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Addition of Tin(II) Chloride to Pd,(Ph,PCH,PPh,),Cl,. The Crystal and Molecular

Structure of Pd,(Ph,PCH,PPh,),(SnCl;)Cl1

MARILYN M. OLMSTEAD, LINDA S. BENNER, HAKON HOPE and ALAN L. BALCH
Department of Chemistry, University of California, Davis, Calif. 95616, U.S.A.

Received June 2, 1978

Addition of tin(II) chloride to Pd,(dpm),Cl, (dpm
is Pho,PCH,PPh,) produces Pd,(dpm ),(SnCls JCl. The
crystal structure of the latter complex reveals that the
tin(Il) chloride has inserted into the Pd—Cl bond and
that a nearly linear Pd—Pd—Sn unit is present. Infrared
and electronic spectral evidence indicates that carbon
monoxide and sulfur dioxide insert into the Pd—Pd
bond of Pd,(dpm),(SnCl; JCI. Spectroscopic evidence
for the formation of Pd,(dpm),(SnCls ), is described.

Introduction

The metal-metal bond of Pd,(dpm),Cl, (dpm is
bis(diphenylphosphino)methane) exhibits unusual
reactivity toward insertion reactions. Carbon
monoxide [1, 2], isocyanides [1, 2] and sulfur
dioxide [3] cleave this bond to form adducts (1)
in which the two metals have moved about 0.5 A

_CHy
Ph,P PPh,
PR AN |
chd Td*u 1

Ph,P PPh,
~ ~
CH;

farther apart from their directly bonded positions in
Pd,(dpm),Cl,. Another small molecule known to
participate in insertion reactions is tin(IT) chloride,
which can insert into metal-metal bonds as shown in
equations 1 [4] and 2 [5]. However, it can also insert
into metal-halogen bonds to form the trichlorostan-

an(CO) 10 + SnC12 > Clzsﬂ [Mn(CO)S] 2 (1)
[(n*-CsHs)Ni(CO)] ; + SnCl, -

Cl,Sn[Ni(n*-CsHs)X(CO)] @

nate ligand. Characteristic reactions are given in equa-

tions 3 [6] and 4 [7]. A review documents numerous

examples of both types of insertion reactions [8].
Here we

PACI;? +4SnCl, - Pd(SnCl,)s2 3)
(Ph3P)2PtC14 + 2SIIC12 -> (Ph3P)2Pt(SHC13)2C12 (4)

describe the reactions of Pd,(dpm),Cl, with tin(II)
chloride and report crystal structure data for
Pd,(dpm),(SnCl;)CI.

Experimental

General

The dimer Pd,(dpm),Cl, was prepared by a
previously reported method [2]. Anhydrous tin(II)
chloride (Ventron), carbon monoxide (Matheson),
and sulfur dioxide (Matheson) were used without
further purification. Reactions involving CO and SO,
were routinely carried out under prepurified nitrogen
using deoxygenated solvents.

sz(dpmjz(SnCl;,}CI

A methanol solution of SnCl, (0.044 g, 0.23
mmol) was added to a dichloromethane solution of
Pd,(dpm),Cl, (0.110 g, 0.105 mmol). The resulting
red solution was filtered and concentrated to ca. S
ml. Upon addition of methanol, the product
precipitated.  Recrystallization from  dichloro-
methane/methanol afforded pure red-orange crystals
in 75% vyield. Infrared data: »(Pd—Cl), 287 cm™!;
v(Sn—Cl), 325 cm™!. Anal. Found: C, 47.58; H, 3.67;
P, 9.93; Cl, 12.50%. CsoHayCl4P4Pd,Sn-1/4CCl,H,.
Caled.: C, 47.77; H, 3.55; P, 9.81; Cl, 12.63%.

Pd,(dpm ),(SnCl3 ),

Using a mol ratio of 1:12, solutions of Pd,(dpm),-
Cl, in dichloromethane and SnCl, in methanol were
mixed and filtered. The resulting purple solution was
allowed to slowly evaporate to form a purple glass
which was collected by filtration. Infrared datum:
»(Sn—Cl), 314 cm™!,

Physical Measurements

Infrared spectra of nujol mulls were recorded on a
Perkin Elmer 180 spectrophotometer. Electronic
spectra were obtained on a Cary 17 spectrophoto-
meter. Chemical analyses were performed by
Galbraith Laboratories, Inc., Knoxville, Tenn.
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X-ray Data Collection

Crystals of Pd,(dpm),(SnCl;)Cl were obtamned by
slow diffusion of anhydrous methanol into a dichloro
methane solution of the complex A red-orange plate
measunng 0.25 X 015 X 0025 mm was selected for
data collection

Intensity data were collected at 150 K on a Syntex
P2, automated diffractometer using CuK, radiation
(A = 15418 A) and a graphite monochromator A
vanable speed (0.5 to 29 3° min™!) w-scan of the
most mtense 15% of the w range and a 1° offset for
background were used Dunng data collection, the
intensities of 2 standard reflections were measured
every 118 reflections and showed only random
fluctuation Of the 6481 total reflections measured
with 20 < 115°, 5836 with I ¢y > 36(1,,.;) were used
m final refinement The data were corrected for
Lorentz and polanization effects but not for absorp-
tion Crystal data are reported in Table I

TABLE I Crystal Data for Pd(dpm),(SnCl3)Cl

Monoclinic
Space Group P2,/c (No 14)
CuK,, radiation

Bcuk, =136 Tem

szSﬂChP4C50H44
FW=12421
2=16 23831) A

b=13274(23) A !

c=23449(23) A Z=4
8=108 28(12)° Dexpt1(298K)=1677 g cm™3
V=47993 A° Doated (150 K) =1 720 g om™3

Solution and Refinement of the Structure

The one tin and two palladium atoms were located
on a sharpened three-dimensional Patterson map. A
Founer map, calculated with phases from these three
atoms, indicated the positions of the eight other
heavy atoms Following two cycles of full-matrx
least-squares refinement of these eleven atoms, a
second Fourier map revealed the locations of the fifty
carbon atoms Two cycles of full-matrnix refinement
of sixty-one 1sotropic atoms brought R to 0128
(R = Z(IF,| ~ |F.[)/Z|F,1) The absence of solvent
was venfied by a difference Founer map which only
contamned electron density attributable to the three
metal atoms No effort was made to locate hydrogen
atoms An additional cycle of refinement brought
R to 0 124 Inspection of the data indicates that this
relatively high R value to a large extent 1s related to
the lack of absorption correction Since all of the
significant features of the molecule were defined at
this pomnt, and since there 1s no doubt about the
essential correctness of the structure, further refine-
ment (which would include absorption corrections)
15 not warranted Fmal atomic shifts were <1/10 the
corresponding e sd for the heavy atoms and <1/4
the esd for the carbons except for C(14) which

M M ,Olmstead, L. S Benner, H, Hope and A L, Balch

shifted about 1/2 e s.d Final fractional coordinates
and e s ds are listed 1n Table II

Results and Discussion

Synthetic Studies

The addition of a methanolic solution of tin(II)
chloride to an orange dichloromethane solution of
Pd,(dpm),Cl, produces a deep red color when the Sn
to Pd; ratio 1s 1n the range 2 to 6 and a purple color
when that ratio exceeds 10 A red-orange crystalline
solild, Pd,(dpm),(SnCl3)Cl, may be 1solated from
either the red or the purple solution by the addition
of methanol If the purple solution 1s allowed to
slowly evaporate, a purple solid with clean facets but
showing no diffraction ewvidence of crystallimty 1s
deposited along with some white tin(I) chloride We
believe that this purple solid contains molecules of
Pd,(dpm),(SnCl;), although 1t has not been obtained
i pure form These observations suggest that the
successive equilibbria 1 and 2 govern this system
Which species predominates in solution depends on
the tin(I) chlorde

1 sz(dpm)zclg + SnC12 = sz(dpm)g(SnC13)Cl
2 Pdg(dpm)g(SnClg;)Cl + SnC12 = Pdg(dpm)2(SnC13)2

concentration and on the solvent Electronic spectral
data for these compounds are reproduced in Figure 1
and reported in Table III In dichloromethane solu-
tion Pd,(dpm),(SnCl;), appears to undergo slow
dissociation of tin(II) chlonde The shoulder at 500
nm which 1s seen 1n trace C of Figure 1 grows as the
solution 1s aged and appears to be due to Pd,(dpm),-
(SnCl3)Cl Addition of methanol to such a dichloro-
methane solution hastens the dissociation of tin(II)
chlonide and causes the precipitation of Pd,(dpm),-
(SnC13)Cl  An analogous stepwise mnsertion of tin(II)
chloride 1nto the two metal-halogen bonds of
{(Ph3P),PtCl; occurs 1n acetone solution [9]

When carbon monoxide 1s bubbled mto a dichloro-
methane solution of Pd,(dpm),(SnCl3)Cl the
presence of a new infrared absorption band at 1688
cm™! indicates that carbon monoxide has inserted
mto the Pd—Pd bond The product 1s identified as
Pd,(dpm),(u-CO)}SnCl3)Cl1 by analogy with Pd,-
(dpm),(u-CO)Cl, [1, 2] Moreover, the presence of a
weak shoulder at 1707 cm ! indicates that some
Pd,(dpm),(u-CO)Cl, [1] forms dunng the reaction
of carbon monoxide with Pd,(dpm),(SnCl;)CI
Eventually the shghtly soluble Pd,(dpm),(u-CO)Cl,
precipitates from this solution The electronic spectra
of the two carbonyl complexes are recorded 1n Table
III It was not possible to 1solate Pd,(dpm),(u-CO)-
(SnCl,)C] as a solid In part this 1s due to the ease
with which this complex loses carbon monoxide
When a solution of Pdy(dpm),(u-CO)SnCl3)Cl 1s
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2
TABLE II Final Atomic Fractional Coordinates and Isotropic Temperature Factors (A%),

B.
z/c is0
A x/a y/b
- 0.2055 1.7303)
0.5002(1) 0.5559(1) 02055 1730)
oD 0.6458(1) 1526
0.6434(1) 02102
D) 0.7037(1) 1526)
2 0.7909(1) o1s%0
gy 0.7798(3) 2250)
1 0.9174(2) o18170)
e 0.6316(3) 2500
2 0.3869(3) 023452)
Loy 0.4906(3) 2.99(8)
3 0.4208(3) 010750)
Cre 0.3948(3) 2590
pprton 0.1139(2)
N 0.70743) L600)
S 70700 0.3128(2)
by 0.6343(3) L620)
e 0.1134(2)
bG) 0.5926(3) 1700
0.7477(2) 01134)
bty 0.7742(3) L5
0.8345(2) 0285202
i 0.6209(11) LN
0.6343(10) 006617
o 0.7287(11) 14904
0.4817(9) 0075766
e 0.7638(12) 21008
0.4309(10) 011020)
o 0.7803(12) 22629
0.3428(11) 008338
) 0.7605(12) 24109)
0.3055(11) 0®
o 0.7270(13) 27862
0.3551(12) 0.0124®
o 0.7082(12) 21709
0.4431(11) 001520)
@ 0.8559(13) 28602
0.6709(11) 005758
o) 0.9511(14) 32866
0.7046(13) 0.03550)
e 1.0196(13) 25330)
0.7155(11) 010208
i 0.9899(13) 25360
0.6888(11) 015209
s 0.8953(10) L3704
2 0.6565(9) 015410
i 0.8297(12) LsG7)
0.6457(10) 0107907
s 0.3238(13) 23009
0.6755(11) 017620)
s 0.4202(12) 22608)
0.6727(11) 0150707
i 0.4621(11) 1.55a5)
0.7447(10) 013870)
can) Daro1s 3.39(36)
0.8206(11) 0151907
s 0.3107(15) 33906
0.8257(13) 01769
o) 0.2707(12) 236a5)
0.7540(11) 015000)
oo 0.6293(15) 36308
0 0.8768(14) 0.05896)
con 0.5780(11) 18526
0.8034(10) 0056507
o 0.5052(13) 28702
2 0.7723(12) 0011®
oo 0.4886(14) 5,040
0.8136(12) ~0030268)
con 0.5436(13) 2826)
4 0.8866(12) 002898
oo 0.6127(17) 4740
s 0.9172(15) 00151
oo 0.6292(11) Lsan)
0.6323(10) 0357607
con 0.5372(13) 24960)
0.6099(11) 037630
o8 0.5347(13) 25901
0.5488(12) 040629
oo 0.6200(15) 33406
9 0.5098(13) 041736)
co0 0.7135(13) 29163
0.5310(12) 03587(8)
con 0.7184(12) 20307
0.5924(10) 036847)
con 0.4636(15) 24960
2 0.8042(13) 031036)
con 0.5371(12) 21708
0.7876(11) 034667
o 0.5393(13) 24500
0.8301(11) _ 040838
cos) 0.4679(14) 29403
0.8927(12) 045288
oo 0.3916(15) 86708
o aevace 0.3360(10)
con 0.3894(17) 144D
0.8679(14) 033601¢
can 0 o003 2.46(30)
308901 1) 0.3108(8)
con) 0.9790(13) 24600
0.8059(11) 03108®)
can eay 2.86(32)
0.8292(11) 03206®)
cn 1.1116(13) 28632
D966 0.3057(8)
) 1.0418(12) 24060
0.9656(11) 0305762
cés) 0.9407(13) 27002
0.9427(12) 025636
Cia) 0.9069(11) L805)
4 0.8624(9) 0.2994(7)
ca 050813y 2.67(31)
s 0.9657(10) 031690
cio 0o 1430a) 3.19(35)
46 1.0396(12) 0353908
can 0.6143(14) 31565)
7 1.0822(12) 041050)
cn 0.7040(13) 28763
C(48) 1.0514(12) 01040013 0429148
C49) 0.9778(11) X

0.7140(11) 0.3362(7) 1.82(26)
C(50) 0.9340(10) . )
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Figure 1. Electronic spectra of A) a 0.29 mmolar solution of
Pd,(dpm),Cl, B) a 0.37 mmolar solution of Pda(dpm),-
(SnC1)Cl, and C) a 0.40 mmolar solution of Pdy(dpm),-
(SnCl3),. The solvent is dichloromethane.

TABLE III. Electronic Spectra.

M. M, Olmstead, L. S. Benner, H, Hope and A. L. Balch

allowed to stand open to the atmosphere, carbon
monoxide is lost and Pd,(dpm),(SnCl3)Cl is re-
formed. Consequently, Pd,(dpm),(u-CO)SnCl;)Cl
appears to be less stable toward decarbonylation than
is Pd,(dpm),(u-CO)Cl,. We have previously reported
[2] that the terminal anions affect the stability of the
bridging carbonyl in Pd;(dpm),(u-CO)X,, and that
effect is seen again here.

Addition of sulfur dioxide to a dichloromethane
solution of Pd,(dpm),(SnCl;3)Cl produces a purple
solution whose electronic spectrum is similar to that
of Pd,(dpm),(u-SO,)Cl, [3]. The purple compound,
which has not been isolated, is believed to be Pd,-
(dpm),(u-SO,)(SnCl3)C1. When this purple solution is
purged with nitrogen, sulfur dioxide is lost and
Pd,(dpm),(SnCl3)Cl is regenerated. All of these
chemical reactions are summarized in the chart.

P
P7 P p” P PP
| | SnCly | ! SnCl, | |
Cl-Pd— Pd-Cl ——> Cl-Pd— Pg:5nCly ———= Cl,Sn-Pd —Pd-5nCly
| ' ' (large excess) 1 |
P P P P P P
" g g
1
co SOz
TN
P P p/_\p
N | _sncty al o 1 sncs
Pd Pd Pd_T Pd
| ~c” | | %71
Py P pOpP
N
4 5
TN
PP = {CgHg)PCH P (CeHs)y

Compound Solvent Amaxe MM{emax, M ' em Yy at 25 °C
Pd,(dpm),Cl, 2 CH,Cl, 416(7550), 347(16,800), 293(25,900)
Pd,(dpm),(SnCl3)C1 CH,Cl, 495(14,200), 422(8640), 340(18,200),
294sh(18,100), 260sh(31,700)
mull® 525(0.84), 427(0.89), 383(0.92), 312(1.00)
Pd,(dpm),(SnCla), CH,Cl, 536(21,200), 500sh(17,900), 417sh(6120),
353(19,000), 261sh(35,000)
mull? 610(1.00), 434(0.92), 371(0.96)
Pd;(dpm),(u-CO)Cl1, 2:¢ CH,Cl, 468(0.37), 404(0.20), 306(0.47), 250sh(1.00)
Pd,(dpm)(u-CO)(SnCl3)C1¢ CH,Cl, 490(0.74), 414(0.41), 340(0.75), 294sh(1.00)
Pd,(dpm),(u-SO,)Cl, &4 CH,CL, 511(0.44), 345(1.00)
Pd,(dpm)(1-S0,)(SnCl3)CIE CH,Cl, 521(0.76), 350(1.00)

8Data from geference 2. b Values listed as €max are relative absorbance values. ©The complex was generated in solution by purging
the parent solution with CO or SO, gas. Values listed as ey, are relative absorbance values. dData from reference 3.
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TABLE IV. Equations of Least-Squares Planes? and Distances (A) of Atom from These Planes.

Plane Defining Atoms Distances (A)

I Pd(1), Pd(2),P C1(1) Pd(1) 0.1949 P(3) —0.2155 CI(1) 0.2000
P(3), P(4) Pd(2) 0.0452 P(4) —0.2246

II Pd(1),® Pd(2), Sn Pd(1) 0.0027 P(1) 0.2962 Sn —0.2561
P(1), P(2) Pd(2) —0.2969 P(2) 0.2541

Plane I: —5.9795x + 10.5586y — 8.0097z — 1.0932=10
Plane II: —5.9747x + 12.0085y + 7.4948z — 0.2075=0

Dihedral Angle: 41.3°

2FEquations have the form Ax + By + Cz — D = 0 where x, y, and z are fractional monoclinic coordinates. bCentral atom of the

square plane.

Structural Characterization of Pd,(dpm),(SnCl3)Cl

The complex crystallizes with one discrete mole-
cule per asymmetric unit, or four per unit cell, thus
there is no crystallographically imposed symmetry.
An ORTEP drawing of the molecule is shown in
Figure 2. It is clear that the tin(II) chloride has

Figure 2. An ORTEP drawing of the Pd,(dpm),(SnCl3)Cl
molecule showing 50% thermal ellipsoids.

inserted into the Pd—Cl rather than the Pd—Pd bond.
The molecular structure of the resulting complex is
similar to that previously reported for Pd,(dpm),-
Br, [10] and Pt,(dpm),Cl, [11]. The coordination
geometry about each palladium is approximately
planar, but the coordination planes about the two
different palladium atoms are twisted so that the
dihedral angle between them is 41.3°. In Pd,(dpm),-
Br, the comparable dihedral angle is 39°. Additional-
ly, the four atoms bonded to each palladium are
displaced slightly toward tetrahedral geometry so that

the ligating atoms alternate above and below the
least-squares plane about each metal. This distortion
is significantly greater around the Pd which is co-
ordinated to the bulky SnCl; group. Table IV
summarizes the equations for these least-squares
planes and the distances of atoms from them.

The interatomic distances and angles for Pd,-
(dpm),(SnCl3)C1 are essentially normal and are
reported in Tables V and VI. The metal-metal bond
length of 2.699 A is comparable to that in both

TABLE V. Selected Interatomic Distances.

Pd(1)-Pd(2) 2.644(2) P(1)>-C(1) 1.83(2)
Sn—Pd(1) 2.585(2) P(1)-C(2) 1.83(2)
Pd(2)-Ci(1) 2.396(4) P(1)-C(13) 1.83(2)
Sn—CI(2) 2.374(5) P(2)-C(26) 1.84(2)
Sn—CI(3) 2.4154) P(2)-C(33) 1.83(2)
Sn—Cl(4) 2.3934) P(2)—C(38) 1.84(2)
Pd(1)-P(1) 2.295(4) P(3)-C(1) 1.87(2)
Pd(1)-P(2) 2.3074) P(3)-C(16) 1.84(2)
Pd(2)-P(3) 2.3434) P(3)-C(21) 1.84(2)
Pd(2)-P@4) 2.2964) P(4)—C(38) 1.83(2)
P(1)-P(3) 2.880(6) P(4)-C(44) 1.82(2)
P(2)-P4) 2.960(6) P(4)-C(50) 1.83(2)

Pd,(dpm),Br, (2.644 A) [10] and Pt,(dpm),Cl,
(2.652 A) [11], but is longer than found in un-
bridged Pd,(CNCH3)2* (2.531) [12]. The short
Pd—-Pd distance requires that adjacent phosphorus
atoms also have close interatomic contacts. These P-P
distances in 2 are 2.88 and 2.96 A. In an insertion
product such as 1, the Pd—Pd distance has increased
to 3.22 A and the P-P distance has increased to 3.11
A. Consequently the formation of adducts such as 1
appears to relieve steric strain in these bridged dpm
complexes. The other close non-bonded interatomic
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TABLE VI, Selected Interatomic Angles.

M. M., Olmstead, L. S, Benner, H. Hope and A. L. Balch

Pd(1)-Sn—Cl(2) 124.0(1) Pd(1)-P(2)-C(26) 116.0(5)
Pd(1)-Sn—C1(3) 114.3(1) Pd(1)-P(2)-C(33) 121.6(5)
Pd(1)-Sn—Ci(4) 122.0(1) Pd(1)-P(2)-C(38) 103.3(5)
C1(2)-Sn—Ci(3) 101.2(2) C(26)-P(2)—C(33) 103.7(7)
C1(2)-Sn—Cl(4) 97.6(2) C(26)-P(2)—C(38) 103.0(7)
C1(3)-Sn—C1(4) 91.4(1) C(33)>-P(2)C(38) 107.5(7)
Sn—Pd(1)-Pd(2) 165.8(1) Pd(2)-P(3)-C(1) 110.2(5)
Sn—Pd(1)-P(1) 96.4(1) Pd(2)-P(3)~C(16) 111.2(5)
Sn-Pd(1)-P(2) 96.7(1) Pd(2)-P(3)-C(21) 124.6(5)
Pd(2)-Pd(1)-P(1) 78.1(1) C(1)-P(3)-C(16) 105.1(7)
Pd(2)-Pd(1)-P(2) 91.8(1) C(1)-P(3)-C(2D) 102.0(7)
Pd(1)-Pd(2)-CI(1) 172.0Q1) C(16)-P(3)-C(21) 101.8(7)
Pd(1)-Pd(2)-P(3) 82.8(1) Pd(2)-P(4)-C(38) 115.6(5)
Pd(1)-Pd(2)-P4) 90.5(1) Pd(2)-P(4)-C(44) 120.8(5)
CI(1)-Pd(2)-P(3) 102.0(1) Pd(2)-P(4)-C(50) 110.4(5)
CI(1)-Pd(2)-P@4) 86.3(1) C(38)-P(4)-C(44) 102.9(7)
Pd(1)-P(1)-C(1) 108.1(5) C(38)-P(4)—-C(50) 102.9(7)
PA(1)-P(1)-C(2) 120.2(5) C(44)-P(4)—-C(50) 102.0(7)
Pd(1)-P(1)-C(13) 112.2(5) P(1)-C(1)-P(3) 102.4(8)
C(1)-P(1)C(2) 106.3(7) P(2)-C(38)-P(4) 107.5(8)
C(1)-P(1)—C(13) 106.2(7)

C(2)-P(1)-C(13) 103.0(7)

contacts are at distances of 2.83 [C(44)—C(50)] and
2.85 A [C(16)—C(20)] between carbons on adjacent
phenyl rings.

The geometry of the trichlorostannate ligand is
similar to that observed in the complexes (n3-C3Hj)-
(PhsP)Pd(SnCl3) [10], (1,5-CgH}5),Ir(SnCls) [117,
and Ru, (u-Cl)3(C0O)s(SnCl3) [12]. The tin—palladium
bond length (2.585 A) is similar to the 2.563 A
distance found in (n3-C3H)(Ph3P)Pd(SnCl;) [10].
The coordination about tin is slightly distorted from
tetrahedral. As is characteristic of this ligand the Cl-
Sn—Cl angles, which range from 91 to 101°, are
compressed relative to ideal tetrahedral values, while
the Pd-Sn—Cl angles, which fall in the range
114-124° are correspondingly expanded. The tin—
chlorine bond lengths are normal.

The observations shown in Chart 1 provide
additional evidence for the ability of the bridging
bis(diphenylphosphino)methane ligands to adapt to a
variety of different structural changes [2]. Despite
the crowded geometry resulting from the placing of
the eight phenyl rings about the two metals in
Pd,(dpm),Cl,, this molecule still is able to accom-
modate reactions at both the metal-metal bond and
at the terminal metal-halogen bonds. Moreover Pd, -
(dpm),(SnCl;3)C1 with its steric congestion near the
trichlorostannate ligand has the ability to undergo
insertion of carbon monoxide or sulfur dioxide into
its Pd—Pd bond.
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