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X-ray structures of dimethylthallium(III) derivatives, [ (CH, )2TlX] 2 (X = 
OCJ& , OCs&C1-o, SCBHs ) confirm their formulation as discrete dimers. There 
is no apparent correlation between the C-TI-C angle (< 17” deviation from 
linearity) and the thallium-205-carbon and thallium-205-proton spin-spin 
coupling constants. 

An important feature of the chemistry of diorganothallium(lI1) derivatives, 
R,TlX, is their tendency to dimerise when the anion X is a good bridging group 
[ 1 J . Molecular weight determinations in benzene indicate the presence of dimers 
for X = N(CH3)2, SCH3, SeCH, 121, OCBHS, SCBHg, and OC,&Cl-o [3]_ ‘Hand 
205 s203 Tl NMR studies [ 41 have unambiguously confirmed the existence of 
dimeric species for X = O&H5 and N(CH3)a in toluene. In the absence of de- 
tailed structural information, it has been generally assumed [l] that the environ- 
ment around the thallium atom in these dimers approaches regular tetrahedral 
coordination (A). Since knowledge of the structures of such species are essential 
to the interpretation of the NMR spectra of dimethylthallium(II1) derivatives [ 51, 
the single crystal X-ray structures of three of these compounds (X = OC6Hs, 
OC&l&Clq &d SC,HS ) have been determined. 

Dimethylthallium(IH) phenoxide (I), ortho-chlorophenoxide (II) and thio- 
phenoxide (III) were prepared by methods similar to published procedures [3,6] 
and recrystallkd from benzene/hexane, cyclohexane, and benzene respectively. 
The cry&llographic data for I, H, and HI are summarised in Table 1, and their 
molecular struci%res are-shown in Fig. 1, 2, and 3 respectively. 

All three molecules have discrete dimeric structures with closest intermolecular 
contacts; 1, Tl-T14.26; I$ Tl-C(phenyl) 3.64; III, Tl-S 3.40 A. However, the 



TABLE 1 

CRYSTALLOGRAPHIC DATA 

I II 

a <A) 10.056 8.107 
b <A) 11.434 16.899 

c (A) 15.833 15.163 

S(“) 92.17 108.30 
V (A3) 1819.2 1572.8 

crYstai system MonocEnic Monocl.inic 

SPace IZOUP B 2, P2, In 
D, ts cm-3) 2.30 
D, k cm-3) 2.39 244 
z for dimes 4 4 
No. of 

reflections 999 976 

10.536 
11.510 

7.674 
95.85 

925.8 
&IonocliEic 

P2,lc 

2.46 
2 

783 

Ita 2-O 3.0 3.0 
R 0.11 0.049 0.049 

Anisotxopic Tl Tl and Cl TlandS 

F*- 1. The ~Cfaxr= of I- The P*CiPaI bond len.cths ~vem&~e TI(l)-O<l). Tlf2)-0(2) 2.37(S); TI(l)-G(2), 
T1(2)_0(1) 2.36<10); Tl-CH, 2.20(7) A. 

thiol ligand in III forms relatively weak bridging bonds, ‘i’l-S’ 2.99 A, but this 
length is well within the sum of the Van der Waals radii for thallium and sulphur, 
estimated as approximately 3.6 W from the reported values~for mercuq [7] and 
sulphur [8] . The non-standard qace group B 21 is used for I to emphasise its 
near orthorhombic symmetry i-n which there is a pseudo. mirror plane perpendic- 
ular -to the CL axis. The deviation from m symmetry is due to slight G.&g of the 
phenyl rings. The dominance of the thallium atoms in this situatiori has pre- . . 
vent& satiifactory refinement of the light atom parameters but the m_ain 
features of the structure are well established. Both I &d II have almost p&mar co- 
ordination round the biid&g oxygen atoms which is consistent with cqnsider- 
able Ir-character in the C-O bonds---In con&.& qch bridging sulpl&r atom + III 



Fig. 2. The structure of Ii. The principal bond lengths average Tl(l+O(l). T1(2)--0(2) 2.43(1);TI(1)--0(2), 
T1(2)--0(1). 240(1);T1(1)--C(1),Tl(lP-C(2).T1(2)--C(3). Tl(2PCX4) 2.14(2): O(1)--c(ll). 0(2W(21) 

1.3x2m& 

Fig. 3. The centrosynxmetric structure of III. The principal bond lengths are Tl-S 2748(S). Tl-S’ 2.991(S). 
Tl--C(l) 2.10(3). Tl-C(2) 2.11(3). S-C(ll) 1.78(l) A. 

has the pyramidal coordination expected for a Group VIB atom with a non- 
bonding electron pair (Fig. 3). In all three structures the four bridging atoms are 
coplanar within experimental error. The structures of II and III are centrosym- 
metric (III has exact crystallographic Ci synimetry), with the respective phenyl 
rings parallel, whereas the symmetry of I is approximately Cz U with the two 
phenyl rings almost perpendicular to each other. 

An important feature of all three structures is the near linearity of the di- 
methylthalkm units {Table 2). Clearly the coordination around each thallium 
atom does not approximate to regular tetrahedral geometry and is better en- 
visaged as distckted trigonal bipyrzknidal with axial methyl groups and a vacant 
equatorial coordination site. There are no close contacts with other molecules so 
that the large C-Tl-C angles cannot bi: explained by intermolecul.ar interactions. 
It is therefore-reasonable to assume that these large angles are due to internal 
bonding factors and will have similar values in non-polar solvents where molec- 
ular weight data [S] indicate that the dimeric structures are maintained. 

We have extended the ‘H NMR measurements [3] for I and II in non-polar 
solvents. The line widths of the fzhallium-coupled methyl resonances for both I 
and II show similar- temperature dependent behaviour in toluene; as the tempera- 
ture is lowered from 90” to -7O”, the line widths increase from ea. 5 Hz to a 
ma%imum of ca. 30 Hz around O”, followed by a decrease as the lower tempera- 
ture is approached. This pattern is similar to that found for (CHJ )2T10C2Hs 1.95 

TABLE 2 

C-TI--c +NGLES AND COUPLING CONSTANTS IN <CR,),Tl UNITS 

I II II1 (CH,),TlNO, in Hz0 

C-T1-C angle0 (“) 166.2(10) 163.5<9) 180b 
aJ(‘osTI--‘I.Qc (Hz) 13:zd 385& 355d.e 4lOizf 
1 J(‘O”TI_‘3C)C (Hz) 2556k10dvf 251SL4d 2478+3f 

%s.d. given in parentheses. *TR and Raman data are consistent with a linear C-Tl-C unit [lo]. eIn 
toIuene sohztion except as noted_ dSignals broadened swzh that separate coupling to zosT1 .znd “‘TI w&s un- 
resolved. eData from ref. 3. fData from ref. 5. 
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and explained [4] in terms of an equilibrium between exchaneg monomeric 
and dimeric molecules. Low solubility precluded similar studies on III. 

The values of 2J(205 Tl- .* H) for I, II and III shown in Table 2 are lower than 
the values (> 400 Hz) found for (CHs)2TIY (Y = anionic species) in polar sol- 
vents [5]_ In contrast the values of 1J(205T1-*3C) are larger than that for 
(CH3)zTlN03 in H,O. Previously the lower values for 2J(20STl-1H) have been 
attributed [3] to a reduction in the s-character of the Tl-C bonds as t]he 
C-‘Ii-C angle deviates from 180”, an argument based on the assumption of the 
dominance of the Fermi contact term_ Recent work [ll] has shown that al- 
though there is a good correlation between the s-character in the T1-C bond and 
both 1J(205Tl-13C) and 2J(“oSTl-* H) for gross geometrical changes in the series 
RTl* +, R2T1+, and R3Tl, there is a lack of detailed correlation when smaller 
changes are considered. The present results indicate no obvious relationship 
between measured bond angles and coupling constants and emphasise a severe 
limitation on the use of these coupling constants es structural probes for di- 
organothallium(III) derivatives_ 
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