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Abstract 

The reaction of [Pd&CO),(p-O,CCH,),] with C,H,NC has been shown to occur with substitution of CO by CsH,NC to give 

[Pd.&-CO)&CNC,H&(p-02CCH&,] (1) with two equivalents of isocyanide and [Pd,(g-CNCsH,)&O,CCH,),] (2) with 

four equivalents of isocyanide. The structure of [Pd,(w-CNC,H,)&O,CCH,),] CHICI, has been determined by sin& crystal 
X-ray diffractometry. The structure is based on a rectangular unit of palladium atoms with the two shorter edges, which have 

Pd-Pd distances of 2.6572(5) and 2.6668(4) A, bridged by isocyanide ligands, and the two longer edges. with Pd-Pd distances of 

2.8888(4) and 2.9369(4) A, bridged by two acetate ligands. The bridging isocyanide groups are nearly linear, with C-N-C angles of 

between 161.2(4) and 169.3(5)“. This leads to relatively high values for the &NC) stretching frequencies in the IR SPemm. 

Compound 1 has also been synthesised by carbon monoxide reduction of palladium(l1) acetate in the presence of isocyanide. 

1. Introduction 

The synthesis of the palladium(I) cluster compound 
[Pd,(~-CO),(~-O,CCH,),] was first reported in 1978 
by carbon monoxide reduction of palladium011 acetate 
in acetic acid [l]. It has a structure based on a rectan- 
gle of palladium atoms, with the two edges bridged b? 
two carbonyl groups considerably shorter at 2.663(l) A 
than the two edges bridged by two acetates (2.909 A>. 
This compound has since been shown to be a useful 
precursor for the synthesis of both homo- and hetero- 
nuclear cluster compounds. Its reactions can involve 
retention of the planar Pd, core, or its rearrangement 
to other geometries. Reaction with diphenyldiazo- 
methane results in the substitution of the carbonyl 
ligands by diphenylcarbenes to give [Pd,(~-CPh2)&- 
O,CCH,),] [2]; EXAFS data suggest that this com- 
pound has a square-planar core, which is consistent 
with a rearrangement of the acetate ligands so that 
each Pd-Pd bond is bridged by one acetate and one 
carbene. This rearrangement is presumably made 
favourable owing to the steric requirements of the 
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bulky diphenylcarbene ligands. Reaction with l,lO- 
phenanthroline gives a cluster, [Pd&CO),(phen),l 

(0,CCH 314, in which the tetrapalladium core has un- 
dergone a rearrangement to a distorted tetrahedron, 
with the acetates becoming outer-sphere ligands [3]. 

Reaction of [Pd,(~-CO),(~-02CCH,),l with the 
molybdenum anion [CpMo(CO),]- gives [4] a mixed 
palladium-molybdenum cluster [Pd,ICpMo(CO),l~l*- 
in which the formal oxidation state of the palladium 
has decreased from + 1 to + l/2. The product has a 
square-planar Pd, core with all Pd-Pd bonds bridged 
by MO. Reaction with the related manganese anion 

[CT-C,H,Me>Mn(CN)(Co),]- gives L.51 a compound 
containing only two Pd-Pd bonds. The product, 
[(OC>Pd&-NC>Mn(q-CSH,Me)(Co),l, has a helical 
structure, with each palladium atom also directly 
bonded to a manganese atom, a carbonyl ligand, and 
the nitrogen atom of a nitrile ligand. 

Thermolysis of [Pd,(l-L-CO),(~-0,CCH3)41 occurs 
with transfer of oxygen from acetate to CO and elimi- 
nation of CO, [2]. When the reaction was carried out 
in benzene most of the CO, formed from CO reduc- 
tion was isolated as benzoic acid. [Pd4(~-C0)&~- 
O,CCH,),] has been shown to catalyse the conversion 
of acetylene in acetic acid into vinyl acetate. Addition 
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of l,l@phenanthroline to solutions of [Pd,(p-CO),(p- 
O,CCH,),] leads to effective and selective catalysts fog 
conversion of propylene and 2-methylpropene in 
methanol to allylmethyl and methallylmethyl ethers 
respectively [6]. In view of the useful chemical proper- 
ties of this tetramer it was decided to investigate the 
synthesis of the related isocyanide complcscs. 

2. Results and discussion 

Addition of 2 equivalents of C,H,NC in toluene IO 
a THF solution of [Pd.,(~-CO),(~-O,CCH,),] led to a 
rapid darkening in colour. After stirring for 30 min, 
reduction of volume of the solvent under reduced 
pressure gave a yellow powder which was rxrystallised 
from dichloromethane-dicthyl ether to give qeilow crys- 
tals of [PdJ(~-CO),(~-CNC,H,),(~-O_CJ(~~-I,),] (I). 
Repetition of the reaction using 4 equivalents of 
C,H,NC gave yellow crystals of [P~,(/~L-(‘NC!,H~)&~- 
0,CCH3),] (2) after recrystallisation from dichloro- 
methane-diethyl ether. Compounds 1 and 2 were char- 
acterised on the basis of IR and ‘I{-NMR spectro- 
scopic data, microanalyses and. in the case of 2. a 
single-crystal X-ray diffraction study. Complex I ma) 
be converted to 2 by the addition of 2 further equiva- 
lents of isocyanide. It has also been ihown to be 
possible to synthesise 1 from the carbon monoxide 
reduction of palladium(lI) acetate in the prescncc of 
isocyanide. with toluene as the solvent. l‘his reaction 
gives other products as well, including small amounts 
of 2. The routes to I and 2 are summariscd in Scheme 
I. 

2.1. X-RUJ crystallographic analysis of‘ 2 
The structure of compound 2 was confirmed by a 

single-crystal X-ray crystallographic investigation. de- 
tails of which arc summarised in Table 1. The relevant 
atomic coordinates and selected bond lengths and an- 
gles are given in Tables 2 and 3. The cluster is illus- 
tratcd in Fig. 1, in which all non-hydrogen atoms are 
shown for clarity. The four palladium atoms form a 
distorted rectangle with JWO short Pd--Pd distances 01 
2.6668(4) and 2.6572(5) A and two considerably longer 
Pd-Pd distances of 2.88X8(4) and 2.9.360(4) j\ There 

Scheme 1 
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TABLE 2. Atomic coordinates for [Pd,(~-CNCsH,),(~-O,CCH,),] 

(2) 

Atom x Y z 

I’d(l) 
Pdt2) 
W3) 
Pdt4) 
N(l) 
N(2) 
N(3) 
N(4) 
Wl) 
002) 
O(21) 
O(22) 
O(31) 
(X32) 
O(41) 
O(42) 
cl(looo) 
C1(1001) 

CC1 1) 
C(12) 
C(l3) 
C(l4) 
CU5) 
C(l6) 
C(l7) 
C(l8) 
C(19) 
C(21) 
C(22) 
Cc231 
C(24) 
C(25) 
Cc261 
C(27) 
C(28) 
C(29) 
C(31) 
Cc321 
C(33) 
C(34) 
C(35) 
Cc361 
C(37) 
Cc381 
C(39) 
C(41) 
Cc421 
C(43) 
C(44) 
C(45) 
C(46) 
C(47) 
C(48) 
C(49) 
cull) 
C(112) 
C(121) 
C(122) 
C(131) 
C(132) 

0.42658(3) 
0.64910(3) 
0.92732(3) 
0.97881(3) 
0.4949(4) 
0.6446(4) 
0.7035(3) 
1.1073(4) 
0.2438(3) 
0.8108(3) 
0.3346(3) 
0.7199(3) 
0.7938(3) 
1.1469(4) 
1.0561(3) 
0.8831(4) 
0.9880(2) 
0.951 l(3) 
0.5123(4) 
0.5052(5) 
0.6127(6) 
0.6166(9) 
0.524(l) 
0.420(l) 
0.4056(6) 
0.7182(7) 
0.2900(7) 
0.5974(4) 
0.7376(4) 
0.8524(5) 
0.9412(5) 
0.9158(7) 
0.8022(7) 
0.7106(5) 
0.8766(6) 
0.5845(6) 
0.8127(4) 
0.5845(4) 
0.4818(5) 
0.3628(5) 
0.3499(6) 
0.4516(7) 
0.5733(5) 
0.5000(7) 
0.6856(7) 
1.0449(4) 
1.1754(4) 
1.2795(5) 
1.3470(6) 
1.3111(7) 
1.2060(7) 
1.1343(5) 
1.3172(6) 
1.0219(7) 
0.1706(4) 
0.0450(5) 
0.2847(4) 
0.2260(6) 
0.7855(5) 
0.6855(6) 

0.43136(2) 
0.51576(l) 
0.04253(2) 

- 0.06996(2) 
0.5426(2) 
0.3781(2) 

- 0.0673(2) 
0.0016(2) 
0.4409(2) 
0.5163(2) 
0.3423(2) 
0.6157(2) 
0.0937(2) 

- 0.1053(2) 
0.1319(2) 

- 0.1530(2) 
0.3019(l) 
0.2845(2) 
0.5127(2) 
0.5816(2) 
0.5876(3) 
0.6246(4) 
0.6542(4) 
0.6477(4) 
0.6104(3) 
0.5573(4) 
0.6008(4) 
0.4205(2) 
0.3432(2) 
0.3621(3) 
0.3249(4) 
0.2728(4) 
0.2554(3) 
0.2904(3) 
0.4166(3) 
0.2716(3) 

- 0.0435(2) 
-0.1109(2) 
- 0.0953(3) 
- 0.1393(4) 
-0.1948(4) 
- 0.2100(3) 
- 0.1679(2) 
- 0.0340(4) 
- 0.1834(3) 
- 0.0038(2) 
- 0.0043(2) 

0.0449(3) 
0.0370(4) 

- 0.0164(4) 
- 0.0648(4) 
- 0.0592(3) 

0.1039(3) 
-0.1106(3) 

0.4636(2) 
0.4680(4) 
0.3384(2) 
0.2719(3) 
0.1136(2) 
0.1501(3) 

0.07337(3) 
0.19485(3) 
0.10341(3) 
0.08006(4) 
0.3019(4) 
0.1451(4) 

- 0.1022(4) 
0.3907(4) 
0.0105(4) 
0.1922(4) 

- 0.0821(3) 
0.2861(4) 

- 0.0492(4) 
0.2028(4) 
0.2462(4) 

- 0.0967(4) 
- 0.0025(3) 
- 0.2889(3) 

0.2261(4) 
0.4154(6) 
0.5625(6) 
0.6746(8) 
0.644(l) 
0.496( 1) 
0.3750(8) 
0.6000(8) 
0.215(l) 
0.1384(4) 
0.1862(5) 
0.3331(6) 
0.3710(7) 
0.2732(9) 
0.1327(8) 
0.0848(6) 
0.4410(6) 

- 0.0703(7) 
- 0.0217(4) 
- 0.1832(5) 
- 0.3098(5) 
- 0.3871(7) 
- 0.3383(9) 
- 0.2146(8) 
- 0.1320(6) 
- 0.3567(8) 

0.0052(8) 
0.2596(5) 
0.5431(5) 
0.6492(6) 
0.8009(6) 
0.8406(7) 
0.7327(7) 
0.5793(6) 
0.6031(8) 
0.4627(8) 

- 0.1009(5) 
- 0.1277(7) 
- 0.2206(5) 
- 0.3147(6) 
-0.1591(5) 
- 0.2464(6) 

TABLE 2 (continued) 

C(141) 1.1222(5) 0.1649(2) 0.2139(5) 
C(142) 1.2184(7) 0.2243(3) 0.3244(7) 
C(lOO0) 1.0466(7) 0.2781(4) - 0.0990(9) 

C-N-C angles in the isocyanide ligands lie between 
161.2(4) and 169.3(5)“; these are unusually large angles 
for bridging isocyanides, the majority of compounds 
characterised showing C-N-C angles between 128(2) 
and 133(2l”. There are two exceptions to this, namely 
[Pd,Cl,@-CNC,H,),(py),], which has C-N-C angles 
of 157.6(9) and 175.2(13)” [a], and [Pd,(p-SO,&- 
CNC,H,),(CNC,H,),], which has C-N-C angles of 
168.4(7) and 171.4(S)” [9]. The much smaller degree of 
bending of the bridging isocyanide ligands in these two 
clusters and in 2 has a considerable effect on the 
frequency of the v(NC) vibration as observed in the IR 
spectra, as discussed below. 

The Pd-Pd bond lengths and angles are very similar 
to those for [Pd,(CL-CO),(~-O,CSH,),], which has 
short Pd-Pd distances of 2.663(l) A and long Pd-Pd 

distances of 2.909 A and Pd-Pd-Pd angles of 83.4 and 
95.6” [l]. The longer Pd-Pd contacts in both 2 and 
[Pd,(~-CO),(~-O,CCH,),] are significantly longer 
than those in palladium metal [lo] but are considerably 
shorter than those in [Pd,(p-O,CCH,),], which are 
also bridged by two acetate ligands and lie between 
3.105(l) and 3.203(l) A ill]. This suggests that there is 
a weak bonding interaction between the metal atoms in 
both 2 and [Pd,(~-CO),(~-O,CCH,),]. 

2.2. Spectroscopic characterisation of the products 
The ‘H-NMR spectrum of 1 shows a multiplet in 

the aryl region, between 7.2 and 7.1 ppm, and singlets 
at 2.46 ppm and 1.86 ppm, in the intensity ratio 1: 2 : 2, 
consistent with an acetate : isocyanide ratio of 2 : 1. The 
spectrum for 2 shows a multiplet at 7.2-7.0 ppm and 
singlets at 2.42 and 1.67 pprn in the intensity ratio 
1: 2: 1. This is consistent with an acetate: isocyanide 

ratio of 1: 1. 
The IR spectrum of 2 shows v(NC) at 2010m and 

1974s cm-’ and v(COz) at 1574~s cm-‘. These fre- 
quencies are high for bridging isocyanides, though it 
has been noted previously [9] that when bridging iso- 
cyanide ligands are linear, v(NC) stretching frequen- 
cies are higher than for bent isocyanides, thus v(NC) 
bands for the bridging isocyanides in [Pd&SO,),(~- 
CNC,H,)JCNC,H,lS] were observed at 2047s and 
1990w cm-‘. The IR spectrum of 1 shows peaks at 
2064s and 1897s cm-‘. Since CO is a better r-acceptor 
than C,H,NC, the presence of the latter would be 
expected to reduce the values of v(CO) from those 

observed for [Pd,(~-CO),(~-0,CCH3)41 (1940 and 
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1975 cm-‘), and similarly the presence of CO would be the band at :2064 cm ’ can bc assigned to u(NC) and 

expected to increase the value of v(NC) above those that at 1897 cm ’ lo v(COJ. A I*(CO), band is also 

observed for [Pdl(~-CNCHH,),(~-O,CCH?).,l. Hence 
I observed, at 156Xs cm 

TABLE 3. Selected bond lengths 6, and angles (“) for [Ptil(~,-CN(‘,lI,),(~.-OIC‘(‘I1 {)., Ii2: 

___--__ 
Pd(l)-Pd(2) 

---- 
Pd(3)-C(3I 1 

Pd(l)-PdW 

Pd(l)-O(llj 

Pd(lJbO(21j 
Pd(l)bC(llj 

Pd(lMX211 

Pd(&O( 12) 

Pd(2)-0122) 

Pd(Zj-C‘( 11) 

Pd(2)-(‘(21) 

Pd(3)-Pd(4) 

Pd(3)-Pd(4)’ 
Pd(3)kO(31 j 

Pd(3)-O(4l j 

Pd(2)bPd(l )-Pd(2j’ 

O(ll)-Pd(l)-Pd(2) 

O(Il)-Pd(l)-Pd(2)’ 

0(21)-Pd(l)-Pd(2) 

0(21)-Pd(l)-Pd(2)’ 

0(21)-Pd(lj-O(ll j 

C(1 I)-Pd(lj-Pd(2) 

C(ll)-Pd(l)-Pd(2)’ 

C’(ll)-Pd(l)-O(l I) 

C(llj-Pd(l)-O(21j 

CUl)bPd(lj-Pd(2) 

C(?l)-Pd(l I-Pd(2)’ 
C(21)-Pd(l)-O(l1 j 

C(21)-Pd(l )MX21) 

C(‘l)-Pd(lj-(X11) 

Pd(l )-Pd(2)-Pd(l)’ 

0(12jkPd(2)-Pd(1) 

0(12JkPd(2)-Pd(1)’ 

0(22)-Pd(%Pd(l j 

0(22)-Pd(2)--Pd(lj’ 

0(22)--Pd(2)-O( 12) 

C(ll)-I’d(Z)-Pd(lj 

C(ll)-Pd(2)--Pd(l)’ 

C(l l)bPd(2)---O(G) 

C(ll)-Pd(2)-O(22j 

C(2l )kPd(Z)-Pd( 1) 

C(?l)-Pd(‘)-Pd( 1 j’ 

C(21)-Pd(2)-O( 12) 
C(21)-Pd(Zj-(~(22) 

C(21)-Pd(2jMXl I) 
Pd(4)-Pd(3)-Pd(4)’ 

0(31)-Pd(3)-Pd(4) 
0(31)-Pd(3bPd(4’) 

0(41)-Pd(3)-Pd(4) 

0(4 1 )-Pd(3j-Pd(4)’ 

0(41)-Pd(3)-001) 

C(3 1 )-Pd(3)-Pd(4j 

C(31)-Pd(3)-Pd(4)’ 

C(31)-Pd(3)&0(31) 
C(31)-Pd(3)-O(31)’ 

C(4lj-Pd(3)-Pd(4) 

C(41)-PdUbPd(4)’ 

2.xXxX(4) 
2.l34(3 J 

7.135(3) 
2.002(~4) 
1 .YX’7(4) 

2.135~3) 

2.120(3) 

2.000~4j 

l.YYO(4) 
2.&m(5) 

7.Y364(4j 
2.140(3) 

7.1.37uj 

83.50(l) 

133.1(l) 

X2.61(Y) 

133.Xlj 

N3.01(‘~) 

X8.Y(2j 

48.2( I) 

OY.611) 

90.6(:) 
177.3 1) 

47.% 1) 
09.7( 1 j 

177.M i ) 
01.(X21 

t(Y.Xj 

Yh,.llflJ 

134.Of I) 
79..%(Y) 

134.7flj 

7Y.KvYj 

90.0( 1 ) 
4x.x I) 

10X.4( I 1 
172.1(l) 

YO.O(?) 

47.H I) 

108.5( I j 

X’).?(3) 

172.X1) 

89.X2) 

X2.28( 1) 

135.7(l) 

7’3.47(Yj 

12Y.M 1 ) 

85.47(O) 

XY.3( I ) 

48.H I ) 

Y5.h(l) 

93.6(7) 

177.0(2j 

48.3( 1) 

lOh.7( 1) 

Pd(3)&(‘(4I i 

Pd(4)-O(3Sb 

Pd(4)-(X4’) 

f’d(4)b(_‘(.?! t 

Pd(4)-(‘(41) 

N(l)~~C‘(Il1 

N(I)-C‘(l?k 

N(2)--C(21 I 
N(WC(1’) _ _ 
N(3)-- C(3 I i 

N(R)bC(32) 
Yf4)-L‘(41 j 
Ni,4)-c’(32, 

C(Jl)-- Pd(3)&0(31) 

(‘(41 jbrw-o(4l) 
C(4 I i-Pd(31-C(il j 

l’(l(3~-I’d(4)--Pd(.ij’ 

(>(32)-Pd(‘1-)-l’d(3) 

0(X-Pd(z!kPd(3)’ 

0(4’)bPd(4) -Pd!?) 

0(42)~~Pd(J)-Pcl(.il’ 

0(32)-Pd(Jj-OWI c, 

C(31)-Pd(4)-Pd(3j 
(‘(3 I )-Pd(4- Pd!.? )’ 

C‘(.~l)~‘d(‘:j-o(.~li 

(‘(ilj~~Pd(Jj--C)(I:!, 

U4l)kPd(l)-PdC3j 

C(4l )-Pll(l)bPd~3~’ 

C(41!~Pd(4~-Oi.~7l 

C(41 )-~Pd(J)--O(42) 

C(4l )--Pd(J)wx.~!! 

(‘(12)--N(l)~C‘(I 1) 
C(221~~N(2)---C‘( !I j 
C(Y?,- N(3)-(.‘(I1 / 
(‘(42).-N(-i) X’(11) 

(‘(lllj-O(ll)-Pd(l) 

c‘( I I i )-0(12~-Pd(2~ 

C(12lj -O(?lj-l’d( I J 
C(l21 I--0(X?& Pd(.‘) 

CYl3lj~O(31)--f’d(3) 

C‘(131)-O(i2j~l’ti(ii 
~‘(141~~-0~-11~--i”~l!~~ 

C(13lj- 0(~12)~Pd(l~ 

Pd(2)b C( I I)- Pd( I i 

N( 1 Jbc‘( 1 ! I- Pdc 1 i 
N(ljbC(ll)-Pd~:r 

Pd(.%C(Z I j--Pd( ! 1 

N(2)-~<‘(‘I ;I-Ptl( : i 

N(2)-(‘(11 i-Pd(3! 

t’d(J)-(‘(jl)-~I’~i(:i, 

N(3)-i‘(?l,-P&3) 

N(D)- C(?l I--Pd(l) 

Pd(4j-C(4I j- I’d(f) 

N(3)-C(41) -Pd(3) 
N(4bU41 )- f’df4) 
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On the assumption that the rectangular tetrapalla- 
dium core of [Pd,(~-CO),(~-O,CCH,),l and [Pd& 
CNC,H,)&O,CCH,),] is maintained in the inter- 
mediate compound [Pd,(~-CO),(y-CNC,H,),(~- 
O,CCHs)J, there are three possible isomers for 1 
which vary in the arrangement of the bridging ligands. 
These are shown schematically below: 

co CNR 

\I 
CNR 

A 

CNR CNR 
/\ I\ 

(yIJd7Yd 
‘“1 I pt I 

co co 

co CNR 

C 

Both A and B have C,, symmetry, so two carbonyl and 
two isocyanide bands (a, and b,, and a, and b,) are 
expected in the IR spectrum. C has C,, symmetry, so 
only one carbonyl and one isocyanide band (a,) would 
be expected. The presence of only one carbonyl and 
one isocyanide band provides good evidence for struc- 
ture C, and solution IR spectral data support this, 
showing v(NC) at 207Ow and v(C0) at 1906m cm-i, 
though it is not possible to dismiss A and B entirely 
since the additional bands may be too weak to be 
observed. 

3. Experimental section 

Reactions were routinely carried out by use of 
Schlenk-line techniques under pure dry dinitrogen, with 
dry dioxygen-free solvents. Microanalyses (C, H and N) 
were carried out by Mr. M. Gascoyne and his staff at 
Oxford. Infrared spectra were recorded on a Perkin- 
Elmer FT1710 spectrometer as Nujol mulls between 
KBr discs and ‘H-NMR spectra using a Bruker AM-300 

Fig. 1. Molecular structure of [Pd,(~-CNCsH,),(CL-O,CCH,),l. 

reasons of clarity the hdyrogen atoms have been omitted and 

oxygen atoms of the acetate ligands have been shown in black. 

For 

the 

spectrometer operating at 299.96 MHz and referenced 
to TMS. [Pd,(~-CO),(~-0,CCH3)41 was prepared by 
the procedure described in reference 1. 

3.1. Syntheses 
[Pd,(~-CO),(I.L-CNC~H~)~(~-O*CCH,),l (1) from 

[Pd,(CL-CO),(~-0,CCH3)41. [Pd,(p-CO),(p-O,C- 
CH,),] . (AcOH), (0.10 g, 0.11 mmol) was dissolved in 
THF (20 cm31 and a solution of C,H,NC (0.029 g, 0.22 
mmol) in toluene (5 cm3) was added. The mixture was 
stirred for 30 min and the volume of solvent then 
reduced to give a yellow solid. This was recrystallised 
from dichloromethane-diethyl ether to give yellow 
crystals of the product. Yield 0.070 g (71%). 

[Pd,(CL-CO),(~-CNC~H~)~(~-O,CCH,),l (1) from 
[Pd(O,CCH,),]. [Pd(O,CCH,)J (0.30 g, 1.33 mmol) 
and C,H,NC (0.088 g, 0.67 mmol) were dissolved in 
toluene (20 cm”) and CO bubbled through the solution. 
The mixture was stirred under CO for 1 h and the 
volume of solvent was then reduced under reduced 
pressure to give a yellow powder. This was washed with 
acetone and recrystallised from dichloromethane-di- 
ethyl ether to give yellow crystals of the product. Yield 
0.170 g (52%). (Found: C, 34.5; H, 2.9; N, 2.8; 
C,,H,,N,O,,Pd, requires C, 34.3; H, 3.1; N, 2.9%). 
v(NC) at 2064s; v(CO) at 1897s cm-‘; v(C02) at 
1567~s cm-‘; 6(‘H) (CDCl,) at 7.2-7.1 ppm (Ar, 6H), 
2.46 ppm (CH,-Ar, 12H),l.S6 ppm (CH,-CO,-, 12H). 



[Pd,(~-CNC,H,),(~-02CCH,),l (2) from [Pd&- 
CO),(p-O,CCH,),l. [Pd,(~-CO),(~-O?CCH1)Jl 
(AcOW), (0.10 g, 0.1 I mmol) was dissolved in THF (20 
cm3> and a solution of C8H,,NC (0.05Y g, 0.45 mmol) in 
toluene (5 cm’) was added. The mixture was stirred for 
30 min and the volume of solvent then reduced to give 
a yellow solid. This was recrystalliscd from dichloro- 
methane-diethyl ether to give yellow crystals of the 

product. Yield 0. I07 g (80% 1. 
[Pd,(~-CNC,H,,),(~-O,CCH~),] (2) from [Pd,(p- 

CO),(~.-CNC,H,),(~-OZCCH,),]. [Pd,(p-CO&L- 
CNC,H,,),(~-0,CC:H3)j] (0.10 g, 0.094 mmol) was dis- 
solved in dichloromcthane (20 cm’) and a solution of 
C,H,,NC (0.025 g. 0.19 mmol) in toluene (5 cm.‘) was 
added. The mixture was stirred for 30 min and the 
solvent then removed under reduced pressure, and the 
residue was recrystalliscd from dichloromethane-di- 
ethyl ether to give yellow crystals of the product. Yield 
0.09 g (74%)). (Found: C. 42.3; H, 4.0: N. 4.3: C,$,H,, 
N,O,Pd, CHzCll requires C. 42.5: H, 4.0; N, 4.4%). 
v(NC) at 201Om, 1974s; v(CO,) at 1573 cm ‘. h‘(‘H) 
(CDCI,) at 7.2-7.0 ppm (Ar, 12H), 2.42 ppm (CU,-Ar, 
24H). 1.67 ppm (CH,-CO,-. 12 H). 

Crystals of compound 2 used ;n the analysis were 
grown by the slow diffusion of dicthyl ether into a 
dichloromethanc solution. A single crystal of dimen- 
sions 0.3 x 0.3 x I .O mm was mounted in a Lindcmann 
tube and transferred to the goniometcr head of an 
Enraf-Nonius CAD-4 diffractometer. Experimental de- 
tails of the crystallographic determination arc sum- 
marised in Table 1. An absorption correction based on 
azimuthal scans of the crystal was applied to the data 
(minimum/maximum corrections 1.34. 1.66). 

The positions of the palladium atoms were deduced 
from a Patterson synthesis. and the remaining non-hy- 
drogen atoms were located in subsequent Fourier dif- 
ference electron density syntheses 112,131. The hydro- 
gen atoms were included in calculated positions. The 

asymmetric unit comprised two halves of two crystallo- 
graphically distinct molecules which were essentially 
identical. The other halves of the molecules lie in 
adjacent unit cells. All non-hydrogen atoms were as- 
signed anisotropic thermal paramctcrs in the final cy- 
cles of least-squares refincmcnt which converged at 14 
0.03~~ and /i,\ 0.035. 

Supplementary data have been deposited with the 
Cambridge Crystallographic Data Ccntrc. 

Acknowledgments 

The SERC is thanked for financial support and 
Johnson Matthey plc for the loan elf palladium metal 
salts. 

References 


