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Abstract 

Carbon-metal u-bonded complexes have been synthesized by reaction of various 
substituted benzylideneamines with PdCl,. The chloro-bridged complexes formed 
have been studied by spectroscopic methods and by thermogravimetric analyses. 

The number of articles on organometallic intramolecular coordination com- 
pounds is increasing [l-5]. Benzylideneamines also afford many types of 
organometallic intramolecular complexes having five-membered ring structures in 
which the ligand is r-bonded to the metal or the five-membered ring is formed by 
coordination of a lone pair of the ligand atom [6-81. 

With these compounds, formation of the metal-carbon u bond usually occurs 
more or less readily by direct interaction of the ligand and metal substrate, and 
elimination of the hydrogen in combination with a suitable leaving group. The 
cyclometalation reaction is facilitated by choice of a good leaving group in the metal 
complex, which combines with the hydrogen atom displaced from the metalated 
carbon atom. 

We present here the results of a study of the coordination behaviour of N-phenyl- 
benzoylbenzylideneamines and its substituted derivatives towards palladium(I1) 
dichloride. 

Experimental 

Starting materials. Solvents of commercial quality were purified and dried by 
standard methods. Palladium chloride (Merck) was used without further purifica- 
tion. The ligands N-phenylbenzoylbenzylideneamine (PBI), N-(l-phenylmethyl)ben- 
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Table 1 

Azomethine, carbonylo, and aromatic ring stretching modes (cm-‘) 

R Ligand Complex 

v(C=N) Y (C=C) v(C=O) v(C=N) v(C=C) v(C=o) 

H 1620s 

CH3 1615s 
OCH, 1624s 

1586,1572s 
1586,1574s 
1586,1575s 

1664s 
1660s 
1669s 

1605sh 
1600sh 
1615sh 

1586,1563s 1664s 
1585,1563s 1663s 
1588,1563s 1670s 

stretching frequency would be expected (ca. 150 cm-‘) [4,9], whereas in our 
complexes, the decrease averages only about 15 cm-‘. The position of the aromatic 
ring stretching frequency is approximately constant. Thus the coordination of the 
benzylideneamines is almost certainly through the lone pair and not through the 
azomethine m-system. There seems to be no simple relation between the electronic 
character of the substituent and the change in the azomethine stretching frequency. 

The presence of an ortho-substituted aromatic ring is shown by the presence in 
the infrared spectrum of extra bands (compared with the number in the ligand) in 
the 700-800 and 1100 cm-’ regions [4,10,11]. These bands are clearly observed in 
all the complexes prepared. 

Finally, two v(Pd-Cl) bands are apparent for each compound (see Table 2). On 
the basis of the higher truns-influence of a u-bonded carbon compared with that of 
a nitrogen atom, the higher frequency band was attributed to the stretching 
vibration v(Pd-Cl) tram to the nitrogen atom, and the lower frequency one to 
v(Pd-Cl) tram to the u-bonded carbon. 

These data are all consistent with the proposed structure [12]. Conclusive 
confirmation of the ortho substitution could not be obtained from the NMR 
spectrum of the di-p-chlorobis[ N-(l-phenylmethoxy)benzoylbenzylideneamine)]di- 
palladium(II), [Pd(PXBI)Cl], because the disappearance of the H(2) proton upon 
palladation cannot be clearly observed owing to coupling of H(2) in the ligand with 
the other ring protons [8]. 

For the same reason, and also because of the presence of the other two aromatic 
rings, the expected upfield shift of the H(3) signal after metallation is not clearly 
seen. However, the downfield shifts of the methoxy group and of the protons of the 
iminomethoxy p-disubstituted aromatic ring (H2’-6’)) seem to be in agreement 
with the coordination of the metal atom to the organic moiety through the nitrogen 
lone pair (see Fig. 1 and Table 3). Unfortunately, the other complexes are too 
insoluble in chloroform for their NMR spectra to be obtained. 

Table 2 

Stretching frequencies (cm-‘) in complexes [PdLCl], 

v(Pd-Cl) v(Pd-N) 

[Pd(PBI)Cl] 2 

[Pd(PMBI)Cl], 

[Pd(PXBI)Cl] 2 

335s 310m 
240m 
338s 295m 
260m 
335s 290~ 
245m 



R = H, CH, ,(XH; 

Fig. 1 

Figure 2 shows the DSC (to 600°C). DT.4 (600~~1000” C) and TG curves 
corresponding to di-p.-chlorohis( jv-phenylbenzoylbenzylideneamine)ciipa~iad~~~~n(II~. 
[Pd(PBI)CI],. 

It can be seen that there are three endothermic peaks with maxima at 2%. 267, 
and 804’C. respectively. There is also a very marked exothcrmic effect. with ;I 
maximum at 440” C, and a hhoulder centred at 484°C. 

From the TG plot it appears that decomposition starts at about 180” C. and 
although there are no clear steps in this curve. the information gilzen by the LXX‘ 
and DTA curves helps to reveal what is happening. Between i 80 md 305 * C there 
are IWO overlapping endothermic processes with peak temperatures of 250 and 
267°C. The weight loss recorded up to the end of the second endothermic process 
at 380°C is 12.50%, and can he attributed t.o the loss of a benzoll radical of one 
ligand, the calculated weight loss for this heing 11.2XX. The enthalp:, of Ihi:< process 
is dH 303.85 & 0.78 kJ mol !. 

At higher temperatures. there is further loss of weight corresponding to an 
exothermic peak between 34L473 o c‘ and a shoulder between 473 644 o C, The first 
process may be due to elimination of the ligands and concomitant formation of 
PdClz and PdO. but this process cannot be clearly separated from oxidation of the 
palladium halide (eq. 1). which is responsible for the exothermic shoulder centrcd at 

484” C. An interesting aspect on this process is that according to eq. 1 there should 

Table 3 

‘H NMR data for the ligand PXBI and the complex [Pd(PXBI)Cli, 
_-. .___ 

H(2.6,2”.6”) H(3.4.5,3”,4”.5” j H(?‘,3’,5’,6 i 
-7.R--7.6 1 ?.‘-7.1 6.X--6.:’ 
2 8.0~7.0 6.9. b.6 



111 

100 I I I I 1 
0 200 400 600 600 1000 

T (‘C) 

Fig. 2. 

be a total net weight loss of 67.34%, whereas it can be seen that after 692’ C there is 
a weight gain on the TG curve, and this suggests that the PdCl, is totally 
decomposed before the resulting palladium metal is completely oxidized. The weight 
gain in this oxidation will then be responsible for the slight mass increase up to 
692” C (loss found 67.08%). The total enthalpy of these processes is AH = 4786.6 + 
2.8 kJ. mol-‘. 

Table 4 

Thermal data 

Compound Tempera- Peak Mass loss Process AH Identified 
ture tempera- (Found (kJ mol-t) compound 

(“C) ture (calcd.) 

(“C) (W) 

[Pd(C,,H,,NO)Cl], 180-305 250; 267 12.50 Endo- 303.85 i0.78 [Pd,(C,,H,,NO)- 
(12.28) thermic (C,,H,oN)ICt, 

342-692 440; 484 67.08 Exo- 4786.6 f 2.8 PdO 
(67.34) thermic 

781-827 804 13.12 Endo- 6.53 + 0.04 Pd 

W(C,,%NWtl, 235-290 255; 266; 
273; 281 

348-674 451; 479 

774-819 800 

[Pd(C,,H,,NO,)Cl], 208-295 248; 253; 
286 

357-703 432; 490 

798-825 812 

(13.07) 
12.00 

(11.90) 
68.87 

(68.51) 
13.10 

(13.07) 
11.00 

(11.48) 
70.04 

(69.76) 
12.89 

(13.07) 

thermic 
Endo- 
thermic 
Exo- 
thermic 
Endo- 
thermic 
Endo- 
thermic 
Exo- 
thermic 
Endo- 

178.63+0.28 [Pd,(C,,H,,NO)- 

(C,,H,,N)ICt, 
4423.91+ 3.1 PdO 

6.46 +0.02 Pd 

164.59*0.34 [Pd,(C,,H,,N02)- 

(C,,H,zNO)IC1, 
3945.75 f 3.6 PdO 

6.31*0.07 Pd 
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