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2-(Methylamino)pyridinato-tellurium(I'V) Halides, Tellurium(IV)-Nitrogen Compound,
Pentacoordinate Tellurium(IV)

The tellurium-nitrogen compounds Cl;Te(map) (1) and F;Te(map) (2) (map = 2-(methyl-
amino)pyridinato), derived from N-silylated map and the corresponding tellurium(IV) halide,
have been prepared and characterized. The crystal structure of 1 reveals a dimeric species with
two five-coordinate Te(IV) centers that are bridged by longer Te--- Cl contacts (356 pm aver-
age). Crystal data for 1: triclinic, a = 7.280(1). » = 9.512(1). ¢ = 16.004(2) A, « = 96.67(1),
B =91.95(1),y = 105.79(1) . V = 1057(1) A3, T = 293 K, space group PT, Z = 2. Final R and

R, values for 1 are 0.026 and 0.033, respectively.

Introduction

The chemistry of S—N compounds has been
studied quite extensively over the past few decades
[1]. In contrast to this, Se—N and in particular
Te—N chemistry has received comparatively little
attention [2]. One of the main reasons for this is
that suitable precursors to generate Se—N and
Te—N compounds in a rational manner have not
been available. With the exception of newly devel-
oped starting materials such as Se[N(SiMej;)], and
Te[N(SiMe,),], the preparations of Se—N and
Te—N compounds have often been limited to reac-
tions of amine derivatives with corresponding
chalcogen halogenides or by the use of explosive
Se,N,.

In our continuing investigations on Te—N sys-
tems we previously described the formation of a
four-membered  planar  Te,N,  heterocycle
(CI;TeNPPh;), [3], which contains two five-coordi-
nate Te(IV) centers. Herein we report the forma-
tion of two novel five-coordinate Te(IV) com-
pounds Cl;Te(map) (1) and F;Te(map) (2) (map =
2-(methylamino)pyridinato).

Results and Discussion

A suspension of TeCl, in CH,Cl, was treated
with Me;Si(map) at room temperature to obtain 1
(Scheme). The 'H NMR spectrum of the volatiles
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removed under vacuum indicates that Me;SiCl is
formed in the reaction.

Yellow single crystals of 1 suitable for X-ray
analysis were obtained from the CH,Cl, solution.
Details of the data collection, solution and refine-
ment are given in the Experimental Section, and
selected bond lengths and angles and atomic coor-
dinates are given in Tables I and II, respectively.
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Fig. 1. Perspective view of the Cl;Te(map) dimer in the
unit cell.
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Te—CI(1) 249.1(1) Te—Cl(2)
Te—-CI(3) 252.5(2) Te—N(1)
Te—N(2) 203.9(3) N(1H)—-C(1)
N(1)—-C(5) 134.5(5) C(1)—-N(2)
N(2)-C(21) 145.5(5) Te'—Cl(1)
Te'-CI(2") 238.4(1) Te'—=CI(3)
Te'=N(1") 232.8(3) Te'—=N(2')
N(1)=C(1I") 133.5(5) N(1")-C(5)
C(1")-N(@2") 137.1(4) N(2)-C(21")
Cl(1)=Te—-CI(2) 90.4(1) Cl(1)=Te—Cl(3)
Cl(2)=Te=CI(3) 92.5(1) CI(1)=Te—N(1)
C1(2)—Te—N(1) 148.4(1) CI(3)-Te—N(1)
CI(1)-Te—N(2) 88.7(1) CI(2)-Te—N(2)
CI(3)-Te—N(2) 86.4(1) N(1)-Te—N(2)
Te—N(1)—-C(1) 88.6(2) Te—-N(1)-C(5)
C(1)—N(1)—-C(5) 120.8(4) N(1)-C(1)-C(2)
N(1)—-C(1)—-N(2) 109.4(3) C(2)—-C(1)—-N(2)
Te—N(2)—-C(1) 101.6(2) Te—N(2)—-C(21)
C(1)-N(@2)—-C(21) 122.2(3) Cl(1)—Te' - C1(2)
CI(1")—=Te'=CI(3") 172.7(1) Cl(2")—Te'=CI(3)
CI(1")=Te'=N(1") 85.3(1) CI(2")—Te'—N(1")
C1(3")—Te'=N(1") 88.0(1) CI(1)—Te'—=N2")
Cl(2')-Te'=N(2') 87.4(1) CI(3")—Te'—=N(2')
N(1)—Te'=N(2) 60.3(1) Te'—=N(1)—-C(1")
Te'=N(1")=C(5") 149.4(3) C(1)=-N(1)—-C(5)
N(1)—C(1H—C2) 121.2(3) N(1")-C(1")—N(2")
C(2)-C(1")—-N(2) 129.1(3) Te'-N(@2)-C(1")
Te=N(2)=C(21") 128.5(3) C(1)-N@2)-C(21")

Table I. Selected bond lengths (pm) and an-

237.0(1) gles () for Cl,Te(map) (1).

235.2(3)
134.0(5)
137.4(4)
251.4(1)
250.4(2)
204.6(3)
134.3(5)
143.3(5)

174.2(1)
86.7(1)
88.2(1)
88.4(1)
60.1(1)

150.6(3)

122.0(3)

128.5(4)

126.3(3)
91.3(1)
92.9(1)

147.6(1)
87.6(1)
86.7(1)
89.2(2)

121.2(3)

109.5(3)

100.8(2)

124.1(3)

Table 11. Atomic coordinates (x 10%) and equivalent iso-

tropic  displacement  coefficients (pm°x<10°') for
ClyTe(map) (1).

Atom X ¥y z Ug
Te 5423(1) 2416(1) 3358(1) 40(1)
CI(1) 7641(2) 831(1) 3205(1) 57(1)
Cl(2) 7771(2) 4248(1) 4247(1) 64(1)
Cl(3) 2947(2) 3814(1) 3574(1) 63(1)
N(1) 2919(5) 218(3) 3219(2) 50(1)
C(1) 2986(6) 303(4) 4061(3) 46(2)
C(2) 1744(6) — 745(5) 4475(3) 63(2)
C(3) S01(8) —1889(5) 3975(5) 83(3)
C(4) 436(8) —1992(5) 3105(5) 84(3)
C(5) 1674(7) = 914(5) 2734(3) 67(2)
N(2) 4483(4) 1477(3) 4403(2) 44(1)
C(21) 4479(7) 2250(5) 5243(3) 55(2)
Te 10623(1) 2819(1) 1654(1) 40(1)
CI(1") 8241(2) 4268(1) 1931(1) 52(1)
Cl1(2) 8224(2) 815(1) 889(1) 65(1)
CI(3) 13246(2) 1654(2) 1302(1) 67(1)
N(1") 12834(4) 5102(3) 1641(2) 45(1)
(1) 12477(5) 4972(4) 808(2) 41(2)
C(2) 13390(5) 6086(4) 340(3) 46(2)
C(3) 14599(6) 7314(5) 772(3) 58(2)
C4) 14939(7) 7451(5) 1637(3) 64(2)
C(5) 14044(6) 6323(5) 2064(3) 55(2)
N(2") 11063(4) 3697(3) 545(2) 41(1)
C(21")  10785(6) 2944(5) — 298(2) 47(2)

* Equivalent isotropic U defined as one third of the
trace of the orthogonalized U;; tensor.

Compound 1 exists as a dimer in the solid state
with long Te--- Cl contacts (Te - CI(1") = 344(1) pm,
Te'--CI(1) = 369(1) pm) between the two Te cen-
ters. These contacts are within the sum of the van
der Waal’s radii (370 pm) for Te and Cl atoms.
Each Te atom is also directly bonded to two N
atoms of the map ligand and three Cl atoms, which
together with the lone pair of electrons at Te form
a distorted pseudo-octahedral geometry about the
Te center. The axial chlorines are bent slightly
away from the “open face” containing the lone
pair of electrons and towards the plane of the map
ligand, forming angles CI(1)-Te—Cl(3) and
CI(1')-Te—CI(3") of 174.2(1) and 172.7(1)", re-
spectively. The map chelate forms a small four-
membered ring at Te with an average N—Te—N
angle of 60.2(1) , which is smaller than, but still
comparable to the N-Te—N angle (62.8(4))
found in Cl;Te(Me;SiN),CPh [4].

In each half of the dimer, all the atoms, with the
exception of the axial chlorines and the methyl
groups, are coplanar. (The largest deviation from
the least-squares plane is 8.4 pm.) This is due not
only to the m-delocalization within the pyridine
ring itself, but also to the exocyclic delocalization
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involving N(1)—C(1)—N(2). The bond distances of
both the endocyclic C(1)—N(1) (134.0(5) pm) and
the exocyclic C(1)—N(2) (137.4(4) pm) are signifi-
cantly shorter than the average C—N single bond
length (145 pm), and also indicate partial delocali-
zation of this N(1)—C(1)—N(2) segment. In addi-
tion, an absorption at 1594 cm™!, corresponding to
a partial C=N double bond, was observed in the
IR spectrum of 1. Similar N—C—N z-delocali-
zations have been reported for Cl;Te(Me;SiN),CPh
[4] and the phosphorus analogue C1,P(map) [5].

The Te—N(2) bond distance of 203.9(3) pm is
shorter than either that expected for a Te—N single
bond estimated from covalent radii (207 pm) [6] or
the Te—N bond length (209.6(4) pm) found in
Cl;Te(Me;SiN),CPh [4]. In contrast, the Te—N(1)
distance (235.2(3) pm) to the ring nitrogen is much
longer, reflecting a more coordinative nature of
this Te—N bond. Similar Te—N distances involv-
ing the coordination of a pyridine nitrogen to a
Cl;Te center have been reported for
ClTe[—2-CH,C(0O)—6-CH,C(O)CsH;N] [7]
(240.2(3) pm) and ClTe[-2-C,H,N=NPh] [8]
(241.7(4) pm).

F;Te(map) (2) was prepared in a similar manner
(Scheme) and the elimination of Me;SiF could be
observed by 'H and ""F NMR spectroscopy. The
isotope pattern of the parent ion [M*] found in the
mass spectrum of 2 is identical to the calculated
pattern.

Suitable crystals of 2 for X-ray analysis could
not be grown, but it is reasonable to expect that 2
also has five-coordinate F;TeN, centers with
weaker Te--F contacts to other F;TeN, centers.
The tendency for the Te center to interact with dis-
tant Cl or F atoms is reflected in the halogen
bridging nature of the precursors to 1 and 2. Both
the TeCl, tetramer [9] and the TeF, polymer [10]
possess a network of bridging halogen atoms be-
tween Te centers. An absorption at 1587 cm™! cor-
responding to a partial C=N double bond was ob-
served in the IR spectrum of 2.

The broad singlet signal at —44.5 ppm in the '°F
NMR spectrum of 2 is consistent with fast fluorine
exchange on the NMR time scale. Even at a tem-
perature as low as —80 "C (CDCIl;/CH,Cl,) this
fluorine exchange could not be slowed down suffi-
ciently. Fast fluorine exchange has also been ob-
served for TeF, [11] at —100 “C. The '»Te NMR
spectra of 1 and 2 show resonance signals at 1450.8

and 1155.8 ppm, respectively. As expected, these
signals are shifted to lower frequency as compared
to the signals of their precursors TeCl,
(1736.2 ppm) and TeF, (1285.3 ppm) in the same
solvent [12].

Experimental

The reactants TeF, [13] and Me,Si(map) [5] were
prepared according to published methods. TeCl,
was obtained from Merck and was further purified
by vacuum sublimation. CH,Cl, was dried and dis-
tilled before use. The NMR spectra were recorded
with a Bruker AM-250 spectrometer for solutions
of the compounds with TMS, CFCIl; and TeMe, as
external references for 'H, '°F and '*Te NMR, re-
spectively. Infrared spectra were recorded with a
BIORAD FTS7 spectrometer using halo oil or
nujol mull and KBr plates. The mass spectrum was
recorded with a Finnigan MAT-8230 spectrometer
operating at an ionizing voltage of 70 eV. All ma-
nipulations were carried out either on a vacuum
line or in a dry box with exclusion of moisture. The
melting points were determined on samples sealed
in capillaries.

Cl;Te(map) (1)

To a suspension of TeCl, (1.20 g, 4.44 mmol) in
50 ml of CH,Cl,, a solution of Me;Si(map) (0.80 g,
4.45 mmol in 25 ml of CH,Cl,) was added drop-
wise at room temperature. After completion of the
slow addition, the reaction mixture became clear
and yellow. The solution was reduced to 30 ml,
cooled to —36 °C, and kept for crystallization for
several days. The yellow crystals (m.p. 137—
140 °C) were filtered off, washed with CH,Cl,, and
dried in a vacuum. Yield 1.25 g, 83%. MS (EI) m/z
(%) = 342 [M] (11), 307 [M—-CI] (66), 271
[M—=2CI1] (3), 235 [M—3Cl] (100), 200 [TeCl,] (76),
165 [TeCl] (72), 107 [map] (71). — 'H NMR
(CDCly): 0 = 8.30—6.71 (m, 4H, aromatic H), 3.66
(s, 3H, NMe). — "Te NMR (MeCN/C(Dy): 6 =
1450.8 (br s, Te).

C,,H ,N,ClTe, (682.2)
Caled C21.1 H2.1
Found C209 H2.1

Cl131.2 NB8.2,
Cl31.4 N78.

F;Te(map) (2)

To a suspension of TeF, (1.77 g, 8.68 mmol) in
30 ml of CH,Cl,, a solution of Me;Si(map) (1.55 g,
8.61 mmol in 25 ml of CH,Cl,) was added drop-
wise at room temperature. The reaction mixture
was then stirred for 30 min to ensure complete
reaction. The resulting clear light yellow solution
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was reduced to 20 ml and allowed to stand at
—36 C for several days. This produced colorless
microcrystals (m.p. 125—127 "C) which were fil-
tered off, washed with CH,Cl,, and dried in a
vacuum. Yield 1.9 g, 76%. MS (EI) m/z (%) = 292
[M] (11), 273 [M—F] (6), 254 [M—2F] (2), 185
[TeF,] (10), 107 [map] (100). — '"H NMR (CDCl,):
0 = 8.12—-6.51 (m, 4H, aromatic H), 3.23 (s, 3H,
NMe). — F NMR (CDCL): 6 = —44.5 (brs,
TeF;). — '»Te NMR (MeCN/C(Dy): 6 = 1155.8
(brs, Te).

C,H,N,F,Te (291.7)
Caled C247 H24 NO9.6,
Found C24.7 H2.6 NO9.5.

Crystal structure of 1

Yellow prismatic single crystals of 1, suitable for
X-ray analysis, were obtained as described above
and sealed into glass capillaries in a dry nitrogen
atmosphere. Data were collected at 293 K on a
Siemens-Stoe AED 2 diffractometer using graphite
monochromated Mo—Ka radiation. 2@-scans
with online profile fitting and variable scan speeds
were employed. The structure was solved by Pat-
terson methods and refined by full-matrix least
squares techniques (SHELX-76).

Cry sta//ographfc data for 1: CPH]4N4C1 Tew
Mr = 6822, a = 7.280(1), b = 9. 512(1)
16.004(2) A, a = 9. 67(1), f = 91 95(1),
105.79(1)", V = 1057(1) A3, space group PT, Z 2
F(000) = 640, d .. = 2.14 g/em™*, u = 3.54 mm™ !,
5128 reflections collected (7 < 26 < 45°), 2745
unique and 2614 observed reflections with F >
3.0 6(F). All non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were inserted at
calculated positions and refined using a riding
model. The full-matrix refinement of 217 parame-
ters converged with R = 0.026, R, = 0.033, w! =
a*(F) + 0.0002 F* and mdx1mum/m1n1mum residu-
al electron density +0.4/—0.9 eA 3. Further details
of the crystal structure investigation are available
on request from Fachinformationszentrum Karls-
ruhe, Gesellschaft fir wissenschaftlich-technische
Information mbH, W-7514 Eggenstein-Leopolds-
hafen 2, on quoting the depository number CSD
55393, the names of the authors, and the journal ci-
tation.

We thank the Deutsche Forschungsgemein-
schaft and the VW-Stiftung for the support of this
work, and the Alexander von Humboldt-Stiftung
for a fellowship to D. K. K.

[11 H. W. Roesky, Adv. Inorg. Chem. Radiochem. 22,
239 (1979); T. Chivers, Acc. Chem. Res. 17, 166
(1984); T. Chivers, Chem. Rev. 85, 341 (1989).

[2] a) S. Patai and Z. Rappoport (eds.): The Chemistry
of Organic Se and Te Compounds, John Wiley and
Sons Ltd., Great Britain (1986);

b) M. Bjorgvinsson, H. W. Roesky, F. Pauer, D.
Stalke, and G. M. Sheldrick, Inorg. Chem. 29, 5140
(1990) and references therein.

[3] J. Minzenberg, M. Noltemeyer, and H. W. Roesky,
Chem. Ber. 122, 1915 (1989).

[4] E. Hey, C. Ergezinger, and K. Dehnicke, Z. Natur-
forsch. 44b, 205 (1989).

[5] D. K. Kennepohl, A. A. Pinkerton, Y. F. Lee, and
R. G. Cavell, Inorg. Chem. 29, 5088 (1990).

[6] L. Pauling, The Nature of the Chemical Bond, 3rd
Ed.., Cornell University Press, [thaca, NY (1960).

[71H.J. Gysling. H. R. Luss, and S. A. Gardner, J. Or-
ganomet. Chem. 184,417 (1980).

[8] M. A. K. Ahmed, W. R. McWhinnie, and T. A. Ha-
mor, J. Organomet. Chem. 281, 205 (1985).

[9] B. Buss and B. Krebs, Inorg. Chem. 10, 2795 (1971).

[10] A. J. Edwards and F. 1. Hewaidy. J. Chem. Soc. A
1968, 2977.

[11] E. L. Muetterties and W. D. Phillips, J. Am. Chem.
Soc. 81, 1084 (1959).

[12] It should be noted that MeCN was used to ensure
high solubility of samples for Te NMR spectros-
copy. TeCl, and TeF, are expected to exist as
(MeCN),- TeX, species in solution.

[13] K. Seppelt, Inorg. Synth. 20, 33 (1980).



