stirred for 4 h at O’C, the mkture was hydrolysed with 
a saturated aqueous solution of ammonium chloride. The organic layer was 
dried over MgSOJ at low temperature. Then the solvent was removed under 
reduced pressure to leave a yellow oily liquid, which was dissolved in a minimum 
volume of CHICII, and n-hexane was added to give a yellow solid. Recrystalliza- 
tion from CH,Cl,/EtZO gave orange-yellow plates (1.27 g, 74%); m-p. 164°C 
(decomp.). (Found: C, 47.90; H, 4.08; mol. wt. 1436 and 1446, osmometrically 
in 2.50 and 3.55 wt.% chloroform solutions at 25°C. C,,H,,Pd& c&d.: C, 
47.66; H, 4.00%; mol. wt. 1412 as tetramer.) 

X-ray structure determination 
Crystals of [Pd(CH&,H,),], are unstable at room temperature and decom- 

pose after ea. 12 h at 25°C. Therefore, all the X-ray measurements mentioned 
below were carried out at low temperature (-16O”C), which was attained by the 
gas flow method using liquid nitrogen. 

A crystal tith approximate dimensions 0.25 X 0.30 X 0.05 mm was mounted 
on a Rigaku automated, four-circle, single-crystal diffractometer. The crystal 
setting was established by the Rigaku soft-ware system for a FACOM U-200- 
controlled dif&actometer based on the Busing-Levy method 143. The crystal 
system was found to be monoclinic and the space group was uniquely deter- 
mined as P2Jn by the systematic absence of reflections (hOI, h + I = 2n + 1 and 
OkO, k = 2n f I). 

Intensity data were collected by the 0 - 26 scan technique with graphite- _ 
monochromatized MO-& radiation (X 0.71069 .K). The scan width and the scan 
speed were A0 = (1.0 + 0.35 tan 0)” and 4” min-‘, respectively. The background 
was measured for 5 s at both ends of a scan. Totals of 5516 reflections with 28 
less than 40” were collected, of which 1153 were considered as unobserved. Rel- 
atively few intensities above background were observed in the range with 28 
larger than 40”. Four standard reflections (060,305,613 and 907) were mea- 
sured at regular intervals to monitor the stability and orientation of the crystal. 
No intensity decrease was observed throughout the experiment. The data were 
corrected for Lore&z and polarization effects but not for absorption [(a),,, 
= 0.35 * and extinction. 

The unit-cell parameters at -160°C were determined by a least-squares fit 

* _+I+&ou~~ ELII abso_vtion conection should not be ignored in such a thin plate as the present cxwt.aI. 
the instabili~ of the crystal prevented us from carrying out any me -me&s necessary for an ab- 
sorption cone&on. This might limit the accuracy of the present structure determination. 
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TABLE 1 

CRYSTAL DATA OF [Pd<CH2SCgH&14 * CH2CI2 

C~~H~~PCL,S~ - CH2ClZ. moL wt_ 1496.1. F<OOO) 2984 

Monoclinic, Space group P2:/n 

r-16O”Cl C18”Cl 

0 (A) 16.302(3) 16.605(4) 

b (XI 19.394(4) X9.529(5) 

c (X1 18.552(3) 18.675(4) 

P (? 91.28<2) 9X32(2) 

u (A% 5864(2) 6054(3) 

p(hIo-Ka) (cm-‘) 15.82 15.33 

DC (tz ~m-~) 1.69 1.64 
Z 4 4 

using 28 values of 25 strong reflections. The determination of the cell param- 
eters at 18°C was also made quickly in the same way as at -160°C before the 
crystal collapsed. Crystal data are summarized in Table 1. 

Structure solution and refinement 

The structure was solved by the conventional heavy atom method. A three- 
dimensional Patterson function revealed the positions of four palladium atoms. 
In the Fourier map based on these atomic positions, 10 additional high peaks 
were found. Among these, 8 peaks were considered as being due to the sulfur 
atoms, and the remaining two peaks were deduced to be those due to the 
chlorine atoms of the CH,Cll molecule of solvation. The remaining carbon 
atoms were located in the subsequent difference Fourier map. 

Structure refinement was carried out by the block-diagonal least-squares pro- _ 
cedure using the HBLS-V program [ 51, the function minimized being 
CW( IF01 - IF= I)‘. Through the early stage of the refinement 4175 reflections 
(20 =G 36.4”) were used to save computer time. A few cycles of isotropic refine- 
ment using unit weight converged the R value to 0.094 for 3467 observed 
reflections, where R = Z lIF,I - IF,lI IF,I. Several cycles of refinement for the 
Pd, Cl and S atoms anisotropically and for the C atoms isotropically were carried. 
out using the weighting scheme: w = ((T,,’ + alF,I + bIFo12)-’ for @‘,,I > 0, and 
w = c for IF,-,1 = 0, where o,, is the value obtained from the counting statistics 
and Q, b and c are constants adjusted in the refinement. The R and R, indices 
converged to 0.084 for non-zero (0.121 for all) reflections and 0.115 for all 
reflections, respectively, where R, = (Cw( IF01 - IFcI)‘/CwIFoi’ )1’2. Further 
refinement including anisotropic carbon atoms was not successful, abnormal 
thermal parameters of several carbon atoms being observed. Therefore, an aniso- 
tropic refinement for carbon atoms was abandoned. At this stage the remaining 
1341 reflections were added. After a few cycles of refinement the R index con- 
verged finally to 0.089 for 4363 non-zero (0.136 for all 5516) reflections. The 
final weighted R index (R&is 0.120 for all reflections and the weighting param- 
eters, o, b and c used in the final refinement are 0.1120,0.0018 and 0.0446, 
respectively. Atomic scattering factors are taken from ref. 6. 

(continued OR p. 200) 
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o_g& p&onal z&therm& parameters are l&d in T&&2,-A 
lzjble of .obs@ed and calculated structure ftitors & available *. ~- 

.’ 

R.est+i &< discussion -. 

In t&‘N NMR spectra of the complex [Pd(CHSC,H,)7]J in CDC13 at 40 
to 23’C, the methylene protin signals appeared as a single AB pattern (@I&) 
2.88 and 8(Hn) 2555 ppm, J AB 6 Hz), suggesting that the suIfu.r atom in the thio- 
phenoxymethyl group is asymmetric due to coordination to a palladium atom 
and.each thiophenoxymethyl group in the tetrameric molecule is in a similar 
magnetic en&onment. This is the' first example of a homoleptic dkylpalladium- 
(II) complex without a “stabilizing ligand” such as trialkylphosphine. 

An ORTEP plot of the tetramer and solvent molecules viewed along the 
normal to the plane defined by I’d(l), Pd(2) and Pd(3) is given in Fig. 1, to- 

F&_ 1. _An ORTEP plot of the te-es aad sobrent mdecuks. The thermal ellipsoids correspond to 501 
probability IeveL 

* The table of stmctxue factors has been deposited as NAPS Document No. 03201<14 pages)_ Order 
from ASISINAPS. c/o Microfiche Publications, P-0. Box 3513. Grand CeaM Station, New York. 
XY. 10017. A copy may be secured by citing the document number. remitting S 5.00 for photo- 
copies or $3.00 for microfiche. Advance payment is mquired. Make checks payable to Microfiche 
=bfications_ Outside the United States and Canada. POStWe is S 3.00 for a photocopy or $1.00 
fox a fiche. 
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TABLE3 

BONDLENGTHSALONGWITHTHEIRESTIMATEDSTANDARDDEVIATIONSINPARENTHESES 

Length(A) n=l n=2 n=3 n=4 

Pd(n)_S(nA) 

Pd(n)_S(nB) 

Pd(n)-C(nA) 
PdW-C(nB) 

2.401<5) 2.40X5) 2.393(5) 2.399(5) 
2.398(6) 2.407(5) 2.408(5) 2.390(5) 

2.06(2) 2.05(2) 2.01(2) 2.04(2! 
2.09(2) 2.08(2) 2.04(2) 2.06(2) 

n=l.m=4 n=2.m=3 n=3.m=2 n=4.m=1 

S<nA)--C(mA) l-79(2) l-82(2) 1.84(2) l-84(2) 

n=l.m=2 n=2.m=1 n=3.m=4 n=4.m=3 

s(nBI-C(mB) 

S(nA)-C(nAl) 
S(nBjC(nB1) 
C(nAl)--C(nA2) 
C(nA2)--C(nA3) 

C(nA3)--C(nA4) 
C(nA4)--C(nA5) 
C(nAS)--C<nAG) 
C(nAG)--C(nAl) 
C<nBl)--C(nB2) 
C(nB2)--C(nB3) 
C<nB3)--C(nB4) 

C(nB4)--C(nB5) 

C(nB5)--C(nBG) 
C(nBG+C(nBl) 

c1(1s)--c(S) 

C1(2SFC(S) 

l-84(2) l-81(2) l-83(2) l-79(2) 

n=l n=2 n=3 n=4 

1.80(2) 1.83(2) 1.82(2) 1.74(2) 
1.84(2) l-81(2) 1.82(2) l.i7(2) 
l-39(3) 1.35(3) 1.40(3) l-45(3) 
l-41(3) X51(4) l-43(3) l-36(3) 

1.33(3) 1.36(4) l-38(4) l-42(3) 
l-46(3) l-41(4) 1.42(3) l-44(3) 
l-42(3) 1.40(4) l-45(3) l-40(3) 
l-39(3) l-43(3) l-42(3) l-42(3) 

l-33(3) 1.38(3) l-37(3) 1.37(3) 
X40(4) 1.40(4) 1.42<3) 1.41(4) 
l-37(4) 1.46(4) 1.45(3) 1.43(4) 

1.38(3) l-43(4) 1.38(3) 1.32(4) 

l-42(3) l-42(3) 1.41(3) l-42(4) 
l-41(3) l-37(3) l-38(3) l-40(3) 

l-78(4) 

l-65(4) 

gether with the atomic numbering scheme. Tables 3 and 4 show bond lengths 
end bond angles along with their estimated standard deviations. Although the 
molecular structures of some cyclic complexes contianing more than three palla- 
dium atoms have been determined by X-ray analysis [7-E], this compound is 
the first one which contains four palladium atoms in a molecule. The chemical 
stability of the complex may be due to the cyclic structure consisting of palladi- 
um atoms bridged by CH,SC,H, groups. 

The skeletal part of the molecule projected on the least-squares plane of four 
palladium atoms is presented in Fig. 2. The molecule has approximate 222 
symmetry. FOLX palladium atomsarelocated atthecomers ofadistorted rec- 

tangle_ Two averaged Pd---Pd distances are 4.051 and 3.304 A, respectively. Non- 
bonded Pd---Pd distances in some complexes containing more than three palladi- 
um atoms are listed in Table 5. Four coordination planes of palladium atoms 
are coupled in a cyclic manner. The coordination geometry around each palladi- 
um atom is essentially square-planar, which is shown in Fig. 3 viewed along the 
normal to the plane of palladium and two sulfur atoms. Selected bond lengths 
and bond angles are given in the figure. The equations of four coordination 
planes and some atomic deviations from these planes are shown in Table 6. As 



S<nAl---K&&S<nti) 

~(nA)+&+-CCnA) 
S(nBFP$(n)-C(nB) 
C(rrA)+?d(n)-C<nB)- 

Pd<n)_S~nA)--C(nAl~ 
Pd<n)_SinBf--C(nBl) 

88.2<2)- -. 
.93.2<6). 

. . 86.-X2) 87.3<2) 89-l(2) .- 

92.8<5) 
: 92.0<6) 

93.9<6) 93.3<6) ~- 
89.6(S) 90.3(S) 90.0(S) 
89.0(S) 88.5u) 88.5(S) 87.7(S) 

n=l.m=4 m=2.m=3 n=3.m=2 n=4.m=1 

111.2(7) 11X2(6) lll.O(6) 110.9(7) 

n=l.m=2 n=2.m=1 n=3.m=4 n=4.m=3 

104.6(7) 106.2<7) 106.7<7) 105.8<7) 
- 

n=l n=2 n=3 n=4 

-_- 

99.4<6) 104.6<7> 97-O(6) 105.3(7) 
107.9(7) 108.0(7) X09.2(6) 108.2(7) 

n=l.m=4 n=2.m=3 n=3.m=2 n=4,m=l 

104.4<9) 103.9(10) 105.0(S) 102.8(10) 

n=l.m=2 n=2.m=1 n=3,m=4 n=4.m=3 

105.5(S) 107.2(10) 103.9(9) 106.9(g) 

n=l.m=4 n=2.m=3 n=3.m=2 n=4_m=l 

103.8(S) 104.4<9) 109.4(9) 105.2(9) 

n=l.m=2 n=2.m=1 n=3.m=4 n=4.m=3 

100.3<10) 105.3(9) 106.0<9~ 102.7(10) 

n=l n=2 n=3 n=4 

X17.9(15) 117.9<18) 117.6(15) 119.5(15) 
121.8(15) 117.3(X7) 119.9<15) 125.1<16) 
120.2(18) 124.8(21) 1224<18) 115_4(18) 
118.5(18) 117.6(22) 119.7<20) 123.6119) 
‘123.0<20) 1X7.3(24) 1x3.7(22) 119.4(20) 
119.7(20) 122.9<26). 122.6<22) 120.0<20) 
116.8(19) 120.9<23) 119.2(20) 117.8(20) 
121.6(H) 116.4(21) 117.3(18) 123.6(19) 
120.6(17) 113.6(16) 118.5(14) 125.3(X7) 
115.5(16) 122.4(17) 117.1(14) 117.6(15) 
123.6(21) 123.9(20) 124.4(18) 117.1(20) 
118.5<22) 119.2(22) 119.8(18) 123.1(24) 
120.7(23) 118.8(23) 118.0(18) 117.3(25) 
120.7<23) 11X6(2:) 117.9(19) 121.0(25) 
119.5(21) 118.6(22) 124.5(19) 120.2(24) - 
116.8<20) 119.6<20) 115.3(18) 121.2(21) 

113.3(22) 

lcontinued on p_ 206) 
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Fig. 2. The skeletal part of the complex projected onto the least-squares plane of four palladium atoms. 
(a) Deviations of atoms from the least-squares plane in parentheses. (b) Inter-palladium distances and 
angler (c) Correlation of four coordination planes. 

TABLE 5 

NON-BONDED Pd---Pd DISTANCES IN SOME COMPLEXES CONTAINING THREE OR MORE 

PALLADIUM ATOMS 

Pd compiex Pd---Pd Mean 
distance (A) value <A) 

Reference 

CPd<cH,cOO)(ONC<CH3)2)1~ 2.998<4) 3.009 7 
3.019<4) 
3.009(5) 

LPd<6CsH+&i 3.014(2) 3.136 8 

3.157<2) 
3.235<2) 

3.105(l) 
-3.203(l) 

3.303<2) 
3.307<2) 
3.655(2) 

3.407(12) 

3.48602) 
3.662<12) 

3.302<2) 
3.306(2) 

4.023(2> 
4.079(2) 

3.15 

3.422 

3.518 

3.304 

4.051 

9 

10 

11 

this work 



Pdil)-S(lBl-C(i!a) =110$.617) 
w(l)-s(w)-c(1ax)=lo7.9(7) 

.. c(2BJ-s(leJ-c(ral)~lo5.5(9J 

. 

{Figure continued on.nert mgeJ 
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D 
C(4Al) 

% S(m)-C(SAl)=l.74(2) 
'8 
6 5? o/ ,_3\7' <f&l,__ 

1AJU -C(4A) 

Fig. 3. The coordination geometry around each palladium atom_ 

shown in Fig. 3, these four monomeric units are virtually equivalent. However, 
the conformations of the phenyl groups are slightly different from each other. 
The dihedral angles between the phenyl planes and the coordination planes are 

TABLE 6 

LEAST-SQUARES PLANES AND DEVIATIONS OF ATOMS FROM THE PLANES 
EquationsofthepIanesareoftheform:AX+BY+ CZ+ D=O.O.whereX, Y andZaretheorthogonal 
axesinAuuits 

Plane (11 PIane (2) Plane (3) Plane (4) 

Square-planar pIanes of Pd 
Plane <n) indicates the coordination plane around the Pd(n) atom. 
A 0.720 -0_205 4.592 4.299 
a 4.525 4.668 0.759 4.954 

c -0.453 -0.715 4.272 0.028 

D 2.189 3,598 3.738 6.996 

Deviations of atoms horn the plane (A) 

n=l n=2 n=3 n=4 

Pd(n> 4.009 0.009 0.010 . 4.028 
S<nA) 0.027 0.016 4.007 0.075 
S(nBJ 4.023 -0.021 0.003 4.059 
C(nAJ -0.028 4.024 0.003 -0.067 
C(nB) 0.035 0.018 4.009 0.082 
C(nAlja -1.671 -1.733 -1.778 -1.496 
C(rlBlJO -1.575 -1.686 -1.568 -1.541 

m=4 m-3 m- 2 m--l 

S<mAJ= 1.688 1.715 1.647 1.604 

C<mA)= 0.134 0.424 0.215 0.152 

m=2 m=l m=4 m-3 

S(m%) Q 1.822 1.788 
C<mB) a 1.336 1.102 

0 Not included in the least-squares calculation. 

1.704 1.887 
1.256 1.313 
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:. : z-. ..- 

~-~l~~e).~~~di~~~~.~ tl+&iplex is c&x&&&with thatof i.756 A in 
Igd~(CH,S.CH,)(PPb;)] [2],-m:&hich the CH$CH, group forms a +a.l~ti- 

:‘bon&sulfurth+membere_d ring, 
. . ne mti Pds.bondlen&h (2% A) has a value expected for-a Pdn-C(sp”) 

o-b&&I_13]_:.‘I’he tie& Pd+S bond length (2.400 4) is relatively long compared 
-with complties' m which more than two palladium at&s tie bridged by sulfur- 
cqnt.ain&~ ligands; as shown in Table 8. This m& be partly due to the trans- 
i&i&& of the *bon atdm in the CH,SCH, gr:Oup. 

With regard to sulfur atoms, there are two kinds of configurations. Although 
the crystal belongs to a centrosymmetric space group and absolute configura- 
tion does not exist, sulti ato& numbered z&S(nA) take R-configuration and 
the others[S(nB)] S-cdnfiguration intbe enantiomer in Fig. 1, where n = 1-4. 
In this connection, tbe conformation about tbe Pd-S(nA) bond is distinctly 
different from that of Pd-S(nB) as-shown in Fig. 3. Mean bond angles around 
two types of sulfur atoms differ slightly; e-g. Pd-S(nA)-CH2 111.1, Pd-S- 
(nB)-CH2 105.8, Pd+S(&)-C(Ph) 111.7 and Pd-S(nB)-C(Ph) 108.3”. 

The packin3 of molecules in a unit cell projected along the a* axis is given in 
Fig. 4. All intermolecular atomic contacts are considered to be the normal Van 
der Waals distances, tbe shortest contact being 3.30(5) A (C(4A4)(~,y,z)--- 
C(4A4)(1 -x, 1- y,l)). 

All computation were carried out on a NEAC 2200-700 computer at Osaka 
University. Figures I, 3 and 4 were drawn on a NUMERICON 7000 system at 
Osaka University with the Iocal version of ORTEP-II [ 181. 
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