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The molecular structure of a novel palladium complex containing a thia-ally1 
group has been determined from three-dimensional X-ray diffraction data col- 
lected at both -160°C and 20”C’The crystal belongs to the monoclinic sys- 
tem, space group P2Jr2, with four formula units in a cell of dimensions: a 
8.752(3), b 11.444(4), c 19.095(5) Bi and p 92.06(3)” at -i6O”C; a 8.801(l), 
b 11.562(Z), c 19.390(Z) Fi and (3 91.53(l)” at 20°C. The structure was solved 
by the heavy atom method, and refined by the least-squares procedure to R = 
0.033 (-160°C) and 0.039 (20°C) for non-zero reflections. No essential differ- 
ence is observed between molecular structures at -160 and 20°C. The coordi- 
nation mode of the thia-ally1 group ((MeOCO),CHCH,(Me)C(Me,N)C=S), 
which is bound to the palladium atom through the Pd-C o-bond and the dona- 
tion of the sulfur atom to the metal atom, is not a r-type but a o-type [Pd- 
C(7) 2.058(3), Pd-S 2.262(l), C(6jC(7) l-506(4) and C(6 jS l-709(3) A at 
-160” C] . The relatively short Pd-S bond may show strong donation of the 
sulfur to the metal atom. The geometry around the palladium atom is essen- 
tially square-planar. The C(6), C(7) and S atoms in the thia-ally1 group are 
almost coplanar with the palladium atom. 

Introduction 

Palladium complexes containing the n-ally1 group have been widely studied 
from both viewpoints of synthetic and structural chemistry 111. The molecular 
structures of many x-ally1 palladium complexes have been determined by 
means of X-ray diffraction. In addition, metal complexes containing the oxa-r- 
ally1 or thia-sr-ally1 group, in which one of the terminal methylene groups of the 
ally1 group is replaced by a hetero atom such as oxygen or sulfur, also have 
been investigated, although there are not so many reports of such complexes. 

0022-328X/81/0000-0000/$0250, @ 1981, Elsevier Sequoia S.A. 
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Some of oxa-n-ally1 palladium complexes have been isolated [Z] and have been 

nc - ally1 oxa -3-r- ally1 thia-z-ally1 

suggested as reaction intermediates [ 3-51. However, none of their three-dimen- 
sional structures has been determined snd the stereochemistry of the oxa-‘IT- 
ally1 metal complexes has not been established yet. On the other hand, no thia- 
n-ally1 metal complex has been reported. It was, therefore, of interest to eluci- 
date the coordination mode of the oxa-r-ally1 or thia-r-ally1 group to the metal 
atom in the threedimensional structure. 

Very recentIy, a series of palladium-catalyzed reactions of thioamides have 
been studied by Tamaru, Kagotani and Yoshida [6]. The first “possible” thia- 
7r-ally1 palladium complex has been prepared by the palladium-assisted Michael 
addition of sodium dimetbylmalonate to NJV-dimethyitbiomethacrylamide 

In order to clarify the coordination of the thia-ally1 group to the pall&um 
atom (thia-n-ally1 type or thia-a-ally1 mode) and as part of a series of structural 
studies on palladium complexes which have sulfur-containing ligands, the mo- 
lecular structure of the present this-ally1 palladium complex has been deter- 
mined precisely using X-ray diffraction data collected at liquid nitrogen tem- 
perature (-160” C). The molecular structure at room temp.erature (20” C) also 
has been determined and is compared with the low temperature structure. 

Experimental 

Crystals of the this-ally1 palladium complex supplied by Prof. 2. Yoshida 
and his coworkers are yellow plates. A well-shaped crystal with approximate 
dimensions 0.4 X 0.3 X 0.15 mm was mounted on a Rigaku automated, four- 
circle, single-crystal diffractometer. The crystal setting was established with the 
aid of the Rigaku soft-ware system for the FACOM U-ZOO-controlled diffrac- 
tometer. The crystal system was determined as monoclinic. The space group 
was uniquely determined as P2Jn (No. 14) by the systematic absences of reflec- 
tions. Accurate unit-cell dimensions were determined by a least-squares fit of 



409 

TABLE1 

CRYSTALDATA 
-_--.- 

Ct6H25NOgi'dS,mol. wt.465.8. F(000) =952 
Monochic. space group P21/" 

--pII _.______.--.~. _-_.__--..-- 

-160°C 2o"c 

a<fu 8.752(3) 8.801(l) 

5 <A) 1X.444(4) 11.562(2) 

c(A) 19.095(5) 19.390(2) 
P ("1 92.06(3) 91.53(l) 

U<A3) 1911_3(9) 1972.3<4) 
z 4 4 

D, (g cmB3) 1.619 1.568 

f.Wfo-K,) <cm+) 10.9 10.6 
~ .._ _.. ________ 

28 values of 25 strong reflections. Crystal data are shown in Table 1. 
The intensity data collection was carried out at both -160 and 20°C on the 

diffractometer by the 8-26 scan technique with graphite-monochromatized 
MO-& radiation (h 0.71069 fi). The required low temperature was attained by 
the gas flow method using liquid nitrogen. The scan speed was 4” min-’ and the 
scan width was A28 = (2.0 + 0.7 tan 0)“. The background intensity was mea- 
sured for 7.5 s at both ends of a scan. Totals of 4186 (at -160°C) and 4325 
(at 20°C) reflections with 26 less than 54” were collected, and 318 (at 
-160°C) and 643 (at 2O’C) reflections were considered as unobserved. Four 
standard reflections (0, 0, IO, 060, 501 and 444) were measured at regular 
intervais to monitor the stability and orientation of the crystal, and the 
intensity of these reflections remained constant throughout the data collection. 
Lore&z and polarization corrections were carried out in the usual manner. No 
corrections for absorption and extinction effects were applied [ (I_~R ),,, = 
O-3]_ 

Structure solution and refinement 
For the structure solution, intensity data obtained at 20°C were used. A 

three-dimensional Patterson map readily determined the location of the palla- 
dium atom. The subsequent Fo-urier map based on this atomic position revealed 
all the locations of remaining non-hydrogen atoms. 

The structures at low and room temperatures were refined in parailel with 
each other by the blockdiagonal least-squares procedure using the HBLS-V 
program [‘I], the function minimized being Zw( IF,1 - IF, l)2. Several cycles of 
&tropic refinement converged the R values to 0.059 (zt -160°C) and 0.078 
(at 20°C) for non-zero reflections, where R = C I IF,I - IF, I I/CIF,I. A few 
more cycles of anisotropic refinement reduced the R indices to 0.044 and 
0.049, respectively. At this stage, difference Fourier maps were calculated by 
the data at both temperatures, which reasonably located all the hydrogen 
atoms. The parameters of the hydrogen atoms were also refined isotropically 
in the further refinement. A fmal difference Fourier map at -160°C showed 
no peaks higher than 0.7 e/A3. The final R indices are 0.033 and 0.039 for non- 
zero (0.039 and 0.056 for all) reflections at -160 and 2O”C, respectively. The 
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TABLE 3 

FINALATOMICPARAMETERS FORHYDROGENA"OMSALONGWITHTHEIRESTIMATED 
STANDARDDEVIATIONSINPARENTHESES= 

Atom x Y z 3 

(a) --I 60°C 
H(3) 
H<4A) 
H(4B) 
H(4C) 
H(5A) 
H(5B) 
H(5C) 

H(8A) 

H(8B) 
H(9) 
H(12A) 
H(12B) 
H<12C) 

H(l3A) 
H(13B) 
H(13C) 

H(14A) 
H(l4B) 
ikI(14C) 

H(15A) 
H(15B) 

H<15C) 
H<16A) 
H(16B) 
H(16C) 

(b) 20°C 

H(3) 
H(4-Q 
H(4B) 
Hi4C) 
H<5A) 
H(5B) 
H(5C) 

H(8A) 

H@B) 
H(9) 
H(12A) 
H<12B) 
H(12C) 

H<13A) 
H(13B) 
H<l3C) 
H(l4A) 

H('-4B) 

H(14C) 
H(15A) 
H(15B) 
H<15C) 

H(16A) 
H(16B) 
H(16C) 

O-360(4) 
0.549<7) 
O-536(7) 
0.471<7) 
0.107<5) 
O-215(6) 
O-050(6) 
0.246(4) 
O-146(4) 
O-129(4) 
0.307(5) 
O-428(4) 
O-404(5) 

-O-266(5) 
--0.206(5) 
+X292(4) 
O-181(4) 

O.OlO(5) 
0.108(5) 

--O-427(5) 
-0.408(5) 

-0.394(6) 
-0.154<6) 
--Q.O63<6) 
+X219(5) 

0.369(5) 
O-553(?) 
0.529(6) 
O-486(6) 
O-063(7) 
O-217(7) 
0.093(7) 
0.241<4) 

0.145(5) 
O-131(4) 
O-322(7) 
O-423(6) 
0.401<6) 

-0_248<6) 
-0_202<7) 
-0.291(6) 
O-188(5) 

O-017(6) 
0_101(5) 

--o-425(6) 
-O-406(6) 
+X399(6) 

-0.129(7) 
-0.067(6) 
-0.211<6) 

-0.003(3) 
0.117<5) 
0.192<6) 
O-229(5) 

-0.212(4) 
-0.171<5) 
-0.130(5) 
0.192(3) 
O-236(3) 
0.016(3) 

-0.210(4) 
-0.171(4) 
--0.093(4) 

-0.153(4) 
-0_091<4) 

-0.031(3) 
O-347(3) 

0.390(4) 
O-400(3) 
0.311(4) 
O-252(4) 

O-190(5) 
O-326(5) 
O-383(4) 

0.418(4) 

-0.002(4) 
0.106(5) 
0.180(5) 
0.212<5) 

-0.185(6) 
-0.176(6) 
-0.120(6) 
0.182(3) 

O-230(4) 
0.018(4~ 

-0.195(6) 
-0.175<5) 
-0.100<4) 
--0.156<5) 
-+X102(5) 
-0.030(5) 
0.332(4) 
O-371(5) 

O-394(4) 
0.308<5) 

O-239(5) 
O-188(5) 

O-319(6) 
O-380(5) 
O-416(5) 

O-0366(17) 
0.077(3) 
O-138(3) 
0.068(3) 
0.050(3) 
0.002(3) 

-0.001(3) 
0_3092<16) 
0.3669(17) 

0.3139(16) 
O-484(2) 
O-4289(18) 
0.432(S) 
O-388(3) 
0.453<3) 

O-3976(17) 
0.2206(17) 

0_217(3) 
O-2787(19) 
O-336(3) 

0.276(S) 
O-345(3) 
0.420(3) 
O-366(3) 
O-375(2) 

O-037(3) 
O-082(4) 
0.130(3) 
O-069(3) 
0.037(3) 
O.OlO(3) 

-0.015(4) 
0.3099<17) 

0.368(3) 
0.3142(18) 

O-479(4) 
O-427(3) 
O-480(3) 
0.392<3) 
O-452(3) 
0_402(3) 
O-222(2) 

0.215(3) 
O-281(3) 
O-336(3) 

O-274(3) 
O-332(3) 
O-413(4) 
O-363(3) 
0.372(3) 

l-3(7) 
5.4(14) 
6.0(14) 
6.3<14) 

3-O(9) 
5.5(13) 
4.6(12) 
O-8(6) 
l-l<?) 
O-8(6) 
2.4(8) 
l-4(7) 
2.8(S) 
2_8(9) 
3.2<10) 

ls(7) 
0.9(6) 
Z-2(9) 
1.6<8) 

3.3(10) 

2.7(S) 
5.9(14) 
4.5<12) 

3.3(10) 
2.3(8) 

5.4(11) 
X6(18) 
8.2(15) 
8.4(15) 
9.4<16) 
S-7(17) 

10.1(19) 
3-O(8) 

4_7(10) 
3.2(8) 

11.7(20) 

6.6(12) 
6.102) 
6.3<12) 
8.5(16) 
7.0(13) 

4.3(9) 
6.5(13) 

4.8(10) 
7.8(14) 

8.2(15) 
8.7(15) 

10.4(18) 
7.3<14) 
7.5(14) 

nPositionaIp arametesinfractionofcelledgesandthermirlp arametersinthe fOrmOf exPC-B<sine/h~~]_ 
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final weighted R values (R, = {Cw(lF,I - IF~l)~/~wwIF,12}1’2) are 0.044 (at 
-160°C) and 0.049 (at 20°C) for all reflections. The weighting schemes used 
were w = (cT,,~ + a IF,,1 + b IF,12)-’ for IF,1 > 0, and w = c for IF,1 = 0, where 
u,, is the standard deviation obtained from the counting statistics and the 
weighting parameters, a, b and c used at the final refinement are 0.0505, 
0.0001 and 0.0923 (at -160°C) and 0.0252, 0.0002 and 0.0864 (at ZO”C), 
respectively, although the unit weights were employed at the early stages of 
the refinement. The atomic scattering factors were taken from International 
Tables for X-ray Crystallography ES] for non-hydrogen atoms and those of 
Stewart et al. [9] for 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 *. 

Results and discussion 

Figure 1 represents ORTEP drawings of the molecule at -160 and 20°C with 
the numbering system of atoms. The thermal ellipsoids correspond to 30% 
probability level. Bond lengths and bond angles along with their estimated 
standard deviations are listed in Tables 4 and 5. 

No essential difference is observed between molecular structures at -160 
and 20°C. However, the thermal ellipsoids of atoms at -160°C are much 
smaller thau those at 20°C as shown in Fig. 1. Moreover, as shown in Table 
4(a), most of the bond lengths at 20°C are shorter than those at -16O”C, 
which is considered mainly due to the larger thermal motion of the molecule at 
20°C. At -16O”C, estimated standard deviations of bond lengths and bond 
angles are quite small, those of C-C bond lengths in the acetylacetonate ligand 
being 0.005 A. The description of the structure and the discussion will be made 
on the low temperature structure, otherwise stated, hereafter. 

The most remarkable feature of the molecular structure is that the thia-ally1 
group does not behave as a thia-r-ally1 type but a thia-o-ally1 fashion. In n-ally1 
palladium complexes, the ally1 (C3Hs) plane inclines at 95-125” to the coordi- 
nation plane of the palladium [l] in order that the r-electron orbitals of the 
ally1 group overlap with the orbitals of the metal atom. In a typical exampie of 
the x-ally1 pahadium complex, [(x-C3H,)PdCl], [lo-133, the C,H, plane 
inclines at 111.5” to the (PdCI), plane [13]. The Pd-C distances are all equal 
12.11 and 2.12 A] and two C-C bond lengths are equal to each other cl.38 A] 
[ 131. In the present complex, it is expected that the thia-ally1 group takes 
similar coordination geometry to the ~-ally1 palladium complex, if this group is 
bonded to the palladium by a x-type coordination. Figure 2 depicts the coordi- 
nation of the thia-ally1 group to the palladium atom. The plane defined by the 
S, C(6)‘and C(7) atoms is almost coplanar with the O(l)-Pd--0(2) plane, the 
dihedral angle between these two planes being 8.8”. 

* See NAPS Document No. 03766 for 22 Pages of supplementary material. Order from NAPS, C/O 

Microfiche Publications, P-O. Box 3613. Grand Central Station, New York. N.Y. 10017_ Remit in 
~VZUZC~. in U.S. funds only $5.50 for photocopies or $3.00 for microfiche. Outside the U.S. and Canada 
add postage of $3 for photocopy and $1 for microfiche. 



(a) (b) 

Fig-l. ORTEPdrawingsofthemoIecuIeaiong witbthenumbering system oftheatoms.Thethermal 
eUipsoidscorrespondto 30% probabilityleveI.HYdrogenatomsare omitted forclarity;(160°C.(b) 

2o"c. 

TABLE4 

BONDLENGTHSALONGWITHTHEIRESTIMATEDSTANDARDDEVIATIONSINPARENTHESES 

Length(A) -160°C 2o"c Length-<& -160°C 2o"c 

(a) Bonds inuoluing non-hydrogen atoms 
Pd-O(l) 2.057<3) 2.059(3) 
Pd-O(2) 2.122<3) 2.123(3) 
Pd-S 2.262(l) 2.257(l) 
Pd-C<7) 2.058<3) 2.051(4) 

G(l)--c<l) 1.272<4) l.-264<5) 

0<2)--c<2) l-272(4) l-254(5) 

C(l)-C<3) 1.401<5) l-390(6) 

C<l)--c(4) 1.509<5) 1.500<7) 

C(2)-C(3) l-395(5) 1.403(6) 

C(2wt5) l-523(5) 1.507(7) 

S--c(6) l-709(3) l-702(4) 

N--c(6) 1.315(4) l-314(5) 
N-c(l5) 1.467<5) l-466(7) 
N-C(l6) l-460(5) l-458(6) 

C<6)-C<7) l-506(4) l-502(6) 

C<7)-C<8) l-535(5) l.531<5) 
C<7W<14) l-534(5) 1.540<6) 

C(8)-C(9) 1.532(5) l-527(5) 

C<9)--c(lO) l-530(5) l-520(6) 

C(9)--c(ll) l-523(5) 1.518(5) 
0(3)--c<10) l-327(4) 1.318(5) 
0(3+C(12) . l&%8(5) 1.442(6) 
0(4)--c<lO~ l-203(4) l-198(6) 
0(5)--c<ll) X341(4) 1.333(5) 
0<5)--ccl3) 1.449(5) l-436(7) 
0<6)--c<ll) l-205(4) l-196(5) 

(bl Bonds involving hydrogen atoms 
C<3)_W3) 0.88<4) 
C<4)_-H<4N 0.86(6) 
C(4)-H(4B) O-95(6) 

C(4)-H(4C) O-86(6) 

C(5)_H(5A) 0.96<5) 
C(5)-H(5B) 0.89(6) 
C<5)-H<5C) O.SOc6) 

C(8)_H<8A) 0.92<4) 

'XS)-_H(SB) .0.96(4) 

C(9)-H(9) 0.84(4) 
C<12)_H(12A) 0.96(a) 
C<12)-H(12B) 0.92<4) 
C(12)-H(12C) O.%(5) 
C<13)-H(13A) O-95(5) 
C<13)-H(13B) O-90(5) 
c<13)-X(13C) 0.82<4) 
C(14)-H<14A) O-93(4) 
C<14)-H(14B) O-94(4) 
C(l4)-H(14C) 0.89(4) 
C(X)-H(15A) 0.85<5) 
C<15)_H<15B) 0.84<5) 
C(15)-H(15C) 0.91<6) 
C(16)-H(16A) 1.00(6) 
C(16)_H(16B) O-87(5) 
c<16)-_H(16C) 0.87<4) 

O-92(5) 

O-92(7) 
O-75(6) 

O-78(6) 
O-82(6) 
0.91<7) 
O-78(7) 

0.86<4) 
X00(5) 
O-82(4) 
O-75(7) 
O-89(5) 
O-80(5) 
O-93(5) 
O-92(6) 
0.83<6) 
0.97<4) 
O-92(5) 
O-92(5) 
0.87<6) 
0.88(6) 

0.81(6) 
O-95(7) 
O-84(6) 
0.87<6) 
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TABLE5 

BOND ANGLES INVOLVING NON-HYDROGEN ATOMS ALONG WITH THEIR ESTIMATED 
STANDARD DEVIATIONS IN PARENTHESES 

Angle C’) -160°C 2o”c 

OW-Pd-O(Z) 
S-Pd-O<Z) 
s-Pd-c<7) 
O(l)-Pdd(7) 
Pd-O(l)-C~l) 
Pd--o(2)-C(2) 
wl)--c(l)-C(3) 
0(1)_C(1)--c(4) 
C~3)-C<l)--c<4) 
0(2)-C(2)-C(3) 
0(2)-C(2)+X5) 

C(3)-C(2)--c<5) 
CW--C(3)--c<2) 
Pd-S-C(G) 

S-C(6)-C(7) 
S-C(6)-N 

N-a6)-C<7) 
Pd-CW-CX6) 
Pd-C(i')-C<8) 
Pd-C(7)-C(14) 

cc6)--c(7)-C(8) 
C~6)-C(7)--c<14) 

C(8)-C(7)-C(14) 
C(6)-N-C(l5) 
C(6)-N-C<16) 
C(15)-N-C(l6) 

C(7)--c(8)-C(9) 
C(8)--c(9)--c(lO) 
C<8)-C(9)+Xll) 

c~1O)--C(9)--c(~l) 
c(9)-C<10)--0(3) 
c(9)-C(10)--0(4) 

0<3)--c(10)--0(4) 
c(9)--c(ll)---o(5) 

C~9F-C(11)--0(6) 
0(5)--c(11)--0<6) 

C~10)--0<3+C(12) 
C(ll)-a5)--c(13) 

90.97(8) 

101.55(6) 
73.44(8) 
94.25(10) 

123.9(Z) 
123.3(2) 
127.3;31 

115-O(3) 
117.7<3) 
126.4(3) 
114.9(3) 

118.7(3) 
127.5<3) 
83.25(10) 

107.0(2) 
123.8(3) 
129_2(3) 

95.81(18) 
108.44(18) 
110.22(19) 
116-O(3) 
114-l(3) 
111.1(3) 
119.8<3) 

123.4(3) 
116.4<3) 
116-l(3) 
111.5(3) 
112.5(3) 
X09.1(3) 

110.2(3) 
124.7<3) 
125.0<3) 
111.3(3) 

124.2(3) 
124.5(3) 

116.6(3) 
115.5(3) 

90.45(11) 

101.74(8) 
73.35(X0) 
94.62<12) 

124-l(3) 
124.1(3) 
126.8(4) 

114.8(4) 
118.4(4) 
125.4(4) 
116.3[4) 
118.3(4) 
128.4(4) 
83.24<13) 

107-O(3) 
123.6<3) 
129.4(4) 

95.8(3) 
108.7(3) 
110-O(3) 
116.9(3) 
113.7(4) 
110.5(3) 

120.4(4) 
123.3(a) 
116-O(4) 
116.6(3) 
111.5(3) 

112.6(3) 
109.5(3) 

110.5(3) 
125.6(a) 
123.9(4) 
111.8(3) 

123.6(4) 
124.6(4) 

118.3<4) 
115.6(4) 

Figure 3 shows the coordination geometry around the palladium atom pro- 
jected onto the coordination plane. Selected bond Iengths and bond angles also 
are given. The geometry around the pahadium atom is essentially square-planar. 
The equation of the least-squares plane is given in Table 6. The Pd-C(7) bond 
length of 2.958(3) A is a normal value for the Pd “-C(sp3) o-bond, whereas the 
Pd---C(G) distance is 2.670(3) A. The Pd-S bond length [2.262(l) Bi] is one of 
the shortest Pd-S bond lengths among pahadium complexes containing Pd-S 
bonds whose structures have been determined by the diffraction method 
[2.24-2.45 A]. 

In the thia-ahyl group, the C(6)-%(7) bond length of l-506(4) A is an 
expected value for the C(sp’)-C(sp’) single bond, while the S-C(6) bond 
length [l-709(3) Bi] falls b e t ween those of the S-C double and single bonds 
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Fig. 2. A perspective view of the coordination behavior of the thia-ally1 group to the Palladium atom. 

[I61 and 1.82 fi, respectively] [14]. However, the N-C(6) bond length of 
l-315(4) A is obviously shorter than those of the NC(15) and N-C(l6) 
bonds, which suggests conjugation through the S-C(6) and N-C(6) bonds. 
Both resonance structures presented below contribute significantly to the 
description of the present complex. The N, C(15) and C(16) atoms in the 
dimethylamino group are coplanar with the S, C(6) and C(7) plane in the thia- 
ally1 group. 

These facts imply that the coordination mode of the thia-ally1 group is not a 
x-type but a c-one. The thia-ally1 group is bound to the palladium atom 
through the Pd-C o-bond and the donation of the sulfur to the metal atom. 

Fig. 3. The coor&nation geometry around the Palladium atom and the coordination behavior of the thia- 

ally1 group <at -1SO”O. 
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TABLE 6 

LEAST-SQUARES PLANES (AT -160%) = 

(a) Coordination plane of Pd through Pa, O(l), O(2). C(7) and S 
-0.2900X + 0.69OOY - 0.66322 + I.5471 = 0.0 

(b) Acetylacetonato plane through O(1). O(2). C(1). C(2). C(3). C(4) and C(5) 
-0.3996X + 0.6392Y - 0.65712 + 1.7043 = 0.0 

Deviations of atoms from the plane (A) with e.s.d.‘s in parentheses 

Plane (a) PIane (b) 

Pd 

O(l) 
O(2) 
C(1) 
C(2) 
C(3) 

C(4) 
C(5) 
S 

C(S) 
C(7) 

0.003(l) 
O-064(3) 

-O-045(3) 
0_190(4) b 

-0.030<4) b 
O-124(4) b 

O-459(5) b 
--0.185(5) b 

O-065(2) 
O-103(4) b . 

-0.078(4) 

O-082(3) b 
-0.097(3) 

O-104(3) 
-0.022(4) 

O.OlS(4) 

0.005(4) 
O-067(5) 

-0.061(5) 
O-387(6) b 
0_309<7) iJ 

-0.044(6) b 

a The equation of the plane is of the form: AX f BY + CZ + D = 0.0. where X. Y and Z are measured iu -& 
units;X=ax+crcosP.Y=byandZ=crsinp. b Not included in the least-squares calculation. 

CH 
3’-\N/ 

C’43 

I 

The short Pd-S bond length in this complex shows the strong donation of the 
sulfur to the metal atom, which may be connected with the stability of the 
present complex as pointed out by Tamaru et al. [S]. 

The geometry of the two methoxy carbonyl groups is similar to those found 
in methyl esters of carboxylic acid derivatives such as dimethyl ester of meso- 
tartaric acid [15]. 

The structure of the acetylacetonato ligand is comparable with that found in 
[Pd(acac)J [16,17]. This Egand has high planarity and is coplanar with the 
palladium atom. The equation of the least-squares plane of this hgand is also 
listed in Table 6. The deviation of the palladium atom from the plane is 0.063 
A. The Pd-O(l) bond length [X057(3) A] is significantly shorter than the 
Pd-O(2) bond length [2,122(3) 81, which may be caused by weak trans-influ- 
ence of the electronegative sulfur atom located at the trans-position of the Pd- 
O(1) .bond. The O(l)-Pd-O(2) angle of 90.97(8)” in this complex is smaller 
than that found in [Pd(acac),] (95.21”) 1173, which may be partly owing to 
the relatively narrow angle of S-Pd-C(7) due to the formation of the Pd- 
C(6)--C(7 jS four-membered ring. 

The crysta.l structure projected along the a* axis is shown in Pig. 4. No 
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FZ. 4. A stereoscopic drawing of the crystrrl structure projected along the a$axis <at -160°C). Atoms are 
represented by thermal dlipsoids at 30% probabilitv levels- Hydrogen atoms aTe omitted for ClaritY. 

abnormally short intermolecular atomic contacts are observed, the shortest 
contact between non-hydrogen atoms being 3.305(5) A [O(2) (x, y, z)...C(15) 
(-l/2 - X, -l/2 + y, l/2 -z)]. 

AlI computations were performed on an ACOS Series 77 NEAC System 700 
computer at Crystallographic Research Center, Institute for Protein Research, 
Osaka University. Figures 1,3 and 4 were drawn by the ORTEP-II program 
WI- 
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