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Abstract 

Attempted dilithiation of benzothiophene with lithium diisopropylamide (LDA) 
gave lithium benzothiophenetellurolate. Reaction of the tellurolate with 1,2-di- 
bromoethane gave di-2-benzo[b]thienyl ditelluride, the crysta1 structure of which 
was determined by an X-ray diffraction study. The crystal consists of discrete 
molecules linked by weak intermolecular Te - - - Te and Te . * * S interactions, with 
no secondary intramolecular Te * * * S bonding. 

Introduction 

Substituted tetrathiafulvalenes (TTF) and their selenium and tellurium ana- 
logues, which incorporate several chalcogen atoms, have attracted much interest in 
the field of organic metals and superconductors [l]. The present study originated in 
an attempt to make benzothiophene-annulated tetratellurafulvalene (1) by the 
commonly used lithiation route [2]. 

2 4 

Prompted by the recent reports of proton/lithium exchange involving the vinylic 
protons of TTF (2) [3] and vinylene trithiocarbonate (3) [4] in the presence of strong 

0022-328X/90,‘!§03.50 8 1990 - Elsevier Sequoia S.A. 



162 

base, and subsequent chalcogen insertion, we attempted the direct dilithiation of 
benzothiophene to give 2,3ditellurated benzothiophene. In an attempt to generate 
the dilithio-derivative (4) by a “one pot” procedure we in fact obtained the 
ditelluride. The structure of the new compound was determined by an X-ray 
diffraction method. 

Recent studies of the crystal structures of a variety of organotellurium derivatives 
by McWhinnie et al. [5-91 and others [lo-121, have revealed the presence of 
intramolecular and intermolecular secondary bonds of various types and strengths. 
While examples of Te - - - N and Te - . . 0 secondary bonds are commonplace, there 
are only a few, recent, examples of intermolecular Te . . . S interactions [13,14]_ It 
was of interest to look for possible Te . . * S contacts, and to see what effect these 
might have on the geometry of the molecule. 

Experimental 

Physical measurements 

Elemental analyses for C and H were carried out with a Carlo Erba elemental 
analyzer model 1106. ‘H NMR spectra were recorded with Varian VXR 300 MHz 
instrument with TMS as internal standard. The mass spectrum was obtained at 70 
eV. THe tellurium-containing mass peaks are given for 13’Te. The UV-Visible 
spectra in solution were recorded with a Shimadzu UV-260 spectrophotometer. 

Synthesis 

Synthesis of di-2-benzo[b]thienyI diteliuride. Lithium diisopropylamide was pre- 
pared by addition of 1.6 M n-butyllithium (11.3 ml, 19 mmol) to a cooled solution 
( - 78” C) of diisopropylamine (1_72g, 17 mmol) in THF (35 ml). The mixture was 
stirred under argon at -78OC for 30 min, then benzothiophene (1.149 g, 8.56 
mmol) in THF (10 ml) was added. The mixture was stirred at - 78 o C for 1 h, and 
to the yellow solution was added powdered tellurium (2.19g, 17.1 mmol). Stirring 
was continued at room temperature overnight, the resulting orange red solution was 
then treated with dibromoethane (1.61 g, 8.56 mmol) in THF (10 ml) at - 78” C, the 
mixture stirred for 1 h at the same temperature and then for 8 h at room 
temperature, and finally added to water. Extraction with dichloromethane followed 
by drying (CaCl,) and evaporation of the solvent gave a deep-orange solid. This 
was chromatographed on a silica gel column with a CH,Cl,/petroleum ether (1: 5) 
mixture as eluent. The orange solid isolated was recrystallized twice from CH,Cl, to 
give deep-red fine needles; yield: 2.61 g (58%) m.p. 189” C, MS, m/e (relative 
intensity) 526 (Mf 1.3), 396(2), 266(100), 221(7), 133(28), 89(33), 63(7); ‘H NMR 
(DMSO-d,) 6 (ppm) 7.27-7.4 (several peaks, 4H), 7.76-8.00 (several peaks, 4H), 
7.64 (S, 2H), Anal. Found: C, 36.18; H, 1.91. (C,,H,,Te,S,) talc.: C, 36.84; H, 
1.91%. UV (X,,) (CH,Cl,, nm): 356, 307, 267, 230. 

synthesis of 2-methylteZIurobenzo[b]thiophene [1.5]. To a solution of lithium 
2-benzo[b]thiophene tellurolate (prepared as described above) in THF was added a 
solution of methyl iodide (2.43 g, 17.12 mmol). The mixture was stirred for 30 min 
at room temperature, and the usual work up gave a yellow semi-solid, which was 
recrystallised from hexane to give yellow crystals; yield: 2.1 g (88%); m.p. 39-40 o C 
(lit. [15] 39°C) ‘H NMR (DMSO-d,), 6 (ppm) 2.25 (MeTe), 7.25-7.37 (multiplet, 
2H), 7.64 (s, lH), 7.76-7.98 (multiplet, 2H), UV (h,,) (CH,Cl,, nm) 336, 293, 276. 
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X-Ray measurements 
Reflection intensities were measured for a needle-like crys@, 0.2 x 0.15 x 0.34 

mm, using graphite monochromated MO-& (h = 0.7107 A) radiation on an 
Enraf-Nonius CAD-4 diffractometer, operating in the ,w--28 scan mode. The cell 
parameters were determined from 25 reflections in the range 7 s 8 I 14O. In total 
3890 unique reflections were scanned in the range of 2 I 8 I 30 O_ Two standard 
reflections [216 and 3171 measured every minute showed no significant intensity 
variation_ Lorentz and polarization corrections were applied. Direct methods located 
both of the Te atoms. Other non-H atoms were located from subsequent Fourier 
maps 1 F, 1 s were corrected for absorption using a Fourier series to model the 
absorption surface based on the discrepancy between the ( F, 1 and 1 F, 1 values 
[16,17]. The absorption coefficient for B and II; max. A,, = 1.406969, min. A,, = 
689217 and for 8: max. A, = 1.101846, and min. A, = 0.906419. All non-H atoms 
were refined with anisotropic thermal parameters. The H-atoms were fixed by 
geometry at C-H, 1.08 A. In the final least-square refinements 181 parameters were 
refined using 2110 observed reflections with I F, 1 2 5.00 I F0 1, R = 0.0945. 

MULTANM 1181 and sHELx76 [l9] were used respectively for the structure solution 
and refinements. The structure factors for the Te were taken from the International 
tables for X-Ray Crystallography, Vol. IV [20] and those for other atoms from 
SHELX76. The atomic coordinates, and the bond lengths and angles are listed in 
Tables 1 and 2 respectively. The general view of the molecule (Fig. i) and the utiit 
cell packing diagram (Fig. 2) were generated using PLUTO78 [21]. All the computa- 
tions were carried out using CYBER-180/840. 

Table 1 

Atomic coordinates and equivalent temperature factors Veq (A2 X 103) for non-H atoms with e.s.d.‘s in 

parentheses 

Atom x Y .? G41 a 1 

Te(U 0.9537(2) 
Te(1’) 0.8670(3) 

s(l) O-7733(8) 

W’) 0.6863(P) 

c(1) 0.8087(26) 

C(2) 0.7385(25) 

C(l1) 0.6498(25) 

C(12) 0.5588(28) 

C(l3) 0.4794(29) 

c(14) 0.4872(28) 

c(l5) 0.5736(29) 

‘W6) 0.6572(27) 

C(1’) 0.8138(27) 

C(2’) 0.8743(26) 
C(11’) 0.8115(30) 

c(l2’) 0.8389(34) 

c(l3’) 0.7700(41) 

c(l4’) 0.667q42) 

C(15’) 0.6375(37) 
C(16’) 0.7109(32) 

u Ueg = &~j~ia~a~(aiai)_ 

0.2032(6) 0.1956(i) 52~3) 
0.9172(6) 0.1112(l) 5q31 
1.0545(19) 0.2938(4) 4P(8) 
1.327q22) 0.659(4) 56(8) 
1.2536(51) 0.2437(13) 37(12) 
1.4514(50) O-2369(14) 35(12) 
1.4248(50) , 0.2792(13) 3q12) 
l-5853(54) 0.2878(14) ’ , 42w 
1.5123(59) 0.3261(16) S&(12) : 
1.3149(54) 0.3571(13) 44G2) 
1.1571(53) 0.3503(14) 45(12) 
1.2163(53) 0.3111(13) 40(12) 
1.1940(51) 0.0556(14) 43(12) 
1.2780(50) 0.0112(13) 37(12) 
1.4739(54) -0.0152(14) 48(12) 
1.6156(61) -0.0621(M) 6602) 
1.7862(64) -0.079ql8) 85(13) 
1.829q57) - 0.052q18) 84(12) 
1.7092(57) -0.0093(17) 66(12) 
1.5160(57) 0.0109(15) 57(12) 
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Table 2 

Bond distances (A) and bond angles ( “) (es-d’s in parentheses) 

Te(l’)-Te(l) 2.735(4) W4)-c(l3) 

c(l)-Tell) 
C(l’)-Te(1’) 

c(l)-s(1) 
W6)-SW 
W’)-s(1’) 
C(16’)-S(1’) 

c(2Wu) 

C(ll)-c(2) 
c(l2kCul) 
C(16)-C(l1) 

c(13)-~(12) 

C(l)-Te(l)-Te(1’) 
C(l’)-Te(l’)-Te(1) 
C(16)-S(l)-C(1) 
C(16’)-S(l’)-c(1’) 

SW-c(l)-Te(1) 
C(2)-c(I)-Te(l) 

C(2)-C(l)-SW 
(xl)-c(2)--C(l) 
C(12)-C(ll)-C(2) 

C(16)-c(ll)-c(2) 

C(16)-c(ll)-c(12) 
C(13)-c(12)-C(l1) 

C(14)-C(13)-C(12) 
c(15)-c(14)-C(13) 

C(16)-c(15)-C(14) 

c(1l)-c(16)-s(l) 

2.109(30) 

2.120(29) 
1.686(31) 
1.714(34) 

1.720(31) 
1.702(38) 
1.399(40) 

1.477(43) 
l-431(42) 
1.393(40) 

l-386(48) 

99.5(8) 
96.7(8) 
91.8(15) 
89.7(17) 

120.5(16) 

x22.9(22) 

116.6(22) 
106.3(25) 

126.2(27) 
114.2(25) 

119.6(30) 
116.q29) 
124.3(32) 

121.3(30) 

117.9(27) 
111.1(24) 

c(15Wu4) 

W6WXl5) 
C(2’)-C(1’) 
C(ll’)-C(2’) 
c(12’)-C(11’) 
C(16’)-c(l1’) 

C(13’)-C(12’) 
C(14’)-c(13’) 

C(lS’)-c(14’) 
C(16’)-c(15’) 

C(15)-C(16)-S(1) 
C(15)-C(16)-C(11) 
S(l’)-C(l’)-Te(1’) 

c(2’)-C(l’)-Te(1’) 
c(2’)-C(l’)-S(1’) 

c(ll’)-c(2’)-C(1’) 
C(12’)-C(ll’)--c(2’) 

c(16’)-C(ll’)-C(2’) 
C(16’)-C(ll’)-c(12’) 
c(13’)-C(12’)-CJll’) 

c(14’)-C(13’)-c(12’) 

C(15’)-C(14’)-C(13’) 
C(16’)-C(15’)-C(14’) 

C(ll’)-C(16’)-S(1’) 

C(15’)-C(16’)-S(1’) 
C(15’)-C(16’)-c(ll’) 

1.328(46) 

1.373(44) 

1.415(44) 

1.36q43) 
l&2(43) 

1.404(47) 
l-383(50) . 
1.321(52) 

1.414(65) 
1.275(57) 
l&7(49) 

128.1(24) 
120.8(29) 
119.1(17) 

124.6(20) 
116.3(22) 

108.q27) 
129.3(34) 

112.5(30) 
118.2(34) 
119.9(40) 

121.8(39) 

121.8(37) 
118.2(40) 

113.4(27) 

126.5(32) 
120.1(35) 

Crystal data. C,,H,&Tp2; m.w. = 521.56, monoclinic, P2,/c, a = 11.939(3), 
b = 5.624(3), c = 23.475(5) A, /3 = 91.40(3)“, V= 1575.85 .i3, Z = 4, II_, = 2.29 
mg/mm3, T = 290 K, h(Mo-K,) = 0.7107 A, p = 3.67 mm-‘, F(OO0) = 968. 

H (13' 

i (13) I-I (14) 

Fig. 1. Perspective view of one molecule of C,,H&T~. 
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The crystal structure of 6 consists of Ci6Hu&Te, molecules linked by inter- 
molecular Te - - * Te and Te . * . S contacts. The torsion angle, C(l)-Te(l)-Te(l’)- 
C(l’), is 88.5 (9) [24]. The Te-Te bond distance (2.735(4) A) is slightly longer than 
is usual in ditellurides (2.697-2.715 A) [25-291, but is in good agreement with twice 
the Pauling single bond covalent radii of Te (1.37 A) and close to that in the 
recently reported bis[Z(hydroxyimino methyl)phenyl] ditelluride (2.746 A) [5]. 

The average Te-C distance (2.11(l) A) is in good agreement with the sum of f,he 
Pauling single bond covalent radii of Te (1.37 A) and sp2 hybridized C (0.74 A), 
and with the values m the crystals of analogous compounds. The average C-S 
distance is 2.705(33) A and the C-S-C angle is 90.7(17)“, which are comparable 
with the values in other benzothiophene derivatives. The geometry of the organic 
residue is unexceptional. The benzothienyl ring systems are planar, but they are 
inclined to one another at an angle of 11.0(3) O. 

Examination of the intermolecular distances shows that the shortest distance 
between the Te atoms Te(1) - - - Te(l)(‘) [(i) + 2 - x, - i + y, 4 + z], is 3.939(5) A. 
This distance is less than the van der Waals distance of 4.12 [30] or 4.40 A [31], and 
could be considered as indicating a very weak interaction between the molecules. 
Another significant intermolecular interaction is between Te(1) and S(l)(‘), 3.81{2) 
A. Although this is less than the sum of the van der Waals radii (4.05 A) or (3.86 A), 
it appears to indicate only a very weak secondary interaction between these atoms. 
The bond angle at Te(l’), C(l)-Te(l’)-Te(l), 99.5(8)“, is larger than that at Te(l’), 
Te(l)-Te(l’)-C(l’), 96.7(8)“. 

The large R value of 0.094 requires some comment. In the final refinements, high 
peaks within 1.20 A of the Te atoms with large maxima, 2.06 e/A3, and minima, 
-1.88 e/A3 were observed in the difference Fourier map, indicating thermal 
motion of the tellurium atoms. Similar maxima and minima on the Fourier map 
were observed by Zingaro et al. in the case of bis( N, N-dimethylaminoformyl)ditel- 
luride [29]. No change in the intensities of the check reflections was observed, 
suggesting that there was no decomposition during collection of the X-ray data. This 
was further confirmed by exposing a filter paper impregnated with the solution of 
the compound to ultraviolet radiation and finding that no decomposition occurred. 
Thus anisotropic motion of the tellurium atoms is responsible for the large R value. 
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