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INTRODUCTION

X~ray crystallography has been widely applied to the study
on organometallic chemistry and has made a great contribution
to elucidate the structure and bonding of organometallic com-~
pounds. For instance, it was one of the most dramatic dis-
coveries at the early stage of the history of organometallic
chemistry that the X-ray diffraction studies determined the
structure of ferrocene(Eiland & Pepinsky, 1952; Fischer & Pfab,
1952; Dunitz & Orgel, 1953; Dunitz, Orgel & Rich, 1956).

Since then, a variety of organometallic compounds containing
many different ligands have been investigated by many crystal-
lographers.

Among the organometallic compounds containing the group
VIII transition metals, organopalladium complexes have also
been widely investigated hitherto from the viewpoints of both
synthetic and structural chemistry. The palladium atom has
been bound with various organic ligands(groups) to form mainly
square-planar coordination geometry in palladium(II) complexes.
On the other hand, the sulphur atom, which is included as a
hetero atom in organic ligands(groups), fulfills a wide variety
of functions in metal complexes. One reason why the sulphur
atom is bonded to the metal atom in many different manners is
that it is able to take several coordination numbers. It is
very interesting to investigate the coordination behaviour of
the sulphur atom in various organic ligands(groups) to the

metal atom and to understand the nature of the palladium-



sulphur bond.

It is a very serious problem to elucidate the bonding
behaviour in organometallic compounds that the precision of
the structure obtained from the X-ray analysis is enough high
to make exact discussion or not. It is inevitable for the
X-ray crystal structure analyses of organometallic compounds
that the ambiguity remains for the locations of lighter atoms
because organometallic compounds always contain the metal atoms
which have much larger scattering power of X-ray than the other
lighter atoms such as carbon atoms. Therefore, it was usually
difficult that the results from the X-ray structure determina-
tion had high precision enough to make the detailed discussion
of the structures in organometallic compounds. In order to
raise the precision of the structure analyses, one of the
direct and efficient techniques is the intensity data collec-
tion at lower temperatures such as liquid nitrogen temperature.
The low temperature measurements enable to reduce the thermal
vibration of the molecule and it is expected that the locations
of atoms, including the lighter atoms, are determined with high
precision enough to make the detailed discussion and that the
reliable positions of even hydrogen atoms are also determined.

The present study is concerned with the molecular struc-
tures of several palladium complexes in which the metal atom
is bound to the sulphur~-containing ligands(groups), determined
by the X-ray crystal structure analyses in order to make clear
the coordination behaviour of these ligands(groups) to the
palladium atom, As mentioned above, the precise molecular

structure is indispensable to make the detailed discussion of



the bonding. Then, most of the crystal structure analyses
presented here have been carried out at liquid nitrogen temper-
ature to obtain the precise structural data.

Chapter 1 deals with the molecular structures of five
palladium complexes containing the methylthiomethyl or phenyl-
thiomethyl group.

Chapter 2 deals with the molecular structures of two
palladium complexes containing the thia-allyl or thioamido-

methyl group.



CHAPTER 1
Molecular Structures of Palladium Complexes Containing

Methylthiomethyl or Phenylthiomethyl Group

1.1 Introduction

In this chapter, molecular structures of palladium com-
plexes containing methylthiomethyl(CHZSCH3) or phenylthiomethyl
(CHZSC6H5) group are described, and the coordination behaviour
of these groups to the metal atom is discussed. It is of
particular interest that three limiting coordination modes are

possible in the bonding of the CH SR(R=CH3, C6H5) group to the

2
metal atom(King & Bisnette, 1965; Rodulfo de Gil & Dahl, 1969).
These coordination modes in case of the CHZSCH3 group are shown
in Fig. 1-1. One of these modes is the formation of a three-
membered metal-carbon-sulphur ring containing the metal-carbon
oc-bond and the donation of the sulphur to the metal atom(type a).
The CHZSCH3 group functions as a bidentate ligand. The another
type involves a carbon-sulphur double bond m-bonded to the metal

atom(type b). The CHZSCH3 group must be more stable in the

form of the positively charged methylenemethylsulphonium ion and

//CH3
H_ _-CH,4 H._ + -CHj Ho_ s
//C———S /,C———S //C
H™ \ / H V_ H \
M M M
(a) (b) (c)
Fig. 1-1. Possible coordination modes in the bonding of the

CHZSCH3 group to the metal atom.



behaves as a monodentate, two-electron ligand. The other type
which has only the metal-carbon o-bond also is possible(type c).
Until now, only a molybdenum complex involving a methylthio-
methyl group has been prepared by King & Bisnette(1965), and
the structure of the complex has been determined by Rodulfo de
Gil & Dahl(1969). From the viewpoint of structural chemistry,
it is interesting to reveal the coordination behaviour of these
group to the metal atom in group VIII transition metal complexes
such as palladium.

Recently, novel palladium complexes containing the CHZSCH3
or CH28C6H5 group have been prepared by Okawara and his co-

workers of this University (Yoshida, Matsumura & Okawara, 1975;

Yoshida, Kurosawa & Okawara, 1976; Yoshida, 1977; Miki, Yoshida,

Kai, Yasuoka & Kasai, 1977). The outline of the reactions is
summarized in Scheme 1-1. The complex I was obtained from the
Scheme 1-1.

Pd(PPh3)4 + ClCH,SCH, —— [PdCl(CH

5 3 SCH3)(PPh3)2](I)

2

recrystallization (—PPh3) (+PPh3)
[PdCl(CHZSCH3)(PPh3)](II)

(1) + x'v — [PA (CH,SCH,) (PPh 17y (r11) + xC1

3)2
+ -
XY : (a) NH,PF

476
(b) AgClO4
(c) NH4BF4
(d) CH30802F
(e) AgNO3

PdClz(CGHSCN)2 + LiCH,SC_.H, —— [Pd(CHZSCGH

25CgHg (IV)

5)2]4
-5 -



reaction between a zero~-valent palladium complex, tetrakis(tri-
phenylphosphine)palladium(0) and chloromethylmethylsulphide.
Repeated recrystallization of the complex I removed one of the
triphenylphosphine ligands set free to give the complex II.
The chlorine atom in the complex I was able to be exchanged by
various kinds of counter anions, and then some cationic com~
plexes (III) were isolated. On the other hand, a stable di-
alkyl tetrameric palladium complex containing phenylthiomethyl
groups (IV) was prepared from the reaction of dichlorodibenzo-
nitrilepalladium(II) with lithiummethylphenylsulphide.

A series of the X-ray crystal structure analyses of the
following complexes have been carried out to obtain information

about how the CHZSR groups are bonded to the palladium atom:

(1) [PdCl(CHZSCH3)(PPh3)2]
(11) [PAC1 (CH,SCH,) (PPh,) ]
(IIIa) [Pd (CH,SCH;) (PPh,) ,1PF,
(ITIb) [Pd (CH,SCH,) (PPh;) ,1ClO,
(IV) [PA(CH,5C He) 51,

In order to make detailed discussion of the bonding scheme of

the CH.,SR groups to the metal atom, the determination of pre-

2
cise molecular structures including the locations of the meth-

vlene hydrogen atoms is indispensable. All the structure
determinations in this chapter have been made at liquid nitrogen

temperature.



1.2 Experimental

Crystals used in this study were kindly supplied by Prof.
R. Okawara and his co-workers. All the crystals were stable
in air and at room temperatures, except for those of

[Pd(CHZSCGH 4(IV), which are unstable at room temperature

5) 1

and decomposed after ca. 12h at 25°C. Preliminary oscillation
and Weissenberg photographs taken at room temperature with
Cu-Ko radiation showed all the crystals belong to the monoclinic

system. The systematic absences of reflexions determined the

5
2h’

No photographic works of IV, however, were carried out because

space group of each crystal as P21/c or PZl/n(C No. 14).

of the instability of the crystals. The determination of pre-
liminary crystallographic data of IV was also made on a dif-
fractometer. The observed density of crystals was measured by
flotation in carbon tetrachloride/n-hexane at 25°C. Crystal
data are summarized in Table 1-1. Accurate cell dimensions at
both ~-160 and 20°C(or 18°C) were determined by a least-squares
fit of 26 values of 20~ 25 strong reflexions. The crystal
setting was established by the Rigaku soft-ware system for a
FACOM U~200-controlled diffractometer based on the method of
Busing & Levy(1967).

Intensity data were collected at liquid nitrogen tempera-
ture(-160°C) on a Rigaku diffractometer using Mo-Ka radiation
(A=0.71069 i). The required low temperature was attained by
the gas flow method using liquid nitrogen. Intensity data
collection at room temperature(20°C) were also madé for the
crystal of [PdCl(CHZSCH3)(PPh3)](II) in order to compare the

structure at room temperature with that at low temperature.



Experimental conditions for five kinds of crystals are tabulated
in Table 1-2. Throughout the data collection, three or four
standard reflexions were measured at regular intervals to moni-
tor crystal stability and orientation. No intensity decrease
was observed during experiments in each crystal. Corrections
for usual Lorentz and polarization effects were carried out,
while neither absorption nor extinction corrections were applied.
Although the repeated recrystallization of crystals of the
cationic complexes III were carried out carefully to obtain
good crystals, most of crystals were generally unsuitable to
the X-ray diffraction study. In spite of relatively small
crystals, intensity data collection was barely possible for
]ClO4(IIIb).

[Pd(CstCH3)(PPh ]PFG(IIIa) and [Pd(CH28CH3)(PPh

3)2 3)2
Crystals of [Pd(CstCH3)(PPh3)2]SO3F(IIId) were too small to

make intensity data collection. The complex IIIe, [Pd(CHZSCH3)-

(PPh 1NO did not crystallize.’ Crystals of [Pd(CHZSCH3)-

3’
]BF4(IIIC) obtained from recrystallization were compara-

3)2
(PPh3)2
tively large enough to collect intensities. As shown in Fig.
1-2, however, oscillation and Weissenberg photographs of IIIc
showed abnormal features, that is, many diffuse spots near the
normal Bragg reflexions. If all the diffuse spots were neg-
lected, those showed the monoclinic symmetry with approximate
dimensions: a=18.0, b=18.4, ¢=12.3 A, B=107° and U=3896 A°.
The systematic absences of reflexions(h+k=2n+l) determined the
lattice type as the (C~centred lattice. Possible space groups
are (2, Cm aﬂd C2/m. These diffuse spots may be due to the

disordered structure in the crystal packing. Therefore, the

further investigation of IIIc was abandoned.



Fig. 1-2.
graphs of [Pd(CstCH3)(PPh

Table 1-1. Crystal data

[PdCl(CHZSCH3)(PPh3)

C38H35C1P2PdS-CH2C

2]oCH

3)2]BF4(IIIC)

Clz(I)
F.W.

2
1

Oscillation(left) and Weissenberg(right) photo-

812.51, F(000)=1651

Monoclinic, Space group P21/n, zZ=4

(A)

(A)

(A)

(°)

v (a3

U (Mo-Ka) (cm~
2
3

™ QO O Q

1y

De (g cm~

Dm (g cm

[PdCl(CHZSCH3)(PPh3)](I

C20H20C1PPdS, F.w.

Monoclinic, Space group P21/c, 7=4

(A)

(A)

(A)

(°)

v (a3)

U (Mo-Ka) (cm™
3)
3

™ QO T Q

1y

De (g cm~
Dm (g cm

27
[-160°C] [20°C]
14.973(3) 15.139(3)
15,333 (3) 15.463(3)
17.377(3) 17.693(3)

115.77(1) 115.47(1)

3592.7(13) 37139.3(13)

9.02 8.67
1.503 1.444
1.44

I)

465.28, F(000)=936
[-160°C] [20°C]
11.398(2) 11.454 (3)

9.788(1) 9.880(2)
17.267(2) 17.459(2)
95.38(1) 95.84 (1)

1917.9(5) 1965.5(7)

1.2."7 12.4
1.612 1.573
1.57



Table 1-2. {(continued)

[Pd(CHZSCH3)(PPh3)2]PF6(IIIa)

C38H35P2PdS-PF6, F.w. 837.10, F(000)=1696

Monoclinic, Space group P21/c, 7=4

[-160°C] [20°C]
a (A) 11.535(2) 11.650(2)
b (A) 17.990 (4) 18.198 (5)
e (B) 17.754(2) 17.956(3)
B (°) 101.07 (1) 101.24(2)
v (a3) 3615.5(11)  3733.7(15)
1 (Mo-Ko) (cm™ ) 7.55 7.31
De (g em™3) 1.538 1.489
pm (g em™>) 1.49
[Pd (CH,SCH,) (PPh,),1C10, - 0.25CH,C1, (I1Ib)
C3gH35P,PAS-CLO, 0. 25CH,Cl,, F.W. 812.8, F(000)=1658
Monoclinic, Space group le/n, Z2=4
[-160°C] [20°C]
a (A) 11.496(5) 11.526 (4)
b (A) 20.872(9) 21.110(8)
¢ (A) 15.056(6)  15.328(5)
B (°) 94.77 (4) 94.42(4)
v (a3 3600 (3) 3718(3)
1 (Mo-Xo,) (cm™ 1) 8.03 7.78
De (g em™3) 1.499 1.452
Dm (g em™3) 1.44
[Pd(CH25C6H5)2]4~CH2C12(IV)

C-..H. Pd,S,-CH Clz, F.W. 1496.1, F(000)=2984

56t567d45g - CHy

Monoclinic, Space group PZl/n, z=4
[-160°C] [18°C]

a (B) 16.302(3) 16.605 (4)
b (B) 19.394 (4) 19.529 (5)
¢ (B) 18.552(3) 18.675 (4)
B (°) 91.28(2) 91.32(2)
v (a3) 5864 (2) 6054 (2)
U (Mo—Ka) (em™ 1) 15.8 15.3
De (g cm™ ) 1.695 1.641

- 10 =~
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Table 1-2.

Complex

Crystal
colour
shape

size (mm)

X-ray

source

monochromator

Scan
mode
speed(°min_l)

range (a and b)
[AB=(a+btanb) °]

background (sec)

26max (°)

Standard reflexions

Temperature (°C)

Number of reflexions

measured
uncbserved (zero)
non-zero

(1]

light yellow
prisms
0.3x0.3x0.35

Mo-Xo

(40KV, 25mA)

graphite

0-26
4
1.0, 0.35

5

54
800, 804,
612, 742

-160

7832
700
7132

[I1]

yellow
prisms
0.2x0.2x0.2

Mo-Ka
(40KV, 25mA)
graphite
6-20
4
1.0, 0.35
5
54
062, 408,
800
-160 & 20
4183 4308
684 1099
3499 3209

[IIIa]

colourless

needles

0.1x0.1x0.25

Mo-Kao
(40KV,

25mA)

graphite

54

600,
219

-160

7899
3322
4577

019,

Experimental conditions for intensity data collection

[ITIDb]

colourless
prisms
0.25x0.3%x0.35

Mo~Ko
(40KV, 30mA)

Zr-filter

0-20

1.25, 0.35

5

54

800,
008,

0,10,0,
555

-160

7907
2064
5843

[1V]

orange-yellow
plates
0.25x0.3x0.05

Mo-Ko
(40KV,

graphite

25mA)

5516
1153
4363



1.3 Structure Solution and Refinement

The structures were solved by the conventional heavy atom
method. The refinements of structures were carried out by the
block-diagonal least-squares procedure using the HBLS-V pro-
gramme (Ashida, 1979); the function minimized being
Zw(IFo|—|Fc|)2. The F and R (weighted R) indices are defined
by B=]||Fo|-|Fe||/I|Fo| and R ={Ju(|Fo|~|Fe|)?/Jw|Fo|?}1/2,
respectively. The atomic scattering factors for non-hydrogen
atoms were taken from those of Hanson, Herman, Lea & Skillman
(1964) for I and II, and International Tables for X-ray Crys-
tallography (1974) for IIla, IIIb and IV, respectively. For
hydrogen atoms, the scattering factors given by Stewart,

Davidson . & Simpson(1965) were used.

All computations were carried out on following computers:
NEAC 2200-700, ACOS 800 and ACOS 900 computers at Computation
Center, Osaka University, a FACOM 230-60 computer at Data Pro-
cessing Center, Kyoto University and an ACOS 700 computer at
Crystallographic Research Center, Institute for Protein

Research, Osaka University.

- 12 -~



[PdCZ(CHZSOHS)(PPhS)g]-CHZCZZ(I)

For the structure solution and through early stages of the
refinement, a limited data set (3878 reflexions, 206<42°) was
used to save computer time. A three-dimensional Patterson map
easily gave the approximate coordinates of the palladium atom.
The remaining non-hydrogen atoms, including those of the sol-
vent molecule(CHZClz), were located from successive Fourier
maps based on the atomic position of palladium.

A few cycles of isotropic refinement converged with R=0.077
for non-zero reflexions. Several subsequent cycles of aniso-
tropic refinement reduced the R index to 0.052 for observed
reflexions. At this stage, a differnce Fourier map was calcu-
lated, from which all the hydrogen atoms were reasonably located.
Several more cycles of refinement were carried out anisotrop-
ically for non-hydrogen atoms and isotropically for hydrogen
atoms. The R index converged to 0.031 for non-zero reflexions
of the limited data set. Subsequently the remaining 3956
reflexions were added, and further refinement was carried out
for the total of 7832 reflexions. The final R indices are

0.035 and 0.043 for 7132 non-zero and for all 7832 reflexions,

respectively. The weighting scheme used was
w=(ocsz+a]Fo]+b|Fo]2)—l for |Fo|>0, and w=c¢ for |Fo|=0, where
o is the standard deviation obtained from the counting sta-

cs
tistics and the values of a, » and ¢ used in the final refine-

ment are 0.0633, 0.0007 and 0.0603, respectively. The final
weighted R index(Rw) is 0.054 for all reflexions. The final
atomic positional and thermal parameters are listed in Tables

1-3 and 1-4.

- 13 -



[PdCL(CH,SCH ) (PPh )} (II)

The structure was solved 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 tempera-
tures were carried out in parallel with each other. Several
cycles of isotropic refinement reduced the R indices to 0.067
(at -160°C) and 0.098(at 20°C) for non-zero reflexions. No
abnormal thermal factors were observed. A few 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 temper-
ature 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) reflexions at -160

and 20°C, respectively. The weighting scheme used was
w=(0csz+a]Fo|+b|Fo|2)"l for |Fo|>0 and w=c¢ for |Fo|=0, where
o is the value obtained from the counting statistics and the

CSs

values of a, » and ¢ used at the final refinements are 0.0749,
0.0002 and 0.0233(at -160°C) and 0.1065, -0.0003 and 0.0249
(at 20°C). The final weighted R indices(Rw) are 0.061(at
-160°C) and 0.075(at 20°C) for all reflexions, respectively.
The final atomic positional and thermal parameters at -160 and

20°C are listed in Tables 1~-5 and 1-6.

- 14 -



[Pd(CH SCHS)(PPHS)Z]PF6(IIIa)

2

For the structure solution and the refinements, 3906
reflexions (Fo>30(Fo)) were used. The approximate coordinates
of the palladium atom were determined from a three-dimensional
Patterson map. All non-hydrogen atoms were located reasonably
by the subsequent Fourier synthesis.

Several cycles of isotropic refinement for non-hydrogen
atoms reduced the R value to 0.17. The isotropic tempefature
factors of the fluorine atoms in the PF anion showed relatively
large values (maximum B=11.2 Rz). The further anisotropic
refinement did not go on straightforwards, some abnormal temper-
ature factors being observed. Therefore, the subsequent refine-
ment was carried out step by step using small damping factors
for shifts of the parameters. In the Fourier map at this stage,
a relatively high peak(ca. 80% of the height of the C(l) atom)
was found near the location of the sulphur atom. This peak,
which was distant 1.12 and 2.37 £ from the sulphur and balladium
atoms respectively, might be assigned as the disordered fragment
of the sulphur atom. However, if so, the geometry of the coor-
dination plane around the palladium atom was far from the sguare-
planar coordination. Then, this peak was ignored and was not
included from the refinement. The final R and Rw factors are
0.141 and 0.159 for 3906 reflexions, respectively. The unit
weights were employed throughout all stages of refinement.

The final atomic positional and thermal parameters are presented

in Table 1-7.



[Pd(CHZSCHg)(PPhs)Z]CZO4-0.250HZCZZ(IIIb)

For the structure solution and the refinements, 4595
reflexions(Fo>30 (Fo), 20 up to 50°) were employed. A three-
dimensional Patterson map easily gave the location of the
palladium atom. The subsequent Fourier map base on this
atomic position determined all the locations of non-hydrogen

atoms in the [Pd(CHZSCH3)(PPh ] cation.

3)2
A few cycles of isotropic refinement including 42 atoms in
the cation converged the R value to 0.14. At this satge, a
difference Fourier map was calculated, from which coordinates
of the Cl1 atom of the ClO4 anion were determined. However,
the electron densities around the atomic position of Cl were
relatively low and very broad. Only a location of one of four
O atoms in the Clo4 anion was found from the difference Fourier
maps, while remaining three O atoms were not located. These
Cl and O atoms indicated the abnormally large temperature
factors in the further refinements. In addition,three peaks
were found on the Fourier map, which were interpreted as those
of the CH2C12 molecule. Several more cycles of refinement
were carried out anisotropically for Pd, S, P and C atoms in
the cationic complex and isotropically for Cl, O and C atoms
in the ClO4 anion and the CH2C12 molecule. However, the

temperature factors of Cl and C atoms in the CH2C12 molecule

were exceptionally large. The calculated density for formula
weight assuming that one molecule of CH2C12 is included in an
asymmetric unit of the unit cell{l.566 g cm_3] is much larger
than the observed value of 1.44 g cm_3. These facts imply a

lower occupancy of the CH,Cl1, molecule than unity. The

- 16 -



occupancy factor for the CH Cl2 molecule was estimated as 1/4,

2
which gives the calculated density of 1.452 g cm_3 and a good
fit with the observed value. The coordinates of only a C
atom of CH2C12 were fixed in the further refinements. The
final R and R, values are 0.102 and 0.117 for 4595 reflexions,
respectively. The unit weights were employed throughout each
step of refinement. The final atomic positional and thermal
parameters are listed in Table 1-8.

[Pd(CHZSC H.),] -CHZOZZ(IV)

67624

A three-dimensional Patterson function revealed the posi-
tions 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 sul-
phur atoms, and the remaining two peaks were deduced to be those
due to the chlorine atoms of the CH2C12 molecule of solvation.
The remaining carbon atoms were located in the subseqguent
difference Fourier map.

Through the early stages of the refinement, 4175 reflexions
(20<36.4°) were used to save computer time. A few cycles of
isotropic refinement using unit weight converged the R value to
0.094 for 3407 observed reflexions. Several cycles of refine-
ment for the Pd, Cl and S atoms anisotropically and for the C
atoms isotropically were carried out using the weighting scheme:

1 for |Fo|>0, and w=e for |Fol|=0, where

2 2
w= (0 ¢ +a|Fo|+b|Fo|“)
g is the value obtained from the counting statistics and g, »
and ¢ are constants adjusted in the refinement. The R and Rw

indices converged to 0.084 for non-zero(0.121 for all)

- 17 -



reflexions and 0.115 for all reflexions, respectively.
Further refinement including anisotropic carbon atoms was not

successful, abnormal thermal parameters of several carbon atoms

being observed. Therefore, an anisotropic refinement for
carbon atoms was abandoned. At this stage, the remaining 1341
reflexions were added. After a few cycles of refinement the

R index converged finally to 0.089 for 4363 non-zero(0.136 for
all 5516) reflexions. The final weighted R index(Rw) is 0.120
for all reflexions and the weighting parameters, a, » and ¢
used in the final refinement are 0.1120, 0.0018 and 0.0446,
respectively. The final atomic positional and thermal param-

eters are listed in Table 1-9.

-~ 18 -~



61

Table 1-3.

Final atomic parameters for non-hydrogen atoms of [PdCl(CstCH3)(PPh

3) o1 -CH,

Positional parameters in fraction of cell edges and thermal parameters in the form of
2
expl- (By A28,k +B 1248, Jhk+B JAL+B, kD) ] .

Atom

PD
Ll
S

P(l)
P(2)
c(l)
2}
c(lly
c(l2)
C(13)
c(l4)
C(l5)
ctle)
c2l)
C22)
c(23)
C(24)
C(25)
C(26)
(3l
C(32)
C(33)
C(34)
C(3%)
C(36)
C(sl)
C(42)
C(43)
C(a4)
c(45)
C(46)
csh)
C(52)
Cc(53)
C(54)
C(55)
C(56)
c(6l)
C(62)
Cc(63)
C(64)
c(65)
C(66)
CL(1S)
CL(25)
(S}

X
W47809( 2)
52674 ( 5)
49846 ( 6)
W31757( %)
«63063¢( 5)
45010 (20}
<4813 ( 3)
L2469 ( 2)
J1640 ( 3)
.0918 ( 3)
Jdale ()
W24l ()
22949 ( 2)
«3130 ( 2)
4004 ( 2)
«3966 ( 2)
#3074 ( 2}
2197 ( 2}
02231 ( 2)
23611 (20)
« 2405 ( 2)
.1920 ( 3)
L1387 ( 2)
L1315 ( 2)
.1802 ( 2)
6483 ( 2)
<1208 ( 2)
J7369 ( 3)
«6807 ( 3)
«6093 ( 2)
«5916 ( 2)
1370 ( 2)
. 7232 ( 2)
«8038 ( 2)
.8988 ( 2}
«9131 ( 2)
.8330 ( 2)
«65873(20)
«7028 ( 2)
o 7136 ( 3)
«6806 ( 2)
«6370 ( 3)
o6254 ( 2)
«01002(10)

=e04724(¢ T
-o0362 ( 4}

Y

+40375( 2)
«D3789( 4)
2168811 51
L4l103¢ @)
C3YRI2( &)
o2 18341(117)
L1058 ( 2)
L5U624119)
L5122 ( 2)
L5864 ( 2)
6557 ( &)
6496 ( 2)
$5155 ( 2)
e4lSI5(11)
41T 2)
L4215 ()
L4255 ( 2)
o423l 3)
«4l83 ( 3)
»31987(18)
02434 ( 2)
JlbRE ()
J16R3 ()
L2460 ( 2)
3194 ( 2)
LeBGT2(18)
J4TTO ( 2)
o437 { 2)
'61_‘-75 ( 2)
o6219 ( 2}
e96100(20)
«4U504 (1 1)
« 3869 ( 2)
#3833 { 2)
«3986 { 2)
4lTH ( 2)
4205 2)
29995 (18)
¢2293  2)
«1499 (¢ &)
Jdell (2)
2115 | &)
22904 ( 2)
«25798( 1)
«35913¢( 1)
el542 ( 3)

z

o T1944( 2)
«79909( 4)
«76990( 5)
« 71095 ( 4)
e 71292 ( 4)
e67222(17)
«7295 ( 2)
+65186(18)
o 6244 ( 2)
«5831 ( 3)
«5669 ( 2)
e5911 ( 2)
«6328 ( 2)
«B1440(17)
«88901 (20)
+96850(19)
«37322(19)
8982 { 2)
8194 ( 2)
«65772(17)
270344 (20)
6611 ( 2)
«HT724 ( 2)
eb210 ( 2)
+56900(18)
J64TRE(LT)
61784 (20)
«O716 ( 2)
e5542 ( 2)
«5B40 ( 2)
«63017(19)
«81775(18)
«B90T2(19)
«97U84(19)
«97913(20)
«9073 ( 2)
.82681(20)
L6688T(18)
«72178(19)
6875 { 2)
«6002 ( 29
e5410 { 2)
«58083(19)
«80760¢( T}
«65288( 7)
6977 ( 3)

B11

L00167( 1)
.00255( 4)
«00334¢( 4)
L00157( 3)
.00142( 3)
00193 (14)
,0064 ( 3)
L00277(16)
.00329(18)
0037 ( 2)
.0050 ( 2)
0045 { 2)
«00309¢17)
200196 (14)
.00183(15)
00232 (16)
«00307(¢17)
00249 (1T
.00195¢(16)
,00160(13)
00271 (16)
00331 (18)
00290 (17)
00245 (16)
,00203 (14)
.00233(14)
,00291(16)
L,00385(19)
200388 (20)
200323 (18)
.00209(15)
W00171(13)
.00233¢15)
00266 (16)
«00229(16)
.00182(15)
L.00211(15)
L00180(13)
.00334(17)
«00370(19)
00312(17)
«00398(19)
200295 (16)
200945( 9)
«00397¢( 5)
+0099 ( 4)

C12(I)

Estimated standard deviations in parentheses.

B22

L00113¢ 1)
L00113¢ 2)
L00132( 3
JU0L14( 3)
L00106( 3
L,00113¢10)
.00126(13)
,00152¢11)
L00275(15)
.00309(16)
200227 (14)
J0022g4(14)
L00241(13)
200126(10)
L00312(14)
»00368(16)
,00238(13)
00692(19)
+00483(19)
L00149(11)
.00186(12)
00161 (12)
00224 (14)
,00320(15)
,00227(13)
00159 (1)
,00190¢12)
LOU276(15)
200256 (14)
L00201(13)
L,00178(12)
«00113(10)
.00224(12)
2002641(13)
«00216(13)
«0U233(13)
,00198(12)
200154(11)
,00184(12)
«00197(13)
200202 (13)
2 00249(14)
«00200(12)
200268 ( 4)
000344 ( 4)
200205(16)

633

200126( 1)
J00147¢ 2)
L00151¢ 3
00111 ¢ &)
.00105( 2)
«00156(10)
.00313(16)
00134 (10)
.00372(l6)
L00372(17)
«00216¢(13)
«002g4(15)
»00198(12)
«00135(10)
00179(12)
.00128¢(11)
«00176(12)
«00210(13)
.00169(12)
.00157(10)
.00206(12)
.00368(16)
.00340(19)
+00199(12)
,00152(11)
L00123(10)
«00224(12)
.00287(14)
200264 (14)
.00255(13)
#00216(12)
«00141(10)
«00166¢(11)
00144 (11)
«00172(12)
«00256(13)
.00208(12)
«00165(10)
.00165(11)
«00273(14)
«00312(14)
«00193¢12)
«00175(11)
«00261( 4)
.003881( 4)
«00316(17)

B12

-.00025( 2}
-,00041¢ 5)
-,00041( %
- 00015 ( 5)
-,00003( 4)
«,00049(19)
=,0002 ( 3)
0006 ( 2)
L0015 ( 3)
L0031 ( 3)
L0027 ( 3)
-,0004 ( 3)
L0000 ( 2)
-,00035¢(19)
.0004 ( 2)
L0001 ( 3)
L0000 ( 2)
-.0004 ( 3)
-,0005 ( 3)
=4,00006(19)
-,0006 ( 2)
=,0010 ( 2)
-o0021 ( 2)
-,0011 (¢ 3)
-.000% ( 2)
(<)

.0000 ( 2)
t 3)

(3

t 2)

20007 ( 2)
«00034(18)
-.0002 ¢ 2y
«0003 ( 2)
20011 ( 2)
0002 ( 2)
,0004 ( 2)
-e00011¢(19)
.0009 ( 2)
( 3)

-,0009 ( 2)
( 3)

-,0005 ( 2)
-200058(10)
+00016¢( 7)
=-,0007 ( 4)

B13
«00130¢ 2)
.00118¢ 5)
.00169( &)
,00132¢ 5)
,00101¢ 5)
L0015 ( 2)
L0034 ( 3)
0019 ( 2)
L0064 ( 3)
.0040 ( 3)
«0023 ( 3)
0015 ( 3)
L0012 ( 2)
0019 ( 2)
L0018 ( 2)
L0012 ( 2)
.0028 ( 2)
20027 ( 3)
0015 ¢ 2)
.00150(20)
L0017 ( 2)
L0031 (3
L0025 ( 3)
L0017 ( 2)
<0013 ( 2)
L0015 ( 2)
L0029 ( 2)
L0044 ( 3)
20030 ( 3)
0020 ( 3)
0016 ( 2)
»00068(20)
0019 ( 2)
0012 ( 2)
L0001 ( 2)
0013 ( 2)
L0017 ( 2)
L.0021 { 2)
0016 ( 2)
0016 ( 3)
0040 ( 3)
«0032 ( 3)
0018 ( 2)
«00290(10)
.00258¢( 8)
#0047 ( 4)

B23

-4,00019¢( 2)
-,00059( 4)
,00019¢( &)
-o,00001 ¢ ¢)
200017 4)
«4,00039(17)
0004 (¢ 2)
-e00002(17)
,0020 ( 3)
20025 ( 3)
L0010 ( 2)
20020 ( 2)
L0012 (2
-,00025(16)
L0008 ( 29
L0000 ( 2)
-40005 ( 2)
-,0005 ¢ 3)
-4,0006 ( 2}
- 000L1¢(1lT)
,00058 (20)
0004 ( 2)
-e0022 ( 2)
~o0017 ( 2)
-,00020(19)
,00027 (LM
L00075(20)
L0010 ( 2)
0021 ( 2)
,0017 ¢ 2)
.00132(19)
-4,00007(16)
,00061(19)
»00028(20)
-,00008(19)
-,0004 ( 2)
.00056 (20}
-o00033¢(17)
-o 00003 (19)
'00005 { 2)
-,0017 ( 2)
-o0014 ( 2)
-4,00031(19)
«e00024( 6)
«00239( 7)
-4,0005 ( 3)



Table 1-4. Final atomic parameters for hydrogen atoms of
[PAC1 (CH,SCH3) (PPh;) ,1-CH,CL, (I)

Positional parameters in fraction of cell edges and thermal
parameters in the form of exp[—B(sine/A)z]. Estimated

standard deviations in parentheses.

Atom X y z B

H(12) L.108( 3) e46U( 3) e634( 3) 3,8(10)
H(13) «016¢( 3) e5861( 3) eb64( 3) 4e2(ll)
H(14) «105( 3) 2 T09( 3) oS4l 3) 4,0(10)
H(15) e279¢( 3) «695( 3) «HBU( 3) 3,2( 9)
H(16) o362 ( 3) 29681 3) W4l 3)  4,3(L11)
H(22) 4Tl ( 3) 4lb( 2) B89 2) 240( 7)
HZT) 459 ( 4) JAZ5( 3) 1,023( 3) 5.,0(12)
H(24) .306( 3) JAH30( 2)  L,0290 2) 24,2¢ T
H(25) W152( 3) w4221 3) «8991( 3) 3.6(10)
H(26) <156( 3) L4150 3) W 1611 3) 44a2(11)
H(32) «280¢( 3) 02441 3) o768¢( 3) 3,2( 9)
H(33) «195( 3) «l113( 3) e692( 3) 3.5( 9)
H(34) «104( 3) el12¢ 3) ob44( 3) 3.2( 9)
H(35) 004 3) e24T( 3) «463( 3)  444(Ll)
H{36) «178¢( 3) $377¢ 3) 9361 2) 2e4( 8)
H(42) o763 ( 3) 04230 2) 06291 2) 243( 8)
H(43) «79L( 3) e5391( 3) «951( 2) 2.9( 8)
H(44) 691 ( 3) e6661( 3) «D1B( 3) 4.4(ll)
H(45) «568( 3) «6BO( 3) «570( 3) 3,2( 9)
H46) o541 ( 3) «570( 2) e6481( 2) 243( 8)
H(52) e656( 3) 3730 3) 8850 3) 342( 9)
H(S53) e 790 ( 3) o3710( 3) 140220 2) 248( 8)
H{54) <962 ( 3) #3950 21 L U37( 2) 2.5¢( B)
H(SS) «980( 3) o427( 3) 0919( 3) 4.1(10)
H(56) «84B( 3) 436 3) o/76¢ 3) 3,8(L0)
H(62) o732 ( 3) «235( 3) «789( 3) 3.4( 9)
H(63) s T4B( 4) 2097 ( 3) e 725¢ 3} 4,2(11)
H{64) 0692 ( 3) L0851 &) D76t 3)  2,5( 8)
H{65) «612( 3) W203( 3) «4BYL 3)  3,5( 9)
H{66) 588( 3) o345 3) 2370 3) 3.0( 8)
H(1A) «380( 2) 227011 2) W42 2) leb6( 7)
H(LlB) «487( 3) 263 2) «639( 2)  2.4( B)
H(2A) 2401 ( 3) L1021 3) «695( 3) 44,2(11)
H(2B) «528( 4) .098¢( 3) «697( 3) 5,2(13)
H(2C) 0503 ( 3) 2071 3) e 780( 3) 443(l1)
H{1S) -4097( 5) e221( @) «666( &) 8.9(18)
H(25) 2008 ( &) 22231 &) e6521 5) 12464(25)



¥4

Table 1-5.

Final atomic parameters for non-hydrogen atoms of [PdCl(CHZSCH3)(PPh3)](II)

Positional parameters in fraction of cell edges and thermal parameters in the form of
exp[—(Bllh2+822k2+63312+612hk+613hz+823kz)].

(a)
Atom

PD
L

S

P
cin
ce2)
C(11)
C(12)
C(13)
C(la)
c(15)
C(16)
c2n)
c(22)
C(23)
C(24)
C(25)
C(26)
C(31)
C(32)
C(33)
C34)
C(35)
C(36)

-160°C
X
017497 ( 3)
«17651(11)
«07963(12)
027864(11)
«1393 5)
« 1890 ( 6)
03249 ( 5)
4421 ( 5)
«4T727 ( 5)
«3852 ( 5)
02671 ( 5)
02364 ( 9H)
e 4150 ( 4)
«4713 (5
«5763 ( 5)
06254 ( 5)
«5694 ( 4)
«4650 ( 5)
02019 ( 4)
01966 ( 5)
«1311 ( 6)
«0717 ( 5)
#0773 ( 5)
el41i8 ( 4)

y
-eQ0BLl1( 4)
‘t09190(13)

«15675(14;
-18732(13)
« 0017 6)
02790 ( 7)
W 2762 ( 5)
e2996 ( 6)
«3650 ( 6)
«4095 ( 6)
«3B76 ( &)
«3205 ( 6)
«1553 ( 5)
#2568 ( 5)
02298 ( 6)
«0997 ( 6)
20031 ( 6)
00259 ( 5)
«3189 ( 5)
04553 ( 6)
«5501 ( 6)
« 5078 ( A)
«3718 ( 7
2786 ( 5)

z

e 03909
e 16996 (
«05533¢(
e 06347 (
« 0789
« 0800
« 0214
» 0328
«1001
« 1555
01451
« 0790
el241
1707
02162
«2148
e+ 1684
«1237
#1139
e ()922
«1301
1917
02159
1772

o e e m  m ama

2)
7)
8)
7
3)
4)
3
3
3)
3
3
3
3)
3)
3)
3)
3)
3)
3)
3

3)

3)

B11
0 00264 ( 2,
«00377(10)
«00308(10)
0002221 9)
«004T ( 4)
s 0068 ( 6)
«110)39 { 4)
« 0037 ( 4)
<0051 ( 5)
0064 ( 5)
<0055 ( 5)
0041 (&)
«0029 ( &)
<0032 ( &)
« (0039 ( )
« 0027 ( &)
«00Z8 ( 4)
W(JO36 (&)
« (027 ( 4,
0052 (0 95)
«H05%9 (5}
s 0037 ( 4)
« 0035 ( 4)
<0031 (&)

B22
e 00353 ( 3)
«00377(12)
000454 (173)
000287(12)
00052 6)
« D065 ( 7)
«0O033 ( 5)
o 0064 ( 6)
«0UTO . T
e N0G4 ( 6)
004l ( 6)
« 0046 ( 5)
W 0043 ( 5)
« 0047 ( 5)
« 0059 ( 6)
«OUBG (T
e 0050 ( 5)
« 0040 ( 5)
e 0037 ( 5)
0045 ( 6)
0042 ( 6)
« 0057 ( 6)
$0UIT ( 8)
Q042 (1 5)

B33
«001134(11)
«00124 ( 4)
«00157 ( &)
200074 ( &)
«00106 (16)
00025 ( 2)
« 00091 (15)
«00143 (18)
«00141 (18)
« 00128 (18)
«00129 «i7)
«00132 (17
« 00085 (19)
«00121 (16)
« 00134 (17)
«00120 (17)
«00182 (18)
«00125 (16)
« 00124 (16)
«00151 (14d)
«0019 ( 2)
«0022 ( 2)
«00130 (18)
«00138 (17)

B12
-e00037( 5,
-« (00042(18)
‘00011 ( 2)
-e00007(17)
-+0017 ( 9)

«0037 (10}
«0006 ( 7
-e0023 ( 8)
-+0036 ( 9)
-eJ030 ¢ 9)
«0GC1 ( 9)
« 0007 ( 8)
-«0015 ()
-«¢0004% ( B)
-+0007 ( B)
« 0005 ( 8)
0021 ( 8)
-«0002 (T}
«0N13 ( 7
-e0007 ( 8)
00022 ( 9)
« 0057 ( 9)
-e U010 ( 9)
~e0009 (T

813
« 00052 ( 3)
2 00078(10)
«00022 (10}
o 00036( 9)
« 0000 ( 4)
20022 ( 6)
wG0l1l ( 4)
00002 ( &)
20018 ( 5)
«D0l& ( )
o 0002 ( 5)
«0008 ( @)
20008 ( 4)
-«0000 ( &)
~e0003 ( 4)
« 0002 ( 4)
¢0017 ( &)
«0001 ( 4)
- 0004 ( 4)
« 0007 ( %)
-~e0013 ( 5)
~e 0009 ( 4)
« 0008 ( &)
o 0004 ( 4)

Estimated standard deviations in parentheses.

B23
-e00uU26( 3)
eQ0UB6 (L))
-e 00148 (13)
=e0U0T (L L)
-eUQU8 ( %)
- 00T ( 6)
«U0OUl ( &)
-«Q0uZ ( 5}
«UQUT ( 6)
«U0Ud ( H)
«00ULl ( )
- 00U4 ( 5)
s00u2 ( 5)
«U0US ( 5}
-e010 ( 5)
U014 (1 5)
U010 ( 5)
«U0U7 ( 5)
-eu0il ( 5)
-e00QU5 ( 5)
-eJ014 ( 5)
~e U036 ( 6)
-e00¢6 ( 6)
- 0008 ( 5)



Table 1-5.

(b)

Atom

(continued)
20°C
X Yy
J1T496( 5 .,00893( 6)
L1754 (1 2)  =,0940 ( 2)
,0858 ( 2} =,1596 ( 2)
L27588(16)  ,186%%(19)
Jlal7 (7)) =,0046 ( 9)
T Y9G IZY T 22717 (12)
3192 (7 L2743 (1)
<4337 ( 8) .29R9 (10)
L4630 ( 9) 03647 (11)
T3TTA (9 L4059 (10)
2637 ( 9) ,3840 ( 9)
.2325 (77 3172 (T 9)
Jalls (6 J1966 (1)
Jabby (1) 2573 ( 9)
L5712 (M 2303 (10)
,6221 (N L1062 (10)
5691 (1 7) L0054 ( g)
TTTVAREY (YT JO3TRT(TB)
1997 () L3150 (1)
L1939 ( 8) 4469 (1 9)
317 ( 9) ,5401 (10)
W0729 ( 7} L4987 (10)
L0797 { 8) L3661 (10)
TUTTTUYETS C(BY T ,2758 1 8)

Zz

«04059 ( 3)
L16917(12)
-.05282(14)
«06468(10)

~40765 ( 5
-s0718 ()
—.0191 ( 4)
=-.0306 ( 4)
-a0971 ( 5)
~.1510 ( 5)
-,1408 ( 3
2.0762 ( 5)
L1246 (@)
1714 ( 5)
2171 ( 5)
2158 ( 5)
1697 ( 5)
T,1242 (%)
L1156 ( 4)
«0950 ( 5)
«1347 ( o)
.1950 ( 5)
2166 ( %)
L I785 (5)

B11

JO0U592¢( 4)
L0105 ( 2)
0083 ( 2)
.00533(14)
.00385 (7
.0203 (17
0079 ( T)
.0088 ( 8)
.0lle (10)
.0145 (11)
L0137
0091 ( 8)
«0Va7
.0072
#0062
.0055
0076
0061
. 0060
L0102
+0132
0073 (1)
20037

.0099 ( 8)

B22

,00789( 5)
0098 ( 2)
0120 ( 3)
L0067 ( 2)
,0122 (11)
0153 (16)
0074 ¢ 8)
L0152 (12)
L0183 (15)
L0133 (12)
,0093 (10)
L0113 (10)
.0086 ( 8)
,0106 (10)
L0157 (13)
L0185 (l4)
L0121 (1)
.0085 ( 9)
L0075 ( 8)
(10)
(11)
(14)
{14}
( 9)

B

33
+002745(18)
,00310 ( 7
.00418 ( 9)
,00201 ( 6)
0032 (3
.0064 { 6}
«P025 ( 3)
.0024 (3
«0042 ( 4)
.0028 ( 3)
L0025 (3
.0028 ( 3,
L0021 ( 2)
.0032 (3
.0038 (3
L0032 (3
L0044 ( 4)
.0037 ( 3)
L0025 ( 2)
0044 ( 4)
L0050 ( 4)
0069 (4
0039 (&)
L0035 ( 3)

-.0011l4¢ 9)

-,0032
.0013

( 4)
( 4)
( 3)
{16)
{ 3)
(12)
(l6)

« 2)
(16)
(15)
(11)
(14)
(15)
(le)
(l6)
(12)
(11)
(15)
(18)
(18)
(18’
(14)

B13

200120 ¢( 4)
.00l9 ( 2}
0005 ( 2)
00031 (15)
‘00011 ( 7)
<0063 (l6)
0009 ( 7)
«0016 (T
«0062 (10)
0057 ( 9)
-.0019 ( 9)
-,0003 ( 8)
L0004 ( 6)
-.0006 ( 7)
-+0009 ¢
L0001 ()
L0021
-o0001 ¢
-o0007 ¢
40037 ¢
=40009
J,0V05
,0036
,0026

B23

-00070¢( 6)

,0018 ( 2)
~.0049 ( 3)
=,00018(17)
-o0034 (10)
-.0066 (16)
-,0003 (7T

«0010 (10)

+0014 (13)

00019 (10)
(9
{9
(7
( 9)
(11)
(11
(11)
( 8)
(7
(10)
(1)
(13)
{12)
( 9)



Table 1-6. Final atomic parameters for hydrogen atoms of

[PdCl(CH2SCH3)(PPh3)](II).

Positional parameters in fraction of cell edges and thermal
parameters in the form of exp[—B(sine/X)z]. Estimated

standard deviations in parentheses.

(a) -160°C

Atom X y z B

H(l2) «D04( 5) o274( 6) s 005 ( 3) ledi(10)
H(13) ¢555( §) «3B6( 6) =4108( 3) 149(12)
H{l4) 0400 6] 0459 ( T} =el98( 4) 246(14)
H(15)} 0203( 6) e422( 7)) =el86( 4) 341(15)
H(l6) 159 5) 02961( 6)  =4071( 3) 1el(11)
H(22) o439 ( 5) 0354 ( 6) e166( 3) l1e2(11)
H(23) 611 5) «2H8( 6) 02440 3)  1la9(12)
H(24) 699 ( 5) 2085( 6) «247( 3) led(l1)
H(25) e614( 5) =4062( 6) «165( 3) 2.0(12)
H(26) e418( 7) =~4044( 8) 00940 b)Y 448(19)
H{32) «239( 5) W4BG4 1 6) e062( 3) 2,0(13)
H(33) e132( 6) $62B( 7) e119( 4)  3,1(15)
H(34) «032¢( 5) eD66( 6) «212( 3) 1e9(12)
H(35) «035( 5) e361( 6) 2620 3) le4(ll)
H(36) 1350 5) «191( 6) «192( 4)  263(13)
HLA) 081 ( 5) «UT2( 67 =095 3) 1e2(11)
H(18) 2031 6) =o.008( 7) =o115( &) 3.11(15)
H(2A) 0254 ( 6) ~a243( B) —e06B{( 4) 4elllT)
H{28) o183( 7) =~4295( 8) =al33( 5) 54,2(20)
H(2C) e159( 6) =2368( B) =e059( 4) 443(18)

(b) 20°C

Atom’ X y z B

H(Ll2) «491( 5) 2641 6) WJU0B (L 4) 24013
H(13) «S4l( 8 «390U{10)  =4,085( &) 7.9(27)
H{l4) 0397 ( 5) c50 (1 Ty = l9T7( 4) 2.6(14)
H(15) 211 ( &) LALB( B) 1Tl 4) 4,l(lg)
H(lé) L1855 ( 6) 2297 8) = 067( 4) 4,0(l8)
H(22) J425( o) «340( T JLAT{ &) 3,601
H(23) 609 ( 6) L286( B) 2239 4)  4,.,3(18)
H{(24) .693( 6) »J91( 7) e244( 4)  2.8(15)
H(25) «595( 7)) _.073( 8) f165( 4)  4,u(l9g)
H(26) D422 ( b))  aed44( T JUGB( 4) 3,5(17)
H{32) L238( &) L4790 T) WL081¢C 41 2,7(15)
H(33) JA33( M L6241 B) L1220 5) 5,1(20)
H(34) L035¢ 1) L3680 9) L2130 5) 5,3¢21)
H{35) L041( ») . 338¢( 8) <2490 4)  4,2(18)
H(36) J1e8( 1) L193( &) «189¢( &)  4,9(20)
H(1A) LoBa( 1 L250( &)  ~,090( 5) 5,0(20)
H(1B) 212 (1M LOla 12y ~,086(0 7) 13,5(36)
H(2A) 0259 ( 8)  _..251(10y ., 040( 5) ©5,9(25)
H(2B) JloB( 7y _J3uet B) = ll4( 4)  4,5(1l9)
H(2C) L59(11y  _,365(1l4) -,043¢( &) 13,2(43)
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Table 1-7.

Final atomic parameters of [Pd(CHZSCH3)(PPh

3)2

]PFG(IIIa)

Positional parameters in fraction of cell edges and thermal parameters in the form of
2 2 2 )
eXp[-(Bllh +622k +B33Z +Blzhk+813hl+823k1)].

Atom

4

H

PC 1)
PC 2)
e 1N
tC 2
¢t
c(12)
ce1sy
c(14)
€(15)
t(16)
€21
t22)
€(23)
€(24)
€(29)
€(26)
c(31)
€32y
€(33)
C(34)
€(35)
€(36)
€41
€(42)
€43y
C(46)
€(4$)
C(46)
c(s1)
€(52)
€(53)
C(56)
€(55)
€(56)

X

0.67007(14)

0.4737(6)
0.8027¢(5)
0.7904¢5)
0.509(3)
0.422(3)
0.,9603(¢18)
1.034(3)
1.153(3)
1.201¢2)
1.133(3)
1,0122¢17)
0.7993(17)
0.890(3)
0.880¢3)
0.782¢4)
0.698(3)
0.707(2)
0.762(2)
0.794(3)
0.753(3)
0.690¢3)
0.659(3)
0.698(3)
0.7210¢15)
0.6496(19)
0.599(3)
0.621(3)
0.687(2)
0.7395€19)
0.889(3)
0.9790¢19)
1.055¢2)
1.062¢(3)
0.954(3)
0.877(3)

Yy

0.02532¢11)

0.0631(S)
0.0113(3)
0.0270¢4)
0.0299¢19)
=0,0465(16)
0.0021¢13)
0.0647(15)
0.057(3)
«0.0149(18)
«0,0780(18)
~0,0656(14)
0.0861(11)
0.,0965(14)
0.1543¢16)
0.203(3)
0,2005(15)
0.1384¢16)
«0,0702(14)
»0.0808(16)
=0,1461(16)
=04,2019(14)
«0.1909¢18)
«0,1252(16)
0.0348¢10)
0.0966C12)
0,1029(¢15)
0.0489(16)
=0.0107(C14)
-0,0183(¢(13)
0.1070(12)
0.1157(13)
0,1755¢13)
0.2272(13)
0.,2195(13)
0.1587(14)

A

0422058(9)
041540¢4)
0.1363(3)
Ds337H(D)
0e2547(16)
Det216(1T)
0e1724(12)
01936¢15)
0.2267(16)
De2377€14)
0+2190¢14)
De1866¢C11)
D.0662¢10)
0.0257¢14)
*0.0267¢14)
»0.038(2)
0+0086(16)
00649¢17)
0.0806¢13)
0.,0060€14)
~0e0366(15)
©040044(15)
0.067(2)
0.1053¢16)
044227(10)
0e8276¢12)
0e4932(16)
0,5508¢(13)
0e5444(13)
De4816(12)
0¢3525(13)
0:4191(13)
0e6251¢13)
0+3686(15)
0.3025¢12)
042950(12)

B11

0,00315¢(1)
0.,0055¢(6)
0,0030¢4)
0,0032(4)
0,007(3)
0,009(3)
0,0034¢16)
0,007(3)
0,007(3)
0.00462(19)
0,006(3)
0,0016(1¢)
0,0027¢15)
0,006(3)
0,012(4)
0.,009¢4)
0.007(3)
0.0017(16)
0,0040(¢18)
0,007(3)
0.,013¢4)
0,006(3)
0,004(3)
0.005(3)
0.0021(13)
0.0042(18)
0,008(3)
0,006(3)
0.,0049(19)
0.,0050(¢18)
0,005(2)
0,0042(18)
0.0047¢18)
0.006(3)
0,006¢2)
0,007¢3)

B2

0.00246(6)
0.,0039¢4)
0,00079(16)
0,00143€17)
0.0038(12)
0.0025¢Y1)
0.,0019(8)
0,0019(9)
0,0073¢19)
0,0044(13)
0.,0062(13)
0.0028(9)
0.0010(7)
0.0021(9)
0.0027(10)
0.0050(16)
0.,0017(9)
0.0034(11)
0.0018¢(8)
0,0027(10)
0,0023(10)
D.0014(8)
0.0033(12)
0.0029(11)
0.0004(6)
0.0014(8)
0.0021¢€10)
0.0039(12)
0.0022(9)
0.0012(7)
0.0011(7)
0.0015(8)
0.0011(?7)
0,0091(8)
0,0020¢(9)
0,0019(9)

633

0,00098¢(4)
0.,0022(3)
0.00124(18)
0,00102(15)
0.0028¢10)
0.,0037012)
0.,0014(7)
0,0025(¢9)
0,0020(9)
0.0022(9)
0.,0016(8)
0.0012(¢7)
0.,0008(6)
0.,0021(8)
0.0018(9)
0,0043¢14)
N.0033¢11)
0.0042(12)
0,0023(8)
0.0024(9%)
0.0018(9)
0.0033(10)
0.,0060(¢16)
0.0030¢10)
0.0013(6)
0.0019(8)
0.0031(11)
0.0015¢(8)
0.0021(¢8)
0.0018¢(7)
0.0019(8)
0.0017(8)
0.0024(8)
0.0033C10)
0,0011(¢7)
0.0009¢7)

B12

«0,00153(¢18)

«0,0002¢(7)
0.0002¢4)
=0,0013¢(S)
»0.001(4)
0,001(3)
0.0010¢17)
0.,000(3)
»0,004(¢4)
0.002(3)
«0,001(3)
0,0022¢18)
0,0011(¢(1%)
0,001(3)
«0,004¢3)
=0,002(4)
0.000¢3)
~0,001(3)
«0,0006(19)
=0.,001(3)
«0,003(3)
0.003(3)
0,002(¢3)
0.,003(3)
«0,0006(15)
»0.,0019(18)
«0,004(3)
=0,001(3)
»0,002(3)
0.0003¢19)
=0,0001¢19)
*0.,0016(18)
«0,0006¢18)
D.000(3)
»0,005(3)
«0,000(3)

B13

0,00083¢10)

0,0012¢6)
0.0005¢4)
0.,0006¢4)
0.002(3)
0.,003¢(3)
0.,0008¢14)
0,002¢(3)
0.004¢3)
040012¢19)
04002(3)
=0,0007¢15)
0.0008¢18%)
04004¢3)
0.005¢3)
0.001¢4)
0.002¢3)
=0.,002(3)
0.0018¢19)
D.005(3)
«0.,002(3)
e0,003(3)
»0.,005(3)
=0,001(3)
0.00064(14)
0,0033(¢(19)
0,004(3)
0.003¢2)
0,0002¢19)
0.,0008(¢(17)
0,00%1¢19)
=0,0012¢18)
0.001¢2)
0+001¢(¢3)
«0,0007¢18)
=0,0002¢18)

Estimated standard deviations in parentheses.

Byz

=0,00056¢(11)
»0,0005(S)
0,0001(¢(3)
0.0008(3)
«0,000(2)
0.0010¢1?)
0,0001¢11)
+0,0003(¢15)
=0,002(3)
0.0006(18)
0.0011¢12)
0.,0005¢10)
0.0012(¢14)
«0,0017¢15)
0.004(3)
0.0013(15)
0.0013¢(19)
=0,0003(1%)
=0,0011(¢1¢6)
=0,0011(¢15)
=0,0024(15)
0,000(3)
0.0005¢17)
=0,0005(¢10)
=~0,0000¢12)
=0,0026(16)
-0,0011(¢18)
=0,0006(14)
0.0003(13)
»0,0004(12)
0,0020¢12)
=0,0008(¢12)
=0,0008¢14)
=»0,0003¢12)
0.0009¢12)
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Table 1-7.

Atom X
CCa1) 0.8805¢19)
€(62) 1.000(3)
C(63) 1.063(3)
CCo64) 0.999(3)
€(65) 0.877(3)
€(s6) D.817(3)
P(C 3) 0.5228(7)
FC 1) 0.4013(16)
FC 2) 0.454(3)
FC 3) 0.639(2)
FC &) 0.583¢3)
£C S) 0.493(3)
FC 6) D.549(3)

(continued)

y

=0.0566(12)
-0.,0585(12)
«0.1269(€14)
=0.1986(13)
=0.1935(14)
«0,1225(17)
0,2723¢4)
Na2265¢11)
0.336¢2)
0.,3163(¢(13)
0,2017¢15)
0.293(3)
0.249(3)

z

De3545¢11)
0.3761(12)
0,3881(12)
0.3739(12)
0.3518(13)
D+3369(14)
0.2220(4)
0+2079€12)
D.246(2)
0.2365(15)
0+207(3)
0,1375(13)
0+3079¢13)

B11

0.,0042¢17)
0,008¢(3)
0.,007(3)
0,007(3)
0,007(3)
0,005(3)
0,0067(7)
0,0083(18)
0,019(4)
0,014(3)
0,012(3)
0,025(5)
0,021¢4)

B22

0,0014(7)
0.0011(7)
0,0023(9
0.0014(8)
0.0019(9)
0.0039¢(12)
0.0020¢(3)
0.,0044(9)
0.012¢2)
0.,0054¢11)
0,0059¢12)
0.,016(3)
0.014(3)

B33

0,0010¢6)
0,0008(6)
0.0006(6)
0.0011(?7)
0,0013(?7)
0.,00%9(9)
0.0026(3)
0,0063010)
0.014(3)
0.0081(13)
0,018¢(3)
0.0031(9)
0.,0038(9)

B12

«0,0002¢18)
0,004(2)
0.002(3)
0.001(2)
0.002(3)
0.002(3)
0.0010(6)

»0,0002(19)
0,020(5)

«0,011(3)
0.006(3)

«0,023(6)
0.002(S)

B13

0.0008¢16)
*0.,0001(19)
0.0029¢19)
0.0035¢19)
«0,004(2)
0.001(3)
«0,00064(6)
0.003¢(3)
»0,018(5)
0.001¢(3)
=0,003¢(s)
»0,004(3)
«0,004(3)

B23

~0,0004(11)
=0,0003(11)
0,0006(¢(12)
«0,0006(12)
0.0002¢13)
0.0017(16)
'0.0016(‘)
0.0011¢1%)
«0,018(4)
=0,0023(19)
=0,014(3)
0.,006(3)
0.003(3)
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Table 1-8.

(a)

parentheses.

Atom

4]

S

PC YD)
P{ 2)
cCn
e 2)
ca1n
€(12)
c(13
€(14)
t(1%)
c(16)
€21
2
€(23)
€(24)
€(25)
€(26)
AR D]
c(32)
€(33)
C(34)
€(35)
ci36)
et
€(42)
€(63)
C(44)
C(45)
C(46)
c(sn
t(s2)
€(s3)
€(s4)
€(55)
(56}
Cta)
Cle2)
€(e3)
Cl64)
€C(s5)
C(66)

X

0.04915(9)
0.0116(6)
0.0635(3)
0,0470(3)
0.0133¢12)
=0,145(3)
=0.0487(11)
=0.,1645¢12)
=0,2558(13)
=0.2320(¢15)
=De1190(16)
=~0.0253(14)
0.2024¢10)
0.2981¢(11)
0.4068(¢12)
D0s4196(13)
0¢3255(12)
0.2145¢12)
0.0371(40)
0.1283¢12)
0.1167¢12)
0,0152¢12)
=0,0743(11)
=0,0650¢11)
0.,1782¢10)
0e2668(11)
0,3702¢11)
0.3847(12)
0.2974(11)
0.1956(11)
0.0327(11)
De1176¢11)
0.1115(14)
0.0178(13)
=0.0669(12)
~0.0621(¢11)
=~0.0753(¢11)
=0.1868¢12)
=0.2836(12)
=042677¢12)
~041563¢12)

Y

0413720(5)
0+1166(3)

0+24730(16)
0,09187(15)

0,0517(6)
041380(16)
042778(7)
042541(8)
042746(10)
0e3146(11)
0¢3373(10)
043176(9)
0.,2823(6)
0.24624(T)
0.2683(8)
De3344(8)
0+43745(7)
0+3485(7)
0.2398(6)
0.2868(7)
0.3197(7)
0+3532(6)
043556(7)
0e324706)
0.0470(8)
0,0624(8)
0,0079(7)
=0,0205(7)
~0,0162(6)
0.0176(7)
0.1422(06)
0.1876(?)
02267(7)
042190(7)
0.1728(7)
0.1329(7)
0,0359(6)
0.0603(8)
0,0197(8)
*0,0464(7)
«0.,0696(7)

=0,0603(12) =040293(6)

Z

0,17868(7)
0,0287(4)
0,1976(3)
De3175(3)
0,0945(9)
0,0090(16)
0.2647(9)
0.2405(¢11)
0.2911(13)
0,3623(12)
0.3864(92)
0.3382(¢(11)
0.,2391(8)
0,2590(9)
0,2850010)
0.2908¢10)
0,2717¢10)
0.26455(9)
0.0913(9)
0,0336(9)
~0.0484(9)
«“0,0742¢9)
=0,0179(9)
0.0660(9)
0.,3522(9)
0,2909(9)
0,3183(9)
0.4013¢10)
0,4608(9)
0,4342(9)
Deb149(9)
0.4365(9)
0.5105(9)
0.5655(9)
0,5452(9)
0.4688(9)
0,3152(8)
0,2881¢11)
0.2816C11)
0.2998¢10)
0,3275(10)
0,3350(9)

B11

0.00550(8)
0,0133(6)
0.0026(3)
0,0026(3)
0,0061¢12)
0.013¢(3)
0.0039¢10)
0.0027¢(10)
0+0039¢12)
0,0077(16)
0.0086¢16)
0.0075(15)
0.,0031(9)
0,0032(10)
0.,0034¢(10)
0.0048(12)
0,0042¢11)
0.0046¢11)
0.0025¢9)
0.0045€11)
0.0049¢11)
0.0056(11)
0.0036(¢10)
0.,0039¢10)
0.0028(9)
0.0029(10)
0.0028(10)
0.0043(¢11)
0.0041(10)
0.0041¢10)
0+0044¢10)
0.0043¢10)
0.0076(14)
0.0072(13)
0.0038(11)
0.0028¢(9)
0.0038(¢10)
0.0037¢11)
0.0043¢12)
0,0042¢11)
0.0050¢12)
0.0055(11)

Final atomic parameters of [Pd(CHZSCH3)(PPh

B22

0.00125¢2)
0.,00370¢17)
0.00112(8)
0.00099¢?)
0,0003(3)
0.,0071¢12)
0,0021(¢4)
0.0022(4)
0,0040(7)
0,0045¢(7)
0.0041(7)
0.0027(S)
0,0011(3)
D.0016(4)
0,0024(5)
0,0027(5)
0,0018¢(4)
0,0016¢(4)
0,0013(4)
0.,0015(4)
0,0015¢4)
0.,000a(3)
0.0013(4)
0,0007(3)
0,0007(¢3)
0,0010(¢(3)
0.0015(€4)
0,0012¢4)
0,0008(¢3)
0,0093¢€4)
0,00009(3)
0,0013¢4)
0,0017(4)
0.,0018(€4)
0.0021(4)
0.0017¢4)
0,0013(3)
0.,0020¢4)
0.0022(S)
0,0014(4)
0.0014¢4)
0.0009(3)

3)2

B33

0,00238(4)
0.0042¢3)
0.00259(15)
000263(15)
0.,0033(7)
0.0069(14)
0.0025(7)
0,0055¢(9)
0.00764€12)
0,0050¢10)
0.0043(9)
0.0043(9)
0.0025¢6)
0.0030¢(7)
0.0032¢(7)
0,0035(8)
0.0061¢(8)
0.0034(7)
0.0030(7)
0.0030(?)
0,0027(7)
0.0029(6)
0.0040¢?)
0,0032¢(7)
0.,0032¢(7)
0.0035(7)
0,0038(7)
0.0040(7)
0.0036(7)
0.0028(6)
0.0030¢6)
0.0028(7)
0.0026¢7)
040025¢(7)
0.0029(7)
0.0036(7)
0.0022(6)
0.0047¢9)
0.0046(9)
0.,0041(8)
0,0040¢(8)
0.0025(6)

jcio

4

B12

-0.00079(8)
=0.0021(5)
0,0002¢(3)
«0,0003(3)
~0,0009(9)
»0.001(3)
0.0008(¢10)
0.0016(11)
0.0040(14)
0.0049(17)
0.0067¢17)
0.0046(€14)
=0.,0001(9)
0,0004C10)
0.0012011)
«0.0015€12)
-0,0007¢(191)
0.0002¢10)
-0.,0003(9)
~0.0012¢10)
-0,0003(¢(10)
=0.0011(9)
=0.,0006¢10)
=0,0004(9)
-0,0003¢(8)
=0,0015(9)
0.0001(9)
0.001s5¢10)
=0.0002(9)
«0.0001(9)
0.,0007(9)
~0,0007¢10)
0.0014(12)
N.0023(12)
0.0010(11)
0.0006(10)
’0.0010(9)
-0,0006(€17)
“0.0016¢11)
«0.0031(10)
~0,0015¢(10)
~0.,0010¢10)

B13

0.00058(9)
0.0012¢(6)
0,0011(3)
0.0013(3)
=0,0003(14)
~0.002(3)

0.0028(13y

0.0021(¢15)
0.0049(19)
0.006C2)
0.006¢2)
0.0057¢18)
0.0021(12)
0.0027(¢13)
0,0013¢13)
0.0006¢15)
0.00060146)
0.0015(14)
0.0002¢12)
0,0007(13)
=0.0006(13)
=0.0008(13)
=0.0032(13)
=0.0004(13)
0.0016(12)
0,0029(¢12)
0.0014(13)
=0.0012¢14)
0.0001¢13)

0.0009(C13)

040009(12)
0.0009(13)
0.0016¢15)
0.0003(15)
0.0001(¢13)
0+0013(12)
0.0016¢€12)
0.,0003¢15)
=000146(15)
0+0010¢14)
=0.,0002¢15)
0.0017(13)

’04-25(3{2(:12 (II]j))o

Positional parameters in fraction of cell edges and anisotropic thermal parameters in

the form of exp[—(Bllh2+622k2+833Z2+812hk+813h2+823k2)]. Estimated standard deviations in

B23

0.00062¢6)
0,0008(4)
0.00106¢17)
0.00100¢17)
=0.0001(7)
0.000(3
0.0021(8)
0.0046C10)
0.0070014)
0.0067(14)
0.0014(12)
00013010
0.0006(7)
0.0011(8)
0,0033(9)
0.0014(10)
0.0001(9)
D.0006(8)
0.0003(7)
0,0007(8)
=-0,0002(8)
0.,0003(7)
-OIOOOL(S’
=0.0000(7)
0.000%(™)
=0,0012(7)
=0,0015(8)
«0,0011(8)
0.,0006(7)
0.0012¢7)
0.0010¢?)
0,0004(?7)
0,0006(8)
0,0002¢8)
0.0000(8)
0.,0014¢(9)
0.,0006¢(7)
0.,0023(9)
0,0016¢10)
0.0004¢(9)
0,0003(¢(8)
=-0,0003(7)
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Table 1-8. (continued)

(b) Positional parameters in fraction of cell edges and isotropic thermal parameters in the

. 2 . . . .
form of exp[-B(sinf6/))"]. Estimated standard deviations in parentheses.

Atom X y z B

L) 0e5065(15) D.1197(9)  0.1529(11)  20.7(6)

0¢ 1) 0.579(3) D.1116€14) 0.0822€19) 18,5(10)
cLe1S) N.240(3) N.034R(14) =0,025(3) 9.1(8)

CL(2$) Ne378(3) =040351¢15) 0N,092(2) B.5(7)

ce sy D380 0.013 (0, N,003 9. (3)

Table 1-9. Final atomic parameters of [Pd(CHZSC6H5)2]4'CH2C12(IV)

(a) Positional parameters in fraction of cell edges and anisotropic thermal parameters in

2 2 2 . . .
the form of exp[—(Bllh +622k +B33Z +812hk+813h2+823k1)]. Estimated standard deviations in
parentheses.

Atom X y z B11 B2 B33 B12 B13 B3

PO (1) .1680U( 9) 422963 ( 8) 21040 8) L0175 1) 00094 5) ,00086¢( 5) =,00004( 9) 00085 ( 9) .OQUIO(
PD(2) «2268T( 9) L8501 ( 8) «13267( 8) 200174 (¢ T) .00082( 5) «00093¢( 5) «,00016( 9) »00053(¢ 9) ~,00006¢(
PL(3) L45218¢( 9) J11498( ¥) «21992( 8) L00168( T) ,00083( 5) .00089( 5) -,00007( 9) ,00058( 9) .,00007¢
PD(4) 240930 ( 9) £28021( B) «23964( 8) L00174¢ ) .00081 ¢ 5) .00089( 5) ,00004( 9) .00072( 9) 00009 (
5(1A) #2547 ( 3) 2355 (3 3166 ( 3) 0015 ( 2) .00068(15) 00071 (16) L0004 ( 3) L0010 (3 L0001
5(1B) L1100 ( 3) L1253 ( 3) #2573 { 3) 0017 ( 2) .00100(17) .00141(18) «_,0004 ( 3) L0013 ( 3) J00U3 |
S(2A) #3523 ( 3) L1131 (¢ 3) 0739 ( 3) 0018 ( 2) .00105¢(16) .00085(17) .0006 ( 3) L0012 ¢ 3) 20001 ¢
S(2B) 21634 ( 3) 21735 ( 3) 0595 ( 3) 0016 ( 2) .00082(16) .00081(16) .0006 ( 3) L0005 ( 3) L0001 ¢
5({3A) 3372 ( 3) L0932 ( 3) 02654 ( 3} 20012 ( 2) 00076 (16) L,00102¢17) -,0002 ( 3 0005 ( 3) .,0000 ¢
5(36) « 4692 ( 3) elosa (2) 3384 ( 3) 0011 ( 2) «00053(15) »00088(16) 0002 ( 3 .0009 ( 3) «0005 ¢
S{4A) W3l66 (3 2956 ( 3) #1387 ( 3) 20UL5 ¢ 2) .00066(15) .00077(16) »0003 (3 .0008 ( 3) ~,0000 ¢
5(48) L5151 ( 3) 2011 (3 1579 ( 3) 0016 ( 2) ,00098(16) .00092(17) -,0002 ( 3) 0013 ( 3) -,0000 ¢
ClL(15) 8602 ( 6) J2B6H ( 6) =4,0086 ( 5) «0059 ( 5) 0067 ( 4) 0038 ( 3) =,0040 ( T7) 0006 ( 6) =,0012 ¢
CL(25) +B8480 ( 6) $2004 (1) «1160 ( 5) L0062 ( 5) L0094 ( 6) «0047 ( &) .0052 ( 9) L0006 (1) L0005 (

8)
8)
8)
8)
3)

3)
3)

3)
3)
3)
6)
8)



Table 1=-9. (continued)

(b) Positional parameters in fraction of cell edges and
. . 2
isotropic thermal parameters in the form of exp[-B(sin8/A)"].

Estimated standard deviations in parentheses.

Atom X y z B
c(s) o797 (2 2350 (20) «047 { 2) Teb6( 9)
C(1A) e21361(12) «3196(10) «1688(10) 1.5( 4)
c(18) «0937(12) «2189(11) el176(11) 1e8( &)
C(2A) «2813(11) «00/B( 9) «1923¢( 9) «B( &)
c{2B) e1174¢12) «0630(10) «lH27(10)  lea4{ &)
C(3A) o4405(11) «0744(10) «1205(10)  le2( 4)
C(3B) e55221(11) .1682(10) «lH58(10)  lel{ &)
C(4A) e3236(11) «3075(10) «3128(10}) 1.2¢( &)
C(4B) J4B868(12) 2569 (11) 03257(11) 1l 7( &)
C(1AL) «1799(11) «2607(10) «3812(10) l.l( 4)
C(l1A2) »1492(12) «2100(10) «4263(11)  1le6( &)
C(1A3) «0889(12) «2288(L1) 4763 (1L)  le7( 4)
C(lA4) .0570(13) «2919(11) 4195 (11)  241( 4)
C(1AS) «0887(13) 03464 (11) 04336(12) 244( 4)
C(lA6) e1491(12) «3212(10) e3836(11L) 1o7( 4)
c(1Bl) 20007 (13) «1396(11) «2701(11) 149 4)
c(1B2) -,0537(14) .0918(12) 2511(12) 2,90 5)
C(iB3) ~e13661(16) «1032(14) 02661 (14} 348B( &)
C(1B4) -s1604(14) Jlele(l2) #3010(12) 249( 5)
c(1B5) -«1036(14) «2108(12) «3220(12) 2.8( 5)
c(1B6) -401961(13) «20U8(1L1) e3065(11) 243¢( &)
C(2A1) «3463(13) L0611 (L1) L 0122(12) 2.4( 4)
C(2A2) «3800(15) «0673(12) =40699(13) 3,1( 5)
C(2A3) «3738(17) <0596 (14) =4,1410(14) 442¢ 6)
C(2A4) 033741(16) = ,0037(14) <«,1412(14) 4e¢3( 6)
C(2A5) «3041(15) ~a0336(13) «.0790(13) 3,4( 5)
C(2A6) «3069(14)  ,0013(12) =,0129(12) 24,9( 5)
c(28L) «1017(13) #13L1T(LL) =,0102(11) 149¢( &)
C(2B2) 014231(14) e1225(12) =,0741(12) 249( %)
(283} 20996(16) J0955(13) -~ 1337(14) 3.,8( 6)
C(284) .0149(17) JO735(14) =,1253(l4) 443( 6)
C(2B5) ~e0252(14) 0866(12)  <,0591(13) 3,1¢( 5)
C(2R6) 20214 (13) Jllas(ll)  L,0007(12) 2,3( 4)
C(3AL} »3955(11) _,0135¢(10) «3125(10)y  1,3( 4)
C(3A2) «3971(13) =,0120(11) 03881(1L) 2,1( 4)
C(3A3) 04479{15) .,0597(13) JH4lTatl3)  3,4( 5)
C(3A4) 24917(15) -,1082(12) «3896(13) 3,0( 5)
C(3A5) «4900(13) =,1113(11) e3130(11) 2.3¢( &)
C(3A6) «4385(12) =o0636(11) «2728(11) 147( 4)
C(3sl) «5648(11) «1335¢( 9) 3791110 oSl 4)
C(3B2) 26096 (11) SlT776(10) W4220(10) 142( 4)
C(3B3) $6821{12) 1540 (11) «45Ta(ll)  1,B( 4)
C(3B4) 27051 (13) #£0825(11) 4481 (11) la9( @)
C(3B5) «65721{12) 042611 «4025(11)  1,9¢( &)
C(3B6) «5862(12) «0660(10) e3657(10) 1,5( 4)
Ct4Al) e3494113) 37031011 «0958(11)  1.9( 4)
Ct4A2) +3907(12) «3649(10) JU278(10) le4( 4)
CCt4ahAl) «4180(13) 24203(11)  .,0098(11) 241( 4)
C(4A4) .4019(14) L4878 (12) 0159 (12) 2,7( 5)
C(4A5) .36281(14) 24971(12) «0843(12) 2,7( 5)
C(4A6) 033581(12) «4383(10) «1203(11) 1,7( 4)
Ct4Bl) «5970(11) «3101(10) #1712(10)  Llal( 4)
C(4B2) «6741(15) e2934(13) e1960(14) 3,7( 5)
C(4B3) «7365(17) e3426(15) «2072(15) 4.7( 6)
C(4B4) JT169(16) L,4130(13) .1914(la) 3.8( 6)
C(4B5) e64381(16) «4304(14) «1652(14) 3.8( 6)
C(4B6) «5813(14) «3798(1¢) «1568(12) 2.8( 5)



1.4 Results and Discussion

[(PACL(CH SCHS)(PPhs)Z]-Cﬁzclg(I)

2

Figure 1-3 shows a perspective view of the molecule with
atomic numbering. An ORTEP plot{(Johnson, 1976) of the complex
and solvent molecules with thermal ellipsoids at 50% probability
level is presented in Fig. 1-4. Bond lengths and bond angles
along with their estimated standard deviations are given in
Tables 1-10 and 1-11.

The present X-ray structure determination has been carried
out with high precision. 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 2.

Figure 1-5 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 sulphur atom to the metal atom is observed in
the CHZSCH3 group. This group is bonded to the palladium atom
only through the Pd-C o-bond according to the type ¢ of the
bonding mode shown in Fig. 1-1. The palladium‘atom is four-
coordinate and is surrounded in an approximately planar fashion
by two trans phosphorus atoms of the triphenylphosphine ligands,
the Cl atom and a o-bonded C atom of the CHZSCH3 group. The
equations of the least—squares planes including the palladium
atom and atomic deviations from the planes are given in Table
1-12. The deviations of the Cl, C and two P atoms from the
square-planar plane are relatively large[maximum 0.18 R]. As
a gross approximation, the geometry around the palladium atom

may be distorted tetrahedrally[Cl(1l)-Pd-C(1)=169.73(9) and
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P(l1)-Pd-P(2)=174.19(3)°], which is connected with an interaction
between sulphur and metal atoms mentioned below. The CHZSCH3
group is located almost perpendicular to the coordination plane,
the dihedral angle between the C(l), S and C(2) plane and the
coordination plane being 90.7°.

In the CH SCH3 group, the observed bond length of S-C(1)

2
[1.796(3) i] is slightly shorter than that of S-C(2){1.817(5) R].
Taking the estimated S~C single bond length[1l.82 i](Abrahams,
1956) into consideration, both are considered to be S-C single
bonds. Although the C(l) atom is the sp> carbon[Pd~C(1l)-H(1A)
=109(2), Pd-C(1)~-H(1B)=113(2), S~-C(1l)~-H(1A)=110(2), S~-C(1l)-H(1B)
=109(2) and H(1A)~C(1l)-H(1B)=114(3)°], the Pd-C(1l)-S angle of
100.64(14)° is smaller than the expected value for the sp3
carbon. The non-bonded Pd-.-.S distance is 2.973 (1) i. These
Pd-C(l)~-S angle and Pd...S distance might imply that the sulphur
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 slightly smaller than the expected value.
The Pd-C(1l) bond length[2.061(3) i] is a normal value for
a Pd(II)—C(sp3) o-bond. Among the palladium complexes whose
molecular structures have been determined by the X-ray diffrac-
tion method, the Pd-Cl distances in which the chlorine atom is
located at the terminal position fall in the range between 2.24
and 2.45 i*. Therefore, the Pd-Cl bond length in the present
complex I [2.408(1) R] is normal. Table 1-13* presents Pd-P
bond lengths in all complexes hitherto reported in which the

phosphorus atoms of two trialkylphophine ligands are mutually

trans. The Pd-P bond lengths in the present complex I [2.346(1)
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and 2.337(1) 2] are fairly similar to each other and are
relatively long among those in Table 1-13.

The crystal structure viewed along the b axis is given in
Fig. 1-6. = 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) (1/2-x,1/2+y,3/2-2)].

* This information has been obtained from the XDC data base
of the TOOL-IR system at the Computer Center of the University
of Tokyo which is transcribed from the data base at the Cam-
bridge Crystallographic Data Centre(Yamamoto, Negishi, Ushimaru,
Tozawa, Okabe & Fujiwara, 1975; Shimanouchi & Yamamoto, 1976).

- 31 -



c(26) c(21)

O e

€(36) )cwn c(61)
c1(1s) c(n) c(66)

€(35) C(32) c(62
c(s) 9 s (62) .\)c(es)

c(34) c(63
€(33) ()Qg)au)

Fig. 1-3, A prespective view of the molecule and the num-
bering system of the atoms of [PdCl(CHZSCH3)(PPh ].CH C12(I).

Hydrogen atoms are omitted for clarity.

3)2

2

Fig. 1-4. ORTEP drawings of the complex and solvent molecules
of [PdCl(CHZSCH3)(PPh3)2
The thermal ellipsoids correspond to 50% probability level.

]-CH2C12(I)(stereoscopic drawings) .

Hydrogen atoms are omitted for clarity.
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2 8
NI

<S3ICD
2.346(1) b AU$ 2.337()
ND<:y:_______::i?u =@
) O
>

2
—

J

Fig. 1-5. The coordination geometry around the palladium atom

in [PdCl(CHZSCH3)(PPh3)2]-CH2C12(I).

Fig. 1-6. The crystal structure of [PdCl(CHZSCH3)(PPh

)51
372
CH2C12(I) as viewed down the b axis(stereoscopic drawings).

Atoms are represented by thermal ellipsoids at 50% probability

levels. Hydrogen atoms are omitted for clarity.
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Table 1-10.

Estimated standard deviations in parentheses.

(a)

Bonds involving non~hydrogen atoms

[+]
Length (A)

Pd-C1l (1)
Pd~P (1)
Pd~C(1)

S~C (1)

P(1)-C(11)
P(1l)-C(21)
P(1)-C(31)

C(11)-C(12)
C(12)-C(13)
C(13)-C(14)
C(14)~-C(15)
C(15)-C(16)
C(16)-C(11)

C(21)~-C(22)
C(22)-C(23)
C(23)-C(24)
C(24)~C(25)
C(25)~-C(26)
C(26)-C(21)

C(31)-C(32)
C(32)~-C(33)
C(33)-C(34)
C(34)-C(35)
C(35)-C(36)
C(36)~C(31)

Cl(1ls)-C(s)

2.408(1)
2.346 (1)
2.061(3)

e

e

e i i R e R T e S R e

[

796 (3)

.833(3)
.830(3)
.821(3)

.403(5)
.390(6)
.393(6)
.374(6)
.395(6)
.401(5)

.385(5)
.409(5)
.375(5)
.391(5)
.396(6)
.386 (5)

.401 (5)
.390(5)
.394 (6)
.382(5)
.393(5)
.398 (4)

.727(6)

* Non~-bonded distance.

- 34 -~

=]
Length (A)

Pd...S
Pd-P (2)

5-C(2)

P(2)-C(41)
P(2)-C(51)
P(2)~-C(61)

C(41)-C(42)
C(42)-C(43)
C(43)-C(44)
C(44)~-C(45)
C(45)-C(46)
C(46)—~C(41)

C(51)-C(52)
C(52)~-C(53)
C(53)~-C(54)
C(54)-C(55)
C(55)-C(56)
C(56)-C(51)

c(6l)-C(62)
C(62)-C(63)
C(63)-C(64)
C(64)-C(65)
C(65)-C(66)
C(66)-C(6l)

Cl(25)~-C(S)

e R e T = T = i I T T B S R e R S T N

Bond lengths in [PdCl(CHZSCH3)(PPh3)2]

-CH Clz(I).

2

.973(1)*

2.337(1)

=

.817(5)

.829(3)
.828(3)
.827(3).

.400 (5)
.385(5)
.392(6)
.382(5)
.397(5)
.398(5)

.399(5)
.392(5)
.387(5)
.385(5)
.392(5)
.396 (5)

.389(5)
.395(5)
.382(5)
.387(5)
.388(5)
.395(5)

.763(6)



Table 1-10.

(continued)

(b) Bonds involving hydrogen atoms

Length (&)
C(1)-H(1A)

C(2)~H(2A)
C(2)~-H(2B)
C(2)-H(2C)

C(12)-H(12)
C(13)~-H(13)
C(14)-H(14)
C(15)-H(15)
C(le)-H(16)

C(22)-H(22)
C(23)-H(23)
C(24)-H(24)
C(25)-H(25)
C(26)-H(26)

C(32)-H(32)
C(33)-H(33)
C(34)-H(34)
C(35)-H(35)
C(36)-H(36)

C(s)-H(1S)

Table 1-11.

[PdCl(CHZSCH3)(PPh3)2]-CH

o

.96 (4)

.09(5)
.08(6)
.97 (5)

.02(5)
.04 (5)
.98(5)
.97 (5)
.94 (5)

o O o - +H O - =

.05(4)
.01(6)
.98 (4)
.03(5)
.02(5)

.02(5)
.99 (5)
.03(5)
.01 (5)
.05(4)

e el - e e - =

(=)

.97 (8)

2

deviations in parentheses.

Angle(°)

Cl(1l)-rPa-prP(1)
P(l)~-Pd~C (1)
Cl(1l)~-Pd-C(1)

Pd-C(1l)~-s

Clz(I).

92.35(3)
89.66(9)
169.73(9)

100.64(14)

- 35 =

[+
Length (4)

C(1l)-H(1B)

C(42)-H(42)
C(43)~H(43)
C(44)-H(44)
C(45)-H(45)
C(46)-H(46)

C(52)-H(52)
C(53)-H(53)
C(54)-H(54)
C(55)-H(55)
C(56)-H(56)

C(62)-H(62)
C(63)-H(63)
C(64)-H(64)
C(65)-H(65)
C(66)-H(66)

C(S)-H(1B)

e S R S S N =T I S o

N N

.98 (4)

.01(4)
.02(4)
.00(5)
.98(5)
.94 (4)

.00(5)
.01(4)
.04 (4)
.00(5)
.03(5)

.05(5)
.02(5)
.01(4)
.98 (5)
.11 (4)

.32 (9)

Bond angles involving non-hydrogen atoms in

Estimated standard

Angle(°)

Cl(1)-pPd-P(2)

P(2)~-Pd-C(1)
P(1l)-Pd-P(2)

C(1l)-s-C(2)

89.90(3)
89.07(9)
174.19(3)

101.28(18)



Table 1-11.

Angle (°)

Pd-pP(1)-C(11)
Pd-P(1)-C(21)
Pd-P(1)~-C(31)

C(11)-P(1)~C(21)
C(11)-P(1)-C(31)
C(21)-P(1)-C(31)

P(l)-C(11)~C(12)
P(1)-C(11)~C(16)

C(16)~-C(11)~-C(12)
C(1l1)~-C(12)~C(13)
C(12)~-C(13)~C(14)
C(13)~-C(14)~-C(15)
C(14)~C(15)-C(16)
C(15)-C(16)-C(11)

P(1)-C(21)~C(22)
P(1)-C(21)-C(26)

C(26)-C(21)-C(22)
C(21)-C(22)~-C(23)
C(22)-C(23)~-C(24)
C(23)-C(24)-C(25)
C(24)~-C(25)~-C(26)
C(25)~-C(26)~-C(21)

P(1)-C(31)~-C(32)
P(1)~C(31)-C(36)

C(36)~-C(31)~-C(32)
C(31)-C(32)-C(33)
C(32)-C(33)-C(34)
C(33)~-C(34)~C(35)
C(34)~-C(35)~C(36)
C(35)~C(36)-C(31)

Cl(1s)-C(s)~Cl(28)

113.
114.
115.

105.
103.
103.

121.
120.

118.
121.
119.
119.
121.
120.

119.
.9(3)

120

119.
119.
121.
119.
120.
120.

119.
120.

118.
120.
120.
119.
120.
120.

111.

(continued)

53(11)
52(10)
92(10)

05(14) -
34 (14)
09(14)

6(3)
4(3)

0(3)
1(4)
9(4)
6(4)
1(4)
2(3)

8(2)

3(3)
6(3)
0(3)
2(3)
0(4)
9(4)

9(2)
8(2)

6(3)
6(3)
1(4)
8 (4)
3(3)
5(3)

9(3)

-~ 36 -

Angle(°)

Pd~-P (2)-C(41)
Pd-P (2)-C(51)
Pd-P(2)~-C(61)

C(41)-P(2)-C(51)
C(41)-P(2)~-C(61)
C(51)-P(2)~-C(61)

P(2)~C(41)~C(42)
P(2)~C(41)~C(46)

C(46)~C(41)~C(42)
C(41)-C(42)-C(43)
C(42)-C(43)~-C(44)
C(43)-C(44)~-C(45)
C(44)-C(45)-C(46)
C(45)-C(46)-C(41)

P(2)~C(51)-C(52)
P(2)-C(51)-C(56)

C(56)-C(51)-C(52)
C(51)-C(52)~C(53)
C(52)~C(53)-C(54)
C(53)-C(54)-C (55)
C(54)-C(55)~C(56)
C(55)~C(56)-C(51)

P(2)~-C(61)-C(62)
P(2)-C(61)-C(66)

C(66)~-C(61)-C(62)
C(61)~-C(62)-C(63)
C(62)~-C(63)~-C(64)
C(63)-C(64)-C(65)
C(64)-C(65)-C(66)
C(65)~C(66)-C(61)

114.
113.
117.

106.
102.
101.

120.
120.

118.
120.
120.
119.
121.
1109.

119.
122.

118.
.6(3)
120.
119.
120.
120.

120

120.
.6(2)

120

119.
120.
120.
119.
120.
120.

38(10)
36(10)
11(10)

27 (14)
55(14)
65(14)

9(2)
2(2)

9(3)
9(3)
3(4)
2(4)
3(3)
5(3)

0(2)
0(2)

8(3)

1(3)
7(3)
6(3)
2(3)

0(2)

0(3)
6(3)
1(4)
7(4)
4(3)
3(3)



Table 1-12. Least~-squares planes in [PdCl(CHZSCH3)(PPh3)2]-

CH2C12(I).

The equation of the plane is of the form: 4X + BY + CZ + D
o
=0.0, where X, Y and Z are measured in A units; X = aqx + czcosB,

Y = by and Z = c¢zsinB.

(a) Coordination plane of P4 through Pd, Cl1(1), P(l), P(2) and
C(1)

0.023X + 0.440Y - 0.898Z + 7.380 0.0

(b) Plane defined by Pd, C1(1), C(1l), S and C(2)
-1.000x + 0.023y + 0.013Z + 1.455 0.0

[o]
Deviations of atoms from the plane(A)

Plane a Plane b
pd +0.036 +0.023
Cl(1) -0.175 ~-0.040
P(1) +0.151 +2.362%
P(2) +0.148 -2.313%
C(l) -0.148 +0.031
S -1.935* +0.043
C(2) -2.116%* ~0.052

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

* Not included in the least-squares calculation.
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...88-

Table 1-13. Pd-P bond lengths of palladium complexes in which the phosphorus atoms of two

trialkylphosphine ligands are mutually trans.

Pd complex

PdHCl(PEt3)2
PAC1 (Azb) (PEt
PdClz(PMe2
Pd(SCN)Z{P(OPh)3}
PdCl(Dtt)(PPh3)ze
PdCl(COCOOMe)(PPh3)2
Pd(SCN)z{Pth(C==CBu—t)}2
Pd12(PMezPh)Z(orthorhombic form)
PAI, (PPhy) ,
PdIz(PMezPh)z(monoclinic form)
PdCl(CHZSCH3)(PPh3)2
PdBr{C4(COOMe)4H}(§Ph3)2
PdClz(PMe

) o]
3 2d
Men)2

2

2neoMen)2

® Q 6 © Q

Averaged value of two Pd-P bonds.

(o]
Length(A)

2.308(4)%
2.309(9)?
2.310(5)
2.312(1)
2.325(3)%
2.325(7)¢
2.326(3)
2.330(8)¢
2.331(2)
2.333(7)
2.342(1)%
2.35%
2.353(5)%

Azb = 2-(phenylazo)phenyl
Men = menthyl, neoMen = neomenthyl.
Dtt = 1, 3-di-p~tolyltriazenido

Reference

Schneider & Shearer (1973)

Weaver (1970)

Kan, Miki, Kai, Yasuoka & Kasai(1978)
Jacobson, Wong, Chieh & Carty(1974)
Bonbieri, Immirzi & Toniolo(1975)

Fayos, Dobrzynsky, Angelici & Clardy(1973)
Beran, Carty, Chieh & Patel(1973)

Bailey & Mason(1968)

Debaerdemaeker, Kutoglu, Schmid & Weber (1973)
Bailey & Mason (1968)

this work (the complex I)

Roe, Bailey, Moseley & Maitlis(1972)

Kan, Miki, Kai, Yasuoka & Kasai(1978)

Averaged value of four(crystallographically independent) Pd~P bonds.



[PACL(CH,SCH,) (PPh )] (IT)

Figure 1-7 shows a perspective view of the molecule with
atomic numbering. Figire 1-8 represents ORTEP drawings of the
molecule with thermal ellipsoids enclosing 50% probability
levels at -160 and 20°C. Bond lengths and bond angles, along
with their estimated standard deviations, are given in Tables
1-14 and 1-15.

No essential difference is observed in molecular structures
at ~160 and 20°C except for the thermal ellipsoids. At ~160°C
the estimated 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 i. The description of the molec-
ular structure and the discussion will be made mainly on the low
temperature structure.

Figure 1-9 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(1l)
-S three-membered ring is formed, the CHZSCH3 group being
attached to the palladium atom according to the type a of the
bonding mode presented in Fig. 1-1. The geometry around the
palladium atom is square-planar. The equation of the least-
squares plane formed by Pd, Cl, S, P and C(l) atoms, and the
deviations of atoms from the plane are given in Table 1-16.

The maximum deviation is 0.04 i.

In the CHZSCH3 group, the observed bond length of S-C(1)
[1.756(6) A] is slightly 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 (Abrahams, 1956).
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The S-C(1l) bond length in this complex is not significantly dif-
ferent from that of the S~C single bond. The geometry around
the C(l) atom approximately coincides with that of the sp3 carbon,
bond angles around it being PAd-C(1l)~H(1A)=113(3), PAd-C(1l)~H(1B)
=122(4), S-C(1)-H(1A)=115(3), S—C(1l)~H(1B)=112(4) and H(1lA)-C(1l)
~H(1B)=113(5)°; however, Pd-C(1l)-S=76.9(2)°. Thus, the S—C(l)
bond is a single bond but may have a partial double bond charac-
ter. The S~-C(2) bond length[1.807(7) i] 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 i away from the coordination plane. Similar features as
above are observed in the molybdenum complex [Mo(C5H5)(CO)2-
(CHZSCH3)](Rodu1fo de Gil & Dahl, 1969)([e.g. S-C(1)=1.78(1),
S-C(2)=1.82(1) A and C(1)-5-C(2)=105.0(5)°1.

The Pd-C(1l) bond length[2.042(6) g] is within the usual
range of the Pd(II)—C(sp3) o-bond. The Pd(II)-S distances in
palladium complexes whose molecular structures have been deter-
mined hitherto by the X~ray diffraction method, fall in the
range between 2.24 and 2.47 ﬁ*_ Among these, the Pd-S bond
lengths of complexes which have the same type of coordination
of the sulphur atom as that in this complex are listed in Table
1-17. The Pd-S bond length in this complex[2.371(1) i] is

considered to be a normal Pd-S length; however, it is slightly

* This information has been obtained from the XDC data base
of the TOOL-IR sytem at the Computer Center of the University
of Tokyo which is based on the data base at the Cambridge
Crystallographic Data Centre(Yamamoto, Negishi, Ushimaru,
Tozawa, Okabe & Fujiwara, 1975; Shimanouchi & Yamamoto, 1976).
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longer than those in Table 1-17 which lie between 2.23 and
2.31 i. This may be partly due to the strain caused by the
formation of the three-membered ring.

As shown in Table 1-14(a), all the bond lengths at 20°C are
merely shorter than those at -~160°C. This is considered mainly
due to the larger thermal vibration of molecules at 20°C.
Therefore, this fact shows the importance of the diffraction
work at low temperature in order to obtain precise structural
data.

The crystal structure viewed along the b axis is given in
Fig. 1-10. All intermolecular atomic contacts are considered

to be at the usual van der Waals contacts.
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c(14)

c(33) c(32)

7\70
c(34)

/a4
c(22)
u?ff):) ~1:%6:
C(35%—(I\b c(26)
C(36)%

c(24)

c(1)

C(25)

Fig. 1-7. A perspective view of the molecule and the num-
bering system of the atoms of [PdCl(CHZSCH3)(PPh3)](II).

Hydrogen atoms are omitted for clarity.

) .

(a)

(b)
Fig. 1-8. ORTEP drawings of the molecule of [PdCl(CHZSCH3
(PPh3)](II)(stereoscopic drawings) . The thermal ellipsoids
correspond to 50% probability level. Hydrogen atoms are

omitted for clarity. (a) -160°C, (b) 20°C.
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113(3)
122(4)
115(3)
12(4)
113(5) 2

H{1A)

) 0.92(8)
) 0.85(12) (b)

) (a)

Fig. 1-9. The coordination geometry around the palladium atom
in [PdCl(CHZSCH3)(PPh3)](II). (a) -160°C, (b) 20°C.

(a)

(b)
Fig. 1-10. The crystal structure of [PACl(CH,SCH;) (PPh,)] (II)
as viewed down the b axis(stereoscopic drawing). Atoms are

represented by thermal ellipsoids at 50% probability levels.
Hydrogen atoms are omitted for clarity. (a) -160°C, (b) 20°C.
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Table 1-14. Bond lengths in [PdCl(CH,SCH,) (PPhy) ] (II).

Estimated standard deviations in parentheses.

(a) Bonds involving non-hydrogen atoms
Length(g) [~160°C] [20°C]
Pd-Cl 2.402(1) 2.397(2)
P4d-s 2.371(1) 2.362(3)
Pd~P 2.267(1) 2.267(2)
Pd-C (1) 2.042(6) 2.042(9)
S-C(1) 1.756(6) 1.726(9)
S-C(2) 1.807(7) 1.806(14)
P-C(11) 1.825(5) 1.814(8)
P-C(21) 1.818(5) 1.808(7)
P-C(31) 1.824(5) 1.823(7)
C(l1)-C(12) 1.394(8) 1.368(12)
C(12)-C(13) 1.396(8) 1.400(15)
C(13)~C(14) 1.386(9) 1.351(15)
C(14)-C(15) 1.391(9) 1.350(14)
C(15)-C(16) 1.390(8) 1.383(13)
C(lé6)-C(11l) 1.416(8) 1.396(12)
C(21)~-C(22) 1.397(7) 1.397(11)
C(22)~C(23) 1.394(8) 1.393(13)
C(23)~-C(24) 1.393(8) 1.359(14)
C(24)~-C(25) 1.402(8) 1.381(14)
C(25)~-C(26) 1.387(8) 1.395(12)
C(26)~-C(21) 1.389(7) 1.384(11)
C(31)~C(32) 1.386(8) 1.352(12)
C(32)-C(33) 1.392(9) 1.393(14)
C(33)~C(34) 1.377(9) 1.369(15)
C(34)~C(35) 1.395(9) 1.382(14)
C(35)~C(36) 1.383(8) 1.360(13)
C(36)~C(31) 1.401(7) 1.368(11)
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Table 1-14. (continued)
(b) Bonds involving non~hydrogen atoms

Length (&) [~160°C] [20°C]
C(1)~H(1A4) 0.98(6) 0.92(8)
C(1)~-H(1B) 1.01(7) 0.85(12)
C(2)-H(2A) 0.82(8) 0.88(10)
C(2)~H(2B) 0.92(8) 0.79(8)
C(2)~-H(2C) 1.02(8) 1.13(14)
C(12)-H(12) 0.95(6) 0.97(6)
C(13)-H(13) 0.98(6) 0.92(10)
C(l4)-H(14) 0.91(7) 0.95(7)
C(15)~-H(15) 1.02(7) 0.81(8)
C(16)-H(1l6) 0.94(5) 0.94(8)
C(22)-H(22) 1.02(6) 0.95(7)
C(23)-H(23) 0.83(6) 0.78(8)
C(24)~-H(24) 0.97(6) 0.92(7)
C(25)-H(25) 1.01(6) 0.84(8)
C(26)-H(26) 0.98(8) 0.96(7)
C(32)~H(32) 0.80(6) 0.87(7)
C(33)~-H(33) 06.79(7) 0.86(8)
C(34)-H(34) 0.82(6) 0.74(9)
C(35)-H(35) 1.02(6) 0.80(8)
C(36)-H(36) 0.90(6) 0.85(8)

Table 1-15. Bond angles involving non-hydrogen atoms in
[PdCl(CHZSCH3)(PPh3)](II). Estimate standard deviations in
parentheses.
Angle (°) [-160°C] [20°C]
Cl-pPd-s 113.56(5) 112.66(9)
Cl-Pd-P 98.95(5) 99.92(8)
S-Pd-C (1) 46.15(16) 45.4(3)
P-Pd-C (1) 101.37(16) 102.0(3)
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Table 1-15. (continued)

Angle (°) [~160°C] [20°C]
Pd-S-C (1) 56.98 (19) 57.4(3)
Pd-5-C(2) 106.7(2) 105.3(5)
C(1)-s~C(2) 103.8(3) 103.7(5)
PA~C (1) -8 76.9(2) 77.1(4)
Pd-P~C (11) 115.98(17)  115.7(3)
Pd~P~C (21) 111.35(17) 111.1(3)
Pd-P~C (31) 114.81(17) 115.1(2)
C(11)~P-C(21) 104.4(2) 104.8(3)
C(11)-P~C(31) 103.5(2) 104.1(3)
C(21)-P-C(31) 105.6(2) 104.9(3)
P~-C(11)-C(12) 123.1(4) 123.3(6)
P-C(11)~C(16) 118.0 (4) 119.3(6)
C(16)-C(11)~-C(12) 118.9(5) 117.4(8)
C(11)~-Cc(12)~C(13) 120.5(5) 121.2(9)
C(12)~C(13)~C(14) 120.1(6) 119.9(10)
C(13)~C(14)~C(15) 120.3(6) 120.1(10)
C(14)-C(15)-C(16) 120.0(6) 120.9(9)
C(15)-C(16)~C(11) 120.2(5) 120.4(8)
P~C(21)-C(22) 122.1(4) 122.2(6)
P-C(21)~C(26) 118.9(4) 119.5(6)
C(26)~C(21)~C(22) 119.1(5) 118.3(7)
C(21)~C(22)-C(23) 120.9(5) 120.6(8)
C(22)-C(23)-C(24) 119.3(5) 120.5(9)
C(23)-C(24)~C(25) 120.3(5) 119.8(9)
C(24)~C(25)~C(26) 119.5(5) 120.4(9)
C(25)-C(26)-C(21) 121.0(5) 120.4(8)
P-C(31)-C(32) 124.2(4) 123.7(6)
P-C(31)~-C(36) 117.7 (4) 118.5(6)
C(36)~C(31)-C(32) 118.0(5) 117.7(8)
C(31)-C(32)~-C(33) 121.8(5) 121.2(9)
C(32)-C(33)-C(34) 119.2(6) 120.2(10)
C(33)-C(34)~C(35) 120.4(8) 118.6(10)
C(34)~C(35)~C(36) 119.7 (6) 119.7(9)
C(35)~C(36)~C(31) 120.9(5) 122.6(8)
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Table 1l-16. Least-squares planes in [PdCl(CHZSCH3)(PPh3)](I).

The equation of the plane is of the form: 4AX + BY + CZ + D
o
= 0.0, where X, Y and Z are measured in A units; X = ax + czcosB,

Y = by and Z = czsinB.

Coordination plane of Pd through Pd, Cl, S, P and C(1)

(a) ~160°C

-0.8715X + 0.4799Y + 0.1007Z + 1.6640 = 0.0
(b) 20°C

~0.8821X + 0.4644Y + 0.0791Z + 1.7141 = 0.0

[+]
Deviations of atoms from the plane(A)

[-160°C] [20°C]
P4 +0.011 +0.025
Cl +0.013 +0.009
S -0.037 -0.040
P -0.025 -0.028
C(1) +0.040 +0.037
Cc(2) -~1.775%* ~1.788%

* Not included in the least-squares calculation.
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Table 1-17. Pd-S bond lengths of palladium complexes which have the same coordination of
the sulphur atom as that in [PdCl(CHZSCH3)(PPh3)](II)

Pd complex

PAdC1NH CH(COOH)CHZSCH

2772 3

Pd(ClOHZZNZOSZ)(NO3)2

N,0,S,)

PACL, (Cy gH3N50,5,5) 5

36

SCH

P4dCl NHZCH(COOH)CHZCH2 3

2

Pd (C;3,H,g5,)

szBr4(CH3SCH3)2

[+
Length (3a)

2.
2.

2.

2

230 (4)
261(4)

261 (4)

.267(1)

2.264 (1)
2.265(1)

.265(4)

2.292(3)
2.308(2)

.30(2)

Reference

Battaglia, Corradi, Palmieri, Nardelli & Tani(1973)

Louis, Pelissard & Weiss(1974)

Louis, Thierry & Weiss(1974)

Warren, McConnell & Stephenson(1970)

Clark, Waters & Whittle(1973)

Sales, Stokes & Woodward (1968)



[Pd(CH2$CH3)(PPhS)z]PF6(IIIa)

Figure 1-11 shows an ORTEP drawing (Johnson, 1976) of the
[Pd(CHZSCH3)(PPh3)2] cation. Atoms are represented by thermal
ellipsoids enclosing 30% probability levels. Bond lengths and
bond angles are listed in Tables 1-18 and 1-19.

iTwo crystallographically difficult problems arise in the
present structure analysis. One is abnormally large thermal
vibration of the PF anion. Figure 1-12 gives the electron
density distribution on planes which contain the phosphorus and
four fluorine atoms of the PF6 anion. Six fluorine atoms,
especially F(2), F(4), F(5) and F(6) atoms, show low peak
heights and broadening in electron density distribution due to

the large thermal motion. In fact, the 13

F NMR study of this
crystal suggested that the PF6 anions are rapidly reorienting
about the octahedral axes at random, or nearly so, even at
liguid nitrogen temperature¥*. The other problem is the possi-

bility of the disordered structure in the CH SCH3 group. As

2
mentioned before, a relatively high peak remained near the
location of the sulphur atom in the electron density map.
However, this could not be surely assigned as a disordered
fragment of the sulphur atom considering the chemical geometry
around the palladium atom.

Figure 1-13 shows the coordination geometry around the

palladium atom along with selected bond lengths and bond angles.

The geometry around the palladium atom is essentially considered

* The observed second moment is only 2.3 G2 between 77 and
300K, which is ascribable to interionic magnetic interactions

(Kiriyama & Furukawa, 1978).
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as square-planar, The equations of the coordination planes and
atomic deviations from the planes are presented in Table 1-20.
The dihedral angles between planes concerning the coordination
geometry around the palladium atom are shown in Table 1-21.

The coordination of the CH SCH, group to the palladium atom is

2
considered as the type a of bonding shown in Fig. 1-1, which is
similar to the complex II. The planarity of the coordination

plane is not so high, the maximum deviation from the least-

[+
squares plane being 0.17 A. The C(l) and S atoms in the

o

CHZSCH3 group are located at the opposite side, 0.13 and 0.20
away, of the plane defined by the Pd, P(l) and P(2) atoms,
respectively (Table 1-20). Figure 1-14 shows the perspective
view of this coordination geometry. The S-C(1) and S-C(2)
bond lengths([1.77(4) and 1.78(4) R] are close to that of the
S-C single bond[1.82 g](Abrahams, 1956), which are comparable
with those found in II[S-C(1)=1.756(6) and S-C(2)=1.807(7) i].
The Pd-C(l) bond length of 2.06(4) g is also close to that found
in TI[2.042(6) i], which is considered to be a normal value for
the PA(II)-C(sp°) o-bond. The PA-S bond length of 2.367(8) A
is similar to that found in IT[2.371(1) 2].

Two Pd-P bond lengths are 2.350(5) and 3.271(6) i, The
difference in these is partly due to the difference of trgns-
influence between the carbon and sulphur atoms.

The crystal structure projected along the a* axis 1is given
in Fig. 1-15. All intermolecular atomic contacts are considered
to be at the van der Waals contacts, the shortest atomic contact

being 3.22(4) i[c(lS)(x,y,z)...F(B)(2—x,—l/2+y,l/2—z)].
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Fig. 1-11. An ORTEP drawing of [Pd(CHZSCH
[Pd (CH28CH3) (PPh3) 2

spond to 30% probability levels. The atomic numberings for

(PPh3)2] cation in

)
3
]PFG(IIIa). The thermal ellipsoids corre-

the phenyl groups are omitted.
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(B) (C)

Fig. 1-12. Electron density distribution on three planes of
the octahedral PF6 anion in [Pd(CstCH3)(PPh3)2]E§6(IIIa).
The contours are drawn at the interval of 1.0 e/A". Zero

contours are shown as broken lines while negative contours are

omitted.



N

S-C(2)=1.78(4) A

Fig. 1-13. The coordination geometry around the palladium atom

in [Pd(CHZSCH3)(PPh3)2]PF6(IIIa).

c(2) c(2)

c(1) c(1)

P(1)
P(2) Pd P(1) P(2) Pd

Fig. 1-14. Perspective views of the coordination plane in
[Pd(CHZSCH3)(PPh3)2]PF6(IIIa).

- 53 -



T\P.\LR S

- -é'\ ™ B ‘ - {'\\
C}A:JlQ }'_) J_l(/ C:“‘e i—Q. > >

’/\" L\\_—L - \/}) \)-f_l:‘

Fig. 1-15. The crystal structure of [Pd(CHZSCHB)(PPh3)2]PF6
(ITIIa) projected along the a* axis. Atoms are represented by

thermal ellipsoids at 30% probability levels.
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Table 1~18. Bond lengths in [Pd(CHZSCH3)(PPh

Estimated standard deviations in parentheses.

3)2]PF6(IIIa).

Length(i) Length(i)
Pd-P (1) 2.350(5) Pd-P(2) 2.271(6)
Pd-S 2.367(8) Pd-C (1) 2.06(4)
S-C(1) 1.77(4) S-C(2) 1.78 (4)
P(1)-C(11) 1.82(3) P(2)~-C(41) 1.84(2)
P(1)-C(21) 1.83(2) P(2)-C(51) 1.82(3)
P(1)~-C(31) 1.78(3) P(2)-C(61) 1.82(3)
C(11)-C(1l2) 1.42(4) C(41)-C(42) 1.40(3)
C(12)-C(13) 1.39(5) C(42)-C(43) 1.40(4)
C(13)-C(14) 1.41(5) C(43)-C(44) 1.40(4)
C(14)-C(15) 1.38(5) C(44)-C(45) 1.33(4)
C(15)-C(16) 1.42(4) C(45)-C(46) 1.37(4)
C(16)-C(1ll) 1.36(4) C(46)-C(41) 1.40(3)
C(21)-C(22) 1.39(4) C(51)-C(52) 1.43(4)
C(22)-C(23) 1.39(4) C(52)-C(53) 1.38(4)
C(23)-C(24) 1.41(5) C(53)-C(54) 1.36(4)
C(24)-C(25) 1.39(5) C(54)-C(55) 1.40(4)
C(25)-C(26) 1.49(4) C(55)-C(56) 1.40(4)
C(26)-C(21) 1.42(4) C(56)-C(51) 1.37(4)
(31)~-C(32) 1.44(4) C(61)-C(62) 1.36(4)
C(32)-C(33) 1.42(5) C(62)-C(63) 1.43(4)
C(33)-C(34) 1.42(5) C(63)-C(64) 1.48 (4)
C(34)-C(35) 1.39(5) C(64)-C(65) 1.39(4)
C(35)-C(36) 1.40(5) C(65)-C(66) 1.45(4)
C(36)-C(31) 1.36(4) C(66)-C(61) 1.40(4)
P(3)-F (1) 1.60(3) P(3)~F(2) 1.50(4)
P(3)-F(3) 1.53(3) P(3)-F(4) 1.50(4)
P(3)-F(5) 1.52(4) P(3)-F(6) 1.56(4)
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Table 1-~19.

Bond angles in [Pd(CHZSCHz)(PPh

3)2

Estimated standard deviations in parentheses.

Angle(®)

P (1) ~-PAd~pP(2)
P(l)-pPd-s

Pd-s-C(1)
C(l)-s-C(2)

Pd-P (1)~-C(1l1)
Pd~-P(1)~-C(21)
Pd-pP(1)-C(31)
C(11)-P(1)-C(21)
C(11)-P(1)-C(31)
C(21)-P(1)-C(31)

P(1)-C(1l1)-C(12)
P(1)-C(11)~-C(16)

C(16)-C(11l)-C(12)
C(11)-C(12)-C(13)
C(12)-C(13)-C(14)
C(13)-C(14)=-C(15)
C(14)-C(15)~-C(16)
C(15)-C(16)-C(11)

P(1)-C(21)-C(22)

P(1)-C(21)-C(26)

C(26)-C(21)-C(22)
C(21)-C(22)-C(23)
C(22)-C(23)~-C(24)
C(23)-C(24)~C(25)
C(24)-C(25)-C(26)
C(25)-C(26)~-C(21)

P(1l)-C(31)-C(32)
P(1)-C(31)-C(36)
C(36)-C(31)~-C(32)
C(31)-C(32)~C(33)
C(32)~C(33)-C(34)

103
112

57.
101.

121
115
107

101.
105.
105.

122,

121

1le.
121.
118.
122.
115.
125.

122.
114.
122.
118.

121

122.
117.
117.

122.

121

1l6.
119.
120.

.2(3)
.0(3)

7(11)
7(15)

.0(8)
.0(7)
.7(8)
3(10)
3(11)
1(10)

0(18)
.5(18)
3(22)
8(27)
5(32)
4(31)
7(27)
3(24)

1(17)
8(17)
5(21)
2(24)
.4(30)
0(32)
0(27)
8(24)

3(19)
.7(20)
0(23)
5(25)
1(28)

Angle(°)

P(2)~Pd~C(1)
C(1l)-pPd~S

Pd-s~C(2)
Pd-C(1)-8

Pd-P (2)-P(41)
Pd-P (2)-P(51)
Pd-pP(2)-P(61)
C(41)-pP(2)~-C(51)
C(41)-P(2)~-C(61)
C(51)-P(2)-C(61)

P(2)-C(41)-C(42)

P(2)-C(41)-C(46)

C(46)-C(41)-C(42)
C(41)-C(42)-C(43)
C(42)-C(43)~-C(44)
C(43)~C(44)-C(45)
C(44)-C(45)-C(46)
C(45)-C(46)-C(41)

P(2)-C(51)-C(52)

P(2)~-C(51)-C(56)

C(56)-C(51)~C(52)
C(51)-C(52)~-C(53)
C(52)-C(53)~C(54)
C(53)-C(54)-C(55)
C(54)-C(55)~-C(56)
C(55)-C(56)~C(51)

P(2)-C(61)-C(62)
P(2)-C(61)-C(66)
C(66)-C(61)~-C(62)
C(61)~C(62)~C(63)
C(62)-C(63)~C(64)

99
46

105.
75.

117.
113.
111.
100.
104.
108.

117.
122.
120.
117.
120.
121.
119.
120.

122

117.
119.
120.
120.
120.
120.

119

125.
114.
119.
121.
120.

]PF6(IIIa).

.0(10)
.5(10)

7(11)
8(13)

7(7)
3(8)
5(8)
4(10)
8(10)
1(11)

8(15)
0(15)
1(18)
4(21)
6(25)
4(26)
9(24)
7(21)

.7(18)
5(18)
7(22)
1(21)
2(22)
6(24)
1(23)
.3(22)

7(18)
2(18)
9(22)
7(23)
2(22)



Table 1-19, (continued)

Angle(°) Angle(°)

C(33)~-C(34)~C(35) 120.3(28) C(63)-C(64)~-C(65) 115.7(22)
C(34)-C(35)~-C(36) 117.0(30) C(64)-C(65)-C(66) 121.9(24)
C(35)-C(36)-C(31) 126.9(28) C(65)-C(66)-C(61) 120.0(25)
F(1)-P(3)-F(3) 179.3(14) F(2)-P(3)~F(4) 171.3(21)
F(5)-P(3)-F(6) 178.0(21)

F(1L)-P(3)-F(2) 87.0(16) F(1)-P(3)~F(4) 87.7(17)
F(1)-P(3)~F(5) 87.2(17) F(1)~P(3)~F(6) 90.8(16)
F(2)-P(3)~-F(3) 92.7(17) F(2)-P(3)~F(5) 93.2(20)
F(2)-P(3)~-F(6) 87.0(20) F(3)-P(3)-F(4) 92.5(18)
F(3)-P(3)-F(5) 93.4(18) F(3)-P(3)~-F(6) 88.6(17)
F(4)-P(3)-F(5) 93.4(21) F(4)-P(3)-F(6) 86.3(20)
Table 1-20. Least-squares planes in [Pd(CstCH3)(PPh3)2]PF6
(IIIa).

The equation of the plane is of the form: AX + BY + CZ + D
o
= 0.0, where X, Y and 7 are measured in A units; X = qx + czcosB,

Y = by and Z = czsinRB.

(a) Plane defined by Pd, P(l) and P(2)
-0.091x - 0.994Yy + 0.059Z + 0.861 = 0.0

(b) Coordination plane of Pd through Pd, P(1l), P(2), S and C(1)
-0.119x - 0.993Yy + 0.005Z + 1.278 = 0.0

o]
Deviations of atoms from the plane(A)

Plane a Plane b
Pd 0.0 +0.014
P (1) 0.0 +0.042
P(2) 0.0 ~-0.124
C(1) +0.133* +0.171
S -0.200% -0.066
Cc(2) +1.413%* +1.590%*

* Not included in the calculation of the plane.
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Table 1-21. Dihedral angles between planes concerning the

coordination geometry in fbd(CHZSCH3)(PPh3)2]PF6(IIIa).
Plane Atoms '
(1) Pd, P(1l) and P(2)
(I1) Pd, S and C(1)
(I11) C(l), S and C(2)

Dihedral angle(°)

Plane (I1) (III)
(I) 10.9 100.0
(I1I) 101.3
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[Pd(CHZSCHS)(PPh3)2]0104-0.250H2012(IIIb)
Figure 1-~16 shows an ORTEP drawing(Johnson, 1976) of the

[Pd(CHZSCH3)(PPh ] cation. Atoms are represented by the

302
thermal ellipsoids enclosing 30% probability levels. Bond
lengths and bond angles are listed in Tables 1-22 ans 1-23.

Also in this complex, the perchlorate anion was so highly
disordered that locations of three oxygen atoms of the ClO4
anion could not be determined.

Figure 1-17 presents the coordination geometry around the
palladium atom along with selected bond lengths and bond angles,
which is vertially considered to be a planar coordination.

The equations of the least-squares planes are shown in Table

1-24. The planarity of the coordination plane(the plane{(b))
is not so good, the maximum deviation of atoms from the plane
being 0.10 g.

In the CH SCH3 group, it is noteworthy that the S-C(1l)

2
bond length of 1.678(14) i is relatively close to that of S=C
double bond[1l.61 i] rather than the S-C single bond{1.82 i]
(Abrahams, 1956). This S-C(1l) bond is also significantly
shorter than those found in II and IIIa[l.756(6) and 1.77(4) g].
On the other hand, the S-C(2) bond length of 1.86(4) i is con-
sidered as that of the S-C single bond. In addition, it is
remarkable that the Pd-C(1l) bond length[2.208(13) A], which is
similar to the Pd-C length[2.18 i] found in a palladium-styrene
bond of [Pd(n’-C.H) (PEt,) (styrene)]BF, (Miki, Yama, Tanaka &
Kasai, unpublished), is obviously longer than those found in II

[«]
and IITIa[2.042(6) and 2.06(4) A]. The Pd-S bond length of

[+
2.303(6) A, which is somewhat shorter than those observed in II

- 59 .



Fig. 1-16. An ORTEP drawing of [Pd(CHZSCHB)(PPhB)Z] cation in
[Pd(CHZSCH3)(PPh3)2]C104°0.25CH2C12(IIIb). Atoms are repre-
sented by thermal ellipsoids enclosing 30% probability levels.

The atomic numberings for the phenyl groups are omitted.

Fig. 1-17. The coordination geometry around the palladium atom

in [Pd(CstCHB)(PPh ]ClO4-0.25CH Clz(IIIb).

32 2
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()

CON (MN——xoA S P(1) S
e T O N
P(2) Pd P(]) P(Z) Pd
Fig. 1-18. Perspective views of the coordination plane in
[Pd(CHZSCH3) (PPh3) 2]ClO4- 0.25CH2C12 (ITIb).

Fig. 1-19. The crystal structure of [Pd(CHZSCH3)(PPh3)2]ClO4-
0.25CH2C12(IIIb) projected along the a* axis. Atoms of
[Pd(CstCH3)(PPh3)2] cation are represented by thermal ellipsoids
at 30% probability levels while those of the ClO4 anion agg the
solvated CH2C12 molecule are drawn by circles with B=7.0 A".

The locations of three oxygen atoms in the Clo4 anion are esti-

mated from stereochemical consideration.
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Table 1-22. Bond lengths in [Pd(CHZSCH3)(PPh3)2]ClO
0.25CH

4.
ClZ(IIIb). Estimated standard deviations in parentheses.

2
Length(g) Length(i)
Pd-P (1) 2.320(3) PA-P (2) 2.297(3)
Pd-S 2.303(6) Pd-C (1) 2.208(13)
S-C(1) 1.678(14) S~C(2) 1.86(4)
P(1)-C(1l1) 1.818(14) P(2)-C(41) 1.814(13)
P(1l)~-C(21) 1.819(12) P(2)~-C(51) 1.822(13)
P(l)~C(31) 1.834(13) P(2)~C(61) 1.826(13)
C(l1)-C(12) 1.44(3) C(41)~C(42) 1.43(2)
C(l2)~-C(13) 1.41(3) C(42)~-C(43) 1.42(2)
C(13)-C(14) 1.37(3) C(43)—-C(44) 1.38(2)
C(14)~-C(15) 1.40(3) C(44)-C(45) 1.40(2)
C(15)~C(1l6) 1.41(3) C(45)~-C(406) 1.40(2)
C(l6)~C(11) 1.39(3) C(46)~C(41) 1.38(2)
C(21)~C(22) 1.39(2) C(51)-C(52) 1.38(2)
C(22)-C(23) 1.39(2) C(52)-C(53) 1.39(2)
Cc(23)-C(24) 1.39(3) C(53)-C(54) 1.42(3)
C(24)-C(25) 1.38(3) C(54)-C(55) 1.39(3)
C(25)~C(26) 1.41(2) C(55)-C(56) 1.43(2)
C(26)-C(21) 1.39(2) C(56)~C(51) 1.43(2)
C(31)~C(32) 1.42(2) C(6l)-C(62) 1.41(2)
C(32)-C(33) 1.41(2) C(62)-C(63) 1.40(3)
C(33)-C(34) 1.39(2) C(63)-C(64) 1.42(3)
C(34)~-C(35) 1.39(2) C(64)-C(65) 1.40(2)
C(35)~-C(36) 1.41(2) C(65)-C(66) 1.39(2)
C(36)~C(31) 1.41(2) C(66)~C(61) 1.40(2)
Cl(1l)-0(1) 1.42(4)
Cl(1s)~C(8) 1.69 Cl(28)-C(8) 1.68
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Table 1~23. Bond angles in [Pd(CHZSCH3)(PPh3)2]C104-
O.25CH2C12(IIIb). Estimated standard deviations in parentheses.
Angle(°) Angle(°)

P(1l)-Pd-P(2) 107.58(12) P(2)~Pd-C(1) 100.0(4)
P(1)-Pd-s 108.10(17) C(1l)-rPd-s 43.6(4)
Pd-S-C (1) 65.2(5) Pd-S-C(2) 102.3(11)
C(1l)~-8~C(2) 104.6(12) Pd-C (1) -5 71.2(6)
Pd~-P(1)~-C(11) 111.6(5) Pd~P(2)~C(41) 113.8(5)
Pd-P (1) ~-C(21) 119.5(4) Pd-P(2)-C(51) 120.2(5)
Pd~P(1)-C(31) 111.6(5) Pd-P(2)-C(61) 108.2(5)
C(ll)-P(1)-C(21) 108.2(6) C(41)-P(2)-C(51) 101.2(6)
C(1l1l)-P(1)-C(31) 104.0(7) C(41)-P(2)~-C(61) 107.2(6)
C(21)~P(1)-C(31) 100.5(6) C(51)-P(2)~-C(61) 105.3(6)
P(1)-C(11)-C(12) 115.1(11) P(2)~-C(41)~-C(42) 117.8(10)
P(1)-C(11l)~C(16) 123.5(12) P(2)-C(41)-C(46) 122.9(10)
C(1l6)~-C(11)~-C(12) 121.3(14) C(46)-C(41)~-C(42) 119.3(12)
C(1l1)-C(12)~C(13) 118.2(15) C(41)-C(42)-C(43) 118.0(12)
C(12)-C(13)~-C(14) 119.8(18) C(42)~C(43)~-C(44) 121.0(13)
C(13)-C(14)-C(15) 122.0(20) C(43)~C(44)~C(45) 120.8(13)
C(14)-C(15)~-C(1l6) 119.9(19) C(44)~-C(45)-C(46) 118.5(13)
C(15)~C(16)-C(1l1) 118.6(16) C(45)-C(46)-C(41) 122.5(12)
P(1l)-C(21)-C(22) 119.2(10) P(2)-C(51)-C(52) 118.4(10)
P(1)~-C(21)~C(26) 120.2(10) P(2)-C(51)-C(56) 120.2(10)
C(26)-C(21)-C(22) 120.5(12) C(56)-C(51)~C(52) 121.3(12)
C(21)-C(22)-C(23) 120.3(13) C(51)-C(52)-C(53) 120.8(13)
C(22)-C(23)-C(24) 119.5(14) C(52)~-C(53)~C(54) 119.4(14)
C(23)-C(24)~-C(25) 120.9(15) C(53)-C(54)-C(55) 120.3(14)
C(24)~C(25)-C(26) 120.0(14) C(54)-C(55)~-C(56) 120.7(14)
C(25)~-C(26)~C(21) 118.9(13) C(55)-C(56)-C(51) 117.5(13)
P(1)~-C(31)-C(32) 115.9(10) P(2)-C(61)~-C(62) 117.0(10)
P(1)-C(31)~-C(36) 124.1(10) P(2)~C(61)~C(66) 122.4(10)
C(36)-C(31)~C(32) 120.0(12) C(66)-C(61)~-C(62) 120.5(12)
C(31)-C(32)-C(33) 119.6(12) C(61l)-C(62)~C(63) 120.1(14)
C(32)~C(33)-C(34) 120.5(13) C(62)~C(63)-C(64) 119.3(14)
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Table 1-23. (continued)

Angle(°) Angle(°)

C(33)~-C(34)~C(35) 119.7(12) C(63)~C(64)~C(65) 119.7(14)
C(34)~C(35)~C(36) 121.7(13) C(64)-C(65)~C(66) 121.2(13)
C(35)-C(36)—-C(31) 118.5(12) C(65)~C(66)~C(61) 119.3(12)

Cl(1ls)-C(s)~-C1(2Ss) 106.6

]Clo,-

Table 1-24. Least-squares planes in [Pd(CstCH3)(PPh 4

0.25CH2C12(IIIb).

The equations of the plane is of the form: 4X + BY + CZ + D

3)2

o
= 0.0, where X, Y and 7 are measured in A units; X = gx + c¢zcosB,

Y = by and Z = czsinB.

(a) Plane defined by Pd, P(l) and P (2)
-0.996Xx + 0.069Y - 0.063Z + 0.312 = 0.0

(b) Coordination plane of Pd through Pd, P(l), P(2), S and C(1l)
0.993X - 0.117Y - 0.029Z + 0.174 = 0.0

[}
Deviations of atoms from the plane(A)

Plane a Plane b
Pd 0.0 -0.101
P(1) 0.0 +0.036
P(2) 0.0 +0.045
C(1) +0.263%* -0.042
S +0.356% +0.026
Cc(2) +2.176%* +1.836%*

* Not included in the calculation of the plane.
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Table 1-25. Dihedral angles between planes concerning the

coordination geometry in [Pd(CHZSCH3)(PPh3)2]ClO4-O.25CH2Cl2
(ITIb) .,

Plane Atoms

(a) Pd, P(l) and P(2)

(b) , Pd, S and C(1l)

(c) C(l), S and C(2)

Dihedral angles(°®)

Plane (b) (c)
(a) 8.9 91.3
(b) 97.0
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6H5)2]4

An ORTEP plot(Johnson, 1976) of the tetramer and solvent

[Pd(CH2SC -CH2012(IV)

molecules viewed along the normal to the plane defined by Pd(l),
Pd(2) and Pd(3) is given in Fig. 1-20, together with the atomic
numbering scheme. Atoms are represented by thermal ellipsoids
enclosing 50% probability levels. Tables 1-26 and 1-27 show
bond lengths and bond angles along with their estimated standard
deviations. Although the molecular structures of some cyclic
complexes containing more than three palladium atoms have been
determined by X-ray analysis, 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 con-
sisting of palladium atoms bridged by CHZSCGHS groups.

The skeletal part of the molecule projected on the least-
squares plane of four palladium atoms is presented in Fig. 1-21.
The molecule has approximate 222 symmetry. Four palladium atoms
are located at the corners of a distorted rectangle. Two aver-
aged Pd...Pd distances are 4.051 and 3.304 g, respectively.
Nonbonded Pd...Pd distances in some complexes containing more
than three palladium atoms are listed in Table 1-28. Four
coordination planes of palladium atoms are coupled in a cyclic
manner. The coordination geometry around each palladium atom
is essentially square-planar, which is shown in Fig. 1-22 viewed
along the normal to the plane of palladium and two sulphur atoms.
Selected bond lengths and bond angles are given in the figure.
The equations of four coordination planes and some atomic devia-

tions from these planes are shown in Table 1-29. As shown in

Fig. 1-22, these four monomeric units are virtually equivalent.
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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 listed in Table

1-30. The conformation of phenyl (2B) is obviously different
from those of the others. The CHZSCGH5 groups take cis~coor-
dination.

In the CHZSCGHS groups the mean bond lengths of S-C(methyl-
ene) and S~C(phenyl) are 1.82 and 1.80 g, respectively, which
correspond to the expected values of the S—C(sp3) and S—C(spz)
single bonds, respectively. The S-C(methylene) bond lengths in
this complex are compared with those found in I and II[1.796 and
1.756 g, respectively.

The mean Pd-C bond length(2.05 R] has a value expected for
a Pd(II)—C(sp3) g~bond. The mean Pd-S bond length{2.400 g] is
relatively long compared with in which more than two palladium
atoms are bridged by sulphur~containing ligands, as shown in
Table 1-31. This may be partly due to the trans-influence of
the carbon atom in the CHZSCGHS group.

With regard to sulphur atoms, there are two kinds of con-
figurations. Although the crystal belongs to a centrosymmetric
space group and absolute cbnfiguration does not exist, sulphur
atoms numbered as S(nA) take A-configuration and the others
(S(nB)) S-configuration in the enantiomer in Fig. 1-20 where
n = 1~n4. In this connexion, the conformation about the
Pd-S(nA) bond is distinctly different from that of Pd-S(uB) as
shown in Fig. 1-22. Mean bond angles around two types of

sulphur atoms differ slightly; e.g. Pd-S(nA)-CH,=111.1, Pd~-S(nB)

2

~CH,=105.8, Pd-S(nA)-C(Ph)=111.7 and Pd-S(nB)-C(Ph)=108.3°.
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The packing of molecules in a unit cell projected along the
a* axis is given in Fig. 1-23. All intermolecular atomic con-
tacts are considered to be the normal van der Waals distances,
the shortest contact being 3.30(5) g[c(4A4)(x,y,z)---C(4A4)(l—x,

]--'31 IEZ) ) .

C(2BY)
C(2B3)

ngZii?” unn‘@!/
) M2
€128) oA § »\/I/
i -

C(2B5)

— C(1B5)

Fig. 1-20. An ORTEP plot of the tetramer and solvent molecules
of [PA(CH,SCH:),1,-CH,
spond to 50% probability level.

Clz(IV). The thermal ellipsoids corre~
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cl2
C(3A) cleA).

(-1-17) S(3
(+]-

Pd(3)

(+0:31),

s(1B)
(+1-78)
gC(OB)
(-116)

C(4A) CUA)

(a)

Pd(3) Pd(2)

_ 3302(2)
/
" 3.306(2)

Ae)
e: O
T T T 4079(2)

Pd(4)

(b) (c)

Fig. 1-21. The skeletal part of the complex projected onto
the least~squares plane of four palladium atoms in
[PA(CH,SC H:) ,1,-CH,CL, (IV).

(a) Deviations of atoms from the least-squares plane in paren-
theses.

(b) Inter-palladium distances and angles.

(c) Correlation of four coordination planes.
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Fig. 1-22.

c(1A1) c(2a1)
‘e S(1R)-C(1A1)=1.80(2)
%,

92.0(6)

$(3A)

LA
% C(3A1) % S{4R)-C(4A1)=1.74(2)

A0

Pd(3)-S{3B)-C(4B) =106.7(7)
Pd(3)-5{3B)-C(381)=109.2{6)
€(48)-5(38)-C(381)=103.9(9)

S(28) S(48)

The coordination geometry around each palladium atom in [Pd(CH

2

&

R
w:e‘

3

$(38)

SCeHg) 51

Pd(2)-5{2B)-C(1B) =106.2(7)
Pd(2)-S(2B)-C{2B1)=108.0(7)
c(18)-5{28)-C(2B1)=107.2(10)

Pd(4)-5(4B)-C(3B) =105.8(7)
Pd(4)-5(4B)-C(4B1)=108.2(7)
€(3B)-5(48)-C(481)=106.9(9)

-CH

2

C12(IV).
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The packing of the molecules of [Pd(CHZSC6H5)2]4-

1-23.
CH2C12(IV) projected along the a* axis.

Fig.

Atoms are represented

by thermal ellipsoids at 50% probability levels.

- 72 -



Table 1-26.

Bond lengths in [Pd(CHZSCGH

],.CH C12(IV).

57274 2

Estimated standard deviations in parentheses.

(o]
Length(A)

Pd(n)~-S (na)
Pd (n)-S (nB)
Pd(n)~-C(nA)
Pd(n)~C(nB)

S (nA) -C (mA)

S (nB)~C (mB)

S (nA)~C(nAl)
S (nB)~-C(nBl)

C(nAl)-C(nA2)
C(nA2)~C(nA3)
C(nA3)-C(na4)
C(nA4)-C(nAb5)
C(nA5) -C(nA6)
C(nA6)~-C(nAl)

C(nBl)~C(nB2)
C(nB2)~-C(nB3)
C(nB3)~C(nB4)
C(nB4)~-C(nB5)
C(nB5) ~C (nB6)
C(nB6)-C(nBl)

Cl(1ls)-C(8)
Cl(2s)-C(s)

n =1

2.401(5)
2.398(6)
2.05(2)
2.09(2)

(m = 4)
1.79(2)
(m = 2)
1.84(2)

.80(2)
.84(2)

T

.39(3)
.41(3)
.33(3)
.46(3)
.42(3)
.39(3)

T

.33(3)
.40(4)
.37(4)
.38(3)
.42(3)
.41(3)

e e i

—

.78(4)
1.65(4)
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n o= 2

2.402(5)
2.407(5)
2.05(2)
2.08(2)

(m = 3)
1.82(2)
(m = 1)
1.81(2)

1.83(2)
.81(2)

’.—l

.35(3)
.51(4)
.36(4)
.41(4)
.40(4)
.43(3)

= = T

.38(3)
.40(4)
.46 (4)
.43 (4)
.42(3)
.37(3)

R

n = 3

2.393(5)
2.408(5)
2.01(2)
2.04(2)

(m = 2)
1.84(2)
(m = 4)
1.83(2)

1.82(2)
.82(2)

=

.40 (3)
.43(3)
.38(4)
.42(3)
.45 (3)
.42(3)

e i e

.37(3)
.42(3)
.45(3)
.38(3)
.41(3)
.38(3)

e T T O ST

n =4

2.399(5)
2.390(5)
2.04(2)
2.06(2)

(m = 1)
1.84(2)
(m = 3)
1.79(2)

1.74(2)
.77 (2)

[t

.45(3)
.36(3)
.42(3)
.44 (3)
.40(3)
.42(3)

e

.37(3)
.41(4)
.43(4)
.32(4)
.42 (4)
.40(3)

(e T SR SR SR
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Table 1-27. Bond angles in [Pd(CH28C6H5) 1
parentheses.
Angle(°) n =1
S(nA)~-Pd(n)-S (nB) 88.2(2)
S (nA)-Pd (n) -C (nd) 93.2(6)
S (nB)-Pd (n)~-C (nB) 89.6(6)
C(nA)-Pd (n)-C(nB) 89.0(8)
(m = 4)
Pd(n) =S (nA)-C(mA) 111.2(7)
(m = 2)
Pd (n)~S (nB) ~C (mB) 104.6(7)
P4 (n)~S(nA)~C(nal) 99.4(6)
Pd(n)-S (nB)~C(nBl) 107.9(7)
(m = 4)
C(mA)~S (nA)-C(nAl) 104.4(9)
(m = 2)
C (mB) -5 (nB) -C (nB1) 105.5(9)
(m = 4)
Pd(n)=C(nA)~S (mA) 103.8(9)
(m = 2)
Pd(n)-C(nB)~S (mB) 100.3(10)

2°4

.CH2C12(IV).

n = 2

86.7(2)
92.8(5)
92.0(6)
88.5(7)

(m = 3)
111.2(6)
(m = 1)
106.2(7)

104.6(7)
108.0(7)

(m = 3)
103.9(10)
(m = 1)
107.2(10)
(m = 3)
104.4(9)
(m = 1)
105.3(9)

Estimated standard deviations in

n = 3

87.3(2)
93.9(6)
90.3(6)
88.5(8)

(m = 2)
111.0(6)
(m = 4)
106.7(7)

97.0(6)
109.2(6)

(m = 2)
105.0(9)
(m = 4)
103.9(10)
(m = 2)
109.4(9)
(m = 4)
106.0(9)

n =4

89.1(2)
93.3(6)
90.0(6)
87.7(8)

(m = 1)
110.9(7)
(m = 3)
105.8(7)

105.3(7)
108.2(7)

(m = 1)
102.8(10)
(m = 3)
106.9(9)
(m = 1)
105.2(9)

(m = 3)
102.7(10)
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Table 1-27.

(continued)
Angle(°)

S (nA)-C (nAl)-C{nA2)
S (nA)-C(nAl)-C(nhb6)

C(nA6)-C(nAl)-C(nA2)
C(nAl) -C(nA2)~C(nA3)
C(nA2)-C(nA3)~-C(nad)
C(nA3)~C(nA4)~C(nAd)
C (nA4)~C(nA5)-C(nA6)
C(nA5)~-C(nA6)~C(nAl)

S (nB)-C(nBl)~C(nB2)
S(nB)-C(nBl)~C(nB6)

C(nB6)~C (nBl)~C(nB2)
C(nBl)~-C(nB2)~-C(nB3)
C(nB2)~C(nB3)~C(nB4)
C(nB3)~-C(nB4)-C(nB5)
C(nB4)-C(nB5)~C(nB6)
C(nB5)-C(nB6)-C(nBl)

Cl(1ls)-C(s)-C1l(28)

117.
121.

120.
118.
123.

119

121

120.
115.

123.
118.
120.
120.
119.
.8(20

116

113.

9(15)
8 (15)

2(18)
5(18)
0(20)

.7(20)
116.

8(19)

.6(19)

6(17)
5(16)

6(21
5(22
7(23
7(23
5(21

N e N e e e

3(22)

117.
117.

124,
117.
117.
122.
120.

lle

113.
122.

123.
119.
118.
119.
118.
119.

9(18)
3(17)

8(21)
6(22)
3(24)
9(26)
9(23)

.4(21)

6(16)
4(17)

9(20)
2(22)
8(23)
6(24)
6(22)
6(20)

117.
119.

122

118

118.
117.

124.
119.

118
117

115

6 (15)
9(15)

.4(18)
119.

7(20)

.7(22)
122,
119.
117.

6(22)
20)

18)

w N

5(14)
1(14)

8(18)
8(18)

.0(18)
.9(19)
124.

5(19)

.3(18)

119.
.1(16)

125

115.
123.
119.
120.
117.
123,

125.
117.

117.
123.
117.
121.
120.
121.

5(15)

4(18)
6(19)
4(20)
0(20)
8(20)
6(19)

3(17)
6(15)

1(20)
1(24)
3(25)
0(25)
2(24)
2(21)
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Table 1-28.

palladium atoms.

Pd complex

[Pd(CH3COO)(ONC(CH3)2)]3

[PA(SC3H,) 51 ¢

[Pd(CH3COO)2]3

[Pd(SC2H5)(SZCSC2H5)]3

[Pd(S3C

aHg) 15

[Pd(CH28C6H5)2]4

Pd...Pd

distance {A)

2.998(4)
3.009(5)
3.019(4)

3.014(2)
3.157(2)
3.235(2)

3.105(1)

3.203(1)

3.303(2)
3.307(2)
3.365(2)

3.407(12)
3.486(12)
3.662(12)

3.302(2)
3.306(2)

4.023(2)
4.079(2)

Mean ,
value (A)

3.009

3.135

3.422

3.518

3.304

4.051

Non-bonded Pd...Pd distances in some complexes containing three or more

Reference

Mawby & Prigle(1971)

Kunchur (1968)

Skapski & Smart(1970)

Fackler Jr. & Zegarski(1973)

McPartlin & Stephenson(1969)

this work (complex IV)



Table 1-29. Least~squares planes in [Pd(CHZSC «CH Clz(IV).

6115) 214+ CHy
The equation of the plane is of the form: 4X + BY + CZ + D

o
= 0.0, where X, Y and Z are measured in A units; X = agx + czcosB,

Y = by and Z = czsingB.

Coordination plane of Pd.

Plane(n) indicates the coordination plane around the Pd(n) atom.

Plane (1) Plane (2) Plane (3) Plane (4)
A 0.720 -0.205 ~-0.592 ~0,299
B -0.525 -0.668 0.759 -0.954
c ~0.453 ~0.715 -0.272 0.028
D 2.189 3.598 3.738 6.996

[+]
Deviations of atoms from the plane(A)

n =1 n = 2 n =3 n = 4
Pd(n) -0.009 0.009 0.010 -0.028
S (nA) 0.027 0.016 -0.007 0.075
S (nB) -0.023 -0.021 0.003 -0.059
C(nd) -0.028 -0.024 0.003 -0.067
C(nB) 0.035 0.018 ~0.009 0.082
C(nal)* ~-1.671 -1.733 -1.778 -1.496
C(nBl) * -1.575 ~1.686 -1.568 ~-1.541

m= 4 m = 3 m = 2 m =1
S (mA) * 1.688 1.715 1.647 1.604
C(mA)* 0.134 0.424 0.215 0.152

m = 2 m =1 m = 4 m = 3
S(mB)* 1.822 1.788 1.704 1.887
C (mB) 1.336 1.102 1.256 1.313

* Not included in the least~-squares calculation.
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Table 1~30. Dihedral angles between phenyl plane and coordi-
nation plane in [Pd(CstCGHS)Z] -CH,C1, (IV) .,

4 2

Coordination plane Phenyl plane* Dihedral angle(°)
Plane (1) Phenyl (1A) 86.2

Phenyl (1B) 85.8
Plane (2) Phenyl(2a) 87.7

Phenyl (2B) 69.9
Plane (3) ' Phenyl (3A) 88.2

Phenyl (3B) 85.1
Plane (4) Phenyl (4A) 77.4

Phenyl (4B) 89.2

* Phenyl (nX) indicates the phenyl group which is attached to
S(nX), where n = 14 and ¥ = A or B.
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Table 1-31.

by sulphur-containing ligands.

Pd complex

[Pd3(802)2

[Pd(SCMe3)(SZCSCMe3)]2

[Pd(SEt)(SZCSEt)]3

[Pd(S3C4H8)]3
[Pd(S(n—Pr))2]6
[Pd(PPh3)(SC

[Pd(PPh3)(SC6F

[Pd(CHZSC6H5)2]4

[Pd(SCN)(PhZPO)ZH]Z

(Me3CNC)5]

6F5)2]2(Form I)

[Pd(SCNMez)((MeO)3P)Cl]2

5)2]2(Form IT)

Bridging ligand

SO2

SC(CH,) 4
SCH,,CH

SCH2CH28CH2CHZS

SCHZCHZCH3

SC6F5

SCN(CH3)2

SC6F5

CH28C6H5

SCN

a The number of independent Pd-S bonds in a complex.

3 o

¢ Esd of individual bond length(x10 ~ A)

(a) Otsuka, Tatsuno, Miki, Aoki, Matsumoto, Yoshioka & Nakatsu(l1973).
(c) McPartlin & Stephenson(1969).
(f) Porter, White, Green, Angelici & Clardy(1973).

Zegarski(1973).
(1970) .

(h) Naik, Palenik, Jacobson & Carty(1974).

(]
Mean value (A) Range
2.

2-

261

320

.324

.331

.350

.371

.382

.395

.400

.435

13
10
12

124

172

21

74

18

b Esd®

89
3
406

3032

4~ 5

11~13

56

Pd-S bond lengths of some complexes with more than two palladium atoms bridged

Reference
(a)

(b)

(b)

(c)

(d)
(e)
(£)
(g)
this work

(h)

— o
b The range of bond lengths (x10 3 A).

(b) Fackler Jr. &
(e) Fenn & Segrott

(d) Kunchur (1968).
(g) Fenn & Segrott(1972).



1-5 Conclusion

The coordination behaviour of the CHZSR(R=CH3, C6H5) groups
to the palladium atom has been elucidated by the present struc-
ture determination of five palladium complexes containing these
groups. In the complex I, the CHZSCH3 group is bonded to the
palladium atom only through the Pd-C o-bond and no donation of
the sulphur to the metal atom is observed in this group. In

the complex II, the CH,SCH, group is bound to the palladium atom

2 3
through both the Pd-C o-bond and the Pd-S coordination bond, a
metal-carbon-sulphur three-membered ring being formed. This
group functions as a bidentate ligand. The coordination modes
of the CHZSCH3
be different from each other. In the complex IITa, the coor-

group in the cationic complexes IIIa and IIIb may

dination mode of the CHZSCH3

to that found in the complex II, while the form of the posi-

group is considered to be similar

tively charged methylenemethylsulphonium ion plays a great con-
tribution to the coordination of this group in IIIb. The CHZSCH3
group may function as a two-~electron ligand in IIIb. On the
other hand, the CH

sC H5 groups in the complex IV bridge four

2776
palladium atoms to form a stable tetrameric molecule. This
group functions as a bridging ligand, which has been observed
in the platinum complexes containing the CHZSCH3 group (Yoshida,
Kurosawa & Okawara, 1977). Structures of five palladium com-
plexes determined in this study are summarized schematically
in Fig. 1-24.

It is surprising that the complex II was obtained from the

repeated recrystallization of the complex I. The nucleophilic-

ity of the sulphur to the matal atom is observed in the crystal
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CH

Ph3P\\ //CHZ\S/ 3 Ph3P\\ _CH,
Pd pd
Cl// \\PPh Cl// ‘\S
3 ~
CH3
(I) (I1)
Ph3P\ +/CH2 _ Ph3P\ CH2 _
Pd‘\ PF . Pd "" ClO4
Ph3P’/ 5. Ph,P sT_
CH3 CH3
(I1Ia) (IIIb)
r P\h Ph -
-1 CH2 CHz-—- S\ v S —/r
/Pd\ Pd\
—+— s s—cu”” CH,~t
/ \ 2 2
- Ph Ph - 2
(IV)
Fig. 1-24. Structures of five palladium complexes containing

the CstR(R=CH3, C6H5) groups determined in this study.

structure of the complex I, which may be a driving force for
the formation of the complex II. The cationic complexes IIIa
and IIIb were obtained by the treatment of the complex I with

NH,PF_ and AgClO respectively. The resonance equilibrium

4776 4’
between structures a and b presented below is suggested for the

bonding of the CH SCH3 group in the complexes II and III, which

2
stabilizes these complexes. It is reasonable that the CstCH3
group is bonded to the palladium atom in the form of the methyl-

enemethylsulphonium ion as observed in the complex IIIb, because

W[ e a
/ Se / st\
CH, CH,
(a) (b)
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the resonance structure b is stabilized in the cationic complexes
III. However, it is incomprehensible that the complex IITa may
have little contribution from the resonance structure b in the
bonding of the CstCH3 group. This difference in the coordina-
tion modes between IITa and IIIb may be partly caused by the
strength of the negative charge in the PF6 and ClO4 anions.

Table 1-32 presents distances between the [Pd(CHZSCH3)(PPh3)2]

cation and the anion(PF. or c1o4) in IIIa and IIIb. As both

6
anions are considered to have the spherical symmetry, the dis-
tances between the palladium atom and the central atom of anions

(the phosphorus and chlorine atoms for the PF6 and ClO4 anions,

respectively) are compared with each other. The radius of the
[
PF6 anion(P-F=1.54 A) is larger than that of the ClO4 anion
o
(Cl-0=1.42 A). Nevertheless, the Pd...P(3) distances in IIIa

are significantly shorter than those of the Pd-...Cl(l) in IIIb,
which suggests that the complex IIIa behaves as a stronger ion
pair than the complex IIIb. This fact is probably one of the

reasons why the coordination behaviour of the complexes IITa

Table 1-32. Contacts between the [Pd(CstCHB)(PPh3)2] cation
and the anion (PF6 or c1o4) in the complexes IITa and IIIb.

The distances between the palladium atom(centre of the cation)
and the phosphorus atom(for PF6 in IIIa) or the chlorine atom

(for C1l0, in IIIb) (centre of the anion) are shown.

4
[o]
Distance(A) IITa IIIb
PA(x,y,2)+-+-P(3) Pd(x,y,z)-+-Cl(1)
Nearest 4,759(8) (x,v,2) 5.317(17) (x,y,2)
Second 5.252(8) (1-x,-1/2+y,1/2~-z) 6.288(17) (~1+x,y,2)
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and IIIb is somewhat different from each other.

Bond lengths and bond angles concerning the coordination
around the palladium atom and the bonding of the CHZSCH3 and
CH28C6H5 groups in the complexes I, II, IITa, IITb and IV are

summarized in Table 1-33.
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Table 1-33. Bond lengths and bond angles concerning the coordination of the palladium atom

and the bonding of the CH,SCH, and CH,SC

2 3 2 6H5 groups in the complexes I, II, IIIa, IIIb and 1IV.

Complex (1) (I1) (ITIa) (ITIIb) (IV) *

Coordination of Pd

pd-C1 2.408(1) A 2.402(1) A  ——- —— —
[+ [«]
Pd-P 2.346(1) 2.267(1) 2.350(5) A 2.320(3) a —_———
2.337(1) 2.271(6) 2.297(3)
Pd-C 2.061(3) 2.042(6) 2.06(4) 2.208(13) 2.05(2) A
Pd-s ——— 2.371 (L) 2.367(8) 2.303(6) 2.400(5)
Bonding of the CH, SR groups
R CH3 CH3 | CH3 CH3 C6H5
CHZ—S 1.796(3) 1.756(06) 1.77(4) 1.678(14) 1.82(2)
S—CH3(C6H5) 1.817(5) 1.807(7) 1.78(4) 1.86(4) 1.80(2)
Pd—CHz—S 100.64(14)° 76.9(2)° 75.8(13)° 71.2(6)° 105.7(9)°
103.6(10)
Pd—S—CH2 -——— 56.98(19) 57.7(11) 65.2(5) 105.8(7)
111.1(7)
Pd—S—CH3(C6H5) - 106.7(2) 105.7(11) 102.3(11) 101.7(7)
108.3(7)
CH,.,-S-CH, (C_ H_) 101.28(18) 103.8(3) 101.7(15) 104.6(12) 104.0(10)
2 3'767°5 105.9(9)

* mean values of four or eight equivalent bond lengths and bond angles.



CHAPTER 2
Molecular Structures of Palladium Complexes Containing

Thia-allyl or Thioamidomethyl group

2.1 Introduction

In this chapter, molecular structures of palladium com-
plexes containing two kinds of sulphur-containing ligands,
thia-allyl and thioamidomethyl groups, are described, and the
coordination behaviour of these groups to the metal atom is dis-
cussed. A series of palladium-catalyzed reactions of thio-
amides have been studied by Yoshida and his co-workers (Tamaru,
Kagotani & Yoshida, 1979%a; 1979b). Those are summarized in
Schemes 2-1 and 2-2.

A thia-allyl palladium complex (V), which is the first
"possible" thia-m-allyl complex, has been prepared by the
palladium-assisted Michael addition of sodium dimethylmalonate
to V,N-dimethylthiomethacrylamide as shown in Scheme 2-1 (Tamaru,
Kagotani & Yoshida, 1979a). Palladium complexes containing
the 7-allyl group have been widely studied from both viewpoints
of synthetic and structural chemistry(Hartley, 1973a). The
molecular structures of many m-allyl palladium complexes have
been determined by means of X-ray diffraction. In addition,
metal complexes containing the oxa-m-allyl or thia-m-allyl
group, in which one of the terminal methylene group of the
allyl group is replaced by a hetero atom such as oxygen or
sulphur, have also been investigated although there are not

so many reports of such complexes. Some of oxa-m-allyl
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Scheme 2-1.

\ 1
/] | Rl N ; X R |
Li,PdCl NaCR>XY
RZ N 2 "4 3 <Y "N
~N 3
THE R? | S R
S R2 S
PdCT 3= H, CH, Pd
1 2 XY = CO,CHy, Cl ﬁ)(z
a: R]=CH3, R%=H CO,C Hs »
1 2
b: R'=H, R°=CH, COCH, 3
 COyMe
T1(acac) S
3a Me0,C /
R]- H /yq\
R 33 0 0
- ]

palladium complexes have been isolated(Yoshimura, Murahashi &
Moritani, 1973) and have been suggested as reaction intermedi-
ates(Bierling, Kirshke, Oberender & Schulz, 1972; Wolff &
Agosta, 1976; Ito, Hirao & Saegusa, 1978; Ito, Aoyama, Hirao,
Mochizuki & Saegusa, 1979), however, none of their three-dimen-
sional structures has been determined and the stereochemistry
of the oxa-m-allyl metal complexes have not been established

yet. On the other hand, no thia-m-allyl metal complex has

been reported. It is therefore full of interest if the coor-
H H B
H,C%, NCH H c‘ﬁgﬁ§o H c‘59*>s
2 ; 2 2 ' 2-
M M M
T-allyl oxa-mw-allyl thia-m-allyl

dination mode of the oxa-m-allyl or thia-m-allyl group to the

metal atom is elucidated from the three-~dimensional structure.
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A thioamidomethyl palladium complex (VI) has been afforded
by the reaction between palladium chloride and VN ,V-dimethyl-
thiobenzamide as shown in Scheme 2-2(Tamaru, Kagotani &
Yoshida, 1979b). The complex VI contains an N-methylthiobenz-
amidomethyl group which is expected to form a five-membered ring
with the palladium atom. |

The molecular structures of the complexes V and VI have
been determined by means of X-ray diffraction to clarify the
coordination behaviour of these sulphur-containing ligands to
the metal atom. In order to obtain precise molecular struc-
tures, diffraction data collected at liquid nitrogen tempera-
ture and two or more symmetry-equivalent reflexion data were

employed in the structure analyses for V and VI, respectively.

Scheme 2-2.

[:::l\n/l e |

N e S N

NN MeOH & 7
S S ~
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2.2 Experimental

Crystals used in this study were kindly supplied by Prof.
Z. Yoshida and his co-workers. Crystals of thia-allyl palla-
dium complex (V) are yellow plates, while those of thioamido-
methyl palladium complex (VI) are yellow prisms. Well~shaped
crystals with approximate dimensions 0.4x0.3x0.15 mm for V and
0.15x0.25x0.4 mm for VI were 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 computer-controlled diffractometer. The crystal
system was determined as monoclinic for V and as orthorhombic
for VI, respectively. The each space group was uniquely
determined as le/n for V and P212121 for VI by the systematic
absences of reflexions. Accurate cell dimensions were deter-
mined by a least-squares fit of 20 values of 25 strong reflex-
ions. Crystal data are shown in Table 2~1.

The data collection was carried out at both -160 and 20°C
for V and only at 20°C for VI, respectively. The required
low temperature was attained by the gas flow method using
liguid nitrogen. Intensity data were collected on a Rigaku
diffractometer by the 6-26 scan technique with graphite~mono-
chromatized Mo-Xo radiation(A=0.71069 i, 40KV, 30mA). The
scan speed was 4°min_l and the scan width was A8=(1.0+0.35tan0b)°.
The background intensity was measured for 7.5 sec at each end
of a scan. For the complex V, totals of 4186(at -160°C) and
4325 (at 20°C) reflexions with 26 less than 54° were collected
and 318(at -160°C) and 643(at 20°C) reflexions were considered

as unobserved. For the complex VI, two sets of Bijvoet pair
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| F(hkl)| and |F(Rk1)| reflexions, a total of 3720 reflexions
was collected up to 20=54° at 20°C and 198 reflexions were con-
sidered as unobserved. Four standard reflexions (0,0,10, 060,
501 and 444 for Vv and 600, 040, 0,0,10, and 224 for VI) were
measured at regular intervals to monitor the stability and
orientation of the crystal, and the intensity of these reflex-
ions remained constant throughout each data collection.

Lorentz and polarization corrections were carried out in the
usual manner. No corrections for absorption and extinction

effects were applied.

Table 2-1. Crystal data

Complex V Complex VI
Formula C16H25N06Pds C14H17N02Pds
Formula weight 465.8 369.8
F(000) 952 744
Crystal system monoclinic orthorhombic
Space group P21/n P21212l
[-160°C] [20°C] [20°C]
a (3) 8.752(3) 8.801 (1) 11.200(2)
b (B) 11.444(4) 11.562(2) 6.972(1)
e (A) 19.095(5)  19.390(2) 19.034(3)
B (°) 92.06(3) 91.53(1)
v (a3) ©1911.3(9)  1972.3(4) 1486.4 (4)
z 4 4 4
De (g cm ) 1.619 1.568 1.652
1 (Mo—X0,) (cm™ 1) 10.9 10.6 13.6
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2.3 Structure Solution and Refinement

The both structures were solved by the conventional heavy
atom method. The refinement of structures was carried out by
the block-diagonal least-squares procedure using the HBLS-V
programme(Ashida; 1979), the function minimized being
Zw(lFo]—ch])z. The weighting scheme used was w=(ocsz+a|F0|
+b|Fo|2)_ for |[Fo|>0, and w=e¢ for |Fo|=0, where 0,s is the
standard deviation obtained from the counting statistics and
the values of a, b and ¢ are the constants adjusted in the
least-aquares refinement, although the unit weights were em-
ployed at the early stages of the refinement. The R and Rw
(weighted R) values are defined by R=)||Fo|-|Fe||/)|Fo| and
Rw={2w(|Fo|-|Fc|)Z/ZwIFOIZ}l/Z, respectively. The atomic
scattering factors were taken from International Tables for
X-ray Crystallography(1974) for non-hydrogen atoms and those of
Stewart, Davidson & Simpson(1965) for hydrogen atoms.

All computations were carried out on an ACOS 700 computer

at Crystallographic Research Center, Institute for Protein

Research, Osaka university.

Thia-allyl Palladium Complex (V)

For the structure solution, intensity data obtained at 20°C
were used. A three-dimensional Patterson map readily deter-
mined the location of the palladium atom. The subsequent
Fourier map based on this atomic position revealed all locations
of the remaining non-hydrogen atoms.

The structures at low and room temperatures were refined

in parallel with each other. Several cycles of isotropic
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refinement converged the F values to 0.059(at -160°C) and 0.078
(at 20°C) for non-zero reflexions. A few more cycles of aniso-
tropic 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
found all the hydrogen atoms. The parameters of the hydrogen
atoms were also refined isotropically in the further refinement.
The final F indices are 0.033 and 0.039 for non-zero(0.039 and
0.056 for all) reflexions at -160 and 20°C, respectively. The
final weighted R values(Rw) are 0.044(at -160°C) and 0.049(at
20°C) for all reflexions and the weighting parameters, a, b and
¢ 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 20°C), respectively.
The final atomic positional and thermal parameters at -160 and

20°C are listed in Tables 2-2 and 2-3.

Thioamidomethyl Palladium Complex (VI)

The coordinates of the palladium atom were easily deter-
mined from a Patterson synthesis. The remaining all the non-
hydrogen atoms were located by the subsequent Fourier map.

The refinements were carried out without consideration of
anomalous dispersion effect using 1886 (1837 non-zero) reflexions
which were obtained by averaging |F(hkl)| and |F(hk7)| reflex-
ions. The agreement factor of equivalent reflexions defined

by R =Y||F|-<|F|>|/}|F| is 0.014 for 3720 total reflexions,

ref.
where <|F|> is the averaged value of two or more equivalent
reflexions. Several cycles of isotropic refinement of non-

hydrogen atoms reduced the R value to 0.072 for non-zero
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reflexions. The further cycles of anisotropic refinement con-
verged with R£=0.040 for observed reflexions. All the hydrogen
atoms were reasonably found in difference Fourier maps. After
several more cycles of refinement were carriea out anisotropi-
cally for non-hydrogen atoms and isotropically for hydrogen
atoms, five strong reflexions (200, 201, 002, 012 and 013) which
showed large discrepancy between |Fo| and |Fe| (|Fo|<|Fe|) were
omitted because they may be considered to be affected with
extinction effects. The final R indices are 0.024 and 0.027
for non-zero and all reflexions, respectively. The final
weighted R value(Rw) is 0.031 for all reflexions, and the
weighting parameters used at the final stage of refinement are
0.0012, 0.0004 and 0.1450, respectively.

After all the refinements completed, the absolute configu-
ration of the molecule was confirmed by the refinement of both
models(x,v,z and x,v,z), including hydrogen atom contributions,
to convergence, although the present molecule contains no asym-
metric atoms. For this refinement, |F(hkl)| and |F(hkIl)| re-
flexions were treated as independent data(a total of 3252 re-
flexions) and anomalous dispersion effects were included, Af'
and Af"” components of which were taken from those of Inter-
national Tables for X-ray Crystallography(l974). The chosen
model had the R value of 0.0260 while the enantiomeric struc-
ture gave the R index of 0.0295. The R factor ratio test
(Hamilton, 1965) applied to these R values obtained showed that
alternate model(x,y,z) may be rejected at less than the 0.005
significant level. The final atomic parameters for the cor-

rect model are listed in Tables 2-4 and 2-5.
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Table 2-2.

Positional parameters in fraction of cell edges and thermal parameters in the form of
expl= (B hP+8, ko +B 31548 k4B JhL1+B, k1) ],

(a)
Atom

Pd
S
o( 1)
o( 2)
o( 3)
o( 4)

o( 6)

-160°C

X

0.04988(3)
-0.19051(9)
0.2708(3)
0.0413(3)
0.2338(3)
0.3862(3)
-0.0897(3)
-0.0596(3)
-0.2142(3)
0.3397(4)
0.1527(4)
0.2906(4)
0.4897(4)
0.1277(4)
-0.1258(4)
0.0428(4)
0.1504(4)
0.1282(4)
0.2654(4)
-0.0167(4)
0.3573(4)
-0.2286(4)
0.0893(4)
-0.3790(4)
-0.1556 (4)

y

0.112818(19)

0.10591(8)
0.15398(19)
-0.01916(19)
-0.08892(19)
0.0638(3)
-0.05703(19)
0.10775(19)
0.2774(3)
0.1108(3)
-0.0425(3)
0.0183(3)
0.1685(3)
-0.1468(3)
0.2162(3)
0.2294(3)
0.1855(3)
0.0585(3)
0.0141(3)
0.0414(3)
~0.1467(3)
-0.0818(4)
0.3517(3)
0.2540(4)
0.3595(3)

z

0.1853206(11)

0.22491(5)
0.16146(11)
0.10724(11)
0.42163(12)
0.40027(13)
0.37068(12)
0.43430(13)
0.31906(14)
0.10992(16)
0.06856(15)
0.06662(16)
0.09441(18)
0.01998(17)
0.27859(15)
0.26718(15)
0.32676(15)
0.34943(14)
0.39367(15)
0.39015(15)
0.46046 (17)
0.4071(3)

0.24285(16)
0.3184(2)

0.37202(17)

B11

0.00492(3)
0.00429(9)
0.0052(3)
0.0057(3)
0.0047(3)
0.0055(3)
0,0045(3)
0.0072(4)
0.0052(4)
0.0050(4)
0.0063(4)
0.0063(4)
0.0051(4)
0.0082(5)
0.0048(4)
0.0043(4)
0.0044(4)
0.0038(4)
0.0043(4)
0.0048(4)
0.0055(4)
0.0045(4)
0.0080(5)
0.0059(5)
0.0079(5)

B22

0.002444(16)

0.00407(7)
0.00274(16)
0.00296(16)
0.00307(16)
0.00362(18)
0.00275(16)
0.00296(17)
0.00275(19)
0.0023(3)
0.0023(3)
0.0030(3)
0.0035(3)
0.0035(3)
0.0023(3)
0.0022(2)
0.0026(3)
0.00204(19)
0.0025(3)
0.0020(2)
0.0039(3)
0.0042(3)
0.0023(3)
0.0049(3)
0.0025(3)

833

0.000748(5)
0.00117(2)
0.00100(6)
0.00085(6)
0.00112(6)
0.00205(8)
0.00144(6)
0.00141(7)
0.00110(7)
0.00096(8)
0.00076(7)
0.00087(8)
0.00156(9)
0.00110(8)
0.00076(7)
0.00081(7)
0.00079(7)
0.00065(7)
0.00074(7)
0.00095(8)
0.00125(9)
0.00238(12)
0.00103(8)
0.00206(11)
0.00128(9)

B12

-0.00030(4)

-0.00091(12)

-0.0006(4)
-0.0015(4)
0.0007(4)
-0.0010(4)
~0.0004(4)
0.0011(4)
0.0020(4)
0.0011(5)
0.0002(5)
0.0004(5)
-0.0004(5)
-0.0010(6)
0.0007(5)
-0.0004(5)
~0.0008(5)
0.0002(5)
0.0007(5)
0.0010(5)
0.0009(5)
0.0002(6)
-0.0007(5)
0.0027(6)
0.0018(5)

B13

0.000458(19)

0.00036(7)
0.00119(19)
0.00049(19)

-0.0007(2)
-0.0019(3)

0.0008(2)
0.0027(3)
0.0008(3)
0.0006(3)

-0.0000(3)

0.0018(3)
0.0014(3)
0.0009(3)
0.0001(3)
0.0007(3)
0.0004(3)

-0.0000(3)

0.0005(3)
0.0001(3)

-0.0007(3)

0.0016(4)
0.0015(3)
0.0019(4)
0.0013(4)

Final atomic parameters for non-hydrogen atoms of Thia-allyl palladium complex (V)

Estimated standard deviations in parentheses.

B23

-0.000109(14)
-0.00147(6)
-0.00029(16)
-0.00024(15)
0.00096(16)
0.00073(19)
0.00044(16)
0.00029(16)
-0.00000(18)
0.0006(2)
0.0003(2)
-0.0006(3)
-0.0004(3)
-0.0010(3)
0.00048(19)
0.00013(19)
0.0001(2)
~0.00041(19)
-0.00053(19)
0.0009(2)
0.0004(3)
0.0014(3)
0.0001(3)
~0.0015(3)
-0.0009(3)
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Table 2-2.

(b) 20°C

Atom X

Pd 0.05266(4)
S ~0,18638(12)
o( 1) 0.2734(3)
o( 2) 0.0445(3)
o( 3) 0.2375(3)
of( 4) 0.3827(4)
o( 5) ~0.,0877(3)
o( 6) -0.,0569(4)
N -0.2113(4)
c( 1) 0.3402(5)
c( 2) 0.1513(5)
c( 3) 0.2891(5)
c( 4) 0.4887(5)
c( 5) 0.1272(86)
c( 6) -0.1225(5)
c(n 0.0451(4)
c( 8) 0.1517(4)
c(9) 0.1298(4)
c(10) 0.2652(4)
c(11) -0.0148(4)
c(12) 0.3574(5)
c(13) -0.2254(6)
c(14) 0.0928(5)
C(15) ~0,3757(6)
C(16) -0.1541(6)

(continued)

y

0.10738(3)
0.10132(11)

0.1463(3)
-0.0218(3)
-0.0912(3)

0.0628(3)
-0.0588(3)

0.1043(3)

0.2713(3)

0.1064(4)
-0.0426(4)

0,0181(4)

0.1636(5)
-0.1418(4)

0.2101(4)

0.2218(3)

0.1789(4)

0.0542(4)

0.0120(4)

0.0380(4)
-0.1487(4)
-0.0817(5)

0.3431(4)

0.2509(5)

0.3543(4)

z

0.187732(13)

0.22695(6)
0.16386(14)
0.10990(13)
0.41922(15)
0.4023(2)
0.37174(16)
0.43297(16)
0.31873(17)
0.1120(2)
0.07016(19)
0.0686(3)
0.0971(3)
0.0206(3)
0.27931(19)
0.26838(18)
0.32658(18)
0.35023(17)
0.39358(19)
0.39011(19)
0.4581(3)
0.4074(4)
0.2444(3)
0.3175(3)
0.3698(3)

B11

0.01077(4)
0.01007(13)
0.0115(4)
0.0122(4)
0.0096(4)
0.0119(5)
0.0097(4)
0.0170(5)
0.0122(5)
0.0102(5)
0.0134(6)
0.0120(6)
0.0114(6)
0.0180(8)
0.0110(5)

. 0.0111(5)

0.0087(5)
0.0086(5)
0.0099(5)
0.0101(5)
0.0129(7)
0.0106(7)
0.0174(7)
0.0129(7)
0.0180(8)

822

0.00604(2)
0.00982(11)
0.0071(3)
0.0073(3)
0.0070(3)
0.0096(3)
0.0069(3)
0.0080(3)
0.0067(3)
0.0056(3)
0.0063(3)
0.0063(4)
0.0086(4)
0.0081(4)
0.0060(3)
0.0050(3)
0.0060(3)
0.0056(3)
0.0063(3)
0.0053(3)
0.0090(4)
0.0095(5)
0.0051(3)
0.0115(6)
0.0072(4)

633

0,001893(7)
0.00299(4)
0.00257(8)
0.00229(8)
0.00292(9)
0.00581(15)
0.00382(10)
0.00323(10)
0.00279(11)
0.00253(11)
0.00187(10)
0.00256 (12)
0.00400(16)
0.00267(13)
0.00210(10)
0.00183(10)
0.00207(10)
0.00182(9)
0.00222(11)
0.00224(10)
0.00317(14)
0.0064(3)
0.00277(13)
0.0052(3)
0.00366(16)

B12
-0.00122(5)

-0.00247(19)

~-0.0026(5)
-0.0048(5)
0.0006(5)
-0.0052(6)
-0.0015(5)
.0.0036(6)
0.0041(6)
0.0004(7)
-0.,0003(7)
0.0006(7)
-0.0024(8)
-0.0036(9)
0.0020(6)
-0.0005(6)
-0.0021(6)
-0.0006(6)
0.0020(7)
0.0029(6)
0.0047(8)
-0.0018(9)
-0.0019(8)
0.0055(10)
0.0051(9)

B13

0.00074(3)
0.00072(10)

0.0022(3)
0.0014(3)
-0.0017(3)
-0.0072(4)
0.0013(3)
0.0062(4)
0.0015(4)
0.0011(4)
-0.0005(4)
0.0024(4)
0.0028(5)
0.0002(5)
0.0005(4)
0.0014(4)
-0.0003(4)
0.0007(4)
0.0003(4)
0.0001(4)
-0.0033(5)
0.0054(7)
0.0023(5)
0.0037(6)
0.0003(6)

B23

-0.00024(3)
-0.00342(10)
~0.0013(3)
-0.0018(3)
0.0015(3)
0.0040(4)
0.0009(3)
0.0001(3)
-0.0002(3)
0.0005(3)
-0.0002(3)
-0.0011(3)
-0.0019(5)
-0.0029(4)
0.0010(3)
0.0001(3)
0.0001(3)
-0.0008(3)

~ -0.0006(3)

0.0018(3)
0.0014(4)
0.0035(6)
0.0009(4)
-0.0035(6)
-0.0022(4)



Table 2-3.
Thia-allyl palladium complex (V)

Final atomic parameters for hydrogen atoms of

Positional parameters in fraction of cell edges and thermal

parameters in the form of exp[—B(sine/A)Z]. Estimated

standard deviations in parentheses.

(a) ~-160°C

Atom X y z B

H( 3) 0.360(4) -0.003(3) 0.0366(17) 1.3(7)
H(4A) 0.549(7) 0.117(5) 0.077(3) 5.4(14)
H(4B) 0.536(7) 0.192(6) 0.138(3) 6.0(14)
H(4C) 0.471(7) 0.229(5) 0.068(3) 6.3(14)
H(5A) 0.107(5) -0.212(4) 0.050(3) 3.0(9)
H(5B) 0.215(6) =-0.171(5) 0.002(3) 5.5(13)
H(5C) 0.050(6) -0.130(5) -0.001(3) 4.6(12)
H(8A) 0.246(4) 0.192(3) 0.3092(16) 0.8(6)
H(3B) 0.146(4) 0.236(3) 0.3669(17) 1.1(7)
H( 9) 0.129(4) 0.016(3) 0.3139(16) 0.8(6)
H(12A) 0.3067(5) -0.210(4) 0.484(2) 2.4(8)
H(12B) 0.428(4) -0.171(4) 0.4289(18) 1.4(7)
H(12C) 0.404(5) -0.093(4) 0.492(3) 2.8(9)
H(13aA) -0.266(5) -0.153(4) 0.388(3) 2.8(9)
H(13B) ~-0.206(5) -0.,091(4) 0.453(3) 3.2(10)
H(13C) -0.292(4) =0,031(3) 0.3976(17) 1.1(7)
H(14A) 0.181(4) 0.347(3) 0.2206(17) 0.9(6)
H(14B) 0.010(5) 0.390(4) 0.217(3) 2.2(9)
H(1l4C) 0.103(5) 0.400(3) 0.2787(19) 1.6(8)
H(15A) -0.427(5) 0.311(4) 0.336(3) 3.3(10)
H(15B) -0.408(5) 0.252(4) 0.276(3) 2.7(9)
H(15C) -0.394(6) 0.190(5) 0.345(3) 5.9(14)
H(16A) -0.154(6) 0.326(5) 0.420(3) 4.5(12)
H(16B) -0.063(6) 0.383(4) 0.366(3) 3.3(10)
H(16C) ~0.219(5) 0.418(4) 0.375(2) 2.3(8)

(b) 20°C

Atom X Yy z B

H( 3) 0.359(5) -0.002(4) 0.037(3) 5.4(11)
H(4A) 0.553(7) 0.106(5) 0.082(4) 9.6(18)
H(4B) 0.529(6) 0.180(5) 0.130(3) 8.2(15)
H(4C) 0.486(6) 0.212(5) 0.069(3) 8.4(15)
H(5A) 0.063(7) -0.185(6) 0.037(3) 9.4(16)
H(5B) 0.217(7) -0.176(6) 0.010(3) 9.7(17)
H(5C) 0.093(7) -0.120(6) ~0.015(4) 10.1(19)
H(8A) 0.241(4) 0.182(3) 0.3099(17) 3.0(8)
H(8B) 0.145(5) 0.230(4) 0.368(3) 4.7(10)
H( 9) 0.131(4) 0.018(4) 0.3142(18) 3.2(8)
H(12A) 0.322(7) -0.195(6) 0.479(4) 11.7(20)
H(12B) 0.423(6) -0.175(5) 0.427(3) 6.6(12)
H(12C) 0.401(6) -0.100(4) 0.480(3) 6.1(12)
H(13A) -0.248(6) -0.156(5) 0.392(3) 6.3(12)
H(13B) -0.202(7) -0.102(5) 0.452(3) 8.5(16)
H(13C) -0.291(6) -0.030(5) 0.402(3) 7.0(13)
H(14A) 0.188(5) 0.332(4) 0.222(2) 4.3(9)
H(14B) 0.017(6) 0.371(5) 0.215(3) 6.5(13)
H(14C) 0.101(5) 0.394(4) 0.281(3) 4.8(10)
H(15A) -0.425(6) 0.308(5) 0.336(3) 7.3(14)
H(15B) =-0.406(6) 0.239(5) 0.274(3) §.2(15)
H(15C) -0.399(6) 0.188(5) 0.332(3) 8.7(15)
H(16A) -0.129(7) 0.319(6) 0.413(4) 10.4(18)
H(16B) =-0.067(6) 0.380(5) 0.363(3) 7.3(14)
H(16C) -0.211(6) 0.416(5) 0.372(3) 7.5(14)
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Table 2-4.

complex (VI)

Final atomic parameters for non-hydrogen atoms of Thioamidomethyl palladium

Positional parameters in fraction of cell edges and thermal parameters in the form of

2 2 2
exp [~ (B 17 +B, k" +B 331 +B Jhk+B, JhI+B,5k1) ]

Atom

Pd

S

o( 1)
o( 2)
N .

X

0.17529(3)

0.21986(10)

0.1217(3)
0.2825(3)
0.0829(3)
0.1576(4)
0.2963(4)
0.2402(4)
0.1063(6)
0.3822(5)
0.1453(4)
0.0748(4)
0.0188(4)
0.1537(4)
0.2613(5)
0.2681(6)
0.1705(6)
0.0659(5)
0.0537(5)

y

0.03667(5)
0.15287(15)

-0.0374(5)
-0.2109(4)
0.4083(5)
-0.1828(6)
=0.3277(7)
~0.3189(7)
-0.2071(8)
=-0.4907(7)
0.3649(6)
0.2702(6)
0.5892(6)
0.4986(6)
0.5881(7)
0.7119(8)
0.7451(7)
0.6572(9)
0.5293(8)

Z

0.064725(14)

-0.04213(6)
0.16431(14)
0.05793(14)
0.01720(16)
0.19727(19)
0.1084(3)
0.1736(3)
0.2703(3)
0.0950(3)

-0.0388(2)
0.0749(3)
0.0273(3)

-0.09978(19)

-0.1155(3)

" -0.1714(3)

-0.2138(3)
-0.1993(3)
-0.1426(3)

B11

0.006508(19)

0.00814(9)
0.0096(3)
0.0075(3)
0.0055(3)
0.0080(4)
0.0061(4)
0.0077(4)
0.0135(6)
0.0086(4)
0.0061(3)
0.0066(4)
0.0072(4)
0.0082(4)
0.0089(4)
0.0124(5)
0.0169(7)
0.0128(6)
0.0090(4)

B22
0.01400(5)

0.01480(19)

0.0186(7)
0.0161(6)
0.0137(7)
0.0167(9)
0.0150(8)
0.0185(9)
0.0237(12)
0.0173(11)
0.0138(8)
0.0157(8)
0.0144(8)
0.0133(9)
0.0203(11)
0.0208(11)
0.0172(10)
0.0273(13)
0.0257(11)

633

0.002264(6)
0.00229(3)

0.00251(8)

0.00254(8)

0.00227(9)

0.00201(10)
0.00281(12)
0.00246(12)
0.00227(12)
0.00389(15)
0.00217(10)
0.00242(12)
0.00262(12)
0,00207(10)
0.00289(13)
0.00368(16)
0.00227(12)
0.00231(12)
0.00242(11)

B12

0.00062(7)
0.0057(3)
0.0052(9)
0.0013(7)
0.0010(7)
~0.0051(10)
-0.0007(9)
0.0022(10)
~0.0010(15)
0.0039(11)
-0.0004(8)
0.0010(9)
0.0043(9)
0.0028(9)
-0.0027(12)
-0.0077(14)
0.0047(16)
0.0128(15)
0.0049(13)

Estimated standard deviations in parentheses.

B13

0.00106(3)
0.00233(8)

0.0027(3)
0.0014(3)
0.0004(3)
-0.0002(4)
-0.0008(4)
-0.0008(4)
0.0018(5)
0.0005(5)
0.0002(3)
0.0017(4)
-0.0002(4)
0.0013(3)
~0.0001(4)
0.0022(6)
0.0019(5)
~0.0007(5)
0.0001(4)

B23

0.00206(4)
0.00203(12)
0.0029(5)
0.0029(4)
0.0009(4)
0.0019(5)
0.0010(6)
0.0037(6)
0.0034(7)
0.0016(7)
0.0012(5)
0.0013(6)
0.0002(5)
0.0010(5)
0.0027(6)
0.0028(8)
0.0024(6)
0.0032(7)
0.0020(7)



Table 2-5. Final atomic parameters for hydrogen atoms of

Thiocamidomethyl palladium complex (VI)

Positional parameters in fraction of cell edges and thermal
parameters in the form of exp[—B(sinQ/A)zl. Estimated

standard deviations in parentheses.

Atom X y z B

H{ 3) 0.254(4) -0.405(7) 0.206(3) 1.9(190)
1 (4A) 0.074(6) -0.335(13) 0.279(4) 8.(3)
H(4B) 0.164(G) -0.187(13) 0.304(4) &.(3)
H(4C) 0.070(5) -0.103(13) 0.274(4) 5.(3)
H(5A) 0.453(7) -0.457(12) 0.080(4) 9.(3)
H(5D) 0.375(7) -0.573(13) 0.123(4) 3.(3)
1(5C) 0.369(7) =0.550(11) 0.063(3) 7.(3)
H(7A) 0.107(5) 0.345(8) 0.113(3) 2.0(10)
H(7B) -0.006(5) 6.224(9) 0,071(3) 4.3{(14)
H(3A) -0.039(5) G.589(9) 0.007(3) 3.7(13)
H(8B) 0.028(5) 0.637(9) 0.074(3) 4.2(14)
H(8C) 0.052(4) 0.697(8) 0.002(3) 3.1(13)
H(10) 0.331(4) 0.562(7) =-0,092(3) 2.3(10)
H(11) 0.340(4) ©€.755(8) =-0.181(3) 2.6(11)
H(12) 0.185(5) (.824(8) =-0.260(3) 3.4(12)
H(13) 0.004(6) 0.667(9) =0.228(3) 4.0(14)
H(14) -0.027(5) C€.487(8) =0.134(3) 2.6(11)



2.4 Results and Discussion
Thia-allyl Palladium Complex (V)

Figure 2~1 represents ORTEP drawings (Johnson, 1976) of the
molecule at -160 and 20°C along with the numbering system of
the atoms. The thermal ellipsoids correspond to 30% probabil-
ity level. Bond lengths and bond angles along with their esti-
mated standard deviations are listed in Tables 2-6 and 2-7.

No essential difference is observed in the molecular struc-
tures at -160 and 20°C. However, the thermal ellipsoids of
atoms at -160°C are much smaller than those at 20°C as shown
in Fig. 2-1. Moreover, as shown in Table 2-6(a), most of bond
lengths at 20°C are shorter than those at -160°C, which is con-
sidered mainly due to the larger thermal vibration of the mole-
cule at 20°C. At -160°C, estimated standard deviations of
bond lengths and bond angles are quite small, e.s.d.'s of C-C
bond lengths in the acetylacetonato ligand being 0.005 g.
Hereafter, the description of the structure and the discussion
will be mainly made on the low temperature structure.

The most remarkable feature of the molecular structure in
this complex is that the thia-allyl group does not behave as a
thia-n-allyl type but a thia-o-allyl fashion. Palladium com-
plexes containing m-allyl groups have been widely studied by
means of X-ray diffraction(Hartley, 1973a). In m-allyl palla-
dium complexes, the allyl(C3H5) plane inclines at 95~ 125° to
the coordination plane of the palladium(Hartley, 1973a) in
order that the m-electron orbitals of the allyl group overlap
with the orbitals of the metal atom. In a typical example of

m—allyl palladium complex, [(ﬂ—C3H5)PdCl]2(Rowe, 1962; Levdik
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& Porai-Koshits, 1962; Oberhansli & Dahl, 1965; Smith 1965),
the C3H5 plane inclines at 111.5° to the (PdCl)2 plane (Smith,
1965). The Pd-C distances are all equal[2.1l1l and 2.12 i] and
two C-C bond lengths are equal to each other[1.38 g](Smith,
1965). In the present complex, it is expected that the thia-
allyl group takes similar coordination geometry to the m-allyl
palladium complex, if this group is bound to the palladium by
a m-type coordination. Figure 2-3 depicts the coordination
behaviour of the thia-allyl group to the palladium atom. The
plane defined by the S5, C(6) and C(7) atoms is almost coplanar
with the 0(1)-Pd-0(2) plane, the dihedral angle between these
two planes being 8.8°.

Figure 2-4 shows the coordination geometry around the

palladium atom projected onto the coordination plane along with

selected bond lengths and bond angles. The geometry around
the palladium atom is essentially square-planar. The equation
of the least-squares plane is given in Table 2-8. The Pd-C(7)

bond length of 2.058(3) g is a normal value for the Pd(II)—C(sp3)
o-bond, whereas the Pd-C(6) distance is 2.670(3) ﬁ, The Pd-S
bond length{2.262(1) i] is one of the shortest Pd-S bond lengths
among palladium complexes containing the Pd-S bonds whose struc-
tures have been determined by the diffraction method[2.24 ~
2.47 g], which may be partly due to the weak tramns-influence
of the oxygen atom in the acetylacetonato ligand.

In the thia-allyl group, the C(6)-C(7) bond length of
1.506(4) A is an expected value for the C(sp2)-C(sp>) single
bond, while the S-C(6) bond length[1.709(3) A] falls between

(<]
those of the S-C double and single bonds[l1.61 and 1.82 A,
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respectively] (Abrahams, 1956). However, the N-C(6) bond
length of 1.315(4) R is obviously shorter than those of the
N-C(15) and N-C(l6) bonds, which suggests the conjugation
through the S-C(6) and N-C(6) bonds. Both resonance struc-
tures presented below play significant contributions in the
present complex. The N, C(15) and C(16) atoms in the dimethyl-
amino group are coplanar with the S, C(6) and C(7) plane in the

thia-allyl group.

CH CH, CH CH
NV NFa
| i
\\c”C§§s - \‘c”c‘~s—
/ N\ ¥ / \_¥
Pd P4
N 7 N\

These facts imply that the coordination mode of the thia-
allyl group is not a m-type but a ¢-one. The thia-allyl
group is bound to the palladium atom through the Pd-C o-bond
and the donation of the sulphur to the metal atom. The short
Pd-S bond length in this complex shows the strong donation of
the sulphur to the metal atom, which may be connected with the
stability of the present complex as pointed out by Tamaru,
Kagotani & Yoshida(1978%a).

The geometry of two methoxy carbonyl groups is similar to
those found in methyl ester of carboxylic acid derivatives such
as dimethyl ester of meso-tartaric acid(Kroon & Kanters, 1973).

The crystal structure projected along the a* axis is shown
in Fig. 2-5. No abnormally short intermolecular atomic con-
tacts are observed, the shortest contact between non-hydrogen

atoms being 3.305(5) A[0(2) (X,y,2)++-C(15) (~1/2-x,-1/2+y,1/2-2)].
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(b)

Fig. 2-1. ORTEP drawings of the molecule of Thia-allyl
palladium complex (V) along with the numbering system of the
atoms. The thermal ellipsoids correspond to 30% probability

level. Hydrogen atoms are omitted for clarity. (a) -160°C,
(b) 20°cC.
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Fig. 2-2. The structure and the coordination behaviour in
the m-allyl palladium chloride complex, [(ﬂ—C3H5)PdCl]2(Smith,
1965) .

Fig. 2~3. A perspective view of the coordination behaviour
of the thia-allyl group to the palladium atom in Thia-~allyl
palladium complex (V).
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@ 0O
a (B

101.74(8)

94.62(12) 4

Fig. 2-4. The coordination geometry around the palladium atom
and the coordination behaviour of the thia-allyl group in Thia-

allyl palladium complex (V). (a) -160°C, (b) 20°cC.
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(a)

Vi
/ ¢
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(b)

2-5,

plex (V) projected along the a* axis.

Fig.

thermal ellipsoids at 30% probability levels.

are omitted for clarity. (a) -160°cC,
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The crystal structure of Thia-allyl Palladium Com-

Atoms are represented by
Hydrogen atoms

(b) 20°cC.



Table 2-6. Bond lengths in Thia-allyl palladium complex (V).

Estimated standard deviations in parentheses.

(a) Bonds involving non-hydrogen atoms

Length (A) [-160°C] [20°C]

Pd-0(1) 2.057(3) 2.059(3)
Pd-0(2) 2.122(3) 2.123(3)
Pd-S 2.262(1) 2.257 (1)
PA-C(7) 2.058(3) 2.051(4)
0(1)-C(1) 1.272(4) 1.264(5)
0(2)~-C(2) 1.272(4) 1.254(5)
C(1)-C(3) 1.401(5) 1.390(6)
C(1l)-C(4) 1.509(5) 1.500(7)
C(2)-C(3) 1.395(5) 1.403(6)
C(2)-C(5) 1.523(5) 1.507(7)
S-C(6) 1.709(3) 1.702(4)
N-C(6) 1.315(4) 1.314(5)
N-C(15) 1.467(5) 1.466(7)
N-C(16) 1.460(5) 1.458(6)
C(6)-C(7) 1.506(4) 1.502(6)
C(7)-C(8) 1.535(5) 1.531(5)
C(7)-C(14) 1.534(5) 1.540(6)
C(8)-C(9) 1.532(5) 1.527(5)
C(9)-C(10) 1.530(5) 1.520(6)
C(9)-C(1l1) 1.523(5) 1.518(5)
0(3)-C(10) 1.327(4) 1.318(5)
0(3)-C(12) 1.448(5) 1.442(6)
.0(4)~-C(10) 1.203(4) 1.198(6)
0(5)-C(11) 1.341(4) 1.333(5)
0(5)-C(13) 1.449(5) 1.436(7)
0(6)-C(11) 1.205(4) 1.196(5)
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Table 2-6. (continued)

(b) Bonds involving hydrogen atoms
Length (A) [-160°C] [20°C]
C(3)-H(3) 0.88(4) 0.92(5)
C(4)-H (4A) 0.86(6) 0.92(7)
C(4)-H(4B) 0.95(6) 0.75(6)
C(4)~H (4C) 0.86(6) 0.78(6)
C(5)~H (5A) 0.96(5) 0.82(6)
C(5)~-H (5B) 0.89(6) 0.91(7)
C(5)-H(5C) 0.80(6) 0.78(7)
C(8)~H(8A) 0.92(4) 0.86(4)
C(8)-H(8B) 0.96(4) 1.00(5)
C(9)-H(9) 0.84(4) 0.82(4)
C(l2)-H(12A) 0.96(4) 0.75(7)
C(12)-H(12B) 0.92(4) 0.89(5)
C(12)~-H(12C) 0.95(5) 0.80(5)
C(13)-H(13A) 0.95(5) 0.93(5)
C(13)-H(13B) 0.90(5) 0.92(6)
C(13)-H(13C) 0.82(4) 0.83(6)
C(14)-H(14A) 0.93(4) 0.97(4)
C(l4)-H(14B) 0.94(4) 0.92(5)
C(14)-C(14C) 0.89(4) 0.92(5)
C(15)-H (15A) 0.85(5) 0.87(6)
C(15)-H(15B) 0.84(5) 0.88(6)
C(15)-H(15C) 0.91(6) 0.81(6)
C(16)-H(16A) 1.00(6) 0.95(7)
C(16)-H(16B) 0.87(5) 0.84(6)
C(16)-H(16C) 0.87(4) 0.87(6)
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Table 2-7. Bond angles involving non~hydrogen atoms in
Thia-allyl palladium complex (V). Estimated standard devia-

tions in parentheses.

Angle(°) [~160°C] [20°C]
0(1)-Pd-0(2) 90.97(8) 90.45(11)
S-Pd-0(2) 101.55(6) 101.74(8)
S-pPd-C (7) 73.44(8) 73.35(10)
0(1)-Pd-C(7) 94.25(10) 94.62(12)
PA-0(1)-C (1) 123.9(2) 124.1(3)
Pd-0(2)-C(2) 123.3(2) 124.1(3)
0(1)-C(1)~C(3) 127.3(3) 126.8(4)
0(1)-C(1)~C(4) 115.0(3) 114.8(4)
C(3)-C(1)~C(4) 117.7(3) 118.4(4)
0(2)-C(2)-C(3) 126.4(3) 125.4(4)
0(2)-C(2)~C(5) 114.9(3) 116.3(4)
C(3)-C(2)~C(5) 118.7(3) 118.3(4)
C(1)-C(3)-C(2) 127.5(3) 128.4 (4)
Pd-S~C(6) 83.25(10) 83.24(13)
S-C(6)-C(7) 107.0(2) 107.0(3)
S-C(6)-N 123.8(3) 123.6(3)
N~C(6)-C(7) 129.2(3) 129.4(4)
PA-C(7)-C(6) 95.81(18) 95.8(3)
Pd-C (7)-C(8) 108.44(18) 108.7(3)
PdA-C (7)-C(14) 110.22(19) 110.0(3)
C(6)-C(7)-C(8) 116.0(3) 116.9(3)
C(6)~-C(7)-C(14) 114.1(3) 113.7(4)
C(8)-C(7)-C(14) 111.1(3) 110.5(3)
C(6)~-N-C(15) 119.8(3) 120.4(4)
C(6)~-N~C(16) 123.4(3) 123.3(4)
C(15)~N-C(16) 116.4(3) 116.0(4)
C(7)-C(8)~C(9) 116.1(3) 116.6(3)
C(8)~C(9)~C(10) 111.5(3) 111.5(3)
C(8)-C(9)~C(11) 112.5(3) 112.6(3)
C(10)-C(9)~C(11) 109.1(3) 109.5(3)
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Table 2-7.

(continued)

Angle (°)

C(9)~-C(10)~0(3)
C(9)-C(10)-0(4)
0(3)-C(10)~0(4)

C(9)-C(11)~0(5)
C(9)-C(11)~0(6)
0(5)~-C(11)~0(6)

C(10)~-0(3)~-C(12)
C(11)~-0(5)-C(13)

[-160°C]

110.2(3)
124.7(3)
125.0(3)

111.3(3)
124.2(3)
124.5(3)

116.6(3)
115.5(3)
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[20°C]

110.
125.
-9(4)

123

111.
.6(4)
124.

123

118.
115.

5(3)
6(4)

8(3)

6(4)

3(4)
6(4)



Table 2-8. Least~squares planes in Thia-allyl palladium com-
plex (V)

The equation of the plane is of the form: AX + BY + CZ2 + D
[e]
= 0.0, where X, Y and Z are measured in A units; X = ax + czcosg,

Y = by and Z = czsinf.

Coordination plane of Pd through Pd, 0O(1l), 0(2), C(7) and S

(a) -160°C
-0.2900X + 0.6900Y - 0.6632Z + 1.5471 = 0.0
(b) 20°C

-0.2860X + 0.6980Y - 0.6565Z + 1.6281 = 0.0

Acetylacetonato plane through 0(l1), 0(2), C(1), C(2), C(3), C(4)
and C(5)

(a) -160°C
-0.3996x + 0.6392Y - 0.6571Z + 1.7043 = 0.0
(b) 20°C
-0.4109X + 0.6626Y - 0.6263Z + 1.7322 = 0.0
Deviations of atoms from the plane(i)
Coordination plane Acetylacetonato
of Pd plane
[-160°C] [20°C] [-160°C] [20°C]
Pd 0.003 0.001 0.082%* 0.125%*
o(1) 0.064 0.059 -0.097 ~-0.090
0(2) ~0.045 -0.042 0.104 0.094
C(1l) 0.190%* 0.221%* ~-0.022 -0.019
C(2) ~0.030%* 0.021%* 0.019 0.022
C(3) 0.124%* 0.183%* 0.005 0.007
C(4) 0.459% 0.497% 0.067 0.060
C(5) ~0.185% -0.095%* -0.061 -0.060
S 0.065 0.060 0.387%* 0.476%*
C(6) 0.103% 0.120% 0.309%* 0.454%*
C(7) ~0.078 -0.071 -0.044% 0.068%

* Not included in the least-squares calculation.
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Thioamidomethyl Palladium Complex (VI)

Figure 2-6 shows an ORTEP drawing of the molecule (Johnson,
1976) together with the atomic numbering scheme. The thermal
ellipsoids correspond to 30% probability level. Bond lengths
and bond angles are listed in Tables 2-9 and 2-10.

The geometry around the palladium atom is essentially
square-planar. The palladium atom is surrounded by two oxygen
atoms of the acetylacetonato ligand and the carbon and sulphur
atoms of the thioamidomethyl group. This coordination geome-
try along with selected bond lengths and bond angles is shown
in Fig. 2-7. The equation of the least-squares plane and
atomic deviations from the plane are presented in Table 2-11.

The thiocamidomethyl group, bound to the palladium atom
through the Pd-C o-bond and the donation of the sulphur to the
metal atom, functions as a bidentate ligand forming a Pd-C-N-C-S
five-membered ring. The Pd-C(7) bond length of 1.988(4) g is
somewhat short but fall into the range 1.97~ 2.19 i of the
Pd(II)—C(sp3) bond lengths reported hitherto. The Pd-S bond
length[2.245(1) i] in this complex is also one of the shortest
Pd(ITI)-S bonds among palladium complexes whose structures have
been determined by the diffraction method([2.24 ~ 2.47 i]. The
S, N, C(6), C(7), C(8) and C(9) atoms in the thiocamidomethyl
group are coplanar with each other. The dihedral angle
between this plane and the coordination plane of the palladium
atom is 5.3°. Among three N-C bonds, the N-C(7) and N-C(8)
bond lengths[both 1.463(5) R] are considered to be normal values
for the N—C(sp3) single bond. On the other hand, the N-C(6)

o]
bond length[1.309(5) A] is obviously shorter than those of the
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other two N-C bonds and may have partial double bond character.
In this connexion, the S~C(6) bond[1.699(4) g] is apparently
lengthened over the S=C double bond[l.61 R](Abrahams, 1956) .
These facts show the conjugation through the S~C(6) and N~-C(6)
.bonds. Both resonance structures presented below contribute
significantly to the bonding of the thiocamidomethyl group in
this complex, which is probably connected with the relatively

short Pd-S bond.

CH, Ph CH, Ph
N / N 7
N—C N==C
H c/ \% -« H c/ \s‘
2°\ ¥ 2\ »~
pd Pd
7\ VAN

The crystal structure as viewed down the b axis is pre-
sented in Fig. 2-8. All intermolecular distances are consid-
ered to be normal van der Waals contacts, the shortest contact
of non-hydrogen atoms being 3.218(5) R[C(8)(x,y,z)...o(2)

(-1/2+x,1/2-y,-2z)1.
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Fig. 2-6. An ORTEP drawing of the molecule of Thiocamidomethyl
palladium complex (VI) along with the numbering system of the
atoms. The thermal ellipsoids correspond to 30% probability

level. Hydrogen atoms are omitted for clarity.

2y 96.50(8)

87.19(15)

Fig. 2~-7. The coordination geometry around the palladium atom
and the coordination behaviour of the thioamidomethyl group in

Thiocamidomethyl palladium complex (VI).
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Fig. 2-8. The crystal structure of Thioamidomethyl palladium
complex (VI) as viewed down the b axis. Atoms are represented
by thermal ellipsoids at 30% probability levels. Hydrogen

atoms are omitted for clarity.
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Table 2-9. Bond lengths in Thioamidomethyl palladium complex

(VI). Estimated standard deviations in parentheses.

(a) Bonds involving non~hydrogen atoms
Length(g) Length(g)
Pd-0(1) 2.054(3) Pd-0(2) 2.106(3)
pPd-s 2.245(1) PA~C(7) 1.988(4)
0(1)-C(1) 1.258(5) 0(2)-C(2) 1.268(5)
C(1l)-C(3) 1.400(6) C(2)-C(3) 1.394(6)
C(1l)-C(4) 1.514(7) C(2)~C(5) 1.510(7)
S-C(6) 1.699(4) N-C(6) 1.309(5)
N-C(7) 1.463(5) N-C(8) 1.463(5)
C(6)-C(9) 1.492(6)
C(9)-C(10) 1.389(6) C(10)-C(11) 1.373(7)
C(11)-C(12) 1.379(8) C(12)-C(13) 1.351(8)
C(13)-C(14) 1.406(8) C(14)-C(9) 1.402(7)

(b) Bonds involving hydrogen atoms
Length(i) Length(z)
C(3)-H(3) 0.87(5)
C(4)-H(4R) 1.00(9) C(5)-H(5A) 0.88(9)
C(4)-H(4B) 0.92(9) C(5)-H(5B) 0.79(9)
C(4)-H(4C) 0.83(9) C(5)-H(5C) 0.75(8)
C(7)-H(7A) 1.03(6) C(10)-H(10) 0.92(5)
C(7)-H(7B) 0.97(6) C(ll)-H(1ll) 0.89(5)
C(8)-H(8A) 0.76(6) C(12)-H(12) 1.05(6)
C(8)-H(8B) 0.96(7) C(13)~H(13) 0.89(6)
C(8)-H(8C) 0.97(6) C(l4)-H(14) 0.96(6)
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Table 2-10.

Thioamidomethyl palladium complex (VI).

deviations in parentheses.

Angle(°)

0(1)-Pd-0(2)
S-Pd-C(7)

Pd-0(1)-C(1)

0(1)-C(1)-C(3)
0(1)-C(1)-C(4)
C(3)-C(1)-C(4)
C(l)-C(3)-C(2)

Pd-S-C(6)

S-C(6)-N
S-C(6)~-C(9)
N-C(6)-C(9)

C(6)-C(9)-C(10)
C(10)-C(9)-C(14)
Cc(l0)-C(1ll)-Cc(12)
C(12)-C(13)-C(14)

90.
85.

124.
126.
115.
11i8.
127.

99.

1109.
118.
121.

129.
120.
121.
12].

99(12)
31(12)

7(3)
7(4)
3(4)
0(4)
9(5)

82(14)

6(3)
9(3)
5(4)

2(4)
0(5)
0(6)
9(6)

Angle(°)

0(1l)-Pd-C(7)
S-Pd-0(2)

Pd-0(2)-C(2)

0(2)-C(2)-C(3)
0(2)-C(2)~-C(5)
C(3)~C(2)~-C(5)

Pd-C(7)-N

C(6)~-N-C(7)
C(6)-N-C(8)
C(7)-N-C(8)

C(6)-C(9)-C(14)
C(9)-C(10)-C(11)
C(11)-C(12)-C(13)
C(13)-C(14)-C(9)
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Bond angles involving non-hydrogen atoms in

87

123.
126.
115.
118.

115.

119.
124.
-0(3)

116

119.
119.
119.
117.

Estimated standard

.19 (15)
96.

50(8)

3(3)
3(4)
7(4)
1(4)

5(3)

4(4)
6(4)

8(4)
B8 (5)
5(6)
7 (5)



Table 2~11.
complex (VI).

Least-squares planes in Thiocamidomethyl palladium

The equation of the plane is of the form: AX + BY + (CZ + D
o
= 0.0, where X, Y and Z are measured in A units; X = qx,

Y = by and Z = cz.

(a) Coordination plane of Pd through Pd, 0(1), 0(2), C(7) and

S
-0.7750X - 0.5006Y - 0.38582 + 2.1346 = 0.0
(b) Plane of the thiocamidomethyl group through S, N, C(6),
C(7), C(8) and C(9)
-0.8081X - 0.4189Y - 0.4141Z + 2.0804 = 0.0
(c) Plane of the acetylacetonato ligand through 0(1), 0(2),
c(l), C(2), C(3), C(4) and C(5)
-0.7533X - 0.5469Y - 0.36542 + 2.0054 = 0.0
Deviations of atoms from the plane(i)
Plane a Plane b Plane ¢
Pd 0.010 ~0.,123% -0.063%*
S 0.002 -0.024
N -0.137% 0.002
c(6) -0.115% 0.005
C(7) -0.007 0.024
C(8) -0.285% -0.026
Cc(9) -0.207%* 0.019
0(1) 0.002 -0.021
0(2) ~-0.007 0.024
c(l) -0.044%* 0.001
C(2) -0.090%* 0.001
C(3) ~0.113% -0.013
C(4) ~0.050% 0.018
C(5) -0.168%* ~0.009

* Not included in the least-squares calculation.
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Acetylacetonato Ligand

In both complexes V and VI, each structure of the acetyl-
acetonato ligand is similar to each other, which is compared
with that found in [Pd(acac)z](Knyazeva, Shugam & Shkol'nikova,
1970; Sato, Miki, Kai, Yasuoka & Kasai, 1978). This ligand in
each complex has high planarity and is coplanar with the palla-
dium atom. The equations of the least-squares planes of this
ligand in both complexes are presented in Tables 2-8 and 2-11.
The deviations of the palladium atom from the acac plane are
0.082 and 0.063 i for V and VI, respectively. Table 2-12
gives the comparison of bond lengths and bond angles concerning
the acetylacetonato ligand among the complexes V, VI and
[Pd(acac)z]. In both V and VI, the Pd~0 bond lengths are
longer than those found in [Pd(acac)2], which may be due to
stronger trans-influence of the carbon and sulphur atoms in V

and VI than that of the oxygen atoms in [Pd(acac) The

2]'
Pd-0(1) bond lengths[2,057(3) and 2.054(3) i] are obviously
shorter than those of the Pd-0(2) bonds{2.122(3) and 2.106(3) R]
in the complexes V and VI. This fact is also probably caused
by the difference of the trams-influence of the atoms attached
to the trans-positions of two Pd-O bonds(C and S). The trans-
influence of the alkyl carbon atom is significantly stronger
than that of the sulphur atom. The 0(1l)-Pd-0(2) bond angles
in V and VI[90.97(8) and 90.99(12)°] are relatively smaller
than the corresponding angle found in [Pd(acac)21[95.2l°].

It may be partly owing to the relatively narrower angles of

S-Pd-C(7)[73.44(8)° for V and 85.31(12)° for VI] than 90° which

is due to the formation of four- and five-membered rings in V
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and VI, respectively.

The other bond lengths and bond angles among three com-
plexes presented in Table 2-12 are good agreement with each
other, which are considered as standard values for an acetyl-

acetonato ligand.

Table 2-12. Comparison of bond lengths and bond angles in the

acetylacetonato ligand among the complexes V, VI and [Pd(acac)z].
Complex V Complex VI [Pd(acac)z]a

(at -160°C) (at 20°C) (at -170°C)

o <]
Pd-0 (1) (trans to S)  2.057 A 2.054 A 1.989 A%
Pd-0(2) (trans to C) 2.122 2.106
0(1l)-C(1)
0(2)-C(2) 1.273% 1.263% 1.275%
C(1)~-C(3) . .
C(2)-C(3) 1.398%* 1.397 1.402
C(1l)-C(4) . . .
C(2)-C(5) 1.516 1.512 1.506
0(1)~-Pd-0(2) 90.97° 90.99° 95.21°
Pd-0(1)-C (1) N . .
Pd-0(2)~-C(2) 123.6 124.0 122.6
0(1)~C(1)~-C(3) . . .
0(2)-C(2)~C(3) 126.9 126.5 126.4
0(1l)-C(1)~-C(4) . . .
0(2)~C(2)-C(5) 115.0 115.5 115.3
C(3)-C(1)-C(4) . . .
C(3)-C(3)-C(5) 118.2 118.1 118.3
C(1)-C(3)-C(2) 127.5 127.9 126.6

* Averaged value of two chemically equivalent bond
lengths and bond angles
a Sato, Miki, Kai, Yasuoka & Kasai(1978).
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CONCLUSION

The purpose of this study is that the molecular structures
of the organopalladium complexes which have the sulphur-contain-
ing ligands(groups) are determined with high precision in order
to elucidate the exact coordination behaviour of these ligands
(groups) to the palladium atom.

In Chapter 1, the molecular structures of five palladium
complexes containing the methylthiomethyl or phenylthiomethyl
group(I, II, IITa, IIIb and IV) have been determined at liquid
nitrogen temperature and the coordination behaviour of these
groups to the metal atom has been discussed.

In Chapter 2, the molecular structures of two palladium
complexes containing the thia-allyl or thioamidomethyl group
(V and VI) have been determined and the bonding modes of these

groups to the metal atom have been elucidated.

Precision of the Structure Determination

In order to carry out the structure determination with
high precision, the X-ray analyses for the complexes I~V have
been made at liguid nitrogen temperature(-160°C), while two or
more independent sets of the equivalent reflexion data have
been collected at room temperature for the complex VI. The
data concerning the precision of the present structure deter-
mination are summarized in Table C-1. The structure analyses
of the complexes I, II, V and VI have enough precision to make

detailed discussions, in which the exact locations of hydrogen
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atoms are also determined. However, in the complexes IITIa and
IITb, the poor quality of the crystals, which is possibly con-
nected with the disordered structures of the anions, reduced the
precision of the structure determination. The complex IV are
unstable at room temperature and its crystals are very thin, to
which the relatively low precision of this structure analysis
may be due. It has been established by the present structure
analyses that the X-ray diffraction work at low temperature is a
very effective method to obtain the precise molecular structure
also in case of the organometallic compounds. However, the
quality of crystals, of course, has an important influence upon
the precision which is demonstrated in case of the comple#es

IIIa, IIIb and IV.

Table C-1. The precision of the present structure determina-
tion
Complex I : 11 IITa IITb
Temperature (°C) -160 -160 20 ~-160 =160
FFinal R value 0.035 0.049 0.068 - 0.141 0.102
E.s.d.'s of(g) 0.004 0.007 0.011 0.03 0.02
C-C bonds* ~0.006 ~0.009 ~0.015 Q.05 n0.03
H atoms Yes Yes Yes No No
Complex v v VI
Temperature (°C) -160 -160 20 20
Final R wvalue 0.089 0.033 0.039 0.024
E.s.d.'s of,? 0.03 0.006 0.006
c-C bonds*®) 0. 04 0.005  15.007  ~0.007
H atoms No Yes Yes Yes

* e.s.d.'s of C-C bond lengths in the phenyl groups for I, II,
IITa, IIIb and IV and in the acetylacetonato ligand for V and VI.
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The Pd-S bond lengths

All the palladium complexes except for the complex I,
whose structures have been confirmed in this study, contain
palladium~-sulphur bonds.

All the palladium complexes containing Pd-S bonds whose
structures have already been determined by the diffraction
method are listed up in Fig. C~1 with the aid of the XDC data
base of the TOOL-IR system at the Computer Centre, the Univer-
sity of Tokyo(Yamamoto, Negishi, Ushimaru, Tozawa, Okabe &
Fujiwara, 1975; Shimanouchi & Yamamoto, 1976), which is tran-
scribed from the data base at Cambridge Crystallographic Data
Centre{(Kennard, Watson & Town, 1972; Allen, Kennard, Motherwell,
Town & Watson, 1973; Allen, Isaacs, Kennard, Motherwell, Petter-
sen, Town & Watson, 1973; Allen, Kennard, Motherwell, Town,
Watson, Scott & Larson, 1974; Kennard, Watson, Allen, Mother-
well, Town & Rodger, 1975). All the Pd-S bond lengths fall in

o]
the range between 2.24 and 2.47 A, as shown in Fig. C-1.

IT
VIV IIIb IITa Y
v ¥ ¥ ¥ 4
#*
#
*
#
#
# #
# # ® % # # # %
# I EEEEEEERRE
A EEEEEEEERE R # #* # *®
% } - f %
2.25 2.30 2.35 - 2.40 2.45

[+]
Bond distance(A)

Y

Fig. C-1. Pd-S bond lengths found in all the palladium com-
plexes containing Pd-S bonds whose structures have been deter-

mined by the diffraction method.
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Figure C-2 represents the Pd-S bond lengths classified by
the coordination number and type of the sulphur atom. In Fig.

C-2, the n appeared in parentheses of S(n) indicates the coor-

dination number of the sulphur atom, where n= 2, 3 or 4. The
prime (') and double-prime(") in S(n)' and S(n)" show the bond
types as follows. The symbol S(2) (without prime) shows that

the coordination number of the sulphur is 2 and that the Pd-S
bond is formally considered as a o-bond. The prime in S(2)'
and S(3)' indicates the Pd-S coordination bond (the donation of
the S to P4 atom). The double-prime in S(2)" and S(3)" shows
that the Pd-S bond has both characters of the o- and coordina-
tion bonds or that it is difficult to distinglish between

these two. The symbol S(4) means only the coordination number
of 4. The examples of the palladium complexes classified by
these symbols are also shown in Fig. C-2.

Figure C-3 shows the relation between the Pd-S bond lengths
and the atoms trans to the Pd-S bonds in the square-planar
palladium(II) complexes. As pointed out by Hartley(1973b),
the Pd-S bond lengths correlate signficantly with the electro-
negativity(Pauling, 1960) of the tramns-atoms in Fig. C-3.

The Pd-S bond length seems to be obviously affected with the
trans-influence.

In the present complexes(II, IIIa, IIIb, IV, V and VI),
the Pd-S bond lengths of II, IIIa and IV are relatively longer
than the others classified in the same type in Fig. C~2, which
may be partly due to the strain caused by the formation of the
three-membered ring for II and IIIa and the bridging the palla-

dium atoms for IV, respectively. On the other hand, the Pd-S
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Coordination number and type

o
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Fig. C-2. Relation between the bond length and the coordina-
tion number and type of the sulphur atom in Pd-S bonds.
Notation of the symbols(e.g. S(2)) is shown in the text.
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Fig. C-3. Relation between the Pd-S bond lengths and the
trans—-atoms of the sulphur atom. Pauling's electronegativity

of the trans—-atom is presented in parentheses.

bond lengths in V and VI are shorter than those found in most
of palladium complexes listed in Fig. C-1. These short Pd-S
bond lengths are probably due to the weak trans-influence of
the oxygen atoms in the acetylacetonato ligand. The rela-
tively long Pd-S bond lengths in IV may be understood also
considering the strong trans-influence of the alkyl carbon

atoms trans to the Pd-S bonds.
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In the present study, the coordination modes of several
sulphur-~containing ligands to the palladium atom in seven
organopalladium complexes have been elucidated from their
three~-dimensional structures. The sulphur-containing ligands
take a variety of coordination modes to the metal atom, which
is possibly due to the characteristics of the sulphur atom.

It is very interesting that the structure and bonding of such
organometallic compounds as those in the present study have

been investigated from many different viewpoints of chemistry.
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