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Summary

The syntheses of [XPd(p-dppm),Pd(C,Cl;)] (X = Cl, C,Cl;) are described. Other
neutral halogeno-pseudohalogeno-palladium(I) complexes [XPd(p-dppm),Pd-
(CsCl5)] (X =Br, 1, SCN or CNO) have been obtained from [CIPd(p-dppm), Pd(C,-
Cl,)] by metathetical reactions, and SnCl, inserts into the Pd—Cl bond to give the
Pd-SnCl, compound. The cationic derivatives [LPd(p-dppm),Pd(C,Cl)]BPh, (L =
PPh,, P(OPh)3, AsPh,, SbPh,, tht) have also been prepared. SO, or RN, " insert
into the Pd-Pd bond of [CIPd(p-dppm),Pd(C,Cl;)] to give A-frame PdII com-
plexes, but do not react with (C;Cl;)Pd(p-dppm),Pd(C,Cl,). The nature of the
products of the reactions of XPd(p-dppm),Pd(C,Cl;) with RNC (R = t-Bu, Cy,
p-Tol, CNC,H,NC) depend on the isonitrile used and the reaction conditions.

The molecular structure of (C,Cl;)Pd(p-dppm),Pd(C,Cl,) has been established
by a single crystal X-ray study. The crystals are triclinic, space group P1, with 2
molecules of the 2 CH,CICH,Cl solvate in a cell of dimensions a 12. 986(4), b
13.213(5), ¢ 21.254(6) A a 90. 49(3) B 89.204(25), y 102.86(3)°, V 3554.8 A3. Of
9156 data collected on a four-circle diffractometer, 4474 observed reflections were
used in the refinement (R = 0.0902). The complex has no crystallographically
ifnposed symmetry, but overall is close to D, ;. The Pd-Pd bond length is 2.6704(21)
Al

* Dedicated to Prof. Dr. R. Usén on the occasion of his 60th birthday.

0022-328X /86 /$03.50 © 1986 Elsevier Sequoia S.A.
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Introduction

We recently described the synthesis [1] and reactions [1,2] of some binuclear
pentafluorophenylpalladium(I) derivatives with dppm as bridging ligand, and noted
some differences in reactivity between these complexes [XPd(p-dppm), Pd(C,F;)] or
[(C4Fs)Pd(p-dppm),Pd(C,F;)] and the related halogeno derivatives [XPd(p-
dppm),PdX] [3]. We describe here the synthesis of the related pentachlorophenyl-
palladium(I) derivatives . (XPd(p-dppm),Pd(C,Cl;), (C,Cl;)Pd(p-dppm),Pd-
(C¢Cly)) and their reactivity in the formation of cationic complexes and insertion of
species such as RNC, CO, SO, and N,R™ into the Pd-Pd bond.

We also report the structure of (C,Cl;)Pd(u-dppm),Pd(C,Cl;) as established by
an X-ray diffraction study.

Results and discussion

The pentachlorophenylpalladium(I) complexes (XPd(p-dppm), Pd(C,Cl;), X = Cl
(1), C,Cl; (2)) were prepared by a redox condensation between Pd,(dba), - CHCl,
and PdX(C,Cl;)(*-dppm), (X = Cl, C,Cl;) in oxygen-free dichloromethane (see
Experimental), according to eq. 1.

Pd,(dba), - CHCI, + 2 PAX(C,Cl; )(-dppm), -
2 XPd(p-dppm),Pd(C,Cl,) + 3dba (1)
(xX=0a1(1), Q15 (2))

The structure of complex 2 was established by a single crystal X-ray diffraction
study as discussed later.

Scheme 1 shows the reactions of complex 1, and analytical, and conduct1v1ty data
are listed in Table 1.

Other pentachlorophenylpalladium(I) complexes (3-6) can be obtained by treat-
ing complex 1 with an excess of the corresponding salts (LiBr, Nal, KSCN, KOCN)
in methanol /water (see Scheme 1(a)) at room temperature. Molecular weight
determinations on some of these complexes are consistent with the proposed
formulae (1, 1216 (1266); 2, 1408 (1480); 3, 1344 (1311); 4, 1358 (1358)). The
reaction between equimolecular amounts of complex 1 and SnCl, gives the SnCl;™
derivative (7) as a result of the insertion of SnCl, into the Pd—Cl bond (rather than
into the Pd-Pd bond) as was observed with other Pd! [4] or Pt! [5] complexes.

Complex 1 is unreactive towards the formation of cationic complexes and
treatment of [CIPd(p-dppm),Pd(C,Cl,)] with an excess of L (L =P, As, S donor
ligands) in methanol and NaBPh, (at room temperature or under reflux) leaves the
starting material unchanged. This contrasts with the behaviour of CIPd(p-
dppm),Pd(C,Fs) [1] and CIPt(u-dppm),Pt(C,F;) [6] which in the presence of L
(L=P, As, Sb, S donor) and NaBPh, readily give the cationic derivatives
(BPh  )ILM(p~-dppm), M(C,F;)]. Neither of the complexes 3 and 4 are useful for the
preparation of cationic complexes, but complex 6 (NCO)Pd(p-dppm),Pd(C,Cl,)
reacts in methanol at room temperature with equimolecular amounts of L and
NaBPh, to give the corresponding cationic derivatives (L = PPh, (8), P(OPh); (9),
AsPh, (10), SbPh, (11) tht (12)) (see Scheme 1(h)).

All complexes show typical IR absorptions of the dppm and C,Cl, [7]-groups.

(Continued on p. 110)
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Complex 1 shows a weak absorption at 225 cm™! assigned to »(Pd—Cl), in the range
found for other palladium(I) derivatives [1], and clearly shifted to lower energies
compared to those for the precursor PAC(C4Cl)(n'-dppm), (302 cm™?), suggesting
a fairly high trans-influence of the Pd—Pd bond. The corresponding »(Pd—Br) or
r(Pd-I) bands are expected to lie outside the range of our instrument.

Some relevant IR absorptions for complexes 1-12 are shown in Table 1.

Insertion reactions

Complex 1 reacts with the electrophilic species [ p-CH,C,H,N,]BF, and SO, to
give the asymmetric A-frame compounds 13 and 14 by insertion into the Pd—-Pd
bond (see Scheme 1(c,d)). Furthermore, when CO is bubbled through a solution of
complex 1 in CH,Cl, for 45 min, the presence of an inserted carbonyl compound
(eq. 2) can be detected in the IR spectrum of the solution (¢#(CO) ~ 1708 cm 1), but

Cl (\l CsCls
~ -~ '

Pd
Cl—Pd—Pd—CgCls + CO  — F’IE;;'
o

all attempts to isolate such a compound only gave the starting material, which is
consistent with the usual lability of such palladium carbonyl derivatives [3d].

The insertion of SO, into the Pd-Pd bond is also reversible [3f], and although
complex 14 is stable at room temperature it loses SO, at 100°C to regenerate
complex 1. Complex 14 crystallizes with CH,Cl, (H NMR), but when an orange
sample of 14 is kept in an oven at 80°C the yellow complex 1 is re-formed.

The IR spectra of complex 13 shows a strong and broad absorption at 1060 cm ™!
due to the counterion BF,~ [8], and the »(Pd-Cl) band appears at 305 cm™},
consistent with the increase of the formal oxidation state of the palladium [3f] and
with the cationic nature of the compound [6]. Complex 14 shows two absorptions, at
1150s and 1018s [9] cm ™!, due to the symmetric and asymmetric »(S-0O) stretching
frequencies respectively [3f,10]; the increase in the »(Pd—Cl) stretching frequency to
270 cm™! for 14 compared with 225 cm™! for 1 is related to the increase of the
formal oxidation state upon insertion of SO, into the Pd—Pd bond [3f,2].

Isonitriles can also be inserted into the metal-metal bond but the reaction of
complex 1 with RNC is complicated, and either insertion, to give [CIPd(p-
dppm), (p-RNC)Pd(C,Cl;)], or coordination to give [RNCPd(p-dppm)Pd-
(CsClI5)IC], can occur depending on the nature of group R and of the solvent used
for the reaction.

Complex 1 reacts in dichloromethane with a stoicheiometric amount of p-TolNC
and the insertion product 15 can be isolated from the solution. However the IR

(2)

p— RNC — Pd — Pd — CeCls | Cl (3)
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spectrum of the dichloromethane solution of 15 shows bands assignable to »(C=N)
and to »(C=N) (2146 cm™!), thus suggesting that in the CH,Cl, solution the
insertion and the coordination species (eq. 3) are in equilibrium, but that only the
insertion product 15 can be crystallized out. The conductivity of an acetone solution
of 15 (30 ohm ! cm? mol 1) is consistent with the existence of such an equilibrium.
The isonitriles CyNC and t-BuNC react with complex 1 in benzene (which being
a non-polar solvent should favour the formation of insertion products [6]) to
mixtures of the coordinated complex and the starting material but not the insertion
product. In order to complete the formation of the coordinated complexes 16 and 17
the reaction must be carried out in acetone and with an excess of the isonitrile. The
reaction of complex 1 with RNC (R =Cy (19), t-Bu (20)) (molar ratio 1/1) in
dichloromethane in the presence of an excess of NaClO, yields the corresponding
cationic complexes [RNCPd(p-dppm),Pd(C,Cl;)ICIO,. If the diisocyanide

CN NC is used the tetranuclear complex 21 is obtained. The insertion

compound [CIPd(u-dppm),(u-pToINC)PAC,Cl;] (15) reacts with NaClO, in
acetonitrile to give the cationic coordinated complex [ p-ToINCPd(pu-dppm),-
Pd(C,C1)ICIO, (18). (Scheme 1 (i)).

TABLE 2
CRYSTAL DATA FOR Pd, (p-dppm),(CsCls),

Formula Coa HasClyo P, Pd,-2C, H,CL,
M 1678.18

Crystal system Triclinic

Space group Pl

a (A) 12.986(4)

b»@A) 13.213(5)

c(A) 21.254(6)

a (°) 90.49(3)

B(°) 89.204(25)

¥ (%) 102.86(3)

V(A 3554.8

Diffractometer Enraf-Nonius CAD 4

T (K) 291 +1

Radiation Mo-K,

A @A) 0.71069

p(Mo-K,) (cm™ 1) 9.5

#-range (°) 1-22

Mode w—28 scans

Data measured 9156

Data used 4474 (F > 60(F))
Solution Patterson; A F syntheses
Refinement Full-matrix least-squares
Model Pd, P, Cl (not solvent) anisotropic. Rigid,

planar hexagons. H atoms in calculated positions.
Group U'’s for H atoms (0.158 A?) and for solvent
C1 atoms (0.237 A?). Solvent C atoms not located.

Weighting scheme w l=[02(F)+0.074F?]
R 0.0902

R, 0.1013

Variables 287
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TABLE 3

PARAMETERS OF
PARAMETERS AND EQUIVALENT ISOTROPIC THERMAL

IONAL

lI:OI'*;’II’II‘;TED ATOMS IN Pd,{p-dppm),(CeCls),

Usq
¥y F4
- 8 0.0377(10)
s 0.80501(10) 0.22913(8) Cos70)
0.26341(11) 022510
Pacz) 1 0.67024(10) 84( o057
0148008 0.1922(3)
s 0.6625(4) 20420)
0389604 0.2716(3)
b 0.9371(4) 00500
050748 ' 0.2502(3) 046(
by 0.7731(4) 0046
0185900 0.3168(3)
Py 0.5814(4) 0.0040(70(4)
028928y 0.0912(3)
au 0.9345(5) Fefan
0.2832(5) 20120
ag 1.0715(6) C10u6)
00510 0.1291(4)
G 1.1042(6) 10860
o0 0.2599(4)
ey 0.9988(6) 0109
| T o0sens 0.3062(3)
ey 0.8618(5) e
b1 0.4262(3)
o 6 064516 0.089(5)
papiemy 0.4957(4)
o 0.6451(6) 005%O)
o5y 0.4481(4)
v 0.4370(6) 00%©)
035556y 0.3302(4) 04
o 0438200 G 0.071(4)
020675) ) 0.2571(3
ca o eorret 0.045(5)
Dorsse 0.2630(10)
e 0.6011(15) 004509
. 0.0788(15) 0263000
o 0.9043(15) Q04605
0.5155(16) 3 02858
o 09512 0.042(5)
01633 0.1373
@ Loz 0.047(5)
01164 0.1173
i L0287 5 0.065(7)
00338 0.1562
o 8 1.0287 00650
0018 0.2151
o 0.9819 00730
00845 0.2352(6)
o 9 0.9197%(9) 00420
oty 0.3456
o 0.5850 0019
0.4413 03456
car 3 0.6306 0.040059(6)
0.559 0.4319
can 0.5827 00520
03756 0.4095
caz 0.4892 00530
03302 0.3551
s 0.4436 20579
010 0.3232(6)
can 0.4915(9) 2076)
00576, 0.1709
e 0.6919 20650
~0.0576 01709
can 0.7229 20850)
o100 0.0725
cas 0.7548 0010)
0008 0.0471
s, 0.7557 006307
—0.0098 00471
can, 0.7247 206601
00422 0.1455(6)
cas) 0.6928(13) Q07)
0.0422(12 01455
c 02958 0.116(11)
o11%8 0.0897
e 0219 03814 0.0861 0.097(9)
oty 0.2219 0.3814 00861 2057
cos ' 0.4539 ) so7a(D)
02832 0.1443 (
c 03552 0 0.053(6)
01801 ) 0.1479(8)
can, 0.5552(13) 00539
0.1801(9) 01479
ci 11525 0.089(9)
0.5041 01826
) 1.1525 00830)
0.5184 01407
oo 0.4473 12177 01411 00
oy . 1 ' 0.056(6)
0.3621 01833
oo 11172 00560
02150 0.2248(8)
cen 1.0520(12) oo,
0.4189(11) 02248
o 0.2969 0.9273 03899 009760
ooy : 0.9611 ) o1a5(20)
03545 04712
cao 0.3545 1.0554
C(36) .

0.4286 0.123(12)
0.4243 1.1157
c(37 .
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TABLE 3 (continued)

Atom x y z Ugqg
C(38) 0.4304 1.0819 0.3666 0.105(10)
C33) 0.3666(14) 0.9876(13) 0.3472(11) 0.060(6)
C(40) 0.6393 0.6408 0.2512 0.080(8)
C(41) 0.7233 0.5999 0.2713 0.111(11)
C42) 0.7919 0.6521 0.3168 - 0.097(9)
C(43) 0.7764 0.7453 0.3423 0.118(12)
C(44) 0.6923 0.7862 0.3223 0.089(9)
C(39) 0.6238(13) 0.7340(13) 0.2767(8) 0.057(6)
C(46) 0.4618 0.7863 0.1222 0.046(5)
C@47y 0.4876 0.8195 0.0606 0.078(8)
C(48) 0.5906 0.8712 0.0454 0.093(9)
CH4» 0.6678 0.8897 0.0916 0.085(8)
C(50) 0.6421 0.8565 0.1531 0.068(7)
C(45) 0.5391(8) 0.8048(11) 0.1684(7) 0.050(6)
C(52) 0.1982 0.3991 0.3765 0.049(5)
C(53) 0.1893 0.2924 0.3824 0.056(6)
C(59) 0.1489 0.2258 0.3330 0.068(7)
C(55) 0.1176 0.2658 0.2777 0.068(7)
C(56) 0.1265 0.3725 0.2718 0.057(6)
C(51) 0.1669(10) 0.4391(9) 0.3212(6) 0.041(5)
C(58) 0.1975 0.6737 0.4353 0.057(6)
C(59) 0.1554 0.6975 0.4929 0.080(8)
C(60) 0.0478 0.6622 0.5058 0.101(10)
C(61) —0.0176 0.6033 0.4611 0.078(8)
C(62) 0.0245 0:5795 0.4035 0.054(6)
C(i57 0.1321(8) 0.6148(11) 0.3906(7) 0.035(5)
CI(11) 0.2560(15) 0.8810(15) - 0.6430(10) 0.237
Cl(12) 0.1554(15) 0.6345(15) 0.7681(10) 0.237
CI(13) 0.3947(14) 0.4423(15) 0.9306(9) 0.237
Cl(14) 0.2195(15) 0.6683(15) 0.9432(9 0.237(4)

Finally, complex 1 reacts with an excess of p-ToINC in CH,Cl, but only
complex 15, with inserted p-TolNC, can be isolated. If the reaction is carried out in
acetonitrile and NaClO, then added (in order to facilitate the formation of the
cationic complex) the complex [ p-ToINCPd(u-dppm), (p-p-ToINC)PA(C,Cl)]* (18)
which contains both coordinated and inserted isonitrile gives [p-ToINCPd(u-
dppm), Pd(C,C1,)]Cl0,, containing only coordinated isonitrile.

The higher tendency of p-ToINC to give insertion products is in agreement with
our previous observations on palladium(I) [1] or platinum(l) [6] pentafluorophenyl
derivatives; in all these insertion processes the reactivity of the Pd—Pd bond is lower
for the pentachlorophenyl than for the pentafluorophenyl derivatives, and thus
p-ToINC or CyNC can be inserted into the M-M bond in either CIPd(p-
dppm),Pd(C,F;) or CIPt(p-dppm),P{C(F;), although the CyNC complex of
platinum is stable only at low temperature.

Table 1 lists some relevant IR absorptions which confirm the presence of
coordinated (»(CN) at 2100-2200 cm ™) or inserted (¥»(C=N) at 1550-1650 cm™!) |
isonitriles. ' ,

[(Cs Cl 5)PA( p-dppm), PA(CCl )] does not react with CO, SO, or diazonium salts.
Although complex 2 does react with p-ToINC we were unable to isolate pure
products from the reaction mixture.
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Structure of Pd,(p-dppm),(C,Cls),

The structure of complex 2 was determined by single crystal X-ray diffraction.
Details of the crystallographic procedures are presented in Table 2. Atomic coordi-
nates and bond distances and angles are listed in Tables 3 and 4 respectively. The
molecular structure is shown in Fig. 1 and involves two palladium centers with a
Pd—Pd bond (2.6704(21) A) between them; two dppm ligands bridge the metal-metal
bond and there is one C;Cls group per palladium atom. The environment around
the palladium is almost square planar with small tetrahedral distortions (thus the
dihedral angles between the planes Pd(2)Pd(1)P(2), P(1)Pd(1)C(3) and Pd(2)C(9)P(4),
Pd(2)Pd(1)P(3) are 169.28(17) and 171.56(16)°, respectively. The angles between
mutually cis-palladium-ligand bonds are in the range 83.9-97.5°, and the corre-
sponding angles between mutually trans-palladium-ligand bonds are in the range
168.7-173.8° (see Table 4). The chain C(9)Pd(2)Pd(1)C(3) is not quite linear, and
the C(9) and C(3) atoms lie respectively 0.363(8) and 0.408(8) A away from the
Pd(2)-Pd(1) line. The Pd-P distances are in the range of 2.27-2.32 A, similar to
those in BrPd(u-dppm),PdBr [13,14] or CIPd(p-dppm),Pd(SnCl,) [4]. The dis-
tances Pd(1)-C(3) and Pd(2)-C(9) are 2.127(12) and 2.164(12) A, respectively. The
distance Pd(1)-Pd(2) is 2.6704(21) A, somewhat shorter than that in the analogous
BrPd(p-dppm),PdBr [13,14] although longer than those for other Pd-Pd bonds
[15,16]. The two coordination planes around the palladium atoms are twisted about
the Pd(1)-Pd(2) so that dihedral angle between them is 44.98(10)°. This angle is
higher than for analogous palladium or platinum derivatives (cf. 39° for BrPd(u-
dppm),PdBr [13,14] 38.6° for CIPt(u-dppm),PtCl [17] or 41.3° for CIPd(u-
dppm),PdSnCl, [4]), but lower than for other Pd'-Pd' or Pd'-Pt! bonds in
complexes which do not contain any bridging ligands between the metal atoms (i.e.
86.4° for [(CH,NC),Pd,]** [18,19), 85.3° for [(CH,NC),Pd,I,} [15], 60° for
[Pt,(CO),C1,]*~ [20] or 79.8° for Pt,(C,F;),(CO),(PPh,), [21].

Complex 2 is the result of an oxidative addition of the Pd-C,Cl bond to the Pd®
center to produce a Pd—Pd bond, this contrasts with the reaction of Pt(PPh,), with
C¢Cl;AuPPh, [22] which does not give a binuclear compound with a Pt—Au bond
but instead gives [(PPh,),CIPt(p-3.,4,5,6-C;Cl,)AuPPh,] as a consequence of the
reaction of Pt(PPh,), with the ortho-Cl-C bond of the pentachlorophenyl group.

Experimental

The C, H and N analyses were carried out with a Perkin—Elmer 240-B micro-
analyzer. Conductivities were determined with a Phillips PW 9501 /01 conductime-
ter. Molecular weights were determined in CHCI, solution with a Knauer digital
osmometer. IR spectra were recorded (in the range 4000-200 ¢cm™!) on a
Perkin—- Elmer 599 spectrophotometer, with Nujol mulls between polyethylene plates.

The complexes trans-Pd(C,Cl,),(tht), [23], [Pd(u-CL)(C4Cl,)(tht)], [24] and
Pd,(dba),CHCI, [25] were prepared as described elsewhere.

The starting palladium(IT) complexes were prepared as follows.

Pd(C,Cl;),(dppm),. A mixture of 1 g (1.27 mmol) of Pd(C,Cl;),(tht), and
1.229 g (3.199 mmol) of dppm in 80 ml of toluene was refluxed for 3 h. The solution
was evaporated to dryness and the residue was extracted in 20 ml of dichloro-
methane. The solution was evaporated to ~ 10 ml and the addition of ~ 15 ml of
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TABLE 4
BOND DISTANCES (A) AND BOND ANGLES (°) FOR Pd,(p-dppm),(CsCls),
Pd(1)-Pd(2) 2.6704(21) P(3)-C(45) 1.811(15)
Pd(1)-P(1) 2.271(6) P(4)-C(1) 1.87721)
PA()-P(2) 2.299(6) P(4)-C(51) 1.844(14)
Pd(1)-C(3) 2.127(12) P(4)-C(57) 1.800(14)
Pd(2)-P(3) 2.284(6) CI(1)-C(4) 1.667(14)
Pd(2)-P(4) 2.316(5) CI(2)~C(5) 1.705(15)
Pd(2)-C(9) 2.164(12) CI(3)-C(6) 1.748(15)
P(1)-C(1) 1.840(21) CK4)~C(D) 1.731(15)
P(1)-C(15) 1.823(16) CI(5)-C(8) 1.694(14)
P(1)-C(21) 181717 CI(6)-C(10) 1.720(13)
P(2)-C(2) 1.812(22) CI(7)-C(11) 1.727(14)
P(2)-C(27) 1.788(17) CI(8)-C(12) 1.725(14)
P(2)-C(33) 1.781(20) CI{9)-C(13) 1.660(14)
P(3)-C(2) 1.869(22) CI(10)-C(14) 1.660(14)
P(3)-C(39) 1.802(18)
Pd(2)-Pd(1)-P(1) 85.51(15) Pd(1)-C(3)-C(B) 117.8(9)
_Pd(2)-Pd(1)-P2) 88.32(16) CI(1)-C(@4)-C(3) 120.1(10)
Pd(2)-Pd(1)-C(3) 168.7(3) CI(1)-C(4)-C(5) 119.9(10)
P(1)~Pd(1)-P(2) 173.8221) CI(2)-C(5)-C(4) 120.3(10)
P(1)-Pd(1)-C(3) 91.4(4) CI(2)-C(5)~C(6) 119.7(10)
P(2)-Pd(1)-C(3) 94.8(4) CI(3)-C(6)-C(5) 119.1(10)
Pd(1)-Pd(2)-P(3) 83.90(15) CI(3)-C(6)-C(7) 120.8(10)
Pd(1)-Pd(2)-P(4) 87.39(14) CK4)-C(N)-C(6) 118.0(10)
Pd(1)-Pd(2)-C(9) 169.6(3) CI(4)-C(T)~C(8) 122.0(10)
P(3)-Pd(2)~P(4) _ 17122020 CI(5)-C(8)-C(3) 122.6(10)
P(3)-Pd(2)-C(9) 91.3(4) CI5)-C(8)-C(T) 117.3(10)
P(4)-Pd(2)-C(9) 97.5(3) Pd(2)-C(9)-C(10) 120.0(9)
Pd(1)-P(1)-C(1) 104.5(7) Pd(2)-C(9)-C(14) 119.3(9)
Pd(1)-P(1)-C(15) 113.7(5) CI(6)-C(10)~C(9) 120.8(9)
Pd(1)-P(1)-C(21) 126.8(6) C1(6)-C(10)~C(11) 119.1(9)
C()-P(1)-C(15) 103.5(8) CI(7)-C(11)-C(10) 119.1(9)
C(1)-P(1)-C(21) 104.29) CT)-C(11)-C(12) 120.7(10)
C(15)-P(1)-C(21) 101.7%(7) CY8)-C(12)~C(11) 118.2(9)
Pd(1)-P(2)-C(2) 114.8(7) C(8)-C(12)-C(13) 121.7(10)
Pd(1)-P(2)-C(27) 113.8(6)" C1(9)-C(13)-C(12) 118.5(10)
Pd(1)-P(2)-C(33) 119.3(7) C1L(9)~C(13)-C(14) 121.5(10)
C(2)-P(2)-C(27T) 105.7(9) CI(10)-C(14)~C(9) 120.8(10)
C(2)-P(2)-C(33) 99.3(10) CI(10)-C(14)-C(13) 119.1(9)
C(27)-P(2)-C(33) - 101.9(8) P(1)-C(15)-C(16) 122.2(12)
Pd(2)-P(3)-C(2) 106.1(7) P(1)~C(15)-C(20) 117.6(11)
Pd(2)-P(3)-C(39) 113.1(6) P(1)-C(21)~C(22) 118.4(12)
Pd(2)-P(3)-C(45) 126.2(5) P(1)-C(21)-C(26) 121.4(12)
C(2)-P(3)-C(39) 104.9(9) P(2)-C(27)-C(28) 120.5(12)
C(2)-P(3)-C(45) 101.8(8) P(2)-C(27)-C(32) 119.0(12)
C(39)-P(3)-C(45) 102.6(7) P(2)-C(33)-C(34) 120.4(15)
Pd(2)-P(4)-C(1) 114.5(7) P(2)-C(33)-C(38) 119.015)
Pd(2)-P(4)-C(51) 115.4(5) P(3)-C(39)-C(40) 115.1(13)
Pd(2)-P(4)-C(57) 118.2(5) P(3)-C(39)-C(44) 124.8(13)
CQ)-P(4)-C(51) . 104.0(8) P(3)-C(45)-C(46) 121.7(10)
C(1)-P(4)-C(57) 99.3(8) P(3)-C(45)-C(50) 118.1(10)
C(51)-P(4)-C(57) 103.2(6) P(d)-C(51)-C(52) 116.8(9)
P()-C(1)-P@) - 105.2(10) P(4)-C(51)-C(56) 123.2(10)
P(2)-C(2)-P(3) 106.4(11) P(4)-C(57)-C(58) 120.4(10)

Pd(1)-C(3)-C(4) 122.%(9) P(4)-C(57)-C(62) 119.6(10)
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C{(10)

(b)

Fig. 1. Perspective views of Pd,{(u-dppm),(CsCls), (2): (a) Full molecule; (b) Central fraction with Ph
rings removed, showing numbering of key atoms.

ethanol gave the white solid Pd(C,Cl;),(dppm),, which was washed with diethyl
ether (73% yield).

PACHC,Cls)(dppm),. This was made in a similar way from 1 g (1.04 mmol) of
[PA(p-CI(C,Cl)(tht)], and 2.0045 g (5.215 mmol) of dppm in 200 ml of toluene
(Yield 74%).

Typical procedures for the synthesis of the complexes are given below.

XPd(u-dppm), Pd(C,Cl;) (X = Cl (1), C,Cl; (2))

A mixture of PAX(C,Cl)('-dppm), (X=ClL, 1 ¢ \0 862 mmol); X = C,Cl;, 0.6
g (0.436 mmol)) and sz(dba)3 CHCl; (X = (], 0.446 g (0.431 mmol), X = C,Cl;,
0.229 g (0.218 mmol)) in 80 ml of deoxygenated CH,Cl, was refluxed under N, for
3 h. The solution was then evaporated to dryness and the residue was washed with
20 ml of Et,0 to give respectively a yellow 1 (90%) or an orange complex 2 (77%).
Complexes 1 and 2 crystallize with CH,Cl,, that can be removed by keeping the
solid at 80°C for 4 h.
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Crystals of 2 (as its CH,CICH,Cl solvate) suitable for the diffraction study were
obtained by dissolving 0.050 g of the compound in CH,CICH,Cl (1 ml) and adding
an upper layer of n-hexane (4 ml).

XPd(p-dppm), Pd(C,Cls) (X = Br (3), I (4), SCN (5), CNO (6))

To a suspension of 0.2 g (0.157 mmol) of complex 1 in 30 ml of ethanol was
added a solution of 0.90 mmol of MX (MX = LiBr, Nal, KSCN, KCNO) in 1 ml of
H,O. The mixture was stirred for 6 h (22 h for the KCNO) at room temperature,
then the solid was filtered off and washed successively with 4 X 10 ml of methanol,
10 ml of H,0, and 10 ml of methanol. The resulting solid was dried at 80°C for 4 h
(Yields 80-90%).

SnCl,; Pd(u-dppm), Pd(C,Cl) (7)

To 0.1 g (0.078 mmol) of 1 in 10 ml of CH,Cl, was added SnCl, (0.014 g, 0.078
mmol) in 5 ml of ethanol, and the mixture was stirred for 1 h at room temperature
then partially evaporated. Addition of 10 ml of diethyl ether produced orange
crystals of 7 (78% yield).

[LPd(p-dppm), Pd(C,Cls)]BPh , (L = PPh, (8), P(OPh), (9), AsPh; (10) SbPh, (11),
tht (12))

A mixture of 0.1 g (0.078 mmol) of complex 6 and 0.078 mmol of L (PPh,,
P(OPh),, AsPh,, SbPh,, tht) in 30 ml of methanol was stirred at room temperature
for 15 min then 0.027 g (0.078 mmol) of NaBPh, was added and the mixture was
stirred for 30 min. The suspension was filtered off and the resulting solid was
washed successively with 10 ml-of water, 2 X 10 ml of ethanol, and 10 ml of Et,O.

The products were recrystallized from various solvents as follows: 8, 11 from
acetone/Et,0; 9, from dichloromethane/hexane; 10, from dichloromethane /Et,O.
The crystals of complex 10 was heated at 80°C for 2 h to remove CH,Cl,. Yields:
6, 75%; 9, 51%; 10, 50%; 11, 67%; 12, 50%.

[CIPd(p-dppm),(u-p-CH ,C H N, )Pd(C;Cl )] BF, (13)

To a solution of 0.1 g (0.078 mmol) of complex 1 in 50 ml of deoxygenated
acetone at —20°C was added 0.0162 g (0.078 mmol) of [ p-CH,C,H,N,]BF, and
the mixture was stirred for 30 min, as the solution was allowed to warm to room
temperature. The solution was then evaporated to ca. 5 ml and by 10 ml of diethyl
ether was added to produce an orange precipitate, which was washed with 10 ml of
Et,O then the compound recrystallized from acetone/Et,O and dried at 80°C for 5
h (86% yield).

CIPd(u-dppm),(n-SO,)PdC,Cl; (14) ,
SO, was bubbled for 30 min through a solution of 1 (0.15 g, (0.118 mmol)) in 5
ml of CH,Cl,. 10 ml of n-hexane were added to give a precipitate of 14. Yield 96%.

CIPd(p-dppm),(u-CN-p-Tol)Pd(C,Cl,) (15)

A solution of 0.150 g (0.118 mmol) of complex 1 and 15 ul (0.119 mmol) of
P-ToINC in 40 ml of CH,Cl, was stirred at room temperature for 2 h. The solution
was partially evaporated and addition of n-hexane then gave complex 15 (86%
yield).
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[RNCPd(p-dppm), Pd(C,CI)]CI (R = Cy (16), t-Bu (17))

A mixture of 0.230 g (0.182 mmol) of complex 1 and 0.248 mmol of CNR
(R = Cy, t-Bu) in 30 ml of acetone was stirred at room temperature for 3 h, then the
solution was evaporated to ca. 5 ml and 10 ml of diethyl ether were added. The
precipitates were filtered off and washed with diethyl ether; complex 16 was
obtained in 72% yield, and 17 was recrystallized from CH,Cl,/Et,O in the presence
of some free isonitrile (to give a 62% yield).

[RNCPd(u-dppm), Pd(C,ClI,)]CIO,

R=p-Tol (18). A mixture of 0.1 g (0.072 mmol) of ClPd(p.—dppm)z(p.-
CNTol)Pd(C,Cls) (15) and 0.042 g (0.343 mmoi) of NaCiO, in 30 ml of acetonitrile
was stirred for 1 h at room temperature. The solution was evaporated to ca. 2 ml
and the yellow crystals obtained were washed with ethanol, water, and ethanol (to
give 18, 56% yield).

R=Cy(19), ‘Bu (20). A solution of 0.15 g (0.118 mmol) of complex 1 and 0.124
mmol of RNC (R =Cy, '‘Bu) in 30 ml of dichloromethane was stirred at room
temperature for 15 min and then 0.040 g (0.326 mmol) of NaClO, in 3 ml of ethanol
was added. The solution was stirred at room temperature for 30 min and then
evaporated to ca. 2 ml. The complex (19 or 20) which separated was washed with
water and ethanol to give 19 (70% yield) or 20; the latter was recrystallized from
acetone/Et,0 (74% yield).

[p-CNRNC{Pd(p-dppm), Pd(C,Cls)},](CIO,), (R =p-C,H,) (21)

To a solution of 0.1 g (0.078 mmol) of complex 1 in 30 ml of CH,Cl,, 0.040 g
(0.326 mmol) of NaClO, was added 0.005 g (0.039 mmol) of p-C;H,(NC), and the
‘mixture was stirred for 6 h at room temperature. The yellow solution was filtered
then evaporated to ca. 5 ml and 10 ml of diethyl ether was added to give a yellow
solid (21), which was recrystallized from acetone /n-hexane (40% yield).
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