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Abstract 

The complex [PtMe,(p-SEt,)], undergoes oxidative addition reactions with 
chloro-2,2-bis(pyrazol-l-yl)propanes and 2,6-(pzCH,),C,H,Br to form platinum(W) 
complexes PtClMe,{(pz),CR(CHX)-N,N’,C”} and PtBrMe,{2,6-(pzCH,),C,H,- 
N, N’,C”i}, respectively, with the ligands present as tripodal [N-C-N]- systems. 
Structural studies of two of the complexes show distorted octahedral geometry, 
‘fat-PtClC,N,‘, with (pz),CMeCH,- and (pz),C(CH,Cl)CH,- forming NPtN and 
NPtC angles at platinum ca. 7-12” less than 90°. The reagent 1,3-(pzCH,),C,H, 
undergoes cyclometallation with palladium(I1) acetate to form Pd(O,CMe){2,6- 
(pzCH&C,H,-N,N’,C”i}, which has the ligand present as a planar [N-C-NJ- 
donor. 

Introduction 

Tridentate ‘M(N-C-N)’ [l-5], ‘M(N-N-C)’ [1,3,6-lo], and “M(N-C-N>’ 
(N’-C’-N)” [ll] coordination systems for palladium and platinum are of current 
interest, and we have recently reported the synthesis of a range of platinum(W) 
complexes containing metallated tris(pyrazol-1-yl)methane [(pz),CH] and closely 
related (N-methylirnidazol-2-yl)bis(pyrazol-l-yl)methane, in which the ligands are 
present as novel tripodal [N-C-N]- donors [12], e.g. with one pyrazole ring of 
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(A) 

(pz),CH metallated at the C(5) position in [PtMe,{(pz),(C,H,N,)CH- 
N, N ‘, C”5 }(py)]I (A). These complexes were formed by oxidative addition reactions 
of organohalides with org~oplatinum(II~ substrates, e.g. PtMe~(p2)~~C~H~)C~- 
N,C’5 f(py) with iodomethane to give A. 

None of the complexes isolated could be satisfactorily crystallized in a form 
suitable for X-ray structural studies. However, one of the complexes (B) was 
obtained on oxidative addition of l-bromo-2-(pyrazol-l-yl~etha~e, and this led us to 
investigate an alternative approach to the synthesis of complexes containing tripodal 
[N-C-N]- intramolecular coordination systems in order to find a system amenable 
to growth of crystals suitable for crystallographic studies. In this approach, four new 
reagents were synthesized (la-k, 2a), with each reagent possessing two pyrazole 
groups and one or more halogen atoms in orientation(s) such that potential 
oxidative-addition reactions with a platinum(I1) substrate would favour formation 
of tripodal intramolecular [N-C-N]- coordination in the platinum(IV) product. 
This approach was successful, giving complexes 3a-3c and 4, and was followed by 
the synthesis of a planar [N-C-N]- coordination system 6 involving pyrazole 
N-donor groups for comparison, via palladation of the new reagent 2b. A pre- 
liminary report of this work has been published [13]. In a subsequent application of 
this synthetic strategy, planar and tripodal “Pt(N-N-C)” complexes have been 
obtained via reactions involving the first examples of oxidative addition of aryl- 
halogen bonds to platinum~I1) [9], and a further such example is reported here. 

Results and discussion 

Synthesis and characterization of complexes involving tripodal (N-C-N] - coordina- 
tion 

The new bis(pyrazol-1-yl~alkanes la-lc were obtained by the cobalt(I1) chloride 
catalysed condensation of bis(pyr~ol-~-yl)methanone with the appropriate ketones, 
e.g. (pz),C=O with Me(ClCH,)C=O to give la, following the general procedure 
established by Peterson et al. [14-161 for the synthesis of related reagents; the 
reagents 2a and 2b were obtained by reaction of potassium pyrazolide with 2,6- 
(BrCH,),C,H,Br and 1,3-(BrCH,),C,H,, respectively, and were characterized by 
microanalysis and ‘H NMR spectroscopy, and by the formation of platinum(W) 
derivatives. 
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The complex [PtMe,( @Et,)], [17,18] was chosen as a substrate for attempted 
oxidative addition reactions with la-lc and 2a for several reasons. Dimethyl- 
platinum(I1) thioether complexes are known to readily undergo oxidative addition 
reactions [17,19], e.g. with benzyl bromide [17], and thioether ligands are readily 
displaced by N-donor ligands [12,17,20], e.g. by poly(pyrazol-l-yl)alkanes [12]. If the 
reagents la-lc and 2a displace diethylsulphide initially rather than oxidatively add 
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Fig. 1. (a) ‘H NMR spectrum of PtCIMe,((pz)$ZMeCH2-N.N’,C”) (3a) illustrating J(HPt) for PtMe 

(73.7 Hz), J(HPt) for PtCH, (51.5 Hz). J(HPt) for the apical methyl group (5.8 Hz), and single 

environments for the PtMe and pyrazole groups. l is an impurity. (b) 13C NMR spectrum of 3a 

illustrating J(CPt) for PtMe (693.4 Hz), J(CPt) for PtCH, (729.4 Hz), J(CPt) for the apical methyl 

group (51.9 Hz), and J(CPt) for the (p&C carbon (51.9 Hz). 

directly, then subsequent oxidative addition may well occur in view of both the 
proximity of carbon-halogen group(s) and platinum in “PtMe,{(pz),CRR’ }” and 
the reported facile oxidative addition reactions of dimethylplatinum(I1) complexes 
of N-donor ligands with organic chlorides and bromides, e.g. that of the 2,2’-bi- 
pyridyl complex with chloromethane [20] and benzyl bromide [17,21]. Initial coordi- 
nation of the reagents is assumed in view of the recent isolation of related 
platinum(I1) complexes, e.g. PtMe,(Me,NCH,CH,N=CH-o-C,H,Br-N, N’) prior to 
oxidative addition to form a platinum(lV) complex [9]. 

When [PtMe,(p-SEt,)], was treated with la-lc or 2a in benzene under nitrogen 
colourless crystalline complexes 3a-3c or 4 were formed, and were filtered off from 
the hot solution, and washed with benzene and diethyl ether, except for the more 
soluble 3c for which addition of hexane to the benzene solution followed by cooling 
was required. 

The complexes were characterized by microanalysis, ‘H and 13C NMR spec- 
troscopy, osmometric molecular weight determinations in chloroform, and conduc- 
tance measurements in acetone (non-electrolytes). Only the NMR spectra allow 
differentiation between formulation of the products as platinum(U) complexes 
“PtMe,{(pz),CRR’-N, N’ 1” or as the platinum(IV) complexes 3a-3c and 4. The ‘H 
NMR spectra exhibit appropriate integration for 3a-3c and 4, and 3a-3c exhibit 
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coupling of 195Pt with protons of the CHX and R moieties in addition to coupling 
for the PtMe groups, e.g. as shown in Fig. 1 for 3a. Complex 3c, with a chlorine 
atom of ‘PtCHCI’ adjacent to one PtMe group, exhibits two PtMe and two pyrazole 
environments. 

The spectral studies support the expected ‘fat-PtXC,N,’ geometry for the com- 
plexes, as found for the closely related bis(3,5-dimethylpyraol-l-yl)methane com- 
plex PtIMe,{(Me,pz)JH,-N, N’} [22], e.g. similar values of J(HPt) for the in- 
equivalent PtMe groups in 3c as they are both tram to pyrazole donors, and 

Fig. 2. The molecular structures of PtCIMe,{(pz)$R(CHz)-N, N’,C”}. (a) R 
(3b). Hydrogen atoms are shown with an arbitrary radius of 0.1 A, 20% 
non-hydrogen atoms. 

= Me (3a), (b) R = CH $1 
thermal ellipsoids for the 
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Table 1 

Coordination and chelate ring geometry for PtClMe,{(pz),CRCH,-N,N’,C”} (3a, R = Me; 3b, R = 
CH,CI) 

Coordination geometry 38 3b 

Pt-C(A,B) 
Pt-C(1) 
Pt-N(al,bl) 
Pt-Cl 
C(A)-Pt-C(B) 
C(l)-Pt-C(A,B) 
C(l)-Pt-N(al,bI) 
C(A)-Pt-N(al,bl) 
C(B)-Pt-N(al,bl) 
C(A,B)-Pt-Cl 
C(I)-Pt-Cl 
N(al)-Pt-N(b1) 
N(al,bl)-Pt-Cl 

2.05(l), 2.00(l) 
2.06(l) 
2.129(8), 2.145(7) 
2.421(3) 

89.2(5) 
93.8(5), 94.7(4) 
78.7(4), 77.9(3) 

172.1(4), 93.6(4) 
?3.8(5), 172.1(4) 
9X8(4), 91.3(3) 

171.2(3) 
82.5(4) 
94.5(3), 95.9(2) 

Chelate ring geometry 

w-w 
C(2)-N(a2,b2) 
N(al)-N(a2) 
N(bl)-N(b2) 
Pt-C(l)-C(2) 
Pt-N(al)-N(a2) 
Pt-N(al)-C(a5) 
Pt-N(bl)-N(b2) 
Pt-N(bl)-C(b5) 
C(l)-C(2)-N(a2,b2) 
N(a2)-C(2)-N(b2) 
C(2)-N(a2)-N(a1) 
C(2)-N(b2)-N(b1) 

1.50(l) 
1.44(l), 1.46(l) 
1.38(l) 
1.35(l) 

101.4(6) 
108.8(6) 
143.4(8) 
109.1(5) 
144.3(7) 
107.2(8), 106.2(8) 
106.7(8) 
114.9(7) 
115.5(7) 

Deviations (A) of Pt from the ‘C, N,’ mean planes of the rings ’ 
Ring a 0.059 
Ring b 0.016 

2.043(7). 2.035(g) 
2.030(6) 
2.166(4), 2.163(6) 
2.443(2) 

8&l(3) 
94.3(3). 93.6(3) 
78.5(2), 79.1(2) 

171.9(2), 93.7(2) 
95.9(2), 172.5(2) 
90.4(2), 90.8(2) 

173.6(2) 
8 1.4(2) 
96.6(l), 96.4(l) 

1.539(9) 
1.463(g), 1.485(9) 
1.362(6) 
1.371(6) 

102.2(4) 
108.8(9) 
143.4(4) 
109.5(4) 
144.6(5) 
106.6(5), 105.9(4) 
106.0(5) 
115.8(4) 
114.1(5) 

0.410 
0.075 

a For 3a the mean planes have x2 1.5 and 2.8 for rings a and b, respectively; the dihedral angle between 
the planes is 75.5 ‘, and the planes form dihedral angles of 58.7 and 59.8O with the ‘C2N2’ coordination 
plane; similarly, 3b has x2 7.2 and 4.8, and the dihedral angle between the planes is 88.1’) and the planes 
form dihedral angles of 62.4 and 61.3O with the ‘C2N2’ coordination plane. 

equivalent PtMe group environments for 3a, 3b, confirmed for 3a and 3b by the 
X-ray structural studies. The [N-C-N]- group in 4 acts as a tripod ligand, e.g. 
there are equivalent PtMe groups with J(HPt) as expected for trans-pz donors, 
although the group is able to act as a planar [N-C-N]- ligand, as in 6, but this 
arrangement would give the less favoured ‘mer-PtC,’ unit. The synthesis of 4 
represents one of very few examples of oxidative addition of aryl-halogen bonds to 
platinum(H) [9]. 

Complexes 3a-3c,‘but not 4, react with pyridine to form cations, e.g. 5, which 
give ‘H NMR spectra showing J(HPt) coupling for the ortho protons of pyridine. 

Structures of PtCIMe,{(pz),CR(CH,)-N,N’,C’) (3a, R = Me; 36, R = CH,Cl) 
Molecules of 3a and 3b are shown in Figure 2, with details of the coordination 

and chelate geometry given in Table 1, and other crystallographic data in Tables 2 
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Table 2 

Crystal data md refinement parameters for PtCIMezI(pz),CRCN,-N,N’,C”) (3a, R=Me; 3b, R= 

CH2CI) 

3a 3b 

CIIH,,CIN,Pt C,,HI,CI,N,Pt 
p21212, p2,/c 
~4.206(g) 8.407(2) 

~0.888(6) 13X36(6) 

k953(5) 13.13ty4) 
95 ~~0.~6(2~ 

138tql) 1434.6{8) 
4 4 
435.8 475.3 
2.59 2.17 
0.18 x 5.16 x0.48 0.15 x0.45x5.10 
99 97 
824 888 
60 60 
4*5,6.3 2.3,X4 
2248 4213 
I.818 2912 
5.532 0.532 
5.029 5.53J 
(preferr& ~~~t~) 

3b 

x Y z x Y 2 

5.62~~6(3) 5.~53~~3) 5.?394~(4) O.l6OP1(3) 5.2359g~2) 5.2439~(2) 
@.7695(g) 0.8349(10) ~.~516(15) 0.3%4(9) 5.1382(6) 0.311%7) 
0.6106flX) 0.9427(11) 0.9432{12) 0.3557(8) 0.2988f6} 5.1695(h) 
5.6369(3) 5.6571(2) 1.~23(3) 5.2684(Z) 5.3384(l) 5,4003(l) 

5.~5~3(9) 
5.5397(7) 
0.5091(P) 
5.480466) 
5.4592(~) 
0.3~63(8) 
5.3263(7) 
0.4053@) 
0.~363(?) 
0.5886(5) 
OSQlQ(7) 
5.6&3(8) 
O&97(7) 

~.~9~(9) 
5.8291(9) 
5.gg5?(12) 
0.~793(8) 
~.g~2(Q) 
0.~~7(15) 
5.76OQ(ll) 
5.7$42(10) 
5~~752(6) 
5.7121(7) 
5*6292(10) 
5.5337(15) 
&SQl(Q) 

a.6127tll) 
0.5247tIa) 

5.3714(14) 
5.7661(15) 
0.6183(Q) 
a.~9$~1~) 
0.7345(16) 
0.835?(12) 
5~6237(g) 
OS537(9) 
5.38~(1~) 
&4392(X3) 
5.5~67~~2) 

~.~~~(7) 5.1~5) 
-O.l452(7) 0.1~~(5) 

-0.2439(g) 5.586~~) 
- 5.0689(6) 0.3113(4) 
- O.~~Q9(4~ #,24g~~3) 
- 0.3443(7) 5.29~~(5) 
- 0.3294@) 5.~849(5) 
-0.14&I(8) 5.3947{5) 
-#.5~~6(6) O.m6(3) 
-0.1392{6) 0X29(4) 
- 5_2~25(g) 5.5663(S) 
-0.1947(15) 5.5715(6) 
- 0.~5q9) m262f5) 
- 5,2656(2) 5.1171(2) 

5,~~4~(~~ 
o.loQa(s) 
5.5226(S) 
5.1625(4) 
5.1~1~{4~ 
5.566?(5~ 
O.l027{S) 
5.1612(5$ 
5*?5~7(4~ 
5.2166(4) 
5.~06(6) 
5.3655(6) 
5.3895(S) 

- 5.1578{1) 
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and 3 *. Both complexes have the [N-C-N]- ligands present as tripods; the methyl 
groups are tram to the pyrazole donors, and the chloro ligands are tram to the 
carbon atom of the tripods, to give ‘fat-PtCICsNz’ coordination. The ‘fat-PtC,’ 
groups form C-Pt-C angles 89.2(5)-94.7(4)” (3a) and X8.1(3)-94.3(3)” (3b). 

The tripod ligands form two five-membered PtNNCC rings and one six-mem- 
bered PtNNCNN ring, with chelate angles at platinum of ca. 7-12” less than 90 ‘, 
viz. N(al)-Pt-N(b1) 82.5(4) (3a), 81.4(2)” (3b), and C(l)-Pt-N(a1, bl) 78.7(4), 
77.9(3)” (3a) and 78.5(2), 79.1(2)“ (3b). Angles at C(2), 106.2(8)-115.5(9) (3a) and 
105.9(4)-116.7(6)” (3b), show little deviation from the tetrahedral value, but coordi- 
nation of the pyrazole groups results in irregular angles at N(1) and N(2) for both 
complexes, with the chelate ring angles Pt-N(l)-N(2) and C(2)-N(2)-N(1) ca. 
16-22 and 35” less than Pt-N(l)-C(5) and C(2)-N(2)-C(3) angles, respectively. 
The pyrazole rings are planar (maximum deviation from the ‘C,N,’ mean planes is 
0.015 A, for C(b4) in 3a), and the platinum atoms are 0.016-0.410 A from these 
planes (Table 1). 

Synthesis and characterization of a complex involving planar [N-C-N] - coordination 
Planar [N-C-N]- and [N-N-C- coordination systems are well established 

[l-lo], but have not been reported previously for pyrazole donor groups. The facile 
palladation of 1,3-bis[l-(pyridin-2-yl)ethyl]benzene with palladium(H) acetate to 
form Pd(O,CMe){2,6-(pyCHMe)&H3-N, N’,C”’ > has been reported [5], and thus 
we sought a pyrazole analogue via a similar approach. The new reagent 1,3- 
bis{(pyrazol-1-yl)methyl}benzene (2b) reacted readily with palladium(I1) acetate in 
hot glacial acetic acid (15 min) to give 6. 

Complex 6 has V_ (CO,) 1588 and vs(CO,) 1378 cm-‘, with a separation of 210 
cm-‘, similar to that for Pd(O,Me){2,6-(pyCHMe),C,H,-N,N’,C”’} (212 cm-i) 
which has been shown to have unidentate acetate coordination by an X-ray 
crystallographic study [5]. The ‘H and 13C NMR spectra of 6 are readily interpreta- 
ble, with the resonances of all protons resolved, e.g. the palladated ring exhibits a 
triplet for H(4) and a doublet for H(3). 

Experimental 

Synthesis 
The reagents [PtMe,(SEt,)], [17], [Pd(O,CMe),], [23], (pz),CO ]241, 1,3- 

(BrCH,),C,H, [25], and 2,6-(BrCH,),C,H,Br [26] were prepared as described. 
Glacial acetic acid was refluxed and fractionally distilled from acetic anhydride and 
KMnO,; monochloroacetone was dissolved in water, shaken with small amounts of 
diethyl ether, extracted with a large volume of diethyl ether, and distilled under 
reduced pressure; tetrahydrofuran was predried over KOH then refluxed and 
distilled from sodium/benzophenone and stored over sodium. Other reagents and 
solvents were purified as previously described [12]. 

* Thermal parameters, calculated hydrogen atom positions, least squares planes data, and a list of 
structure factors are available from the Cambridge Crystallographic Data Centre, Lensfield Road, 
Cambridge CBZ IEW (UK). Any request should be accompanied by a full literature citation for this 
article. 
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Microanalyses were performed by the Australian Microanalytical Service, 
Melbourne, and the Canadian Microanalytical Service, Vancouver. NMR spectra 
were recorded in CDCl, with a Bruker AM 300 spectrometer and ‘H and i3C 
chemical shifts are given in ppm relative to Me,Si. Mass spectra were obtained with 
a Vacuum General Micromass 7070F spectrometer operating at 70 eV, and molecu- 
lar weights were determined with a Knauer vapor pressure osmometer for da. 
l-3 x 10W2 M solutions in chloroform at 37 o C. 

Synthesis of ligands 

2,2-Bis(pyrazol-I-yl)propanes, (pz),CRR’ (Ia-lc) 

In a typical synthesis bis(pyrazol-l-yl)methanone (0.98 g, 6.3 mmol) and mono- 
chloroacetone (1.70 ml, 21.6 mmol), together with a catalytic amount of anhydrous 
cobalt(II) chloride (0.01 g) were placed in a flask flushed with nitrogen. Gentle 
warming for 15 min resulted in evolution of bubbles of CO,. The mixture was 
allowed to cool to ambient temperature, water (5 ml) added, and the mixture 
extracted with dichloromethane (2 X 20 ml). The combined extracts were dried 
(MgSO,) then filtered, the dichloromethane was removed under vacuum and the 
product, (pz),CMeCH,Cl (la) was recrystallized from hot hexane/charcoal (3.73 g, 
82%) m.p. 60-62°C. (Found: C, 51.5; H, 5.5; N, 26.9. C,H,,N,Cl calcd.: C, 51.3; 
H, 5.3; N, 26.6%). ‘H NMR: S 7.61 (2H, d, H(3), Jx4 1.6 Hz), 7.36 (2H, d, H(5), Jd5 
2.6 Hz), 6.30 (2H, ‘t’, H(4)), 4.56 (2H, s, CH,), 2.38 (2H, s, Me). MS: m/e 210 (M, 
ZOW), 175 (22%), 161 (50%), 143 (loo%), 107 (38%). 

(PZ),C(CH,C~) 2 (lb), was prepared similarly, using 1,3-dichloroacetone (1.5 g, 
11.8 mmol), with warming for 30 min, gave lb in 64% yield, m.p. 127 o C. (Found: 
C, 44.3; H, 4.1; N, 23.1. C,H,,N,Cl,calcd.: C, 44.1; H, 4.1; N, 22.9%). ‘H NMR: 6 
7.61 (2H, d, H(3), JJ4 1.7 Hz), 7.52 (2H, d, H(5), Jd5 2.6 Hz), 6.34 (2H, ‘t’, H(4)), 
4.78 (4H, s, CH,). MS: m/e 246 (15%), 245 (M, 2%), 244 (24%), 195 (loo%), 177 
(65%), 176 (60%), 141 (70%), 106 (82%). 

(pz),CMeCHCl, (lc) was prepared in the same way as lb but from l,l-dichloro- 
acetone and warming for 5 h, which gave lc in 41% yield, m.p. 83°C. (Found: C, 
44.8; H, 4.9; N, 22.3. C,H,,N,Cl, calcd.: C, 44.1; H, 4.1; N, 22.9%). ‘H NMR: 6 
7.81 (2H, d, H(5), Ja5 2.6 Hz), 7.60 (2H, d, H(3), JJ4 1.6 Hz), 7.17 (lH, s, CH), 6.32 
(2H, ‘t’, H(4)), 2.61 (3H, s, Me). MS: m/e 244 (20%), 245 (M, 2%), 244 (35%), 209 
(36%) 177 (35%) 161 (loo%), 141 (22%), 109 (25%). 

2,bBis{(pyrazol-l-yl)methyl}bromobenzene (2a) and 1,3-Bis{(pyrazol-1 -yl)methyljben- 
zene (2b) 

Pyrazole (0.71 g, 26.2 mmol) was added to a stirred solution of potassium (1.02 g, 
26.2 mmol) in tetrahydrofuran (150 ml) under nitrogen. After the initial rapid 
evolution of hydrogen the mixture was heated at reflux with stirring until beads of 
molten potassium were no longer evident. The thick white suspension was cooled 
and 2,6-bis(bromomethyl)bromobenzene (13.1 mmol) added at ambient temperature 
with stirring. The mixture was refluxed for 8 h then cooled, and filtered, and the 
solvent removed by rotary evaporation. The residue was recrystallized from hot 
hexane/charcoal, to give 2,6-(pzCH,)&H3Br (2a), in 68% yield, m.p. 95OC. 
(Found: C, 53.0; H, 4.3; N, 17.6. C,,H,,N,Br calcd.: C, 53.0; H, 4.1; N, 17.7%). ‘H 
NMR: 6 7.58 (2H, d, H(3), J3‘, 1.8 Hz), 7.47 (2H, d, H(5), Jb5 2.3 Hz), 7.19 (lH, t, 
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H(4)(Ph), J(HH) 7.7 Hz), 6.76 (2H, d, H(3,5)(Ph), J(HH) 7.7 Hz), 6.31 (2H, ‘t’, 
H(4)), 5.46 (4H, s, CH,). MS: m/e 317 (M, 2%) 237 (loo%), 169 (50%). 

2,6-(pzCH,),C,H, (2b) was prepared similarly, from 1,3-bis(bromomethyl)ben- 
zene, with reflux for 6 h, to give a yield of 82% m.p. 36 o C. (Found: C, 70.5; H, 5.8; 
N, 23.6. C,,H,,N, calcd.: C, 70.6; H, 5.9; N, 23.5%). rH NMR: 6 7.54 (2H, d, H(3), 
J3‘, 1.8 Hz), 7.37 (2H, d, H(5), Jd5 2.3 Hz), 7.28 (lH, d, H(4)(Ph), Jd5 7.7 Hz), 7.10 
(2H, dd, H(3,5)(Ph), J(HH) 7.7 Hz), 7.04 (IH, b, H(l)), 6.28 (2H, ‘t’, H(4)), 5.29 
(4H, s, CH,). MS: m/e 237 (M, 15%) 170 (100%) 143 (100/o), 103 (12%). 

Synthesis of Pt “Me, complexes 3a-3c and 4 
A solution of [PtMe,(SEt,)], (0.15 g, 0.24 mmol) and la (0.11 g, 0.52 mmol) was 

stirred and heated in benzene (20 ml) under nitrogen. After 10 min a white 
microcrystalline precipitate had formed, and was filtered off from the hot solution, 
washed with warm benzene (2 x 2 ml) and diethyl ether, then recrystallized from a 
small volume of acetone by diethyl ether vapour diffusion to give 
PtClMe,{(pz),CMeCH,-N,N’,C”} (3a) in 74% yield. (Found: C, 30.6; H, 3.9; N, 
13.0. C,,H,,N,ClPt calcd.: C, 30.3; H, 3.9; N, 12.9%). ‘H NMR: 6 7.86 (2H, d, 
H(3), Js4 2.0 Hz), 7.65 (2H, d, H(5), Jd5 2.6 Hz), 6.37 (2H, ‘t’, H(4)), 2.45 (3H, ‘t’, 
Me, J(HPt) 5.8 Hz), 2.38 (2H, ‘t’, PtCH,, J(HPt) 51.5 Hz), 1.30 (6H, ‘t’, PtMe, 
J(HPt) 73.7 Hz). r3C NMR: S 139.7 (s, C(3)), 126.3 (s, C(5)), 108.7 (s, C(4)), 85.7 
(‘t’, (pz)&, J(CPt) 51.9 Hz), 32.4 (‘t’, PtCH,, J(CPt) 729.4 Hz), 20.6 (‘t’, Me, 
J(CPt) 51.9 Hz), - 10.0 (‘ t’, PtMe, J(CPt) 693.4 Hz). Mol. wt. 429 (calcd. 435). 

PtClMe,{(pz),C(CH,Cl)CH,-N, N’,C” } (3b) was obtained similarly, from lb, in 
78% yield. (Found: C, 28.2; H, 3.2; N, 11.8. C,,H,,N,Cl,Pt calcd.: C, 28.1; H, 3.4; 
N, 11.9%). ‘H NMR: 6 7.89 (2H, d, H(3), J34 2.0 Hz), 7.85 (2H, d, H(5), Jd5 2.6 
Hz), 6.42 (2H, ‘t’, H(4)), 4.65 (2H, ‘t’, CH,Cl, J(HPt) 2.9 Hz), 2.46 (2H, ‘t’, PtCH,, 
J(HPt) 54.3 Hz), 1.33 (6H, ‘t’, PtMe, J(HPt) 73.6 Hz). r3C NMR: 6 139.6 (s, C(3)), 
127.5 (s, C(5)), 109.2 (s, C(4)), 87.8 (‘t’, (pz)&, J(CPt) 51.9 Hz), 42.3 (‘t’, CH,Cl, 
J(CPt) 60.3 Hz), 28.8 (‘ t’, PtCH,, J(CPt) 730.6 Hz), - 9.57 (‘t , PtMe, J(CPt) 689.3 
Hz). Mol. wt. 459 (calcd. 470). 

PtClMe,{(pz),CMeCHCLN,N’,C”} (3~) was obtained similarly, from lc, but 
addition of hexane to the benzene solution and cooling were required. The product 
was recrystallized from acetone with dropwise addition of hexane (78% yield). 
(Found: C, 28.3; H, 3.5; N, 11.8. C,,H,,N,Cl,Pt calcd.: C, 28.1; H, 3.4; N, 11.9%). 
‘H NMR: 6 7.92 (lH, d, H(3), Jj4 2.0 Hz), 7.90 (lH, d, H(3), J34 1.9 Hz), 7.78 (lH, 
d, H(5), Jb5 2.7 Hz), 7.73 (lH, d, H(5), JJ5 2.7 Hz), 6.47 (2H, m, H(4)), 4.53 (lH, ‘t’, 
PtCH, J(HPt) 34.5 Hz), 2.55 (3H, s, Me), 1.39 (3H, ‘t’, PtMe, J(HPt) 73.8 Hz), 1.36 
(3H, ‘t’, PtMe, J(HPt) 75.3 Hz). r3C NMR: 6 139.8 (s, C(3)), 127.5 (s, C(5)), 109.2 
(s, C(4)), 87.8 (‘t’, (pz)*C, J(CPt) 51.9 Hz), 42.3(‘t’, Me, J(CPt) 60.1 Hz), 28.8(‘t’, 
PtCH,, J(CPt) 730.2 Hz), - 9.6 (‘t’, PtMe, J(CPt) 685.3 Hz). Mol. wt. 464 (calcd. 
470). 

PtBrMe,{2,6-(pzCH,),C,H,-N, N’,C” } (4) was obtained similarly to 3a, from 
2a, as white microcrystals (92% yield). (Found: C, 36.6; H, 3.6; N, 10.0. 
C,,H,sN,BrPt calcd.: C, 35.4; H, 3.5; N, 10.3%, contaminated with a trace of 
benzene (NMR detection)). ‘H NMR: 6 8.37 (2H, d, H(3), Jj4 1.4 Hz), 7.48 (2H, d, 
H(S), Jd5 2.1 Hz), 7.05 (3H, m, Ph), 6.33 (2H, ‘t’, H(4)), 5.85 (2H, d, CH,) and 4.87 
(2H, d, CH,, J(HH) 14.8 Hz), 1.60 (6H, ‘t’, PtMe, J(HPt) 70.3 Hz), 13C NMR: 6 
141.7 (s, H(3)), 137.3 (s, H(4)(Ph)), 133.2 (s, H(l)), 131.8 (s., H(5)). 129.6 (‘t’_ 
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H(3,5)(Ph), J(CPt) 45.7 Hz), 125.1 (s, H(2,6)), 107.3 (s, H(4)), 59.2 (‘t’, CH,, J(CPt) 
30.5 Hz), - 8.31 (’ t’, PtMe, J(CPt) 649.9 Hz). 

[PtMe, {(pz),CMeCII,-N, N ‘, C “‘](py)] Cl (5) 
A solution of complex 3a (0.05 g) in pyridine (5 ml) in a stoppered flask was set 

aside for 30 min. Hexane was added until cloudiness developed and crystallization 
began. The clear microcrystalline product was collected, washed with diethyl ether, 
air dried, and then vacuum dried at 50” C for 2 h, yield 92%. (Found: C, 36.1; H, 
4.5; N, 13.0. C,,H,,N,ClPt calcd.: C, 37.3; H, 4.3; N, 13.6%). ‘H NMR: 6 8.79 
(2H, d, H(5), Jd5 2.7 Hz), 8.57 (2H, m, H(6), J(HPt) 18.5 Hz), 8.16 (lH, t, 
H(4)(py)), 7.73 (2H, ‘t’, H(3,5)(py)), 7.41 (2H, d, H(3), J& 2.0 Hz), 6.46 (2H, ‘t’, 
H(4)), 2.92 (3H, s, Me), 2.57 (2H, ‘t’, PtCH,, J(HPt) 44.9 Hz), 1.18 (6H, ‘t’, PtMe, 
J(HPt) 71.0 Hz). 13C NMR: 6 150.2 [s, C(2,6)(py)], 140.5 (s) and 138.4 (s) [C(4)(py) 
and C(3)(pz)], 131.0 (s) and 128.0 (s) [C(3,5)(py) and C(S)(pz)], 109.3 [C(4)(pz)], 86.9 
(‘t’, (pz)&, J(CPt) 46.4 Hz), 29.3 (‘t’, PtCH,, J(CPt) 670.8 Hz), 21.1 (‘t’, Me, 
J(CPt) 39.7 Hz), - 7.3 (‘t’, PtMe, J(CPt) 702.4 Hz). fi2, 72 ohm-’ cm2 mol-‘. 

Pd(O,CMe) {2,6-(pzCH,),C,H,-N,N ‘,C”‘} (6) 
A stirred mixture of palladium(II) acetate (0.24 g, 1.1 mmol) and 2b (0.26 g, 1.1 

mmol) in glacial acetic acid (25 ml) was heated under nitrogen, the suspension 
clarified during the heating to give a golden yellow solution, which darkened to a 
purple colour as the reflux temperature of acetic acid was approached. After 20 min 
under reflux the solution had lightened to golden yellow. Acetic acid was removed 
under vacuum at 70” C and the yellow oil recrystallized from dichloromethane/ 
hexane to give 6 as a white crystalline solid (92% yield). (Found: C, 47.5; H, 3.9; N, 
13.9. C,,H,,N,O,Pd calcd.: C, 47.7; H, 4.0; N, 14.0%). ‘H NMR: 6 7.90 (2H, d, 
H(3), J34 1.8 Hz), 7.64 (2H, d, H(5), Jd5 2.2 Hz), 6.99 (3H, m, Ph), 6.32 (2H, ‘t’, 
H(4)), 5.30 (4H, s, CH,), 1.94 (3H, b, 0,CMe). 13C NMR: 6 179.0 (s, O,CMe), 
142.4 (s, C(3)), 139.9 (s, C(l)), 136.3 (s, C(2,6)), 130.9 (s, C(5), 125.9 (s, C(3,5)(Ph)), 
124.5 (s, C(4)(Ph)), 106.6 (s, C(4)), 58.4 (s, CH,), 25.0 (s, b, 0,CMe). 

Crystallography 
For each complex a unique data set was measured at 295 K using a Syntex Pi 

four-circle diffractometer in conventional 28-8 scan mode with monochromatic 
MO-K, radiation (X 0.71069 A), yielding N independent reflections, N, with 
I > 3a(I) considered ‘observed’ and used in the full matrix least-squares refinement 
after absorption correction, and solution of the structures by the heavy atom 
method. Anisotropic thermal parameters were refined for the non-hydrogen atoms 
and (x, y, z, Ui,,) for hydrogen atoms were included at estimated values and 
constrained. Neutral complex scattering factors were used [27]; computation with 
the XTAL 83 program system was implemented [28] by S.R. Hall on a Perkin Elmer 
3240 computer. 
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