
~ )  Pergamon 
0277-5387(94)E0171-9 

Polyhedron Vol. 14. No. 2, pp. 285-291, 1995 
Copyright ~3 1995 Elsevier Science Ltd 

Printed in Great Britain. All rights reserved 
0277 5387/95 $9.50+0.00 

TRIAZENIDO-BRIDGED BINUCLEAR PALLADIUM(II) AND 
PLATINUM(II) COMPLEXES 

ANSHU SINGHAL AND VIMAL K. JAIN* 

Chemistry Division, Bhabha Atomic Research Centre, Trombay, Bombay-400 085, India 

(Received 3 March 1994; accepted 11 April 1994) 

Abstraet--Triazenido-bridged binuclear palladium(II) and platinum(II) complexes of the 
type [M2X2(#-ArNNNAr)2(PR3)2] (where M = Pd or Pt ; X = C1, Me, p-tol; Ar = Ph, p- 
tol orp-C6H4F ; PR3 = PEt3, PBu3, PMe2Ph or PMePh2) have been prepared by the reaction 
of [M2X2(#-C1)2(PR3)2] with free triazene in the presence of NaOH. These complexes were 
characterised by elemental analyses, IR and N MR (IH, 31p, 195pt ) spectroscopy. Variable 
temperature NMR data reveal that the eight-membered metallocyclic ring has a rigid 
conformation. 195pt N M R  data showed the existence of significant metal-metal interaction. 
A few reactions of these complexes have also been investigated by N MR spectroscopy. 

Recently we have reported a number of four-, five-, 
six- and eight-membered binuclear palladium(II) 
and platinum(II) complexes. 1'2 Organochalco- 
genides, pyrazoles and carboxylates have been 
employed as bridging ligands in the formation of 
these metallocycles. The eight-membered car- 
boxylato-bridged diplatinum complexes are non- 
rigid 3 and show unusually strong metal-metal inter- 
actions in a d 8 configuration of the metal ion as 
revealed by ~95pt N M R  spectroscopy. 2 This has led 
us to examine binuclear palladium(II) and plati- 
num(II) complexes with three-atom donors as 
bridging ligands. 

The triazenide anion, R N - - N - - N R - ,  is a "small 
bite" three-atom donor ligand and acts in a mono- 
dentate, chelating or bridging fashion towards tran- 
sition metal ions suggesting a formal analogy to the 
carboxylate group. The triazenide anion has been 
proved a versatile ligand in constructing binuclear 
molecules. 4 A number of mononuclear palladium 
and platinum complexes 5 and a few binuclear pal- 
ladium complexes 3'6 with triazene have been 
reported. 

In view of the above, we have synthesised and 
characterised a series of binuclear palladium and 
platinum complexes containing bridging triazene 

*Author to whom correspondence should be addressed. 

moiety. The results of these studies are reported in 
this paper. 

EXPERIMENTAL 

The complexes [M2X2(#-C1)2(PR3)2] (M = Pd or 
Pt; PR3 = PEt3, PBu3, PMe2Ph or PMePh2), 7 
[M2C12(#-OAc)2(PR3)2], 3 [M2R2(#-C1)2(PR3)] 9 and 
triazenes, 8 A r N - - N - - N H A r  [Ar = Ph, p-C6H4Me 
(tol), p-C6H4F] were prepared by literature 
methods. All the reactions were carried out in dried 
and distilled analytical grade solvents under nitro- 
gen. The 1H N M R  spectra were recorded on a 
Bruker AC-200 or AMX-500 spectrometer. Chemi- 
cal shifts are referred to internal solvent peak 
(CHC13 ~ 7.26 ppm). 31p{IH} N M R  spectra were 
recorded on a Varian FT-80A or Bruker AMX-500 
spectrometer and chemical shifts are reported in 
ppm relative to external H3PO4. 195pt{1H} N MR 
spectra were recorded on a Varian XLR-300 instru- 
ment operating at 64.49 MHz and spectra were 
referenced with external Na2PtC16 in D20. IR spec- 
tra were recorded on a Perkin-Elmer 577 spec- 
trophotometer as Nujol mulls. Microanalyses of 
these complexes were carried out in the Analytical 
Chemistry Division of this research centre. Molec- 
ular weights were determined osmometrically in 
benzene. 
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Preparation of [Pt2C120~-PhNNNPh)2(PEt3)2] 

To a benzene-methanol solution (1:1, 10 cm 3) 
of [Pt2Clff#-C1)2(PEt3)j (115 mg, 0.15 mmol), a 
solution of 1,3-diphenyltriazene (62 mg, 0.31 mmol) 
in methanolic sodium hydroxide (0.63 cm 3, 0.502 
N, 0.31 mmol) was added with vigorous stirring 
under nitrogen. The reactants were stirred at room 
temperature for 5 h. The solvents were stripped off 
in vacuo and the residue was extracted with benzene 
(3 x 5 cm 3) and filtered. The filtrate was con- 
centrated under reduced pressure and the residue 
was recrystallised from dichloromethane-benzene- 
hexane (1 : 1:2, v/v) mixture as golden yellow pris- 
matic crystals (yield 106 mg, 65%). Similarly, other 
bis(triazenido)-bridged complexes of palladium 
and platinum were prepared. Pretinent data are 
summarised in Table 1. 

A. S1NGHAL and V. K. JAIN 

show data similar to those prepared from chloro- 
bridged metal complexes. 

Reaction of [Pt2tol2(/~-PhNNNPh)2(PMe2Ph)2] with 
PPh3 

To a CDCI3 solution of [Pt2told/~-PhNNNPh)2 
(PMe2Ph)2] (41 mg, 0.033 mmol) in a 10 mm NMR 
tube was added solid triphenylphosphine (17 mg, 
0.066 mmol). The resulting solution was studied by 
31p NMR spectroscopy. The reactions of [Pt2CI2 
(#-PhNNNPh)2(PMe2Ph)2] and [Pd2Me2(/t-PhN 
NNPh)2(PMe2Ph)2] with triphenylphosphine were 
investigated by 31p NMR spectroscopy in a similar 
manner. 

Reaction of [Pd2C12(/I-OAc)2(PBu3)2] with 1,3- 
diphenyltriazene 

A dichloromethane solution (5 cm 3) of 1,3- 
diphenyltriazene (103 mg, 0.522 mmol) was added 
to a stirred dichloromethane solution (10 cm 3) of 
[Pd2C12(/~-OAc)2(PBu3)2] (188 mg, 0.233 mmol). 
Reactants were stirred at room temperature for 3 
h. The solvent was evaporated in vacuo, and the 
residue was dried for 20 h at 0.1 mm Hg. The orange 
solid was recrystallised from benzene-hexane (99 
mg, 39%). [PdzC12(/~-PhNNNPh)2(PMe2Ph)2] was 
prepared by a similar method. These complexes 

Reaction of [Pt2Clz(kt-PhNNNPh)2(PBu3)2] with 
HC1 

To a CDC13 solution of [Pt2C12(/~-PhNNN 
Ph)2(PBu3)2] (72 mg, 0.057 mmol) in a 10 mm 
NMR tube was added an ethereal solution of HC1 
(0.2 ml, 1.0 N) which immediately turned green. 
This solution was studied by NMR spectroscopy. 
When this solution was passed through a Florisil 
column a yellow coloured solution was obtained, 
the 31p NMR spectrum of which was identical to 
that of the parent complex. 

Table 1. Physical and analytical data for [M2X2(#-ArNNNAr)2(PR3)2] 

Complex 

Recrystallising 
solvent M.p. 

(% yield) (°C) 
Analysis found (calc.) (%) 

C H N 

[Pd2C12(#-PhNN NPh)2(PEt3) 2] 
[Pd2C12(/~-PhNNNPh):(PBu3)2] 
[Pd2C12(/~-tolNNNtol)2(PBu3)2] 
[Pd2CI2(/~-FC6H4NNNC,H4F)2(PBu3)2] 
[Pd2CI2(~-PhNNNPh)2(PMe2Ph)2] 
[Pd2CI2(/~-PhNNNPh)2 (PMePh2)2] 
[Pd2Mez(/~-PhNNNPh)2 (PBu3)2] 
[Pd2Me2 (~-PhNNNPh)2(PMe2Ph) J 
[Pt2CI2(#-PhNNNPh)2(PEt3)2] 
[PtzC12(/~-PhNNNPh)2(PBu3)2] 
[PtaC12(~-FC6H4NNNC6H4F)2 (PBu3)2] 
[Pt2C12 (#-PhNNNPh)2 (PMe:Ph)2] 
[Pt2C12(/~-tolNNNtol)2(PMe2Ph)2] 
[Pt2C12(/~-PhNNNPh)2(PMePh2)2] 
[Pt2toI2(~-PhNNNPh)2(PMe2Ph) 2] 
[Pt2tol2 (/z-PhNNNPh)2(PMePh2)2] 

CH2C12-hexane (45) 1 7 8 "  46.9(47.4)  5.3(5.5) 8.9(9.2) 
Hexane (59) 173-175 53.7(53.3) 6.8(6.9) 7.6(7.8) 
Hexane (51) 142-144 54.5(54.9) 7.2(7.3) 7.0(7.4) 
C6H6-hexane ( 5 4 )  1 5 5 - 1 5 7  50.3(50.0) 6.5(6.1) 7.7(7.3) 
CH2C12-hexane (67) 212-215  49.9(50.4) 4.3(4.4) 8.4(8.8) 
CHC13-hexane (63)  192-195" 55.6(55.8) 4.5(4.3) 8.0(7.8) 
C6H6-hexane ( 7 1 )  1 2 5 - 1 2 6  57.5(57.4) 7.2(7.7) 7.9(8.1) 
C6H6-hexane ( 7 3 )  180-182"  56.3(55.3) 5.2(5.3) 9.5(9.2) 
CHzCl2-C6H6-hexane 174-178 ~ 39.7(39.5) 4.5(4.6) 7.5(7.7) 
Hexane (48) 148-150 46.4(45.8) 6.1 (5.9) 6.7(6.7) 
C6H6-hexane (45) 137 139" 42.7(43.3) 5.1(5.3) 6.2(6.3) 
CH2C12-hexane (65) 185-188" 42.1(42.5) 3.7(3.7) 7.1(7.4) 
CHCI 3 hexane (49)  198-200 ~ 44.2(44.6) 4.1(4.2) 7.9(7.1) 
CHCl3-hexane (51)  215-220"  47.5(47.9) 3.7(3.7) 6.3(6.7) 
CH2Cl2-hexane (78)  165-170 a 51.9(52.2) 4.2(4.5) 6.1(6.8) 
CH2C12-hexane (71) 136-138  55.9(56.3) 4.2(4.4) 5.8(6.1) 

Decomposition temperature. 
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Reaction of [Pt2C12(kt-C1)2(PBu3)2] with 1,3-di- 
phenyltriazene 

To a CDC13 solution of [Pt2CI2(/~-C1)2(PBu3)2] 
(56 rag, 0.06 mmol), solid 1,3-diphenyltriazene (26 
mg, 0.13 mmol), was added and the reaction was 
monitored by 31p NMR spectroscopy. The reac- 
tions of [Pt2Cl2(,u-Cl)2(PBu3)2 ] with aniline, N,N- 
dimethylaniline and P h N ~ C H P h  were carried out 
in a similar manner and studied by 3~p NMR 
spectroscopy. 

RESULTS AND D I S C U S S I O N  

The reaction of [MzX2(/~-C1)2(PR3)2] with two 
moles of 1,3-diphenyltriazene in the presence of 
methanolic sodium hydroxide gave bis(1,3-diaryl- 
triazenido)-bridged complexes of the type [M2X2(#- 
ArNNNAr)2(PR3)2] [M = P d  or Pt; X = C1, Me 
or p-C6H4Me(tol); Ar = Ph, p-C6H4Me(tol), p- 
C6H4F; PR3 = PEt> PBu3, PMe2Ph, PMePh2]. 
The dipalladium complexes [Pd2C12(/t-ArNN 
NAr)2(PR3)2] can also be prepared by the reaction 
of [Pd2CI2(/x-OAc)2(PR3)2] with free triazene. 

All these complexes are air stable yellow to 
orange-red crystalline solids, soluble in common 
organic solvents. Molecular weight determination 
of some representative complexes [M2X2(/A- 
PhNNNPh)2(PBu3)2] : M, X = P d ,  CI, 1068 (calc. 
1080.8); M, X = P d ,  Me, 1100 (calc. 1040): M, 
X = Pt, Cl, 1266 (calc. 1258.2) indicates their 
binuclear formulation. The IR spectra of these com- 
plexes displayed bands in the region 1100-1600 
cm -~ characteristic of the triazene skeleton. 
Although attempts have been made to distinguish 
between the various structural possibilities based 
on IR data, in the present case an unambiguous 
differentiation between monodentate, chelating and 
bridging modes could not be made. A band in the 
region 320-330 cm ~, absent in the organometallic 
derivatives and free ligands, has been assigned to 
the terminal M--C1 stretching vibrations m for 
[M2CI20t-ArNNNAr)2(PR3)2] complexes. 

The 3~p{'H} NMR spectra (Table 2) of these 
complexes exhibited a single resonance indicating 
the presence of only one isomeric form. The spectra 
of the platinum complexes were flanked by rgsPt 
satellites. The ~J(Pt--P) has been reduced sig- 
nificantly from the paront chloro-bridged platinum 
precursors and is comparable to that of the bis 
(pyrazolato)-bridged binuclear platinum 
complexes. 9'1~ Interestingly the spectra, in spite of 
¢our-bond separation between the two platinum 

"ms, showed "J(Pt - . .P)  couplings of the order 
" Hz (Fig. 1). Such couplings have not 

"~rted in six-membered bis(pyrazolato)- 

bridged platinum complexesd "~' The J95Pt{~H} 
NMR spectra of [Pt2C12(I~-ArNNNAr)2(PBu3)2], 
where Ar = Ph and p-C6H4F, displayed doublets 
at ~ -3195 ppm [~J(Pt--P) = 3524 Hz, 
" J ( P t . - - P t ) =  1587 Hz] and c5 -3204 ppm 
[~J(Pt--P) = 3502 Hz, "J(Pt- . -Pt)  = 1551 Hz], 
respectively (Fig. 2). The 3~p and ~')sPt NMR spectra 
of these complexes are similar to those of [Pt,_Clz(/x- 
OAc)2(PR3)~] complexes for which a short Pt--Pt 
distance with formal bond order zero has been sug- 
gested. The magnitudes of J (P t - . -P)  and 
J (P t . . . P t )  for triazenido-bridged complexes are 
much higher than the corresponding values for 
analogous carboxylate complexes indicating shorter 
P t . - .P t  separation (consequently stronger metal-- 
metal bonding interactions) in the former. The 
observed trend is evident from the X-ray structures 
of [Pd2(tolNNNtol)2(methallyl)2], ~: [Pd:(ll-OAc)2 
(allyl)2] ~3 and [Pd2(ll-Cl)2(methallyl)2] ~4 in which 
Pd . . .Pd  separations are 2.86, 2.94 and 3.438 /~, 
respectively. In the organoplatinum complexes, 
[Pt2tolz(IL-PhNNNPh)2(PR3)2], 2j (p t . . .P)  was 
vanishingly small. This may be attributed to an 
increased Pt..  • Pt separation due to the strong trans 
influence of tolyl groups attached to platinum. 

The ~H NMR spectra exhibited expected inte- 
gration and peak mulplicities. Palladium-methyl 
complexes showed a doublet for the Pd--Me pro- 
tons with 3J(p--H) ~4  Hz. The aryl groups 
attached to nitrogen are magnetically non-equi- 
valent as C6H4 group exhibited two separate sets of 
resonances for the protons at 2,6- and 3,5-positions. 
Similarly the methyl protons of the tolyl group exhi- 
bited two singlets. 

The carboxylate bridged complexes, [M2X2(/z- 
OAc)2(PR3)2] show a dynamic stereochemistry. 3 
Structurally analogous triazenido-bridged com- 
plexes may be expected to show a similar behaviour. 
Thus, ~H NMR spectrum of [Pd2Me2(/~- 
PhNNNPh)2(PMe2Ph)2] was recorded in the tem- 
perature range - 50 to + 50 C. However no notice- 
able change was observed in the spectrum 
indicating rigidity of the triazenido-bridged com- 
plexes. The complexes containing dimethylphenyl- 
phosphine exhibited two doublets for P--Me 
protons. However, in the case of [Pt:tol2(#- 
PhNNNPh)2(PMe2Ph)2] only one doublet was 
observed in the temperature range - 50 to + 50' C. 

A few reactions of triazenido-bridged palladium 
and platinum complexes have been investigated. 
The complex [Pt:CI.,(tz-PhNNNPh)2(PBu3)2 ] reacts 
reversibly with HC1. Thus, when a CDC13 solution 
of [Pt:CI2(/z-PhNNNPh)2(PBu3)2] was treated with 
HCI, a green solution [6 3~p-0.1 ppm, 
~J(Pt--P) = 3440 Hz] was formed which gave the 
parent complex (as revealed by -~JP NMR) after 
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'1 
' ' ' ' ' ' 0 o  0 -50 -1 

ppm 

Fig. 1.31p{'H} NMR spectrum of [Pt2C12(#-PhNNNPh)2(PBu3n)2] in CDC13 on a varian FT-80A. 

-3114 -3154 -3194 -3234 -3274 

Fig. 2. '95pt{IH} NMR spectrum of [Pt2C12(#-PhNNNPh)2(PBu3)2] in CDC13 on a varian XLR-300. 

passing through a Florisil column. The product 
formed on treatment of HC1 may be a protonated 
species [PtCI(PhNNNHPh)(PBu3)]. To ascertain 
this, the reaction of [Pt2CI2(#-C1)2(PBu3)2] with 
PhNNNHP h  was carried out in CDC13. The 31p 
N M R  spectrum displayed a signal at f - 6 . 3  ppm, 
~J(Pt--P) = 3372 Hz. The observed variation in 
the chemical shifts and coupling constants may be 
due to ligation through different nitrogen atoms of 
the triazene ligand. Therefore, we have investigated 
the bridge cleavage reactions of  [PtzClz(~- 
C1)2(PBu3)2] with different types of nitrogen donors 
namely PhNH2, PhNMe2, P h N z C H P h .  The 31p 
N MR  spectra of their reactions showed single res- 
onances at 6 - 5 . 2  ppm ( i j  = 3534 Hz), - 3 . 8  ppm 
( ' J  = 3488 Hz), - 7 . 8  ppm (1j = 3455 Hz), respec- 
tively. This indicates that the signal is more shielded 

with smaller I J (P t - -P)  for sp 2 hybridized nitrogen 
than that of  sp 3. In every case nitrogen is t rans  to 
the phosphine. 15 The factors controlling the co- 
ordination of a particular nitrogen exclusively in the 
triazene complexes are not quite clear. Interestingly, 
no isomerisation takes place on leaving the solu- 
tions for a few days at room temperature. 

Insertion of CO across the P d - -Me  16 and metal 
triazenido ~7 bonds has been reported. However, the 
31p N M R  spectrum of [Pd2Me2(/~-PhNNN 
Ph):(PMe2Ph)2] did not show any change when CO 
was bubbled (at 1 atm. and room temperature), 
through its CDC13 solution for 20 min. 

Addition of triphenylphosphine (2-4 equi- 
valents) to the CDC13 solutions of [Pd2Me2(/~- 
PhNNNPh)2(PMe2Ph)2] or [Pt2C12(#-PhNNN 
Ph)2(PMe2Ph)2] has no effect on their 31p N M R  
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spectra indicating non-lability of the triazenido- 
bridges. However, when the organoplatinum 
complex, [Ptztolz(/~-PhNNNPh)2(PR3)2], was tre- 
ated with triphenylphosphine a complex mixture of 
products formed. [PR3 = PMePh2, 6 3tp, 18.4 ppm 
( ~ 1 8 % ,  ~J=3215  Hz), 15.2 ppm (~25%,  
~J=3116 Hz) for PPh3; 9.2 ppm (~27%,  
i j  = 3190 Hz), 5.9 ppm (~29%,  i j  = 3088 Hz) for 
PMePh2.] [PR3 = PMezPh, 6 31p, 18.5 ppm (~  11%, 
J J =  3227 Hz), 14.5 ppm (~21%,  ~J= 3016 Hz) 
for PPh3; - 3 . 2  ppm (~33%,  i j  = 3131 Hz), - 7 . 8  
ppm (~  19%, ~J = 2953 Hz), - 1 6 . 7  ppm (~  15%, 
JJ = 3130 Hz) for PMe2Ph.] None of the resonances 
were attributed to the mixed ligand species, [Pt(tol) 
(PhNNNPh)(PPh3)(PR3)], mainly due to the 
absence of  2 j (p . . . p ) .  The reactivity of organo- 
platinum complexes may be attributed to the 
absence of platinum-platinum interaction, as indi- 
cated by 3~p N M R  data, similar to the pyrazolato- 
bridged complexes. However, non-reactivity of 
other complexes towards neutral donors may be 
ascribed to short metal-metal distances. 
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