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Abstract 

The dimethyl and diphenyl platinum(H) com- 
plexes with 3,3’-bipyridazine (bpdz), 2,2’-bipyrazine 
(bpz) and 3,6-bis(2’-pyridyl)pyridazine (dppn) are 
reported. The newly synthesized compounds were 
characterized by elemental analysis, ‘H NMR and 
electronic spectroscopy. The strength of the back- 
bonding interaction of these nitrogen-containing 
ligands has been estimated on the basis of the energy 
of the first metal-to-ligand chaarge transfer electronic 
transition. In this respect the present results, together 
with the literature data concerning the homologous 
derivatives containing 2,2’-bipyridine (bipy) and 
2,2’-bipyrimidine (bpym), give the following order 
bpdz = bpz > dppn > bpym > bipy. 

Introduction 

The bonding ability of bidiazines containing a 
2,2’-bipyridine-like chelating site (Scheme 1) is 
related both to their u-donor and n-acceptor behav- 
iours, the strength of the interaction with the metal 
being the result of this synergistic effect. In partic- 
ular, along the series bpdz, bpz, bpym theoretical 

bpym !P.P 
Scheme 1. Ligands L: bidiazines(3,3’-bipyridazine, bpdz; 
2,2’-bipyrazine, bpz; 2,2’-bipyrimidine, bpym) and 3,6-bis- 
(2’-pyridyl)pyridazine, dppn. 
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and experimental studies carried out either on the 
free bidiazines [l-4] or on homologous metal com- 
plexes such as (RuLs)‘+ (L = bpz [5] ; L = bpdz [6]) 
or ML(CO), [M = MO, W (L= bpz [S], L = bpym 
[7]); M= Cr, MO, W (L= bpdz, bpz, bpym) [4]] 
show the following order of back-donation: bpdz > 
bpz > bpym. Moreover Ernst and Kaim [4] recently 
reported on the energies of the first metal-to-ligand 
charge-transfer transitions (MLCT). For the ML(CO&, 
complexes (M = Cr, MO, W; L= bpdz, bpz, bpym), 
in agreement with the previous results they found 
that the energy of the MLCT transition lowers in 
the order bpym > bpz - bpdz. 

These results might be a useful guide to the 
synthesis of coordination of organometallic com- 
pounds with predetermined features, in that they 
suggest the way for tuning the electronic density 
on the metal, which is dependent on the positions 
occupied in the skeleton of the ligand by the two 
nitrogen atoms not involved in bonds with the metal. 
On the other hand since all the mentioned investiga- 
tions are only concerned with coordination com- 
pounds containing octahedral d6 metal centers it 
appeared interesting to look at the mutual behaviours 
of such ligands in an homologous series of non- 
carbonyl square-planar da platinum complexes. In 
addition to the symmetrical bidiazines we have also 
investigated dppn (Scheme l), a bis-chelating mole- 
cule very versatile in the preparation of bimetallic 
compounds [8], containing both pyridine and pyri- 
dazine rings. 

The platinum(I1) dimethyl and diphenyl deriv- 
atives with bpym were previously reported by Sut- 
cliffe and Young [9] _ 

Experimental 

All reactions were carried out under nitrogen and 
dried solvent. 

Instrumentation 
‘H NMR spectra were recorded on a Bruker WH 

300 spectrometer with TMS as internal standard. 
Electronic spectra were obtained using a Perkin- 
Elmer 550 SE spectrophotometer. 
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Elemental Analysis ILPW6& h (L = bpz, bpdz, dppn) 
These were carried out by the Microanalysis 

Laboratory of the Istituto di Farmacia dell’Univer- 
sita di Pisa, Italy. 

Materials 
3,6-Bis(2’-pyridyl)pyridazine was prepared accord- 

ing to Butte and Case [lo]. 2,2’-Bipyrazine [5] 
and 3,3’-bipyridazine [l l] were prepared by liter- 
ature methods and characterized by ‘H NMR spec- 
troscopy: bpz (CDaCls) 6 8.66 (s, He), 8.66 (s, Hs), 
9.58 (s, H3) ppm; bpdz (CD?&) 6 9.26 (dd, He, 
J6,5 = 6.0, J6,4 = 1.7 Hz), 7.70 (dd, Hs, Js,‘, = 8.6 
Hz), 8.79 (dd, H4) ppm. The complexes (DMSO)z- 
Pt(CHs)a [12] and (COD)Pt(C,Hs)a [13] were also 
obtained by following methods in the literature. 

In a typical procedure, a solution of (COD)Pt- 
(C,Hs), (0.15 g, 0.32 mmol) in benzene (5 ml) 
was added to a benzene solution (15 ml) of the 
appropriate ligand and the mixture was stirred under 
reflux for 4 h. The resultant red or red-brown 
solid was filtered, washed with diethylether and 
vacuum dried. (bpz)Pt(CeHs)2, red, yield 63%. Anal. 
Found: C, 47.78; H, 2.93; N, 10.43. Calc. for CzO- 
Hr6N4Pt: C, 47.22; H, 3.17; N, 11.00% (bpdz)Pt- 
(C6W2, red-brown, yield 50%. Anal. Found: C, 
47.33; H, 2.95; N, 10.88. Calc. for C2eH16N4Pt: 
C, 47.22; H, 3.17; N, 11.00%. (dppn)Pt(&Hs)a, 
red, yield 68%. Anal. Found: C, 53.21; H, 3.40; 
N, 9.70. Calc. for CZ6H2eN4Pt: C, 53.46; H, 3.42; 
N, 9.59%. 

Reparation of Complexes 
Results and Discussion 

[L)Pt(CH3 )2 L = bpz, bpdz, dppn) 
In a typical preparation, a solution of (DMSO)a- 

Pt(CHs)a (0.1 g, 0.26 mmol) in benzene (15 ml) 
was added to a stirred solution of the appropriate 
ligand (0.26 mmol) in benzene (15 ml). A red-brown 
precipitate appeared immediately. The reaction mix- 
ture was stirred for 30 min. The solid was filtered, 
washed with diethylether and vacuum dried. (bpz)- 
Pt(CHs),, yield 75%. Anal. Found: C, 30.74; H, 2.87; 
N, 13.76. Calc. for C1eHr2N4Pt: C, 31.33; H, 3.15; 
N, 14.61%. (bpdz)Pt(CH&, yield 70%. Anal. Found: 
C, 30.62; H, 2.81; N, 13.60. Calc. for C1eHr2N4Pt: 
C, 31.33; H, 3.15; N, 14.61%. (dppn)Pt(CH&, 
yield 92%. Anal. Found: C, 43.75; H, 3.45; N, 11.21. 
Calc. for Cr6Hr6N4Pt.0.2C6H6: C, 43.49; H, 3.65; 
N, 11.79%. 

Synthesis of the Complexes 
The new square-planar complexes of general 

formula (L)PtR, (R= CHa, C,Hs) were prepared 
in good yields by reacting (DMS0)2Pt(CHs)2 (alter- 
natively (COD)Pt(C6Hs)2) with bpdz, bpz or dppn 
in benzene. The new complexes were characterized 
by elemental analysis (see ‘Experimental’) and 
spectroscopic methods (Tables I-III). The red or 
red-brown products are indefinitely stable as solids. 
They react slowly with chlorinated solvents (di- 
chloromethane or chloroform) or with acetonitrile, 
but in non-polar solvents such as benzene they are 
insoluble. All the methyl derivatives in DMSO partial- 
ly undergo displacement reactions forming free ligands 
together with (DMS0)2Pt(CHa),. 

TABLE 1. ‘H NMR Dataa for the Complexes (L)Pt(CH3)2 and (L)Pt(CcH& (L = bpz, bpdz) 

Complex Pt-CH, Pt-C,H, L 

6 ‘J(PtH) (Hz) 6 J (Hz) 6 J (Hz) 

tbpOWCH&b 1.17 86.4 9.27(H6)C 3mJS.6) 

9.01(Hs) 1 .%J3,6) 

9.89(H3) 

tbW’t(CHdz b 1.38 89.2 9.42CH.5) 8.6(J5,4) 
8.49(H5) 5 .‘XJs, 6) 
8.82(H4) 1.7(J4,6) 

tbPz)PttC&hdqe 7.37(H2’,,‘) 72.5(3JRH) 8.61(H,)f 3.O(J5,6) 
7.0S(H3’,s’) 8.81(Hs) 1.3(J3,6) 
6.92(H4’) 9.54(H3) 

(bpdz)Pt(C6Hs)zd’e 7.29(H2’,,‘) 70.5(3Jp,H) 9.33(H6) 8.7(J5,4) 
6.95(H3’,5’) 8.14(Hs) 5 .O(Js, 6) 
6.83(H4’) 8.29(H4) 1.7(J4,6) 

aAll values (5 (ppm)) are relative to TMS. bin DMSOd6 at 25 “C. C3J(PtH) = 18.8 Hz. din CD2C12 at 20 “C. eThe 
calculated coupling constants for the phenyl resonances are: 

f 3J(PtH) = 19.2 Hz. 
J2’ , 3’ = 8.4; J3’ 4’ = 

Jz’,~’ = 0.0 assumed. 
. 7.4; J2’,6’ = 3.3; J3’,5’ = 1.9; J2’,4’ = 1.5 HZ; 
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Complex 

(QwW’t(CH3)2C 

(dPPn)Pt(C6Hshe 

Pt-CH3 Pt-C6H5 L 
6 

*J(PtH) (Hz) 6 J (Hz) 

1.50 89.4 9.39(H6)d; 7.85(H5) 7.8CJ3.4); 7.5CJ4,s) 
8.44(H4); 8S6(H3) 5.%J5,& 1.6(J4,6) 

85.5 8.82(H6’); 7.60(H5’) 1.3(J5,3);7.9(J3’,4’) 
8.l2(H4’); 7.60(H3’) 7.6(J4’, 5’); 4.8(J5’,6’) 

l.8(J4’, 6’); 1 .O(Js’, 3’) 
9.25(H7); 8.77(H7’) l.o(J3’,6’); 9.O(J7,7’) 

77’;; Wortdf 
8.63(H6); 7.52(H5) 6.%J4,d; 5.4(JS,6) 
8.14(H4); 8.14(H3) 2.o(J3,s); l.%J4,6) 

7.05 
7.02 Wneta) 

o.%J,,,); 8.O(J3’,4’) 
8.69&‘); 7.41(H5’) 7.6(J4’,5% 4.8(J5’,6’) 

;I;; Wpom) 
7.80(H4’); 8.l8(H3’) 1.8(J4’,6’); 1.2(J3’,5’) 
9.07(H7); 8.33(H7’) O.%J$, 6’); 9.‘XJf, 7) 

*All values (6 (ppm)) are relative to TMS. bFor convenience the H4 and Hs pyridazine protons were numbered H7 and H7’ 
respectively. CIn acetone-d6 at 20 “C. d 3J(PtH) = 22.0 Hz. =In CD2C12 at 20 “C. f 3J(PtH) = 69.2 Hz. 

TABLE III. LOW Energy MLCT Absorption Maxima hl (cm-‘) of the Complexes (L)Pt(CH3)2 and (I.,)Pt(C6H5)2 in various 
Solventsa 

Complex Solvent 

Dichloromethane Acetone Acetonitrile 

(bipy)Pt(CHa)2b 21400 21200 22000 
Owm)PtCHd2e 20920 d d 

(dppW't(CH3h 19801 19379(3.41) 20161 
(bpz)PWH& 19083 19193(3.57) 19646 
(‘-vWWCH3)2 18939 18832(3.57) 19493 

(biPY)Pt(C6Hs)2b 22700 22800 23400 
(bPYm)Pt(C6H&= 21834 d d 

(dPPn)Pt(C&sh 20576 20920(3.54) 21413 
(bPZ)Pt(C6H& 19723 20449(3.87) 20703 
(bpdz)Pt(C&h 19379 20080(3.64) 2049 1 

aLog E (E in 1 mol-’ cm-‘) given in parentheses. bRef. 10. CRef. 9. dUnavailable. 

‘H NMR Spectra 

Bidiazine complexes 
As a compromise between solubility and stability 

problems it has been necessary to run the ‘H NMR 
spectra of the (L)Pt(CH3)* species in DMSO-d6 
so that, in addition to the resonances of the com- 
plex, they contained also the signals of both (DMSO- 
d6)s)Pt(CHs), [G(Pt-CHs) = 0.5 ppm, (*J- = 79.5 
Hz) in DMSO-d,] and uncoordinated L. For the less 
reactive diphenyl complexes it was possible to use 
CD2C12 as solvent. 

The general pattern displayed by the above spectra 
is in agreement with the multiplicity expected for 

symmetrically substituted metal complexes (e.g. the 
methyl signals of the Pt(CH3)* moiety appear as a 
single resonance with “‘Pt satellites at 6 = 1 ppm 
[14, 151) (Table I). 

Interestingly, the quality of the (L)Pt(C6H5)2 
spectra (Figs. 1 and 2) even if the Hz/point ratio 
prevents an accurate determination of the J2f,s’ 
coupling constant, is sufficient to ensure the full 
spectral analysis of the phenyl resonances. 

The signals, showing a not-hindered rotation 
around the Pt-C bond, were assigned using a LACX 
type program for an AMM’XX’ spin system. The cal- 
culated resonance values together with the estimated 
*Jm coupling constants are reported in Table I. 
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Fig. 1. ‘H NMR spectrum (300 MHz) of (bpz)Pt(CeH&. 
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Fig. 2. ‘H NMR spectrum (300 MHz) of (bpdz)Pt(C,H5)2. 
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3, tGBis(2 ‘-pyridyl)pyridazine complexes 

The ‘H NMR spectra of the (dppn)PtR, complexes 

(R = C6HS). Figure 3 shows the spectrum of the 
diphenyl complex. 

The identification of the two different sets of the 
were performed in acetone-d, (R = CH3) and CD2C12 dppn signals (chelating and non-chelating moieties) 
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Fig. 3. ‘H NMR spectrum (300 MHz) of (dppn)Pt(C6H&. 

was made on the basis of the signals multiplicity, 
different line broadening and homonuclear decou- 
pling [ 161. In both complexes the PtR? moiety gives 
two distinguishable sets of signals (Table II). The 
spectrum of (dppn)Pt(CH&, taking into account 
both the literature data for (bipy)Pt(CH& (bipy = 
2,2’-bipyridine) [14] and the 6(CHs) value found 
for (bpdz)Pt(CH&, was interpreted assigning the 
highfield signal to the methyl group trans to the 
pyridyl nitrogen. For the diphenyl complex the 
values of the different C6H5 resonances were only 
estimated on the grounds of what was previously 
discussed and no attempts were made to assign each 
resonance. 

Finally, a striking feature of the (dppn)Pt(C6H5)2 
spectrum is the presence of an ABMX system, due to 
the coordinated pyridyl ring, where the H3 and H4 
protons are strongly coupled. 

Electronic Spectra 
The electronic spectra of the platinum(I1) di- 

methyl and diphenyl complexes were recorded in 
three different solvents: acetone, dichloromethane 
and acetonitrile. The bands which appear in the low 
energy region are reported in Table III. Since all 
these bands (extinction coefficients E > 1000 1 M-’ 
cm-‘) exhibit marked solvent dependence (negative 
solvatochromism) they were assigned to MLCT 
(n* + d) transitions [ 171. The related data con- 

7 6 

cerning the similar compounds with bipy [18] 
and bpym [9] are included in Table III for compar- 
ison. 

In the (L)Pt(CH& species the lowering of the 
energy of the first MLCT band, in dichloromethane 
solution, follows the order bipy > bpym > dppn > 
bpz z bpdz. This order remarkably parallels the one 
found for the bidiazine series (L)M(CO), (M = Cr, 
MO, W) [4]. The diphenyl platinum complexes dis- 
play the same order, even if at higher energy values. 
About the above mentioned carbonyl complexes it 
was noted that with increasing back-bonding inter- 
action a lowering of the X1 values is occurring. Thus, 
for the (L)PtR, species the previous order, in terms 
of back-donation strength, can be formulated as 
follow: bpdz s bpz > dppn > bpym > bipy. 

In the bidiazine series the order of the MLCT 
energies has been extensively discussed by Ernst and 
Kaim [4]; here, because of our concern about bis- 
chelated complexes, we are interested in comparing 
dppn and bpym. In this respect, since the hl energy 
determined either in methyl or phenyl derivatives 
is always lower for the dppn complexes than it is 
for the homologous bpym, we could conclude that 
the former ligand undergoes the stronger back- 
bonding interaction. Therefore on the basis of the 
present data dppn appears to be the strongest stab- 
ilizing ligand. The study of the coordination chem- 
istry of (dppn)PtR, (R = CH3, C6H5) is currently 
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under way, in order to establish if the dppn ligand 
in binuclear complexes, in comparison with the 
homologous bpym species [9], maintains the same 
features. 
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