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Carbon-13 and proton NMR spectra have been determined for organothal- 
lium(HI) derivatives of the types RTIXz and R,TlX (R = (CH,)&CH, or 
(CH3)$iCH2; X = Cl, Br or O&CH(CH&). The dependence of coupling of 13C 
and lH to thallium on the number and nature of R groups is discussed in terms 
of the Fermi contact mechanism for spin-spin coupling_ 

The crystal structure of [(CH3)3SiCH2]2TlCl has been determined. The 
compound crystallises in the monoclinic space group PZJn, with Q 10.618, b 
24.492, c 6.017 A, 0 99.76”. The molecule is dimeric with each four-coordinate 
thallium atom bonded unequally to-two bridging chlorine atoms. The C-T&C 
angle is 168”. 

Introduction 

As part of a detailed study of NMR parameters of organothallium com- 
pounds [l-3] we have determined i3C and ‘H NMR spectra for neopentyl- and 
trimethylsilylmethyl-thallium(H1) derivatives of the types RTIXl and RITIX 
(X = anion). We report here the dependence of chemical shift and coupling to 
thallium on silicon substitution, on the number of alkyl groups attached to 
thallium, and on the position of coupled C and H atoms in the alkyl groups. 
Proton NMR spectra have previously been determined for a wide variety of 
alkylthallium(III) compounds [4] but reports of 13C NMR parameters have 
been limited to methyl derivatives [l-6]. 
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Molecular weight determinations [ 71 indicate that [ (CH,),CCH&TlCl and 
[(CH&SiCHJ2TlCl are dimeric in CHC13 solution and the IR spectra of the 
trimethylsilylmethyl compound suggest that the C-Tl-C unit is bent in the 
solid state and in solution [S] . The single cry&al X-ray structure of 
[(CH,),SiCH,],TlCl has been determined in order to confirm the dimer formu- 
lation and quantify the geome&y of the C-‘IY-C unit. 

Experimental 

Preparation of bis(trimethylsilylmethyl)chlorothallium(III). This com- 
pound was previousiy prepared by reaction of lithiomethyltrimethylsilane with 
thallium(II1) chloride [7,8]. The Grignard reagent was employed in the present 
work. A solution of trimethylsilyhnethyhnagnesium chloride [9], prepared 
from trimethylsilylmethylchloride (20.2 g; 0.16 mol) and magnesium (4.0 g; 
0.17 mol) in dry diethyl ether (75 cm3), was cooled to -15°C. Thallium(III) 
chloride [lo] (18.5 g; 0.06 mol) in dry Et20 was added with stirring during 
1 h. The reaction mixture was allowed to warm to room temperature and 
stirred for a further 2.5 h. Hydrolysis with aqueous ammonium chloride solu- 
tion, followed by stirring for 0.5 h and subsequent filtration, gave 25.8 g of 
crude product. Recrystallization from chloroform gave colourless needles 
suitable for single crystal X-ray analysis. (Found: C, 23.3; H, 5.2. CsH&&TlCl 
calcd.: C, 23.2; H, 5.3%). 

Preparation of bis(trimethyisilylmethyl)isobutyratothallium(III) [7,8]. This 
was prepared by refluxing (3 h) equimolar amounts of bis(trimethylsilyI- 
methyl)chlorothallium(III) and isobutyratosilver(1) in methanol. Filtration, 
evaporation and subsequent recrystallization from methanol gave the product 
as colourless needles. (Found: C, 30.9; H, 5.9. C12H2902SitTl calcd.: C, 30.9; 
H, 6.2%.) 

Preparation of trimethylsil~lmethylbis(isobutyrato)thallium(III). This was 
prepared as previously repcrted [7]_ (Found: C, 30.9; H, 5.4. C12H2504SiTl 
calcd.: C, 30.9; H, 5.4%.) ‘Hand 13C NMR spectra showed the presence of a 
small amount of impurity. 

Preparatior of bis(neopentyl)chlorothallium(III) [7]_ This compound was 
prepared from neopentylchloride and thallium(III) chloride in a similar way to 
that described above for the trimethylsfiylmethyl analogue. Recrystallisation 
from pyridine gave colourless needles. (Found: C, 31-6; H, 5.7. C,,H,,TlCl 
calcd.: C, 31.4; H, 5.8%.) 

Preparation of bis(neopentyl)isobutyrat~thallium(III). This compound was 
prepared by an analogous method to that described above for the trimethyl- 
silylmethyl derivative. (Found: C, 38.8; H, 6.7. C14H29T102 calcd.: C, 38.8; 
H, 6.7%.) 

Preparation of neopentyIbis(halo)thallium(III) [ll]. Equimolar amounts of 
bis(neopentyl)chlorothallium(III) and pyridinium perbromide were reacted in 
CH,Cl, [ 111. tiaporation to low bulk followed by filtration and evaporation 
of the filtrate to dryness gave a pale green solid which was washed with pet. 
ether and dried under vacuum. ‘H NMR spectra of the products of a number of 
separate preparations indicated the presence of some RITIX impurity (up to 
ca. 30%). 
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Preparation of neopentylbis(isobutyrato)thaZliutn(III). This compound was 
prepared in situ in an NMR tube by a similar method to that reported 173 for 
the analogous trimethylsilylmethyl compound. ‘H NMR indicated that the 
reaction proceeded to ca. 60% completion. 

Microanalyses were carried out by the Butterworth Microanalytical Service. 

NMR Spectra 
Proton spectra were recorded on a Perkin Elmer R12B NMR spectrometer at 

60 MHz using internal TMS lock and a frequency counter for measurement of 
signal positions. Assignments were generally obvious. In some cases pairing of 
components arising from *osTl-lH spin-pin coupling was confirmed by 

double resonance experiments using the general nuclear Overhauser effect 
WI- 

Carbon-13 spectra were obtained at 22.63 MHz and 45.28 MHz on Bruker 
HX 90E and WH180 spectrometers respectively. Relative signs of ‘J(Tl-C) 
and *J(Tl-H) in bis(neopentyl)cblorothalIium(III) were obtained by selective 
13C- {‘H} experiments. Assignments of broad band 13C- {‘H} spectra were un- 
ambiguous except for trimethylsilylmethylbis(isobutyrato)thallium(III) which 
was assigned by comparison with the coupled spectrum. Spectra were referenced 
to internal TMS and the deuterium resonance of the solvent was used as lock_ 

Crystallography 
Measurements were made on a Philips PWllOO four circle diffractometer 

with graphite monochromated MO-;I, radiation (X 0.7107 A). Cry&l data are 
given in Table 1, together with other experimental details. The structure was 
solved using standard Patterson methods with SHELX76 [13]. The molecular 

TABLE 1 

CRYSTAL DATA AND EXPERIMENTAL DETAILS FOR {[<CH~)JS~CH~I~TIC~}Z 

Crystal system hIonocIinic Crystal size (mm) 
Space group P21ln Scan method 

(1 <A> 10.618 (3) 
b <A) 24.492 (5) 
c (-9) 6.017 (2) 
P<“> 9996 (3) 
v <X3) 1542.1 (23) 

Maximum sin 0 /h 
Absorption correction 

2 4 Atomic scatt&ing factors 

FCOOO) 
~<Mo-Ko)(mm-I) 
Formula weight 
Weighting scheme. w 

784 
10.342 

414 
2x137/ 

[o*<F*) -i. 
3.81 X 104F21 

No. reflections F > 6o(F) 1703 
No. p arameters 71 
Refinement scheme FulI matrix on F 

Final R factors 

RF 
Rw 

Standard reflections 
0.080 
0.087 

0.29 X 0.16 X 0.13 
8-20.0.05~ s-1 in 0 ; scan and 
total background count dura- 
tions equal. 

0.597 A-I 
Semi-empirical based on a 
pseudoellipsoid model and 449 
azimuthal scans from 33 reflec- 
tions Cl51 
International Tables for X-ray 
crrstallographs (1974) 

Measused every 6 h; showed a 
decrease of 13% during data 
collection and were use to 
scale the data to a common 
level. 
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Fig. 1. The structure of {[(CH~)~SiCH~l~TlCl~_ The disorder in the trimethylsilylmethyl groups is not 
shown. 

structure and labelling scheme are shown in Fig. 1 (ORTEPZ [143). The struc- 
ture displays disorder in one of the (CH&Si groups (Fig. 2). Two equal posi- 
tions for atoms Si(2) and C(8) were found. A tetrahedral model involving geo- 
metric constraints to the disordered Si atom was used in the refinement. The 
refined parameters included anisotropic thermal parameters for Tl, Cl, Si(1). 

Fig. 2. The structure of a monomer unit of {[<CH~)~SiCH~I~TlCl}~ sh owing disorder in the trimethyl- 
silylmethyl group. 
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TABLE2 

FINALFRACTIONALATOMICCOORDINATES(X~~~)FGR {C(CH~)~SiCH~l~~CI}~a 

Atom x Y z 

TI 0464(l) 0591(l) 2615(2) 

C(1) -1442(36) 0976(15) 2172(61) 

C(2) -3011<57) 2032(25) 1777(99) 

C(3) -0157(75) 1989(31) 0266(129) 

C(4) -2608(96) 1491<40) -2002(169) 

C(5) 2477<32) 0383(13) 3201<55) 

C(6) 3281(42) 1389<19) 5236(76) 

C(7) 5283<53) 0791<22) 3044<90) 

C(SA) 4654(80) 0612(34) 7080(130) 

C(8B) 3093<83) 1565(38) 1324<141) 

Si<l) --1544<11) 1680(4) 1167<17) 
Si(2A) 3769(22) 0722(9) 4161(39) 
Si(2B) 3530(23) 0919(10) 2899(41) 
Cl -0382(11) --6477(3) 2362(12) 

s Es.d.fin parentheses. 

The final atomic coordinates for the atoms are listed in Table 2. Due to the 
disordered nature of the crystals, a detailed analysis of the molecular bonding 
parameters within the (CH&Si group was not possible. Hydrogen atom posi- 
tions were not found. Interatomic distances and angles involving thallium are 
given in Table 3. Complete tables of interatomic distances, angles, and tbermdi 
parameters, and lists of observed and calculated structure factors are available 
from the authors. 

Results and discussion 

NMR spectra 
Carbon-13 and proton NMR parameters, respectively, are given in Tables 4 

and 5 for the neopentylthallium(II1) derivatives. [(CH3)&CH2],TlX3_, and 
the trimethybilylmethyIthaUium(III) derivatives ](CH3)$SiCH2],Tl&_,, (n = 
1,2; X = anion). The previously reported proton NMR parameters for bis- 
(neopentyl)chlorothallium{III) and neopentyldihalothallium!III) in pyridine 

TABLE3 

INTERATOMICDISTANCESANDANGLESINVOLVINGTHALLIUMFOR {[(CH9)9SiCH2]2TICl)z's 

Distsncesb 

TI-C(l) 2.21(4) Tl--Cli 2.99(l) 
TI-Cl 2.76(l) Tl. _ _ TIi 4.308(2) 

TI-C(5) 2.17<3) CI . _ . cP 3.87(2) 

AngIesC 

C(l)-TI-C(B) 168(l) Tl-Cl-TIi 96(l) 
C(l)_TI-Cl 97(l) cm-m-d 92(l) 
C(5)--Tl41 95w c(5)4r+cii 91m 
cl-n-c+ 84(l) 

a The~pe~riptireferstothe~mmetrytransfo~ation--x.~.1--r_ Es.d_'sinp~entheses.bInX. 
c Indegrees. 
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TABLE 4 

=-; NMR PARAMETERS FOR NEOPENTYG AND TRIMETHYLSILYMETHYL-THALLIUM<III) 
DERIVATIVES a 

Compound Solvent 0 Cone. c ‘J(T1-C) d*e 2Jul-C) d*g 3JCLl-C) d*g 
(SC) f (SC) f (60 f 

CWH3)3CCH212TlCl 

(CHQ )j CCH2TIXz *: 

C<CH~)3SiCH~l2TiCl 

[<CH3)3SiCH212TI- 
OCOCHKH3 )2 

<CH3 )3 SiCH2Tl- 

COCOCH(CH3)212 

Pylidine 

Pyridine 

Pylidine 

Pyridille 

Dichloro- 
methane j 

0.4 

0.1 

0.2 

0.3 

0.1 m 

a2297 26 310 
(67.5) (33-2) <34_4) 
5002 313 640 
(63.4) (34-3) (32-4) 
1847 - 168 
(30.6) (5.5) 
1940 - 168 
(28.7) (I-8) 
3540 g.h - 318 
(27.2) i (-1 -1) 

a At 38 f 1’C. 5 Deuterated solvents were used unless othe_rwise noted. c In mol dmT3 _ d In Hz (*3). 
e J(205TI-C) unless otherwise noted. f In ppm relative to internal TMS: error f 0.13 PPm. g Separate 
coupling to ;03T1 and *05T1 not resolved. h Error * 30 Hz. i error = 0.45 ppm.j CH2C12/CD2C12_k x = 
Cl and/or Br. m Approximate concentration. 

solution [ ll] are in good agreement with the present work, with the exception 
of *J(Tl-H) for (CH3)3CCH2TlX2 (X = Cl and/or Br) for which the value of 
‘712 Hz was given. Previous values [S] of *J(Tl-H) for R2TlCl and R,Tl- 
[OCOCH(CH,),],, in CDC13 (R = (CH3)3SiCH2, n = 1,2) also agree closely 
with the values reported here. 

The largest changes in 13C and ‘H chemicals shifts within the organothallium 
grs-uns are caused by substitution of silicon for carbon. This results in increases 
in the shielding of CH2and CH3 carbon atoms t.y ca. 30 ppm and protons by 
ca. 1 ppm. Variations in 6(13C) and 6(‘H) with anion, solvent, and the number 
of groups attached to Tl are generally smaller (<5 ppm for 13C; <0.9 ppm for 
‘W- 

The thallium--carbon and Gndlium-proton C?OUJ$I;~ constants decrease from 
RTlX2 to R2TlX derivatives. This is in agreement with previous ‘H and 13C 
NMR studies of organothallium(II1) derivatives which support the assumption 
that the Fermi contact mechanism is the dominant contribution to the 
coupling [2, and references therein]. ‘J(Tl-C) is expected to be proportional 
to (Zefr)3. 02(Tl) [2] giving a ratio of 1 : 2.2 for the values of ‘J(T1-C) for 
R,TlX : RTIX, under similar conditions of anion and solvent. The ‘J(Tl-C) 
ratios for the neopentyl and trimethylsilylmethyl derivatives are 1 : 2.2 and 
1 : 1.8, respectively. The ratios of coupling constants between non-directly 
bonded atoms might also be expected to have similar values, though with less 
justification [Z]. The ratios involving 3J(Tl-C), *J(Tl-H) and ‘J(Tl-H) are ah 
close to 1 : 2, but interestingly the ratio for *J(Tl-C) in the neopentyl deriva- 
tives is considerably different (1 : 12). 

Substitution of Si for C in otherwise similar compounds causes considerable 
decreases in ‘J(Tl-C) (450 and 1462 Hz for dialkyl and monoalkyl com- 
pounds, respectively). Large reductions in ‘J( lggHg-C) on silicon substitution 
have also been noted for neopentyl and trimethylsilylmethyl derivatives of the 
types R2Hg and RHgCl [16-191. These changes may be rational&d on the 
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TABLE 5 

PROTON NMR PARAMETERS FOR NEOPENTYL- AND TRIMETHYLSILYMETHYL-THALLIUM(II1) 
DERIVATIVES = 

Compound solvent b Cont. c 2J(TI-H) d 4J(Tl-H) d 

(6H) e (6H)= 

[(CH3)3CCH212TIOCOCH(CH3)2 h Pyldine 

(CH3)3CCH2T1X2 j Pyridine 

Chloroform 

(CH3)3CCH~TI[OCOCH(CH3)2]2 h ChIoroform 

Pyridine 

Pyridine 0.21 

Benzene 

CbIoroform 

0.02 

0.14 

Benzene 

Chloroform 

0.23 

0.18 

0.26 

i 

CNorofolnl 

DMSO 

0.22 

0.04 

0.05 

Pyridine 

ChIorofonn 

Methanol 

0.27 

0.08 

0.03 

Pyridine 0.10 k 

Chloroform 0.10 k 

T415 

(2.38) 
394 f 

(2.61) 
388 

(2.47) 

33. 

(1.09) 

~ltO3~ 
31 
(1.11) 

429 31 
(2.19) (1.10) 

422 31 
(2.23) (1.09) 

411 31 
(2.07) (1.08) 

665 
(2.74) 

666 g 
(2.92) 

7728 
(2.90) 

68 
(l-15) 
73 
(1.17) 

75 
(1.14) 

556 
(1.27) 

541 
(1.39) 

592 
(0.83) 

563 
(1.07) 

554 
(1.09) 

571 
(0.95) 

18 
(0.16) 
17 
(0.15) 
18 
(0.08) 

18 
(0.17) 
18 
(0.11) 
l? 
(0.11) 

1116 33 

(1.71) (0.17) 
113n g 31 g 

(1.76) (0.20) 

o At 35 + l°C. b Deuterated solvents_ c In mol dme3_ d In Hr. Error f 1 Hz unless otherwise noted. c In 
ppm relative to internal TMS; error + 0.02 ppm unless otherwise noted_ f Errors: J. *3 Hz; 6. *0_05 ppm. 

g Errors: J. f4 Hz; 6. iO.05 ppm. h Protons in the isobutyrate anion are not coupled to thaIlium_ i Reaction 
carried out in NMR tube and product not isolated. Cont. ca. 0.1 mol. dm-I_j X = Cl and/or Br. k I\Ppror- 
imate concentration. 

basis of Bent’s postul+e [ZO] that the s-character of an atom tends to concen- 
trate in orbit& directed towards the more electropositive substituents. For the 
Fermi contact mechan&m, the one-bond coupling constants in analogous 
neopentyl and trimethylsilylmethyl compounds will be proportional to the 
CY*(C) term and this term wiJ_l be decreased by substitution of silicon for the 
&carbon. 3J(TkC) and 4J(TI--H) are also reduced by about half by si&on sub- 
stitution- In contrast, *J(Tl-H) is increased by 134-207 Hz for R2’IlX com- 
pounds and by 358 Hz for RTl(OCOCH(CH,),), compounds. Broadly similar 
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results were observed for the analogous mercury compounds [16,17,19,21,221- 
‘3C-{~H}experiments for [(CH&CCHJ2TiCl in pyridine solution show that the 
signs of ‘J(Tl4) and *J(Tl-H) are opposite, and it is reasonable to suppose 
that similar sign combinations are present in the other neopentyl and trimethyl- 
silylmethyl compounds studied. The dependence of the coupling constants on 
anion and solvent are small compared to the effect of Si saubstitution and of 
changing the number of organo-groups on thallium. 

Cry&l structure of {[(CH,)&CH,],TlCl), 
Kurosawa et al. [7,8 3 proposed, on the basis of IR and molecular weight 

studies, that bis(trimethylsilylmethyl)chlorothallium(II~) is dimeric in the solid 
state and in chloroform solution and contains a bent C-Tl-C configuration. 
The structure determined here confirms the dimer formulation but shows the 
C-Tl-C unit to be close to linear. 

The structure consists cf j centrosymmetric dimers { [ (CH&SiCH2] ,TlCl} 2 with 
each thallium atom bonded unequalI to the two bridging chlorine atoms. 
Further association to form polymeric chains would be expected to occur 
through chlorine bridges. However the shortest interdimer Tl-Cl distances 
found are ‘PI . . . cz”, 10.95 Hi; Tl . . . cliii, 12.91 A (superscripts ii and iii refer to 
the symmetry transformations 1.5 -x, f + y, 1.5 --z and -i +x, f -y, -$ + z 
respectively). The shortest interdhner Tl . . . Tl distances are ‘Il . . . Tlii, 12.99 A 
and Tl . . . Tl”‘, 10.92 A. 

The thallium atom is four-coordinate with a coordination geometry based on 
a distorted trigonal bipyramid with one equatorial position vacant and both 
axial ‘D-C bonds slightly bent towards the vacant position. The C-Tl+ 
angle (168(l)“) is within the range (163-180”) previously reported [3,23] for 
(alkyl),TlX derivatives (X = uninegative anion). 
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