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Summary

Complexes containing tetrahalotelluracyclopen.:ane anions of the type (R;M),*-
[C4H8TeX2X'2]2— (Where R= CH3, Csz, C3H7, C4H9, C6H13, C7H15 or C6H5; M=
N, P, As or Sb; X = Cl, Br, or I and X' =1, Cl, Br, NCO, NCS, or N;) have been
synthesised, (i) by the interaction of 1-telluracyclopentane 1/1 diiodide with
the corresponding tetraorganoammonium, -phosphonium, -arsonium, or -stiboni-
um halides in nonaqueous solvents and (ii) via halogen exchange between com-
plex anions and silver or alkali metal halides. The second method also yielded
several pseudohalide and mixed halide-pseudohalide derivatives. The ionic nature
of the new complex anions has been established by conductance and miolecular
weight measurements. NMR and IR spectra of some of the derivatives are dis-
cussed.

Introduction

Penta- and hexa-halotellurates(IV) have been known since 1900 [1—5].
Although the first complex anion containing Te—C bonds, [{(CH;);Te]” [(CH;)-
TeX,] ,was reported [6] as early as 1929, it is only recently that a few papers
deseribing tetrahalomonoaryltellurates(IV)[7,8] and dihalcaryltellurates(I1)

[9] have appeared. We have recently reported preparation of aryltellurium
chlorides by a cleavage reaction of M—Ar bond(s) (M = Group III or IV metal)
with tellurium tetrachloride [10] and also the synthesis of 1-telluracyclopentane
1/1 dipseudohalides and -dicarboxylates [11]. We have now synthesised and
characterised a number of tetrahalo-, tetrapseudohalo-, and mixed dihalodi-
pseudohalo-cyclopentanetellurates(IV).

* For part II see ref. 11.
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Results and discussion
The new comple¥x anions are synthesised through the following reactions:

2 RyMX + CyHgTel, Non2d-solv; (p M), [CsHsTel,X,] )

(M = N; R = CH3, Csz, C3H7, C4H9, C6H13 or C7H15; X= Cl, Br or I)
(M =P, As or Sb; R = C4H;; X = Cl, Br)

[C.H TeX,]?~ +4Y~ - [CoHeTeY,]?~ + 4X- (2)
(X=Cl, BrorI; Y = I, F, CNO, SCN, N;)
[CsHgTel,X,]% + 2Y~ - [CsHgTel,Y,]* + 2X~ | (3)

(X =Cl or Br; Y = SCN or CNO)

The reactions are essentially quantitative and proceed smoothly under mild
conditions. Physical and analytical details of the compounds prepared via reac-
tion 1 are shown in Table 1.

The halogen-exchange reactions represented by eq. 2 provide new complex
species not accessible by reaction 1. Thus dicklorodiiodo- and dibromodiicdo-
cyclopentanetellurate(IV) are converted into the tetraiodo derivative (Table 2).
The mixed dihalodipseudohalo compounds are prepared by pseudohalide dis-
placement of chloride or bromide rather than iodide from the mixead tetrahalo-
cyclopentanetellurates(IV) (eq. 3 and Table 2).

Molar conductivity values of the complexes are in the range 160—200 7!
cm? mol™!, 230—290 £27! cm? mol™! and 52—60 27! cm? mol~! (Table 3) in
methanol, acetonitrile and nitrobenzene solutions (10> M) respectively, which
shows the compounds to be 2/1 electrolytes [12,13]. The observed molecular
weights of the compounds are approximately one third of the formula molecular
weight, indicating that the complexes are dissociated into three ions in solution.
The calculated value of Van ’t Hoff factor (i ~ 3) further confirms that the com-
plexes are 2/1 electrolytes.

Infrared spectra

Infrared frequencies due to fundamental modes of vibration of the pseudo-
halide groups and Te—C bond are listed in Table 2. Vibrational frequencies
associated with cations are similar to those reported [14] and are not tabulated.
Absorptions associated with the various modes of vibration of the pseudohalide
groups have been identified and indicate the nature of their bonding to tellurium
metal. The chalcogenate group NCX (X = S or O) gives rise to three fundamen-
tal modes of vibration due to »(C=N), »(C—X) and 6§ (NCX). The observed
frequencies for these modes of vibration are listed in Table 2 and are consistent
with the iso structure of the compounds containing Te—N bonding [15]. Char-
acteristic absorptions of N; stretchings and bending modes show the presence
of covalently bonded linear N=N=N group [11,16]. Absorption associated with
Te—C bond is observed as a strong band in the region 520—560 cm™"! for 1-
telluracyclopentane derivatives which is slightly hugher than the Te—C fre-
quency in dimethyl- (472—544 cm™!) [17] and diethyl-tellurium dihalides
(460—560 cm™') {18] which may be attributed to steric effects [19].



. 4078‘ -

TABLE 2

ANIONIC COMPLEXES qéTAxﬁﬁﬁ BY HALOGEN EXQHANGE}!JH?‘.:A?TI?‘)NS wrm o) ;
* Reactants T Proauet® (k4M5¢(c4HsT§£2f2) - M.Q. cc) A Colour

Compd. . Y- R ‘M X - Y a N o

no. ¢ . ' 7 : 7 7 ‘
XIv X1 - CgHs P. I I 200(dec.) . . Orange-brown
xv  xi I- c,»sus As 1 1 210 Red-purple
XVI XI1 NCS- CeHs As I NCS 147—148(dec.) . Yellow
¥vo X 7 NCO- CgHs P 1 NCO | 172(dec.)  Yellow
xvii o . NCO—- - CgHs N CNO NCO 164 ‘White
xx vo N3 CqH;s N N3 N3 162 White
XX vz ’ ,"Fﬁ  CeHz N F F 235 White

@ See Table 1. P Yield 90—100%. € % of total (I + SCN) 28.00 (28.02). ¢ Abbreviations: v, very; s, strong: m, med
‘w, wealk. ; ' ’

TABLE 3 _
MOLAR CONDUCTANCES (10-3 M solution) AND VAN T HOFF FACTORS (i) FOR REPRESENTATIVE
ANIONIC COMPLEXES

Compd. Molar conductance (£2~1 em?2 mol-1) o Van *t Hoff factor (i)

no. % - )
CH3;CN CH30H CeHs5NO,

n -280.2 160.2 55.9 2.97

m 232.0 160.8 56.2 305

v - 230.4 165.2 56.3 ' 3.00

ViI ' 245.8 168.1 58.8 - 2.84

5.4 . 246.7 164.1 57.2 . 2.99

X. . . 248.8. . 165.4 59.0 .. - .2.96

X1 2559 . 1706 "59.8 3.07

XII 272.2 188.5 602 .- - 3.03

XIv.- 2801 1 190.6 - - 609 - : 3.00

XV . 275.0 . -180.8 59.2 2.99

XviI 7 2382 . . 1709 56.4 o 3.01

Xvia 245.3 " 180.0° "~ '58.2 2.99

XVHI - -240.4°° - 164.0 . 568 .- 3.00

XX 0 . 2455 .. . 1701 " 57.9 » 3.02

¢ See Tables 1 ﬁnd‘2.
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Analysis ('Found (calcd.) (%)) Absorption frequencies (cm—1) a
Cc : I N Te X Vasym Ysym Spseud. K(Te—C)
pseud. pseud.
45.50 3.60 8.98 36.50 530s
" (45.58) (3.53) 9.31) (37.04)
9.00 35.19 550s
(8.75) (34.81)
9.00 19.50 ¢ 2045vs 350m 472m 550s
(9.66) (19.22)
10.89 22.02 2180vs 1300m 615m 520s
(10.63) (21.14)
47.50 7.98 13.80 20.99 2180vs 1285m 614m 540s
(47.08) (7.90) (13.72) (20.83)
61.00 11.02 16.00 11.00 2105vs 2105m 672w 550s
(61.41) (10.99) (16.71) (10.89)
64.40 11.58 13.84
(64.45) (11.64) (13.16)

Tetrahalotelluracyclopentane anions are tentatively assigned an octahedral
structure, with the cyclopentane group occupying the cis position.

_ _ 2-
X X CH CH
R 2 2
|/
Te
S l\
X CH, CHa
X
NMR spectra

The NMR spectra of [(CsH,)sN].[CsHgTel4] and [(CsHs)sAs]2[CsHsTel,Cl, ]
were recorded at room temperature. A multiplet in the region 7 2—2.9 is due
to phenyl ring protons. Two multiplets are observed in the region 7 6.72—7.45
in telluracyclopentane derivatives. The multiplet at 7 6.07—6.50 may be attrib-
uted to —CH,—Te (2,5) protons, whereas the multiplet at 7 6.90—7.30 corre-
sponds to —CH,—C (3,4) protons [20]. A triplet at 7 8.90 and two multiplets
at 7 6.65 and 7 8.23 may be assigned to —CH;, —CH,—N, and —C—CH,—C
protons in the spectra of [(C3;H,);N],[CsHsTels]. The spectra, including the
integrations, correspond to the proposed stoichiometry of the compounds.

Experimental

1;Te11uracyclopentane 1/1 diicdide [21], tetraphenylphosphonium bromide,
tetraphenylarsonium chloride and tetraphenylstibonium chloride [22] were
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prepared by reported methods. Tetraalkylammonium halides of B.D.H. grade
were used. Molecular weight was determined cryoscopically using Beckmann
thermometer of accuracy of +0.01° C. The molar conductance of 10~% M solu-
‘tions was determined at 25° C with a Philips conductivity assembly PR-9500.
“Infrared spectra were recorded in KBr or Nujol in the region 4000—400 cm™*!
with Perkin—Elmer model Irfrared Cord spectrometer 337. Proton magnetic
resonance spectra were recorded at room temperature in CDCl; with a Varian
AS0 D or A90 D spectrometsr, using téetramethylsilane as internal standard.

Preparation of anionic complexes

(i) Tetracrganoammonium, -phosphonium, -arsonium, -stiboniumtetrahalo-
cyclopentanetellurates(I'V). The complexes were made according to eq. 1 and
are listed in Table 1. 1-Telluracyclopentane 1/1-diiodide (1 mmol) was refluxed
with a solution of tetraorgano-ammonium, -phosphonium, -arsonium, or
-stibonium halides (2 mmol) in chloroform or ethanol for 4—5 h. The solution
was concentrated and the complex precipitated by addition of excess of petro-
leum ether (60—80°C). It was recrystallized from acetone/petroleum ether
(60—80° C) and dried in vacuum.
 (ii) Halogen exchange reaction: conversion of tetrahalotellurates into
tetraiodotellurates. An aqueous solution of potassium iodide (in excess) was
added to a solution of bis(tetraphenylarsonium )dichlorodiiodocyclopentane-
tellurate(IV) (1 mmol) in 4 N HCl with constant stirring (eq. 2). The correspond-
ing tetraiodo compound was precipitated in quantitative yield, filtered, washed
with water and dried, m.p. 210°C.

(iii) Pseudohalogen exchange reaction: conversion of tetrahalotellurates inio
tetra-cyanato, -azido or -thiocyanatotellurates(IV). In a typical reaction bis-
(tetraethylammonium )tetraiodocyclopentanetellurate(IV) (1 mmol) was stirred
with silver or potassium cyanate (4 mmol) (eq. 2) in chloroform for 2 h and
then refluxed for additional 3—4 h. The precipitated potassium or silver salt
was removed, and the filtrate on concentration gave the corresponding bis-
(tetraethylammonium)tetracyanatocyclopentanetellurate(IV). Yield 99%, m.p.
164°C.

(iv) Cenversion of diiododichloro- or diiododibromo-tellurates into diiododi-
Dseudohalotellurates. In a typical reaction bis(tetraphenylarsonium)diiododi-
chlorocyclopentanetellurate(IV) (1 mmol) was stirred with silver or potassium
thiocyanate (2 mmol) in chloroform (eq. 8) for 2 h and then refluxed for 3—4
h. The precipitated silver or potassium salt was filtered off, and the solution
evaporated to yield the corresponding duododnsothlocyanatotellurate(IV) in
98% vield, m.p. 147—148°C (dec.).:

(v) Preparation of bis(tetrahexylammonium )tetrafluorocyclopentanetellurate.
Bis(tetrahexylammonium )tetraiodocyclopentanetellurate(IV) (1.39 g, 1 mmol)
was crushed with freshly prepared silver oxide (0.464 g, 2 mmol) in minimum
quantity of water and filtered. The filtrate was collected in a platinum crucible
and neutralised with hydrofluoric acid. The solution was evaporated under -
reduced pressure over sulfunc ac1d and the resultmg solid recrysta]hzed from
acetone.
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