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Vibrational Spectra and Nuclear Magnetic Resonance Parameters of some 
Platinurn(iv) Complexes [PtX,L,] and [PtX5L]- (X = CI, Br, or I; L = NMe,, 
PMe,,AsMe,,or SMe,) 
By Peter L. Goggin," Robin J. Goodfellow," Steve R. Haddock, John R. Knight, Francis J. S. Reed, and 

Brian F. Taylor, Department of Inorganic Chemistry, The University, Bristol BS8 1 TS 

trans-[PtX,L,] (L = PMe,, AsMe,, or SMe,; X = CI or Br) and, except X = Br for SMe,, cis-complexes have been 
isolated, together with the salts PP,N [PtX5L], PP,N [Pt15PMe,], Prn,N [PtCI,NMe,], and [PtCI,( PMe,),] BF,. 
The vibrational spectra of the complexes have been studied. l H  N.m.r. measurements have been made for these 
and other halide derivatives which were prepared in situ but were unstable to isolation in a pure form. Values of 
JPtP and 6, have been measured by heteronuclear INDOR and, in addition, those of related platinum(tt) and 
palladium(li) compounds are reported. Approximate values of JPtN have been obtained from l H  ( lg5Pt) INDOR 
in three cases. The spectroscopic parameters are discussed and it is concluded that variations in them are con- 
sistent with significant x-contribution to Pt-P bonding, at  least in platinum( 1 1 )  complexes. 

WHEN discussing the significance of x-bonding in tlie 
platinum-phosphorus bond, Venanzi has emphasised 
the usefulness of comparisons between PtII and Pt17; 
systems since the relevant platinum d orbitals are much 
less available in PtIV than PtIJ. We have examined 
vibrational and n.ni.r. spectra of some PtIV analogues 
of Ptrl complexes of PMe,, AsMe,, NMe,, and SMe, 
which we studied previ~us ly .~-~  Many square-planar 
platinum( 11) complexes are relatively easily oxidised 
to the platinuni(1v) complex by addition of Cl,, Br,, or 
I,. In this way the salts Yrn4N[PtX5L] (where L is a 
neutral ligand and X a halide) have been obtained 
3s well as the more familiar complexes [PtX,L,]. The 
iodides seemed to be of low stability which made isolation 
difficult and the only iodide obtained as a purified solid 
was PrD4N[PtI,PR4e3]. Of the trimethylamine com- 
plexes, only Prn4N[PtC1,NMe,] proved to be stable to 
isolation as a pure compound and our investigations 
of [PtX4(NMe,),] complexes have been confined to  
n.1n.r. studies on tlic cornplexes in solution prepared 
iu sitzb. 

msur r s  
Vibrational Spectva .-The observed Kaman and i .r. 

bands are collected in Tables 1 (Prn,N[PtX5L]), 2 (trazs- 
rPtX,L,]), 3 (cis-[PtX,L,]) , and 4 (nzer-[PtX,(PMe,),]BF,). 
The vibrations of the neutral ligands when bound to pla- 
tinum(I1) have been discussed in detail b e f ~ r e . ~ , ~ ~ ~  

Stretching vibvafions: (a) [PtX5L]-. If the neutral 
ligand is regarded as a single point, then the symmetry 
of these anions is C,, with stretching vibrations of species 
A,(Pt-L), A,(Pt-X). A,(PtX,), B,(PtX,), and E(PtX,) all 
o f  which are Raman- and i.r.-active except B,  which is 
Raman-active only. If the incompatibility between the 
iour-fold symmetry of the PtX, group and the symmetry 
of the ligand is taken into account, the overall symmetry 
cannot be higher than C,s. However, for the related 
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situation of [PtX,L]-, we found no definite indication that 
the skeletal vibrations were sensitive t o  any lowering of 
symmetry (from CZg).3 We have assumed ClV symmetry 
in the following discussion and the deviations observed 
commonly concern only skeletal deformations or internal 
ligand modes and then only in solid-state spectra where 
they could be due to the crystal environnient. Below 
800 cm-l there are also some vibrations associated with 
the tetrapropylammonium cation ; t h s e  are generally 
weak compared with vibrations of the anion and occur 
at 752ms, 721w, 614vw, 516wrm, 370vw, and 3 4 0 ~ ~  cm-l 
in the i.r. spectrum of solid Prn,NI and 781m,p, 762vw,sh, 
618vw,dp, 375m,p, 334m,dp, and 311s,p CIII-~ in the Raman 
spectrum of aqueous Prn,NCI. 

Comparison of the ions [PtCl,PMe,] - and ~l'tBr51'Me3]- 
indicates tlie platinuni-chlorine stretching modes as 337 
and 375 c1n-l (i.r.) and 336, 316, and 274 cm-l (Raman). 
The high intensity and strongly polarised naturc of the 
Raman band a t  336 cm-1 agree with its assignment as the 
symnietric-stretching vibration of the PtCI, plane, A l(l)tX4), 
As the band at 316 cm-1 is depolarised, it must be the 
B,(PtX,) vibration. It is improbable that thc A,(PtX,) 
mode would account for the very strong i.r. band a t  337 
~ i i i - ~  and we regard this band as arising primarilp from the 
E(PtX4) mode. The i.r. intensity of the A ,  mode cannot 
be assumed t o  be negligible (cf. [PdCI,L]- where the re- 
lated vibrations are not coincident 6), but the polarised 
measurements shows that the Raman intensit>- of the E 
mode is very small. The wavenumber coincidence of 
these two modes parallels that  between the symmetric 
and asymmetric RC1, stretching modes in the anions 
[PtCl,L]-.2~6 All three of these PtX, vibrations are 
close to the related modes of tlie complex traws-[€'tCl,- 
(PEt,),] 7 9 8  in accord with the observation of Adams and 
Chandler that  vibrations of the PtX, group are remarkably 
insensitive to substituents above or below the  plane. 
The band a t  274 cm-1 must be the PtCl(tvnns to PAIe,) 
stretch, A ,(PtX), but i t  is only slightly polarisctl ; how- 
ever, comparison with the bromide shows that the con- 
tribution to this band from the PC, as>-niniftric tleform- 
ation is small. 

The assignment of vibrations of the I'tCl, group in the 
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TABLE 2 

Vibrational spectra (below 800 cm-l) of the complexes truns-[PtX,L,] (X = Cl or Br; L = PMe,, AsMe,, or SMe2) 

PtL, str. A, ,  

PtX, str. A,, 

A 2u 

339vs 
322s 

337'17s 343vs 

335vs,p 
31 8s,dp 

250m 

201vs 
192x7s 

749w 

679m 

283w 
267w 

227sh 
218m 
214sh 

203vs,p 
1 Sls,dp 

(344s 342s 

631m i 
1337s 

627s t 
t 

338s 

320ms 

630sh 
628m 

596ms 

233w 
222m 

168vs 

YC,asym. str. 755s t 
758vw 
749vw 

685m 

282sh 
268wm 

679s t 
279m 275m 

235111 
232m 228m 

227m 
208s 

203w 201w 

755sh 
749s 

t 
t 
t 

674s 

2s2w 

YC,sym. str. 

YC,asym. def. 

592s t 
196m,sh 

t 

YC,sym, def. 
and YC, rock 220s 1 84s 

ca. 214sh,p 

205sh 
PtX, in plane def. 
E" 
B,, 

LPtXdef.  E, 
Other defs. and 

lattice 

177wm 
156vw 

128w 
108s 

118s 
98s 

117s 
132m 
93w 
83w 

164wm 
148vw 159sh 

120w 130sh 
120s 

73vw,bd 

41ms 
178sh 

92s 
84sh ca. 50bd,sh 

(40) (200) (30) 

159m 
140s 

Other bands 
Limit of study 

[PtBr,(AsMe,) ,] iP tC1, (SMe,) ,] [Pt Br, (SMe,) 21 
f h c h \ r  ~r \ 

I.r.mnll Rsolid Rs~ln .  I-r.mull %olid R~oln. ' I.r.rnull Rsolid Rso,n. 
259vw 256w,p 330sh 324ms 335m,p 

207vs 206\~s,p 342sh 340vs 339vs,p 200s 203vs,p 
193vs lS3ms,dp 321vs 321s,dp 158vvw 189vs 200sh,dp? 

264m 316m 319m 

245s 349vs 242s 
62Sm 732vw 
623s 724vw 723vw 

728vw I 729vw t 

505m 594ms 682w t 685w t 

624w 623w 
591s 684w 

303w 191sh 292w 
277m 285m,p 287m 285ms,dp 

221vvw 
255w 225sh 

183s 218s 

PtL, str. ,4,, 
A 2u 

PtX, str. A, ,  
Bl, 
EU 

YC,(SC,)asym. str. 

YC,(SC,) sym. str. 

YC,asym. def. 
(SC, def .) 

YC,sym. def. 
and YC,(SC,) rock 

178sh 173s 170ms,p 220m 220ms,bd,p 220m 223sh,p 
212m 

PtX, in plane def. E, 109ms 
B 21 9 4s 

LPX def. El? 102s 
Other ciefs. and lattice 120wm 

9 7vw 
82wm 57vw 
75wm 46sh 

123vs 

140ms,bd, dp 
157vw 
134vs 
103w 
95w 

178s 
161w 

134w 
130sh 
11 lwm 

102ms 
139m 

127m,bd 

G9wm,bd 
50m 
38sh 
32ms 

49wm 
36m 

Other bands 

Limit of study 

245w, bd 
180vw 

(40) (30) (108) (40) (25) 
a In benzene. In tetrahydrofuran. 
t Not investigated or obscured by solvent bands. 
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ion [PtCl,AsMe,]- follows from those of the trimethyl- 
phosphine complex leaving two Raman and i.r. bands, 
a t  261 and 291 cm-l, for the A,(PtL) and Al(PtX) motions. 
We have previously noted that considerable mixing may 
occur between such trans related modes, but if the tri- 
methylphosphine complex is a guide, the band at  261 
cm-l being the more polarised could be more appropriately 
described as A ,(PtL) . For the trimethylamine complex, 
[PtCl,NMe,]-, the bands at 548 and 257 cm-l arise from 
A,(PtL) and CNC deformation (sym) modes but, as with 
the PtII c~mplexes,~ we expect there to be considerable 

bromo-anions, but the A ,(PtBr) vibration is more intense 
and polarised in the Raman spectrum than for the other 
species. As its energy seems rather low for A,(PtBr) 
trans to sulphide and the A,(PtBr,) vibration is about 
10 cm-l higher than in the other complexes, the explanation 
could be mixing between these two vibrations of the same 
symmetry. 

The colour of the only iodide isolated, [PtI,PMeJ-, 
precluded Raman study. For the chloride and bromide 
the energies of the E(PtX,), Al(PtX4), and Al(PtX) 
stretches follow the order of the B,(PtX,), A,(PtX,), and 

TABLE 4 

Vibrational spectra (below 800 cm-l) of the salts mer-[PtX,(PMe,),]BF, (X = C1 or Br) 

PtP str. 
PtP, str. (sym.) 

PtX, str. (sym.) 

P t X  str. 
PC, asym. str. 

PC, sym. str. 

PC, asym. def. 

(asym.) 

(asym.) 

PC, sym. def. 
andlor rock 

PtX,P, Deformations 
and lattice modes 

BF,- 

Liniit of study 

CPtC13 (PMe3) 3IBF4 
f h > 

IJ-mulI  I.r.soln. (I RsoIid Rsoln. a 
385s 383s 384w 384w,p 

337vs 334vs,p 

354m,sh 355m,p 
ca. 354s ca. 352vs 

354s 352vs 
297s 297s 295s t 
756m t ca. 755111 t 
681sh t 681m t 
743m 744m 

673sh 675111 
3 2 3vw 32 6wm 3 1 8 v w 
293sh 

239wm 240m 
285m,sh 1" 
2 2 8ni , sh 
2 15m, sh 
203s 200ms,p 

228m,p 
280ms t 

150WIn 1 ~ O S ,  bd 144m, bd,dp 
138wm 
116wm 11 3w 
65wm,bd 

762m t 
(40) (200) (60)  (100) 

520wm t 
@ In  dichloromethane. 
i Not investigated or obscured by solvent bands. 

[ P t Br, (PM 13,) 3] B F, 

384m 384w,p 

355ms 

246vs 

A c 3 

I.r.so10. a %Oh. a 

353wm,p 

203vs,p 

I 9  7s, sh, dp 
t t 
t t 
t 

215m,sh 2 1 gins, sh, p 

mixing and separate identification is not justified. We 
have not assigned the PtS stretching vibration for the salt 
PrD,NIPtC1,SMe,] as, to judge from the bromo-complex, 
it will be concealed by the more intense chloride vibrations. 

The intense i.r. band a t  241 cm-l in the spectrum of the 
ion [PtBr,AsMe,]-, which has only a very weak Raman 
equivalent and none in the spectrum of the chloride, may 
be assigned to the E vibration. The strong Raman bands 
at  207 and 192 cm-l, with i.r. counterpart of the first 
only, may be assigned to the A,(PtBr,) and B,  vibrations 
respectively. The symmetric AsC, deformation (at 205 
cm-1 in the chloride) will also contribute to the 207 cm-l 
band. Again these energies are close to those of the PtBr, 
group in the complex [PtBr4(PEt,) ,] .'* The remaining 
strong Raman and i.r. band at  180 cm-l must be the 
A,(PtBr) stretch; i t  is not highly polarised. For the ion 
[PtBr,PMe,]-, the A,(PtBr) and B, modes are coincident 
so that the Raman spectrum only shows two bands. 
Unfortunately, polarisation measurements were not suffi- 
ciently definitive to show a totally symmetric contribution 
to the band a t  190 cm-1. The PtBr stretching vibrations 
of the ion [PtBr,SMe,]- correspond to those of the other 

@ R. J. Goodfellow, P. L. Goggin, and L. M. Venanzi, J .  Chem. 
SOC. ( A ) ,  1967, 1897. 

A ,(PtX) in [PtX,L]-. Platinum-iodide stretching assign- 
ments in Table 1 are based on the assumption that the 
same relation holds for the iodide. 

(b) trans-[PtX,L,]. Like previous a ~ t h o r s , ~ * ~  we as- 
sume D a  symmetry for these complexes. The halide- 
stretching vibrations A lg(PtX,), Blg(PtX,), and E,(PtX4) 
are readily identified from the results of other workers '$8 

on complexes of similar ligands and the PtL, vibrations 
are similar to those of trans-[PtX,L,]. In the complex 
[PtCl,(AsMe,),] the E,(PtC14) stretching band is split into 
two equal-intensity components in the solid state but is 
single in benzene solution ; an analogous observation has 
been made for [IrC14(PMe,),].10 The i.r. spectrum of 
our sample of the complex trans-[PtCl,(SMe,),] does not 
agree at  all with that reported by Adams and Chandler,* 
whose spectra showed a band at  392wm cm-l which may 
indicate a sulphide-bridged species.ll 

In the assignments made previously 't8 

the energy of the symmetric PtCl, stretch is much lower 
than the other Pt-Cl stretching modes. This surprises 
us as the symmetric and asymmetric vbrations of the 

lo P. L. Goggin and J. R. Knight, J.C.S. Dalton, 1973, 1489. 
l1 P. L. Goggin, R. J. Goodfellow, D. L. Sales, J. Stokes, and 

(c) cis-[PtX,L,]. 

P. Woodward, Chem. Comm., 1968, 31. 
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linear PtC1, group in the complex trans-[PtCl,L,] and 
[PtCl,L]- are almost coincident and we have found re- 
lated motions of PtIV systems to be close to those of PtIr 
systems. Indeed, the strong Raman band at 334 cm-l 
(and its i.r. counterpart at 336 cm-l) found for the complex 
cis-[PtCl,(PEt,),] would seem better assigned to the 
symmetric PtC1, vibration rather than to the asymmetric 
PtC1, stretch which appears a t  345 cm-l. 

Our cis-isomers are not very soluble in spectroscopically 
suitable solvents and we have had to use dimethylform- 
amide, which has bands 358ms,dp, 322m,p, and 232w,vb,d 
cm-l, to obtain Raman-polarisation data on cis-[FtCl,- 
(PMe,),]. These show the band a t  334 cm-l to be strongly 
polarised and therefore clearly the symmetric stretch of 
the linear PtC1, group; the higher of the two PtCl(trans 
to  PMe,) stretching bands is also polarised and hence 
totally symmetric. The assignments for the trimethyl- 
arsine complex follow directly. The assignments for the 
dimethyl sulphide complex must be regarded as tentative 

[PtCl,PhIe,]- 
[PtBr,PMe,]- 
[PtI,PMe,] - 
cis- [PtCl, (PMe,) '3 
cis- [PtBr, (PMe,) 2] 

tra?zs-[PtCl,(PMe,) 2] 

tram-[PtBr, (PMe,) 2] 

t ran s- [ P t I , (PMe,) 2] 

the very intense PtBr, symmetric stretching band under 
the parallel polarisation condition. In  the chloride, the 
asymmetric PtP, and PtC1, stretching vibrations coincide. 

Skeletal-deformation vibrations. These motions are par- 
ticularly liable to couple with lattice modes and studies 
in solution are hampered by the difficulty of finding a 
suitable solvent. In  view of this and the confusion with 
internal motions of the ligand, we feel that  previous assign- 
ments are somewhat optimistic. The in-plane MX, 
deformations should remain reasonably constant with 
change of ligand in the complexes trans-[PtX,L,] and 
would be expected to be related in energy to  those of 
[PtXJ2-. For the salt (Bun4N),[PtC14] in solution, the 
Bzs mode occurs at 173 cm-l and the E, mode a t  165 cm-l, 
whilst for the corresponding bromide the values are 113 
and 112 cm-l re~pective1y.l~ Likewise, the other Raman- 
active deformation would be expected to  relate to the 
scissors mode of the complexes trans-[PtX,L,] . These 
criteria seem to lead to logically consistent assignments 

TABLE 5 

N.m.r. parameters of trimethylphosphine complexes of platinum(1v) 

7CH3 
8.18 
7-91 
7-58 
8-04 
7.89 
8.28 
8.03 
7.44 

'JPH 
- 13.5 
- 12.8 
- 12.2 
- 12.6 
- 12.2 d 
- 8.4 
-8.3 ' 
-8.1 

'JP~H + 18-3 + 22.2 + 26.0 + 19.9 
+21-5 + 12.6 + 14.5 + 17.8 

8p a$b 

0.2 
14.7 
46.2 

-1.7 
11.7 
11.8 
31.5 
64.6 

' J p t p  a 

+ 2  119 
+2  095 
+2  181 
+2  081 
+ 2  015 
+ l  516 
+1 550 
+l  585 

3JPt(IV)H : ,JPt(II)H 
0.60 
0.71 
0.75 
0.56 
0.60 
0.59 
0.66 
0.77 

'JPt(rv)p : 'Jpt(1I)p 
0.577 
0.594 
0.6413 
0.598 
0-588 
0.637 
0.664 
0-711 

0 From 1H(31P)INDOR measurements. a P.p.m. upfield from €%,PO,. ( 2 J ~ ~  -I- 'JPH) ; in CD3N0, solution 'JPP 4.5, 'JPH 
- 13-0, and *JpH + 0.4 Hz. d ( 2 J p ~  + 4JpH); in CD3N02 solution 2Jpp 3.5, 'JPH 12.5, and + 0.2 Hz. ('JPH + 4JPH). 

because of complications arising from PtCl stretching, 
Pt-S stretching, and SC, bending vibrational energies being 
similar.5 Assignments of vibrations of the PtBr, group 
are made by analogy with the chlorides. 

(d) mer-[PtX,(PMe,),]BF,. If these complexes are 
regarded as of Czv symmetry, there are both symmetric 
and asymmetric stretching vibrations for trans-PtP, and 
-PtX, groupings active in the i.r. and Raman spectra, 
as well as Pt-P and Pt-X vibrations of the linear P-Pt-X 
unit. The bromide has only been investigated as a solu- 
tion in dichloromethane prepared by the action of bromine 
on a solution of the salt [PtBr(PMe,),]BF,; it  has been 
authenticated by its l H  n.m.r. spectrum.12 Since its 
Raman spectrum shows two polarised bands in the region 
350-400 cni-l, i.e. 384 and 353 cm-l, both must be assigned 
as Pt-P symmetric stretching and from the relation with 
the other spectra the higher must be concerned with the 
phosphine trans to bromide. The i.r. spectrum also 
shows two bands at essentially the same wavenumbers 
but the stronger one, 355 cm-l, must be the asymmetric 
PtP, vibration on the grounds of its intensity. This close- 
ness between symmetric and asymmetric trans-MP, 
energies has been found in all other complexes with three 
trimethylphosphine ligands as constituents of a square 
plane.,, lo The assignment of PtBr, vibrations is straight- 
forward and the PtBr mode is revealed as a strong band, 
certainly of rather high depolarisation ratio, under the 
perpendicular polarisation condition, but is hidden beneath 

l2 P. L. Goggin, R. J .  Goodfellow, J. R. Knight, M. G. Norton, 
and B. I;. Taylor, J.C.S.  Dalton, 1973, 2220. 

for the trimethyl-phosphine and -arsine complexes but the 
assignments are less certain for the dimethyl sulphide 
complexes. The equivalent deformations of the PtX, 
group in the ion [PtX,L]- may be assigned by analogy 
but i t  does not seem reasonable to assign the other deform- 
ations of these or the other species. 

N.M.R. Sfiectra.-The lH n.m.r. spectra of the PtIV 
complexes in general resemble those of the corresponding 
PtII complexes but with a much lower value of , J p t ~ .  
cis-[PtX,(PMe,),] (X = C1 or Br) complexes are too in- 
soluble in dichloromethane to show the effects of phos- 
phorus-phosphorus coupling on these [AX,] , systems, l4 

but saturated solutions in CD,NO, are sufficiently strong 
to show the inner and outer lines for x = 1.  The inner 
lines are partly obscured by platinum satellites but the 
latter were largely removed by irradiating the appropriate 
region of the lS5Pt spectrum. The authenticity of the 
lines was checked by ' tickling ' experiments similar to 
those with the complex [PtBr,(PMe,),] and the parameters 
extracted in the usual way.14 The trans-isomers showed 
the usual triplet with a broad central line as found for 
other systems where ,Jpp 9 1 ,J -p~  - 4JpaI. Where both 
cis- and trans-isomers occur, the trans-isomers seem more 
favoured for PtIV than for Ptrl but the rate of intercon- 
version is slower. For this reason, solutions for the n.m.r. 
measurements of some of the cis-isomers were most con- 
veniently obtained by oxidation of a solution of the appro- 
priate PtII complex. The same method was used for the 

13 P. L. Goggin and J. Mink, unpublished work. 
R. K. Harris, Caizad. J. Chem., 1964, 42, 2275. 

http://dx.doi.org/10.1039/DT9740000523


530 J.C.S. Dalton 

iodide complexes as these were not stable enough to be 
isolated. The complex [PtI,(PMe,),] appears to be in 
equilibrium with [PtI,(PMe,),] even in the presence of 
excess of iodine and lowering of the temperature was 
necessary to sharpen up the resonances. 

Since Jptp is of particular interest, we have obtained 
details of the 31P resonances by lH(,lP) INDOR measure- 
ments and these are included with the proton n.m.r. data 
on the phosphine complexes in Table 5 .  The equivalent 
information on the PtII complexes was required for com- 
parison and this is presented in Table 6 together with 

TABLE 6 

31P N.m.r. parameters derived from lH(,lP)INDOR 
measurements on trimethylphosphine complexes of 
palladium(I1) and platinum(I1) 

M = P d  M = Pt 
&? a 8P a 'Jptr 

Prn,N[MC1,PMe3] - 0.8 30.6 3 674 
Prn,N[MBr,PMe,] 0.5 31.5 3 542 
Prn,N[MI,PMe,] 3.48 32.2 3 377 

- 15.7 23.2 3 834 
[hf2Br4 (PMe3) 21 - 12.4 24.5 3 682 
[&I4 (PMe3) 21 - 4.8 26-4 3 480 
cis-[MCl,(PMe,) 2] 1.9 24.0 3 480 
cis-[MBr,(PMe,) 2] 1.7 23.8 3 426 
cis-[MI,(PMe,) 2] 26.0 3 306 

trans-[MBr,(PMe,)J 16.9 20.4 2 336 
trans-[MI,(PMe,) ,] 27.8 32.2 2 230 

a P.p.m. upfield from H3P04.  

[M2C14(PMe3) 21 

trans-[MCl,(PMe,) 2] 11.9 15-8 2 378 

trans- [M (CN) (PMe,) 2] 12.8 19-6 2 120 

results on related PdII complexes and halogeno-bridged 
dimers [M,X,(PMe,),] for completeness. We have de- 
termined the signs of coupling constants relative to Jptp 
for the Ptm phosphine complexes. Values of Jptp for 
the complexes cis- and trans-[PtCl,(PMe,),] are close to those 
of the equivalent triethylphosphine complexes which have 
been shown by McFarlane to be positive for both isomers.lS 
In view of the large magnitude of Jptp i t  seems safe 
to assume that Jptp is positive in all the trimethylphos- 
phine complexes studied here. On this basis ,JptH is 
positive and ,Jp= negative as we have found on systems 
with three or four phosphine ligands.12 

Values for JptN would be desirable to compare with 
Jptp. However, the protons of NMe, co-ordinated to 
platinum do not show any sign of coupling to 14N which 
is not surprising in view of the probably smaIl value of 
the coupling l6 and the relatively rapid relaxation of 14N, 
expected because of its quadrupole moment. Thus 
lH(14N)INDOR measurements are not practicable but, 
fortunately, lH (lg5Pt) INDOR spectra do show broadening 
due to platinum-nitrogen coupling and for the complexes 
[PtCl,NMe,]-, trans-[PtCl,(NMe,) ,I, and tvans-[PtCl,- 
(NMe,),] the relaxation of the nitrogen atom is sufficiently 
slow to cause partial resolution of this splitting (see Figure). 
The 1 : 1 : 1 triplet and 1 : 2 : 3 : 2 : 1 quintet shown by the 
complexes with one or two amine ligands respectively 
are expected for coupling to a nucleus of I = 1.  Ap- 
proximate values of JptN are: [PtC15(NMe,)]-, 157 & 2;  
trans-[PtCl,(NMe,),], 166 6 5; trans-[PtCl,(NMe,),], 209 & 
10 Hz. The only previous report of platinum-nitrogen 

l5 W. McFarlane, J .  Chem. SOC. ( A ) ,  1967, 1922. 
l6 E. W. Randall and D. G. Gillies, Progr. N.M.R. Spectros- 

copy, 1971, 6, 119. 

coupling seems to be for the complex cis-[Pt(NCS),- 
(PBun3)J for which Howarth et al. observed the much 
larger value of 430 f 3 H2.l' Data on the ions [PtXL,]+ 

lH(l95Pt) I N D O R  spectra of (i) Prn,N[PtCI,NMe,], (ii) trans- 
[PtCl,(NMe,),], a n d  (iii) tra?zs-[PtCl,(NMe,),] with lines 
relevant t o  t h e  values of coupling constants given in the  t e x t  

and nzer-[PtX,L,]+ have been reported in a previous 
paper l2 and data on PtIV complexes of ligands other than 
trimethylphosphine are given in Table 7. 

TABLE 7 
lH N.m.r. parameters of trimethylamine, triniethyl- 

arsine, and dimethyl sulphide complexes of platinum(1v) 
W H 3  "PtH 'JPt(1V)H 'JPt(I1fH 

Prn,N[PtCl,NMe,] 7.1 9 26.0 0.82 
Prn,N[PtBr,NMe,] 6.98 28.7 0-87 
trans- [PtCl,(NMe,) 2] 7.19 27.5 0.96 
trans-[PtBr,(NMe,) 6-86 30.8 1.08 
Ph,P[PtCl,AsMe,] 8.29 13.5 0.62 
Ph,P[PtBr,AsMe,] 8.07 16.1 0.73, 
Ph,P[PtI,AsMe,] 7.74 19-3 0.85 
cis-[PtCl, (AsMe,) 2] 8-13 14.9 0.62 
cis-[PtBr,(AsMe,) 2] 8.02 15-8 0.66 
trans-[PtCI,(AsMe,) 2] 8.34 10.3 0.60 
trans- [PtBr, (AsMc,) 2! 8.16 11.6 0.68 

Prn,N[PtCl,SMe,] 7.56 31.5 0.66 
Prn,N[PtBr,SMe,] 7.42 33.8 0-70 
cis- [Pt C1, (SMe,) 2] 7.43 32.0 0.64 
cis-[PtBr, (SMe,) 7.35 33-6 0.67 
trans- [PtC1,(SMe2) 2] 7.44 30.0 0.72 
trans- [PtBr, (SMe,) 2] 7.19 32.3 0.78 

trans-[PtI, ( AsMe,) 2] 7-69 14.6 0.80 

We have previously commented on the greater effect 
that a halide in a cis-position has on T M ~ ,  Sp, 2 J p ~ ,  and 
,Jpt= compared to a halide in the trans-po~ition.~*~~ The 
same is true of the PtIV complexes and the results are more 
noticeable because of the greater number of halides in 
cis-positions. Any similar effect on Jptp is relatively 
small. Thus the trans-halide causes a marked decrease in 
Jptp in the order C1 > Br > I corresponding to the 
trans-influence of the halide except for the ion [PtX,- 

l7 0. W. Howarth, R. E. Richards, and L. M. Venanzi, J .  
C h e w  SOC. ,  1964, 3335. 
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(PMe,)]-. For the latter and trans-[PtX,(PMe,),], it looks 
as if a positive contribution from the four cis-halides 
(which may or may not be chemically significant) dominates. 

DISCUSSION 

We have previously commented on the unsatisfactory 
nature of the results obtained from force-field calcula- 
tions for systems as complicated as these.2 In con- 
sidering the behaviour of metal-ligand bonds, we 
will base our deductions on the observed frequencies, 
with all the uncertainties that this implies. From the 
way in which trams-MY, group vibrations display 
practically constant energies within various series 
of complexes 3~5918 there would appear to be relatively 
little mixing between stretching vibrations in per- 
pendicular directions unless the groupings on the two 
directions are identical ( i .e .  the axes are degenerate). 
Thus, by comparing only the stretching energies of 
particular tram-groupings in different complexes, e.g. 
C1-Pt-C1 in the complexes trans-[PtCl,(PMe,)J and 
cis-[PtCl,(PMe,),] but not in trans-[PtCl4(PMe3)J, we 
would expect conclusions to be fairly well founded. 
There is also an uncertainty in designations such as 
' M-L stretching ' in these complexes of polyatomic 
ligands as there is always a deformation about the donor 
atom of the same symmetry. In our previous work on 
trimethylphosphine complexes we have described the 
higher in energy of the conjugate pair of modes as M-P 
stretching; it is usually easy to identify with certainty, 
and behaves as such a vibration would be expected to 
do both in terms of symmetry of the various complexes 
and the expected bond strengths. Where the lower- 
energy band has also been unambiguously identified, 
it follows a trend in the same direction between com- 
plexes, and although the extent to which either fre- 
quency is ' M-P stretching ' or ' PC, symmetric bend- 
ing ' in character must vary from complex to complex, 
effects implied by observing the change in either para- 
meter seem to be chemically sensible. Nakamoto's 
work using different metal isotopes has implied a very 
wide range of Ni-P stretching frequencies l9 for com- 
pounds with much more complicated phosphines than 
ours but it is usually evident that a number of features 
show sensitivity to the mass of the metal and that 
designation of a stretching vibration between a metal 
and a polyatomic ligand has an imprecise meaning. 
In the present discussion we will continue to use the 
relevant frequencies in the 3 3 0 4 2 0  cm-l range as 
our indicator of M-P bonding. 

Comparison between the complexes me~-[IrCl,- 
(PMe,),] lo arid -[PtCI,(PMe,),]+ has the advantage 
that there is no change of structure and the complexes 
contain three types of tram-groupings. For C1-M--Cl, 
the symnictric and asymmetric vibrations respectively 
increase by 23 and 28 cm-l from iridium to platinum; 
M-Cl (trans to P) increases by 30 cm-l whilst M-P 
(trans to Cl) decreases by 10 cm-l. The P-M-P modes 
also decrease by about the same amount. The effect 
on the vibrational energies of unit increase in charge 

on the complex can be estimated from data on other 
octahedral complexes; lo it is positive for both M-P 
and M-C1 vibrations and for the latter is much less than 
the differences we observe between IrIII and PtIP. 
The corresponding changes between complexes trans- 
[MCl,(PMe,),] are broadly similar, M-CI stretches 
showing large increases (25 cm-l on average) and the 
average of the P-M-P energies remaining static. The 
increased binding of the negatively charged halide on 
increasing oxidation state is to be expected. The 
decrease in M-P bond strength could be due to decreased 
overlap between the phosphorus lone pair and the metal 
d orbitals since the latter will contract on going from 
IF1 to PtrV; increasing positive charge on the complex 
alone must have much less effect on the charge carried 
by the metal than change of oxidation state. Equally, 
if x-bonding is considered, the change in M-P energies 
is consistent with the expected lower x-bond order for 
the higher-oxidat ion-s t a t  e complex. 

Considering oxidation of PtII to PtIV, there is the added 
complication of change in co-ordination number. The 
mean wavenumber changes on oxidation for groupings 
in complexes of the same overall charge are approxi- 
mately: C1-Pt-C1, +9; C1-Pt (trans to P), -9; P-Pt 
(trans to Cl), -19; and P-M-P, -9. Thus, whilst 
the behaviour of v(PtP) is in the same sense as that 
observed above between IrIII and PtIV, the increase 
in Cl-Pt-C1 is much less than comparisons between the 
different octahedral complexes might have led us to 
expect, and Pt-C1 (trans to  P) actually decreases. The 
latter are most probably due to the inclusion of two 
extra chlorine atoms which greatly increases the number 
of Cl-C1 repulsions a t  90". Since the chlorine atom 
opposite the phosphine group will be more ionic in 
nature and carry a larger negative charge than mutually 
trans chlorine atoms, it would show the greater reaction 
to such repulsion. The effect on the Pt-P bonding 
should, if  anything, be in the opposite sense since the 
phosphorus atoms probably carry a small positive 
charge. The greater weakening of a Pt-P bond trans 
to C1 compared to that of mutually trans Pt-P bonds 
could be because it has higher covalency and is more 
susceptible to metal d-orbital contraction. Reduction 
in x-bonding potential on oxidation could offer an 
alternative explanation since the effect should be less 
for tram Pt-P bonds which would have less x-character 
in the lower oxidation state because they are both com- 
peting for use of the same d orbitals. 

Changes in J F ~ P  reflect those in v(PtP), and ratios 
for PtICV: PtII coupling constants are in fact less than 
2 : 3, the value predicted for comparison of asp2 and 
d2sp3 hybridised states if the s orbital contributes 
equally to all hybrids. The ratio for JptP (trans to C1) 
is much less than for Jptp (trans to P), for example in 
the ion nzer-[PtCl,(PMe,),]+ the ratios are 0.604 and 
0.642 : 1 respectively (see also Table 5 ) .  I t  may be 

l8 D. AT. Adams, J. Chatt, J. Gerratt, and A. D. Westland, 

l9 K. Nakamoto, Angew. Chem. Internat. Edn., 1972, 11, 666. 
J .  Chem. SOC., 1964, 734. 
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fortuitous but it is interesting to note that J M P  (trans to 
Cl)/J-(trans to P) is 1.50, 1.41, and 1.31 for the com- 
plexes [PtCl(PMe,),] +, mer-[PtCl,(PMe,),]+, and mer- 
[RhCl,(PMe,),] respectively compared with v(M-P)- 
(trans to Cl)/mean v(MP,) equal to 1 ~ 1 O o 1  1-08,, and 
1-08, showing that changes implied by the two types 
of measurement parallel each other. 

Stretching vibrations of the trimethylarsine complexes 
seem to behave in much the same way on oxidation as 
the trimethylphosphine analogues, as far as inherent 
confusion between Pt-As and Pt-C1 frequencies allows 
us to judge. For the dimethyl sulphide complexes 
it is difficult to make firm comparisons between the 
Pt-S stretching energies because they typically occur 
very close to more intense Pt-C1 features, but in a 
number of cases they seem to be less lowered on oxida- 
tion than analogous Pt-P energies. In the trimethyl- 
amine complex, considering either the band near 550 
or near 250 cm-l as v(Pt-N), the energy either remains 
unchanged or increases on oxidation. Furthermore, 
v(Pt-C1) increases on oxidation when trans to N or S in 
contrast to the behaviour when trans to P: both the 
N and S ligands have much lower trans-influence than 
the P and As ligands. The ratio JptIVN : JptIIN for the 
two trans bis(trimethy1amine) platinum chlorides is 
0.80 & 0.06 : 1, very different from the corresponding 
ratio in the phosphine complexes. Since x-bonding 
possibilities do not exist for trimethylamine, we could 
either account for the observed ratio being above 
2 : 3 by postulating some destabilising feature for the 
Pt-N bond in the platinum(r1) complex (e.g. repulsive 
interaction between filled platinum d orbitals and 
electron density in N-C bonds of the ligand4) or sug- 
gesting that the ratio should not be 2 : 3 anyway. In 
the one case we have studied, the behaviour of v(Pt-N) 
does not indicate a very marked increase in bond strength 
for the platinum(1v) complex, so we favour the second 
suggestion. Since in square-planar complexes s and 
dzp orbitals are of the same symmetry, it is probable 
that the non-bonding pair of electrons has both 6s 
and 5d2 character. For the trimethylarsine and 
dimethyl sulphide complexes, we cannot, of course, 
obtain direct metal-ligand coupling information. The 
constant 3Jpt-H is dependent on a number of influences 
but from the trimethyl-phosphine and -amine complexes 
there is a rough relation between the one-bond coupling 
ratios for the two oxidation states and three-bond 
coupling constant ratios especially for the chloro- 
complexes (Table 5 ) .  When values for 3Jptn of the 
trimet hylarsine and dimethyl sulphide complexes are 
included, there is a trend from PMe,, through AsMe, 
and then SMe, to NMe, in agreement with indications 
from vibrational spectra. 

In contrast to the corresponding values for Jptp, 

JptN is less in the anion [PtCl,NMe,]- than in the trans- 
complex [PtCl,(NMe,),] implying either that trimethyl- 
amine has a lower trans-influence than chloride or 
that the Pt-N bond strength has increased more with 
increasing overall positive charge than it has lost through 

the tram-influence of trimethylamine. The fact that 
trimethylamine complexes can only be prepared by 
routes which do not involve rupture of terminal 
platinum-halide bonds tends to support the former 
postulate. 

If we wish to compare the coupling of lg5Pt to 31P 
and I4N, we must 
relevant values of 

tvaws- [PtCl,L,] 
trans- [PtCl,L,] 
Prn,N[PtCl,L] 

use reduced coupling constants, the 
which are given in Table 8. Since 

TABLE 8 
KptN a Kptp I(Ptp : Kpts 
112.5 228.6 2.1 
89.4 146.7 1-6 
84.5 203.7 2.4 

a lozo N A2 m-3. 

(t,hs(0)l2 is greater for phosphorus than nitrogen by cn. 
7 : 6,,O the reduced couplings must overstate the relative 
position of phosphorus as a donor atom to this extent. 
The values of the ratios themselves are also limited in 
significance since we do not know the s-orbital con- 
tribution to  the donated electron pair and it is unlikely 
to be the same in each case. However, comparison of 
the ratios for the neutral PtII and PtIV systems shows 
how much more the s-orbital interaction is increased 
by reducing a phosphine complex than by reducing 
an amine complex. Although this information can give 
no direct measure of electrons in the x-bonds, the change 
observed is in keeping with synergically enhanced 
o-bonding which would accompany x-accepting behaviour 
by phosphorus. 

In many d-electron complexes, three facets of bonding 
must be considered: a-donation from ligand to metal; 
Ic-donation from metal to ligand; and x*-repulsion 
between metal and ligand. x-Donation will only be 
important for bonding of a neutral ligand with available 
x-acceptor orbitals (P, As, and S in this work) and 
x*-repulsion will be most significant when the ligand 
has unused lone-pair orbitals (S and halide). The 
two effects cannot be clearly separated by the measure- 
ments here but our results are certainly consistent with 
x-bonding playing a significant role in the Pt-P bond, 
at least for PtII, contrary to some recent trends in 
thought ! 

EXPERIMENTAL 

1.r. and Ranian measurements were made as previously 
N.m.r. spectra were measured on 0 . 1 ~ 1 -  

solutions in dichloromethane, except that the cis-isomers 
were not soluble to this extent. For comparability with 
the PtII results, the anions [PtX,L]- (L = PMe, or AsMe,) 
were measured as solutions of their tetraphenylphos- 
phonium salts, obtained by oxidation of the platinum(1r) 
c~mplexes.~ However, for the INDOR measurements, 
the more soluble Prn4N+ salts were used: there was a 
small change in T~~ on changing the cation. For INDOR 
spectra of the cis-isomers, solutions in CD,N02, in which 
they are more soluble, were used. The phosphorus- 
proton coupling was ' resolved ] in the 1H(31P)INDOR 

2o J. A. McMilIan and T. Halpern, J .  Chem. Educ., 1970, 47, 
644. 
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spectra of the anions and for several of the trans-isomers, 
the lattcr with splitting of 1/2(2Jp= + 4 J p ~ ) .  For the 
cis-complexes several lines were observed corresponding 
to the 31P spectrum, but as the pattern was not symmetric 
when a sharp line was monitored, the patterns for both 
sharp lines (which are mirror images) were drawn out t o  
obtain the true centre of the resonance. lH(lg5Pt) Measure- 
ments on the trimethylamine complexes were carried out 
on (CD,),CO solutions at 340 K so that the low viscosity 
would increase the relaxation time of the 14N nucleus. 
The measurements were made as previously described l2 

and the results are given in Hz for coupling constants, 
p.p.m. for chemical shifts on the 7 scale for protons, or 

Prn,h‘ [ Pt C 1 N Me ,] 
Prn,N [ PtCl,SMe,] 
Prn,N[PtBr,SMe,] 
Pr~,N[PtCl,PMe,] 
Prn,N [PtBr,PMe,] 
Prn,N [ Pt I ,PMe,] 
Prn,N [I-’tCl,ilsMc,] 
Prn,,N [ I’tBr,AsMe,] 
czs-~PtC1,(S3le2),j 
tram - [ Pt C (SNe,) ,] 
tvar,s-[l’tBr, (SMe,) 2] 

cis-[PtCl,(PR,Ie,) ,] 
trans-[PtCl, (PMe,) 2] 

czs-[PtBr,(PMe,) ,] 
tvaits-[PtBr, (PMe,) 2] 

Cis-iPtCl, (AsRle,) ,] 
trans-[PtCi,(Asble,) 2] 

cis-[PtBr, (AsMe,) ,] 
tva?zs-[PtBr, (A4sille,) ,] 
w w -  [ Pt Cl, (PMe,) ,] BF, 

upfield of external 85% 
40 480 754 H z  l2 when 
100 MHz exactly. 

ated to dryness and the products recrystallised from benz- 
ene. For the complex trans-[PtCl,(AsMe,),], the benzene 
solution prior to oxidation was prepared by prolonged 
boiling of cis-[PtC12(AsMe,),] with the solvent. The com- 
plex cis-[PtBr,(PMe,) 2] was prepared by a similar method 
to the chloride; the trans-analogue was obtained by 
heating the cis-complex under reflux with benzene for some 
days and recrystallised from benzene. Bromine oxidation 
of the complex [PtBr,(AsMe,),] in CH,Cl, caused precipita- 
tion of cis-[PtBr,(AsMe,),], which was washed with methanol 
and then benzene: after evaporation of the mother liquor, 
the trans-complex was extracted into benzene from which 
i t  was recrystallised. It was also prepared in a similar 

Colour 
Yellow-orange 
Yellow 
Orange 
Yellow 
Orange 
Black 
Yellow 
Orange-rcd 
Pale yellow 
Chrome yellow 
Orange 
Green-yellow 
Yellow 
Yellow-orange 
Orange 
Yellow 
Chrome yellow 
Yellow-orange 
Orange-red 
Pale yellow 

TABLE 9 

Analytical data for the complexes 

H,PO, taken as 
tetramethylsilane 

1M.p. (I/”C) 
149--152 
180-184 
178-4 79 
159---161 
164- 167 
146-150 
172-176 
164-166 

234- 235 
235-240 (decomp.) 

194 (decomp.) 
204-208 (decomp.) 
226-229 (decomp.) 

220 (decomp.) 
2 12-2 14 (decomp.) 
235-236 (decomv.) 

234- 235 

225-229 

238 
1 58- 1 60 

resonating at 
resonates a t  

PjTeparation of CompZexes.-The preparation and 
characterisation of the PtII and PdII complexes has been 
given el~ewhere.~. 49 Salts Prn4N[PtX5L] were obtained 
by treating Prn4N[PtX,L] in dichloromethane with a small 
excess of halogen and the product was precipitated on 
addition of ether. The complexes were recrystallised from 
acetone by slow addition of ether. The complexes cis- 
[PtCl,L,] (1, = PMe, or AsMe,) were obtained by halogen 
oxidation of cis-[PtCl,L,] in dichloromethane from which 
the products precipitate; they were washed with warm 
methanol. The complexes trans-[PtCl,L,] (L = PMe,, or 
SMe,) were prepared by treating a benzene solution of 
trans-[PtCI,I,,] with chlorine. The solutions were evapor- 

C 
Found Calc. 
29.8 29.65 
27.0 27-1 
20.1 19-95 
28.35 28.45 
21-4 21.0 
16.8 16.5 
27.05 26-55 
20.55 20.0 
10.5 10.4 
10.4 10.4 
7-85 7.5 

14-85 14-75 
14.5 14.75 
10.85 10.8 
11.0 10.8 
12-2 12.5 
12.2 12.5 
9.7 9-55 

H 
Found Calc. 
5.9 6.1 
5-4 5.5 
4.05 4.05 
5.75 5.85 
4.3 4.3 
3.25 3.4 
4.65 4.45 
4-35 4.15 
2.65 2.6 
2-55 2.6 
1.6 1.9 
3.75 3.7 
3-7 3-7 
2.8 2.75 
2.85 2-75 
3.05 3.15 
3-2 3.15 
2.45 2.4 

L ,  

9.75 9.55 2-5 2.4 
17-15 17.55 4.3 4.4 

N 
Found Calc. 
4-45 4.6 
2.55 2.25 
1.7 1-65 
2-3 2.2 
1-7 1.65 
1.3 1.3 
2-35 2.05 
1.65 1.55 

X 
Found Calc. 

28-35 28.55 
48-25 47.45 
27.7 27.95 
46-4 46.65 

26.0 26-15 
43-85 44.4 

29.15 29.0 
29.2 29.0 

24.6 24.6 

way to the trimethylphosphine complex. The complex 
cis-[PtCl,(SMe,) ,] was prepared by the action of chlorine 
on a boiling saturated aqueous solution of cis-[PtCl,- 
(SMe,),] ; the precipitate formed was a mixture of the cis- 
and trans-isomers but the latter was extracted by washing 
with successive portions of cold benzene until no colour 
was imparted to the solvent over a few minutes. 

The salt mer-[PtCl,(PMe,),]BF, was prepared by chlorin- 
ation of a dichloromethane solution of [PtCl(PMe,),]BF, 
and crystallised by addition of hexane. Analytical data 
for the complexes are given in Table 9. 
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