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SUMMARY 

The infrared spectra of the compounds [Pt(CH,),X,], @= I, Br and Cl) have 
been recorded between 4000 and 60 cm- ‘_ The spectra indicate the presence of both 
bridging and terminal halogen atoms. The reactions of these compounds, and in 
particular of [Pt(CH,),Br,],, with a number of neutral and uninegative ligands are 
reported and the ‘H NMR and infrared spectra of the products are discussed. 

INTRODUCTION 

Although a large number of stable trimethylplatinum(IV) complexes have 
been preparedl, surprisingly little work has been done on dimethyl- and monomethyl- 
pIatinum(IV) complexes. Gilman ef aZ.‘, in a study of the reaction of CH3MgI with 
anhydrous PtCI,, isolated compounds which were postulated to be Pt(CHs)&, 
PtCHsI, and PtCHsI,, but these were not well characterized. However, compounds 
of the general formulae [Pt(CH,)2L2X2], [Pt(CHs)L,Xa] where X=1, Br and Cl, 
L=a tertiary phosphine or arsine3s4, and [Pt (CH&LRX] where X= I, Br and Cl, 
R = an acyl or ally1 group, L = a diarsine 5*6 have been extensively investigated. 

Recently the preparations of Pt(CH,),X,, whereX=I and Br; [Pt(CH,),L,- 
X,] where for example, L = C2HsCN, X = Br ; and [I? (CHs)zL, (CHsCO)Cl] where 
L =4-methylpyridine have been mentioned brieIly7. We have reported’ the prepara- 
tions of the compounds [Pt(CH3)2X2]n (X = I, Br and Cl) which are useful starting 
materials for the preparation of a variety of dimethylplatinum(IV) complexes_ In this 
paper the infrared spectra of these compounds are discussed, and a number of their 
reactions, in particular of [Pt (CH3)sBrJn, with a variety of neutral and uninegative 
Iinands are reported. Structures for the reaction products are postulated on the basis 
oFinfrared anh ‘H NMR spectral data. 

RESULTS AND DIsCUSSION 

_ 

The compounds [Pt (CII&X~]~ (X = I, Br and CZ) 
These compounds are necessarily polymeric if the usual six-coordination 

* Rel: 8 is considered to be Part I. 
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Fig. 1. Possible structures for [Pt(CH,)lX1],, (a) tetrameric and (b) polymeric forms. 

platinum(IV) is to be maintained. However, they are insoluble in non-coordinating 
solvents and moIecular weights could not be determined. The compounds may have 
tetrameric structures resembling those found for [Pt (CH3)3X]4g*10 (X= I and Cl) and 
postulated for [Pt (CH2)3X2]n11 @ = Br and Cl), or polymeric structures such as that 
found for [PtX,].” (X = I and Cl) (as shotin in Fig. 1 a and b). The infrared spectra 
reported below are more consistent with a structure of type (a)*. 

Infrared spectra 
The infrared spectral data of the compounds [Pt(CH&X,], between 4000 

and6Ocm-’ are recorded in Table 1. 
In the C-H stretching region (2800-3000 cm-l) each of the compounds 

exhibits a pattern of three bands, similar to that observed for the compounds [Pt- 
(C&LXle - l3 Two of these bands, assignable to v(C-H), are at higher frequencies 
than those in [Pt (CH,),X], by 10-30 cm- ’ in each case, while the third band, assigned 
as an overtone of the asymmetric methyl bending vibration, is at a slightly lower 
frequency in the dimethylplatinum(IV) compounds, as is the 6._m (CH,) mode at 
m 1410 cm-l. 

Between 1200 and 1300 cm- ’ at least one pair of sharp absorption bands is 
observed for all three compounds. These are assigned to methyl deformation modes, 
including the totally symmetric type. As observed in the compounds [Pt (CH1)3X]413, 
there is a shift of bands to higher frequency from X = I to X = Cl. 

* A large number of structures of this type may he drawn but only two would produce the observed 
isomer of Pt(CH,),Py,Br, (see later) on reaction with pyridine, assuming symmetrical cleavage of the 
bromo bridges One of the two structures is ilhistrated in Fig. la, the other would have the X and CHs 
groups interchanged within the pairs marked a and b. 

:.. 
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In the compounds [Pt (CH3)3X]4, a weak band was observed at M 879 cm- ’ 
assignable to a methyl rocking vibration l3 No absorption is observed in this region _ 
in the spectra of [Pt(CH,),X,],. 

In the Pt-C stretching region (500-600 cm- ‘), an asymmetric peak is observed 
at 538 cm- ’ in [Pt (CH,),I,],, two peaks at 552 and 558 cm-’ in [Pt (CH,),Br,],, 
and a highly asymmetric peak at 567 cm- ’ in [Pt(CH,),Cl,],. These features are 
possibly due to the symmetric and asymmetric stretching modes of a non-linear 
C-Pt-C unit_ The increase in frequency of v(Pt-C) from the iodo to the chloro com- 
pound parallels the behaviour of this mode in the compounds [Pt(CH3)3X]b13_ The 
frequencies are in each case some 20 cm- 1 lower in the dimethylplatinum(IV) com- 
pounds, which may be a result of greater coupling of this mode with the Pt-X siretching 
modes. 

The spectra of [Pt (CH3)2X2]n below 500 cm- ’ are consistent with the presence 
of both bridging and terminal halogen atoms in these compounds. [F’t(CH3)2C12]n 
exhibits bands in this region at 332, 234, 197 and 154 cm-‘. Comparison of these 
values with those found in [Pt (CH,)3ClZ]n1 I (230 and 125 cm- ’ assigned to bridging 
Cl, 330 (doublet) and 200 cm-’ assigned to terminal Cl) and [Pt(CH,)3C1],‘3 (216 
and 136 cm- ’ assigned to bridging Cl) suggests that the structures of [Pt (CH,),Cl,], 
and these compounds may be related. In contrast there is little correspondence between 
the spectrum of [Pt(CH3)2Cl,], and the more complicated spectrum of [PtCI,],12b. 
Therefore peaks at 234 and 154 cm-l in the spectrum of [Pt (CH&Cl,], are tenta- 

SCHEME 1 [P@bh4BrzI 

1 

L = amine, Py. Lut 
Lg = diamine 

P’t(CH,)zBwl*- 

[Pt(CH,),(CH3NH&] *’ “27 
1 

NaBr/Hz 0, X = Br 

L=Py,Lut 
I 

Pt(CH& X2 In 

F’t(CH,)t Lz Xz I 

aq. HCfOJacetone 

I 

1 Py 
L=Lut.L+ =En 

CHCi3 
Pt(CH& Lz Xz I 

X=Br,I 

aq. HCI04 

CHC13 
Pt(CH&bX,I 

I 

I 
b=Bipy,X=Br - . 
L=Lut 

: 
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tively assigned to v(Pt-Ci) and 6(Pt-Cl) respectively for a triply bridging Cl atom, 
while those at 332 and 197 cm-l are assigned to the corresponding modes for a 
terminal Cl atom. 

The spectra of [Pt(CH,),Br, J,, and [Pt(CH&Br,], are also quite similar 
below 500 cm- I. Peaks at 255 and 156 cm-’ in [Pt(CH,),Br, Jn correspond to those 
at 252 and 144 cm-” in [Pt (CH,),Br,], and may be assigned to v (Pt-Br) and si(Pt-Br) 
respectively for a terminal Br atom, while peaks at 202 and 128 cm-’ in [Pt(CH3)t- 
Brzfn, assigned to v (Pt-Br) and 6 (Pt-Br) for a bridging Br atom, have counterparts at 
206 and 110 cm- ’ in the spectrum of [Pt(CH,),Br,],“. 

For [Pt(CH3)&j,, peaks at 171 and 127 cm-’ are tentatively assigned to 
v(Pt-I) and G(Pt-I) for terminal I, and peaks at 152 and I1 1 cm- ’ to the corresponding 
modes for bridging I. 

Reactiom with mzrrtml figmds 
A number of reactions of the compounds fPt(CH,),X,], (x=1, Br and Cl), 

and in particular of [Pt(CH,),Br,],, are shown in Schemes 1 and 2. In general, 

SCHEME 2 

[Pt(CH,),irlC12]‘- tPwh)*(SCN),ln 

I 
[Pt(CH,), BrCI,] 2- 

I 

Lut 

I 

[PtG%)z LutzfSCN), 1 

the compounds [Pt(CH&X& react with neutral nitrogen-donor ligands to 
give compounds of the formulae [Pt(CH,)&X,J, where L, represents either one 
bidentate or two unidentate ligands. As indicated in Scheme I, such compounds may 
be prepared by a number of different routes, but the reaction of the ligand L with 
[Pt(CH,),Br,J*- proved to be the most convenient for the preparation of a range of 
amine, diamine and heteroaromatic N-donor ligands. Where a compound e.g. 
[Pt (CH3j2LutZBr2] was prepared via all of these routes, the same isomeric form was 
invariably obtained, 

.‘. ._.I _. .,., :: 
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the magnitudes of the coupling constants ‘J( lg5Pt-CHs) in the two series [Pt(CH&- 
L,X,] (L = Py, Lut ; X = I, Br and Cl) are consistent with CHs groups rruns to L since 
the coupling constants increase from the chloro compound to the iodo compound, as 
was found for CH, trans to L in the compounds [Pt(CH,),L,X]“. In the latter 
compounds the value of the coupling constant for CH3 traus to X decreased in the 
same orderr5. 

For the compounds [Pt(CH3)2LZBr2] where L is a primary amine, there is a 
good correlation between ‘J( “‘Pt-CH3) and the pK, of the ligand L, with the 
coupIing constant decreasing as the pK, value increases. A similar dependence on 
pK, has been observed for the coupling constants of CH3 trrrns to L in compounds of 
the type [Pt(CH,),BipyL] C104r5. 

As noted earlier, the magnitude of ‘J ( ‘g5Pt-CH,) is strongly dependent on the 
nature of the ligand trons to the Pt-CH, bond. A similar effect would be expected for 
coupling between “‘Pt and protons on the L ligands, so that values of 3J( rg’Pt-N- 
CH) for ligands such as CH,NH? and heteroaromatics with a-protons should be quite 
different in the two isomers (a) (where L is tralzs to CH,) and (b) (where L is trans to L) 
of Fig. 2. For the former isomer, the magnitude of such coupling constants would be 
expected to be similar to those found in trimethylplatinum(IV) complexes, while for 
the latter isomer they would be substantially larger since the N-donor ligands have a 
much weaker trarzs influence than CH, groups15. Couplings between ’ g5Pt and the 
a-protons of lutidine (3,5_dimethylpyridine) in the complexes [Pt (CH,)ILut2X2 J 
(12.0 to 13.5 Hz, Table 2) are of the same order as those found in the compounds 
[Pt(CH3)3LutzXJ15 (11.0-12.0 Hz) as are the couplings 3J(1g5Pt-N-CH3) in 
[Pt(CH,)z(CHsNH2),Brz] (14.5 Hz) and [Pt(CH3)3(CH3NH2)3]f (15.0 Hz)* 
indicating that in each case the CH, groups are trans to L. 

Chemical shift values of the methyl-platinum protons in the compounds 
[Pt(CH,)zL2X2] also support the assignment of structure (a). For those compounds 
with L=a primary amine, there is little variation in the chemical shift values between 
those containing aliphatic and aromatic amines (Table 2) as expected for isomer (a) 
whereas for structure (b) the shielding effect of the aromatic rings on the amine Iigands 
would cause a shift upfield of the methyl-platinum protons. Larger effects of this type 
should be observed in compounds with structure (b) containing heterocyclic IV-donor 
ligands. As seen from Table 2, however, there is in fact some deshielding of methyl- 
platinum protons !n the compounds [Pt(CH,)2L1X7 J with such ligands. Some 
deshielding of the protons would be expected in compounds with structure (a), since 
the axes of the methyl groups lie in the plane of the Pt-N bonds. 

The formation of isomer (a) for each of the compounds [Pt(CH3),LX1] is 
quite consistent with tr~trs influence theory, which would predict that the bonds trans 
to CHJ should be weakened sufhciently to allow attack by incoming ligands. 

Reaction of [Pt(CH,)zBr2]n with aqueous methylamine gives a water-soluble 
product which is apparently [Pt (CH,)2 (CHsNH,),] Br2. The NMR spectrum of 
this compound in D,O is of some interest. A single methylplatinum triplet is observed 
with ‘J( 1g5Pt-CHs) 66.5 Hz, as well as two non-equivalent methylamine methyl 
resonances, each of which exhibits coupling with “*Pt_ One resonance, at r 7.48 has a 
coupling constant of 15.0 Hz, and this may be assigned to the methyi protons of the 

l Unpublished results. 
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CH;NH2 groups trans to CH,, while the other, at t 764exhibits a coupling of 49.0 Hz. 
Comparison of these values with those for the methyl-platinum protons (J 68.8 Hz) 
and methylamine methyl protons (J 15.0 Hz) in [Pt (CH,), (CH,NH,),J+ shows that 
a CH, group must weaken the trans bond and strengthen the cis bonds to a greater 
extent than does CH,NH2. 

Reactiorrs with ttninegatiue figands 
The compound EPt(CH,),I,], is insoluble in water and is apparentIy un- 

affected by aqueous solutions containing a variety of anions capabfe of coordination_ 
On the other hand, the water-insoluble CPt(CH,),Br,], and CPt(CH,),CI,], do 
dissolve in hot aqueous solutions containing coordinating anions and continued 
heating of such solutions Ieads to compfete substitution of the halogen atoms. In some 
cases the products remain in solution, whiie in others, where the anion is capable of 
bridging, precipitates are formed. A variety of these reactions is shown in Scheme 2. 

rPt(CHa)zBrt}n dissolves in hot aqueous sodium bromide and ‘H NMR 
spectra of the resultant solutions indicate the presence of only one species (Table 2). 
This species is apparently /Pt(CH,), Br,]‘-, since addition of a solution of tetra- 
phenylphosphonium chloride to the solution gives an immediate precipitate of 
(Ph4P)I [Pt (CH,)$3r4]. The coupling constant for the methyl protons in [Pt(CH,),- 
BrJ’- is 76.5 Hz, which is slightly higher than that found for methyl groups tram to 
Br in trimethylplatinum~~v) complexes (69.6-74.6 Hz)r5. 

[Pt(CHa)2Br2], also dissolves in hot aqueous soditnz chloride and NMR 
spectra of these solutions indicate that the species present are dependent on the 
concentration of NaCl. At low concentrations (mole ratio of NaCl to [Pt (CH,),Br,], 
- 5/l) two major species are present as evidenced by the observation of two methyl- 
platinum triplets in the NMR. One resonance, at r 7.86, has “J(‘gsPt-CH,) 77.5 Hz. 
and the other, at z 7.93, a coupling constant of 76.8 Hz_ On continued heating of the 
solution, the intensity of the latter peak increases at the expense of the former. 
Addition of pyridine to such solutions precipitates a mixture of CPt(CH,),Py,Br,J 
and EPt(CH,),Py,BrCl] as identified by NMR spectra. From the refati?e amounts of 
these pyridine derivatives, it is apparent that [Pt(CHa),Py,BrJ is formed from the 
species at ~7.86, and ~Pt(CH~~*Py~~rCl~ from the species at -c 7.93. These species are 
probably [Pt(CH3)zBrtClJ2- (with CHa tran~ to Cl) and [Pt(CH3),BrCl,-j2’. At 
greater concentrations of NaCl (mole ratio of NaCl to [Pt(CH,),BrJ,-40/l) two 
species are again present, with methyl proton resonances at r 7.93 and z 8.00. Con- 
tinued heating of such solutions leads to the formation of the latter species almost 
exclusively, and addition of pyridine to this solution precipitates almost pure CPt- 
@~PYZCU as identified by NMR. This latter species is thus probably [Pt (CH,),- 

’ ~Pt(CH3)2Br2], dissolves readily in aqueous NaNO,, but the NMR spectra 
of such solutions are complex and not readily interpretable. However, addition of 
lutidine to solutions containing a large excess of NaN02 precipitates tPt(CHa)zLut,- 
(NO,),., and the NMR spectrum of this compound is listed in Table 2. The infrared 
spectrum confirms the presence of N-bonded nitro groups, with bands at 1428 cm+ * 
(assignable to I~~~~(NO,)), 1338 and 1328 cm-’ (v_(NO,)), 829 cm-’ @(NO,)) 
and 550 cm-’ (pa (NO,)). 

Addition of aqueous solutions of NaI and NaSCN to aqueous solutions con- 
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taining [Pt(CH,),Br,]‘- 
t~f(=E-fMSCNM, 

causes precipitation of the solids [Pt(CH,),1,& dnd 
respectively_ The latter compound is insoluble in non-coordi- 

nating solvents so that no N~MR spectrum could be obtained. fts infrared spectrum is 
of little assistance in determining its structure. fn the C&V stretching region a single 
broad intense peak appears at 2164 cn- *, 
thiocyanate groups . *‘J 7 

which may indicate the presence of bridging 
The lower frequency modes of the thiocyanate groups which 

are usuailty more diagnostic of the mode of bonding are extremely weak in this com- 
pound. A very broad, medium intensity band appears at 743 em-f and broad weak 
bands at 475 and 433 cm- I. These peaks further suggest the presence of bridging 
thiocyanate groups but do not allow any particular structure to be assigned to this 
compound. 

The compound [ Pt (CHj )z (SCN)& reacts with lutidine to give [Pt (CH,),- 
Lut,(SCN)& and the Nh4R spectrum ofthe product appears in Table 2. The infrared 
spectrum indicates that the thiocyanate groups are probably S-bonded. The G&Q 
stretching frequency appears at 2225 cm- I, and lies in the range found for S-bonded 
thiocyanate groups”, while peaks at 465,431 and 419 cm-’ lie in the region usually 
assigned to S(SCN) for S-bonded thiocyanate 16-17_ No peaks assi$able to Y&Z-S) 
are observed, but this mode may lie beneath one of the lutidine vibrations in this 
region. It is of interest to note that the ~orr~spo~d~~~ trimethylplatinum fIV) com- 
pound, fPt (CM,),Lut,NCSj appeared to contain only N-bonded thiocyanate b&h 
in the solid state and in solution “. Also, the compound fPt (CHJ)2Lut, (SCN),] 
is stable at room temperature, while [Pt(CEI, ),Lur2NCS] was found to Iose one mole 
of lutidine readily to form the dimer [Pt (CH, ),LutNCS], I’. 

Although [PE(CH,)~B~~]~ is unaffected by aqueous NaNU,, it reacts with 
aqueous AgNQ,. With a mole ratio of AgN 0, to [Pt(CH,), Br& of Z/I, reaction for 
30 min gives a solution containing predominantly only one species as evidenced by a 
single major triplet in the NMR (r 8.00, J 75.7 Hz). Continued heating produces a 
further small peak at I 7.97 (J 75.5 Hz). The initial species apparently contains one Br 
atom per Pt since addition of sodium chloride solution foltowed by pyridine precipi- 
tates [Pt (CH&Py~BrCl]. The ‘H NMR spectrum of the latter compound was noted 
earlier. By reaction with HClO,, it is converted to [Pt(CN,),BrG&, which is in- 
soluble in non-coordinating solvents and an NMR spectrum could not be obtained_ 
Its infrared spectral data are listed in Table 1. If the compound has a tetrameric 
structure similar to those PostttIated for [Pt(CEI,),X,f,, either the Br or CX atom may 
bridge the Pt atoms. Comparison of bands below 400 cm-’ in this compound with 
those found for [Pt (CW, )&r-& and EPt (CH, )&&jn (Table 1 I supports the presence 
of tripfy-bridged Br atoms and terminal Cf atoms. Peaks at 320 and 185 cm- i corre- 
spond with those at 332 and 197 cm- ’ in fPt (CM, )&I& which were assigned to 
rfPt-Ci) and GfPt-Cl) respectively for terminal Cl, whife peaks at 212,203 and 130 
CM--” are comparable with bands at 222, 202 and 128 cm’ r in CPt(CR,),Br,],, 
assigned to v(Pt-Br) and 6(Pt-Br) for a bridging Br atom. In general, bands above 
400 cm-’ are intermediate between those found for [Pt(CH,),Br,], and [Pt(CH,),- 
Cl&, (Table 1). 

The compounds [Pt (CH, )3X * Pt fCH&X& (X = I and BF) 
The preparations of the compounds were reported previously*. These com- 

pounds apparently have a definite stoichiometry since the products obtained from 
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different preparative routes yield identical infrared spectra. The orange and brown 
forms of [Pt (CH,),I - Pt (CH&IJn noted previously* also have identical infrared 
spectra and both produce equimolar amounts of [Pt(CH3)3PyJ] and [Pt(CH,),- 
Py,IJ on dissolution in pyridine, as confirmed by NMR. The compounds [Pt (CH,),- 
X - Pt(CH&Xz],, may be made up of tetrameric units containing two trimethyl- 
platinum(IV) moieties and two dimethylplatinum(IV) moieties per unit, so that II = 2. 
The infrared data for these compounds are shown in Table 1. They contain features 
attributable to both moieties, but are not simple superimpositions of the spectra of 
CPt (CHa MIS and [Pt(CH,),X,],. 

Reaction of a chloroform solution containing equimolar quantities of [Ft- 
(CH3)3Py,I] and [Pt(CH,),PyzBr,] with HCl gave a precipitate whose infrared 
spectrum was different from that of either [Pt(CH,),I], or [Pt(CH,)2Br2]n_ When 
this solid was treated with pyridine and the NMR spectrum of the product recorded, 
peaks due to both [Pt(CH,),Py$] and [Pt(CH,)2Py,Br,] were observed, so that 
the initial product probably contained the species [Pt (CH,),I - Pt (CH,),Brzfn_ 
However the NMR spectrum also indicated the presence of the species [Pt(CH,),- 
Py,Br] and CPt(CH3)2PyzI,] in 2/l mole ratio, so that some exchange of halogen 
atoms must have occurred during the reaction. 

EXPERIMENTAL 

Prepartrtiou of[Pt(CH3)zXz], (X = I, Br czml Cl) 
The preparation of these compounds has been described previously’. The com- 

pounds are slightly soluble in solvents such as dioxane, ethyleneglycol and ethanol, 
but such solutions probably result from coordination of the solvent. [Pt(CH,),Br,], 
can be recovered unchanged by careful crystallization from ethanol, but prolonged 
heating in ethanol, and also in solvents such as dioxane, ethyleneglycol or dimethyl- 
sulfoxide leads to decomposition to metallic platinum. 

Preparation of [Pt (CH& (CH, ArH2)2 Br,] 
CPt(CH3)ZBrZI, (03 ) g was suspended in chloroform (5 ml) and a 40yi0 solution 

of methylamine in ethanol (5 ml). The mixture was heated for 30 min during which 
time the [Pt (CH,),BrZ], dissolved to give a yellow solution. On concentration of the 
solution and cooling, yellow plates of the product were obtained. Yield 80% (Found : 
C. 11.0: H, 3.6: Br, 35.9; N. 6.2: Pt, 43.4. CJHt6BrzN2Pt calcd.: C, 10.7; H. 3.6: 
Br, 35.7 ; N, 6.3 ; Pt, 43.60/,). 

Preparation of [Pt(CH,),(CH,NH,),] Br, 

CPt V-h )Jh In (O-2 g) was suspended in 33 o/0 aqueous methylamine solution 
(10 ml) and the mixture heated. The solid dissolved to give a yellow solution initially, 
but on continued heating an almost colourless solution resulted. Careful evaporation 
to dryness gave colourless crystals of the product. The compound, however, was 
apparently unstable and analytical figures were not good. As noted in the discussion, 
the NMR spectrum of the compound in D,O was consistent with the presence of the 
ion [Pt (CH,), (CH3NH2)4]2+. 

Preparation of [Pt (CH, jz L,Br,] (L = ethylamine, beuzylamine, aniline, o-chloroanilirte) 
A solution of [Pt(CH,),Br,], (0.05 g) in cont. aqueous NaBr (50 ml) was 
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treated with the appropriate amine. The product precipitated immediately and was 
extracted into chloroform. The chIoroform solution was dried with anhydrous Na,- 
SO,, concentrated to a small volume, and the product precipitated by addition of n- 
hexane. Yield 85-95 %. The o-chloroaniline complex was unstable in the solid state, 
but an NMR spectrum of the compound in CDC& solution was obtained in the 
presence of excess ligand. For L =ethylamine, Found : C, 15.3 ; H. 4.4 ; Br, 34.2 : N, 5.8 ; 
Pt, 41.2. C6H2eBr2N2Pt calcd.: C, 15.2; H, 4.2; Br, 33.6; N, 5.9: Pt, 41.1%. For 
L = benzylamine, Found : C, 32.1; H, 4.1; Br, 26.2; N, 4.6; Pt, 32.0. C16Hz4Br2NtPt 
calcd.: C, 32.1; H, 4.0; Br, 26.7; N, 4.7; Pt, 32.5%. For L=aniline, Found: C, 29.1; 
H, 3.7; Br, 27.6; N, 5.1; Pt, 34.0. C,,Hz,Br,N,Pt calcd.: C, 29.4; H, 3.5; Br, 28.0; 
N, 4.9 ; Pt, 34-l%_ 

Preparation of [Pt(CH,),EnBr,] 

f3WH3LBr21n (O-1 1 g was suspended in chloroform (5 mi) and a 2 mole ratio 
of ethylenediamine added. The mixture was refluxed until the solid dissolved to give a 
yellow soiution, which was concentrated to a small volume and the product precipitat- 
ed with n-hexane. Yie!d 90% (Found: C, 10.8; H, 3.2; Br, 35.7; N, 6.4; Pt, 44.1. 
C,H,4Br,N,Pt cakd.: C, 10.8; H, 3.2; Br, 35.9; N, 6.3; Pt, 43.8%). 

Preparation of[Pt (CHS )2L2Br2j (L, = N-methylethylenediamine, N,N’-dirnethylethyl- 
enediamine, NJV-dimethylethylenediamine, N,N,N’,N’-tetramethylethylenediamine) 

A solution of [Pt(CH,),BrJ, (0.05 g) 
treated 

in cont. aqueous NaBr (50 ml) was 
with the appropriate diamine. The product, which precipitated immediately, 

was extracted into chloroform. The chloroform extract was dried with anhydrous 
Na,SO,, concentrated to a small volume, and the product precipitated as yellow 
crystals by addition of n-hexane. Yield go-95 “/ For L, = N-Meen, Found : C, 13.3 ; 
H,3.7;Br,35.2;N,6.2;Pt,42.2.C,H,,Br,N,Ptcalcd.:C, 13.1;H,3_5;Br,34.8;N,6.1; 
Pt, 42.5%. For L,=N,W-Dimeen, Found: C, 15.5; H, 4.0; Br, 33.6; N, 5.6; Pt, 40.9. 
C6H,,Br2N,Pt c&d.: C, 15.2; H, 3.8; Br, 33.8; N, 5.9; Pt, 41.2%. For L=N,N- 
Dimeen, Found: C, 15.4; H, 3.9; Br, 33.8; N, 5.9; Pt, 41.4. C,H,,Br,N,Pt calcd.: 
C, 15.2; H, 3.8; Br, 33.8; N, 5.9; Pt, 41.2%. For L=N,N,N’,N’-Tetrameen, Found: 
C, 19.8; H, 4.5; Br, 32.1; N, 5.8; Pt, 38.6. CsH,,Br,N,Pt calcd.: C, 19.2; H, 4.4; Br, 
31.9; N, 5.6; Pt, 38.9 %_ 

Preparation of [Pt(CH,),Py2X, J (X = I, Br and Cl) 
These compounds were prepared as described previousIys. 

Reaction of [Pt(CH,),Py,Br,] with HCZO, 
As noted previouslys reaction of [Pt(CH,),Py,Br,] in acetone with excess 

30% HCIO, slowly yields the compound [Pt (CH,)zBr2],. If, however, a chloroform 
solution of [Pt(CH,),Py,Br,] is shaken with 30% HCIO, in the cold, a yellow solid 
precipitates after sevqra1 minutes. This compound, which is sparingly soluble in the 
usual organic soivents, analyses for Pt (CH,),PyBr, and is presumably dimeric with 
bridging Br atoms, analogous to the compound [Pt (CH,),PyI), ‘s. (Found : C, 18.3 ; 
H, 2.5; Br, 34.8; N, 3.0; Pt, 42.2. C,H, ,Br,NPt calcd.: C, 18.1; H, 2.4; Br, 34.4; N, 3.0; 
Pt, 42.0 %_ 

Preparation of[Pt(CH,),Lut,X,] (X=1, BF and Cl) 

CPW%M’Y~X~~ (0.1 s) in chloroform was treated with excess 3,5-lutidine 
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and the mixture refluxed for 1 hour. On concentration of the solution and addition of 
95 % ethanof, the product crystallized out and was filtered off, washed with ethanol, 
and air-dried-Y ield9@-95 %. As for the corresponding pyridinederivatives, [Pt (Cl&),- 
Lut,E,f is orange, [Pt (CH,)zLut,Br,J yellow, and lPt (CH,),Lut,Gl,j pate yellow. 
For X=1, Found: C, 27.8; H, 3.4; I, 37.1; N, 4.4; Pr, 27.9. C16H14iZN2Pt ~alcd,: G, 
2?.7;H, 3.5; 1,36.6;N,4.0; Pt, 28.1°/&ForX=Br, Found: C, 32.l;H,4.1;Br,26.7;N, 
4.3; Pt, 32.2. C16H24N2Br2Ptcalcd.:C,32.1 ;H,4.1;Br,26.7;N,4.7; Pt, 32.5’/$For 
X=Cl, Found: C, 37.6; H, 48: Cl, 14.1: N, 5.3: Pt, 38.1. C1&24N2GIZPt c&d.: 
G, 37.6; H, 4.7; Cl, 13.9; N, 5.5; Pt, 38.2%. 

[Pt(CH,),Py,Br,] (0.064 g) in chloroform (10 ml) vvas treated with 2,2’- 
Bipyridine (0_02 g) and the solution refluxed for 30 min. On concentration of the 
solution and cooling, yellow crystals of the product precipitated and these were 
filtered off, washed with cold chloroform, and air-dried. The yield was quantitative. 
The product is a yellow solid, sparingly soluble in common organic solvents. (Found : 
C, 26.9; H, 2.7; Br, 29.8; N, 5.4; Pt, 35.7, C,2H,,BrZN,Pt c&d_: C, 26.6; H, 2.6; 
Br, 29.5; N, 5.2; Pt, 36.0%. 

fPt K% MW, d issolved slowly in hot aqueous solutions containing at least 
a two moIe ratio of NaBr to give a yellow solution. On concentration of such solutions 
fPt(CW,)2Brz]n was recovered unchanged. However, addition al’ a solution of tetra- 
pbenylphosphonium chloride to the solution precipitated a yellow solid which 
analysed for fPh,P), [Pt(CH,),Br,$ (Found : C, 49.0; H, 4.1; Br, 25.9. C50H46Br2PZ- 
Pt calcd. : C, 49-l ; H, 3.5 ; Br, 26.1%). [Pt (CH3)JBrt]n also dissoIved in concentrated 
hydrobromic acid, giving a yellow solution whtch presumably contains the species 
[Pt (CH&3r3-j2-. 

[Pt (CH3)2Br2Jn (Cl.i g) was suspended in water (20 mi) containing a large excess 
of sodium chloride. After heating and stirring for 15 min a clear yellow solution was 
obtained_ The heating was continued for about 4 h, by which time tbe solution was 
almost colouriess. Addition of pyridine or 3,5-lutidine to this sofution precipitated 
pale yellow solids confirmed to be ~Pt(GH3)2PylCl,~ and [Pt(CH,),Lut,Clz~ by 
NNR spectra. 

When a mofe ratio of NaCl to [Pt(CH,),Br,I,, of 5/l was used, and pyridine 
added to the resultant solution, a mixture of [Pt{CH3)zPy2BrZj and [Ft(CH,)2Pyz- 
B&I] was obtained as confirmed by NMR. 

Reaction of [Pt(CH&Br,J”- with nqueous sodium iodide 
[Pt(GW,),Bc,]ll (0.2 g) was suspended in water (200 mI) containing excess 

NaBr and the mixture heated until the soIid dissolved. Addition of a soiution cun- 
taining excess sodium iodide to this solution produced an orange-red precipitate. 
Yield 80%. The infrared spectrum of the solid confirmed the compound was [Pt- 
(CH,),I,],, and the solid dissolved in pyridine to give [Pt(CH&Py,E,] as confirmed 
by NMR. 
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Reaction .of [Pt(CH,),Br.J, with aqueous sodium nitrite 
[Pt(CH,),Br,], (0.1 g) was suspended in water (10 ml) containing an excess of 

NaNO,. Heating and stirring for 2 h gave a colourless solution. Addition of 35 
lutidine to the solution caused precipitation of a white solid which was filtered off, 
air-dried, and recrystallized from an ethanol-chloroform mixture. Yield 90%. The 
product analysed for [Pt(CH,),Lut,(NO,),]. (Found: C, 35.7; H, 4.5; N, 10.2; Pt, 
36.5. &HZ4N404Pt c&d.: C, 36.2; H, 4.5; N, 10.5; Pt, 36.7%). 

Reaction of [Pt (CH&Br,12- with aqueous potassium thiocyanate 
CWC~M%l,@-W was suspended in water (200 ml) containing excess NaBr 

and the mixture heated until the solid dissoked. Addition of a solution of potassium 
thiocyanate to this soIution and continued heating caused precipitation of a pale 
yellow solid which was filtered o$ washed with water and acetone, and air-dried. 
Yield 92 %. The product, which was insoIubIe in common organic solvents, anaIysed 
for Pt (CH, j2 (SCN), _ (F ound: C, 14.1; H, 1.9 ; N, 8.1; Pt, 57.0; C,H,N,PtS, calcd. : 
C, 14.1; H, 1.8; N, 8.2; Pt, 57.2%). 

Reaction of[Pt(CH,)2 (SCN),], with 3,5-km-dine 
[Pt(CH,),(SCN),], (0.065 g) was dissolved in lutidine (1 ml), the solution 

evaporated to dryness, and the residue extracted with chloroform. The product was 
recrystallized from ethanol-chloroform. The pale yellow crystals analysed for 
CPt (CH,),Lntz (SCN)J - (F ound: C, 39.0; H, 4.5; N, 9.8; Pt, 35.0. C,sH2,N,PtS2 
calcd.: C, 38.9; H, 4.4; N, 10.1; Pt, 35.1%). 

Reaction of [Pt(CH,),Br,], with silver nitrate 
CWCJW2W, (O-3 g) was suspended in aqueous silver nitrate (0.26 g in 10 ml). 

The mixture was heated for several hours at near-boiling, then cooled and the residue 
ofAgBr filtered off. Aqueous NaCI was added to the filtrate precipitating excess silver 
ions, and after filtration pyridine was added to the filtrate. The pale yellow solid which 
precipitated was filtered off and air dried. The compound, which analysed for 
[Pt(CH,), mZBrCl], was recrystalIized from ethanol-chloroform. Yield 50%. 
(Found: C, 29.0; H, 3.3; N, 6.1; Pt, 38.8. C1tH,6BrClN2Pt calcd.: C, 28.9; H, 3.2; 
N, 5.6; Pt, 39.1%). 

Heating a solutiofi of [Pt(CH,),Py,BrCl] in acetone with excess 30% HCIO, 
for 30 min gave a yellow precipitate analysing for Pt (CHJ),BrCl. (Found: C, 7.1; 
H, 1.7; Pt, 57.2. CZH6BrCIPt calcd.: C, 7.1; H, 1.8; Pt, 57.3 %). 

Preparation of [Pt(CH,),X - Pt(CH,),X,], (X= I and Br) 
These were prepared as described previously’. The compound with X = I was 

also prepared by dissolving lPt (CH,),Py,I'J (0.2 g) and [Pt (CH,), Py,I,] (0.24 g) in 
chloroform (10 ml) and shaking this soIution with 2 M HCl(10 ml) untiI an orange-red 
solid precipitated_ This was filtered off, washed with water and acetone, and air-dried. 
Yield 93 %. The infrared spectrum of the product was identical to that of an authentic 
sample of [Pt (CH,),I - Pt (CH, )JZjn, and dissolution of the product in pyridine gave 
equimolar amounts of [Pt(CH,)&,I] and [Pt(CH,), Py,IZ] as confirmed by NMR. 

‘H NMR spectra were recorded in CDCI, or D20 soWions on a Varian A 60 
Spectrometkr with a sweep width of 540 Hz and using TMS and DSS* as reference. 

l TMS--tetramethylsiIane, DSS=sodium salt of 3-(trimethylsiIyl)propanesuIphonic acid. 
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ehemicai shifts are cmsidered accurate to 40.01 ppm and caupling constants to 
&OS Hz. 

InJ?~ed spectra between 4000 and 400 cm- 1 were recorded on a Perk&Elmer 
457 Spectrometer using Nujol and hexachforobutadiene mu% between KBr plates. 
Frequencies are considered accurate to _t2 cm- ‘. Spectra beiow 400 cm- ’ were 
recorded on an %Iitacbi FIS-3 (Iow range) infrared spectrometer as Nujol mulls on 
polythene plates. 
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