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Abstract 

Even though the a-diimino complexes [MCl,(RN= 
CH-CH=NR)] and [W&(py-2CH=NR)] (M = Pd, 
Pt; R = C,H40Me-p) are poorly soluble in chlorinated 
solvents, such as chloroform and 1,2dichloroethane, 
or in acetonitrile, the electronic and ‘H NMR spectra 
indicate that these compounds are generally present 
as undissociate monomers with u, a’-NjV’ chelate 
N-ligands in dilute solutions. Only for [PdC&(RN= 
CH-CH=NR)], some dissociation of the odiimine 
occurs in acetonitrile. In dimethylsulfoxide, where 
the solubility is much higher, no dissociation is ob- 
served for the pyridine-2-carbaldimine complexes 
[MCl?(py-2CH=NR)], whereas the 1,2-bis(imino) 
ethane derivatives [MCl,(RN=CH-CH=NR)] are 
extensively dissociated through a step-wise process 
involving intermediates with a o-N monodentate 
crdiimino group. As is shown by the course of substi- 
tution reactions with 2,2’-bipyridine, the higher 
stability of [MCl*(py-2CH=NR)] in dimethyl- 
sulfoxide is mainly due to thermodynamic factors 
(ground state stabilization for the presence of 
stronger M-N bonds) rather than by kinetic factors 
(higher activation energy for steric strain in the 
activation states or transients). 

Introduction 

In the past few years, the coordination chemistry 
of 1,2-bis(imino)ethanes, RN=CH-CH=NR, has been 
extensively investigated because of the versatile bond- 
ing properties of the flexible N=CH-CH=N unit [ 11. 
It was also shown by theoretical and spectroscopic 
studies that 1,2-bis(imino)ethanes have better 
n-accepting abilities than pyridine_2carbaldimines, 
py-2CH=NR, and 2,2’-bipyridine (bipy) [2-41. 
Despite the large interest in this class of cwdiimino 
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ligands, only a few comparative studies concerning 
the relative stabilities of their metal adducts have 
been reported in the literature [5-71. In particular, 
for the o,u’-N,hr’ chelate complexes [M(q3-2- 
MeC3H&N-N’)]+ and [SnC12Me,(N-N’)], the 
stability (towards ligand dissociation) was found to 
increase in the order: 

N-N’ = RN=CH-CH=NR < py-2-CH=NR < bipy 

(R = C6H40Me-p) 

On the other hand, the incapability of 1,2-bis(imino)- 
ethanes to replace the u,u’-N,N’ chelate pyridine-2- 
carbaldimlnes or bipy in the five-coordinate com- 
plexes [PtC12(q2-olefin)(N-N’)] was interpreted in 
terms of kinetic stabilization of the five-membered 
metallacycle Pt(N-N’) resulting from an increased 
activation energy to form the four-coordinate 
transients A or B, for steric repulsion between the 
pyridyl 3H and the Pt atoms [8] : 

Cl R 

olefin -P/-N’ 
/ 

Cl 
H3 \1: 

-H 

A B 

Due to our interest in this field and particularly in 
the chemistry of imino-carbon palladate cu-diimino 
ligands, RN=C(R’)-C(R”)=NR and py-2C(R’)=NR 
[R = C6HoOMe-p; R’ = rruns-PdC1(L)2 (L = tertiary 
phosphine); R” = H, Me] [9, lo], we have investi- 
gated the solution behaviour of the complexes 
[MC12(RN=CH-CH=NR)] and [MC12(py-2-CH= 
NR)] (M = Pd, Pt; R= C,H40Me-p) in solvents of 
different polarity and donor ability, in order to 
obtain more information about the factors which 
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TABLE 1. Analytical Data and Characteristic IR Bands 
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Compound 
(R = C6H40MeF) 

Ca H N Cl v(C=N) v(M-Cl) 

[PdCl*(RN=CH-CH=NR)] 

[PtC12(RN=CH-CH=NR)] 

[PtC12(CH,=CH2)(RN=CH-CH=NR)] 

[PdC12(py-2CH=NR)] 

[PtC12(py-2CH=NR)] 

43.0 3.6 
(43.12) (3.62) 

36.2 3.0 

(35.96) (3.02) 

38.2 3.5 
(38.44) (3.58) 

39.9 3.1 
(40.08) (3.11) 

32.8 2.6 
(32.65) (2.53) 

6.2 

(6.29) 

5.1 

(5.24) 

4.9 
(4.98) 

7.1 
(7.19) 

5.8 
(5.86) 

16.1 
(15.91) 

13.4 
(13.27) 

12.6 
(12.61) 

18.2 
(18.20) 

15.0 
(14.83) 

1564m 

1552m 

1571ms 

16 17mw 

1614mw 

337ms; 330sh 

343ms; 335sh 

338s 

350m; 338ms 

345ms; 335sh 

aCalculated values in parentheses. 

Results and Discussion 

The reactions of the N-aryl 1,2_bis(imino)ethane, 
p-MeOC6H4N=CH-CH=NCsH,OMe-p with [PdC12- 
(MeCN),] or [PdC12(CH2=CHPh)] 2, and with 
K [PtC13(CH2=CH2)] yield the 1 /l adducts Ia and Ib, 
respectively, according to eqn. (1) of Scheme 1. As in 
the case of the analogous N-alkyl adiimino ligands 
[ 141, the reaction with K[PtC13(CH2=CH2)] gives 
initially a five-coordinate complex, containing the 
o,o’-NJ’ chelate a-diimine and q2-bonded ethylene, 
characterized in the ‘H NMR spectrum (CDC13) by a 
G(N=CH) signal at 8.92 ppm (3J(Pt-H) = 35 Hz) and 
by an olefin proton resonance at 3.87 ppm with a 
19’Pt coupling constant of 70.5 Hz. On standing in 
CDC13 solution, this compound undergoes a slow 
olefin dissociation, as is shown by the appearance of 
the signal of free ethylene at 5.40 ppm and those of 
the four-coordinate species [PtC12(RN=CH- 
CH=NR)] (see Table II). After 2 h from dissolution, 
the integration of the ‘H NMR spectrum indicates 
that dissociation has proceeded to cu. 40%. Accord- 
ingly, the final product Ib is obtained by prolonged 
heating of the five-coordinate complex in 1,2- 
dichloroethane. The IR spectrum of [PtC12(CH2= 
CH2)(RN=CH-CH=NR)] in the solid state shows a 
strong v(Pt-Cl) band at 338 cm-’ and a u(C=N) of 
the coordinate cY-diimine at 1571 cm-‘, whereas the 
spectra of I show two Y(M-Cl) bands in the range 
343-330 cm-‘, and a Y(C=N) absorption at 1564 
cm-’ for Ia and at 1552 cm-’ for Ib. In each com- 
pound, the v(C=N) band is detected at lower fre- 
quencies than the IR active Y(C=N) vibration of the 
free ligand (1609 cm-‘). 

Both compounds I are scarcely soluble in 1,2- 
dichloroethane for molecular weight measurements. 
However, the electronic spectra in the same solvent 
obey the Lambert-Beer law in the concentration 

range 2 X 10m4-3 X lo-’ M and are characterized by 
a set of metal to ligand charge-transfer (MLCT) bands 
in the range 600-300 nm (Figs. 1 and 2), typical of 
the five-membered metallacyclic chromophores 
involving c+diimino groups u,u’-N,N’ chelate to 
palladium(I1) and platinum(H) centers [6,9b]. 
Furthermore, the ‘H NMR spectra of diluted CDC13 
solutions show the 1,2-bis(imino)ethane to be sym- 
metrically N-bonded to the central metal: only one 
sharp singlet is observed for the imino protons at 
8.08 ppm for Ia and at 8.59 ppm for Ib (0.27 ppm 
upfield and 0.24 ppm downfield relative to the free 
ligand, respectively), the latter signal being flanked 
by 19’Pt satellites (3J(Pt-H) = 88 Hz). 

Thus, the combined electronic and ‘H NMR 
spectral data strongly suggest that both complexes 
Ia and Ih exist as undissociate monomers in 
chlorinated solvents. 

A different solution behaviour is observed in more 
donor solvents, such as acetonitrile or dimethyl- 
sulfoxide, where some dissociation of the cY-diimino 
ligand occurs. In acetonitrile, no appreciable dissocia- 
tion is detected for the platinum compound lb down 
to a 1O-4 M concentration: the electronic spectra are 
time-independent and very similar to those in 1,2- 
dichloroethane, except for a solvatochromic high- 
frequency shift of the MLCT bands (Fig. 2). Cor- 
respondingly, the ‘H NMR spectrum of a saturated 
CD3CN solution closely matches that in CDC13 (see 
Table II), without any evidence of Pt-N bond 
breaking. In contrast, the electronic spectrum of Ia 
in acetonitrile, recorded immediately after dissolu- 
tion (spectrum 1 of Fig. l), is markedly different 
from that in 1,2-dichloroethane and changes progres- 
sively with time, indicating a slow dissociation of 
the ligand. After 90 min, a strong absorption at 375 
nm characteristic of the free cY-diimine is clearly 
observable (spectrum 2 of Fig. 1). 



TABLE II. ‘H NMR Spectral Dataa 

Compound 
(R = CeH40Mep) 

Solvent Imino proton 
N=C-H 

2-Pyridyl protonsb 

H” H4 Hs 

p-Methoxyphenyl proto& 

AA’ BB’ OCHa 

RN=CH-CH=NR CDCls 8.35s 7.3Om 6.71m 3.77s 
(CD3)2SO 8.44s 7.42m 6.99m 3.78s 

[PdC12(RN=CH-CH=NR)] CDC13 8.08s 7.58m 6.70m 3.82s 

[PtC12(RN=CH-CH=NR)] CD3CN 8.79t 7SOm 7.01m 3.83s 
3J(Pt-H) = 88 

[PtC1a(CH2=CH2)(RN=CH-CH=NR)]d CDC13 8.92t 7.98m 7.02m 3.89s 
3J(Pt-H) = 35 
8.59te 7.60me 6.75me 3.84~~ 
‘J(Pt-H) = 88 

py-2CH=NR (CD&SO 8.60s 8.15m 7.92m 7.48m 8.71m 7.38m 6.98m 3.78s 

[PdC12(py-ZCH=NR)] (CD3)2SO 8.66s 8.15m 8.39m 7.89m 9.05m 7.40m 6.98m 3.79s 

[PtC12(py-2CH=NR)] (CD&SO 9.24t 8.16m 8.41m 7.92m 9.45m 7.45m 7.02m 3.81s 
jJ(Pt-H) = 94 ‘J(Pt-H) = 38.5 

arH chemical shifts (S) in ppm from SiMe4 at 30 “C; coupling constants in Hz; s = singlet, t = triplet, m = multiplet; satisfactory integration values were obtained. bSecond-order 
spectra in which each proton appears as a multiplet of characteristic pattern; pyridyl proton labelling: 

‘The or010 AA’ and meta BB’ protons of the CeH40Mep substituent appears as a symmetrical AA’BB’ system. dThis compound undergoes partial dissociation of the olefin 
in solution: the protons of the coordinate ethylene resonate at 3.87 ppm with a 19’Pt coupling constant of 70.5 Hz, whereas those of free ethylene appear as a singlet at 5.40 ppm. 
eResonances of the four-coordinate complex [PtCl,(RN=CH-CH=NR)]. 
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Fig. 3. ‘H NMR spectrum of a 3 X lop2 M solution of [PdC12- 
(RN=CH-CH=NR)] (la) in (CD&SO at 30 “C, in the range 
9.5-7.5 ppm. 

in the relative intensities of the broad signal at 9.0 
ppm and of the sharp singlet at 8.44 ppm, due to the 
imino proton resonances of coordinate and free 
ligand, respectively. For the platinum derivative Ib, 
the dissociation is much slower, and the spectrum of 
Fig. 4 (recorded 15 min after dissolution) shows the 
presence of the free (singlet at 8.44 ppm, ca. 15%) 
and coordinate a-diimine in three different species. 
On the basis of S(N=C-H) resonance patterns and 
19’Pt coupling constants for platinum(I1) o-diimino 
complexes with different coordination environments, 

A 

the singlet at 9.02 ppm (3J(Pt-H) = 91 Hz) is 
assigned to the square-planar undissociate adduct Ib 
(cf: the coupling constant of 88 Hz for Ib in CD3CN 
and CDC13 in Table II), the slightly broader singlet at 
9.23 ppm (3J(Pt-H) = 33 Hz) to a five-coordinate 
solvent species [PtC12(RN=CH-CH=NR)(Solvent)] 
with a a,~‘-NJ’ chelate ligand (cf: the 19’Pt coupling 
constants of ca. 40 Hz reported for the five- 
coordinate complexes [PtCl,(RN=CH-CH=NR)- 
(olefin)] [ 14]), and finally the AB system at 9.64 and 
8.78 ppm (JAB = 8 Hz) to a solvent species containing 
a o-N monodentate ligand [PtC12(RN=CH-CH=NR)- 
(Solvent)] (cf. the AX resonance pattern with JAx of 
cu. 8 Hz reported for the complexes [PtCI,(RN= 
CH-CH=NR)(L)] (L = tertiary phosphine or arsine) 
with a a-N monodentate o-diimine in the slow 
exchange limit [ 151). Even though the 19’Pt satellites 
for the G(N=C-H) signal at 9.02 ppm are somewhat 
masked by other resonances, they are clearly ob- 
served upon addition of CD2ClZ to the (CD3)2S0 
solution, because of different changes in chemical 
shifts. For lb, the relative amount of free cY-diimine 
increases progressively with time until an equilibrium 
value of CQ. 80% is reached after 3 h (without dis- 
appearance of any of the coordinate species). 

The dissociation process of both Ia and Ib in 
(CD3)2SO may therefore be interpreted in terms of 
a step-wise mechanism of Scheme 2. According to 
the ‘H NMR spectral features, the successive equi- 
libria (i), (ii) and (iii) are all slow (on the NMR time 
scale) for the platinum complex Ib. For the palladium 
complex Ia, the different half-band width of 6(N= 
C-H) signals in Fig. 3 suggests that only the final 
dissociation step (iii) is slow, whereas the coordinate 
cr-diimine undergoes much faster dynamic processes 

I‘ 
I 

tree 
llgand 

A A’ 

: 

10.0 9.0 
dwpm) 

8.0 7.0 

Fig. 4. ‘H NMR spectrum of a 3 X 1O-2 M solution of [PtC12(RN=CH_CH=NR)] (Ibj in (CD3)2SO at 30 “C, in the range lO.O- 
7.5 ppm. 
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Ii 1 \ R H’ R 

f [MC’*(S)J 

(s=(c%)*So) 
Scheme 2. 

(3) 

(i) and (ii), which give rise to averaged broad reso- 
nances for the imino protons (9.0 ppm) and also for 
the orrho protons of the CdH40Me-p group (7.7 
ppm). 

The reactions of the pyridine-2carbaldimine with 
[PdCIZ(MeCN)J or K[PtC13(CH2=CH2)] yield the 
l/l adducts II (eqn. (2) of Scheme 1). The IR spectra 
in the solid (Table I) are characterized by two 
V(M-Cl) bands in the range 350-335 cm-‘, and by a 
v(C=N) band at 1617 cm-i for IIa and at 1614 cm-’ 
for IIb, at slightly lower frequencies than v(C=N) 
of the free ligand (1626 cm-‘). The spectral data of 
these compounds show no evidence of M-N bond 
dissociation in solution. In the electronic spectra of 
IIa and III, (Figs. 5 and 6, respectively), the 
Lambert-Beer law is obeyed down to the lowest 
explored concentration, 5 X lo-’ M, in both 1,2- 
dichloroethane and acetonitrile. On the other hand, 

303 4cO nm 500 

Fig. 5. Electronic spectra (E (cm-’ M-l)) of [PdClz(py-2- 
CH=NR)] (IIa) in 1,2-dichloroethane (- - - -) and in aceto- 
nitrile (-), at 25 “C. 

‘\ 
‘\ 

.:\\--_. 
‘\., 

-----____ 

300 400 “m 500 

Fig. 6. Electronic spectra (E (cm-’ M-l)) of [PtClz(py-2- 
CH=NR) ] (IIb) in 1,Zdichloroethane (- - - -) and in aceto- 
nitrile (-_), at 25 “C. 

no trace of free pyridine-2carbaldimine is detected in 
the ‘H NMR spectra in (CD&SO (Table II). The 
o,a’JVJV’ chelating mode of this ligand is indicated 
by the downfield shift of both the imino and the 
2-pyridyl Hb protons upon coordination to the MClz 
group: for IIb, this is further supported by the 
observation of 3J(Pt-H) couplings of 94.0 Hz for 
G(N=C-H) and of 38.5 Hz for 6(H6) [ 161. Although 
the aggregation state of complexes II cannot be 
established by molecular weight measurements 
because of the poor solubility in 1,2_dichloroethane, 
from the above data it appears that both complexes 
II are present as monomeric undissociate species in 
dilute solution, with a cis geometry around the 
central metal, as in the case of the more soluble bi- 
nuclear complexes [MC& (py-2C(R’)=NR}] (R = 
CdHqOMe-p; R’ = rrans-PdC1(PPh3)2) [ 171. The 
increased stability of the MClz adducts II can arise 
either from thermodynamic (presence of stronger 
M-N bonds in II) or from kinetic factors (higher 
activation energy to reach a transition state or 
transient of type (C) because of steric repulsion 
between the pyridyl H3 proton and the central 
metal, if the M-N(pyridy1) bond is initially broken 
in the dissociation process). 

R Cl 

C 

(S = solvent) 
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biw 

(fast) 1 

I 
[MC12(RN=CH-CH=NR)] 9 [MCl,(py-2-CH=NR)] 

bipy 1 
------+ [MClAbipy)l (M = Pd, fast) 

I II 
(M = Pt, slow) 

In this connection, we have studied the substitution 
reactions of eqn. (4), with equimolar amounts of 
entering ligands in (CD&SO. The ‘H NMR spectra of 
the reaction mixtures show that the 1,2-bis(imino)- 
ethane of I is quantitatively and irreversibly displaced 
by pyridine-2carbaldimine or 2,2’-bipyridine, 
whereas the pyridine-2-carbaldimine of II is quanti- 
tatively and irreversibly displaced only by 2,2’- 
bipyridine. Since these reactions occur through four- 
coordinate transients containing both the entering 
and the leaving ligands simultaneously o-N bonded 
to the central metal, the lack of substitution of the 
chelate py-2-CH=NR by RN=CH-CH=NR cannot 
be ascribed to steric strain in the intermediate (D) 
because (i) the same intermediate is involved in the 
ready substitution of the chelate RN=CH-CH=NR 
by py-2CH=NR, and (ii) in the irreversible substitu- 
tion of the chelate py-2-CH=NR by bipy an even 
more sterically hindered transient (E) is traversed: 

R 
\ 
N 

H--d/ 
\ 

R Cl C-H 

H- 

Thus, the course of the substitution reactions (4) 
appears to be controlled essentially by electronic 
factors, such as the formation of stronger M-N bonds 
with the entering ligands, which lead to the formation 
of thermodynamically more stable five-membered 
metallocycles in the order: 

bipy > py-2-CH=NR > RN=CH-CH=NR 

(R = CbHaOMe-p) 

This is in a good agreement with the stability order 
found for the cationic complexes [M(n3-2-Me&Ha)- 
(N-N’)] + (M = Pd, Pt; N-N’ = RN=CH-CH=NR, 
py-2CH=NR, bipy; R = C6H40Me-p) from dissocia- 
tion constant measurements of equilibrium (5) in 
acetonitrile [6, 71 : 

f 

+ 2 MeCN _ 

6) 

Since the n-accepting abilities of the a-diimino 
ligands were found to increase in the reverse order 
(for a given R) [2-41: 

RN=CH-CH=NR > py-2-CH=NR > bipy 

the observed stability trend suggests that u contribu- 
tion plays a major role in stabilizing the M-N bonds 
in [MCl&V--N’)] and [M(r?3-2-MeC3H,)(N-N’)]+. 
This is further confirmed by the higher stabilities 
towards dissociation of the a,~‘-NJ’ chelate RN= 
CH-CH=NR and py-2-CH=NR adducts when the 
nitrogen substituent R is changed from an aryl to a 
better electron-releasing alkyl group. For the com- 
plexes [MCl*(RN=CH-CH=NR)] (M = Pd, Pt; R = 
CHMe2, CMe3, CMe,Et) no dissociation was actually 
reported in (CD3)2S0 [ 14, 151. On the other hand, 
the equilibrium constant of reaction (6) in aceto- 
nitrile at 2.5 “C was found to increase considerably on 
going from R = C,H40Me-p (log K = 2.60) to R = Me 
(log K > 5) [5] : 

SnClzMez + py-2-CH=NR I 

[SnC12Mez(py-2-CH=NR)] (6) 
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