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The complexes [(PtXMe3)2(bCH2SCH2SCH2SkH2)] (X = CI, Br, or I) have been prepared by direct 
reaction of 183,5,7-tetrathiocane with the appropriate halogenotrimethylplatinum(iv) tetramer, [ (PtXMe,),] 

(X = CI, Br, or I). The X-ray crystal diffraction structure of [(PtCIMe3)2(SCH2SCH2SCH2SCH2)] 
shows the dimeric platinum moiety to be 1,3-co-ordinated to the ligand which has a chair-boat 
conformation. Low-temperature H n.m.r. spectroscopy confirms such a structure to be retained in 
solution for all three complexes. Lineshape changes observed in variable-temperature 1 H n.m.r. 
investigations are consistent with the complexes undergoing metal-pivot and platinum-methyl 
intramolecular rearrangements. Alternative mechanisms are discussed for both processes. It is concluded 
that the former comprises a series of 90" 1,5-metal pivots, and the latter, 120" rotations of methyl 
groups on the commuting Pt atom. Full bandshape analyses have been undertaken for both motions. 
Evidence is presented in support of the two fluxions being different manifestations of one transition 
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ate rather than independent rearrangements. 

Hydrogen-1 n.m.r. investigations have revealed that complexes 
of the stoicheiometry [(PtXMe3)2L] (X = C1, Br, or I), where 
L is a linear bidentate ligand, undergo a remarkable variety of 
intramolecular conformational and configurational rearrange- 
ments.' 

Recently, we carried out a study on analogous complexes 
in which L was a six-membered heterocyclic system. A detailed 
examination of the complexes of 1,3,5-trithiane [(PtXMe,),- 

(SCH2SCH2SCH2)] (X = Cl or Br), showed the dimeric 
halogen-bridged platinum(xv) moiety to commute between 
co-ordinated and unco-ordinated sulphur atom pairs via a 
series of intramolecular 60" 1,3-pivots about individual 
S-Pt bonds. 

In a closely related field of study, the magnitude of AG$ 
(298.15 K) for 1,3-metal shifts in the complexes [M(CO),- 

{SCH(R)SCH(R)SCH(R)}] (M = Cr or W, R = H or Me) 
was observed to be dependent upon the skeletal flexibility of 
the ligand system?*' 
As a logical extension to the above work, it was decided to 

investigate the effects (if any) of increased ligand flexibility on 
the pivoting motion observed previously in dimeric PtIV 
complexes of 1,3,5-trithiane, Frank et al? have shown ring 
reversal in 1,3,5,7-tetrathiocane to be rapid even at - 170 "C. 
This demonstrates a considerable increase in skeletal flexi- 
bility in comparison with 1,3,5-trithiane which has a ring- 
reversal coalescence temperature of - 33 "C.6 

This work, therefore is concerned with the synthesis, 
characterisation, and dynamic n.m.r. spectroscopic analysis of 
stereochemical non-rigidity in the hitherto unknown dimeric 

- 
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t Part 4 is ref. 32. 
$ Di-pchloro-p-( 1 ,3,5,7-tetrathiocane-S1,S3)-bis[trimethylplatinum 
(W. 
Supplementary data available (No. SUP 23981, 27 pp.): structure 
factors, thermal parameters. See Instructions for Authors, J. Chem. 
SOC., Dalton Trans., 1984, Issue 1, pp. xvii-xix. 

platinum(1v) complexes of 1,3,5,7-tetrathiocane, [(PtXMe3)2- 

(SCH2SCH2SCH2SCH2)] (X = C1, Br, or I). 
- 

Experiment a1 
Materials.-The following starting materials were prepared 

and purified using literature procedures : 1,3,5,7-tetra- 
thiocane,'e8 m.p. 48-49 "C (lit.' 48.5 "C); trimethyl- 
platinum(1v) iodide was converted to trimethylplatinurn(iv) 
sulphate lo and the other trimethylplatinum(iv) halides 
obtained by reaction of the latter with the appropriate 
potassium halide." 

Since the preparations of the complexes were very similar a 
representative method for the chloride complex is given. 
Analytical data are in Table 1. 

Di-pchforo-p- 1,3,5,7-tetrathiocane-bis[trimethylplatinum- 
(tv)].-A solution of trimethylplatinum(tv) chloride ( 1  51 mg, 
0.14 mmol) and 1,3,5,7-tetrathiocane t57 mg, 0.31 mmol)$ 
in AnalaR chloroform (15 cm3) was refluxed routinely under 
nitrogen for 6 h, then stirred for an additional 2 h at room 
temperature. All solvent was removed under reduced pressure, 
and the white residue washed with light petroleum (b.p. 
40-60 "C). Recrystallisation of the solid from chloroform- 
light petroleum (b.p. 40-60 "C) gave the product as shining 
white crystals (139 mg, 69%). 

Crystal Data.-C,0H26C12Pt2S4, M = 735.53, triclinic, 
a = 10.344(2), b = 11.915(4), c = 12.758(3)A, a = 132.42(2), 
p = 91.16(2), y = 113.50(2)", space group PI, Z = 2, D, = 
2.539 g cm-', Mo-K, radiation (h = 0.710 69 A). 

2 664 Independent observable reflections were collected on 
a four-circle diffractometer, of which 2 017 had I > a(Z). 
The structure was solved by tangent and Fourier methods and 

$ Molar quantities are based on the tetrameric unit [(PtClMq),]. 

http://dx.doi.org/10.1039/DT9840002047


2048 J. CHEM. SOC. DALTON TRANS. 1984 

Table 1. Characterisation of the dinuclear platinum(rv) complexes of 1,3,5,7-tetrathiocane 

Complex 
Microanalysis (%) 

L r 7 

Yield (%) M.p. ("C) C H 
. __ i -  

[( PtCl Me3)2(SCH2SCH ,SCH2SCH 2)] 69 216 16.1 (16.3) 3.60 (3.55) 
r- ___-- - 

[( PtBrMeJ)2(SCH2SCHlSCH2S&2)1 57 I88 14.5 (14.5) 3.00 (3.20) 

[(PtIMe3)2(SCH2SCH2SCH2SCH2)] 67 165 14.1 (13.1) 3.15 (2.85) 
--I 

With decomposition. Calculated values are in parentheses. 

refined by least squares. The conventional R value was 0.04, 
with isotropic thermal parameters on the hydrogen atoms 
and anisotropic parameters on all other atoms. Final atomic 
co-ordinates are given in Table 2. 

N.M.R. Studies.-All 'H spectra of the complexes were 
recorded on a JEOL PS/PFT-lOO spectrometer using CDC13 as 
solvent. A JES-VT-3 variable-temperature unit was used to 
control the probe temperature. The latter was measured to an 
accuracy of within 1 "C using a Comark digital thermometer 
(Type 5000) attached to a Cu/Cu-Ni thermocouple adapted 
for use in the n.m.r. probe. 

Bandshape analyses. These were carried out using modified 
versions l2 of the original DNMR3 program of Kleier and 
Binsch.I3 Computer simulated and variable-temperature 
experimental spectra were compared visually until the 'best 
fits' were obtained. Arrhenius and Eyring energy parameters 
were calculated in the usual way. The errors quoted for the 
Eyring free energies of activation (AGS) are calculated from 
the standard deviation term lo(AHS) - Tc(ASS)I as described 
by Binsch and Ke~sler.'~ 

Results 
Properties of the Complexes.-The complexes [(PtXMe3)2- 

(SCH2SCH2SCH2SCH2)] were obtained as white (X = C1 
and Br) or pale yellow (X = I), air stable, crystalline solids. 
They are involatile and decompose on heating without 
melting. Analytical data (Table 1) are consistent with the 
complexes containing a dimeric halogenotrimethyl- 
platinum(1v) moiety. 

A poor solubility in chloroform was observed, rapidly 
decreasing in the order I > Br > C1. 

Although the complexes are stable to aerial oxidation in 
solution, 'H n.m.r. spectroscopy showed ligand dissociation- 
recombination to occur above ambient temperature: ca. 28 
(X = I), 48 (Br), or 60 "C (CI). 

X-Ray Crystal Structure of Di-p-chloro-p-l,3,5,7-tetra- 
thiocane-bis[trimethylplatinum(~v)].-The X-ray data of 

[(PtCIMe3),(SCH2SCH2SCH2SCH2)] produced the structure 
shown in Figure 1." Selected bond length and angle data are 
given in Table 3. 

In general, the dinuclear moiety of the molecule has bond 
lengths identical with those in [(PtC1Me3)4].16*17 The con- 
figuration about each Pt atom is approximately octahedral, 
with the interbond angles in the ranges 177.3-178.9 and 
86.2-93.5". The Pt - Pt contact is 3.633(1) A which com- 
pares with 3.621(1) A for the weak Pt Pt interaction 
in di-p-chloro-p-l,3,5-trithiane-bis[trimethylplatinum(1~)].~~~ l9 

Furthermore, the above value contrasts with 3.418(1) 8, for 
the moderate Pt Pt interaction in [Pt2C1612- (ref. 20) and 

- 

Table 2. Atomic co-ordinates 

Atom 
Pt(l) 
Pt(2) 
S(I) 
C(1) 
H(11) 
W12) 
S(2) 
C(2) 
W21) 
H(22) 
S(3) 
C(3) 
H(31) 
H(32) 
S(4) 
(34) 
H(41) 
W42) 
CK1) 
CK2) 
Me( I 1) 
H(111) 
H(112) 
H(113) 
Me( 12) 
H(121) 
H( 122) 
H( 123) 
Me( 13) 
H(131) 
H( 132) 
H(133) 
Me(21) 
H(211) 
H(212) 
H(213) 
Me(22) 
H(221) 
H(222) 
H(223) 
Me(23) 
H(23 1) 
H(232) 
H(233) 

Xla 
0.8921 
0.7028 
0.5717 
0.6634 
0.7601 
0.5778 
0.7416 
0.5699 
0.6080 
0.5091 
0.4355 
0.2685 
0.1685 
0.2543 
0.2697 
0.3875 
0.3221 
0.4098 
0.9545 
0.6598 
1.0266 
0.9559 
1.0717 
1.1224 
0.8376 
0.7322 
0.8200 
0.9320 
1.0848 
1.0544 
1.1760 
1.1252 
0.8098 
0.9323 
0.7962 
0.7574 
0.5001 
0.4065 
0.4737 
0.5125 
0.7472 
0.7025 
0.691 1 
0.8715 

Ylb 
0.8460 
0.4635 
0.6103 
0.8472 
0.9204 
0.8773 
0.9492 
0.8735 
0.9425 
0.7274 
0.9191 
0.6927 
0.701 5 
0.6040 
0.5847 
0.5008 
0.3564 
0.5194 
0.7731 
0.5208 
0.7723 
0.6272 
0.8483 
0.8028 
0.9009 
0.7795 
1.0105 
0.9417 
1.1110 
1.1967 
1.1150 
1.1606 
0.3393 
0.4416 
0.2427 
0.2677 
0.2097 
0.2214 
0.1491 
0.1241 
0.4249 
0.4794 
0.2801 
0.4948 

Zlc 
1.1433 
0.7168 
0.7423 
0.9239 
0.9 177 
0.9236 
1.1170 
1.1462 
1.265 1 
1.0649 
1.1165 
0.9405 
0.94 10 
0.9483 
0.7537 
0.7364 
0.6259 
0.8318 
0.9244 
0.9373 
1.1739 
1.0984 
1.2948 
1.1446 
1.3210 
1.2720 
1.3821 
1.4023 
1.3071 
1.3225 
1.2673 
1.4176 
0.6901 
0.7689 
0.5704 
0.7167 
0.5485 
0.5285 
0.5871 
0.4408 
0.5424 
0.5220 
0.4358 
0.5775 

2.652(2) 8, in bis[p-bis(diphenylphosphino)methane]-bis- 
[chloroplatinum(~)] where there is a strong Pt-Pt bond.21 

The two Pt-S co-ordination bonds have a mean length of 
2.475 A which compares well with 2.465 A for the analogous 
bonds in the aforementioned chloro-complex of 1,3,5- 
trithiane.18*19 

The eight-membered ring of the 1,3,5,7-tetrathiocane 
ligand retains the boat-chair conformation previously 
identified 22 for the ligand in its unco-ordinated crystalline 
state. The eight S-C bond lengths are not significantly 
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Me(21) O B  
Me(23) 

Figure 1. A PLUTO perspective view of the molecular structure 

of [(PtCIMe3)2(SCH2SCH2SCH2SCH2)] showing the numbering 
scheme used in Table 3 

- I 

different. These have a mean length of 1.800 8, in comparison 
with 1.817 8, in the free ligand.22 

The non-bonding S S contact of the bridging portion of 
the ring is 3.19(1) 8, such that the two S atoms do not exactly 
span the Pt 9 Pt distance. This causes some distortion in the 
ring, the S(1)-C(1)-S(2) interbond angle being 125" in 
contrast to 114-1 19" for all theother S-C-S angles. The strain 
in the system is further relieved by a slight bending of the 
two Cl-Pt-Cl fragments, the angles between the normals 
to the planes being 10.5". A similar distortion (29") of 
the halogen bridge moiety has been observed in [(PtBrMe3)2- 
( MeSeSe Me)]. 23 

Hydrogen- 1 N.M. R. Studies.-The three complexes 

[(PtXMe3)2(kH2SCH2SCH2SdHI)I (X = C1, Br, or I) 
showed similar spectral features. The complex with X = Br 
is taken as being typical. 

Low-temperature 'static' spectra. The 100-MHz proton 
spectrum (CDC13, ca. -25 "C) showed two groups of well 
resolved signals (see Figure 2). Analysis of this 'static' 
spectrum shows it to be consistent with the complex having 
retained the solid-state structure described above. 

The platinum-methyl region consists of three distinct 
signals R, S, and T (plus 19'Pt satellites) in a ratio of 1 : 1 : 1. 
These correspond to the three Pt-Me environments that exist 
in the proposed solution structure of the complex (Figure 3). 
The assignment of different methyl environments to particular 
spectral resonances is in line with previous arguments regard- 
ing closely related c o m p l e x e ~ . ~ ~ ~ ~  

The IH n.m.r. data for the Pt-Me signals of all three 
complexes are collected in Table 4. The trends in 2J(195Pt-1H) 
couplings reflect trans and cis halogen influences, as noted 
p r e v i o u ~ l y . ~ ~ * ~ ~  

The ligand-methylene region of the spectrum demonstrates 

Table 3. Bond lengths (A) and bond angles (") in ((PtCIMe,), 
1- 

( SCH~SCH~SCH~SCHZ)] 

(a) Bond lengths 
~t(l)-S(2) 2.472(5) Pt(2)-S( 1 ) 2.478(5) 
Pt(1)-CI(1) 2.493(5) Pt(2)-C1(1) 2.506(5) 
Pt(l)-C1(2) 2.505(5) Pt(2)-C1(2) 2.507(5) 
Pt( l)-Me(ll) 2.068(28) Pt(2)-Me(21) 2.043(24) 
Pt( 1)-Me( 12) 2.057(26) Pt(2)-Me(22) 2.038(21) 
Pt( l)-Me(l3) 2.054(25) Pt(2)-Me(23) 2.049(26) 
S-C (average) 1.800 

(b) Bond angles 
S(2)-Pt( l)-CI( 1) 89.6(2) 
S(2)-Pt( 1)-C1(2) 9 1.6(2) 
S(2)-Pt(l)-Me(ll) 177.3(8) 
CI( 1 )-Pt( 1)171(2) 86.6(2) 
Cl( I)-Pt(l)-Me(l1) 90.8(8) 
CI( 1)-Pt( 1)-Me( 12) 178.9(7) 
Cl(2)-Pt(l)-Me(ll) 91.1(8) 
C1(2)-Pt( l)-Me(12) 92.4(7) 
C1(2)-Pt( I)-Me(13) 178.3(7) 
Me( 1 1)-Pt( 1)-Me( 12) 89( 1) 
Me( 1 1)-Pt( 1)-Me( 13) 89( 1)  
Me( 12)-Pt( 1)-Me( 13) 89( 1) 
Pt( l)-S(2)-C( 1) 115.3(7) 
Pt ( I )-S( 2)-C( 2) 107.2( 7) 

Pt( I ) - C I (  1)-Pt(2) 93.2(2) S(1)-C(1)-S(2) 125( 1) 
Pt( I)-C1(2)-Pt(2) 92.9(2) S(2)-C(2)-S(3) 114(1) 

S(3)-C( 3)-S(4) 119(1) 
C-S-C (average) 103.5 S(4)-C(4)-S( 1) 115(1) 

a greater degree of complexity. As a consequence of de- 
shielding influences and the introduction of chemical and 
magnetic anisotropy, four distinguishable methylene environ- 
ments are observed (Figure 2) as opposed to one in unco- 
ordinated tetrathiocane.' The assignment of individual 
resonances/multiplets to individal methylene environments 
(Figure 3) is made as follows. 

By direct analogy with the dinuclear platinum(1v) complexes 
of 1 ,3,5-trithiane,2 the bridging methylene group, AB, 
resonates at the highest frequency. Since the protons of this 
group are chemically and magnetically distinct, an AB-type 
quartet (*Jpem rr -15 Hz) is not unexpected. The high- 
frequency component of the quartet, in accordance with 
proposals of Campaigne et is attributed to the pseudo- 
axial methylene proton, A. This assignment is further sub- 
stantiated by this component comprising two overlapping 
'quintets,' each possessing an intensity ratio of 1 : 7.8 : 17.5 : 
7.8 : 1. This is consistent with A coupling equally to two Pt 
 atom^.^'-^^ Assuming the Karplus equation 30 to be applicable, 
a 3J(195Pt-*HA) value of ca. 13 Hz implies an HA-C/S-Pt 
dihedral angle of either approximately 0 or 180". In Figure 3, 
this dihedral angle is 180 and 60" for an axial and equatorial 
group respectively. Thus, the methylene proton A is shown in 
the correct environment, axial to the ligand ring. 

The resonances for the remaining methylene groups, CD 
and EF, are immediately distinguishable by integration, 
being 2 : 1 respectively. Their relative positioning and extent 
of Pt coupling are as anticipated. 

Spectral data for the ligand-methylene signals of a11 three 
complexes are collected in Table 5.  

Dynamic spectra. Upon warming CDCL solutions of the 
complexes above -25 "C lineshape changes were con- 
currently observed in both of the above spectral regions. These 
are described separately below. Although ligand dissociation- 
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T S 
CD 

'-50 H z L  
- - 50 Hz- 

( 6 1  

-CH,- Pt -Me 

Figure 2. (a) Experimental and (b) computer-simulated 'H n m r .  spectra (100 MHz) of the Pt-methyl and ligand-methylene regions 

of [(PtBrMeJ2(SCH2SCH~SCH2SCH2)]. Band assignments are in accordance with Figure 3 (subscript s = IssPt satellite) 
r I 

Table 4. Static platinum-methyl 'H n.m.r. parameters used in the lineshape analyses of methyl scrambling in the complexes [(PtXMe3),- 

(SCH2SCH2SCH2SCH2)] (X = CI, Br, or I) 
I 1  

X in the complex e / O C  T2* b / s  VR VS VT 2J('9sPt-'HR) 2J('9sPt-'H,) ZJ('95Pt-'HT) 
c1 -16.4 0.180 86.91 110.83 166.25 77.15 76.90 71.05 
Br -25.8 0.286 96.19 119.62 182.62 76.66 76.17 71.77 
I -32.9 0.286 112.37 135.62 212.52 74.72 74.48 73.24 

In Hz unless otherwise specified. Recorded in CDCIS relative to SiMe,. T2* = (nAvJ', where Av, is the linewidth (Hz) at half-height in 
the absence of exchange. 

\ c d s  
/ \  

I _- .__ - - __ __ - - 
Figure 3. Solution structure of [(PtBrMe3)2(SCHzSCH2SCHzSCHz)] 
as viewed directly along the Pt * * Pt axis. The labelling of protons 
is in accordance with Figure 2 

recombination was observed at temperatures beyond coales- 
cence, sufficient predissociation spectra were obtained to 
allow full analyses of the intramolecular processes occurring. 

Ligand-methylene region. With increased temperature, the 
signals of the four methylene environments were observed to 
broaden and coalesce together (see Figure 4). As in the Pt'" 

complexes of 1,3,5-trithiane,2 this averaging was thought to be 
a consequence of the dinuclear metal moiety commuting over 
all S atoms via a series of 60" 1,3-pivots about any one S-Pt 
bond. However, the 'additional' unco-ordinated atom of the 
tetrathiocane ligand might conceivably mean that the process 
proceeds via a six-co-ordinate intermediary species rather than 
a seven-co-ordinate transition state, see later. Spectral and 
steric considerations, discussed later, show this not to be so. 
The metal-pivot process, therefore, is analogous to that 
previously observed in the trithiane complexes. The energy 
barriers associated with this motion were assessed by simul- 
ation of spectral lineshape changes based on the simplified 
spin problem for the methylene protons shown in Scheme 1 
(X = 195Pt). 

Experimental and computed spectra of the ligand-methylene 
protons in the iodo-complex are shown in Figure 4 (note that 
the signals for the bridging methylene proton A are not shown). 
The dissimilarity between the experimental and simulated 
spectra at 33.5 "C, the latter being calculated using a rate (of 
pivot) obtained by extrapolation of the appropriate Arrheaius 
plot, illustrates the effect of intermolecular ligand dissociation- 
recombination on lineshape. 
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b 5 0  H z d  

Figure 4. (a) Experimental and (6) computer-simulated spectra (ligand-methylene region) of [(PtIMe3)2(SCHzSCH2SCH2SCH2)l, 
demonstrating the effects of metal pivoting (L = free ligand) 

The static parameters used in the above simulation are given 
in Table 5 ,  and the activation parameters obtained, in Table 6. 
The Arrhenius plot for the pivot motion in the bromo-complex 
is shown in Figure 5 .  

Platinum-methyl scrambling. Concurrent with the onset of 
ligand pivoting, spectral changes were observed in the Pt-Me 
signals (see Figure 6) consistent with an averaging (scrambl- 
ing3’) of all Pt-Me environments. Examination of the 
variable-temperature spectra reveals the rate of exchange 
between equatorial environments to be greater than that 
between equatorial and axial. This is adequately interpreted 

by considering the effects of metal pivoting on the trans to 
halogen (i.e. equatorial) Me groups that are on the ‘pseudo- 
stationary’ Pt atom. Although it is assumed that these groups 
cannot scramble (see later), one pivot will interchange the 
two equatorial environments (see Figure 7). Since both sets of 
Me groups contribute equally to the n.m.;. spectral appearance 
this, therefore, explains the above observation. 

Such effects were incorporated into the dynamic spin 
problem (Scheme 2; X = 195Pt) used to calculate the activation 
parameters of the methyl-scrambling process (Table 6). The 
rate constant of equatorial-equatorial methyl exchange, k”, 
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Table 5. Static ligand-methylene 'H n.m.r. parameters used in the 
lineshape analysis of 1,Smetal pivots in the complexes [(PtXMe& 

(SCH2SCH2SCH2SCH2)I (X = CI, Br, or I) 
- 

X in the complex 

Chemical shifts (Hz) 
VA 

VC 

VD 

v0 
VF 

VB 

Cl 
- 16.4 

0.15 

585.0 
448.0 
439.0 
439.0 
407.0 
407.0 

- 15.0 
12.5 
1 .o 
4.0 
4.0 

Br 

0.208 
- 25.8 

609.4 
457.0 
441.7 
440.7 
409.9 
409.9 

- 14.9 
12.9 
0.0 
3.8 
3.8 

I 
- 32.9 

0.183 

649.9 
465.6 
442.3 
442.3 
414.3 
414.3 

- 15.1 
13.8 
1 .o 
3.2 
3.2 

a Ts* = (zAv+)-I where Av* is the measured linewidth (Hz) at the 
half-height in the absence of exchange. * Relative to SiMe, using 
CDC13 as solvent. Geminal coupling constants. 

&I1 11. + kll 11. + 41 - 11.- 
EF C ' D ' X e  EFX C'D'X,? EFX;, 

k 
C'D' .y 

Scheme 1. 

T 

k I' 
RX . ' S X  

TX 

Scheme 2. 

was varied independently of k', the rate constant for the 
interchange of equatorial and axial methyls by some type of 
scrambling process (see below). 

Simulated and experimental spectra for the methyl-scrambl- 
ing process in the bromo-complex are shown in Figure 6. 
Static 'H n.m.r. spectral parameters used in the computations 
are given in Table 4. 

Discussion 
Static Hydrogen-l N.M. R. Parameters.-The trends in 

the magnitudes of the parameters of the equatorial and axial 
Pt-Me groups are exactly analogous to those previously 
observed in other dinuclear PtIV complexes containing 
organosulphur 

2.25 

2 -00 

1 *75 

c5 - 
I 
ul 3 1-50 
Y 

E! 
0 - 1.25 

1 .oo 

0.75 

3.26 I 3.36 I 3.46 I 3.56 I \ ,  
103 KIT 

Figure 5. Arrhenius plot for the metal-pivoting rearrangement in 

[(PtBrMe3)2(SCH~SCH2SCH2SC!H2)] 
1- 

Fluxional Rearrangements.-Metal-pivot intramolecular 
rearrangement. As stated earlier, lineshape changes in the 
ligand-methylene region of the 'H n.m.r. spectra of the 

complexes [(PtXMe3)2(SCH2SCH2SCH2S&H2)] are consistent 
with the occurrence of a metal-pivot motion similar to that 
previously observed in the corresponding complexes of 
trithiane. However, in contrast to the latter complexes, it is 
evident from the structure of the complexes under discussion 
that there is more than one conceivable rearrangement 
mechanism. 

In Figure 8, mechanism (A) closely allies that for pivots 
in the trithiane complexes in that it proceeds via a seven-co- 
ordinate transition state. It differs in that it comprises a 
90" 1,5-pivot as opposed to a 60" 1,3-pivot. Mechanism (B) 
entails the formation of an intermediary 1,s-co-ordinated 
species. In direct contrast to (A), the pivot can then proceed in 
a 1,3-fashion about either co-ordinated sulphur atom. Thus 
(B) ultimately results in one or both Pt atoms changing their 
co-ordination sites by two sequential 45" 1,3-metal pivots. 

From a purely structural viewpoint, mechanism (A) is 
preferable. As a prerequisite to the occurrence of a pivot, a 
lone pair of electrons on an unco-ordinated S atom must be 
directionally orientated towards the commuting atom in such 
a way as to facilitate the rearrangement. Thus, if the ligand 
solely adopts a chair-boat conformation, as revealed by X-ray 
diffraction, it can be seen in Figure 9(a) that no such align- 
ment exists. Frank et al.,' however, have reported the C-S 
backbone of tetrathiocane to have great flexibility. Thus, in 
solution other conformations, which are albeit less energetic- 
ally favourable, should theoretically exist. 

Figure 9(b) illustrates one such alternative structure in 
which the ligand moiety has a twisted chair-boat conformation, 
readily accessible from the above ground-state structure. It is 
apparent that a lone pair of electrons on S(4) is directed to- 
wards Pt(2). Very little further distortion of the ligand ring is 
necessary in order to manoeuvre these two atoms into a 
position whereby Pt(2) can possibly be co-ordinated to by 
both S(2) and S(4). This amounts to the formation of a seven- 
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Table 6. Arrhenius and Eyring activation parameters for metal pivoting (m.p.) and methyl scrambling (m.s.) in the complexes [(PtXMe& - 
( SCH2SCH2SCH2SCHZ)l 

x Process log,, A EJkJ mol-' AH*/kJ m o P  AS#/J K rnol-I AG* (298.15 K)/W mo1-I 
14.44 & 0.32 75.58 f 1.82 73.13 f 1.83 23.30 f 6.19 66.15 f 0.01 
13.61 f 0.15 70.50 f 0.89 68.00 f 0.88 7.33 f 2.94 65.82 f 0.01 
14.13 f 0.21 71.57 f 1.19 69.16 f 1.19 17.48 f 4.10 63.95 f 0.27 

Br{::sq. 14.15 f 0.11 71.67 f 0.64 69.22 f 0.64 17.81 f 2.19 63.90 f 0.01 
14.04 & 0.53 67.66 f 2.81 65.33 f 2.80 16.05 f 10.04 60.55 f 0.19 
14.27 f 0.07 68.22 f 0.36 65.95 f 0.32 20.65 f 1.20 59.79 f 0.03 

Cl{E:sp. 

8, I ' C  

Figure 6. (a)  Experimental and (b) computer-simulated spectra (Pt-methyl region) of [(PtBrMe3)2(SCH2SCHzSCH2S~H2)l, demon- 
strating the effects of intramolecular Pt-methyl scrambling (X = HzO impurity) 
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co-ordinate transition state necessary for a metal pivot via 
mechanism (A). 
Figure 9(c) represents the sole conformation by means of 

which a 1,Sintermediate species can be reached. Such a 
'crown' orientation of the ligand would be far less energetic- 
ally stable than that discussed above since electronic repulsion 
would be experienced between the lone pairs of S3, S4, and 
those of the bridging halogen atoms. Furthermore, a close 
examination of the molecular structure of a 1 ,Sintermediate 
(Figure 10) suggests that such a species is highly unlikely 
since severe electron repulsion would exist between the unco- 
ordinated S atom lone pairs and those of the bridging halogen 
atoms. 

Unequivocal support for the metal-pivot rearrangement 
proceeding uiu mechanism (A) was obtained by the following 
analysis of the methylene bandshape changes. 

The interconversion of the eight possible permutation isomers 

of the complexes [(PtXMe3)2(SCH2SCH2SCH2SCH2)] (X = 
C1, Br, or I) by mechanisms (A) and (B) is represented dia- 
grammatically in Figure l l. The associated dynamic nuclear 
magnetic spin problem is shown in Figure 12. The latter, as a 
consequence of the interrelation of different sets of isomers, 
is not identical for the two mechanisms. In mechanism (A), 
neither of the two platinum atoms is able to commute over all 
the S atoms. Thus, following the numbering scheme in Figure 
9, Pt' is restricted to S' and S3, and Pt2 to S2 and S4. Thus, 
mechanism (A) will cause interconversion within the two sets of 
four isomers which are disposed on the two opposing faces of 
thecube(Figures 11 and 12), but no interconversion between the 
sets. Such a dynamic spin problem is represented by Scheme 1. 
In mechanism (B), each platinum atom can traverse over all 
the S atoms but with different weighted probabilities. A study 
of Figures 11 and 12 reveals that the spin problem may now be 
described according to Scheme 3. 

Simulation of the experimental spectra of each complex 
was carried out employing, in turn, both these spin problems. 

- 

M e c h a n i s m  

(B 1 

3 g1 
I I  

c 16 
s4-s' 

b - 

Perfect pre-ligand-dissociation 'fits' were obtained only when 
Scheme 1 was used (see Figure 4). 

Therefore, in the light of the above evidence, it is concluded 
that the coalescence phenomena observed to occur among the 
ligand methylene 'H n.m.r. spectral resonances of the com- 

plexes [(PtXMe3)2(SCH2SCH2SCH2SCHt)] (X = C1, Br, or I) 
are a consequence of the dinuclear Pt'" moiety undergoing a 

I-- 

RST - 'SRT 

4s m 
4 "*\ 
Q, H 

Figure 7. Effect of metal pivoting on the equatorial methyl groups 
attached to the pseudo-stationary Pt atom 

t .s  t .s.  

gr,* s s  

A c t i v a t i o n  profile 

t.s. 

Figure 8. Alternative mechanisms for metal pivoting in dinuclear platinum(rv) complexes of 1,3,5,7-tetrathiwane : g.s. = ground state, 
t.s. = transition state, i = intermediate 

http://dx.doi.org/10.1039/DT9840002047


J. CHEM. SOC. DALTON TRANS. 1984 2055 

( C )  ( a )  ( b )  
Figure 9. Postulated ligand conformational changes that occur during metal pivots by mechanisms (A) and (B) (see Figure 8) 

Me 

Figure 10. A possible structure for the 1,s-intermediate complex as 
viewed along the Pt Pt axis 

Key to inter  med i a t e s 

-.-.-.- pivot mechanism (A)  
Pivot mechanism (B) 
No direct route . . . . . . . . . . . .  

Figure 11. A representation of the eight permutation isomers of the 
complexes [(PtXMe~)2(~CH2SCH2SCHzS~Hz)] and their inter- 
relation by the two alternative metal-pivot mechanisms 

k ABX -2 k CDX A B X 2 e C D X 2  k 
A 8  C D  

EF C'D'X 7 EFX C'D'X,GEFX;! 
k 

Ci D/ 

(44.0 '/el ( 4 4 . 6  ' l o )  (11 .4 ' lo)  

Scheme 3. 

/ 
/ \ / '  ! 

Figure 12. Full dynamic spin problem associated with Figure 11 

series of 90" 1,5-metal pivots uiu a seven-co-ordinate transition 
state. 

The straight-line Arrhenius plots (see Figure 5 )  corroborate 
the occurrence of a single fluxional process. The pre- 
exponential factor, loglo A (Table a), for the pivot process in 
each of the complexes has a value in the range 13.5-14.5. 
This, in addition to a non-exchanging free-ligand peak in the 
n.m.r. spectra, is indicative of the intramolecularity of the 
process. 

A comparison of the AGt values for the pivot process in the 
tetrathiocane complexes (Table 6) with those for the trithiane 
complexes, the latter being 58.6 and 58.8 kJ mol-l for X - C1 
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Table 7. Energy parameters for methyl scrambling and other high-energy fluxional rearrangements in [(PtXMe,),L] complexes 

L X Process loglo A AGZ (298.15 K)/kJ mol-' Ref. 

MeSSMe 

MeSeSeMe 

MeSeSeMe 

MeSCH( Me)S Me 

MeSeCH( Me)SeMe 

MeSCHzSeMe 

MeSCH,SeMe 

MeSCH,SeMe 

HC(SMe), 

HC(S Me), 

a Abbreviations: 1.s. = ligand switching, 
unpublished work. 

Cl 

c1 
Br 

c1 

c1 
Cl 

Br 

I 

c1 
Br 

m.s. = 

12.8 f 0.7 
13.8 f 0.4 
13.8 f 3.8 { k s .  13.8 f 0.4 
14.0 f 0.5 { k s .  13.2 f 0.4 
13.1 f 0.4 { k. 12.7 f 0.6 
12.5 f 1.2 { k. 12.6 f 0.5 
11.3 f 0.1 { k;s. 14.6 f 0.1 
13.3 f 0.1 { k. 13.8 f 0.1 
11.5 f 0.2 { k s .  13.7 f 0.1 
13.9 f 0.5 
13.5 f 0.1 
14.1 f 0.4 { :::: 14.1 f 0.3 

{ :::: 
methyl scrambling, m.p. = metal 

61.3 
62.4 
65.1 
65.2 
64.5 
64.5 
71.5 
71.6 
72.6 
72.8 
69.5 
70.3 
68.8 
67.6 
65.6 
64.8 
71.7 
71.9 
69.5 
69.4 

pivoting. * 

f 0.4 
f 0.2 
f 0.1 
f 0.1 
f 0.1 
f 2.2 
f 0.2 
f 0.4 
f 0.8 
f 0.4 
f 0.1 
f 0.1 
f 0.1 
f 0.1 
f 0.1 
f. 0.1 
f 0.2 
f 0.1 
f 0.1 
f 0.1 
T. E. 

23 

23 

23 

31 

31 

32 

32 

32 

b 

b 
Mackenzie, University of Exeter, 

and Br respectively,2 reveals two interesting facts. Primarily, 
the values for the former are some 5 kJ mol-I greater. In line 
with previous arguments, this could be a result of an increased 
skeletal flexibility of the ligand moiety, thus, reducing the 
availability of unco-ordinated chalcogen lone pairs.4 This, 
however is unlikely to be the only contributing factor. The 
transition-state structure for the pivot process in the tetra- 
thiocane complexes is more likely to have a relatively higher 
energy than that for the complexes containing trithiane, due 
to the greater distance and angle between the sulphur atom 
pair over which a Pt atom must commute. This, to a certain 
extent, is sustained by the AS$ values which are larger for the 
former, implying the transient species possesses more vi bra- 
tional and rotational degrees of freedom.33 Since the ground- 
state structures of both series of complexes are extremely 
similar this might well explain the observed halogen 
dependence of AGt (decreasing in the order Cl > Br > I) for 
metal pivots in the tetrathiocane complexes, such a transition- 
state structure being more liable to be energetically affected by 
changes in its molecular constitution. 

Increased ligand flexibility also appears to determine the 
relative ease of metal-ligand shifts in complexes of [ M(C0)5]. 
The tetrathiocane ligand has recently 34 been used to form 
complexes with [Cr(CO),] and [W(CO),]. Fluxional metal 
shifts have been observed, although it is not certain whether 
these movements are 1,3- or 1,hhifts. Irrespective of their 
mechanism, a comparison with the trithiane complex 
analogues4 shows an increase of ca. 5 kJ mol-' in the AGZ 
values for the tetrathiocane complexes. 

Platinum-methyl scrambling. The activation parameters for 
this process, using the spin problem denoted in Scheme 2, are 
listed in Table 6. A close examination reveals that the data of 
the methyl-scrambling and ligand-pivoting motions are equal 
within experimental error. In other platinum(1v) complexes 
where ligand 180" switching and platinum-methyl scrambling 
processes occur,J2 similar near-equalities of barrier energies 
were noted. This has led to the proposalJ2 that the ligand 
fluxion and the methyl scrambling are different manifestations 
of a single fluxional transition state rather than being indepen- 
dent rearrangements. The same situation appears to apply 
here in the case of ligand pivoting and Pt-methyl scrambling. 

Further insight into this problem was gained in the present 
work from the observation that the rate of exchange between 
the two equatorial Pt methyls (k" in Scheme 2) was consistently 
a factor of two greater than that between equatorial and axial 
Pt methyls (k' in Scheme 2) as exemplified in Figure 5. 
Furthermore, the methyl-exchange rate constant k' was equal 
to that of the ligand pivot process (k in Scheme 1 and Figure 4) 
at any chosen temperature. These observations afford evidence 
that the two processes have the same activation energy and a 
common transition state. We now describe a possible mechan- 
ism whereby this could be achieved. 

From the full dynamic spin problem (Figure 12) it is clear 
that, for a 90" 1,5-metal pivot [Figure 8, mechanism (A)] from 
any spin isomer, equation (1) applies, where '+ pivot' and 

k(tota1 pivot) = k(+ pivot) + k ( -  pivot) ( I )  

'- pivot' represent clockwise and anticlockwise pivots 
respectively . 

For a complete cycle of four clockwise pivots it is clear 
(Figure 12) that the methylene protons, AB, exchange for 
50% of the manoeuvres with CD and 50% with C'D': thus 
equations (2) and (3) apply. Similar relationships can be 

k(AB+C'D') = -)k( - pivot) (3) 

obtained for anticlockwise pivots. Since k(  + pivot) = 
&-pivot), this gives equation (4). 

k(tota1 pivot) = 2k(+pivot) = 4k(AB-+CD) (4) 

We have shown earlier that a 1,Smetal pivot necessarily 
causes an interchange only of the two equatorial Pt-methyl 
groups on the pseudo-stationary platinum atom (Figure 7). 
However, axialequatorial methyl averaging is also clearly 
evident from the spectra. 

We now postulate that this averaging can be explained in 
terms of f 120" rotations of the PtMe, moiety about its three- 
fold rotation cone axis. Such an averaging can occur only on 
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1 2 3  TSR 

1 2 3  
R S T  

S S 

3/ Me 

1 2 3  
R T S  

S 

5 '  S' 

.Pt' P2 
1 'Me' 
he2 

Figure 13. Interconversion of the Pt-methyl environments as a 
result of incidental averaging on the pseudo-stationary Pt atom and 
120" rotations of the pivot-commuting PtMe, moiety: p' = 1,5- 
pivot of Pt', pz = 1,5-pivot of Ptz 

the pivot-commuting Pt atom of the dinuclear unit, and 
results in two additional methyl-group permutation isomers 
(Figure 13). Axial-equatorial averaging thus occurs on the 
pivot commuting Pt and equatorial-equatorial averaging on 
the pseudo-stationary Pt. In general, there are six permutation 
isomers of the RMe3 groups. These are depicted in Figure 14 
where it follows that the total rate of interconversion of isomers 
can be expressed as in equation (3, where k(i.e.) is the rate 

constant for the incidental averaging of the equatorial 
environments due to the pivot process, and k(t120") and 
k(-120") are the rate constants for the clockwise and anti- 

STR 

( 3 )  

T R S  

RST 

R T S  

SRT 

Figure 14. A representation of the six permutation isomers of the 
PtMe3 group and their interrelations as a result of metal pivoting 
and PtMe3 group rotations: ( I )  exchange on pivot-commuting Pt, 
(2) incidental exchange on pseudo-stationary Pt, (3) no direct 
exchange 

clockwise rotations of the PtMe3 moiety on the commuting 
Pt atom. 

If PtMe, rotations occur concurrently with I ,5-pivots, then 
equation (6) applies and since clockwise and anticlockwise 
rotations are equally likely this leads to equation (7). Equations 
(8) and (9), where RS refer to the two equatorial Pt methyls, 
follow from equation (5 ) .  

k(i.e.) = k (  t- 120") + k(- 120°) (6) 

,+'(total) = 2k(i.e.) (8) 

= 2k(RS) (9) 

From equations (1) and (14) (see below) it is clear that we 
can write equation (10) which gives directly equation (1 I), or, 
using the nomenclature of Schemes 1 and 2, equation (12). 
Thus, the rate of equatorial-equatorial Pt-methyl averaging is 
twice that of methylene exchanges. NOW, by combining equa- 
tions (7)-(I l ) ,  equation (1 3) follows, and since one 120" rota- 
tion has the effect of exchanging an axial and equatorial en- 

k'(tota1) = k(tota1 pivot) (10) 

k ( - t  120") = k' (Scheme 2) (14) 

vironment, then this gives equation (14). Thus k = k'; and in 
summary, k" = 2k = 2k'. 

These results are in direct agreement with the observed 
relationships of the 'best fit' rate constants for the Pt-methyl 
region (Figure 6) and the ligand-methylene region (Figure 4) 
spectra. They confirm that Pt-methyl exchanges can be 
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explained in terms of a combination of incidental exchanges of 
equatorial methyls on the pseudo-stationary Pt and axial- 
equatorial methyl exchanges on the pivot-commuting Pt 
atom. This interpretation has the advantage over pseudo- 
random Pt-methyl scrambling mechanisms [e.g. rhombic 
(Ray-Dutt) or trigonal (Bailar) twists] 35 in that only a single 
reorientation axis is postulated. In such random scrambling 
processes, the pseudo-rotation axes through either six-co- 
ordinate Pt atom must all be taken as equivalent, and re- 
orientation must take place about any of these axes with equal 
probability. This assumption is not easily justified, although it 
appears to hold in trigonal-bipyramidal systems with sym- 
metries lower than the regular D3h.36 

It should, however, be mentioned that a random methyl- 
scrambling process in conjunction with a 1,5-metal pivot 
process would equally well explain the present dynamic 
n.m.r. observations. In this case, the Pt-methyls R, S, and T 
would each interconvert with a rate constant k', whilst R and 
S would also interconvert as a result of the 1,5-pivot with a 
rate constant k. Since k = k', then the rate of equatorial- 
equatorial averaging would again be twice that of axial- 
equatorial averaging. 

Our present studies therefore do not permit a clear dis- 
tinction between a non-random rotation process and a random 
bond-angle distortion process. However, for the reason 
mentioned earlier we favour the non-random process, and also 
because this mechanism ascribes the ligand pivoting and Pt- 
methyl rearrangements to a single transition state. 

Previous studies of trimethylplatinum(1v) complexes have 
not provided such detailed insight into the mechanism of the 
scrambling process, either because the equatorial Pt methyls 
were already isochronous before the onset of methyl scrambl- 
ing, or because their chemical shift differences were too small 
to cause their signals to be sensitive to the rate of exchange of 
their e n ~ i r ~ n m e n t ~ . ~ ~ ~ ~ ~ * ~ ~ * ~ ~ * ~ ~ ~ ~ *  

Table 7 presents data of other trimethylplatinum(1v) 
complexes where methyl scrambling occurs concurrently with 
other high-energy fluxional rearrangements. This is further 
corroborative evidence for the two processes being separate 
manifestations of a single transition state rather than indepen- 
dent rearrangements. 

Interestingly, methyl scrambling does not occur con- 
currently with 1,3-methyl pivots in the complexes [(PtXMe,),- 

(SCH2SCH2SCH2)] (X = C1 or Br).' Since the transition state 
differs from that of the tetrathiocane complexes, it would 
appear that for the trithiane complexes the transient species 
produced are neither structurally favourable nor sufficiently 
activated additionally to exchange the Pt-methyl environments. 

For [(PtXMe3)2(SCH2SCH2SCH2SCH2)], however, their 
dynamic n.m.r. behaviour can be rationalised in terms of 90" 
1,5-metal pivots and 120" rotations of the pendant PtMe, 
moiety, both movements being resultants of a single seven- 
co-ordinate platinum(1v) transition state. 

r- 
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