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Summary

The precise molecular structure of [PAC1(CH,SCH,)(PPh;),] has been deter-
mined from three-dimensional X-ray diffraction data collected at —160°C. The
CH,Cl, solvated crystal ([PACI(CH,SCH;){PPh,), - CH,Cl,]) belongs to the mono-
clinic system, space group P2,/n, with four formula units in a cell of dimensions:
a14.973(3), b 15.333(3), ¢ 17.377(3) A and § 115.77(1)° at —160°C. The struc-
ture was solved by the conventional heavy atom method and refined by the least-
sqaures procedure to R = 0.035 for observed reflections. The geometry around
the palladium atom is square-planar. The phosphorus atoms of the two triphenyl-
phosphine ligands are mutually ¢rans. The CH,SCHj; group is bonded to the pal-
ladium atom only through the Pd—C o6-bond and the sulfur atom is not bonded
to the metal atom (Pd—C(1) 2.061(3), S—C(1) 1.796(3), S—C(2) 1.817(5),

Pd--S 2.973(1) A, PA—C(1)—S 100.64(14)° and C(1)—S—C(2) 101.28(18)°).
The structure is in contrast to that of [PACI{CH,SCH;)(PPh)], in which both
the carbon and sulfur atoms of the CH, SCH; group are bonded to the palladium
atom.

Introduction

We have studied the coordination behavior of the CH,SR (R = CH,;, CsHj;)
group in a series of palladium complexes, in particular, of the sulfur atom to the
metal atom. We have already reported the molecular structures of
[PACI(CH,SCH;)(PPh;)] [1] and [Pd(CH,SCsHs),]4 [2] at liquid nitrogen tem-
perature. In the former complex, the CH,SCH; group is bonded to the metal
atom through Pd—C and Pd—S bonds, forming a Pd, C, S three-membered ring
which includes an intramolecular donation of the sulfur atom to the metal atom.
On the other hand, in the latter complex, the CH,SCsH; groups bridge four pal-
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ladium atoms, forming a cyclic crown-type tetramer which includes an inter-
nuclear coordination of the sulfur atom.

In this paper, we deal with the molecular structure of chlorothiomethoxy-
methylbis(triphenylphosphine)palladium(II), {PdCl}{(CH,SCH;)(PPh;).] and com-
pare it with that of [PdCI{(CH,SCH;)(PPhs)]. The series of palladium complexes
used in our study was prepared by Okawara and his coworkers of Osaka Univer-
sity according to the reaction scheme presented below [3]. It is very interesting

Pd(PPh;), + CICH,SCH, [PACI(CH, SCH;)(PPh3),]

—PPh 3 {1 +PPhj recrystallization

[PAC1(CH,SCH;)(PPh;)]

that the transformation between the above two complexes, addition and elimi-
nation of one of the triphenylphosphine groups, proceeds easily and reversibly
only by several steps of recrystallization. The determination of the structures of
the above complexes is indispensable in elucidating the correlation between
these two complexes from the viewpoint of the coordination behavior of the
CH,SCH; group. The molecular structure of the present complex also has been
determined at liquid nitrogen temperature (—160°C) in order to obtain the struc-
ture with greater precision.

We also have attempted the structure determination of [PtC1(CH,SCH;)-
(PPhs),] [4] in which the platinum atom takes the place of the palladium atom
in [PACI(CH,SCH;)(PPh3),] in order to compare the difference between two
structures due to the difference in the metal atom. The structure of the platinum
complex should have been determined at low temperature with the precision as
high as that of the palladium complex so as to allow detailed discussion. How-
ever, the abnormal behavior of the crystal at low temperature prevented us from
collecting intensity data (see Experimental). Therefore, the structure determina-
tion of the platinum complex has not been carried out.

Experimental

Slightly yellow, prismatic, methylene chloride solvated, crystals of
[PACI(CH,SCH;)(PPh;),] were kindly supplied by Professor R. Okawara and his
coworkers. Preliminary oscillation and Weissenberg photographs taken at room
temperature with Cu-K, radiation showed the crystal to be monoclinic, and the
systematic absences of reflections, 0£0 with £ odd and k0! with k + [ odd, deter-
mined the space group as P2,/n. Accurate cell dimensions at both —160 and
20° C were determined by a least-squares fit of 20 values of 25 strong reflections
measured on a Rigaku automated, four-cricle, single-crystal diffractometer. Crys-
tal data are shown in Table 1.

Intensity data were collected at —160°C on a Rigaku diffractometer using
graphite monochromatized Mo-K,, radiation (A 0.71069 A). The required low
temperature was attained by the gas flow method using liquid nitrogen. The set-
ting angles of each reflection were computed by the Busing—Levy method [5]
on a FACOM U-200 computer attached to the diffractometer. A well-shaped
crystal with approximate dimensions 0.3 X 0.3 X 0.35 mm was used for the inten-
sity data measurement. The § — 260 scan procedure with the width of A0 =
(1.0 + 0.35 tan 8)° was employed for the data collection. The integrated inten-
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TABLE 1

CRYSTAL DATA

C38H35CIP,PdS - CH,Cly, mol. wt. 812.5, F(000) = 1656
Monoclinic, Space group P2;/n

—160°C 20°C
a (A) : 14.973(3) 15.139(3)
b (A) 15.333(3) 15.463(3)
c (A) 17.377(3) 17.693(3)
B 115.77¢1) 115.47¢1)
U (A3) 3592.7(13) 3739.3(13)
2(Mo-Kg) (em™1) 9.02 8.67
D¢ (g cm™3) 1.503 1.444
Dy, (2 cm™3) 1.44
z 4 4

9 By flotation in carbon tetrachloride/n-hexane at 25°C.

sity was determined by scanning the peak at the rate of 4° min™?, and subtracting
the background measured for 5 s at both ends of a scan. A total of 7832 unique
reflections was collected up to a 26 value of 54°, and of these 700 reflections
were recorded as zero. Four standard reflections (800, 804, 612 and 742) were
measured at regular intervals and the intensities of these reflections remained
constant throughout the data collection. Lorentz and polarization corrections
were carried out in the usual manner. No extinction correction was applied. An
absorption correction (linear absorption coefficient 9.02 cm™) was ignored due
to the uniform shape of crystal [0.14 < uR < 0.25], which might limit the accu-
racy of the present structure determination.

Crystals of [PtCl(CH,SCH;)(PPh;),] also supplied by Professor R. Okawara
and his coworkers were colorless thick plates. The crystal setting was established
with the aid of the Rigaku soft-ware system for computer-controlled diffracto-
meters. The crystal system was determined as triclinic. Accurate cell dimensions
were determined at 20°C in the same manner as for the palladium complex: -

a 12.326(6), b 14.515(7),c 11.123(5) &, « 100.70(6), 3 92.97(5), v 79.56(7)°
and U 1922.7(16) A3. The crystal of the platinum complex is not iso-structural
with that of the palladium complex. The calculated density for Z = 2 and the
formula, C;35H;5CIP,PtS (mol. wt. 816.3) is 1.41 g cm™3. Although the crystal
was cooled step by step to liquid nitrogen temperature slowly and carefully,
abnormal reflections were observed below ca. —70°C. This phenomenon may be
understood, provided that the phase transition occurs at lower temperatures.
However, the transformation between high and low temperature phases was
irreversible, and the crystals decomposed after a few cycles of temperature
change. Therefore, the intensity measurement at low temperature was impossi-
ble and further investigation of the platinum complex was abandoned.

Structure solution and refinement

For the structure solution and through early stages of the refinement, a lim-
ited data set (3878 reflections 20 < 42°)was used in order to save computer
time. The structure was solved by the conventional heavy atom method. A three-

(continued on p. 84)
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dimensional Patterson map easily gave the approximate coordinates of the palla-
dium atom. The remianing non-hydrogen atoms were located from successive
Fourier maps based on this atomic position.

Structure refinement was carried out by the block-diagonal least-squares
method using the HBLS-V program [6], the function minimized being
Sw(lF, — | F.1)?. A few cycles of isotropic refinement converged with R = 0.077
for non-zero reflections, where R = Z|| F | — | F lI/Z| F,|. Several subsequent
cycledof anisotropic refinement reduced the R index to 0.052 for observed reflec-
tions. At this stage, a difference Fourier map was calculated, from which all the
hydrogen atoms were reasonably located. Several more cycles of refinement

TABLE 3

FINAL ATOMIC PARAMETERS OF HYDROGEN ATOMS (Positional parameters in fraction of cell
edges and thermal parameters in the form of exp {—-B(sin 8/7)2 }. Estimated standard deviations in paren-
theses).

Atom x . » z B

H(12) 0.108(3) 0.460(3) 0.634(3) 3.8(10)
H(13) 0.016(3) 0.586(3) 0.564(3) 4.2(11)
H(14) 0.105(3) 0.709(3) 0.541(3) 4.0(10)
H(15) 0.279(3) 0.695(3) 0.580(3) 3.2(9)
H(16) 0.362(3) 0.568(3) 0.647(3) 4.3(11)
H(22) 0.471(3) 0.416(2) 0.889(¢(2) 2.0(7)
H(23) 0.459(4) 0.425(3) 1.023(3) 5.0(12)
H(24) 0.306(3) 0.430(2) 1.029¢2) 2.2(7)
H(25) ' 0.152(3) 0.422(3) 0.899(3) 3.6(10)
H(26) 0.156(3) 0.415(3) 0.767(3) 4.2(11)
H(32) 0.280(3) 0.244(3) 0.768(3) 3.2(9)
H(33) 0.195(3) 0.113(3) 0.692(3) 3.5(9)
H(34) 0.104(3) 0.112(3) 0.544(3) 3.2¢(9)
H(35) 0.094(3) 0.247(3) 0.463(3) 4.4(11)
H(36) 0.178(3) 0.377(3) 0.536(2) 2.4(8)
H(42) 0.763(3) 0.423(2) 0.629(2) 2.3(8)
H(43) 0.791(3) 0.539(3) 0.551(2) 2.9(8)
H(14) 0.691(2) 0.666(3) 0.518(3) 4.4(11)
H(45) 0.568(3) 0.680(3) 0.570(3) 3.2(9)
H(46) 0.541(3) 0.570(2) 0.648(2) 2.3(8)
H(52) 0.656(3) 0.373(3) 0.885(3) 3.2(9)
H(53) 0.790(3) 0.371¢3) 1.022(2) 2_8(8)
H(54) 0.962(3) 0.325(2) 1.037(2) 2.5(8)
H(55) 0.980(3) 0.427(3) 0.910(3) 4.1(10)
H(56) 0.848(3) 0.434(3) 0.776(3) 3.8(10)
H(62) 0.732(3) 0.235(3) 0.789(3) 3.4(9)
H(63) 0.748(4) 0.097(3) 0.725(3) 4.2(11)
H(61) 0.692(3) 0.085(2) 0.576(3) 2.5(8)
H(65) 0.612(3) 0.203(3) 0.485(3) 3.5(9)
H(66) 0.588(3) 0.345(¢3) 0.537¢3) 3.0(8)
H(1A) 0.380(2) 0.270(2) 0.642(2) 1.6(7)
H(1B) 0.487(3) 0.263(2) 0.639(2) 2.4(8)
H(2A) 0.401(3) 0.102(3) 0.695(3) 4.2(11)
H(2B) 0.528(4) 0.098(3) 0.697(3) 5.2¢(13)
H(2C) 0.503(3) 0.071(3) 0.788¢(3) 4.3(11)
H(1S) —0.097(5) 0.221(4) 0.666(4) 8.9(18)

H(2S) 0.008(8) 0.223(6) 0.652(5) 12.4(23)
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were carried out anisotropically for non-hydrogen atoms and isotropically for
hydrogen atoms. The R index converged to 0.031 for non-zero reflections of the
limited data set. Subsequently the remaining 3956 reflections were added, and
further refinement was carried out for the total of 7832 reflections. The final R
indices are 0.035 and 0.043 for 7132 non-zero and for all 7832 reflections respec-
tively. The weighting scheme used was w = (0%, + a|l F | + 8| F,|*) for | F,| > O,
and w = ¢ for | F,}= 0, where o is the standard deviation obtained from the
counting statistics and the values of a, b and ¢ used in the final refinement are
0.0633, 0.0007 and 0.0603, respectively. The final weighted R index (R, =
S{w( Fol — | F ) /Zw| Fyl2}"?)is 0.054 for all reflections. The atomic scattering
factors used were taken from ref. 7 for hydrogen atoms and from ref. 8 for non-
hydrogen atoms. :

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

Results and discussion

Figure 1 shows a perspective view of the molecule with atomic numbering. An
ORTERP plot of the complex and solvent molecules with thermal ellipsoids at
50% probability levels is presented in Fig. 2. Bond lengths and bond angles along
with their estimated standard deviations are given in Tables 4 and 5.

The present X-ray structure determination has been carried out with high pre-
cision. The estimated standard deviations of bond lengths and bond angles are
very small, those of C—C bond lengths in phenyl groups lying between 0.004 and
0.006 A.

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 no donation of the sulfur atom to the metal atom is observed in
the CH,SCH; group. This group is bonded to the palladium atom only through
the PA—C o-bond. The palladium atom is four-coordinate and is surrounded in
an approximately planar fashion by two trans phosphorus atoms of the triphenyl-
phosphine ligands, the Cl atom and a o-bonded C atom of the CH,SCH; group.
The equations of the least-sqaures planes including the palladium atom and
atomic deviations from the planes are given in Table 6. The deviations of the Cl,
C and two P atoms from the square-planar plane are relatively large (maximum
0.18 A). As a gross approximation, the geometry around the palladium atom
may be distorted tetrahedrally (Cl(1)—Pd—C(1) 169.73(9) and P(1)—Pd—P(2)
174.19(3)°), which is connected with an interaction between sulfur and metal
atoms mentioned below. The molecule has an approximate mirror symmetry.
The CH,SCH,; group is located almost perpendicular to the coordination plane,
the dihedral angle between the C(1), S and C(2) plane and the coordination plane
being 90.7°.

* The table of structure factors has been deposited as NAPS Document No. 03354/40 pages). Order
from ASIS/NAPS, c/o Microfiche Publications, P.O. Box 3513, Grand Central Station, New York,
N.Y. 10017. A copy may be secured by citing the document number, remitting $10.00 for photo-
copies or $3.00 for microfiche. Advanced payment is required. Make checks payable to Microfiche
Publications.
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Fig. 1. A perspective view of the molecule and the numbering system of the atoms. Hydrogen atoms are
omitted for clarity.

In the CH,SCH; group, the observed bond length of S—C(1) (1.796(3) A) is
slightly shorter than that of S—C(2) (1.817(5) A). Taking the estimated S—C
single bond length (1.82 A) [9] into consideration, both are considered to be
S—C single bonds. Although the C(1) atom is the sp® carbon [Pd—C(1)—H(1A)
109(2), PAd—C(1)—H(1B) 113(2), S—C(1)—H(1A) 110(2), S—C(1)—H(1B) 109(2)
and H(1A)—C(1)—H(1B) 114(3)°], the PA—C(1)—S angle of 100.64(14)°is
smaller than the expected value for the sp® carbon. The non-bonded Pd---S dis-
tance is 2.973(1) A. These Pd—C(1)—S angle and Pd---S distance might imply
that the sulfur atom slightly interacts with the metal atom, in spite of the
absence of the Pd—S coordination bond. The C(1)—S—C(2) angle of 101.28(18)"
is also slightily smaller than the expected value.

The Pd—C(1) bond length (2.061(3) &) is a normal value for a Pd*'—C(sp?)
o-bond [10]. Among the palladium complexes whose molecular structures have
been determined by the X-ray diffraction method, the Pd—CIl distances in which

<% -
6"';\—2;-:3: [ 3"}5—-,;
ey aY

==

Fig. 2. ORTEP drawings of the molecule. The thermal ellipsoids correspond to 50% probability level. Hy-
drogen atoms are omitted for clarity.
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TABLE 4
BOND LENGTHS ALONG WITH THEIR ESTIMATED STANDARD DEVIATIONS IN PARENTHESES

(a) Bonds involving non-hydrogen atoms

Length (A) Length (A)

Pd—CI1(1) ’ 2.408(Q1) Pd---S 2.973(1) 2
Pd—P(1) 2.346(1) Pd—P(2) 2.337(1)
Pd—C(1) 2.061{3)

S—CQ) 1.796(3) S—C(2) 1.817(5)
P(1)>-C(11) 1.833(3) P(2)-C(41) 1.829(3)
P(1>—C(21) 1.830(3) P(2)>—C(51) 1.828(3)
P(1)—-C(31) 1.821(3) P(2)—C(61) - 1.827(3)
Cc(1)—Cc@2) 1.403(5) C(4:1)—C(-‘.2) 1.400(5)
C(12)—C(13) 1.390(6) C(42)—C(43) 1.385(5)
Cc(13)-C@14) 1.393(6) C(43)—C(44) 1.392(6)
C(14)—C(15) 1.374(6) C(44)—C(45) 1.382(5)
C(15)—C(6) 1.395(6) C(45)>—C(46) 1.397(5)
C(16)—C(11) ’ 1.401(5) Ccey—Cci4l) 1.398(5)
C(21)—C(22) 1.385(5) C(51)—C(52) 1.399(5)
C(22)—C(23) 1.409(5) C(52)—C(53) 1.392(5)
C(23)—C(24) 1.375(5) C(53)—C(54) 1.387(5)
C(24)—C(25) 1.391(5) C(54)—C(55) 1.385(5)
C(25)—C(26) 1.396(86) C(55)—C(586) 1.392(5)
C(26)Y—C(21) 1.386(5) C(56)—C(51) 1.396(5)
C(31)y—C(32) 1.401(5) . C(61)Y—C(62) 1.389(5)
C(32)—C(33) 1.390(5) C(62)—C(63) 1.395(5)
C(33)—C(34) 1.394(6) C(63)—C(64) 1.382(5)
C(34)—-C(35) 1.382(5) C(64)—-C(65) 1.387(5)
C(35)—C(36) 1.393(5) C(65)—C(66) 1.388(5)
C(36)—C(31) 1.398(4) C(66)—C(61) 1.395(5)
CI1(1S)—C(S) 1.727(6) CI(2S)—C(S) 1.763(6)
(b) Bonds involving hydrogen atoms

Length (A) Length (A)

C(1)—H(@1A) 0.96(4) C(1)—-H(@1B) 0.98(4)
C(2)—H(2A) 1.09(5)

C(2)—H(2B) 1.08(6)

C(2)—H(2C) 0.97(¢(5)

C(12)—H(Q2) 1.02(5) C(42)—H(42) 1.01¢4)
C(13)—H(@A3) 1.04(5) C(43)—H(43) 1.02(4)
C(14)—H(@A14) 10.98(5) C(44)—H44) 1.00(5)
C(15)—H(15) 0.97(5) C(45)—H(45) 0.98(3)
C(16)—H(16) 0.94(5) C(46)—H(46) 0.94(4)
C(22)—H(22) 1.05(4) C(52)—H(52) 1.00(5)
C(23)—H(23) 1.01(6) C(53)—H(53) 1.01(4)
C(24)—H(24) 0.98(4) C(54)—H(54) 1.04(4)
C(25)—H(25) 1.03(5) C(55)—H(55) 1.00(5)
C(26)—H(26) 1.02(5) C(56)—H(56) 1.03(5)
C(32)—H(32) 1.02(3) C(62)—H(62) 1.05(5)
C(33)—H(33) 0.99(5) C(63)—H(63) 1.02(5)
C(34)—H(34) 1.03(5) C(64)—H(64) 1.01(4)
C(35)—H(35) 1.01(¢5) C(65)—H(65) 0.98(3)
C(36)—H(36) - 1.05(4) C(66)Y—H(66) 1.11¢4)
C(S)—H(1S) 0.97(8) C(S)—H(2S) 1.32(9)

2 Non-bonded distance.
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TABLE 5

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

Angle ) Angle )

Cl(1)—Pd—P(1) 92.35(3) Cl(1)—Pd—P(2) 89.90(3)
P(1)—-Pd—C@1) 89.66(9) P(2)—-Pda—C(Q) 89.07(9)
Cl(1)—Pd—CQ) 169.73(9) P(1)—Pd—P(2) 174.19(3)
PA—C(1)—S 100.64(14) C(1)—S—C(2) 101.28(18)
PaA—P(1)—C(11) 113.53(11) Pd—P(2)—C(41) 114.38(10)
Pd—P(1)—C(21) 114.52(10) P4d—-P(2)—C(51) 1i13.36(10)
Pd—P(1)—C(31) 115.92(10) PA—P(2)—C(61) 117.11(10)
C(11)—P(1)y—C((21) 105.05(14) C(41)—P(2)—-C(51) 106.27(14)
C(11)—P()-C(31) 103.34(14) C(41)—-P(2)—C(61) 102.55(14)
C(21)—P£{1)—C(31) 103.09(14) C(51)—P(2)—C(61) 101.65(14)
P(1)—C(11)—C(12) 121.6(3) P(2)—C(41)—C(42) - 120.9(2)
P(1)—C@11)—-C@16) 120.4(3) P(2)—C(41)—C(46) 120.2(2)
c@a6)>-Cca1)—-c@az2) 118.0(3) C(46)—C1)—C¢42) 118.9(3)
c(31)—-Cc@3a2)»—cas3) 121.1¢4) C(41)—C(42)—C(43) 120.9(3)
C(12)—C(13)—C(14) 119.9¢4) C(42)—C(43)—C14a) 120.3(4)
C(13)—C@14)—C@15) 119.6(4) C(43)—C(44)—C(45) 119.2(4)
Cc(14)—C(@15)>-C@Q6) 121.14) C(44)—C45)—C@46) 121.3(3)
C(15)—C@Q16)—Cc@1) 120.2(3) C(45)>—C(46)—C(41) 119.5(3)
P(1)—C(21)—C(22) 119.8(2) P(2)—C(51)—C(52) 119.0(2)
P(1)—C(21)—C(26) 120.9(3) P(2)—C(51)-—C(56) 122.0(2)
C(26)—C(21)—C(22) 119.3(3) C(56)—C(51)—C(52) 118.8(3)
C(21)—C(22)—C(23) 119.6(3) C(51)—C(52)—C(53) 120.6(3)
C(22)—C(23)—C(24) 121.0(3) C(52)—C(53)—C(54) 120.1(3)
C(23)—C(24)—C(25) 119.2(3) C(53)—C(54)—C(55) 119.7(3)
C(24)—C(25)—C(26) 120.0(4) C(54)—C(55)>—C(56) 120.6(3)
C(25)—C(26)—C(21) 120.9(4) C(55)—C(56)—C(51) 120.2(3)
P(31)—C(31)—C(32) 119.9¢2) P(2)—C{61)—C(62) 120.0(2)
P(1)—C(31)—C(36) 120.8(2) P(2)—-C(61)—C(66) 120.6(2)
C(36)—C(31)—C(32) 118.6(3) C(66)—C(61)—C(62) 119.0(3)
C(31)—C(32)—C(33) 120.6(3) C(61)—C(62)—-C(63) 120.6(3)
C(32)>—-C(33)>—C(34) 120.1(4) C(62)—C(63)—C(64) 120.1(4)
C(33)—C(34)—C(35) 119.8(4) C(63)—C(64)—C(65) 119.7(4)
C(34)—C(35)—C(36) 120.3(3) C(64)—C(65)—C(66) 120.4(3)
C(35)X—C(36)~C(31) 120.5(3) C(65)—C(66)—C(61) 120.3(3)
CI(1S)>—C(S)—C1(28) 111.9(3)

the chlorine atom is locaied at the terminal position fall in the range between
2.24 and 2.45 A *. Therefore, the Pd—Cl bond length in the present complex .
(2.408(1) A) is normal. Table 7 * presents Pd—P bond lengths in all complexes
hitherto reported in which the phosphorus atoms of two trialkylphosphine
ligands are mutually trans. The Pd—P bond lengths in the present complex
(2.346(1) and 2.337(1) A) are fairly similar and are relatively long among those
in Table 7.

It is of interest to compare the molecular structure of the present complex

* This information has been obtained from the XDC data base of the TOOL-IR System at the Com-
puter Center of the University of Tokyo which is transeribed from the data base at the Cambridge
Crystallographic Data Center [11].



89

£
2
S
: 2 &
P() o oS
U 23371

ﬂp(z)

H(2B) H(20)

Fig. 3. The coordination geometry around the palladium atom.

with that of [PACl(CH,SCH;)(PPh;)] [1] in which the CH,SCH; group behaves
as a three-electron, bidentate ligand, forming a metallocyclic three-membered
ring (see below). The Pd—C and PAd—Cl bond lenghts in complex I are in good
agreement with those of complex 11 (Pd—C 2.042(6) and Pd—C1 2.402(1) A).

TABLE 6

LEAST-SQUARES PLANES (The equation of the plane is of the form: AX + BY + CZ + D = 0.0, where X,
Y and Z are measured in A units; X =ax + cz cos 3, Y = by and Z = cz sin )

(a) Coordination plane of Pd
0.023X + 0.440Y — 0.898Z + 7.380 = 0.0
(b) Plane defined by Pd, CI(1), C(1). S and C(2)
—1.000X + 0.023Y + 0.013Z + 1.455 = 0.0

Deviations of atoms from the plane (A)

Plane a Plane b
Pd +0.036 +0.023
C1(1) —0.175 —0.040
PQ) +0.151 ’ +2.362 ¢
P(2) +0.148 -—2.3139
C(1) —0.148 +0.031
s —1.935¢ +0.043
C(2) —2.116 ¢ —0.052

The dihedral angle hetween the planes a and b is 91.4°.

2Not included in the least-aquares calculation.
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TABLE 7

Pd—P BOND LENGTHS OF PALLADIUM COMPLEXES IN WHICH THE PHOSPHORUS ATOMS OF
TWO TRIALKYLPHOSPHINE GROUPS ARE MUTUALLY trans

P4d Complex Length (&) Reference
PAHCI(PEt3), 2.308(4) ¢ 12
PACI(Azb)(PEt3 )z 2.300¢9) ¥ 13
PACl, (PMe; Men), 2 : 2.310(5) 14
PA(SCN), P(OPh)3}2 2.312(1) 15
PACH(Dtt)(PPh3)s € - 2.325¢(3) ¢ 16
PACH{COCOOMe)(PPhj), 2.325(7) ¢ 17
Pd(SCN); {PPh,(C=CBu-t) }o 2.326(3) 18
PdI,(PMe, Ph), (orthorhombic form) 2.330(8) ¢ 19
Pdl, (PPha), 2.331(2) 20
Pdl, (PMeaPh), (monoclinic form) 2.333(7) 19
PACI(CH,SCH3)(PPh3), 2.342(1» ¢ this work
PABr{C4(COOMe)3 H}(PPh3), 2.359 21
PdCl, (PMesneoMen), 4 2.353(5) ¢ 14

@ Average value of two Pd—P bonds. b Average value of four (crystallographically independent) Pd—P
bonds. ¢ Azb = Z-(phenvlazo)phenyl. a Men = menthyl, neoMen = neomenthyl. € Dtt = 1,3-di-p-tolyltri-
azenido.

The averaged Pd—P bond length of 2.343(1) A in coraplex I is longer than that
of complex II (2.267(1) A), which is mainly due to the difference of the trans-

Ct PPh3 PhyP ci
\ / - PPh3 A
/ / + PPhy / \

Ph CHo \ .
H3 CHa—b\
;omplex I(present work) Complex IT [‘l]

influence between phosphorus and sulfur atoms. In the previous paper [1], we
concluded that both CH,—S and S—CH; bonds in complex II are single bonds
but that the former may have partial double bond character (CH,—S 1.756(6)
and S—CH, 1.807(7) A). The two sulfur—carbon bonds in complex I are also
single bonds. However, the CH,—S bond is 0.02 A shorter than the S—CH; bond,
"~ which exhibits the same tendency as found in complex II. Although there is no
double bond character in the CH,—S bond of complex I, this slight shcrtening
of the CH,—S bond may be associated with an interaction between sulfur and
palladium atoms.

The crystal structure viewed along the b axis is given in Fig. 4. No abnormally
short intermolecular contacts are observed, the shortest contact between non-
hydrogen atoms being 3.319(6) A (Cl(1)(x, y,2)--"C(S)(3 —x,% + ¥, 3 —2)).

All computations were carried out on a NEAC 2200—700 computer at Osaka
University and on a FACOM 230—60 computer at Kyoto University. Figures 2,
3 and 4 were drawn on a NUMERICON 7000 system at Osaka University with a
local version of ORTEP-II [22].
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Fig. 4. The crystal structure as viewed down the b axis. Atoms are represented by thermal ellipsoids at 50%
probability levels. Hydrogen atoms are omitted for clarity.

Acknowledgements

The authors wish to express their deep thanks to Professor R. Okawara and

his coworkers of Osaka University for crystals and for helpful discussions, and
to Dr. Donald J. Mullen who read the manuscript and made its English clear and
comprehensible.

References

[ B

i
(=B (el B |

11

12
13
14
15
16
17
18
i9
20
21
22

(2) K. Miki, Y. Kai, N. Yasuoka and N. Kasai, Acta Cryst. A, 31 (1975) $138, (b) K. Miki, Y. Kai, N.
Yasuoka and N. Kasai, J. Organometal. Chem., 135 (1977) 53.

K. Miki, G. Yoshida, Y. Kai, N. Yasuoka and N. Kasai, J. Organometal. Chem., 149 (1978) 195.

(a) G. Yoshida, Y. Matsumura and R. Okawara, J. Organometal. Chem., 92 (1975) C53: (b) G. Yoshida,
H. Kurosawa and R. Okawara, J. Organometal. Chem., 113 (1976) 85.

G. Yoshida, H, Kurosawa and R. Okawara, J. Organometal. Chem., 131 (1977) 309.

W.R. Busing and H.A. Levy, Acta Cryst., 22 (1967) 457.

T. Ashida, The Universal Crystallographic Computing System-Osaka, The Computation Center, Osaka
University, 1973, p. 55.

R.F. Stewart, E.R. Davidson and W.T. Simpson, J. Chem. Phys., 42 (1965) 3175.

H.P. Hanson, F. Herman, J.D. Lea and S.S. Skillman, Acta Cryst., 17 (1964) 1040.

S.C. Abrabams, Quart. Rev. (London), 1C¢ (1956) 407.

M. Horike, Y. Kai, N. Yasuoka and N. Kasai, J. Organometal. Chem., 86 (1975) 269.

(a) T. Yamamoto, M. Negishi, M. Ushimaru, Y. Tozawa, K. Okabe and S. Fujiwara, TOOL-IR: An On-
Line Information Retrieval System at an Inter-University Computer Center, Proc. 2nd USA-Japan Com-
puter Conf., 1975, p. 159; (b) T. Shimanouchi and T. Yamamoto, Crystallographic Data Services in
Japan, Proe. 5th Intern. CODATA Conf., 1976 p. 149.

M.L. Schneider and H.M.M. Shearer, J. Chem. Soc., Dalton, (1973) 354.

D.L. Weaver, Inorg. Chem., 9 (1970) 2250.

K. Kan, K. Miki, Y. Kai, N. Yasueka and N. Kasai, Bull. Chem. Soc. Japan, 51 (1978) 733.

S. Jacobson, ¥.S. Wong, P.C. Chieh and A.J. Carty, J. Chem. Soc. Chem. Commun., {(1974) 520.

G. Bonbieri, A. Immirzi and L. Toniolo, Acta Cryst. A, 31 (1975) S141.

J. Fayos, E. Dobrzynsky, R.J. Angelici and J. Clardy, J. Organometal. Chem., 59 (1973) C33.

G. Beran, A.J. Carty, P.C. Chieh and H.A. Patel, J. Chem. Soc. Dalton, (1973) 488.

N.A. Bailey and R. Mason, J. Chem. Soc. A, (1968) 2594.

T. Debaerdemaeker, A. Kutoglu, G. Schmid and L. Weber, Acta Cryst. B, 29 (1973) 1283.

D.M. Roe, P.M. Bailey, K. Moseley and P.M. Maitlis, J. Chem. Soc. Chem. Commun., (1972) 1273.
C.K. Johnson, ORTEP-II, Report ORNL-5138, Oak Ridge National Laboratory, Tennessee, 1976.



