
Journal of Organometaliic Chemistry, 55 (1973) 295-307 
8 Elsevier Sequoia SA., Lausanne - Printed in The Netherlands 

295 

NEW ANIONIC SPECIES OF TELLURIUM(IV) 

NICOLA PETRAGNANI and LIBARDO TORRES CASTELLANOS* 

Institute de Quimica dn Universidade de Sao Paulo, SW Paul0 (Brazil) 

KENNETH J. WYNNE** and WILLIAM MAXWELL . 

Department of Chemistry, University of Georgia, Athens, Georgia 30602 (U.S.A.) 

(Received November 14th, 1972) 

SUMMARY 

Tetrahaloaryltellurates(IV) were prepared by refluxing aryltellurium trihalides 
with phosphonium, tropylium and telluronium halides in CHC13. These compounds, 
which contain the ArTeXz anion, may be also prepared from aryltellurium trihalides 
and aqueous halogen hydride solutions. The phosphonium derivatives can be con- 
sidered as potential precursors of tellurophosphoranes for Wittig reactions. Halogen 
exchange reactions allow the interconversion of the complex anions. The ionic nature 
of the compounds is supported by ion exchange reactions utilizing ion exchange resins, 
and by conductance measurements. Far infrared and Raman spectral data suggest a 
square pyramidal configuration for the ArTeX, anions. 

Although hexa- and pentahalotellurates(IV) are well known’-‘, similar 
anionic species but containing a tellurium-carbon bond have received little attention. 
The compound [(CH,),Te+] [CH,TeX;] is the only reported example of this typelo. 
In this paper tetrahaloaryltellurates(IV), compounds which are characterized by the 
pentacoordinate ArTeX; anion, are described. 

RESULTS AND DISCUSSION 

Synthesis 

Phosphonium, tropylium, and telluronium tetrahaloaryltellurates(IV) were 
prepared by treating aryltellurium trihalides with phosphonium tropylium, and 
telluronium halides in organic solvents. Tetrachloro- and tetrabromoaryltellurates- 
(IV) may also be prepared utilizing the respective aryltellurium trihalide and aqueous 
halogen hydride (eqns. 1 and 2). 

solv. 

ArTeX, + Cy+]X’- - Cy ‘1 [ArTeX&‘ -1 

ArTeX, s p+ArTeX,] y’ IX’1 CArTfiZI 
(Y=PhsPR; C,H,; Ph,Te;X=Cl, Br;X’=Cl, Br) 
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The compounds prepared in organic solvents can contain either the same or 
different halogens depending on the starting materials, while those prepared in acidic 
medium can only contain the same halogens as the acids employed, due to rapid 
halogen exchange_ Tables 1 and 2 show the compounds obtained. A large number of 

I triphenylakylphosphonium derivatives were prepared; these compoundscould serve 
as precursors of tellurophosphoranes via the Wittig reaction (eqn. 3). 

[Ph,kH2R] [ArTeX;] 5 [ArTeX,-CHR-GPhJX- zArTeX,CR=PPh, 
-PhlPO R’CHO 

I 

ArTeX,a=CHR 
(3) 

Preliminary experiments are under investigation to test this scheme. 
The tropylium tetrahaloaryltellurates(IV) were prepared with the purpose of 

enlarging the limited number of tropylium salts containing complex anions’1-‘6. 
These derivatives may be prepared according to eqn. (1) or by treating the aryltel- 
lurium trihalides directly with cycloheptatriene in the presence of trityl perchlorate as 
hydride acceptor. The latter method does not require the laborious preparation of 
tropylium bromide (eqn. 4). 

ArTeCl,+C,H,+ [Ph,&O, - {[C,H~][ArTeCl,ClO;]) + Ph,CH 
-CIO+ +Br 

1 

(Ar=p-C2H50C6H,.J [C,Ht] [ArTeBr;] (4) 

The tetrachloro- and tetrabromoaryltellurates(lV) are fairly soluble in water. 
Their solutions are stable for a few hours, but after 16-20 h the aryltellurium oxo- 
halides begin to separate (eqn. 5). 

IX’1 W=Gl =ArTeX,+Y+X- 

1 
(5) 

Hz0 

ArTe(O)X+2HX 

(X=Cl, Br;Y=Ph,PR; C,H,; Ph,Te) 
Halogen exchange reactions may be used to prepare several new ccmpounds 

not accessible by the preceding plethods. When THF solutions of the tetrachloro- or 
trichIorobromoaryltellurates(JS!~ were treated with excess dilute HBr at room 
temperature the tetrabromo d&vatives were obtained. The transformation of the 
bromo compounds to the chloro derivatives required treatment of the former with 
concentrated HCl for sever& hours. The substitution of chlorine and bromine by 
iodide is easily performed in these compounds using excess KI in dilute HCL The 
iodo derivatives could not’ be transformed into the corresponding chloro or bromo 
derivatives. These results were expected, as the nucleophilic character of the halides 
increases from chloride to iodide while the solvation decreases in the same order. The 
halogen interchange geaction and the corresponding new products are summarized 
in Tables 3A and 3J3. 

The ionic nature of the-tetrahaloaryltellurates(IV) was confirmed in reactions 
with ion exchange resins and by conductance measurements. Two phosphonium 
derivatives dissolved in TIiF/ethanol (l/l) were allowed to interact with the anion 
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exchange resins, IRA- 400 - BDh - Cl-. The ArTeX, anions were exchanged for Cl- ; 
the phosphonium chlorides were isolated and identified as the corresponding per- 
chlorates. Elution of the resin with excess Et,N+Br- solution gave the soluble 

TABLE 3 

A. TETRAHALOARYLTELLURATE(IV) HALOGEN EXCHANGE REACTIONS 

Reactions A r R” X 

[PhsP-R] [ArTeCl.J ; [PhsPR] p-EtO-C,H,b 
Ph 

[PhsP-R] [ArTeXJ -!+ [ Phs PR] [ArTeIJ p-EtO-CsH+, Ph 
Ph 

[PhsP-R] [ArTeClsBr] 1 [Ph,PR] [ArTeXJ 

CC&l CArTeCLI 5 CW-bl C-4rTeW 

. pEtO-CsH4, Ph 
p-EtO-C,H,, Ph 

p-EtP-C,H,, Ph 

[C,H,] cArTeCl,Br] -% CGHJ CArT&l 

[Ph,Te] [PhTeCl,] $ [PhsTe] [PhTeBr,] 

[Ph,Te] [PhTeCl,Br] 1 [PhsTe] [PhTeCl,] 

p-EtO-CsH,, Ph 
p-EtO-C,H, Ph 
Ph 

CHsPh, CH,R’, Ph 
CH,Ph, CH=R’, Ph, CH, 
CHsPh Cl 

CH3 Br 

CH3, CH,R Cl 
CH3, CH,R’ Br 

Cl 
Br 
I 

TABLE 3 

B. TETRAHALOARYLTELLURATES(IV) VIA HALOGEN EXCHANGE REACTION“ 
~*][ArT~,]+4X’- - lJf+][ArTeX:-1+4X- 

Y+b ArTeX; X’ [Y’][ArTeXk_] 

M.p. (“C) Appearance’ Te Found Te Cold 

(%I (%I 

Ph,PCH,R p-EtOC,H.,TeBr, Cl 128-131 White crystals 15.88 15.80 

Ph3PCH3 PhTeBr, Cl 142-143 White crystals 2021 20.46 
Ph3PCH,R PhTeBr, Cl 186-188 White crystals 18.20 18.33 

Ph,PCH,Ph p-EtOCsHITeCl, Br 185-187. Yellow needles 13.68 13.82 
Ph3PCH2Ph PhTeC& Br 190-192 Yellow plates 14.45 14.53 

Ph,PCH,Ph p-EtOC,H,TeCl, I 138-141 Red-brown crystals 11.46 11.49 
Ph3PCH,Ph PhTeCl, I 141-143 Brown crystals 11.98 11.97 
PhsPCH, PhTeBr, I 169-171 Red crystals 13.05 12.89 
Ph,PCH, p-EtOC,H,TeCl,Br CI 156-157 White plates 18.92 19.10 
C,H, p-EtOC,H,TeCl, Br 218-221 Yellow needles 26.32 26.43 

C,H, PhTeCl,Br I 169-172 Brown-black crystals 15.85 15.87 
Ph3Te PhTeCl, Br 191-192 Yellow needles 28.81 28.89 
Ph,Te PhTeBr, Cl 197-199 White crystals 36.10 36.12 

y .This table shows only compounds not presented in Tables 1 and 2. b R’=CO,Et c From CH,ClJAcOEt. 
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tetraethyla&moniu& tetrahaloaryltellurates(IV). On treatment with aqueous po- 
tassi&n iodide the corresponding tetraiodo derivatives were precipitated (Scheme 1). 

.iCHtiE i 

[l’h,&H&] [ArTeX,] +Res+Cl- T 

’ ’ ’ y~+,rwfi:fito~ 

[Res ‘1 [ArTeX,] + [ Phs &H,R] Cl- 

j CPh,&CHzR] &; 

[Et,N*] [ArTeX;;I +Res+Br- 

1 
I -/Hz0 

CEt,Nf] CArTeI,] +-&- [Et,N’] [ArTeX;Br] + ArTeX, + [E&N’] Br- 

Nn)Ar=C,H,;R=C~H,;X=Cl;(b)Ar=p-EtOC,H,;R=C~*Et;X=Br, 

Conductance measurements were performed in nitrobenzene and nitro- 
methane. Values of 20.8-25.0 51-‘~cm2~moI-’ and 62-83 Q-l~cmz~mol-l were 
obtained for the respective solvent systems. The comparison of our conductance data 
(Table 4) with the known values for several types of e!ectrolytes17, confirms the 
behavior of the tetrahaloaryltellurates(IV) as l/l electrolytes. 

TABLE 4 

CONDUCTANCE DATA FOR TETRAHALOARYLTELLURATES 

Comprjd ~n nitrobenzene In nitromethane 
Q-‘-cm’-mol-l Q-l -cm’-mol-’ 

[Ph&CH,Ph] bEtOC,H,TeCl,] 20.8 

[Ph&H3] Cp-EtOC,H,TeBr;] 21.0 

[Ph&H,] b-EtOC,H,TeCl,Br-] 21.0 

[Ph,kCH,Ph] b-EtOC6H4TeBr3CI-] 22.0 

[Ph,k&Ph] [p-EtOC,H,TeI,Cl-] 22.5 

[C,H:] CpEtOC,H,TeCl,] 24.0 

[C,H:] Ep-EtOC,H,TeBrJ 25.0 

64.0 

62.0 

83.0 

81.0 

Our investigation led us to the preparation of a number of previously un- 
reported phosphonium, tropylium, and telluronium hexahalotellurate(IV) salts 

TeX4+2YfX- ““1,. Cy’]&-TeXz,-] (6) 

Cy = PhsPR; C7H7 ; Ph,Te) 

(eqn. 6). Depending on the halides used, TeXg- anions could contain the same or 
different halogens. Some hexachlorotellnrates(IV) were also prepared by treating ! 



ANIONIC SPECIES OF TELLURIUM(IVV) 301 

sOlutions of tellurium tetrachloride in aqueous hydrochloric acid with phosphonium, 
tropylium or telluronium halides (eqa 7). Tables 5 and 6 show the hexahalotel- 

HCI Ty+1x- 
TeCl, ‘-_ [H,TeCI,] - cY’l~CT~~~-l (7) 

(Y=Ph,PCH,Ph; C,H,; Ph,Te) 

lurates(IV) which were prepared. The phosphonium derivatives may assume im- 
portance as tellurophosphorane precursors (eqn. 8): In contrast to the tetrahaloaryl- 

[Ph,kCH2R],[TeX~-] z [Ph3P=CR-T&Q-CR=PPh3] 
-2HX 

- 2PhaPO 
1 

ZR’CHO 

(8) 

X,Te (CR=CHR’), 

tellurates(IV), the hexahaIotellurates(N) are unstable in water. On addition of water 
to their THF or ethanol solutions the corresponding tellurium oxohalides imme- 
diately separate (eqn. 9). As with the tetrahaloaryltellurates(IV), the conversion of 

TABLE 5 

[TeX.&‘-] SALTS PREPARED FROM TeX, AND PHOSPHONIUM, TROPYLIUM, AND 
TELLURONIUM HALIDES 

Y+= x- x’- [Y+],[TeX&*-] 

M.p. (“C) Appeararm? Te Found Te Calcd. 

(%) (%) 

Ph,PCH,Ph Cl Cl 228-230 Yellow plates 
Ph3PCHB Br Br 272-275 Red crystals 
PhsPCH2R Br Br 216-218 Yellow crystals 
Ph3PCH2Ph I cl 155-158 Brown crystals 
Ph,PCH, I Br 180-183 Green-black crystals 
Ph,P I Cl 236-240 Brown crystals 
C,H, cl Br 258-260 Green powder 

x7 
Br Br 319-322 Brown powder 

P&<e 
I : Br 272-275 Red-black needles 
Br Br 226-228 Yellow crystaW 

S R’=CO,Et b From CH,CN/AcOEt c From DMF/AcOEt. 

12.42 12.18 
10.81 10.99 
9.69 9.77 
8.96 8.74 
9.67 9.46 
9.19 9.21 

20.95 20.86 
16.06 16.29 
18.74 18.80 
9.63 9.71 

TABLE 6 --- -_ -_ 

HEXACHLOROTELLURATE(IV) SALTS FROM THE REACTION OF TeCl,, HCI; AND PHOS- 
PHONIUM, TROPYLIUM, AND TELLURONIUM HALIDES (Y+X’-) 

Y+ x’- 

Ph,PCH,Ph Cl 

C,H, Br 
Ph,Te Br 

[Y-‘], [TeCZg-] 

M.p. (“C) Appearanctf 

22S-23ob 
291-294 Yellow powder 
213215 White needles 

Te Found (%) Te Calcd. (%) 

2423 24.40 
27.34 27.44 

a From DMF/AcOEt. b See Table 5. 
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Cy’],[Tti3-] CT- [TeX,] +2Y+X- 

1 

c-9 
H20 

‘Te(O)X,+2HX 
(X=Cl,Br;Y=Ph,PR;C,H,; Ph,Te) 

chlorides to bromides, and of chlorides and bromides to iodides was possible ; Table 7 
shows these reactions and lists the new compounds obtained 

TABLE 7 

[Texk*-] SALTS VIA HALOGEN EXCHANGE WITH HALOGEN HYDRIDES (HX’) 

Y* X- x’- [Y’]* [2%x6’-] 

M.p. (“C) Appearance Te Found 
(%I 

Te Calcd. 
(%I 

Ph,PCH,Ph . Cl Bf 237-240 Orange crystals* 9.60 9.71 
Ph,@CH, Br Cl” 248-252 Yellow needIesb 13.94 14.26 
PhaPCHzPh Cl I 228-230 Brown crystals’ 7.91 8.00 
PhaPCH3 Br I 184-186 Black needlee 8.68 8.83 

C,H, Br“ I 232-235 Black crystals= 11.88 11.91 
Ph,Te Br I 208-210 Black powdef 24.10 23.82 

a The reverse halogen exchange is also possible. b From DMF/AcOEt. E From CH,Cl,/AcOEt. 
d [C7Hf12 [TeCI,Br,] was also utilized as a starting material. ’ From CH,CN/AcOEt. 

Injkred and Raman spectra 
The compounds reported form the basis of a potentially rich area for vibra- 

tional spectroscopic investigations. While RTeX,’ species presumably display 
G, syIIIIlleWs, moIecules of this type containing two different halogen atoms may 
possess lower symmetry depending on the extent and manner of substitution_ 

The vibrational spectroscopic data which have been collected thus far may 
be found in Tabie 8. The data for PhTeClz are most complete and will be discussed 
first. 

Experience has shown that low frequency M-X vibrations generally give rise 
to much more intense absorptions or scatterings than do phenyl modes, thus greatly 
simplifying data interpretation. In the interpretation of the spectrum of ArTeX, we 
assume local C,, symmetry about the central atom despite the lower overall sym- 
metry imposed by the phenyl group and possibly the crystal lattice. Nine normal 
modes (three are doubly degenerate) are expected for a square pyramidal TeX,Z 
molecule if Z is in the apical position. The modes which may approximately be 
described as Te-C stretching v1 (AI) and bending vs (E) are not expected to be observed 
in a straightforward manner. Rather, these will be incorporated into phenyl modes as 
described by Mackay”. Seven remaining modes mainly associated with the TeX, 
group should be observed : 2A r, 2B,, B, and 2E. All are Raman active while onIy four 
are ir&ared active. 

For PhTeCl, the symmetric Te-Cl stretch v,(A,) is observed as a strong 
polarized Raman band at 282 cm-l (Table 8). T&is mode is observed as a very weak 
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TA!3LE 8 

INFRARED AND FWMAN SPECTRAL. DATA (cm- ‘p 

[Ph, kH,] [P/zTeCIz] [Ph,$CH,Ph][p-EtOC6H,TeCI;] 

Infrared Raman Raman Assignment ; approximate descn-ption ; activity 
(NujoI mull) (Nujol mull) 

Solid CH,CN 

282 VW (sh) 282 s 282 s, p 277 sb v2 (Al); sym. stretch; IR and Raznan 
273 w (sh) 260 VW (sh) v, (B,); (?); Raman 

256 s 250 s 251 ms, dp 249 m’ Y, (E); antisym. stretch; IR and Raman 
240 VW (sh) 

226 vs 220 w (sh) 227 w vs (A ,) ; sym. out of plane bend ; IR and Raman 
198 VW 220 VW (sh) 

290w 
178 m 174 m 172 wm, dp 148 m v,(E); antisym. in plane bend; IR and Raman 

162 VW 
150 VW 
127~ 127 m 

91 m 

[Ph,kH,] [PhTeErJ [Ph,kH,Ph][p-EtOC&,TeBr;] 

Roman RCl7IWI Raman Assignment; approximate description; activity 
(Nujol mull) (CH,CN) (Nujol mull) 

181 wm 
167 s 
148 m 
112w 

82m 

177 w (sh), dp 
167 s, p 
152 m, dp 

179 wm 
163 sd 
148 me 
99 w 
82 m 

Y, (E); antisym. stretch; IR and Raman 
vt(AI); sym. stretch; IR and Raman 
v~(B~); antisym. stretch: Raman 

va(A*)? 

a Abbreviations: s, strong; m, medium; w, weak; (sh), shoulder; p. polarized; dp, depokriml- * CHZCN, 282 S, P. 
c CHJN, 252 m, dp. ’ CH,CN, 162 s, p. c CH&N, 147 m, dp. 

shoulder in the lR spectrum. The antisymmetric stretch v7(E) appears as a moderately 
strong absorption both in the Raman (251 cm-‘) and IR (256 cm- ‘) spectrum. The 
strong IR peak at 226 cm- ’ is best assigned to v3 (A 1); a corresponding Raman ab- 
sorption is seen at 220 cm- ‘_ This mode for square pyramidal I&l;- is found at 
substantially lower frequency (142 cm- 1)20, although frequencies for v2 and v, in 
PhTeCl; are in good agreement with those for fnCl?j-. A number of weak low 

frequency absorptions are seen in the Raman spectrum of solid [Ph,kH3] [PhTe- 
Cl;]. These are apparently due to “B” modes which for the most part cannot he in- 
dividually assigned with presently available data. The weak peak at 273 cm-l may be 
due to vq(B1) of PhTeCl; as the related mode in ICI; (D4,,) occurs at 261 cm- lzl_ 

Only Raman spectral data are available for [Ph,kH2Ph]Cp-EtOC,H,- 

TeCl;]. The observed frequencies are close to those observed for [Ph3kH,J- 
[PhTeCI;] and are similarly assigned (Table 8). 
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Raman data for twb Ail!eBr;- salts &ay also. be found in Table 8. The s$m- 
metric Te-Br stretch vz(A1) clearly stands out as a strong polarized peak at’ ca. 165 
cm- z. In contrast to ArTeCl;, v7(E) which is found at ca 180 cm-’ lies higher in 
frequency than v1 + ArTeBr;. This crossover of A and E mddes has been well 
established for compounds containing linear X-M-X systems (M=Se, Te; X=CI, 
Br)22*23. It is interesting that the interchange persists in a mole&e containing two 
such systems. The third high frequency Raman band is assigned to v~((B,) mainly by 
analogy with the corresponding mode in PtBrz- 24. 

Taken as a whole, available Raman and infrared data are fully consonant with 
the presence of square pyramidal ArTeX, anions in the compounds studied. 

The far infrared spectra of certain TeXg- salts were investigated in order to 

check for the presence of appropriate absorptions. In [Ph,$CH,Ph],[TeClz-] 
v3 (T,,) of TeCIg- was observed as a strong, broad peak at 224 cm- ‘. For [Ph,Te], 
[TeBeg-] the corresponding mode was found as a very strong peak at 172 cm- ‘. Both 
these observations are in agreement with the literature25. 

For [Ph,$CH, J2 [TeI,Brs-] a trans arrangement of halide ligands is sug- 
gested by the observation of two absorptions; a weak shoulder at 194 cm- ’ is 
assigned to the Te-l3r antisymmetric stretch (A2,,), while a strong broad peak at 141 
cm-’ is assigned to the Te-I antisymmetric stretch (EJ. 

EXPERIMENTAL 

The following starting materials were prepared by described procedures: 
p-ethoxyphenyltellurium trichloridez6 : p-ethoxyphenyltellurium tribromide; p- 
ethoxyphenyltellurium triiodide2’; phenyltellurium trichloride’* ; phenyltellurium 
tribromidezg ; phenyltellurium triiodidezg ; triphenylmethylphosphonium bromide3’ ; 
triphenylbenzylphosphonium chloride3’ ; triphenylcarbethoxymethylphosphonium 
bromide3’ ; tetraphenylphosphonium chloride3 3 ; tetraphenylphosphonium bro- 
mide33 ; tropylium bromide34; triphenyltelluronium bromide3’. 

Phosphoniwn, tropylium and telIuroni& tetrahaloaryltellttrates(IV) 

GeneraI Procedures - - 
‘(a). The aryltellurium trihalide (0.003 mol) was mixed with a chloroform 

solution (25 ml) of the phosphonium, tropylium, or telluronium halides (0.003 mol). 
Thti solution (phosphonium or telluronium derivative) or the suspension (tropylium 
derivativej was reff ued for 4 h. On evaporation, the complex was generally obtained 
as a crystalline solid. Some phosphonium derivatives were obtained as pasty masses 
wfiich, however, were easily crystallized by trituration with AcOEt. The phos- 
phonium and telluronium derivatives were recrystallized from CH&l,-AcOEf and 
.the tropylium derivatives from CH,CN-AcOEt. The yields for all the purified pro- 
ducts were higher than 85%. 

(6). The aryltellurium trichloride or tribromide (0.001 mol) was dissolved in 
6N HCl or 3N HBr respectively. A solution of the phosphonium, tropylium or tel- 
Iuronium halide (0.001 mol) in 20 ml water was added dropwise with magnetic 
stirring. The complex precipitated immediately and quantitatively and was removed 
by ffiltration. 



ANIONIC SPECIES OF TELLURIUM(IV) 30s 

(c). Tropylium tetrabromo-p-ethoxyphenyltellurate(Iv) was prepared by 
treating a mixture of p-ethoxyphenyltellurium trichloride (0.72 g, 0.002 mol) and 
trityl perchlorate (0.68 g, 0.002 mol) in 25 ml CH-JN, with cycloheptatriene (0.19 g, 
0.002 mol). After the reaction mixture had stood for 2 h at room temperature the 
crystalline solid was separated by filtration giving 0.75 g (63% yield). The product was 
recrystallized from CH,CN/AcOEt, m-p. 212-213. (Analysis: Found: Te, 23.31. 
[C,HS] [pC2H50C6H,T&l&10~] calcd. : Te, 23.40%.) 

The filtrate was evaporated and the residue extracted with ether. The ethereal 
solution on evaporation gave 0.48 g of triphenylmethane (loO”A yield). The above 
tropylium derivative (0.54 g, 0.001 mol) was dissolved in a few ml of THF and then 
treated with 15 ml 10% HBr. The tetrabromo derivative precipitated in (99% yield) 
(0.65 g); it was identical to the compound obt_ained in (LZ). 

Phosphonittm, tropyiium and telZuronirm hexahaloteUurates(W) 

General procedure 
(a). A mixture of tellurium tetrahalide (0.005 mol) and the phosphonium, 

tropylium or telluronium halide (0.01 mol) in 50 ml CI-ICI, was magnetically stirred‘ 
and refluxed for 6 h. The crystalline hexahalotellurate was separated by filtration in 
quantitative yield. 

(b). To a stirred solution of tellurium tetrachloride (0.27 g, 0.001 mol) in 10 ml 
6N HCl, a solution of the phosphonium, tropylium or telluronium halide (0.002 mol) 
in 20 ml water was added dropwise. The hexahalotellurate precipitated and was 
removed by filtration in quantitative yield. Most of the tropylium derivatives were 
virtually insoluble in common organic solvents. ln some cases analytical samples 
were obtained by washing the crude crystalline compounds with CH,Cl,. 

Halogen exchange reactions of tetrahaloaryltellurates(IV) and hexahaZotellzrrates(W) 
(a). Conuersion of chloro derivatives into bromo derivatives. A solution of the 

phosphonium or telluronium derivative (0.002 mol) or a suspension of the tropylium 
derivative in 20-30 ml THF was treated dropwise with magnetic stirring with 15 ml 
10% HBr. The tropylium tetrabromoaryl derivatives and all the hexabromotel- 
lurates(IV) separated, while the more soluble phosphonium and telluronium tetra- 
bromoaryltellurates(N) were obtained after evaporation of excess THF in a rotatory 
evaporator. 

(b). Conuersion of bromo dk-tvak& $0 chloro derivatives. A solution of the 
phosphonium or telluronium derivative (O.kKl2 mol) or a suspension of the tropylium 
derivative in 20-30 ml THF was treated with 15 ml cont. HCl with magnetic stirring 
for 6 h. The tropylium tetrachloroaryl derivative and all the hexahalotellurates(IV) 
separated as crystalline solids and were removed by filtration. For phosphonium-and 
telluronium tetrachloroarylteIlurates(IV) evaporation of excess THF was necessary. 
Tropylium and telluronium hexabromotellurates(IV) did not react under these con- 
ditions and were recovered unchanged. 

(c). Conversion of chloro and bromo derivatives into iodo derivatives. A suspen- 
sion of the chloro and bromo derivative (0.002 mol) in 1N HCl was treated with 
excess aqueous KI solution with magnetic stirring. The iodo derivative precipitated 
immediately and was removed by filtration in quantitative yield. 
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(d). Attempted conversion of iodo derivatives into chloro and bromo derivatives. 
All the ‘attempted transformations of the iodo derivatives into the corresponcbng 
chloro or bromo derivatives, using aqueous HCI or HBr, failed. The starting materials 
were unchanged. 

Treatment with anion exchange resin 
Through a column containing 20 g IRA .4OO*BDh .&sin, covered with THF, 

was slowly passed a solution of 0.001 inol phosphonium tetrahaloaryltellurate(IV) in 
30 ml l/l THF’/ethanol followed by 200 ml of the same solvent mixture. The eluate 
was evaporated, the residue.disolved in water and treated with excess saturated aque- 
ous NaClO, solution. The phosphonium perchlorates precipitated as colorless 

crystalline solids and were removed by filtration in quantitative yields. [Ph& 

CH,Ph]ClOi m.p. 237-238”; ~Ph&CH,COOEt]ClO, m-p. 143-1479 These 
same perchlorates were prep&red by reacting NaClO, with triphenylbetiylphos- 
phonium chloride or triphenylcarbethoxymethylphosphonium bromide in aqueous 
solution. (The m.p.‘s were identical and the IR spectra superimposable.) The column 
was slotily eluted with 15 times its volumes of 2%Et,NfBr- solution in THF/ 
ethanol. The eluate was concentrated to 50 ml and then treated with excess KI in 
aqueous 2% HCL The tetraethylammonium tetraiodoaryltellurates(lV) precipitated 
and were separated by filtration. Yield for [E&N+] [PhTeI;) was 85x, m-p. 176 
178O. Analysis : Found : Te, 14.87. Calcd. : Te, 15.14%. Yield for [Et,N+] Cp-EtOC,- 
H4TeIQ] was go”/,, m.p. 130-1339 Analysis: Found: Te, 14.33. Calcd.: Te, 14.37%. 

These same derivatives were prepared by the reactions of the corresponding 
aryltellurium trichlorides with tetraethylammonium bromide in refluxing CHCIJ 
followed by treatment with aqueous KI. (The m.p.‘s were identical and the IR, 
spectra superimposable.) 

Conductance mekurements 
The measurements were made with 10d3 M solutions of the tetrahaloaryl- 

tellurates(IV) at 25.00+0.02°C in nitrobenzene and nitromethane. An Industrial 
instrument Model RC-16 B~conduetivity bridge and a Leeds and Northrup cell 
(K=o.lo708 cm-‘) was used. 

lnfiared and Raman spectra 
Infrared and Raman spectra were obtained as described previously”. 
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