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New methods of preparing tellurium(ll) dithiolates, Te(SR),, are presented. Te(SCH,CH,OAc),, 1, was made from
Te(SCH,CH,0H), by acetylation of the hydroxyl groups. Te(SCH,CH,SAc),, 2, [Te(SCH,CH,NH3),]Cl,, 3, and Te-
(SCeH4(0-NHy)),, 4, were synthesized by ligand exchange reactions of Te(S'Bu), with 2 equiv of HSCH,CH,SAc,
[HSCH,CH,NH3]CI, and HSCgH4(0-NH,), respectively. Of all compounds, 4 exhibits the strongest thermal sensitivity
toward decomposition and the largest low-field shift of the 25Te NMR signal, two features that are attributed to
weak Te---N interactions. The structural parameters of the CSTeSC unit exhibit very similar values for all four
compounds, while the torsion angles of the side chains differ between the molecules, a feature rationalized by ab
initio studies. In the solid state, different kinds of intermolecular aggregation and contacts to the Te atoms are
present. 1 and 2 crystallize in the same space group (orthorhombic, Pbcn) and exhibit C, symmetric molecules,
with two intermolecular Te---S contacts, leading to a trapezoidal coordination mode of the Te atoms. SCCE and
CsCEC (with E = O, S) torsion angles represent the major differences between 1 and 2, which are attributed to
their unlike intermolecular hydrogen bridges. In the solid state structure of 3, [Te(SCH,CH,NH3),]** cations and CI~
anions form a three-dimensional network via N—H-++Cl and C—H-++Cl hydrogen bonds (triclinic, P1). Two neighboring
[Te(SCH,CH2NH3),J?* cations are linked via two Te+++S contacts, and each Te atom forms one additional Te+-+Cl
contact, resulting in a slightly distorted trapezoidal coordination mode. In the solid state structure of 4, adjacent
molecules form Te---Te and Te---N contacts as well as hydrogen bridges. Two chemically different Te atoms are
present, both of which are tetracoordinate with distorted sawhorse configurations. The absence of intramolecular
Te-+-0, Te--S, or Te-+-N contacts in 1, 2, and 4, respectively, is attributed to the conformational rigidity of the
CSTeS unit, where conformation ruling coordination is the case.

Introduction olates have been prepared by means of reductive elimination
Tellurium(ll) dithiolates, Te(SR)(R = alkyl, aryl) are of starting from TeQ(or a teIIur[um(IV) tetraalkoxi_de) and the

both chemicals and biochemicélinterest, especially with ~ corresponding thiol according to eq*4: This method

R containing functional groupsSo far, tellurium(ll) dithi-

TeQ, + 4HSR— Te(SR), + RSSR Q)
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disadvantages. Investigations of the molecular structures of 0 o
compounds containing a-REE'E>—R unit (E, B, E2 =S, )J\o/\/S\T/S\/\oJ\
Se, or Te) reveal helical conformations with torsion angles le

7(REE'E?) andr(EE'E’R) close to 90 or —90°.4578Recent
ab initio quantum chemical studies for Te(SgHshowed 0 0
ne(SY)—o*(Te—S?) orbital interactions to play a major role )J\S/\/S\ /SV\S)K
regarding the conformatighTellurium(ll) dithiolates derived ¢
from g-donor-substituted thiols represent an interesting class
of compounds. Intramolecular TeX (with X = N, O, S)
donor-acceptor interactions with the formation of five-

membered chelating rings and hypervalent Te atoms should 3

be feasible, a feature already found in some Se(ll) and

Te(ll) derivatives>9We were interested in seeing whether I s s e
such an interaction would occur and what impact it would ©/ Mé \©

have on the molecular conformation and especially on the
STeSC torsion. With the present study, we report on the
synthesis and the molecular and crystal structures of tellu-
rium(ll) dithiolates derived fronf-donor-substituted thiols.

Figure 1. Structural formulas of compounds-4.

reaction 2 has to be preceded by monoacetylation of the
Results and Discussion ethanedithiol. On the other hand, the preparatiori dfy
reaction of Te(Bu), with HSCHCH,OAc, in analogy to
the synthesis oR—4, is not the method of choice. This is
due to the fact that preparation of HS&IHH,OAc requires
the selective O-acetylation of 2-mercaptoethanol, HSCH
CH,OH, which represents a difficult task since S-acetylation
is the kinetically favored reactiof.In the actual preparation
of 1, the acetylation of the OH group takes place after the
linkage of the thiolate ligand with the Te atom. In this
respect, tellurium can be regarded as a kind of “protective

Synthesis and SpectroscopyThe exchange of thiolate
ligands between a given tellurium(ll) dithiolate, Te($R
and a thiol (HSR) according to eq 2 offers a novel and highly
efficient route to new tellurium(ll) thiolates. The reactions

Te(SR), + 2HSR = Te(SK), + 2HSR 2)

were carried out in either methanol or benzene. With/R

‘Bu, the volatiletert-butylthiol, HSBu, is formed in the roup” for mercaptans. At room temperature-3 are

course of the exchange reaction, which can easily be remoVecﬁellow, crystalline solids, whild forms orange red crystals.

from th.e reaction mixture_by distillation. The eqqilibrium 1 and2 exhibit good solubility in nonpolar solvents such as
(eq 2) is subsequently shifted toward the right side. After o 010.m ether and diethyl ethe dissolves in methanol

the sol\{ent had beeq distillgd, the produpt was ob_tained in and water, as can be expected of an ionic compound4and
high yields. - Tellurium bls[2-(acetylth|0)ethylth|_olate], easily dissolves in benzene, methanol, and acetone. All four
Te[SC'TbCHZSC_(O)C&]Z' 2, tellurium bis[(2-ammonium)- compounds are thermally unstable, especially in solution,
ethylthiolate] dichloride, [Te(SCHCHNHs)ICl2, 3, and \ith 3 heing more andt less stable thaf and2. Like Te-
tellurium bis[(2-amino)phenylthiolate], Te(gE4(0-NHy)),, (SPr), Te(SBu), Te(SPh), and Te(SCHCH,OH),, 1—4

4, could be prepared in this way (Figure 1). For tellurium .o sensitive to light. As soon as their solutions are exposed
bis[2-(acetoxy)ethylthiolate], TE[SGEH,OC(O)CHi2, 1, to daylight, deposition of elemental tellurium on the glass

another synthetic approach was applied. It was prepared fromg,  ta e occurs within 1 h. So as to avoid decomposition as
tellurium bis[(2-hydroxy)ethylthiolate], Te(SGBH,OH),,’ mentioned above, the compounds were stored in a freezer
by acetylation of the hydroxyl groups. D(_espite being sim_ilar at —45°C. An attempt to prepare Te(SGEH;NH;), from

to 1, 2 could not, however, be prepared n such.av;/ay SINC€ 3 by dehydrochlorination failed, since, on addition of
the analogous precursor, Te(SmIH_ZSH)Z’ IS elu5|ve1,' and stoichiometric amounts of agueous NaOH to a solutio8 of
the exchange of thiolate groups with T&8), according to in H,O kept at 0°C, elemental tellurium precipitated
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Rout, G. C.; Seshasayee, M Clystallogr. Spectrosc. Re$984 14, The higher the basicity of the N atom is, the more unstable

é?]%%% (d)dReSfa«’:lt,;Ii.9 854; é\/lgaaégn;gg}MO(e,) KA.; Husebé/e%té:t3 is the tellurium(ll) dithiolate, as can be anticipated by
em. cand. er. )y . (e ravamudan, o . T
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2, 1025-1029. (f) Rao, G. V. N. A., Seshasayee, M.; Aravamudan,
G.; Rao, T. N.; Venkatasubramanian, P.A¢ta Crystallogr, Sect. B (11) Instead of Te(SCHH,SH),, the pentacyclic f TeSCHCH,S—] is
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Acta Chem. Scand. Ser.1A75 29, 93. (h) Ase, KActa Chem. Scand. be reported in another paper.
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(9) Mugesh, G.; Panda, Y.; Singh, H. B.; Butcher RChem. Eur. J H.-H. Synth. Commurl98Q 10, 175-182. (¢) Li, T.-S.; Li, A.-X.J.
1999 5, 1411-1421. Chem. Soc., Perkin Trans.1998 12, 1913-1918.
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Table 1. Selected Structural Data dffrom Single-Crystal XRD and
ab Initio Geometry Optimizatich

ab ab

XRD initio XRD initio

Tel-S2 2.398(1) 239.6 S2C3-C4 114.5(3) 1145
Tel--S2a 3.388(1) C3C4-05 106.5(4) 107.0
S2-C3 1.807(6) 183.7 C405-C6 116.0(4) 114.7
C3-C4 1.505(7) 151.8 O5C6—-08 122.5(4) 123.3
C4-05 1.456(6) 144.5 O5C6—-C7 111.1(4) 110.5
05-C6 1.340(6) 136.3 0O8C6—C7 126.4(4) 126.2
C6-08 1.200(7) 122.4 S2#Tel-S2-C3 77.1(2) 72.5
C6-C7 1.484(8) 150.9 Te1S2-C3-C4 71.8(4) 73.4
S2-Tel-S2a 102.47(4) 99.1 SZ3-C4-05 70.8(4) 64.1
S2-Tel:--S2# 164.69(3) C3C4-05-C6 —174.0(5) —176.2
S2#--Tel--S2#a 72.42(3) 08C6—-05-C4 3.5(5) -0.8
Tel-S2-C3 102.5(2) 1019 C7C6-05-C4 —177.1(5) 179.2

aDistances are given in angstroms, angles in degrees.

Table 2. Selected Structural Data @ffrom Single-Crystal XRD and
ab Initio Geometry Optimizatich

ab ab

XRD initio XRD initio

Tel-S2 2.405(1) 239.8 S2C3-C4 112.9(3) 1125
Tel--S2# 3.402(1) C3C4-S5 111.7(3) 1116
S2-C3 1.822(5) 183.8 C4S5-C6 100.5(2) 99.0
C3-C4 1.514(6) 152.8 S5C6—-08 122.3(4) 122.9
C4-S5 1.810(5) 182.5 S5C6-C7 113.7(4)  113.9
S5-C6 1.778(5) 178.8 0O8C6-C7 124.0(5) 123.1
C6-08 1.205(6) 122.9 S2&lel-S2-C3 74.3(2) 72.3
C6—-C7 1.487(6) 151.6 TeiS2-C3—-C4 67.5(4) 73.4
S2-Tel-S2a 102.9(1) 98.8 S2C3-C4-S5 —173.9(2) 180.0
S2-Tel:--S2# 161.8(1) C3C4-S5-C6 —84.4(4) —79.8

S2#--Tel:--S2#a 66.5(3) 08C6-S5-C4 —1.3(6) 1.0
Tel-S2-C3 103.4(2) 102.0 C7#C6-S5-C4 179.0(4) —177.5

aDistances are given in angstroms, angles in degrees.

amine, 3.0¢* as a rough measure for the basicities of
2-aminophenylthiol and 2-aminoethylthiol, respectively.
The'H NMR signal of the TeSH, group in1 (3.07 ppm)
is significantly low-field shifted compared to the signal of
the HSQH; protons in HOCHCH,SH (2.52 ppm). The same
trend occurs for the signal of the TeBggroup in2 (3.1
ppm) compared to the signal of the HBEL protons in
HSCHCH,SAc (2.31 ppm) or in HSCKCH,SH (2.13 ppm).

Table 3. Selected Structural Data @ffrom Single-Crystal XRD and
of the [Te(SCHCH,NH3);]2" Dication from ab Initio Geometry
Optimizatior?

ab ab

XRD initio XRD initio
Tel-S2 2.389(1) 240.0 TeiS2-C3 102.3(1) 103.2
Tel-S6 2.388(1) TetS6-C7 106.9(1)
Tel--S2b 3.476(1) S2C3-C4 107.0(2) 106.4
Tel:--Cl2 3.498(1) S6-C7—C8 117.1(3)
S2-C3 1.823(4) 184.6 C3C4—N5 110.6(3) 110.4
S6-C7 1.830(4) C7#C8-N9 112.1(3)
C3-C4 1.505(5) 153.1 S6Tel-S2-C3 82.7(1) 89.8
C7-C8 1.493(5) S2Tel-S6-C7 83.3(1)
C4—N5 1.490(5) 1525 Te1S2-C3—-C4 176.8(3) 152.2
C8-N9 1.490(5) TetrS6-C7—-C8 45.3(3)
S2-Tel-S6 98.99(3) 102.4 S2C3—C4-N5 —180.0(2) 177.6
S6-Tel---S2# 174.8(1) S6C7—C8-N9 55.3(4)
S2-Tel--Cl2 173.2(1)

a Distances are given in angstroms, angles in degrees. The six different
N---Cl distances range from 3.082(3) to 3.216(3) A and the corresponding
angles N-H---Cl from 152.3 to 170.5, but they are not specified explicitly
here.

differing in their respective mode of aggregatibwhile in
Te(SPr), Te(SBu),, and Te(SPh)adjacent molecules are
linked by centrosymmetric &, units leading to “zigzag”
chains, each molecule dfand?2 forms contacts with four
different neighbors, one to each S atom and two to each Te
atom (see Figures 2b and 3b). Coordination of T& and
2 can be described best as trapezoidal, withrCN 4 and
nearly planar Tegunits. Nevertheless, there are considerable
dissimilarities in the crystal structures band?2, which are
due to differences in the conformations of the SCH,-
OAc and SCHCH,SAc chains.1 exhibits a S2-C3—C4—
O5 torsion angle of 70.8(8)and a C3-C4—05—CE6 torsion
angle of—174.0(5) (Table 1) (“gaucheanti conformation”).
In contrast to this2 has got a S2C3—C4—S5 torsion angle
of —173.9(2), and a C3-C4—S5-C6 torsion angle of
—84.4(4y (Table 2) (“anti-gauche conformation”; see also
Figures 2a and 3a).

On the other hand, there is a very good correspondence

Hence, the Te atom has a strong deshielding influence onPetween all structural parametersand of ACSCHCH;-

the a-protons. The'?5Te NMR signals ofl—3 have a shift
similar to Te(SCHCH,OH),,” but are low-field shifted by

SAc}® including the SCCS and the CCSC torsion angles.
Short G--O distances and €H---O angles larger than

approximately 200 and 350 ppm relative to the signals of 150° indicate the presence of intermolecular hydrogen

Te(SPr), and Te(Bu),, respectively. The'®Te NMR signal

of 4 (1699.7) is significantly downfield shifted compared to
that of Te(SPh)(1582.6)! a fact that is presumably due to
Te---N interactions.

Symmetric and antisymmetric F€S vibrational stretching
frequencies ofLl—3 are slightly lower than those reported
for Te(SPr),, Te(SBu),, and Te(SPh)*

Molecular and Solid State Structures. land?2 crystallize
in the same space groupbcn with similar cell parameters;
their molecules exhibi€, symmetry with a trans conforma-

bridges in the solid state structure bfand 2 (see Figures

2b and 3b). In both structures, hydrogen bonds from the
methyl groups to the acetylic O atom are formed between
two molecules, which both coordinate by one of their S atoms
to the same Te atom of a third molecule.linthe acetylic

O atoms of this third molecule additionally act as hydrogen
bridge acceptors toward one Ogttoup of each of the other
two molecules. Thus, in the case band?2, intermolecular
coordination via hydrogen bridges dominates the SCCE (with
E = O, S) conformation and leads to different shapes of

tion of the side chains relative to the STeS plane. The these similar molecules. _ .
structural parameters of the CSTeSC units are similar to those Compound3 is the first ionic tellurium(ll) thiolate, and

found for other tellurium(ll) thiolates (see Table 5). Inter-
molecular Te--S contacts are significantly shorter irand
2 than in Te(%r), Te(SBu),, and Te(SPh)(see Table 5),

the molecular structure of its cations as well as its crystal
structure exhibit some interesting features. The structural
parameters of the CSTeSC unit are similar to thosg, @

(14) Richard, J. P.; Toteva, M. M.; CrugeriasJJAm. Chem. So200Q
122 1664-1674.

(15) Fleischer, H.; Schollmeyer, cta Crystallogr., Sect. 2001 E57,
330-331.
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Table 4. Selected Structural Data dffrom Single-Crystal XRB

Tel-S10 2.413(1) S2Tel-S10 99.2(1) S16Tel-S2-C3 -91.1(1)
Tel-S2 2.416(1) S22Te2-S30 98.8(1) S2Tel-S10-C11 —90.6(1)
Te2-S30 2.407(1) Te1S2-C3 103.6(1) S30Te2-S22-C23 —86.4(1)
Te2-S22 2.430(1) Te1S10-C11 106.0(1) S22Te2-S30-C31 —96.4(1)
s2-C3 1.785(3) Te2S22-C23 102.1(1) Te1S2-C3-C4 -99.1(2)
S10-C11 1.774(3) Te2S30-C31 104.0(1) Te1S10-C11-C12 81.2(2)
S22-C23 1.774(3) S10Tel-Te2 164.3(1) Te2S22-C23-C24 —95.7(2)
S30-C31 1.774(3) S22Te2--Tel 94.1(1) Te2S30-C31-C32 78.2(2)
C4-N9 1.386(3) S36Te2-Tel 81.9(1) S2C3-C4—N9 4.4(3)
C12-N17 1.372(3) S22Te2+N9 172.5(1) S16C11-C12-N17 —2.1(3)
C24-N29 1.370(4) N29#H---Tel 173(1) S22C23-C24-N29 5.1(4)
C32-N37 1.359(3) S36C31-C32-N37 —6.4(3)
Tel-Te2 3.685(1)

Te2-N9 3.027(2)

Tel:--N29b 4.029(3)

aDistances are given in angstroms, angles in degrees. Structural parameters of the phenyl rings are not explicitly givel Hmed &ngths range
from 1.368(4) to 1.414(4) A and-€C—C angles from 117.9(2)to 121.3(3). The sum of the €C—C angles amounts to 719.9t least, showing the
planarity of the phenyl rings; N and S atoms are virtually placed in the planes of the rings they are bound to.

Table 5. Comparison of Selected Structural Parameters of Te(SRBjnpoundd

Te—Sa TeSay Te Xay S-Te—Su Te—S—Cay 7(C—S-Te-S)
1 2.398(1) 3.388(1) 102.5(1) 102.5(2) 77.1(2)
2 2.405(1) 3.402(1) 102.9(1) 103.4(2) 74.3(2)
3 2.389(1) 3.476(1) 3.498(1) 99.0(1) 104.6(1) 82.7(1)/83.3(1)
4 2.414(1) 3.685(1) 99.3(1) 104.8(1) —90.6(1)~91.1(1)
4° 2.419(1) 3.027(2) 98.8(1) 103.1(1) —86.4(1)96.4(1)
Te(SPr) 2.394(1) 3.473(1) 99.6(1) 105.8(3) 77.0(2)/90.3(2)
Te(SBu)' 2.391(1) 3.680(1) 103.9(1) 107.6(1) 78.0(1)
Te(SPhYf 2.406(2) 3.631(2) 100.1(1) 103.2(2) 69.0(3)
Te(SCHCH,0H),H,09 2.398(3) 2.495(10) 101.3(1) 104.2(4) 75.4(4)/88.8(4)
Te(SCPh), 2.379(2) 110.8(1) 113.7(2) 80.2
Te[SC(O)Ph 2.372 103.1 89.1

a Atomic distances are given in angstroms, bond and torsion angles in deg¥eesCl. ¢ Structural parameters for each of the two independent molecules
in the solid state are gived.X = Te. ¢ X = N. f Values taken from ref 4 Values taken from ref ! X = O. ' Values taken from ref 5.Values taken from
ref 8c.

a

Figure 2. (a) ORTEP diagram of. Displacement ellipsoids are at the
50% probability level. (b) Packing diagram of

and other tellurium(ll) dithiolates (see Table 5). The TeSCC
and the SCCN torsion angles in the two side chains are
entirely different. While one ammoniumethylthio group
exhibits anti TeSCC and anti SCCN conformations, the other
one adopts gauche conformations. According to MP2/ rigyre 3. (a) ORTEP diagram o?. Displacement ellipsoids are at the
LANL2DZP geometry optimization and vibrational frequen- 50% probability level. (b) Packing diagram 2f
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electron pair donor toward a Te atom whereas the other one
is involved in a hydrogen bridge (see Figure 5b). Secondary
bonds, where the Te atoms act as electron pair acceptors,
are trans to one of the primary ¥& bonds (Te%-Te2 and
Te2--N9). Secondary bonds, where the Te atoms act as
electron pair donors, are orthogonal to the Fptnes of

the donating Te atom (TetH(N29b) and Te2-Tel). The
Te---N distance in4 is comparable to the intermolecular
Te-+*N contacts in solid Te(NMg)2.959(2)-2.960(2) A)°

but it is still significantly longer than the intramolecular-Te

Figure 4. ORTEP diagram of two formula units . Displacement N bond in 8-(dimethylamino)-1-naphthyltellurium dieth-
ellipsoids are at the 50% probability level. yldithiocarbamate (2.505(3) AY. The Te::-Te distance
remains significantly below the sum of the van der Waals

radii.t’

Ab Initio Studies on Conformation and Intramolecular
Coordination. Experimental and ab initio optimized struc-
tural parameters correspond in a reasonably good, though
not excellent, way, given the fact thatstructures of isolated
molecules are compared 1 solid state structures (see
Tables +3). Hence, it is no surprise that the overall
deviation between experiment and theory is largest for the
ionic compound, where the “naked” [Te(SCHH2NH3)2]?"
ion was structurally optimized.

It is interesting to note that the molecular structureg,of
2, and4 in the solid state as well as the ab initio optimized
molecular structures dfand2 lack any intramolecular donor
acceptor interactions of the Lewis-basic O, S, and N atoms
with the Te atom, although such FeE bonds (with E= O,

S, N) would form favorable five-membered rings. This lack
cannot be due to the absence of acceptor power of the Te
Figure 5. (a) ORTEP diagram of two formula units &f Displacement ~ &t0ms, since intermolecular contacts are found in the solid
ellipsoids are at the 50% probability level. (b) Packing diagrard.of state of all compounds (see above). This contradicts recent
findings for organochalcogen (Se(ll), Te(ll)) compounds
derived from 1-N,N-dimethylamino)naphthalene amN-
dimethylbenzylamine, which represent molecules forming
intramolecular Se-N and Te--N interactions®

Ab initio geometry optimizations, single-point energy and
thermochemical calculations, and natural bond orbital (NBO)
analyses were performed to find out what might have caused
the absence of these interactions. For each of the model
compounds Te(SCICHEH,), [with E=N (n=2), O (n
=1), S (= 1); C; symmetry] two different conformations
were optimized (see Figure 6), one with two short-Je-
distances and nearly planar, five-membered TeSCCE rings
[7(STeSC)= 180.0], such that each TeE bond occupies
the position trans to a FeS bond (trapezoidal TefB,)
coordination). In the second conformation, starting structures
with torsion angles S6Tel—S2—C3, Tel-S2—C3—C4,
and S2-C3—C4-E of 90.0, 180.0, and 180.9, respectively,
were applied, such that no FeE interactions were present
(see Figure 6 for the numbering of the atoms). Whereas the
torsion angles in the second conformation remained close
to their starting values, the optimized structures with short
Te---E distances differed depending on E more or less from
the starting structures (see Figure 6). Differences between
conformations with and without TeE bonds must be due

cies, the latter does not represent a minimum for the isolated
cation. The “intramolecular” Clbridge between Nkt and
Te is supposed to enable the gauegauche conformation
in the solid state (see Figure 4)-¥---Cl and C-H---Cl
contacts in the solid state form a three-dimensional network
between the cations and the Ginions. The Te atoms are
tetracoordinate, by three S atoms and aiGh, and exhibit
a distorted trapezoidal coordination geometry. Apart from
chlorotris(N,N'-dicyclohexylthiourea-S)tellurium(ll) chlo-
ride® this is the only example known for a Te@)
coordination mode. It is noteworthy that two<1<S contacts
link two like-charged [Te(SCKCH,NH3),]?" dications to-
gether.

In contrast tal—3, there are no Te-S interactions in the
solid state structure of, but rather intermolecular TeN
and Te--Te contacts (see Figure 5b and Table 4). Two
different Te atoms are found in the solid state structure of
4, Tel and Te2, both of which are tetracoordinate with
slightly distorted sawhorse structures. Tel exhibits a Fe(S
HTe) and Te2 a Te@8ITe) coordination mode, both of which
have been unknown so far. The molecules4dack any
symmetry (see Figure 5a), a fact that is due to the different
coordination modes of the two N atoms. One acts as an

(16) Husebye, S.; Toroos, K. W.; Zhu, HActa Crystallogr.2001, C57,
854—856. (17) Bondi, A.J. Phys. Chem1964 68, 441-451.
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Figure 6. Ab initio molecular structures of Te(SGBH:NH,), (top),
Te(SCHCH,0H), (middle), and Te(SCKCH,SH), (bottom), with (left)
and without (right) intramolecular TeE bonds.

Table 6. Selected ab Initio Structural Parameters (Internuclear
Distances in A, Bond and Torsion Angles in deg)3)—o*(Te—S) and
n(X)—o*(Te—S) Energies of Interaction and Thermochemical Data (in
kJmol~1) of the Model Compounds Te(SGBH,EH,), [with E = N (n
=2), 0 (h=1),S (= 1); C; symmetry] with and without an
Intramolecular Te-E Bond (See Figure 8)

Te(SCHCH;NH,), Te(SCHCH,0H), Te(SCHCH,SH),
with Te--*N bond  with Te---O bond with Te---S bond

Tel-S2 2.444 2.415 2.397
Tel-E 2.959 3.152 3.723
S2-Tel-S6 93.0 97.6 100.7
S6-Tel:E 161.3 153.6 136.5
S6-Tel-S2-C3 135.7 119.4 94.0
Tel-S2-C3-C4 71.2 79.6 92.1
S2-C3-C4-X —-63.1 —63.4 -71.2
N(S)—o*(Te—Sp 31 52 80
n(E)-c*(Te—Sp 91 31 14
AH2%8c -14 -3 +14

Te(SCHCH:NH,), Te(SCHCH,OH), Te(SCHCH,SH),

without without without
Te--N bond Te--+-O bond Te--+S bond

Tel-S2 2.393 2.392 2.417
S2-Tel-S6 99.9 100.1 103.5
S6-Tel-S2-C3 76.2 76.1 81.2
Tel-S2-C3—-C4 —-178.4 —-178.9 176.9
S2-C3-C4—X —-179.3 179.9 179.6
ny(S)—o*(Te—Sy 76 7 76

aE = N5, 05, and S5 for Te(SGEHzNH,)2, Te(SCHCHOH),, and
Te(SCHCH,SH).. P Sum of both interactions per molecufAH2%8 =
H2%§with Te-+-E bond)— H2¥without Te--E bond).

to these interactions, i.e., the more distinct the two with the
same E are, the stronger is the-*FE bond. The order E
N > O > S for the strength of the TeE bond follows from
the data given in Table 6. Especially the Be—S—C torsion

Fleischer and Schollmeyer
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.
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Figure 7. MP2/LANL2DZP potential energy as a function of the STeSC
torsion of Te(SCH); (+) and of the SCCS torsion of HSGEH,SH (x).

more stable than the conformation without such an interac-
tion, but it is kinetically destabilized. This result explains
why Te(SCHCH,NH,),, formed by dehydrochlorination
from 3, is decomposed immediately after its formation (vide
infra). With E = O, both conformations exhibit nearly the
same thermodynamic stability, and withFES, the confor-
mation with Te--E interaction is less stable than the one
that lacks such an interaction. Thdsand2 are kinetically
more stable than Te(SGBH,NH,), and, in the solid state,
two inter- rather than intramolecular FeE bonds (with E

= 0, S) are formed to each Te atom.

In order to investigate the molecular rigidity of the
tellurium(ll) dithiolates in terms of STeSC and SCCE torsion
angles, MP2/LANL2DZP potential energy surface scans for
these torsion angles of the model compounds Te@Gird
HSCH,CH,SH were performed. Plots of the relative energies
vs the torsion angles are shown in Figure 7. Ranging from
0° to 18C, there is only a single energy minimum for the
STeSC torsion at = 80°, but there are two energy minima
for the SCCS torsion, the anti conformatian< 18C°) being
about 5 kJ mol* lower in energy than the gauche conforma-
tion (r = 60°). Data in Figure 7 clearly shows that a planar
TeSCCE five-membered ring and a STeSC torsion angle of
180, i.e., the starting values for the above-discussed model
compounds Te(SCHH,EH,),, are far from the minima of
the potenial energy surface (PES). The energy for a
conformation of HSCHCH,SH with 7(SCCS)= 0° exceeds
the one withr(SCCS)= 60° by approximately 30 kJ mot,
and the energy for a conformation of Te(SgHwith
7(STeSC)= 180 surpasses the one witliSTeSC)= 80°
by nearly 65 kJ mot.

The SCCS torsion angle is much floppier than the STeSC

angle decreases in the same sequence. Tellurium(ll) dithio-torsion angle, with only a small difference between anti and
lates, which are thermodynamically unstable, receive part gauche conformations (see above). In the solid state, slight

of their kinetic stability from the {(SY)—o*(Te—S?) orbital
interaction, which reaches a maximum for-Be—S—C
torsion angles of+90° or —90°.#7 The increase of the
S—Te—S—C torsion angles beyond 9Cenforced by the Te

differences in packing might suffice to get the gauche
conformation in one case and the anti conformation in the
other. Hence, the molecular structuresland?2, in which
SCCO and SCCS units, respectively, are present, were

--E interaction, thus leads to a decrease of the kinetic stability investigated in detail by means of ab initio geometry

of the tellurium(ll) dithiolates. With E= N, the conformation
with Te---E interaction isthermodynamicallysignificantly
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optimizations. Their molecular structures as found in the
solid, i.e., the gaucheanti conformation ofl and the anti-
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gauche conformation & (see above) represent minima on pellets, range 4066200 cnt®. MS: Finnigan MAT 8230, El, 70
the PES of the respective isolated molecules. SubsequentlyeV. CHNS analysis was performed with an Elemental Vario EL2.
two further geometry optimizations were performed, with Preparation of Tellurium Bis(2-hydroxyethylthiolate), Te-
having the anti-gauche conformation an@ the gauche (SCH;CH0H).. Te(SCHCH;OH), was prepared differently from
anti conformation as initial structuret.retained the ant the recently reported procedut@ellurium bistert-butylthiolate),
gauche conformation, with a SE3—C4—05 torsion angle 1 &(SBu) (4.19 g, 13.7 mmol), and 2-mercaptoethanol, H$CH
of 175.F and a C3-C4—05-C6 torsion angle of 813The " 2OH (2.23 g, 28.5 mmol), were dissolved in 20 mL of THF.

. o The orange-yellow solution was stirred and heated to reflux for 30
energy of the antrgauche Conformatlon ',S 6.0 kJ mel min; then THF andert-butylmercaptan were distilled at normal
below that_of the gal_JChea”“ C_Onformatl_on. Thus, the pressure. The residue was dissolved in methanol and the solution
gauche-anti conformation found in the solid state must be fjjered from small amounts of elemental tellurium that had been
stabilized by the hydrogen bridge3.adopted a gauche formed during the reaction. On addition of petroleum ether and by
gauche conformation with a SZ3—C4—S5 torsion angle  means of cooling te-45 °C, Te(SCHCH,OH), precipitated as a
of —69.5 and a C3-C4—S5-C6 torsion angle of-78.71°. yellow solid and was separated by filtration and dried in vacuo.
The energy of the gauch@auche conformation exceeds that Yield: 3.34 (86.5%). The product was identified by its melting
of the anti-gauche conformation by 8.5 kJ mé] corre- point and its purity checked biH NMR spectroscopy.
sponding to the energy difference of the gauche and anti Preparation of Tellurium Bis(2-acetoxyethylthiolate), Te-
conformations of HSCKCH,SH. Hence, different from what ~ [SCH2CHZ0C(O)CHjlz, 1. First acetyl chioride (0.50 g, 6.3 mmol)
is found for 1, the gaucheanti conformation does not

and then pyridine (0.50 g, 6.3 mmol) were added to a stirred solution
represent a minimum on the PESZyfand the conformation of tellurium bis[(2-hydroxy)ethylthiolate], Te(SGBH,OH), (0.60
found in the solid state represents the more stable one.

g, 2.1 mmol), in 30 mL of diethyl ether kept at78 °C and
protected against light. The orange-yellow solution was slowly
warmed to room temperature and filtered from small amounts of
tellurium. The solution was concentrated in vacuo, and 5 mL of
The preparation of tellurium(ll) thiolates, Te(SRjrom ethyl acetate was added. From this solutibprecipitated at-45
Te(SR). and HSR by exchange of thiolate ligands offers a °C and was dried in vacuo. Yield: 0.35 g (46%). Single crystals
new and straightforward approach. In some respects, it isOf 1 suitable for X-ray diffraction were obtained from the

superior to the reductive elimination method using &/ Te Precipitate. Mp 5556 °C. Anal. Calcd for GH1.0.5,Te (fw =
compound and HSR. 365.92 g mot?): C, 26.26; H, 3.86; S, 17.52. Found: C, 26.71;

. . 0, -
The tellurium atom acts strongly deshielding on the H, 4.14;S, 16.80. MS: 368 [M 8.8%], 238 [(SCHCH,0C(O)

Conclusion

+ + 1
a-protons in Te(SR) as can be seen in th NMR, while CHo)2", 9.3%], 87 [CHCHOC(O)CH, 100%]. *H NMR
the substitution pattern of the-C atom has a great impact
on the chemical shift of th&?Te NMR signal.

Among different tellurium(ll) thiolates, the structural

(CeDg): 4.15 (,3J = 6.6 Hz, 2H,—OCH,—); 3.07 (1,3J = 6.6 Hz,
2H, —SCH,—); 1.69 (s, 3H, El3). 3C NMR (CiD¢): 64.4
(—OCH,—), 36.8(-SCH,—), 19.9 CHs).1® 125Te NMR (GsDe):
1282.8. IR: 2949 (mp.dCHz)), 2925 (s,v{(CHa)), 2855 (m,

parameters of the CSTeSC unit are very similar while the v(CHy)), 1732 (vs, »(C=0)), 1459 (m, dad{CHz)), 1432 (m,
way in which Te(SR) associate in the solid state largely 0ad{CHs)), 1404 (M,dwaCHz)), 1386 (s(CHg)), 1364 (m), 1279

depends on R. The absence of intramolecular-Eecontacts
in 1, 2, and 4 is due to the rigidity of the STeSC

conformation, and only intermolecular coordination of the
Te atoms is found. Thus, tellurium(ll) dithiolates derived
from f-donor substituted thiols represent a case of conforma-
tion dominating coordination. On the other hand, the SCCE

(s), 1251 (vs,va{C(0)-0)), 1071 (s,va{H.C—0)), 986 (m,
v(HsC—C), 934 (m), 800 (m), 634 (myp,{S—C)), 610 (m,
v{(S—C)), 467 (W), 420 (w), 327 (my{Te—S)), 305 (w,vadTe—
S)), 221 (w,0(TeS)).

Preparation of Tellurium Bis(2-acetylthioethylthiolate), Te-
[SCH,CH,SC(O)CHjg)],, 2. 2was prepared in a procedure similar
to the one applied for Te(SGBH,OH),, using tellurium bistert-

conformation is floppier than the STeSC conformation. butylthiolate), Te(®Bu), (3.50 g, 11.4 mmol), 1,2-dithioglycol

Hence, the conformational flexibility around the-8 and

monoacetate, HSGEH,SC(O)CH (3.19 g, 23.4 mmol), 25 mL

C—C bonds enables intermolecular hydrogen bridges as well of benzene as solvent, and THF to extract the residue. Yield: 3.84

as the intramolecular NH--+Cl---Te connection irB.

Experimental Section

General Procedures All procedures were carried out under an
inert gas atmosphere or in a vacuum. Solvents were purifie .
according to standard procedures. As far as it was possible, exposur&(o)c"b)

of the tellurium dithiolates to daylight was avoided. T&(9,* and
HSCH,CH,SC(O)CH!® were prepared according to literature

procedure. Due to their thermal instability, the tellurium(ll) thiolates

were stored at-40 °C.

NMR: Bruker DRX 400,By(*H) = 400.0,B,(*3C) = 100.577,
B1(1?5Te) = 126.387 MHz. Standard: TMSH], 13C) and Te(CH),
(125Te). IR: Mattson Galaxy 2030 FTIR, resolution 4 thCsl

(18) Wiesler, W. T.; Caruthers, M. H.; Marvin, H. Org. Chem 1996
61, 4272-4281.

g (84.6%). Single crystals & suitable for X-ray diffraction were
obtained by slowly cooling a solution @ in toluene from room
temperature te-45°C. Mp 69-70°C. Anal. Calcd for GH140,S,-
Te (fw = 398.04 g motl): C, 24.14; H, 3.54; S, 32.22. Found:

d € 24.04; H, 3.59; S, 31.94. MS: 400 [M50.9%], 357 [(M—

, 14.6%], 222 [(TeSCKCH,S—)*, 13.5%], 103 [CH-
CH,SC(O)CH;, 100%].'H NMR (C¢Dg): 3.1 (m, 4H,—TeSH,-
CH,S—); 1.86 (s, 3H, ®s). 3C NMR (CsDe): 193.4 (-C(O)-
CHs), 37.9 FC(O)CH,—], 31.6 (Te$H,—), 29.6 CH3). 125Te
NMR (CgDg): 1246.5. IR: 2971 (WyadCHs)), 2926 (m,v(CHs)),
2854 (vw,v(CHy)), 1687 (vs,1(C=0)), 1428 (50.{CH3)), 1417
(s, 0a{CHy)) 1396 (sh,0wag(CHy)), 1355 (s), 1270 (w), 1202 (s),
1140 (vs), 1105 (s), 1000 (sh), 974 (§HsC—C), 930 (m), 801
(w, broad), 747 (wp(C(O)-S)), 725 (m,»(C(O)-S)), 686 (m,

(19) 13C NMR signal for—C(O)CH; in 1 was not observed.
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Table 7. Crystal Data for Compounds—3?2

Fleischer and Schollmeyer

1 2 3 4
empirical formula @H 140482Te C8H140254T8 QH14C|2N282T6 C12H 12N2$2Te
fw/g mol~1 365.92 398.03 352.79 375.96
cryst syst orthorhombic orthorhombic _triclinic monoclinic
space group Pbcn Pbcn B P2i/n
4 4 4 2 8
temp/K 183 183 183 186
Pcalcdd CNT3 1.871 1.859 1.909 1.816
ulcmtb 26.0 26.6 315 24.5
F(000) 712 776 340 1456
cryst size/mr 0.05x 0.13x 0.24 0.025x 0.2 x 0.49 0.035x 0.08 x 0.305 0.166x 0.226x 0.235
6 range/deg 2.6 6 <283 2.0<6<282 2.0<6 <283 2.0<6 <283
limiting indices 6> h=> —6, 6=h=> —6, 6= h=> —6, 13> h=> —13,

11> k= —11, 11> k> —11, 14> k> —14, 25> k> —25,
39> 12> -39 42> | = —42 16> 1= —16 18> 1= —18
alA 5.2006(6) 5.1470(3) 4.8378(5) 10.2853(2)
b/A 8.4710(10) 8.6904(5) 11.0918(12) 19.0645(3)
c/A 29.479(3) 31.7950(18) 12.7061(14) 14.0781(3)
o/deg 90.0 90.0 114.478(2) 90.0
pldeg 90.0 90.0 96.877(2) 94.839(1)
yldeg 90.0 90.0 91.624(2) 90.0
VIA3 1298.7(4) 1422.2(3) 613.8(2) 2750.6(2)
reflns measd 10945 13044 5647 20388
unique reflns 1607 1768 2963 6802
reflns|F| > 40(F) 1075 1372 2495 5742
R[|F| > 4o(F)]¢ 0.036 0.040 0.030 0.0263
GOF onF? 1.059 1.163 1.034 1.008
largest diff peak —1.81/0.96 —2.65/0.85 —1.20/1.15 —1.94/0.84

and hole/e A3

aMo Ka radiation withA = 0.71069 A was used.Absorption correction with MULABS?2 ¢R = Y ||Fo| — |F¢||/3|Fol.

vad{S—CH,)), 630 (s,v(S—CHy)), 531 (w), 331 (mp«Te—S)), 284 dried in vacuo. Yield: 1.34 g (49.9%). Dec#@3°C. Anal. Calcd
(s, vadTe—9)), 234 (M,0(TeS)). for C1.H1NL,S,Te (fw = 375.96 g motl): C, 38.34; H, 3.22; N,

Preparation of Tellurium Bis(2-ammoniumethylthiolate) 7.45; S, 17.05. Found: C, 38.93; H, 2.25; N, 7.54; S, 17'80.
Dichloride, [Te(SCH,CH,;NH3),]Cl,, 3. Tellurium bistert-but- NMR (CgDg) 7.55 (d,3] = 8.0 Hz, 1H,H®), 6.92 (t,3] = 7.6 Hz,
ylthiolate), Te(8Bu),, (0.69 g, 2.3 mmol) and 2-mercaptoethylam- 1H, H5), 6.59 (t,3J = 8.0 Hz, 1H,H%), 6.31 (d,3J = 8.2 Hz, 1H,
monium chloride, HSCECH,NHsCI, (0.53 g, 4.7 mmol) were  H3), 3.85 (broad s, 2H, N,). 13C NMR (CsD): 148.7, 136.0, 130.4,
dissolved in 30 mL of methanol. The yellow solution was stirred 118.4, 118.1, 114.82Te NMR (GDe): 1699.7.

and heated to reflux for 30 min, and then the solvent &t Crystal Structure Determination. Diffraction experiments were
butylmercaptan were distilled under a slight vacuum. The remaining herformed on a BRUKER Nonius CCD diffractometer. The crystal
yellow solid was extracted three times with 5 mL of methanol. - gctyres were solved by direct methods and difference Fourier
From the extract, the product precipitated-&0 °C and was filtered techniques (SIR-92p structural refinement was agaiff@(SHELXL-

off and dried in vacuo. Yield: 0.72 g (88%). Single crystals3of  g7y21 petails of the crystal structure determination of compounds
suitable for X-ray diffraction were obtained by slowly condensing 14, and their crystal data are given in Table 7.

etroleum ether at room temperature into a saturated soluti8n of . L .
b P Theoretical Methods. The ab initio calculations were performed

in methanol. Dec 8885 °C. Anal. Calcd for GH1,CIoN,S;Te (fw . N . L
=352.79 g mot): C, 13.62; H, 4.00; N, 7.94; S, 18.17. Found: on various servers of the Zentrurir iDatenverarbeitung, Universita
. N B A e 18 ABd NI D (NS " Mainz, using the GAUSSIAN94 software packa&§eGeometry

C, 13.63; H, 4.15; N, 8.14; S, 18.251 NMR (DMSO-d): 8.17 AT . ) . . .
(broad s, 3H, Mis), 3.23 (M, 2H, NG&,), 3.01 (m, 2H, SE,). 13C optimization, calculation of vibrational frequencies, and an analysis
LAY AN @ \ s ~ BT ‘ of the electronic structure in terms of natural orbRélsvere

NMR (CD;0D): 40.6 (NCHy), 33.9 (-SCH,—). 125Te NMR (CDs-
performed at the Hartred~ock level (HF), followed by second-

OD): 1274.2. IR: 3000 (vs, broadNH3")), 2961 (sh,v(CHy)), ) ) )
2950 (shy(CHy)), 2915 (vs(CHy)), 2836 (shy(CH,)), 1599 (s, order Mgller Plesset perturbation theory (MP2), with an effective

O0(NH3")), 1507 (so(NH3z")), 1462 (m,0(CHy)), 1439 (m,0(CHy)),
1413 (m,0(CHy)), 1381 (w,6(CHy)), 1334 (w,6(CHy)), 1257 (m,
0(CHy)), 1233 (M,0(CHy)), 1142 (mp(N—C)), 1096 (m), 941 (m),
805 (M, »(S—C)), 776 (w,v(S—C)), 404 (s), 342 (sy{(Te—9)),
288 (M,v,{Te—S)), 248 (m,0(Te—S)).

Preparation of Tellurium Bis[(2-amino)phenylthiolate], Te-
(SCsH4(0-NHy))2, 4. Tellurium bisgertbutylthiolate), Te(Bu),
(2.19 g, 7.2 mmol), and 2-aminothiophenol, HEiG(0-NH,) (1.92
g, 15.3 mmol), were dissolved in 20 mL of benzene. The red
solution was protected against light and stirred and heated under
reduced pressure in order to distill the solvent &xd-butylmer-
captan. During the reaction, the solution turned black and substantial
amounts of elemental tellurium were formed. The residue was gztle\lrv;/ritéf]dnpiz; ';egdefsosrii?]”vlr'zﬂé?_Ggirt‘tzsﬂﬁféﬁ'?PFEP%Q%MUSS'AN
several times extracted with small amounts of toluene. From these 24) Reed, A. E.; Curtiss, L. A.; Weinhold, Ehem. Re. 1988 88, 899
combined solutions, red crystals precipitatee-d6 °C, which were 926.

(20) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, M. SIR-A Program for the Automatic
Solution of Crystal Structures by Direct MethodsAppl. Crystallogr.
1994 27, 435-436.

(21) Sheldrick, G. MSHELXL-97 Program for crystal structure refinement
Universita Gottingen: Gdtingen, Germany, 1997.

(22) Blessing, RActa Crystallogr.1995 A51, 33—38.

(23) 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.;
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