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Summary 

The synthesis of the complexes trans-[Pd(GCl,)X(CNMe),l (X = Cl, Br, I, SCN) 
is described. These complexes undergo ready insertion of the CNMe ligand into the 
Pd- C, Cl 5 bond to give pentachlorobenzimidoyl-bridged derivatives [Pd 2 { CL- 
C(C,Cl,)=NMe},X,(CNMe),]. ‘After addition of excess of CNR (R = Me, Bu’) 
terminal pentachlorobenzimidoyl complexes [Pd{ p-C(C,Cl,)=NMe}X(CNR)z] can 
be isolated. 

Introduction 

We recently described the synthesis of some complexes of the type [Pd- 
(C,X,)Cl(CNR),] (X = F, Cl; R = But, cyclohexyl, p-tolyl and observed that for 
R =p-tolyl the synthesis had to be carried out at 0°C in order to avoid subsequent 
reaction [l]. For X = F we found that this subsequent reaction involved insertion of 
a p-MeC,H,NC molecule into the Pd-C,F, bond [2], and it was evident that a 
similar process took place for X = Cl. 

Pentachlorophenyl derivatives have been less studied than C,F, derivatives, partly 
because it is more difficult to gain information about their structures from IR 
studies and the valuable information provided by 19F NMR spectroscopy in the 
C,F, derivatives is not available for the C6C15 analogues. Thus, in order to make ‘H 
NMR spectroscopy more sensitive to structural changes we chose MeNC instead of 
p-MeC,H,NC to study isonitrile insertion into Pd-C,Cl, bonds. 

Results and discussion 

(A) Synthesis of the complexes: 
Whereas the relevant reaction for pentafluorobenzimidoylpalladium complexes 
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[2-51 was that represented in eq. 1 (R = Me, p-MeC,H,) attempts to carry out the 
same process starting from truns-[Pd(C,Cl,),(CNMe),l led, in several solvents, to 
extensive decomposition to metallic palladium; the rate of decomposition increased 
in the sequence acetone > benzene z=- benzonitrile. 

trans-[Pd(C,F,),(CNR)2] + PdCl, + [Pd,(~-Cl)z(C,F5)2(CNR)2] + 

{ [Pd2{~-C(C6F,)=NR},](~-C1)2}2 0) 

Under various conditions neither [Pd,(p-Cl),(C,Cl,),(CNMe),] nor the expected 
final product {[Pd,{ p-C(C,Cl,)=NMe},](~-Cl),}, could be detected. The fact that 
the insertion step proceeds quite easily for truns-[Pd(C,C1,)Cl(CNMe)2 ] (see below) 
suggests that the absence of the expected reaction is the result of the non-occurrence 
of the first step of the reaction, i.e. [Pd,(p-Cl),(C,Cl,),(CNMe),] is not formed. 
Unfortunately, no alternative method for the preparation of this complex is at 
present available and the study had to be carried out with the less versatile precursor 
truns-[Pd(C6C15)C1(CNMe),] which is easily prepared by the reaction shown in eq. 
2. 

[Pd2(~-C1)2(C6ClS)2(tht)2] +4CNMe+ 

2 truns-[Pd(C,C1,)Cl(CNMe)2] + 2 tht (2) 
From this precursor several related derivatives can be prepared, as shown in Scheme 
1. Thus, refluxing truns-[Pd(C,Cl,)Cl(CNMe),l in benzene gave a yellow solution 
from which the imidoyl-bridged derivative [Pd,{ EL-C(C6C15)=N(Me)},C12(CNMe),] 
was isolated. 

Upon addition of a stoicheiometric amount of CNMe (CNMe/Pd l/l) to a 
yellow CH,Cl, solution of [Pd2{~-(C,C1,)=NMe}2C12(CNMe)2] the colour fades, 
and crystallisation yields a mixture of starting material and a white product, 
truns-[Pd{C(C,Cl,)=N(Me)}Cl(CNMe),l. This terminal imidoyl complex can be 
prepared in almost quantitative yield by adding an excess of CNMe to a suspension 
of [Pd,{ ~-C(CsC1S)=N(Me)}2C12(CNMe)2 ] in diethyl ether; under these conditions 
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SCHEME 1. X = Br, I, SCN; R = Me, Bu’; (i) benzene, reflux; (ii) diethyl ether, RNC excess; (iii) MX, 

acetone. 
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truns-[Pd{C(GCl,)=N(Me)}Cl(CNMe),l is obtained as a white precipitate which 
can be filtered off and stored in the freezer. The product shows a marked tendency 
to loose CNMe at room temperature, even in the solid state, to regenerate the 
imidoyl-bridged dimer. 

When the bridge splitting is carried out with CNBu’ in place of CNMe the need 
to use a large excess of CNBu’ leads, in addition to the bridge splitting, to a 
displacement of the coordinated CNMe by the stronger nucleophile CNBu’, to give 
trans-[Pd{C(C,C15)=N(Me)}C1(CNBut),]. 

The chloro ligand in truns-[Pd(C,Cl,)Cl(CNMe),] can be replaced easily by other 
halide or pseudohalide ligands to give complexes of the type truns-[Pd(C,Cl,)- 
X(CNMe),] (X = Br, I, SCN), which, like the chloro derivative, upon heating give 
the imidoyl-bridged dimers [Pd z{ u-C(C,Cl,)=N(Me)),X2(CNMe),l; these, upon 
treatment with an excess of CNR, give the terminal imidoyl complexes trans- 

TABLE 1 

ANALYTICAL DATA AND YIELDS 

Compound Analysis (Found(calcd.)(%)) Yield Colour 

N C H 

i 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

xv 

XVI 

[Pd(C,CI,)Cl(CNMe),] 

[Pd(GCIs)Br(CNMe)21 

lPd(GC15)I(CNMe)21 

[Pd(C,CI,)(SCN)(CNMe),1 

[Pd2{CL-C(C,C1,)=NMe),C12(CNMe)21 

IPd2(I.l-C(C,C1,)=NMe)2Br,(CNMe)21 

[Pd,{I.l-C(~Cl,)=NMe),I,(CNMe)21 

tPd,(PC(C6C1,)=NMe),(SCN)2(CNMe)21 

truns-[Pd(C(~Cls)=NMe}Cl(CNMe)~] 

trans-[Pd{C(GCls)=NMe)Br(CNMe),l 

rruns-[Pd(C(C+Cl,)=NMe}I(CNMe)2] 

trans-[Pd(C(~Cl,)=NMe)(SCN)(CNMe)2] 

trans-[Pd{C(~CIs)=NMe}Cl(CNBu’)2] 

truns-[Pd(C(C+sCls)=NMe}Br(CNBut)2] 

tram-[Pd{C(Ce,Cl,)=NMe)I(CNBu’),l 

rrans-[Pd{C(GCls)=NMe}(SCN)(CNBu’)s] 

5.98 25.62 
(5.92) (25.37) 
5.26 23.81 

(5.41) (23.20) 
5.04 21.80 

(4.96) (21.27) 
8.20 26.58 

(8.47) (26.64) 
5.61 25.45 

(5.92) (25.37) 
5.26 23.84 

(5.41) (23.20) 
5.08 21.21 

(4.96) (21.27) 
8.39 26.98 

(8.47) (26.64) 

8.23 28.30 
(8.17) (28.02) 
7.58 25.81 

(7.52) (25.79) 
7.04 23.94 

(6.94) (23.79) 
10.10 28.92 

(10.43) (29.08) 
7.02 36.40 

(7.02) (36.12) 
6.28 33.40 

(6.54) (33.62) 
5.89 31.69 

(6.09) (31.33) 
9.05 36.48 

(9.02) (36.74) 

1.34 95 
(1.28) 
1.28 89 

(1.17) 
1.10 72 

(1.07) 
1.02 65 

(1.22) 
1.33 74 

(1.28) 
1.27 70 

(1.17) 
1.15 74 

(1.07) 
1.25 38 

(1.22) 
1.72 74 

(1.76) 
1.70 60 

(1.62) 
1.45 38 

(1.50) 
1.55 87 

(1.69) 
3.51 73 

(3.54) 
3.27 92 

(3.29) 
3.10 60 

(3.07) 
3.10 80 

(3.41) 

white 

pale yellow 

yellow 

pale yellow 

yellow 

yellow 

yellow 

yellow 

white 

white 

white 

white 

pale yellow 

yellow 

yellow 

white 
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[Pd{C(C,Cl,)=N(Me)}X(CNR),] (R = Me, Bu’). Alternatively both the imidoyl- 
bridged and the terminal imidoyl derivatives can be obtained from the correspond- 
ing chloro complexes via metathetical reactions with alkaline salts MX. For the 
terminal imidoyl complexes the reaction has to be carried out with free CNR in the 
solution in order to avoid loss of CNR and subsequent formation of the imidoyl 
bridged dimer. The reaction of trans-[Pd{C(C,C15)=N(Me)}C1(CNMe),] with an 
excess of KI in acetone in the presence of free CNMe does not give the expected 
white [Pd{C(C,Cl,)=N(Me)}I(CNMe),l but instead an orange product, which has 
been identified as [PdI,(CNMe),]. 

Analytical results and yields for all the complexes are given in Table 1. 

(B) ‘H NMR and IR spectra 
The ‘H NMR data and relevant IR absorptions for the complexes are listed in 

Table 2. 
The ‘H NMR spectra of the [Pd(C,Cl,)X(CNMe),] derivatives I-IV show only 

one resonance for the methyl groups, as expected for a tram geometry. The 
imidoyl-bridged dimers [Pd,{ p-C(C,Cl,)=NMe},X,(CNMe),l (V-VIII) show only 
two methyl resonances, one for the methyl (isonitrile) group and one for the methyl 
(imidoyl) group indicating that only one isomer is formed, and their structure was 
assigned using the reasoning followed in interpreting our previous results on the 
reiated C,F, derivatives [3]. The two methyl resonances are very close to each other 
and overlap almost completely for complex V; the assignments are based on the 
observation of a consistently larger v ,,2 (lower peaks for equal integrations) for the 
isonitrile than for the imidoyl signals, both in these and in the terminal imidoyl 
complexes IX-XII. In the latter, the observation of two signals (l/2 ratio) confirms 
the tram geometry of the complexes, and the different integrations for the signals 
allow clear distinction between the methyl(imidoy1) and the methyl(isonitrile) signal, 
even when both peaks have almost the same height. Finally, the terminal imidoyl 
complexes with CNBu’ XIII-XVI are also assigned a tram geometry on the basis of 
the observation of only one signal for the Bu’ groups. 

The IR spectra give less information about the geometry. The v(C%N) absorp- 
tions are observed in the range 2300-2200 cm-’ for all the complexes, but fewer 
absorptions than predicted by group theory are generally observed. Thus for 
trans-[Pd(C6C1,)X(CNMe)2] (C,, symmetry) two v(C%N) absorptions (A, + B,) are 
predicted but only one is observed; similarly, two absorptions (A + B) are predicted 
for the complex [Pd,{ p-C(C,Cl,),=NMe},X,(CNMe),l (C, symmetry) and only 
one is observed; for most of the complexes trans-[Pd{C(C,Cl,)=NMe}X(CNR),I 
(C, symmetry, provided that the imidoyl plane is orthogonal to the square plane, as 
observed in the X-ray structure [5]), two absorptions are observed in agreement with 
the prediction of two active IR modes (A’ + A”), but the one at higher wavenumbers 
is noticeably weaker. We suggest that for most of the complexes considered, even 
when the two stretching modes are predicted to be IR active the symmetric one 
could possibly involve only very small changes in the dipole moment of the 
molecule, leading to a very low intensity of the corresponding absorption. 

Imidoyl v(C=N) absorptions are observed in the range 1660-1550 cm-’ as fairly 
broad bands. Two bands (A + B modes) are generally observed for the imidoyl- 
bridged complexes and only one (A’ mode) for the terminal imidoyl complexes, in 
good agreement with the predictions. It is notherworthy that the v(C=N) absorption 
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in all the complexes with terminal imidoyl groups appears at higher wavenumbers 
that any of the v(C=N) absorptions in the parent complexes containing bridging 
imidoyl groups, supporting the criterion previously suggested for distinguishing 
between these two cases [5]. 

The low wavenumbers for the Y(Pd-Cl) modes in the imidoyl derivatives reflect 
the very high truns influence of the imidoyl’ group. On the other hand in the 
thiocyano derivatives the pseudo-halogen gives rise to absorptions near 2100 cm-’ 
related to the y(C=N) mode. In the mononuclear derivatives this absorption appears 
above 2100 cm-‘, and this has been suggested to indicate S-coordination [6,7]; the 
ratio of the area of the SCN absorption to that of the v(C=O) absorption of salicylic 
acid as internal standard [8], gives “internal standard ratios” of ca. 0.75, which also 
points to S-coordination. 

Bands appearing in ca. 950 cm-’ can be assigned to Y(N-C) of the isonitrile 
ligands according to previous reports on MeNC complexes of palladium [9]. It seems 
reasonable to assign the absorption in ca. 1000 cm-‘, observed only in the imidoyl 
derivatives, to y(N-C) in the imidoyl group. 

Absorptions in the range 840-580 are related to the C6C1, group [lo]. Except for 
the absorption at ca. 670 cm-’ these bands are weak or very weak in the 
pentachlorophenyl derivatives I-IV, but medium to strong in the pentachlorobe- 
nzimidoyl complexes (V-XVI). _ 

One or two bands in the range 475-435 cm-’ in the CNMe derivatives can be 
assigned to v(Pd-C) vibrations of the Pd-CNMe bonds on the basis of previous 
analyses [9]. Thus the band in the range 542-525 cm-’ which is observed only in the 
pentachlorobenzimidoyl derivatives can be tentatively assigned to a Pd-C(imidoy1) 
stretching mode; the same band, but at wavenumbers about 20 cm-’ higher, is 
found in the spectra of related pentafluorbenzimidoyl complexes [2-51. Finally, the 
medium intensity band at ca. 510 cm-‘, which appears only in the CNBu’ deriva- 
tives, and is also found in related palladium complexes containing CNBu’, can 
reasonably be assigned to a Pd-CNBu’ stretching mode. 

Experimental 

The C, H and N analyses were carried out with a Perkin-Elmer 240B micro- 
analyser. IR spectra were recorded on a Perkin-Elmer 599 spectrophotometer using 
Nujol mulls between polyethylene plates. ‘H NMR spectra were recorded on Varian 
XL-200 or Perkin-Elmer R12B instruments. [Pd2(p-Cl),(C,Cl,),(tht),] [ll] CNMe 
and CNBu’ [12] were prepared by published procedures. 

tram-[Pd(C,C15)CI(CNMe),] (I) 
A stoicheiometric amount of MeNC was added to 500 mg of [Pd.,+ 

Cl),(C,Cl,),(tht),] suspended in 20 ml of acetone and the mixture was stirred at 
0°C for 2 h. Additional cold acetone was then added to dissolve the white 
precipitate, and the solution was filtered to remove traces of black Pd then 
evaporated without heating to small volume, to give a white precipitate. Precipitation 
was completed by addition of diethyl ether, and the white complex I was filtered off, 
washed with diethyl ether, and dried in the air. 

The product must be stored in the freezer to avoid the insertion process which 
takes place during a few months at room temperature even in the solid state. 
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tram-[Pd(C,C15)X(CNMe)J (X = Br (II), I (III), SCN (IV)) 

Complex I (200 mg) in 5 ml of acetone was treated at 0°C with a slight excess of 
LiBr, NaI, or KSCN for 2 h. Then 30 ml of CH,Cl, and 30 ml of water (both cold) 
were added, and the organic phase was separated, dried with MgSO,, and evaporated 
without heating to small volume. Upon addition of cool n-hexane and stirring in an 
ice bath the desired product separated, and was filtered off, dried, and stored in the 
freezer to avoid the insertion, which takes place even in the solid state. 

[Pd,{p-C(C,CI,)=NMe},X,(CNMe),] (X= Cl (V), Br (VI), I (VII), SCN (VIIII)) 

Method I. A mixture of 200 mg of trans-[Pd(C,Cl,)X(CNMe),] and benzene 
(20 ml) was refluxed for 12 h. The benzene was evaporated off and 20 ml of diethyl 
ether were added, to give a yellow precipitate. This was filtered off and dried. 

Method 2. Complexes VI-VIII were also obtained from V by methathesis 
reactions with an excess of the corresponding alkaline salt in refluxing acetone for 2 
h. The resulting solution was evaporated to dryness and the product was extracted 
with 30 ml of CHCI,. Drying of the extract with MgSO,, followed by evaporation 
and addition of diethyl ether gave the product. 

tram-[Pd{ C(C,Cl,)=NMe } X(CNMe), / (X = Cl (IX), Br (X), I (XI), SCN (XII)) 
An excess of CNMe (Pd/CNMe 2.5) was added to 500 ml of [Pd,{ p- 

C(C,Cl,)=NMe},X,(CNMe),] suspended in 20 ml of diethyl ether. The solution 
was stirred for 2 h to give a white solid, which was filtered off, washed with cold 
diethyl ether, dried, and stored in the freezer. 

tram-[Pd{ C(C,ClJ=NMe } X(CNBu’),] (X = Cl (XIII), Br (XIV), I (XV), SCN 

(XVI) 
An excess of CNBu’ (Pd/CNBu’ 2.5) was added to 500 mg of [Pd,{p- 

C(C,Cl,)=NMe},X,(CNMe),] suspended in 20 ml of diethyl ether and the mixture 
was stirred for 2 h to give a colorless solution. Addition of 20 ml of cyclohexane and 
evaporation of the diethyl ether gave a white product, which was filtered off, washed 
with cyclohexane, air dried, and stored in the freezer. 
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