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Tram-Pd(PPh3),C11 reacts with Li(p-RCa,N-= 

CH-=NCa&-p) (R = CH,O, CH,, H and Cl) in 
THF yielding the deeply colored complexes Pd(PPhJ, 
(p-RC&,N-CH=NCJl&-p)Cl (I), stable in the solid 
state. The main decomposition products in EtOH were 
identified when R = CH, as trans-Pd(PPh3),Cl, and 
[Pd(p-CH,C,H4N=CH=NC6H,CH3-p),l,(ll. Di- 
merit complexes of type (II) can be synthesized also by 
reacting Li(p-CH3C6H4N-=CH-NC6H4CH3-p) with 
Pd(NCCHJ ,CI, in THF. 

The structures of all the new complexes are proposed 
on the basis of u.v., i.r. and n.m.r. data. 

Introduction 

The few studies on N,N’-diarylformamidine metal 
derivatives till now reported have resulted in the syn- 
thesis of four types of compounds in which the ligand 
can act as unidentate (A), or deprotonated-mono- 
dentate (B), -polydentate (C), -orthometallate (D). 

RNH-CH=NR 
b 
Cu (OAc), 

RNH-CH=fJR 
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2 

RrcH=NR PY\ /PY 
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Cl 
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However the above structures have been proposed 
only from molecular weight determination and chemical 
reactivity*, without any spectroscopical evidence. 

The formamidido anion could act also as chelate (E), 
or bridging (F) as do the closely related benzamidido’, 
triazenido3,4 or carboxylate ligands’. 
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Recently, it has been reported that PdCI, promotes 
the formation of amidine$ and of the closely related 
iso-urea complexes of the type Pd(RNH-C(OMe)= 
NR’),Cl, ‘. Deprotonation of these complexes led 
to decomposition to metallic palladium although it 
could be the route to dimeric complexes in which 
isourea could act as a bridging bidentate ligand as in 
FT. 

We were able to isolate dimeric complexes of this 
type and monomeric ones Pd(PPh,),(formamidido) 
Cl by deprotonation of the formamidine prior to reac- 
tion with Pd(NCCH,),Cl, or trans-Pd(PPh,),Cl,, 
respectively, and the results of this study are reported 
here. 

Experimental 

Solvents were dried and purged with nitrogen before 
use. 1.r. and ‘H n.m.r. spectra were recorded on Per- 
kin-Elmer 457 and Jeol C-60HL instruments. Mole- 
cular weights were determined on a Mecrolab osmo- 
meter at 36°C. Melting points were taken in air on a 
Kofler hot stage. N,N’diarylformamidines were pre- 
pared following the literature methods from triethyl- 
orthoformate and the appropriatep-substituted aniline’. 
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TABLE I AnalytIcal UV and IR Data of 

I" benzene at 36 C some decomposltlon take? place with thep CH,O 
andp CH, derlvatlves Only band5 a\soclated wtth the N N dtarvlformamldldo linkage 

Chloro(N N’ DC p tolylformarmd~do)b~~(trcphenyl 
phosphme)palladwn(II) (I) 

In a typicd] expertment d solution of n-butylhthlum 
m hexdne (0 25 ml ca 2 5M 0 6 mmol) was Tdded to 
a THF solution of N N -dl p-tolylformamldme (1 C, ml 
0 6 mmol) at room tempernture under nitrogen After 
two minutes tram Pd(PPh,),CI, (0 5 mmol) was 
added as a solid This dissolved m &out five minutes 
while heatmg to bolhng point yielding a deep red 
solution whose volume wds then reduced to ca 5 ml 
by a vigorous nitrogen flux which cooled the solution 
to room temperature m about ten more minute\ Ad- 
dition of n hexane* afforded a red precipitate which 
wa$ w&hed with EtOH dnd dried under vacuum result 
mg m the pure complex 

The analogous phenyl p Cl and p CH,O derl- 
vatlves were slmllarly prepared The yield 1s about 
80% when R = CH, H Cl and \omewh,tt lower (ca 
60%) when R = CH,O 

Decornposltlon of (I) Suspended WI Ethanol 
By stn-rmg an ethanol suspension of (I) (1.5 ml 

300 mg of the p tolyl derivative) for 12 hr at room 
temperature a gravlsh preclpltate (120 mg) formed 
whrch wx filtered off After concentration (slow evnpo 
ration) of the resultmg ormge brown \olutlon to 
whrch some benzene wd\ added [Pd@-CH,C,H,N- 
CH---NC,H,CH,-p),], C,H, precipitated Addition 

-- 

* By adding ethanol directly to the red solution mstedd of to 
the red sohd precipitated from n hexane decompoTltlon take 
place and the red complex preclpltates togheter with an 
orange product By dlssolvmg this mixture m benzene and 
then addmg some ethanol only the orange product [Pd 
@ CH,C,H,N-CH-NC,H,CH, P)~]* C,H, preclpltdtes 
(together with some metallic palladium) after slow concentr I 
tlon by evapordtlon at room temperature (7 days) 

of benzene to the grdytsh preclpltate and centrlfugatlon 
allows separation of some metallic palladium Upon 
addltlon of ethanol trans Pd(PPh,),CI, crystallized 
out 

,up p’ p’ ’ Tetrakls (N N dl p tolylformamtdldo) 
dlpalladrum(II) (II) 

This compound wds prepared followmg the same 
precedure used for the preparation of type (I) com- 
plexes with Pd(NCCH,),CI, m place of Pd(PPh,) 
Cl, (Pd Llformdmidido = 1 2 2) vleld 70% 

Andiytical 1 r and u v data are listed m Table I 

Results and Discussion 

The N N -dl u-ylformamldldo amon formed by ad 
dmg d hexane solution of n butylhthlum to d THF 
solution of formdmidme in the ratio 1 1 easily substl 
tutea only one chloride of tram Pd(PPh,),Cl, even 
when used m excess to yield the red monomeric corn 
plex (I) stable m the \ohd state 

trans Pd(PPh,),CI, + LIO, RC,H,N-CH: 
NC,H,R-p)+Pd(PPh,),@-RC,H,N-CH= 

(I) NC,H,R p)Cl+ LICI 

(R = CH,O CH, H dnd Cl) 

Under the same condltlons the formdmidido anion 
substitutes both chlorides of Pd(NCCH,),Cl, even 
when used m deflclenc) to form the orange dlmerlc 
complex (II) 

2 Pd(NCCH&& + 4 Ll@-CH,C6H4N~CH- 
NC6H4CH, p)-+ [Pd@-CH&H4N-CH- 

NC,H,CH,-p,], + 4 LlCl+ 4 CH,CN 
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Moreover, m the latter case the weakly co-ordmated 
acetomtrlle 1s displaced In the first case tnphenyl- 
phosphme remains co-ordmated and probably its sterlc 
hindrance prevents the co-ordmatlon of a second form- 
amldlde amon However when (I) 1s suspended m 
EtOH partial trlphenylphosphme displacement and 
dlsproportlon occur, the mam decomposltlon products 
being dlmer (II) and truns-Pd(PPh,)&* 

4 Pd(PPh,)&-CH&H,N-CH=NC,H,CH,-p)Cl 

(I) 

=4 PPh, + 2 truns-Pd(PPh,)&l, + 
[PdO, CH,C6H,N-=CH-NC,H4CH,-p)z]z 

(II) 

The pathway of this complex reaction 1s not clear 
however it IS like that an extended n-conJugatlon on 
the entire molecule (II) together with a slgmflcant 
palladium-palladium interaction (see later and Fig 
ure l), are responsible for the driving force for the 
formation of (II) from (I) 

Type (I) complexes decompose m solution How 
ever we were able to obtain a good ‘H n m r spectrum 
of the the p-tolyl-derivative by dlssolvmg the sample 
at low temperature At -5” C the signal at ca t7 8 
broadens and splits mto two signals separated by 8Hz 
at lower temperature The process 1s reversible mdl 
catmg a fluxlonal behavlour m solution which can be 
explained by the followmg mterconverslons ** 

X) 

ml 
Y) 

Because of the well known preferred four co-ordma 
tlon of Pd(I1) complexes, we suggest the first mter 
pretatlon which has been proposed also for the closely 
related trlazemdo complexes Pt(PPh,),(p-tolylN-N 
=Ntolyl-p),g and trans-Pt(PPh,),@-tolylN-N=Ntolyl 

P)H” At r t the two CH, substltuents are equl 
valent because the fluxlonal process 1s fast compared 
with the n m r scale thus a E type structure which 
has been suggested for the closely related benzamldldo 
complex Mn(CO),@ -tolylN~CPh=Ntolyl-p)2 on 
the basis of similar n m r variable temperature ex 

* The fate of displaced trlphenylphosphme was not mvestlgated 

** The formyl proton 1s undetectable as It 1s obscured by the 
phenyl protons 

perlments can be excluded for complexes (I) The 
details of the above process will be given m a forth- 
coming paper together with other results on other 
related trlazemdo Pd(I1) and Pt(I1) complexes 

The n m r spectrum of [Pd@-CH&H,N=CH= 

NC6H,CH, p),], C,H, shows peaks at 22 7, 3 0 3 2 
and 7 78 m the ratio 1 5 1 8 3 6 1 The signals are 
shifted towards higher fields with respect to the corre 
spondmg N N’dl-p-tolylformamldme mdlcatmg a 
higher electronic density m the coordinated hgand 
This appears particularly evident for the formyl proton 
(t = 3 0) which 1s the most influenced bv its chemical 
environment (t = 2 0 for the parent formamldme), as 
found by Bonatl et al m other formamldme and ethyl- 
formlmldate complexes” The sharpness of the signals 
suggests the presence of only one type of formamldldo 
hgand thus a structure with both unstrained bridging 
and monodentate formamldldo linkages as m F) and 
m B), respectively as proposed for the closelv related 
[Pd(CF,COO),], 2CH,COCH, l3 can be excluded 
(a fast bridging-non bridging hgand exchange would 
bring to the equivalence of the two types of linkages 
but this 1s unlikely as the peaks remam sharp also at 
low temperature) 

We suggest the bmuclear structure drawn m Figure 1, 
similar to that found for the closely related ~/,L’,u”$” 
tetrakls-( 1 3-dlphenyltnazemdo)dmlckel (II) which 
presents a short nickel-nickel distance3 The palladium 
atoms are bridged by four hgands through the nitrogen 
atoms These are disposed about the metal atoms 
being situated m the center of the two superposed and 
parallel planes 

For the compound correspondmg to the molecular 
formula Pd,( 1 3 dlphenyltrlazemdo), l/&H6 which 
like dlmer (II) crystalhzes also with benzene as sol 
vate a structure of the type shown m Figure 1 has been 
proposed13 thus conflrmmg the close analogy bet- 
ween 1,3-dlaryltrlazemdo and N N dlarylformamldldo 
systems 

The 1 r spectra of type (I) complexes show bands 
at 1600 1540 1320 1210 cm-’ which can be tenta- 
tively attributed to the formamldldo lmkage (see Tab- 
le) The band at 1540 cm-’ presents some shoulders 

Ar=x- p-CH3C6!iL 

Figure 1 Proposed structure for dlmer (II) 
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like the one 120 cm-l higher in the parent formamidine 
due to Y(C=N). It is worthwhile to note that the corre- 
sponding bands of dimer (II) are somewhat higher 
(30-10 cm-l) than those of (I). This might be due 
to higher donation of electron density from both the 
nitrogen atoms to the metal in chelate complex (II) 
than in (I). 

The electronic spectra of complexes (I) show bands 
in the ultraviolet region as in the free ligand, and a 
band at cu. 500 nm. Since the formamidine and the 
uncoordinated formamidido ligand are colorless, and 
since A,,, regularly increases (see Table) with the 
electron-releasing character of the p-substituent in the 

aryl ring, this band is probabily a charge transfer onex4. 

Acknowledgements 

We thank the Italian C.N.R. for financial support, 
Prof. E. Tondello for his helpful comments, and Mr. 
F. 11 Grande for technical assistance. 

L. Toniolo, G. Deganello, P. L. Sandrini and G. Bombieri 

References 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

W. Bradley and 1. Wright, J. Chem. Sot., 640 (1956). 
I. Inglis, M. Kilner and T. Reylodson, Chem. Comm., 774 

(1972). 
M. Corbett and B.F. Hoskins, .I. Am. Chem. Sot., 89, 
1530 (1967); Chem. Comm., 1602 (1968). 
S. Candeloro De Sanctis, L. Toniolo, T. Boschi and G. 
Deganello, Inorg. Chim. Acfa, 12, 2.51 (1975). 

L.S. Sutton, Chem. Sot. Special Publ., n. 11 (1958) and 
n. 18 (1965). 
I. Ojimn, S.I. Inaba and Y. Nagai, J. Organomet. Chem., 

72, Cl1 (1974). 
B. M. Bycroft and J. D. Cotton, J.C.S.Dulton, 1867 (1973). 
Beilstein, 12, 919; I, 419. 
K. R. Laing, S. D. Robinson and M. F. U ttley, J.C.S. Dalton, 
120s (1974). 
L. Toniolo, G. De Luca and C. Panattoni. Synth. Znorg. 

and Metal-org. Chem., 3, 221 (1973). 
I;. Bonati, private communication. 

T.A. Stephenson, S.M. Morehouse, A. R. Powell, J.P. 
Heffor and G. Wilkinson, J. Chem. Sot., 3632 (1965). 

C. M. Harris, B. F. Hoskins and R. I_. Martin,J. Chem. Sot., 
3728 (1959). 

C. K. Jorgensen, “Absorption Spectra and Chemical Bond- 
ing in Complexes”, Pergmon Press, 1962, p. 146. 


