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Novel palladium(I1) derivatives containing metal-me- 
tal bonds of the type trans-[Pd(RNC)z(M’X3)rl and 
[Pd(C&NC)(L)(M’C13)Cl] (RNC = phenyl, cyclo- 
hexyl- and p-nitrophenylisocyanide; L = triphenylpho- 
sphine and triphenylarsine; M’ = Sn and Ge; X = 
Cl and Br) have been prepared. These compounds 
have been characterized by elemental analysis, mole- 
cular weight measurements, i.r. spectra, X-ray pow- 
der diffraction patterns and cleavage of the Pd-Sn 
and Pd-Ge bonds by reaction with iodine. Their 
structure was assigned, where possible, on the basis 
of i.r. data. An attempt to identify the Pd-Sn and 
Pd-Ge stretching frequencies has been made: the 
v(Pd-SnClJ) appears to fall in the range 199-226 cm--‘; 
v(Pd-SnBr3) in the range 156-180 cm-‘, and v(Pd- 
GeCL) in the range 228-240 cm-‘. 

complexes of the type [Pd(L)2(GeCl&] and [Pd(L)r 
(SnClJJ (L = neutral ligand), which is probably 
due to the instability of such systems, is ascribed by 
us mainly to the choice of the ligand L. 

Introduction 

In the last few years there has been an ever-growing 
interest in the chemistry of compounds containing me- 
tal-metal bonds,lm4 but to the best of our knowledge 
little has been done on palladium(II)-metal deriva- 
tives. Only a few compounds with Pd-Ge;5s6 Pd- 
Sn,7,‘* and Pd-Pb12 bonds have been reported in the 
literature so far, and they are in general fairly unsta- 
ble. Some of the tin derivatives have not been com- 
pletely characterised, like [ Pd(SnCl&Cl]P-, where 
the palladium atom should be in the formal Pd’ oxi- 
dation state,’ some others have been prepared in very 
low yield, such as [Pd(CO)(SnCl&Cl]-? and others 
are cluster compounds, such as [ Pd3(CBH&(SnCl&] .9 
Only a very few compounds, such as the ally1 deri- 
vative [ Pd( C&)( P(C6H&)( SnC&)] , have been fully 
characterized.lO,” So far no Pd-GeCL compound 
has been reported. The lack of information about 

It is well known’,2 that compounds with a Q bond 
between a transition metal and Group IV metal are 
characterized by the fact that the transition metal is 
coordinated to ligands having good n-acceptor pro- 
perties: carbon monoxide (the most widely used), 
cyclopentadienyl and ally1 groups, tertiary phosphines, 
diolefins etc. It is also known that isocyanides are 
rather good x-acceptor ligands which are able to sta- 
bilize zero-valent palladium derivatives.” All these 
facts led us to use the complexes [Pd(RNC)K%] 
(RNC = phenyl-, cyclohexyl-, and p-nitrophenyliso- 
cyanide as the starting materials for the preparation 
of novel palladium(II)-GeC13 and -SnC4 derivatives. 
Our choice was supported by a recent paper reporting 
the preparation of a series of Fe**-SnCL compounds 
having isocyanides coordinated to the iron atom.14 
In this way we have prepared both complexes of the 
type [Pd(RNQ2(M’X&] (M’ = Ge and Sn; X = Cl 
and Br) and the mixed derivatives [Pd(CbHsNC)(L)- 
(M’Cls)Cl] (L = triphenylphosphine and triphenyl- 
arsine) either by insertion reactions of SnX2 across 
the Pd-Cl bond or metathetical reactions with 
CsGeCl,. We wish to report here these preparations 
together with a discussion of the structure of the reac- 
tion products on the basis of their i.r. spectra. A 
tentative assignment of Pd-Ge and Pd-Sn stretching 
frequencies is also presented. 

Experimental Section 

(a) lstituto di Chimica Generale. Universitl di Padova (Italy). 
(1) 1. F. Young, Advances in Inorganic Chemist;yolfn~,Ro~~~he~~: 

$~152cademx Press (New York and London), , * 
(2) N. S. Vyazankin, G. A. Razuvaev, and 0. A. Kruglaya, Orga- 

nometal. Chem. Reviews, 3, 1968. 323. 
(3) j. Lewis, Pure Appl. Cfwm., IO. 1965, 11 
(4) F. A. Cotton, Quart. Rev., 20. 1966, 389. 
(5; E. H. Brooks and F. Glockling, Chem. Comm., 1965. 510. 
(6) E. H. Brooks and F. Glockling, f. Chem. Sot. (A), 1966. 1241. 
(7) M. A. Khattak and Robert I. Magee, Chem. Comm., 1965, 400. 
(8) I. V. Kingston and G: R. Scollary. ibid., 1970, 362. 
(9)’ G. E. Batley and john C Bailar, Ir., Inorg. Nucl. Chem. Let- 

ters, 4. 1968, 577. 

The starting compounds [Pd(RNC)K%] and [Pd- 
(RNC)( L)X2] (L = P(C6HS)3 and As(&H&) were pre- 
pared according to the methods already described.“*16 
SnC12. 2H20 and CsGeCL were commercial grade 
reagents; SnBr2 .2H20 was prepared by metathetical 
reaction. 

Preparation of the complexes [Pd(RNC)z- 
(S$Q2] (X = Cl, Br). 1 mmole of [Pd(RNC)&], 

(12) G. Carturan, G. Deganello, T. Boschi, and U. Belluco, I. 
Chcm. Sot., (A), 1969, 1142. 

(10) R. Mason, G. 8. Robertson, and P. 0. Whimp, Chem. Comm., 
1968. 1655. 
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(13) L. Malatesta, /. Chem. Sot.. 1955, 3924. 
(14) M. 1. Mays and B. E. Prater. 1. Chem. Sot. (A), 1969, 2525. 
(15) F. Canziani. F. Cariati, and U. Sartorelli, Istituto Lombard0 

(Rend. SC.) A98, 1964, 564. 
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suspended or dissolved in 10 ml of CH2Cl2, was trea- 
ted with an excess of SnXz .2HzO, dissolved in the 
minimum amount of ether with stirring (Pd/Sn = 
l/3-1/10). The insertion reaction takes place im- 
mediately, as observed by a sharp change of colour 
of the mixture. The reaction mixture was stirred 
for l-2h, and then was taken to dryness under redu- 
ced pressure. The solid residue was extracted twice 
with CH& (50 ml each time), and the extract treat- 
ed with charcoal. The resultant clear solution was 
concentrated under reduced pressure and the product 
precipitated by adding a mixture of ether/petroleum 
ether (2: 1). It was filtered off, washed several times 
with ether, and dried under vacuum. 

The complex [Pd(CsHlrNCh(SnCl&] precipitated 
satisfactorily pure during the addition of SnCh .2H20 
so that it does not require further purification. Also 
[ Pd(pOzN-C!~H~NC)$SnCl,)z] precipitates during the 
reaction: it is only slightly soluble in CHzClz and in 
the common organic solvents, thus preventing a bet- 
ter purification. The yields vary from 50 to 87% 
(see Table I). Molecular weight for [Pd(CsHsNC)r 
(SnCl&]: Calcd. 762, Found 780. The, molecular 
weights of the SnBa derivatives could not be mea- 
sured because they are insufficiently soluble in 1,2- 
dichloroethane. 

2. Preparation of the complexes [Pd(C&sNC)(L)- 
(M’CQCI] (M’ = Sn and Ge). a) [Pd(CsHsNC)(L)- 
(SnCG)Cl] (L = P(C6H& and As(CbH&). 1 mmole 
of [Pd(C6H5NC)(L)ClJ, partially dissolved in 15 ml 
of CHKh, was treated with SnCl2 .2H20 dissolved 
in a large volume of ether (Pd/Sn = l/3). The in- 
sertion products precipitate on forming. The reac- 
tion mixture was stirred for 30 min. The products 
were filtered off, washed several times with ether, 
and dried under vacuum. They are already suffi- 
ciently pure, although they can be further purified by 
dissolving in a large volume of CHKh and precipita- 
ting with a mixture of ether/petroleum ether (2: 1). 

Yields: BO-96%. Molecular weight for [ Pd(CnH5NC)- 
(P(C6H5)3)(SnC13)Cl]: Calcd. 732, Found 740. 

b. [ Pd( C6H5NC)(P(C6H&)(GeC13)Cl]. 1 mmole 
of [Pd(6HsNC)(P(GH.&)ClJ dissolved in 50 ml of 
CHKL was treated with 1.1 mmole of CsGeCl, su- 
spended in 10 ml of acetone. The reaction mixture 
was stirred for 1 h, then treated with charcoal and 
filtered. The clear solution was concentrated under 
reduced pressure and the product precipitated with 
ether-petroleum ether (2: 1). No further purification 
is required. Yield 80%. 

3. Preparation of the complexes [ Pd(RNC)*(Ge- 
Cl&]. [Pd(C6H5NC)2(GeCl&] was prepared by the 
same method as [Pd(CbHsNC)(P(CsHs)3(GeC13)Cl], by 
using a Pd/Ge ratio of l-2.5 and a reaction time of 2 h. 
Yield 60%. 

[ Pd(CsHIINC)z(GeC13h] was prepared by the same 
method, although in this case benzene was used as 
solvent. Yield 65%. The molecular weight of these 
compounds could not be measured since they decom- 
pose or react with the solvent.5,6 

4. Reactions with Zodine. a) CompIexes [Pd- 
(RNC)2(M’Cl&J (RNC = phenyl- and cyclohexyliso- 
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cyanide; M’ = Sn and Ge). 0.5 mmoles of [Pd- 
(RNC)2(M’Clj)2] dissolved in CHQ were treated with 
stirring with a solution of 12 in CC14 0.1 M (10 ml of 
this solution were used: ratio Pd/I2 = l/2). After 
15 minutes the reaction mixture was concentrated to 
a small volume under reduced pressure. The pro- 
ducts [Pd(RNQ212] were precipitated by dilution with 
a mixture of ethanol/ether (1:lO). The yields were 
almost quantitative (90-95%). The iodo-derivatives 
were identified by comparing their i.r. spectra and 
melting points with authentic samples.‘5J6 

b. Complex [ Pd( C6H5NC)(P( CbH5)3)( SnClqICl] . 
370 mg (=0.5 mmoles) of this compound dissolved in 
CH2Cl2 were treated with stirring with 5 ml of a 
solution of 12 m CCL 0.1 M (Pd/Iz = l/l). After 30 
minutes the solution was concentrated to a small 
volume and the product precipitated with ether. 216 
mg ( ~0.3 mmoles) of a compound, identified as 
[Pd(C6HsNC)(P(C&I&)12] were obtained. The filtra- 
te was again concentrated to a small volume and 
diluted with a mixture of ether/petroleum ether 
(IO/l). A second product was obtained, which was 
identified as [Pd(C6HsNC)(P(CsHs)3)C12]. The 
amount of this product was 82 mg (~0.15 mmoles). 
Since these products are very likely formed by rear- 
rangement of the unstable intermediate [ Pd(CbHsNC)- 
(P(C5H;),)ClI], one would expected a molar ratio 1: 1. 
This is not the case, but the yield of the iodo-deri- 
vative is higher than the theoretical one (0.3 mmoles 
instead of 0.25). Clearly the chloro-derivative un- 
dergoes a further metathetical reaction with the iodo- 
tin products of the cleavage reaction. 

Mo!ecuiar weight measurements. A Mechrolab 
thermoelectric molecular weight apparatus was used 
in all cases. The solvent was 1,2-dichloroethane and 
the temperature 37°C. 

Infrared Spectra. Infrared spectra were recorded 
in the region 4000-250 cm-’ with a Perkin-Elmer mo- 
del 621 instrument and with a Beckman I.R. 11 in 
the region 400-140 cm-‘. From 4000 to 1300 cm-’ 
hexachlorobutadiene mulls and NaCl plates were used; 
from 1700 to 250 cm-’ Nujol mulls and Csl plates 
were used. Nujol mulls and thin polythene sheets 
were used from 400 to 80 cm-‘. Calibration was per- 
formed against the carbon monoxide rotational spec- 
trum, polystyrene film and the water vapour rotatio- 
nal spectrum. Accuracy is believed to be better than 
& 1 cm-‘. 

Results and Discussion 

The palladium-tin derivatives have been prepared 
according to the following insertion reactions in the 
presence of an excess of SnX2 . 2H20: 

cis-_[Pd(RNCXIJ Sn$&_~o, tram-[ Pd(RNC),(SnX,),] (1) 

cis-[ Pd(CeHcNC)(L)CIJ SnC1z . 2H20 
(Pd/Sn= l/3) ’ 

[ Pd(CaH,NC)(L)(SnCI,)CI] (2) 
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Table 1. Analytical and physical data for [ Pd(RNC)(L)(M’X&,XJ (RNC = phenyl-, cyclohexyl- and p-nitrophenylisocyanide; 
L = . RNC, P(CIH,), and As(CsH&; M’ = Sn and. Ge; X = Cl and Br) 

Ratio PI/M’ used 

Complex Colour C 
Melting a 

H 
in the preparations. 

Calcd. Found C&d. Found Calcd.NFound C&d. $ound 
ppi;; Yields are given 

- in the brackets 

[ Pd(CIH,NCMSnCI,h] orange-brick 

Pd(C.H,NCh(SnBnh 
PdK.H,NCMGeCI,h 1 

yellow 

:Pd(CH,NC)(P(CH,),)(SnCI,)CI 
yellowish 

.pd(CH,NC)(P(CH,),)(GeCb)CI 
x 

orange 

Pd(CHINC)(As(CIH,),)(SnCb)C 
deep yellow 
orange-brick 
dark-red 
yellow 
ye&ue~ge 

1 - orange 

u All melting points are uncorrected. 

22.04 22.2 

16.33 16.5 
25.08 25.2 
41.00 40.5 
43.76 44.0 
38.68 38.2 
21.70 21.3 
16.14 16.2 
24.63 24.8 
19.72 20.3 
15.02 15.0 

1.32 1.4 

0.98 1.0 
1.50 1.6 
2.75 2.7 
2.94 3.0 
2.60 2.6 
2.86 2.9 
2.13 2.2 
3.25 3.3 
0.95 1.1 
0.72 0.8 

3.67 3.8 

2.72 2.8 
4.18 4.2 
1.91 1.9 
2.04 2.1 
1.80 1.9 
3.62 3.5 
2.69 2.7 
4.10 4.2 
6.57 6.8 
5.00 4.9 

27.89 27.4 Dark 170” Dec. 247 l/l0 

46.57 46.2 167 dec. 118 
31.72 31.4 228 dec. l/2.5 
19.36 20.3 
20.66 20.3 :;‘: z: 

t/3 
l/1.1 

18.27 18.4 
27.45 27.7 ztz z:: 

l/3 
t/3 

46.03 46.1 
31.16 31.0 

z%: ::s 
’ 

$.5 
24.94 24.5 >270 
42.83 43.0 210 dec 

i7osj 
(50%) 
(65%) 

IE? 00 

Table II. Characteristic i.r. absorptions (cm-‘) of the complexes [M(RNC)(L)IM’XI)I~“X,] (M = Pd and Pt) 

Complex v(NC) v(M’-X) v(M-M’) 6(M’-X) 

Pd(C,HsNCh(SnCl,), 
Pd(CbHfNCh(SnBr,)z 

3 Pd(CaH,NC)z(GeC1,)2 
Pd(C,H,NC)(P(C6Hs)j)(SnCI,)Cl] 

[Pd(CJ&NC)(P(C,H&)(GeCI,)Cl] 
.P~(C,HZNC)(A~(C~H&)(S~CI,)CI] 
~Pd(C6H,,NCh(SnCI& 
_Pd(C~HI,NC)~(SnBr& 

1 ,Pd(CsH,,NC)*(GeC11)2 
.Pd(p-O,NCsH,NC),(SnCl,), 
~Pd(l?-O*NCH.NC)~(SnBr,)I 
,Pt(CsH,,NC),(SnCl,),] 

3 

_Pt(p_CH10C,H,NC),(SnCl,),] 

aThe~e bands include or cover the 
by drs. F. Bonati and G. Minghetti 

2206 vs, 2172 sh 
2202 vs, 2168 sh 
2214 vs. 2180 sh 
2200 vs, 2160 sh 
2202 vs, 2160 sh 
2199 vs, 2160 sh 
2231 vs, 2200 sh 
2230 vs, 2200 sh 
2236 vs. 2200 sh 
2207 vs. 2170 sh 
2203 vs, 2160 sh 
2237 s h 
2210 sb 

330 vs, br 
z;;;‘b’es, 215s 

342 vs: 336 s, 316 vs n 
384 vs, 360 vs, 338 sh a 
340 vs, 324 vs a 
335 vs, 321 vs 
257 s. 239 s, 229 s 
370 vs, br 
331 vs., br 
255 s, 242 s, 231 s 
333 vs, 323 sh b 
346 vs. br b 

214 mw 133 s, 120s 
156m 89 m, br 
240 w 158s. 15osh 
226 ms or 206 ms 124 ms, br 
228 ms 155 m, br 
212ms or 199ms 118m 
208 mw 128 s, 120 sh 
178s 87 m 
233 mw 155s 
211 mw 128 ms br 
180m 90 m, br 
190m 126 s 
206 m, 200 sh 134 sh, 124 s 

v(Pd-Cl). b These values and the corresponding compounds have been kindly given to US 
(University of Milan), who have prepared them while this work was in progress” 

The formation of SnBrJ derivatives by reaction [l] 
is due to exchange of the chloride in the group 
SnBr?Cl, which is the first product of the insertion, 
with the bromide of the excess of SnBrz .2HzO. 

The palladium-germanium derivatives have been 
prepared by metathetical reactions with CsGeC&, as 
described in the experimental section. 

Reaction [2] gives definite, well characterized pro- 
ducts only with phenrlisocyanide derivatives, while 
with cyclohexylisocyamde it gives intensely coloured 
product of variable composition, very difficult to pu- 
rify and identify. It does not occur with p-nitro- 
phenylisocyanide derivatives, presumably because of 
steric and/or electronic factors related to the p-nitro 
group and triphenylphosphine. Analytical and phy- 
sical data for all complexes are reported in Table I. 

The last column of this table shows the Pd/M’ 
ratio used in the preparation of each compound and 
the corresponding yield, since in the experimental 
section only the general methods of preparation are 
described. The molecular weights of some represen- 
tative compounds are also reported in the experimen- 
tal section and they are in a good agreement with 
the proposed compositions. 

Thin-layer chromatography was not helpful for 
checking the purity of the new compounds, owing in 
many cases to the low solubility of the products, 
and, in other cases to decomposition both on silica 
gel and aluminium oxide. A few compounds, such 

as [ Pd(&HsNC)( P(C6H&)( SnC13)Cl], are so strongly 
absorbed that no separation was observed. 

The starting materials SnClz . 2Hz0, CsGeClA, [Pd- 
(C6HjNC)(P(CbHj)K12] and the final products [ Pd- 
(C6H~NC)(P(C6H&)(M’C13)C1] were investigated also 
by X-ray powder diffractions. The comparison of the 
diffraction paterns clearly shows that the final pro- 
ducts are new definite compounds. Moreover the si- 
milarity of the patterns of [ Pd( CsHsNC)( P(&Hs)J)- 
(SnCL)Cl] and its germanium analogue indicates that 
they are probably isomorphous. 

All the complexes with a few exceptions are mo- 
derately soluble in halogenated solvents. They are 
stable in the solid state, but tend to decompose to 
some extent in solution. 

Fortunately the decomposition is not sd’ fast as to 
prevent purification of the products by reprecipita- 
tion and , in certain cases, the determination of mole- 
cular weight. It was in fact this measurement which 
indicated that the Pd-Ge derivatives decompose more 
rapidly than the corresponding Pd-Sn ones in 1,2- 
dichloroethane. The decomposition in solution may 
occur through a reaction with the halogenated sol- 
vent in the same way as reported by Brooks and Glock- 
ling for some Pd-Ge compounds.s,6 The mixed com- 
plexes [ Pd(C6HsNC)(L)(SnCl~)C1] appear to be the 
most stable in solution. 

The palladium-metal bond in these compounds is 
readily split by iodine. This reaction occurs under 
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very mild conditions and affords reliable chemical 
evidence of the presence of Pd-Ge and Pd-Sn bonds. 
Complexes of the type trans-[ Pd(RNCh(M’Cl&] yield 
almost quantitatively the corresponding frans-[Pd- 
(RNC)212]. The Sn’” compounds, which are formed 
in the reaction, were not isolated but the presence of 
tin in the residue was detected (qualitatively). The 
reaction of 12 on the mixed complex [Pd(CbHsNC)- 
(P(C6H&(SnCL)Cll gives [Pd(C~H~NC)(P(C~H&)IJ 
and [ Pd(ChHsNC)( P(CsH&)ClJ as products. 

As far as the structure of the complexes of Table I 
is concerned, all the [ Pd(RNC)2(M’X3)2] derivatives 
have a tram configuration, as revealed by the presence 
of only one very strong v(NC) band in the region 
2199-2237 cm-’ (asymmetric stretching). 

This band shows a minor shoulder at lower fre- 
quency, which is probably due to the heavier carbon 
isotope ‘?. This shoulder cannot be attributed to 
the N-C symmetric stretching since it is present also 
in [ Pd(CbHsNC)( L)(M’Cl,)Cl], where there is only 
one isocyanide molecule, both in the solid state and 
in 1,2-dichloroethane solution. 

1.r. spectroscopy is of little help in assigning a pro- 
bable structure to the latter compounds. Even the 
v(Pd-Cl) band cannot be located with certainty becau- 
se of the strong absorptions of the v(Sn-Cl) bands 
in the region 300-350 cm-’ and v(Ge-Cl) in the region 
350-400 cm-‘. 

The position of the v(NC) bands deserves further 
comment. It is known that these bands are greatly 
influenced by the electron density on the palladium 
atom, in the sense that a higher electron density would 
cause a higher back-donation with a consequent low- 
ering of the N-C stretching frequency.15. In our 
case, the v(NC) frequencies fall in the range 2199- 
2237 cm-’ and the highest values occur for cyclo- 
hexylisocyanide derivatives. They are shifted to hi- 
gher frequency by some 75-102 cm-’ from the values 
of the free isocyanides. These shifts are of the same 
order of magnitude as for [Pd(RNC)2XJ derivatives.16 
This implies a relatively low electron density on the 
palladium atom and, consequently, a small extent of 
x-bonding in the Pd-isocyanide bond. On the other 
hand, the Pd-M’XJ bond is likely to have some x- 
bonding of the type d,:-d,, as found in the Co-Ge 
and Co-Sn bonds for complexes of the type XJM’CO- 
(CO)4 by means of nuclear quadrupole resonance stu- 
dies.” It was also found that the Q bond order for 
the (CbH=,)sM’ derivatives is greater than that for the 
XJM’ derivatives. This may be responsible of the 
low value of 2130 cm-’ for v(NC) found in a preli- 
minary study on trans-[Pd(C6HsNC)z(Sn(C6Hs)~)?]. 

The Sn-Cl stretching frequencies fall in the range 
316-342 cm-‘, the Sn-Br in the range 215-257 cm-‘, 
and the Ge-Cl in the range 360-384 cm-‘. They are 
considerably shifted to higher frequency upon coor- 
dination if compared to those of the free ions: ‘*Jo 
for instance in [Pd(C6HSNC)(P(C6H&)(GeClJ)Cl] 
they are at 384(a’) and 360(e) cm-‘, while in GeCL- 
the al type is at 320 cm-’ and the e type at 253 cm-‘. 

(17) T. L. Brown, P. A. Edwards. C. B. Harris, and J. L. Kirsh, 
Inorg. Chem., 8. 1969, 763. 

(18) M. L. Delwaulle, Camp. rend.. 1954, 228, 1585. 
(19) L. A. Woodward and M. J. Taylor, 1. Chem. Sot., 1962, 407. 

Such a shift is typical for compounds containing a 
metal-M’X3 bond and is indicative of an increased ox- 
idation state of M’.” 

For the [Pd(RNC)2(M’C13)2] derivatives the v(M’- 
Cl) vibrations give rise to strong absorptions, usually 
merged into one very intense broad band. On- the 
contrary, the corresponding SnBrJ derivatives are cha- 
racterized by three strong and well separated v(Sn-Br) 
bands. The bending vibrations of the M’X.3 groups 
(see TableII) are not affected by coordination. In 
fact, their values are not different from those of the 
free ions.18,19 In Table II a tentative assignment of 
the metal-metal stretching frequencies is reported. 
These bands, which are usually of low intensity, ap- 
pear to fall in the ranges 199-226 cm-’ for v(Pd- 
SnCI,), 156-180 cm-’ for v(Pd-SnBrA), 228-240 cm-’ 
for v(Pd-GeClj) and 190-206 cm-’ for v( Pt-SnCI,). 
They cannot be considered of course as pure stret- 
ching modes because of the coupling which may oc- 
cur with other vibrational modes of the molecule in 
the low frequency region. However, in the absence 
of any theoretical calculation, they can be roughly 
described as M-M’ stretching vibrations. Such bands 
are not present in the spectra of the free ligands RNC 
or in those of the parent compounds [Pd(RNC)&] 
and [ Pd(C6H5NC)(L)C12]. We have based our as- 
signment on the fact that in compounds of the type 
[M(RNC)(L)(M’XJ)Z_,X,] many factors, which may 
influence the metal-metal stretch, can be changed. In 
this way, we have found that a change of RNC does 
not alter appreciably the position of v(M-M’). The 
only exception is the low value (156 cm-‘) of 
v(Pd-Sn) in trans-[Pd(C6HsNC)2(SnBr3)2] compared 
to those of the other SnBr3 derivatives ( 178 and 180 
cm-‘). On passing from SnC13 to SnBrJ compounds 
(change of X) the corresponding v(M-M’) are low- 
ered by 30-58 cm-‘, while on passing from SnCl, to 
GeCl3 derivatives (change of M’) v(M-M’) are increa- 
sed by ca. 25 cm-‘. It seems also that the platinum 
complexes have v(Pt-SnClj) a little lower than the 
corresponding palladium ones. Literature data on 
complexes of the type ChM’Co(CO)4 report v(Co-Ge) 
at 240 cm-’ and v(Co-Sn) at 204 cm-‘?’ which con- 
firms our assignment of v(Pd-GeClJ) and v(Pd-SnCl,). 
On the other hand, the value of 209.8 cm-’ for v(Pt- 
SnC13) in [Pt(SnC13)s13- ” is in a good agreement with 
those we have found for the platinum derivatives, 
even though the structures are different. 

The assignment of v( Pd,-Sn@lj) in the complexes [ Pd- 
(C6H5NC)(L)(SnCix)Cl] is complicated by the occuren- 
ce of two bands in the same spectral region (-200 
cm-‘), one of which is probably due to some deforma- 
tion of the Pd-Cl bond. Even the complex [Pd- 
(CsHsNC)(P(CsH&)(GeClj)Cl] has another additional 
band at 180 cm-‘, but in this case there is little un- 
certainty in assigning the band at 228 cm-’ to 
v(Pd-GeC&) by comparing with the v(Pd-Ge) values 
of the other germanium derivatives. 
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