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AbStlM 

The complexes cis-[M(CO),(L-L)], fuc-[ReX(CO),(L-L)] and fuc-[PtXMq(L- 
L)], @I = Cr, MO, W; L-L = [(C,H,SCH,),Ru]; X = Cl, Br, I) have been synthe 
sised. A ‘H NMR lrtudy of their solution properties has shown that pyramidal 
inversion of the coordinated sulphur atoms is rapid on the NMR timescale at 
ambient temperature. At low temperatures (ca. - 90 a C) the motion is arrested and 
the tungsten complex exists as a mixture of meso and DL species in approximately 
equal proportions, whereas the rhenium complexes are predominantly (3 94%) in 
the meso form. Insolubility precluded low-temperature studies on the platinum 
complexes. Variable temperature bandshape analyses of the tungsten complex 
yielded a sulphur inversion (meso + DL) value of AG * (298 K) 32.0 f 1.0 kJ mol-‘. 
The massive predominan ce of one invertomer in the case of the rhenium complexes 
prevented a study of the sulphur inversion by bandshape analysis. The crystal 
structure of l,l’-bis(methylthio)ruthenocene tetracarbonyltungsten has been de 
&mined. The W-S bond lengths are 2.571(5) and 2.565(4) A, with a S-W-S bond 
angle of 81.1(l)‘. The cyclopentadienyl rings are eclipsed and the S-CH3 groups 
adopt a meso relationship. 

* Dedicated to Professor F.G.A. Stone on the occasion of his 65th birthday. 
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umn chromatography on neutral grade II alumina. A pale yellow band was observed 
on elution with hexane/benzene (l/l), and after removal of the solvent under 
reduced pressure this left a pungent-smelling, yellow, viscous oil. Yield 1.42 g, 
(51%). ‘H NMR data (CDCl, solution): 6 2.29(s), CH,S; 4.59(t), H(3,4) (ring 
protons); 4.76(t), H(2,S) (ring protons). 

Synthesis of complexes 
Each group of complexes was prepared in a similar fashion, the reaction time 

being the only variable. A typical example from each group is given below, and 
details of all the synthetic, analytical and infrared data are summarr ‘sed in Table 1. 

(i) Group 6 metal tetracarbonyl complexes. To a solution of [W(CO),(nbd)] (0.33 
g, 0.85 mmol) in hexane (50 cm3) was added BMSR (0.30 g, 0.929 mmol). The 
solution was stirred and refluxed for 55 h, the progress of the reaction being 
monitored by infrared spectroscopy. A dark green-brown suspension was formed, 
and this was filtered and the filtrate was evaporated to dryness. The resulting solid 
was washed with cold hexane (2 X 10 cm3), and then recrystallised from hexane/ 
dichloromethane (l/l) to give well-formed pale lemon-yellow crystals of cis- 
[W(CO),(BMSR)]. Yield, 0.129 g (25%). 

(ii) TricarbonyZrheniumfZ) halide complexes. To a solution of [ReCl(CO),] (0.27 
g, 0.75 mmol) in tetrahydrofuran (40 cm3) was added BMSR (0.28 g, 0.87 mmol), 
and the mixture stirred and refluxed for 20 h. The resulting pale yellow solution was 
filtered and evaporated to dryness. The solid was washed with hexane and recrystal- 
lised from hexane/dichIoromethane (l/l) to give off-white translucent crystals of 
fac-[ReCl(CO)3(BMSR)]. Yield, 0.305 g (65%). 

(iii) TrimethyZpZutinum(ZV) halide complexes. To a solution of [PtClMq(Me$),] 
(0.34 g, 0.85 mmol) in benzene (50 err?) was added BMSR (0.30 g, 0.93 mmol) and 
the mixture was refluxed for 16 h. To aid completion of the reaction, the benzene 
and the displaced MqS were removed under vacuum and replaced by fresh benzene 
(20 cm3). Refluxing was continued for a further 6 h, when the light-brown solution 
was filtered and evaporated to dryness. The off-white solid was washed with hexane 
(2 x 20 cm3) and benzene (2 x 20 cm3)_ The product was sparingly soluble in 
1,1,2,2-tetrachloroethane and attempted recrystallisation gave only an off-white 
powder of fuc-[PtClMe,(BMSR)]. Yield, 0.215 g (42%). 

NMR studies 
‘H and ‘95Pt-{1H} NMR spectra were recorded on a Bruker AM250 FT 

spectrometer, operating at 250.13 and 53.53 MHz, respectively. The spectra were 
recorded with CDCl,, CD&l, or C,D,Cl, solutions. ‘H chemical shifts are quoted 
relative to Me,,Si as internal standard, and the 195Pt chemical shift is quoted relative 
to Z(19’Pt) 21.4 MHz. 

A standard B-VT1000 variable temperature unit was used to control the probe 
temperature, with the calibration of this unit being checked periodically against a 
Comark digital thermometer. The temperatures are considered accurate to f lo C. 
Bandshape analyses were performed with modified versions of the program DNMR 
of Kleier and Binsch [16,17]. 

X-ray structure determination 
Crystal data for C16H1d04Ru$W M 619.32, triclinic, space group Pi, (Z 7603(l), 

b 14.668(2), c 9.0541) A, a 106.63(l), j3 103.91(l), y 77.31(1)O, U 926.6(2) A3, 



z=2, Q2.22Ogcm -3, F(OO0) = 584, A 0.71069 A, p (Mo-K,) 73.7 cm-i, crystal 
size 0.55 x 0.40 x 0.20 mm. 

Data collection. Unit cell parameters and intensity data were obtained by 
previously detailed procedures [18] on a CAD4 diffractometer using graphite-mono- 
chromated MO-K, radiation and an w-28 scan mode. A total of 3249 unique 
reflections were collected (3 < 28 5 50 o ). The segment of reciprocal space scanned 
was: h, -9-9; k, O-17; I, -10-10. The reflection intensities were corrected for 
absorption, using the azimuthal-scan method [19]; maximum and minimum trans- 
mission factors 1.00, 0.73. 

Solution and refinement of structure. The structure was solved by the application 
of routine heavy-atom methods (SHELX-84) [20], and refined by full-matrix least 
squares (SHELX-76) [21]. All non-hydrogen atoms were refined anisotropically and 
hydrogen atoms were not included in the final model. The final residuals R and R, 
were 0.025 and 0.028 respectively for the 217 variables and 3068 reflections for 
which F, > 6u(F0). The function minimised was Cw( 1 F, I- 1 F, I)‘, with the weight, 
W, being defined as l/[o’( FOj + 0.00005 I;,‘]. Atomic scattering factors and anoma- 
lous scattering parameters were taken from references [22] and [23], respectively. All 
computations were made on a DEC VAX-11/750 computer. A complete table of 
bond lengths and angles, and lists of thermal parameters and structure factors are 
available from the authors. 

Results and discussion 

The ligand BMSR reacts with [M(CO),(nbd)] (M = Cr, MO, W), [ReX(CO),] 
(X = Cl, Br, I), [(PtXMe,),] (X = Cl, Br, I) to yield the complexes cis- 
[M(CO),(BMSR)], fat-[ReX(CO),(BMSR)] and fat-[PtXMe,(BMSR)], respec- 
tively. Data for the preparation and characterisation of the complexes are listed in 
Table 1. The compounds were isolated as pale yellow or off-white crystalline solids. 
The Croup Vl compounds decompose on standing in air, but the Pt and Re 
compounds are air- and light-stable both in the solid state and in solution. All the 
compounds are less soluble in organic solvents than the corresponding ferrocene 
derivatives, the platinum compounds having the lowest solubility. 

Group VIA metal tetracarbonyl complexes 
NMR spectroscopy.. Complexes I, II and III were investigated by variable 

temperature ‘H spectroscopy and the data obtained are listed in Table 2. 
Low temperature data for the chromium and molybdenum complexes (I and II) 

could not be obtained because of separation of the compounds from solution at ca. 
- 100 “C. At this temperature the species were still undergoing exchange broad- 
ening and hence the low-temperature limiting spectra could not be obtained. 
Complex III was studied in some detail. At - 90” C the spectrum indicated the 
presence of two solution species of very similar populations. In the ring methine 
region the situation was similar to that observed for l,l’-bis(methylthio)ferrocene 
(BMSF) and l,l’-bis(methylseleno)ferrocene (BMSEF) complexes [3] except that all 
the siguals were of approximately similar intensity. Two sets of ABCD spin systems 
could be identified. When the temperature of the sample was raised, certain bands 
within the two sets underwent exchange broadening until two averaged signals 
consistent with an AA’BB’ spin system were observed at room temperature. These 
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Table 1 

Synthesis and characterisation of the complexes [ML,(BMSR)] (ML, = Cr(CO),, Mo(CO),, W(CO),, 

ptxM%, Rex@&) 

Complex Reaction Yield a Melting 
Time (46) point 

(h) (“0 

*(CO) b 

(cm_‘) 

Analyses 
(Found (cakd.) (X)) 

C H 

cti-[Cr(CO),(BMSR)] 40 35 

(1) 
cis-[Mo(CO),(BMSR)] 40 23 

(II) 
cis-[W(CO),(BMSR)] 55 25 

(III) 
fat-[PtClMe,(BMSR)] 22 42 

(Iv) 
fnc_IPtBrMe,(BMSR)] 22 34 

jkc-$$(BMSR)] 22 30 

fuc[ReCl(CO),(BMSR)] 20 65 

PII) 
fat-[ReBr(CO),(BMSR)] 20 51 

(VIII) 
foc-[ReI(CO)s(BMSR)] 60 55 

0x1 

llO-115(dec.) 2017(m) 19Oqvs,br) 39.6 
1856(s) (39.4) 

115-12qdec.) 2026(m) 1913(vs,br) 36.0 
1858(m) (36.2) 

173-175 202qm) 19Oqvs,br) 30.5 
1855(s) (31.0) 

215-22qdec.) 30.1 
(30.1) 

215-22qdec.) 28.5 
(28.0) 

225-23o(dec.) 26.0 
(26.1) 

206-208 2031(s) 1934(m) 28.8 
1895(s) (28.6) 

174-176 2033(s) 1936(m) 26.8 

1899(s) (26.8) 
210-212(dec.) 2031(s) 1936(m) 25.1 

1900(s) (25.0) 

(G) 
(:%) 
,:::, 
(::i) 
(E) 
(:::) 
,Z) 
(E) 
(Z) 

* Yields quoted relative to [M(CO),(nbd)], [PtXMq] and [ReX(CO),], respectively. b Recorded in 
CH,& solution, m, medium; s, strong; vs, very strong; br, broad. 

spectral changes may result from pyramidal inversion of the coordinated sulphur 
atoms and/or reversal of the SM(CO),S part of the psuedo six-membered 
ruthenocenophane ring. If either or both of these processes are slow on the NMR 
timescale, four invertomers can exist, namely, mew1, meso-2, and a DL degenerate 
pair. The interrelationship of these species is shown in Fig. 1. 

Table 2 

‘H NMR parameters for the complexes [M(CO),(BMSR)] in CD@, at ambient and low temperatures 

Complex Temperature Solution Invertomer Chemical shift Chemical shift 

No. M (‘C) species pOpUhtiOll 

(56) 

S-Me protons 

(8) 

ring protons 

(8) 

I Cr 30 
II MO 30 
III w 30 

meSO/bl loo 2.64(s) 5.07 4.69 a 
meSO/DL loo 2.69(s) 5.05(t) 4.71(t) 
fneSO/DL 100 2.88(t) [2.4] = 5.07(t) 4.74(t) 

III w -90 

III w -90 

DL 48 

meso 52 

2.77(s) 
4.97 4.94 b 
4.64 4.65 
5.10 4.90 
4.77 4.52 

a Broadened signals due to slight paramagnetism. b Signals not resolvable. ’ 3J(wH) values in Hz, s, 
singlet; t, triplet. 
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‘1.n/s2, 

DL mso-2 

Fig. 1. Graph diagram showing 
[M(CO),((~H,SCH,),~~)l. 

RR = Bride Reversal 

S, S2” Pyramidal S 
Inversion 

the relationships of the static invertomer species of 

For the reasons outlined in the study of the BMSF and BMSEF complexes [3], 
rapid bridge reversal can be assumed, and hence there is a rapid interchange 
between adjacent structures of the front and rear faces of the cube diagram, Fig. 1. 
It follows that the bandshape changes are entirely due to sulphur inversion inter- 
changing bridge reversal-averaged meso and DL species. The degenerate DL pairs 

wiU thus be observed as psuedo-planar -S-M-S- bridge structures, whilst the 
meso-l structure will be highly favoured over meso- owing to the steric interaction 
of the S-methyls, both with each other and with adjacent ring protons in the latter 
invertomer. Sulphur inversion thus leads to an exchange of species as shown. 

(meso-l/mesa-2) F @L/“L) 

= meso-l 

(DL/DL) = (meso-2/mesa-1) 

= meso-l 

The two sets of signals in the low-temperature spectrum can be attributed to 
these two conformationally-averaged species. The relative populations of the in- 
vertomers were found to be 52/48; meso@. The meso structure is suggested to be 
the more populous for several reasons. Firstly in the analogous BMSF and BMSEF 
complexes, the meso invertomer signals in the Emethyl region always lie to higher 
frequency of the DL signals. For complex III the signal at 6 2.81 is of higher 
intensity than the signal at 6 2.77. Secondly, in the ring-methine region, the meso 
configuration always gives rise to a signal at considerably higher frequency than any 
of the others. This is also the pattern for III for the more intense set of signals. 
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M/M meso-l 

Fig. 2. ‘Ike bridge reversal-averaged invertomers of complex III showing the mcthine proton labelling. 

Finally in the crystal structure of III (see later) the memo configuration of the 
S-methyls is adopted. 

Although it was only possible to study the tungsten complex in detail, it is 
interesting to note the effect of the ruthenocenyl backbone on the relative popula- 
tion of invertomers. For the BMSF and BMSEF complexes the DL invertomer was 
greatly favoured over the meso structure [3]. With the increased inter-ring distance 
of the ruthcnocenyl moiety compared with the ferrocenyl species (3.68 A [24] versus 
3.32 A [25]) the meso structure is now slightly more favoured. This change is 
presumably associated with a reduction in the steric hindrance of the S-methyls and 
ring protons in the meso structure. 

Dynamic NiUR studies. The energetics of pyramidal sulphur inversion were then 
investigated for complex III by using the ring-methine protons as the structural 
probes. The labelhng scheme is as shown in Fig. 2. Each solution species consists of 
an g-spin system, but by following the procedure adopted in the study of the BMSF 
complexes [3], this can be simplified to two sub-systems of single spins exchanging 
between four different chemical configurations, i.e: 

meso A z== EDL mesoc Y GDL 

II II + II II 

DL F w Bmeso DL H e D meso 

Identification of the two sets of four exchanging signals was achieved by 
observation of the exchanges in the variablstemperature spectra, from which it was 
clear that the four higher frequency ring-methine signals exchange and coalesce 
together as do the four lower frequency signals (Fig. 3). Thus there is a distinct 
separation and no overlap of the two sets of exchanging signals. Precise assignment 
of some of the signals within the sets was not possible, but the correct separation of 
the eight signals into the two exchanging sets essential for bandshape analysis was 
confirmed by the excelIent fits obtained between experimental and theoretical 



Fig. 3. The experimental (left) and computer syntheaised ‘H NMR spectra (metbine region) of 
[W(CO),(BMSR)] showing the ‘beat fit’ rate constants for each temperature. 

spectra (Fig. 3). The analysis was performed in the temperature range -90 to 
- 60 O C and the activation parameters obtained are listed in Table 3. 

The AG ’ (298 IC) value found for III is identical within experimental error to that 
found for the analogous complex [W(CO),(BMSF)], namely 32.0 f 1.0 and 31.5 f 
0.6 kJ mol-’ respectively. Thus it appears that the introduction of the ruthenocenyl 
fragment into the complex does not significantly affect the sulphur inversion 
barrier. Features that affect sulphur inversion, such as strengths of bonds and 
electron density around the inverting atom do not appear to be changed by the 
ruthenocenyl group, possibly because of its relative remoteness from the inverting 
sulphur atoms. Large values of log& and AS + are again observed [3,4,5], which 
are interpreted as indicating the presence of a rapid ring conformational process. 

X-ray crystulZogruphy 

Atomic parameters for the crystal structure of [W(CO),(BMSR)] are given in 
Table 4. A view of the molecule drawn with the program ORTEP [26] and showing 

Table 3 

Arrhenius and Eyring activation parameters for pyramidal sulphur inversion (meso --) DL) in complex III 

Complex E. logmA AH+ AS* AG ’ (298 K) 
(W mol-‘) (kJ mo1-1) (J K-’ mol-‘) (kJ mol-‘) 

III 60.7f2.0 17.8 f 0.5 59.0 l 2.0 90.7 f 9.9 .32.0+1.0 
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Table 4 

Fractional atomic cmrdinates ’ ( X 104) for [W(CO),(BMSR)] 

x Y Z 

W 951.8(3) 2646.0(2) 1460.1(3) 

&I 

-2S71.9(6) 2215.5(3) - 3154.3(5) 
- 952(2) 3941(l) 56(2) 

s(2) 18260 1884(l) - 1245(2) 

o(l) -2192(g) 1478(S) 1210(7) 

o(2) 3547(7) 1093(4) 3055(8) 

o(3) 74(8) 3784(4) 4764(6) 
o(4) 4318(8) 3760(5) 2290(7) 
c(1) - 1113(9) 1903(5) 1205(8) 

c(2) 2576(9) 1689(5) 2449(8) 
c(3) 393(9) 3359(5) 3497(8) 

c(4) 3077(9) 3367(5) 1929(7) 

c(5) - 2167(10) 4905(5) 1389(9) 

c(6) 3621(9) 836(5) - 1199(10) 

c(7) - 2811(7) 3580(4) - 1439(7) 

CX8) - 3132(9) 3757(4) - 2%8(8) 

q91 - 4724(9) 3360(5) - 3869(9) 

CoOI - 538q8) 2915(S) - 29039) 

Cm -418q8) 306x41 - 1372(8) 

c(l2) 88(7) 1395(4) - 2759(7) 

c(13) - 2m8) 1537(4) - 4308(7) 

c(14) - 1832(8) 1080(5) - 517q8) 

c(l5) -2389(S) 65x4) -4189(S) 

c(l6) - 1201(8) 834(4) - 267q8) 

u Eds, given in parentheses, are applicable to the least @ifkant digits. 

the numbering scheme adopted is shown in Fig. 4. This displays the expected cis 
octahedral coordination for W, the chelating nature of the ligand, and the meso 
relationship of the S-CH, groups. Bond distances and selected bond angles are 
given in Tables 5 and 6, respectively. 

The ruthenium to carbon distances range from 2.156(S) to 2.202(8) A and are 
comparable to values reported for other ruthenocene derivatives [27,28]. The 
carbon-ybon distances in the cyclopentadienyl rings vary from 1.408(10) to 
1.457(10) A and the C-C-C bond angles within the two rings vary from 106.5 to 
109.6O. Differences in the exocychc C-C-S bond angles, means 122.8 and 127.8O, 
are also observed. Tbis is a structural feature which is common to sulphur and 
selenium ferrocenophanes and ruthenocenophanes of this type [29]. The W-S bond 
lengths are 2.571(5) and 2.565(4) A, al v ues comparable to those found in other 
compounds which contain tungsten(O) bonded to sulphur [30,31]. 

Inspection of the bond angles at W (Table 6) shows that there is considerable 
distortion from a regular octahedral structure at W, the principal deviations involv- 
ing the angles S-W-S, at 81.8(1)O, C(l)-W-S(l), at 97.1(3)’ and C(l)-W-S(2), at 
98.4(3) O, compared with the ideal value of 90 O. The W-C distances truns to S at 
1.930(g) and 1.937(9) A are shorter than the corresponding distances cis to S at 
2.035(g) and 2.018(g) A. This effect has been observed in other metal-sulphur 
bonded derivatives of the Group VI carbonyls, [31,32] and has been attributed to 
competition of the truns carbonyl ligands for the electron density from the W atom. 
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6 

Fig. 4. A view of the X-ray crystal structure of [W(CO),(BMSR)]. 

In the crystal studied the S-CH, groups adopt a meso relationship, although in 
solution at low temperatures, as indicated by NMR measurements, the meSO and DL 

conformers are found to be of approximately equal abundance (Table 2). 

Table 5 

Bond lengths (A) a for (W(CO),(BMSR)] 

w-w 
w-w 
c(3)-w 
c(7)-Ru 
C(9)-Ru 
c(ll)-Ru 
c(13)-Ru 
c(H)-Ru 
c(5)-s(l) 
c(6)-s(2) 
c(l)-o(1) 
c(3)-o(3) 
q8)-0 
c(9)-CJ8) 
c(ll)-WO) 
W6)-c(l2) 
Cm-c(l4) 

2.571(5) 
2.035(9) 
1.937(9) 
2.156(8) 
2.196(8) 
2.186(8) 
2.163(7) 
2.202(8) 
1.815(8) 
1.82q8) 
1.135(8) 
1.192(9) 
1.435(10) 
l-426(10) 
1.450(10) 
l-440(9) 
1.408(10) 

w-w 
C(Z)-w 

c(4)-w 
C(8)-Ru 
c(lO)-Ru 
c(lZ)-Ru 
C(14)-Ru 
C(16)-Ru 
c(7)-s(1) 
c(l2)-s(2) 
cx2)-o(2) 
c(4)-o(4) 
Cm-C(7) 
c(lO)-c(9) 
w3)-c(l2) 
c(l4)-c(13) 
W6)-c(15) 

2.565(4) 
1.930(9) 
2.018(8) 
2.172(8) 
X191(8) 
2.120(7) 
2.182(8) 
2.178(8) 
1.763(8) 
1.767(8) 
1.187(9) 
1.145(9) 
1.438(9) 
1.457(10) 
1.43q9) 
l&2(10) 
1.442(10) 

a Ekd’s, given in parentheses, are applicable to the least significant digits. 
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Table 6 

Selected bond angles (“) a for w(CO),(BMSR)] (III) 

W-W-s(2) 
c(l)-W-s(l) 
c(2)-w-w 
q3)-w-w 
q4)-w-w) 
c(J)-W-c(l) 
c(3)-w-c(2) 
(x4)-W-c(3) 
o(2)-c(2)-w 
o(4)-c(4)-w 

81.8(l) 
97.1(3) 

174.7(2) 
94.33) 
87.1(3) 
87.7(4) 
88.6(4) 
88.3(4) 

178.8(6) 
175.4(6) 

w-w-w 
WkW-s(z) 
c(3)-w-s(2) 
c(4)-w-s(2) 
c(4)-w-c(1) 
c(s)-w-c(2) 
c(2)-W-c(1) 
o(l)-c(l)-w 
0(3)-c(3)-W 

c(5)-w-w 
c(7)-w-w 
CX8)-c(7)-s(l) 
c(ll)-c(7kW 
Wl)-Whc(8) 
q9)-c(8)-c(7) 
WO)-c(9kc(8) 
c(ll)-c(lO)-q9) 
wOv-m)-~7) 

110.7(4) 
115.9(3) 
122X(6) 
127.6(6) 
109.6(6) 
107.50 
108.4(7) 
107.7(7) 
106.8(7) 

c(‘Wo)-W 
C(lZ)-s(2)-w 

c(l3)-c(l2w2) 
c(l6)-c(l2)-s(2) 
c(16)-C(12)-C(13) 
C(14)-C(13)-c(12) 
q15)-q14)-q13) 
c(16)-c(15)-c(14) 
C(M)-C(16)-C(12) 

98.4(3) 
94.9(3) 

173.1(2) 
85.9(3) 

174.4(2) 
88.4(4) 
87.6(4) 

173.2(6) 
178.7(7) 

111.3(4) 
116.2(3) 
122.8(6) 
127.9(6) 
109.2(6) 
106.5(6) 
109.1(7) 
108.6(7) 
106.5(7) 

B Esd’s, given in parentheses, are applicable to the least signitkant digits. 

Figure 4 shows that the cyclopentadienyl rings are, within the limits of error, 
planar and also parallel. The dihedral angle between the rings is very small, as was 
also the case in the [W(CO),(BMSEF)] and [ReCl(CO),(BMSF)] complexes. There 
is some displacement of the S atoms from the planes of the rings to which they are 
attached, towards the Ru atom, giving a non-bopded S-S separation of 3.364 A 
compared with the C(7)-C(12) distance of 3.538 A 

Tricarbonylrhenium (I) halide complexes 
Ambient and low-temperature ‘H spectra were recorded for the complexes VII, 

VIII, and IX. The chemical shift and invertomer population data are given in Table 
7. The invertomer populations were deduced from the number of signals in the ring 
methine and S-methyl regions of the spectrum. For VIII and IX the single 
S-methyl signal and the four strong signals of equal intensity in the ring-methine 
region indicate the presence of only a meso form at low temperatures, whereas for 
VII, the appearance of two weak S-methyl signals at S 2.95 and 2.67, suggests the 
presence of a trace of a DL invertomer. 

As found for the Group 6A metal BMSR complexes, the invertomer populations 
are greatly changed compared with those for the analogous BMSF and BMSEF 
complexes [5]. For VII, VIII and IX a meso invertomer is overwhelmingly favoured 
over the DL structures, and the halogen dependence of invertomer populations 
which is usually observed in ReX(CO), species [33,34,35] appears to have been 
completely lost. It appears that the increased inter-ring distance of the metallocenyl 
fragment results in a meso structure, presumably mew-l, which is greatly favoured 
over the DL forms. The massive predominance of a single meso invertomer pre- 
cluded investigation of the dynamic behaviour of these complexes. 
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Table 7 

‘H NMR shifts for the complexes [ReX(CO)a(BMSR)] in CD$ZI, solution at ambient and low 
temperatures 

Complex Temperature solution Invertomer ChemicaI shift Chemical shift 

No. X (“C) species population S-Me protons ring protons 

(W (8) (8) * 

VII cl 30 meso/DL 100 2.93 
5.26 5.19 
4.89 4.71 

VII Cl -80 meso 94 2.91 
5.25 4.87 
5.13 4.65 

VII CI -80 DL 6 2.95 2.67 b 

VIII Br 30 meSO/DL 100 

VIII Br 

VIII Br 

-80 meso 

-80 DL 

IX I 30 

IX I -80 

c 

c 

meSO/DL 100 

meso -100 2.92 

2.95 
5.28 5.18 
4.98 4.70 

2.92 5.22 4.84 
5.12 4.63 

2.74 b b 

5.28 4.93 
5.17 4.70 
5.21 4.85 
5.12 4.62 

IX I -80 DL -0 
b b 

a Signals show weak muhiplet structure in most casea. b DL signals not observed due to low intensity and 
overlap. ’ Populations not determined due to overlap of meso and DL species. 

Trimethylplatinum(IV) halide complexes 
Investigations of the structures and possible dynamic behaviour of complexes IV, 

V and VI were severely curtailed by the insolubility of the materials. They were 
sparingly soluble in deutero-1,1,2,2-tetrachloroethane, but only ambient temperature 
‘H spectra could be recorded, when any spectral changes attributable to pyramidal 
sulphur inversion are complete and signals arise from averaged me%O/DL intercon- 
verted species. The ‘H spectral parameters are listed in Table 8. The coupling 
constants show a good correlation with those found for analogous BMSF complexes 
[4], as do the chemical shifts, except in the ring-methine region where the signals are 
shifted downfield by - 0.3-0.4 ppm. 

Table 8 

‘H NMR data for the complexes [PtXMq(BMSR)J in (CDC12)a 

Complex Temperature Invertomer Chemical shift Chemical shift Chemical shift 

- (“Cl No. X 
Pt-Me protons !&Me protons ring protons 

(8) (8) (8) a 

IV Cl 30 meso/DL 
1*17(t) [71.7] b 

2.58(t) [13.2] = 
5.42 4.88 

1.11(t) I71.11 b 4.74 

V Br 30 
1.26&j [71.6] b 5.45 4.90 

mt’so/DL 
1.21(t) [70.4] b 

2.62(t) [13.8] = 
4.71 

VI I 30 meso/DL 
1.38(t) [72.4] b 5.50 4.89 
1.35(t) [71.9) b 

2.67(t) [13.9] = 
4.71 

’ Signals show weak muhiplet structure in most cases. b ‘J(PtH) values in Hz. ’ >(PtH) values in Hz; t, 
triplet. 
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A proton-decoupled 19%t spectrum of IV at -50°C in (CDCl,), was recorded 
and a single chemical shift 6 2465 (relative to E(19’Pt) 21.4 MHz) was observed. In 
the case of F%XMe,-BMSF and -BMSEF complexes the DL invertomer is always 
preferred to the meso, by not less than 90/10, but with BMSR complexes the 
invertomer populations are expected to be more evenly balanced. Nevertheless the 
DL invertomer is likely to be the dominant species and hence the 195Rt signal is 
attributed to this species. The value of S 2465 can be compared with that of 1597 
for the DL invertomer of the very similar corn&$x [PtClMq(BMSF)] [4]. The high 
frequency shift of 868 ppm is not unusual in Pt spectra, in which the chemical 
shifts are known to be extremely sensitive to electronic and’ steric effects and to 
cover an extremely wide range of values [36,37]. In the case of IV it is clearly the 
replacement of iron by ruthenium in the backbone that has produced the change in 
chemical shift. 

In conclusion it is obvious that in so far as we were able to perform detailed 
measurements on the BMSR complexes, the sulphur inversion energy was found to 
be virtually unaffected by a change from a ferrocenyl to a ruthenocenyl backbone 
for the l&and, but in contrast the relative proportions of the invertomers are 
strongly influenced. 
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