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The reaction between Te{@), and HSR offers a new and effective route to tellurium dithiolates, Te(IRJSPr),

(1) and Te(Bu), (2) are stable compounds whereas Te(3R8) slowly decomposes at room temperature to
give Te and P}5,. IR spectra ofl—3 and ab initio calculations (HF/3-21G(d) and MP2 with doubleelarization
effective core potential basis set) shoy(Te—S) andvy{Te—S) to be around 340 and 380 cirespectively.

UV spectra exhibit similaimax (346—348 nm) for all three compounds, with the greater extinction coefficient of

3 accounting for its different and more intense color. Analysis of the molecular orbitals of the model compound
Te(SCH), shows that the phototransition is likely to be gfTe)—o*(Te—S) type, thus rationalizing the instability

of 3 when irradiated. Single-crystal X-ray diffraction df3 revealed the following basic structural parameters:

1 da(Te—S) 239.4(1) andl,(S—C) 183.8(5) pm[J(STeS) 99.61(4) and,(TeSC) 105.8(3) 7(CSTeS) 77.0(2)

and 90.3(2); 2d(Te—S) 239.1(1) andl(S—C) 186.4(2) pm[J(STeS) 103.88(2) and(TeSC) 107.6(T) t(CSTeS)
78.01(8Y; 3d(Te—S) 240.6(2) andl(S—C) 177.4(7) pm[J(STeS) 100.12(6))(TeSC) 103.2(2) t(CSTeS) 69.0(3)
and7(CCSTe) 81.6(6) Geometries of model compounds Te(gldhd Te(SCH), optimized at the MP2 level
exhibitd(Te—S), 0(STeS), and(XSTeS) (X= H, C) values similar to those df-3. Natural bond orbital analysis
revealed p(Sh)—o*(Te—S?) hyperconjugation as the cause for the CSTeS torsion angles being close to 90 or
—90°. Thermochemical calculations on the HF and MP2 level proved Te(8Hbe unstable with respect to
Te(SH) and HSSH, thus rationalizing the reduction of Te(IV) to Te(ll) when T or TeQ; are reacted with
thiols. NMR spectra reveal ligand exchange reactions between different tellurium(ll) dithiolates and between
Te(SR) and HSR. These types of reaction offer other routes to tellurium(ll) dithiolates.

Introduction 2,

The reaction of Te(IV) compounds with thiols recently gained T T /L
. . L . . . o L, ot Ly,
interest due to the inhibitive properties of ammonium trichloro- S S
(dioxoethylene-O,Qtellurate (AS101) and others on cysteine /Q
proteases$. If Te(IlV) compounds are reacted with thiols, 1 "y

reduction of Te(lV) to Te(ll) occurd? The recently claimed

synthesis of a tellurium(lV) tetrathioldtés not unequivocal,

since no structural o?5Te NMR data are presented. While the

reaction of Te(IV) compounds with thiols is not only of chemical Te
but also biochemical and pharmaceutical interest, little is known ot S
about the chemistry or the spectroscopic and structural properties

of Te(SR).> The only structurally characterized tellurium(ll)

dithiolate known to us is Te(SCBR.® In contrast to Te- 3
[N(CHa)2]2 which is polymeric in the solid stafeTe[SCPHh]»
was found to be monomeric. Figure 1. Structural formulas of compounds-3.

In the present study, we explored the chemistry, spectroscopy,
molecular structures, and bonding properties of tellurium(ll)
dithiolates by experimental methods and ab initio calculations.  Synthesis. The tellurium(ll) dithiolates Te(®r) (1),
Te(SBu), (2), and Te(SPh) (3) (Figure 1) can readily be
T Institut fur Anorganische Chemie und Analytische Chemie. prepared in good yields from Te'(IQ))47 and the corresponding

*Institut fir Organische Chemie. i i ipr t 8
(1) Albeck, A.; Weitman, H.; Sredni, B.; Albeck, Mnorg. Chem 1998 thiols, according to eq 1 (R 'Pr, 'Bu or Ph):

37, 1704-1712.

Results and Discussion

(2) Mazurek, W.; Moritz, A. G.; O’'Connor, M. Jnorg. Chim. Actel986 Te(dPr)4 + 4 HSR— Te(SR), + RSSR+ 4 HOPr (1)
113 143-146.
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) é)s%awa, S.; Yamashita, M.; Sato, Fetrahedron Lett1995 36, 587— Te(SR) is attributed to the homogeneous reaction in the present
(5) Chivers, T.J. Chem. Soc., Dalton Tran$996 1185-1194. case. The immediate appearance of the characteristic colors of
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Table 1. Experimental and CalculateqTe—S) Bond Stretching
Frequencies fol—3 and Te(SCH),

1 2 3 Te(SCH)A mode
380(s) 386(s) 367.8(2.337) v{Te—S)
350(w) 349(s) 336(s) 351.5(22.842) v.{Te—S)

aUnscaled MP2/LANL2DZP frequencies and intensities (kmThol
in parentheses) are given.

the tellurium(ll) dithiolates when Te(@r), is added to a solution
of HSR indicates that substitution cfO'Pr by —SR and
reduction of Te(IV) to Te(ll) are both quick reactions. The
instability of a possible intermediate Te(SRpward decom-
position into Te(SR)and SR, was shown by thermochemical

Fleischer et al.

averaging. The four methyl groups Inwould only be equal if
the molecule exhibit€,, symmetry. This geometry was shown
to be unfavorable for the model compound Te(SHBee
Molecular Structures and Thermochemical ab Initio Calcula-
tions). Assuming €symmetry, the two methyl groups within
one—CH(CHg), group exhibit different environments, but each
of them is equal to one methyl group of the symmetry-related
—CH(CHzs), moiety. The molecular symmetry can be changed
to Cs by intramolecular rotation about one F8 bond, where
methyl groups of different CH(CHs), moieties that were equal
under C, symmetry become different and vice versa. Such a
mechanism would be an explanation for the averaging of
different chemical environments of the methyl groups. The

calculations (see Molecular Structures and Thermochemical ababsence ofJ(*H,*25Te) and2J(**C,'%Te) coupling cannot be

Initio Calculations).

Recrystallization from methanol yielded pure Te(gR)he
derivativesl and 2 precipitated as yellow needlelike crystals,
while 3 formed deep red crystals. They are very soluble in
nonpolar solvents, slightly soluble in methanol, and insoluble
in water.

While 1 and2 are stable at room temperature for several days
and melt without decompositior decomposes under these
conditions. From a solution & in CgDe, exposed to daylight,

a mirror of elemental tellurium formed. P was identified
by NMR spectroscopy as the byproduct of the reaction, which
thus proceeds according to eq 2:

Te(SPh)— Te+ PhS, (2)

UV Spectra. The UV spectra exhibitednax at 349.2, 348.7,
and 347.7 nm fod, 2, and3, respectively, but a much bigger
extinction coefficient for3 (3750 cn? mol~1) than forl and2
(593 and 645 crh mol™1, respectively). Consequently, the
absorption band 08 extends far more into the visible region
of the spectrum than those band2. Thus, the different colors
of 1 and2 (yellow) and3 (red) are not due to differedtaxbut
to different extinction coefficient. The analysis of the molecular
orbitals for Te(SCH), (C,-symmetry) reveals that the HOMO
(b symmetry) is mainly a p-type lone-pair of the Te atom while
the LUMO (b symmetry) represente&Te—S) orbital. It seems
reasonable to attribute the enhanced sensitivityd dbward
normal daylight to its stronger absorption in the visible region
of the spectrum. Promotion of an electron into #€Te—S)-
type LUMO weakens the FeS bond and makes a bond
cleavage more likely.

IR Spectra. IR spectra revealed similar wavenumbers for
the Te-S bond stretching frequencies, with{Te—S) being
slightly smaller for3 than for1l and2 (see Table 1). Unscaled
ab initio calculated MP2/LANL2DZP vibrational frequencies
of Te(SCH), reproducev,{Te—S) of 1 and2 quite well and
v«(Te—S) still to a reasonable degree.

NMR Spectra and Ligand Exchange ReactionsVariable-
temperaturéH and3C NMR spectra ofl. between 25 ane-80
°C showed only a slight variation of the chemical shifts, with
broader signals at lower temperature. N&e satellites due to
1H—125Te or13C—125Te coupling occurred in any of tHé&l and
13C spectra ofl—3. Furthermore, the-CH(CHs), groups ofl
gave rise to a single resonance for the methyl groups iAthe
and °C spectra, which indicates some kind of dynamic

(8) A comparative experiment showed that the preparati@fiam TeG,
and'BuSH, as described by Mazurek eatook longer and resulted
in lower yields. Reaction of dithioglycol, HSGBH,SH, with Te-
(O'Pr), lead to reduction to elemental Te, and no organotellurium
compound could be isolated. As well, no Te(gByt only elemental
tellurium was isolated from the reaction of Te@hd NaSR in ethanol.

caused by intramolecular rotation, as no bonds are broken. The
immediate appearance of a signal'®®8tiISTe®Pr in the1?5Te
NMR spectrum of a 1:1 mixture dfand2 unequivocally proved
intermolecular exchange between these molecules. As was
already found by Mazurek et &l.the 125Te NMR shift of
Te(SR) compounds varies substantially with R. The effects of
both —SR ligands ond(*?°Te) are additive, as the shift of
IPrSTe®Bu (0 = 969.7) is nearly equal to the arithmetic average
of the shifts of1 (6 = 1026.9) and2 (6 = 906.1). Thel?5Te
decoupling of théH and3C NMR spectra can thus readily be
rationalized in terms of chemical exchange. No ligand exchange
was found between and Te(GPr); or HOPT.

We further investigated ligand exchange betwéeand 2
(eq 3) and betweeh and H3Bu (egs 4a and 4b) by means of
IH and25Te NMR spectroscopy.

Te(SPr), + Te(SBu), = 2 'BuSTe®r (3)
Te(SPr), + HSBu=="BuSTe®Pr+ HSPr  (4a)
'‘BuSTedPr+ HSBu = Te(SBu), + HSPr  (4b)

The equilibrium according to eq 3 was reached within minutes
after mixing equimolar amounts dfand2 in CDCl, the1?5Te
NMR intensity ratiol:'BuSTe%Pr:2 = 1:2:1 indicatingAG2%8
~ 0. In contrast, a mixture of and H3Bu needed about 12
days to equilibrate according to eqgs 4a and 4b. Neglecting the
reverse reaction of eq 4a, the second-order rate constant for eq
4a was determined from tHé5Te NMR signal intensities 16 h
after the reaction was initiated &s= 1.5 x 1072 L h~1 mol~™.
Again, the statistical distribution of thBr andBu groups among
thiols and tellurium(ll) dithiolates suggesteG2°8 to be close
to zero. This is not surprising since both eqs 3 and 4 are
isodesmic and neither enthalpy nor entropy should change
substantially with the proceeding of the reactions. In contrast,
in the reaction between Te{@), and HOBuU, the bulkyBu
group prefers to remain as a free alcoh®his difference might
reflect the enhanced steric repulsion between ligands in Te(OR)
compounds compared to the situation in Te(SR)s not clear
if either —SR or—R are exchanged in egs 3 and 4, but it can
be inferred from the different reactivities of Te(SRpward
Te(SR),, HSR, Te(OR), and HOR that the exchange mecha-
nism is not initiated by a heterolytic cleavage of the-Bebond.
Otherwise a reaction between Te(gRphd Te(OR) or HOR
should occur and reaction with HSBhould be as fast as with
TE(SR)z.

(9) Gottlieb, H. E.; Hoz, S.; Elyashiv, I.; Albeck, Mnorg. Chem 1994
33, 808-811.
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Figure 2. ORTEP diagram ofl.. Displacement ellipsoids are at the Tel
50% probability level. Important structural parameters (distances, pm; Figure 4. ORTEP diagram oB. Displacement ellipsoids are at the
angles, deg) of the moleculed(Tel-S1) 239.3(1),d(Tel-S2) 50% probability level. Important structural parameters (distances, pm;

239.5(2),d(S1-C1) 184.1(4)d(S2-C4) 183.5(4)d(C1-C2) 151.2(7), angles, deg) of the molecule{ Tel—S1) 240.6(2)d(S1—C1) 177.4(7),
d(C1-C3) 151.8(7)d(C4~C5) 153.0(9)d(C4—C6) 149.3[1(S1TelS2) d(C1—C2) 139.7(10)d(C1—C6) 138.7(11)((C2—C3) 138.1(9)d(C5—
99.61(4),0(Te1S1C1) 106.1(2)lJ(TelS2C4) 105.5(2)J(S1C1C2) C6) 138.7(9)d(C3—C4) 137.9(11)d(C4—C5) 137.2(12)1(S1TelS1a)
112.0(3), O(S1C1C3) 105.8(3)(S2C4C5) 105.3(3)[1(S2C4C6) 100.12(6),0(C1S1Tel) 103.2(2),J(S1C1C2) 121.4(5);1(S1C1C6)
113.9(3),0(C2C1C3) 112.3(4)lJ(C5CACE) 111.8(5)1(S1TelS2C4) 119.4(5), 0(C6C1C2) 119.2(6)[1(C3C2C1) 119.5(6)1(C4C3C2)
77.0(2),7(S2Te1S1C1) 90.3(2)(TelS1C1C3) 173.0(3)(TelS2CACS5) 120.7(6),0(C3C4C5) 120.0(7)1(C4C5C6) 120.0(7)(S1TelS1aCl)
179.5(4). 69.0(3),7(Te1S1C1C2) 91.5(6}(S1C1C2C3)-177.9(7),1(S1C1CB6C5)
178.1(7),7(C6C1C2C3) 2.8(9)5(C2C1C6C5)-2.6(9),7(C2C3C4CS5)
—0.3(9), 7(C3C4C5C6) 0.5(10)(C4C5C6C1) 1.0(10).

such a conformational arrangement can be rationalized in terms
of ny(SY—o*(E—S?) hyperconjugation (E= Se, Te) (see further
down).

At all levels of calculations applied, th€,-symmetric
structures of all molecules investigated proved to be local
minima on the potential energy surface. HF/3-21G@)-
symmetric structures for Te(SH{*W-shaped”) and Te(SH)

(all S—H bond vectors pointing into the semi-space of the lone
pair) represent second and fourth order saddle points, respec-

gg;re 35 g_ﬁ;ElP dllalgfam tOfZ-t Dtlspltacelment EI“?SOI?Z'Te atthe tively, the modes with negative force constants being mainly
o probabiiity 1evel. Important structural parameters (distances, pm; qrsjonal motions around the & bonds, lowering the sym-
angles, deg) of the moleculel(Tel—S1) 239.1(1)d(S1-C1) 186.4(2), metry from Cp, to Cy. The HF/3-21G(d) energygdifferexr/]ce
d(C1-C2)151.8(3)l(C1—C3) 152.9(4)i(C1—C4) 151.9(4)i](S1TelS1a) E 20 5 2 o '
103.88(2),0(S1TelC1) 107.62(8)(S1C1C2)111.2(1))(S1C1C3) (C2)) — E(Cy), is 57.8 and 58.5 kJ mot, for Te(SH) and
103.7(2), O(S1C1C4) 109.4(2)[0(C2C1C3) 110.4(2)[1(C2C1C4) Te(SH), respectively. Two different starting geometries with
111.2(2),0(C3C1C4) 110.7(2)(S1aTelS1C1) 78.01(8)(TelS1C1C3) the parameter for the torsion anglg$iSTeS) being 90.0 and

173.3(2). 5.0° were tested for Te(SH)C,) and both lead to the same
optimized geometry. Second-order perturbation theory analysis
Molecular Structures and ab Initio Thermochemical of the Fock matrixes in the natural bond orbital bsier Te-
Calculations. The molecular structures @f-3in the solid state (SCH), and Te(SH) (C,) revealed (SY)—o*(Te—S?) hyper-
are shown in Figures-24. The similarity betweerd and?2 is conjugation, with total energies (two such interactions per

e.g. well reflected by their basic structural parameters. Further- molecule) of 77.8 and 82.4 kJ md| respectively. This
more, concerning the comparable structural parametets f hyperconjugation is by far the biggest of all second-order effects
and Te(SCH),, the MP2/LANL2DZP-optimized values for  for the present Fock matrixes. A similar analysis for Te(SH)
Te(SCH), agree well with the experimental XRD valuesbf  with Cy, symmetry f(HSTeS)= 0°] led to a total energy of
and 2. This is consistent with the absence of distorting 8.0 kJ mot* for the same type of interaction. This significant
intermolecular interactions in the crystal structured @id2. reduction is due to a much smaller intergral overlap between
The absolute values of the torsion angles around theSTe (S ando*(Te—S?). Thus n(S")—o*(Te—S?) hyperconjuga-
bonds, i.e.z(CSTeS), are approximately between 70 and°100 tlon_stablllzes conformatlons with(C(H)STeS) close to 90
(see Table 2), a feature that seems to be common not only for® Similar connection was found for they(?N)—o*(Si—Cl)
compounds Te(SR)ut also for compounds containing CSSeS interaction and the confqrma‘uon of d|S|IyIam|rfésA'd(.j|t|pnally,
units, e.g., Se(SGIEH,COOH), 84.0° 11 Se[SC(O)Ph]—87.6,12 CSTeS or HSTeS torsions close to 90-690° minimize the

_ 13 repulsion between the p-type lone pairs of Te and S.
and Se[SC(O)CHl> 100.3 and =90.8'.* The preference for The enthalpy of eq 5 was calculated-a#3.3 kJ mot® (HF/

3-21G(d)) and-46.5 kJ moft (MP2/LANL2DZP), respectively,
thus showing Te(SH)to be thermodynamically unstable. This

(10) Subramanyan, I.; Aravamudan, G.; Rout, G. C.; Seshasayee, M. J.
Crystallogr. Spectrosc. Re$984 14, 239-248.

(11) Rao, G. V. N. A,; Seshasayee, M.; Aravamudan, G.; Rao, T. N;;
Venkatasubramanian, P. Ncta Crystallogr, Sect. BL982, 38, 2852— Te(SH),— Te(SH), + SH, ®)
2855.

(12) Aravamudan, G.; Subrahmanyan, T.; Seshasayee, M.; Rao, G. V. N.js in accordance with the experimental observation that reduction
A Polyhedron1983 2, 1025-1029. .

(13) Brondmo, N. J.; Esperas, S.; HusebyeA&ia Chem. Scand. Ser. A from Te(IV) to Te(ll) takes place when OR ligands of Te(QR)
1975 29, 93.

(14) Reed, A. E.; Curtiss, L. A.; Weinhold, Ehem. Re. 1988 88, 899~ (15) Fleischer, H.; Brain, P. T.; Rankin, D. W. H.; Robertson, H. EhIBu
926. M.; Thiel, W. J. Chem. Soc., Dalton Trark998 593-600.
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Table 2. Comparison of Selected Structural Parameters of Te(SBinpounds

da(Te—S)/pm da(S—X3)/pm 0(STeS)? Oa(TeSX)/° 7(Xa8STeS)?
1 239.4(1) 183.8(5) 99.61(4) 105.8(3) 77.0(2)/90.3(2)
2 239.1(1) 186.4(2) 103.88(2) 107.6(1) 78.01(8)
3 240.6(2) 177.4(7) 100.12(6) 103.2(2) 69.0(3)
Te(SCPh)® 237.9(2) 191.8(7) 110.8(1) 113.7(2) 80.2
Te[SC(O)Phf 237.2 183.2 103.1 102.6 89.1
Te(SCH).¢ 239.30 185.18 100.54 102.25 75.88
Te(SH) 240.17 134.76 102.54 97.68 94.72

aX = H for Te(SH), else X= C. P Values taken from ref & Values taken from ref 10! Ab initio (MP2/LANL2DZP) optimized geometry
with symmetry restraint t&,.

Table 3. Crystal Data for Compounds—3?2

1 2 3
empirical formula GH1S,Te GH1sS,Te CioH10S:Te
fw/g mol~* 277.90 305.95 345.93
cryst syst triclinic monoclinic orthorhombic
space group P-1 C2/c Pbcn
VA 2 4 4
temp/K 193 193 194
Pealedg CNT3 1.782 1.645 1.873
alA 8.636(2) 16.013(2) 15.598(3)
b/A 8.677(1) 10.135(2) 10.440(2)
c/lA 8.915(1) 9.037(2) 7.533(3)
o/deg 85.52(1) 90.00 90.00
pldeg 63.67(1) 122.61(1) 90.00
yldeg 61.30(1) 90.00 90.00
V/A3 517.3(2) 1235.4(6) 1226.4(5)

reflns measd
unique refins
wlemt

reflns|F| > 4o(F)
R[|F| 40(F)]°
GOF onF?

(from 64 refins 4.8 < 6 < 16°)
2396
2242

32.10

2208

0.0276

1.173

(from 12 refins 3.0 < 6 < 17°)
5387 (full sphere)
1350

26.96
1262
0.0160
1.036

(from 31 reflns 2.8 < 0 < 9.0°)
2122

aFor all diffraction experiments, Mo & radiation withA = 0.710 69 A was used.R = S ||Fo| — |Fe/|/S |Fol.

are replaced by SRANn even bigger thermodynamical instability
was calculated for Te(Chl concerning its decomposition into
Te(CHs), and GHe.16 Nevertheless, Te(Chh was successfully
prepared; and we are presently investigating a low-temperature

approach toward Te(SR)

Conclusion

Tellurium(lV) tetrathiolates, Te(SR)are thermodynamically
unstable toward decomposition into tellurium(ll) dithiolates,
Te(SR) and SRy. Structurally, Te(SR)prefer conformations
in which the S-C bond vector is orthogonal to the Tg8ane,

a feature that is mainly attributed tg(8Y)—o*(Te—S?) hyper-

S,R; if heated or irradiated. Te(SRExchanges ligands with

Elemental Vario EL2.

resolution 0.5 nm, quartz cuvettes= 1 cm, solutions in CGJ range
600-280 nm. MS: Finnigan MAT 8230, El, 70 eV. CHS analysis:

Preparation of Tellurium Di(isopropanethiolate), Te(SPr),, 1.

A solution of tetrakis(isopropoxy)tellurane, TéRD)y, (2.03 g, 5.6
mmol) in 50 mL of petroleum ether (petrol ether) was slowly added to
a stirred and ice-cooled solution of isopropylthiol, 'R6(1.89 g, 24.8

mmol) in 150 mL of petrol ether. Afte4 h of stirring, the solvent was
evaporated in vacuo from the yellow solution and the remaining yellow
solid was recrystallized from methanol/petrol ether. Yield: 1.37 g (88%)
of 1; mp 35-36 °C. MS: 280[M', 33.0%)], 162[TeS, 95], 75[SPrt,

100]. *H NMR (CgDe): 1.23 (d,3J(*H,'H) = 6.69 Hz,1J(13CH) =
126 Hz, 6H, —CH(CHs),), 3.00 (sept,2J(*H,'H) = 6.70 Hz, 1H,
conjugation. Tellurium(ll) dithiolates can decompose to Te and —CH(CHa),). 13C NMR (GsDe): 25.31 (~CH(CHs);), 41.01¢CH-

(CHg),). 1%5Te NMR (GDg): 1025.7. UV/vis (CCJ, 2.17 mmol £1):

Te(SR)2 and HSR, reactions that can be used as a synthetic Amax 349.2 nm,e(Ana) = 593 cnt mmol™. IR: 2961(vs,vadCHy)),
2915(s, v(CHz)), 2859(s,¥(CH)), 1465(m,dadCHs)), 1441(M, das

approach to other tellurium(ll) dithiolates.

Experimental Part

General ProceduresAll procedures involving Te(®r), (prepared
according to Denney et &.were carried out under an inert gas
atmosphere or in a vacuum, using carefully dried glassware and dried
solvents. Compound$—3 are not sensitive to moisture or air, it

was stored at-20 °C due to its high thermal instability.

NMR: Bruker DRX 400, B;(*H) = 400.0, By(**C) = 100.577,
B1(**Te) = 126.387 MHz. Standard: TMSH, °C) and Te(CH),
(**Te). IR: Mattson Galaxy 2030 FTIR, resolution 4 thCsl pellets,
range 4006200 cm!. UV/vis: Zeiss Spektralphotometer DM4,

(16) Marsden, C. J.; Smart, B. Arganometallicsl995 14, 5399-5409.
(17) Gedridge, R. W., Jr.; Harris, D. C.; Higa, K. T.; Nissan, R. A.

Organometallics1989 8, 2817-2820.

(CHg)), 1380(m,05(CHs)), 1366(m,0s(CHsz)), 1310(w,d6(CH)), 1238-
(vs, va{C—C)), 1150(s), 1049(vs), 615(m(S—C)), 380(s,va{Te—
S)), 350(w,v{Te—S)). Anal. Calcd for GH14S;Te (fw = 277.90 g

mol™%): C, 25.93; H, 5.08; S 23.07. Found: C, 26.41; H, 5.53; S, 24.84.

Preparation of Tellurium Di(tertbutylthiolate), Te(S 'Bu),, 2.
Preparation and workup of the crude product were analogous to those
of 1, using Te(CPr), (4.30 g, 11.8 mmol) antert-butylthiol, HSBu

(4.76 g, 52.8 mmol). Yield: 3.23 g (89.5%) &@f mp 80-81 °C. H
NMR (CsDg): 1.21 (s,%J(*°C,H) = 126 Hz, C(CG3)s). **C NMR
(CeDe): 31.7 (_C(CH3)3), 459 (—C(CH3)3) 125Te NMR (CﬁDe): 906.7.

UV/vis (CCls, 2.40 mmol TY): Amax 348.7 nm,e(Amay) = 645 cn?

mmolL IR: 2963(vsyadCHs)), 2938(ms(CHs)), 2920(S 72 CHs)),
2895(s¥4(CH)), 2859(sp<(CHz)), 1452(0.{CHs)), 1393(m d(CHs)),

+ 1364(s,0((CHs)), 1238(s,va{C—C)), 1161(vs), 1125(s), 1022(m),

565(s,7(S—C)), 386(svadTe—S)), 349(sy«(Te—S)). Anal. Calcd for



Tellurium(ll) Dithiolates

CgH1sS,Te (fw = 305.95 g mot?): C, 31.41; H, 5.93; S, 20.96.
Found: C, 31.41; H, 4.33; S, 18.82.

Preparation of Tellurium Di(phenylthiolate), Te(SPh),, 3. Prepa-
ration and workup of the crude product were analogous to thosk for
using Te(GPr), (2.43 g, 6.68 mmol) and benzenethiol, HSPh (3.42 g,
31.1 mmol). Recrystallization from boiling methanol/petrol ether led
to a partial decomposition. Yield: 1.58 g (68.3%)3fmp 68-69 °C
(dec at 75°C). *H NMR (CgDg): 7.50 (dt,%J(H,H) = 6.40 and 2.0 Hz,
2H, H?), 6.93 (m, 3H,H3 and H%). *C NMR (CsD¢): 138.4, 132.4,
128.7. UV/vis: (CClJ, 0.60 mmol L'1): Amax347.7 NMe(Amay) = 3750
cn? mmol IR: 3071(w,»(C—H)), 3050(m(C—H)), 3022(shy(C—
H)), 1572(m), 1462(s), 1435(s), 1391(w), 1298(w), 1173¢w(C—
H)), 1096(w, 0ip(C—H)), 1065(m, dip(C—H)), 1020(s, dip(C—H)),
999(w), 912(W), 741(vSdeo{C—H)), 681(vs,»(S—C)), 480(s»(Te—
S)), 336(sp(Te—S)), 276(m), 210(m). Anal. Calcd for;@10S;Te (fw

(18) Sheldrick, G. M. SHELXS-86/SHELXTL-PC. Revision 4.1; Siemens
Analytical X-ray, 1990.

(19) Sheldrick, G. M. SHELXL-9Program for crystal structure refine-
ment Universita Gottingen, Germany, 1997.

(20) GAUSSIAN 94, Revision E.2. Frisch, M. J.; Trucks, G. W.; Schlegel,
H. B.; Gill, P. M. W.; Johnson, B. G.; Robb, M. A.; Cheeseman, J.
R.; Keith, T.; Petersson, G. A.; Montgomery, J. A.; Raghavachari,
K.; Al-Laham, M. A.; Zakrzewski, V. G.; Ortiz, J. V.; Foresman, J.
B.; Cioslowski, J.; Stefanov, B. B.; Nanayakkara, A.; Challacombe,
M.; Peng, C. Y.; Ayala, P. Y.; Chen, W.; Wong, M. W.; Andres, J.
L.; Replogle, E. S.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Binkley,
J. S.; Defrees, D. J.; Baker, J.; Stewart, J. P.; Head-Gordon, M.;
Gonzalez, C.; Pople, J. A. Gaussian, Inc., Pittsburgh, PA, 1995.

(21) Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, JAB.Initio
Molecular Orbital Theory Wiley: New York, 1986.

(22) Wadt, W. R.; Hay, P. JI. Chem. Physl1985 82, 284-298.

(23) Hdlwarth, A.; Bohme, M.; Dapprich, S.; Ehlers, A. W.; Gobbi, A.;
Jonas, V.; Kabler, K. F.; Stegmann, R.; Veldkamp, A.; Frenking, G.
Chem. Phys. Lett1993 208 237—240.
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= 345.93 g mot?): C, 41.67; H, 2.91; S 18.53. Found: C, 41.73; H,
2.14; S, 17.23.

Crystal Structure Determination. The crystal structures were
solved by direct methods and difference Fourier technique (SHELXS-
86);18 structural refinement was agairtst (SHELXL-97)° Details of
the crystal structure determination of and the crystal datd 8 are
given in Table 3.

Theoretical Methods. The ab initio calculations were performed
on various servers of the Zentrurir fDatenverarbeitung, Universita
Mainz, on the following molecules, using the GAUSSIAN94 software
package? Te(SCH), (C, symmetry), Te(SH) (C; andCy,), Te(SH)
(C;andCy,), and SH; (C,). Geometries were optimized at the Hartree
Fock level using a full-electron double-basis set augmented by
polarization functions (HF/3-21G(d})and with second-order Mgller
Plesset perturbation theory following HF optimization with an effective
core doublez valence basis set according to Hay and \Weaaligmented
by appropriate polarization functions for Te arld @1P2/LANL2DZP).

All stationary points were characterized by calculation of frequencies
either from analytical second derivatives (HF/3-21g(d)) or numerically
from first derivatives (MP2/LANL2DZP). Natural bond orbital analy-
sed* for Te(SH) (C; and C,,) and Te(SCH), were performed with
the SCF density from MP2/LANL2DZP calculations.
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