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Abstract 

The complexes fat-[PtMe,L]Cl (1: L = 1,4,7-trithiacyclononane; 2: L = 1,4,7,10- 
tetrathiacyclododecane; or 3: L = lo-oxa-1,4,7-trithiacyclododecane) have been pre- 
pared by reaction of L with [ {PtClMe, }4] in CDCl,. Variable temperature ‘H and 
13C{lH} NMR studies have shown that the complex 2 undergoes a novel ligand 
commutation involving exchange between metal-coordinated and uncoordinated 
sulphur atoms of the macrocycle. In contrast, 1 and 3 exhibit temperature-invariant 
NMR spectra. 

Introduction 

The coordination chemistry of macrocyclic thioethers has received considerable 
attention recently. Complexes of such ligands have been shown to possess unusual 
electronic [1,2], electrochemical [3] and spectroscopic [4,5] properties, and have 
found important applications as biological model compounds [6,7] and as solvent 
extraction agents [8,9]. Macrocyclic sulphur ligands can also stabilise transition 
metals in unusual oxidation states [lo], and the chemistry of their complexes can be 
markedly influenced by ligand conformation [ll]. 

A number of the complexes of macrocyclic thioethers reported to date have been 
shown to possess structures in which not all the sulphur atoms available were 
utilised for metal coordination [10,12-141. Species of this type are potentially 
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fluxional via exchange of culphur atoms between coordinated and uncoordinated 
environments; however. to our knowledge. dynamic behavic!ur of this type has not 
fully been characterized. In order to assess the viability of this type <,I‘ fluxic~nai 
process. we hav,e investigatei the reactions of 1.4, 7-trjthiacvc.‘l~,~i~~I~~i~~c. 1.4.7.1 (I-tc- 
trathiacvclododecane and lli-oxa-1,4.7-trithiacqclotlodecane t\ ~th i{ PtC‘lMc, \ J /. 
since trimethylplatinum( IV) halide derivatives of chalcogen ligand> ?UW alrcad~~ 
been shown TV exhibit ;I aide range of fluxional processes ii 5;. We :~CW IS ish t;b 
report the products of these reactions. and the results cTi *r \G:tble temperature NMR 
studies performed upon them. A preliminary report $11~ this M.ork. iiii~llldillg tilt’ 

Experimental 

7’rimethylplatinum(lV) chloride [ 171 and I O-oxa-l.4.7-rrithiac~clodndecan~ 
were prepared by established routes. The ligands I .4.7-tritllrac~clononanr: 

Complexes lL3 were prepared by similar methods. complex 1 being ~solalccf as :I 
dihydrate. The preparation of 2 is given as a typical example. 

Trin~ethylplatinum(IVl chloride (0.100 g, (1.36 mmol relative to the monomeric 
PtClMe, unit) and 1.4,7.10-tetrnthiacyclododecane (0.1.71 g. (1.54 mmol) \~cre stirred 
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in CDCl, (20 cm3) until no further change was observed in the ‘H NMR spectrum 
of the reaction mixture (ca. 24 h). After removal of solvent at reduced pressure, the 
remaining white solid was washed with hexane and diethyl ether, and recrystallised 
from dichloromethane/light petroleum (b.p. 40-60 o C) to yield colourless crystals 
of fuc-[PtMe,{S(CH,CH,S),CH,CH,}]Cl (2) (Yield 0.140 g, 74.7%). 

Yields, melting points and micro-analytical data are summarised in Table 1 

Results and discussion 

Complexes l-3 were obtained in good yield by reaction of [ { PtClMe, }4] with the 
appropriate macrocycle in CDCl 3 at room temperature, and were isolated as 
colourless, crystalline, air-stable solids, complex 1 being isolated as a dihydrate. The 
molecular structure [16] of 1. 2H,O is shown in Fig. 1, and selected bond lengths 
and angles are given in Table 2. The structure reveals an essentially octahedral 
geometry around platinum featuring fuc-endodentate coordination of the macro- 
cycle. The water molecules are loosely hydrogen-bonded to the chloride counterion. 
Comparison of the structures of the free [21] and complexed ligand show that the 
bond lengths and angles within the ligand do not vary significantly on coordination. 
However, there is a significant reduction in the S-S nonbonded distances (from 
3.451 to 3.334 A) and the S-C-C’-S’ torsional angles (from -58 to -51.5’, 
average). These variations have been observed previously in complexes of 1,4,7-tri- 
thiacyclononane [22,23], and have been attributed to the increased metal-sulphur 
orbital overlap that pertains as a result of such distortions [22]. The platinum-sulphur 
bond lengths average 2.407 A and are markedly shorter than those observed in other 
trimethylplatinum(IV) complexes of acyclic thioethers [24,25]. Previous studies 
[26,27] have shown that 1,4,7-trithiacyclononane is much more strongly coordinating 
than simple acyclic thioethers; for example, the cation [Fe(l,4,7-trithiacyclonon- 
ane)2]f contains low-spin iron(I1) [26]. The short Ptn-S bonds in 1 .2H,O are a 
further consequence of the strongly coordinating nature of this ligand. 

Hydrogen-l and { } 13C ‘H NMR parameters for complexes l-3 are given in 
Tables 3 and 4, respectively. These data confirm that 2 and 3 also feature 
fuc-endodentate coordination of the macrocycle (Fig. 2) but in which respectively 
one sulphur atom in 2 or the oxygen atom in 3 is uncoordinated. Thus the ‘H NMR 
spectrum of 1 at 20” C shows a single platinum-methyl resonance at 6 0.92 ppm. 
(‘J(Pt-H) 67.5 Hz), whilst the spectra of 2 and 3 at - 30 o C exhibit two platinum- 
methyl resonances (intensity ratio 2/l) derived from methyl groups trans to S’ and 
S2, respectively (Fig. 2). The values of 2J(Pt-H) in the range 66.0-67.5 Hz, are 
typical for platinum-methyl groups tram to thioether ligands and are similar to 
those observed in other cationic complexes of tridentate thioethers [28]. The 
methylene protons of 1 gave rise to an AA’BB’ multiplet, whilst more complex 
multiplets were observed for the methylene protons of 2 and 3. 

The 13C{iH} NMR spectra of l-3 are also consistent with the proposed 
structures. In particular, 2 and 3 gave rise to two platinum-methyl resonances (with 
195Pt satellites, although the satellites for the platinum-methyl tram to S2 in 3 were 
not resolved). The values of ‘J(Pt-C) in the range 590.0-629.3 Hz, are typical for 
platinum-methyl groups tram to coordinated thioether ligands [25,29]. The methyl- 
ene carbons of 2 and 3 gave rise to four resonances, derived from the carbons 
labelled A, B, C and D in Fig. 2, with the resonance due to the carbons adjacent to 



oxygen in 3 showing a marked upfield shift relative to the other methq;iene carbon 
signals. No clear trends are apparent in the “C{‘H] chemical shifts of either the 
platinum-methyl resonance>, or the lignnd resonances in thit\< c~mpiexes, :alth~~ugh 
the platinum-methyl resonance of 1 shows a marked upfieid &if! II! rtxl;itic~n t\) 
similar resonances for 2 and 3. 
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Table 2 

Selected bond lengths (A) and angles (deg) for the complex fat-[PtMe,(l,4,7-trithiacyclononane)]Cl~ 
2H,O ’ 

(i) Bond lengths 

S(l)-Pt 
S(3)-Pt 
C(2)-Pt 

C(4)-S(1) 
C(5)-S(2) 
C(7)-S(3) 
C(5)-C(4) 
C(9)-C(8) 
H0(12)-O(1) 
H0(22)-O(2) 

(ii) Bond angles 
S(2)-Pt-S(1) 
S(3)-Pt-S(2) 
C(l)-Pt-S(2) 
C(2)-Pt-S(1) 
C(2)-Pt-S(3) 
C(3)-Pt-S(1) 
C(3)-Pt-S(3) 
C(3)-Pt-C(2) 
C(9)-S(l)-Pt 
C(5)-S(2)-Pt 
C(6)-S(2)-C(5) 
C(8)-S(3)-Pt 
C(5)-C(4)-S(1) 
C(7)-C(6)-S(2) 
C(9)-C(8)-S(3) 
H0(12)-O(l)-HO(ll) 

2.411(3) 
2.405(3) 
2.087(7) 
1.83q7) 
1.824(7) 
1.833(7) 
1.517(9) 
1.522(9) 
0.825(73) 
0.721(85) 

87.8(l) 
88.4(l) 
91.9(3) 
93.2(3) 
92.0(3) 
92.7(3) 

179.3(2) 
87.q4) 
99.7(3) 

100.8(3) 
101.6(3) 
103.8(3) 
113.0(4) 
114.8(4) 
112.5(5) 

93.1(62) 

S(2)-Pt 
C(l)-Pt 
C(3)-Pt 

C(9)-S(1) 
C(6)-S(2) 
C(8)-S(3) 
C(7)-C(6) 
HO(ll)-O(1) 
H0(21)-O(2) 

S(3)-Pt-S(1) 
C(l)-Pt-S(1) 
C(l)-Pt-S(3) 
C(2)-Pt-s(2) 
C(2)-Pt-C(1) 
C(3)-Pt-S(2) 
C(3)-Pt-C(1) 
C(4)-S(l)-Pt 
C(9)-S(l)-C(4) 
C(6)-S(2)-Pt 
C(7)-S(3)-Pt 
C(8)-S(3)-C(7) 
C(4)-C(5)-S(2) 
C(6)-C(7)-S(3) 
C(8)-C(9)-S(1) 
H0(22)-O(2)-HO(21) 

2.405(3) 
2.073(7) 
2.075(7) 
1.818(7) 
1.827(7) 
1.830(7) 
1.510(9) 
1.018(87) 
0.900(72) 

87.7(l) 
179.6(l) 

91.9(3) 
178.9(2) 

87.0(3) 
92.1(3) 
87.6(4) 

103.3(3) 
101.9(4) 
103.3(3) 
100.2(3) 
102.5(4) 
114/t(4) 
115.4(4) 
114.9(4) 
124.3(U) 

LI Figures in parentheses are the estimated standard deviations of the least significant figures. 

Platinum-195 NMR spectra have also been recorded for complexes l-3 (Table 
4) and in each case the spectrum consists simply of a singlet. However, the 
resonance observed for 1 shows a marked upfield shift relative to those observed for 
2 and 3, implying considerably stronger metal-sulphur bonding in 1 relative to 2 and 
3 [30]. 

Table 3 

Hydrogen-l NMR parameters for the complexes l-3 in CDCl, 

Complex Temperature Chemical shift 6 (ppm) a 

(“C) Pt- Me (tram-S*) Pt- Me (tram-S2) Methylene protons 

1 20 0.92 (67.5) ’ _ 3.04-4.08 ’ 
2 -30 0.86 (66.5) 1.53 (66.2) 2.78-4.55 d 
3 -30 0.95 (67.2) 1.28 (67.5) 2.94-4.04 d 

0 Figures in parentheses are values of 2J(Pt-H) in Hz. h Only one platinum-methyl environment for this 
complex. ’ AA’BB’ multiplet. d Complex. 



13c.-{ ‘H) and ly5Pt NMR parameters for the complexes l--3 
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Vuriuhle temperature ;‘vMR studies 
As noted above. metal complexes of macrocyclic thioethers which contain both 

coordinated and uncoordinated sulphur atoms offer the possibilitv of fluxinnal 
rearrangements involving the exchange of these coordinated and uncoordinated 
sulphur atoms. Accordingly. i ;rriable temperature ‘H and “C-{ ’ 1-I ) XM R. S~C.X.WI 
were recorded for 2 to ascertain whether this type of flusionalit\~ indeed tooh piact~. 
Considering firstly the ‘1-I YMR spectra, at ~~ 30 ” c‘ the ipcctrum w;is c‘onsi,~teiit 
with the structure proposed in Fig. 2, featuring two platiI1Urn-E1~L’tl~~! rcsonanc~e4 and 
a complex multiplet for ?he methvlene protons. On warming. broadening ;anci 
coalescence in both regions oi the spectra occurred. urtril at HIi C‘ ;t $inglr 
platinum-methyl resonance was &sewed at 6 1.12 ppm ( ‘.l(l’t 1 I! h6.Q Hz) together 
vv:ith an AA’BB’ multiplet for the methylene protons. Similar changes were obs~rv ed 
in the ‘7C{‘H) NMR spectra. so that at 60 0 C a single platrr9um-~n~t~9~1 rc'~~~19,mx 

was observed at S 3.91) ppm (‘J(Pt C) t)19.2 Hz), along \kith :L ~~nglr rn~thvl~nc 
resonance at 6 35.83 ppm (““Pt satellites viere not rct~ivctl). iht: prewnce iii‘ ;9 
sharp singlet in both the ‘I-l and “C’(‘FIj NMR spectra. dtri: to the prewwc \)i’ :I 
small quantity of free ligand. throughout the temperature rartgc over u hich \pectr-a 
were recorded. confirmed the intramolecularity of the flusionalit\. 

These observations may be f~111y rationahsed by the <w,et of ;I‘ ffuxionality of the 
type shown in Fig. 3, whereby the sulphur environments ;~rt‘ ex~hangrd by a ltg,unl 
pivot mechanism involving a correlated series of I.l-illetallc,tic~pic hifts. Ligand 
pivot fluxionalities have been identified previousI> for himet;~litc cotnplcxcs of the 
type [(PtXMe,)7L] (X == C’1. Br or 11. where 1. =-I !.3.5-trithrarw /?I]. !,iJ.7-tS:tra- 

Fig. 2. The propo.\ed structures of 2 (F: = S) and 3 iE ~7 0) 
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Fig. 3. The proposed mechanism of the ligand pivot fluxionality observed for 2. 

thiacane [32] or tris(methylthio)methane [33]. These fluxionalities have been shown 
to proceed via either 1,3- or 1,5-metal commutations, the latter mechanism applying 
for the complexes of tetrathiacane. Other metallotropic shifts of metal moieties in 
open-chain sulphur ligand complexes have involved 1,2- or 1,3-metal shifts [15]. This 
example thus represents the first observation of a 1,4-metallotropic shift in a 
transition metal complex of a sulphur ligand, and is also the first fully characterized 
example of a ligand pivot function in a macrocyclic thioether complex, but see ref. 
14b. 

Rate constants for the ligand pivot process were obtained from computer 
simulation of the platinum-methyl region of the variable temperature ‘H NMR 
spectra, the total spin problem being a combination of the sub-spin problems: 
A + B (66.3%) and AX + BX (33.7%). The later sub-spin set generates the 195Pt 
satellites. Figure 4 compared the experimental and computer-synthesised spectra in 
this region between - 30 o C and 60 o C. The rate constants so obtained were used to 
calculate Arrhenius and Eyring activation parameters for the fluxionality: E, = 

71.32 + 0.63 kJ mol-‘, lo g,,A 15.34 * 0.11, AH* 68.91 k 0.65 kJ mol-‘, ASS 
40.7 + 2.2 J K-t mol-‘, and AG* 56.79 k 0.02 kJ mol-’ (at 298 K). 

The free energy of activation AG&, for the rearrangement of 2 is the lowest 
observed to date for a ligand pivot fluxionality of this type; some comparative data 
are given in Table 5. The trends observed in the activation energies of these 
fluxionalities have previously been related to the degree of conformational flexibility 
of the coordinated ligand [15]. For example, the greater flexibility of the complexed 
tetrathiacane ring, relative to the complexed trithiane ring, is thought to reduce the 
availability of the uncoordinated sulphur atoms for involvement in the ligand pivot 
fluxionality, resulting in an increased activation barrier. On the basis of this 
argument, the low activation barrier obtained for this fluxionality in 2 suggests a 
relatively inflexible ligand conformation in this complex, with the uncoordinated 
sulphur atom favourably positioned for participation in the fluxionality. 

Table 5 

AC&, data for ligand pivoting in some platinum(W) methyl complexes 

Complex A&s 
(kJ mol-‘) 

Reference 

2 56.19 
[(PtCIMe,),(SCH,SCH,SeHz)] 58.79 
[(PtCIMe,),(&H,SCH,SCH,SeH,)] 65.82 
[(PtClMe,),(MeSCH(SMe)SMe}] 71.65 
[PtClMe,{(MeS),CHCH(SMe),)] 98.01 

This work 
31 
32 
33 
34 



In contrast to the results obtained for 2. complexes 1 and 3 exhibit temperature 
invariant NMR spectra in the temperature range -- Ylo”C‘ TV\ * hO°C’. T~LIX. the 
presence of an uncoordinated sulphur atom in a complex 4 Ihis type appear\ tc> he 
essential for low energy 1,4metallotropic rearrangementi (0 tnk~ place. 
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