235

- TELLURIUM -
LITERATURE SURVEY COVERING THE YEAR 1976

Kurt J. Irgolic

Department of Chemistry, Texas A&M University, College Station, Texas 77843
Table of Contents

1. Introduction
II. Reviews
III. Methods for the Introduction of Tellurium into Organic Molecules
Iv. Tellurocyanates _
V. Compounds Containing a Single Carbon-Tellurium Bond
A. Tellurenyl Compounds, RTeX
B. Organyl Tellurium Trihalides, RTeX,
C. Organyltetrahalotellurates(IV), MY[RTeXg]1~

D. Diorganyl Ditellurides
vI. Compounds Containing a Carbon-Tellurium-Carbon Moiety
A. Diorganyl Tellurides, RzTe
B. Diorganyl Tellurium Compounds, RzTeX2
VII. Triorganyl Telluronium Compounds, [R3Te}+X‘, and Tellurium Ylides
VIII. Organic Tellurium Compounds Containing a Tellurium-Metal or Tellurium-
 Metalloid Bond
A. Organic Compounds of Tellurium with Metals of Group I, II, or III
B. Organic Compounds of Tellurium Containing a Tellurium-Group IV

Element Bond
€. Organic Compounds of Tellurium with a Tellurium-Phosphorus Bond

D. Organic Compounds of Tellurium with a Tellurium-Sulfur Bond

E. Organic Tellurium Compounds as Ligands in Transition Metal Complexes
IX. Heterocyclic Tellurium Compounds

A. Tellurophene

~ B. Cyclo(polymethylene)tellurophenes

C. 2,3-Dihydrobenzote]1urophene

D. Benzotellurophene

E. Dibenzoteliurophene

* Tellurium, Literature Survey ccvering the year 1975 see J. Organometal. Chem.,
130 (1977) 411-479. )

References p. 265

236
236
237
238
238
239
240
241
242
242
242
245
247



236 -

F. 1§Te]luracyclphexa-B,S-diene 257

- G. 1;2,4,5-Tetratelluracyclohexahe 257

H. Phenoxtellurine ” , 257

X . Pnysicochemical. Investigations of Organic Te]]urium'Compounds 259
A. Infrared and Raman Spectroscopy . ' 259

B. Ultraviolet-Visible Spectroscopy 260

C. Nuclear Magnetic Resonance Spectfoscopy 261

1. 1H—NMR Spectroscopy 261

2. ,lgc-NMR Spectroscopy 262

3. 31P-NMR Spectroscopy 262

4. 125Te—-NMR Spectroscopy 262

D. Nuclear Quadrupole Spectroscopy 262

E. Electron Spectroscopy 263

F. 125Te-Moessbauer Spectroscopy 263

G. Mass Spectroscopy 263

H. X-Ray Structure Analyses 263

I. Dipole Moment Measurements 264

XI. Analytical Techniques 264
Xii. Biology of Organic Tellurium Compounds 265

I. Introduction

This annual survey of the organic chemistry of tellurium covers the litera-
ture abstracted in Chemical Abstract Volume 84, No. 10 fhrough Volume 86, No. 9.
In this survey the symbol "R" is used for alkyl as well as aryl groups. The
term "organyl™ denotes any organic group. When reference is ﬁade to older
results, the original papers are generally not cited; instead the reader is
referred to previous surveysl’ »3 which will provide access to the pertinent

Titerature.
The partial financial support for this endeavor by the Robert A. Welch

Foundation of Houston, Texas, is gratefully acknowledged.

II. Reviews

The following reviews were published during the survey period.
¥lides of Group V and VI Elements (D. Lloyd, 1975)4; . A review of Se and

Te ylides and a comparison of them with ylides of group V and other group VI
elements. '

Organic Derivatives of thio- {seleno-, telluro-)phosphoric acid (9. E. Ail-
man and R. J. Magee, 1976)5: A compilation of S-, Se-, and Te-phosphoric acids
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with synthetic information and physical data; three tellurophosphoric acids are

listed zn p. 201,

Tellurophene: A New Interesting Heteroaromatic Ring (G. Marino, 1975)6:
A review of tellurophene research carried out at the Institute of Organic
Chemistry at the University of Perugia; physical, spectroscopic and chemical
properties of tellurophene are summarized and critically compared with those
of furan, thiophene and selenophene.

Compounds with five-membered rings having one heterocatom from Group VI;
Sulfur and Its Analogs (R. Livingstone, 1973)7: Review of synthetic information
and physical data on group Vi heterocycles including tellurophenes, hydro-
tellurophenes, benzotellurophenes and dibenzotellurophenes.

Recent Aspects of the Chemistry of BenzolbJselenophene and Benzo[bJtelluro-
phene (M. Renson, 1975)8: A review of the methods of preparation of these
heterocycles and their electrophilic substitution and metalation reactions.

Stereochemistry of Tellurium (E. A. Meyers et al., 1975)9: The stereochem-
istry of inorganic and organic tellurium compounds is discussed in light of
recent results of X-ray diffraction studiess VSEPR and three-center bonding
theory is used in the interpretation of the structures.

X-Ray Diffraction of Oxygen, Selenium and Tellurium Compounds (M. B. Hurst-
house, 1975)10: A review of the molecular structures of inorganic and organic
compounds published during the period 1973-1974.

Determination of Selenium and Tellurium in Organic Compounds and Organic
Materials (M. R. Masson, 1976)11: A review of the various techniques (wet
digestion, combustion, bomb fusion) for the decomposition of organic materials
containing Se or Te and the various types of reactions which have been used to
determine these elements after mineralization; instrumental methods are not

discussed.

I11I. Methods for the Introduction of Tellurium into Organic Molecules

During the time covered by this survey tellurium, hydrogen telluride,
sodium telluride and tellurium tetrachloride were employed as reagents to intro-
duce tellurium into organic molecules. Most of these reactions are extansions

or modification of previously reported preparative methods.
Tellurium powder heated at 450° in a sealed tube with 1,2-diiodotetrafluoro-

benzene yielded actaf]uorodibenzote]1urophenelz. Te11urium13 refluxed in

toluene with compound 1 produced the tellurophene derivative 2.
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'VSodfum'telluride and phenylbutadiene in absolute methanol combined to
.'form 2-pheny1te11urophene14. Butadie’ne15 and CH30D gave te]lurophene-d4.
Hydrogen telluridel® and [(CHJ) H,_ GeN1,C yielded [(CHg) Hy .Gel,Te. The
correspond1ng 5111con compound d1d not react. Berry, Smith and Jones™' rein-
'vest1gated the reactlon between tellurium tetrachloride and acetic anhydrldel-
Gmabal8 19 condensed 47f1uor0-, 4-ch1orps, 4-bromo- and 4-iodo-diphenyl ethers
with tellurium tetrach]oride. The bromo- and iodo compounds did not produce
the expected phenoxteliurines. Tellurium tetrachloride and 2-11thiohepta-
ﬂuorobwheny] yielded bis(2- heptaﬂuorompheny]y]) te]]urlde
_ The reactions of organic tellurium compounds which were used to produce

new organic tellurium derivatives are summarized in Fig. 1. A1l of these
reactions are discussed in the sections devoted to the pertinent tellurium
compounds. Reactions of heterocyclic tellurium compounds are not included in

the figure.

IV. Tellurocyanates

Tetraethylammonium tellurocyanate, a very hygroscopic solid, which melts
at 158-160° and blackens in air, was prepared from tellurium and tetraethyl-
~ ammonium cyanide in acetonitri1e2 . The electrochemical oxidation of the
tellurocyanate ion in acetonitrile produced tellurocyanogen, (TeCN),, via the
(TeCN)s ion as the intermediate. Tellurocyanogen decomposed to tellurium and
cyanogen,~(CN)2, and formed ‘upon electrochemical reduction tellurocyanate and
cyanogen”~. The instability of tellurocyanogen will make it difficult to
use this compound as a reagent to introduce the TeCN-group into organic mole-
cules.

V. Compounds Containing a Single'Carbon-Tellurium Bond

Dur1ng the survey period organyl tellurium halides and pseudohaIIdes,
RTeX, organyl tellurium tr1hal1des, RTeX3, organyltetrahalotellurates,
[RTex4] > and diorganyl d1te11ur1des received attent1on- No new results were
reported for tellurols, RTeH, organy1d1ha1ote11ur1um compounds , [RTeXz] or
[RTexz] s organyl te]]uraum pentahalldes or tellur1n1c acids.

“Tellurium derivatives, in which the second te]lur1um va]ence is satisfied
by group I to V element atoms, sulfur or selenium are d1scussed in section VIII.
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Transformation of Organic Tellurium Compounds

+ - HY + -
M [RI’eX4I —_— M [R‘I‘eY4]
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RTex ,—— L | ey -

I 3 eX4-L
k25205
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4 by

Rz'll'ez > RZ'JL‘eF2
NaBH

l A SF 4
RTeNa ————> R2Te
RTeLi

l trans. metal

R'X RSH coIpomd
RTeR* complex

N
R,TeX, a phthalate . R,Te phthalate
MY LY

R3Tex 4 R3Tex

When 2-carboxyphenyl aryl tellurides were treated with dichloromethyl
butyl ether at 100° in the presence of zinc chloride 2-benzoyiphenyt telturium

chlorides were isolated®l (eqn. 1). The 2-chloroformyiphenyl aryl telluride,
expected in this reaction, was obtained only when the temperature was kept

COCH C12CH0C 439

ocL
100°

L 4

COR

-

(L)
ZnC12

TeR

C_H

R = CGHS' 2,4,6-(CH sHo

3)3
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at'50 60°. " At 100 the ch]or1de 1on nngrated to ‘the tel]urlum atom with a

concoini tant shift of the aryl group R. to the carbonyl carbon atom21 - ’
2-Acetylphenyl tellurium halides were- isolated inm 50% yield after an-

ether solution qf'3éoxo-2,3¥dihydrobenzote11urophene 3 had been treated with

aqueous hydrohalic acids at room temperature for one hour22 (eqn. 2).

2) - 0 (CZHS)ZOJ HX, HZO . O COCH3

1 hr., r.t.
Te TeX

X, mp. °c: ci1, 120°%; Br, 115° (zref. 2); I, 85°; o~ 117°

The 2-acetylphenyi tellurium bromide reverted back to the heterocycle 3 upon
treatment with ethanolic potassium hydrox1d922

B. Organyl Tellurium Trihalides, RTeX3

New organyl tellurium trihalides were not synthesized during the survey
period.

A reinvestigation of the reaction of tellurium tetrachloride with acetic
anhydride in chloroform solution proved that the products, which precipitated
during the reaction, are carboxymethyl tellurium trichloride and bis(trichloro-
telluro)acetic anhydride. Methylene bis(tellurium trichloride) was obtained
upon evaporation of the fi]trate17.

Conductance studies with 4-ethoxyphenyl tellurium trichloride in acetoni-
trile and cryoscopic molecular mass determinations in benzene suggested that
the compound is present in solution mainly in molecular form. The conductivity
increased with dilution. A molar conductance of 120-160 ohm ' cm™2 mol™!
found23.

The complexes formed by phenyl tellurium halides, C6H5)nTeX4_n (x = C1,
Br, n = 1-3%%, n = 0-2%%) with A18r, 2% %5, caC1,2®, dialkyl sulfoxides?#2°
and diorganyl su1f1d9525 were investigated by dipa]e moment, electric con-
ductance,35C'l-nqr25 and calorimetric method524’25; The tellurium compounds
formed 1:1 adducts with the compounds tested. The electron donating properties
of the tellurium compounds increased, and the electron accepting properties
decreased with an increasing number of pheny]rgroups bonded to the tellurium
atom. ' '

The aryl tellurium trihalides ijroduced yellow-orange complexes upon
heating with thiazolidine-2-thione at 110° (eqn. 3). It was suggested on
the basis of ir-spectral results that the nitrogen atom of the 1igand serves

as the electron-donor atom26.
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: o
110
_— a0 -
(3) m@-rex3 + 10 RO@ TeX, L
s
: s

R, n, mp. °C (dec): CHy, Br, 4, 128-327; CHg, Cl, 1, 114-6°;
o]
CgHgr Cl, 2, 196-201

The formation of aryltetrahalotellurates from organyl tellurium

27

trihalides is discussed in the next section.

C. Organyltetrahalotellurates(IV), M+[RTeX4]'

Ammonium, arsonium, solfonium, selenonium and iodonium aryltetrahalo-
tellurates(1V) were prepared27 employing improved versions of earlier reported
methodsz. The addition of an equivalent amount of the onium halide dissolved
in dry methanol or ethanol to the stirred solution of the aryl tellurium
trihalide in the same solvent at room temperature precipitated the aryltetra-

halotellurates (egn. 4).

(4) RTeX3 + [RﬁY]+X'-———j§EL—+ [RIYT*[RTeX,T”

Alternately, the aryl te]furium trihalides, RTex3, were dissolved in
aqueous hydrochloric or hydrobromic acid and the onium halides added to this
solution (eqn. 5).

. H,0/HX - )
(5) RTeX3 + [RAY] X —— [REY] [RTeX4]

Halogen exchange reactions were carried out as described in eqn. 6.

To% :BE}H90 ~ [R YT [RTeBr,]” (6a)
(6) [RAYT'IRTeX, I —pf=oar——  [R;¥I"[RTeC1,]" (6b)
X = Cl or Br,

' + -
THF/10% AL/R,0° LRpY3 [RTel,] (6c)

The compounds prepared according to these methods are summarized in Table 1.

The aryltetrachlorotellurates are colorless, and the bromo derivatives
yellow. The phenyltetraiodotellurates are green, and the 4-ethoxyphenyl-
tetraiodo compounds purple. A1l compounds behave as 1:1 electrolytes in
nitromethane27.

References p. 265
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D. Diorganyl Ditellurides

New diorganyl. ditellurides were not synthesized during the survey period.

The reduction of a m1xture of HOOCCHZTeC13 and (C13TeCH2C0)20 with aqueous
K23205 produced bis(carboxymethyl) ditelluridel? as reported earti er1 . The
reduct1on product of methy1ene b1s(te11ur1um tr1ch1or1de) formulated earlier
as d1te11uromethane is according to mass spectra], nmr and Moessbauer spectra]
°\ndence < 1,2,4,5-tetratelluracyclohexane™ S

A patent was issued for the preparation of bis(tri 1 uoromethyl ) ditellur-
1de from tellurium tetrahalides ‘and CF3-rad1cals in a Tow enerqgy p]asmaP 1.

The previously reported b1s(2—acety1pheny1) d1te11ur1de2 has now been
" prepared by treatment of 3-ax0-2,3-dihydrobenzotellurophene with hypophosphorous
acid28 or w1th ‘sodium hydrogen sulfite in refluxing ethano]zz. The ditelluride
(mp.,185°) was. obtained in 80% _y1e'ld22 : ‘ o

" The: fa11ure to ‘isolate unsymmetric d1organy1 d1te11ur1desz, R-TeTe-R', led
to the. 1nvest1gat1on of the properties of mixtures of symmetric ditellurides,
RzTez;"Mass spectral and nmr data gave evidence of redistribution ofzghe
R groups. . Radical intermediates were not detected in these reactions
, Diary?! ditellurides reacted with sulfur tetrafluoride to produce diaryl
tellurium difluorides3O. Bis(4-methoxyphenyl) ditelluride and white phosphorus
yielded tris(arylte]luro)phosphine31.

" Dimethyl ditelluride; but not diaryl ditellurides, reacted,with trichloro-
propeni um salts to give tris(methyltelluro)propenium compounds"’2 . :

.Vi. Compounds Containing a Carbon-Tellurium-Carbon Moiety

Diorganyl tellurides, diorganyl tellurium dihalides and diorganyl tellur-
jum dicarboxylates are discussed .in this section. No reports about diorganyl
tellurium dihalides of the type R2TeXY tetraha]1des of the formula R2Tex4 or
RZTeXZYZ, compounds of the type . [RzTeX] and [k Tex3] , diorganyl telluroxides,
R2Te0, or diorganyl tellurones, R2Te02, appeared during the survey period.

A. Diorganyl Tellurides

Several new diorgény! ditellurides werevprepared. 4-Methoxyphenyl sodium
telluride reacted with acetylenic oxo compounds in absolute ethanol. The
] nuc]eoph111c addition of the RTe-anion across. the triple bond produced ary]
l-phenyl -3-o0x0-1 -a‘lkenes3 (eqn. 7)

1 S
n CH. O—OTeNa + R-C=C-C-R' ——) cu o Te—c=c3—c—Rl
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Mode of Prepar-

R X M ation eqn. mp. °C
H cl (CH3) 4N 4 312°(dec)
0o
(CoHg) N 6b 176-80
(CgHg) 4As 4 217-9o
(CgHg) 55 5 165-6
(C H5) Se 4 184-5°
o
(CgHg) 1 4 205
Br (CH3) 4N 6a 320° (dec)
[o]
(CoHg) 4N 4 175-6
(CH3) 3CEHLN 4 220-1°(dec)
o
(CgHg) 5S 4 17o;2
(C6H5)3Se 6a 175
(CeHg) 1 4 217-9°
I (c Hy) gN 4 144-6°
(CH3)3S 4 193-6°(dec)
QO
CoH0 C1 (CHa) 4N 4 224-7o
(CoH) 4N 6b 168-90
(CHg)4As 4 193-6 .
(CgHg) 35S 5 139-43
(CgHg) 35e 4 158-9o
(CgHg) 51 4 157-8 ]
C2H50 Br (CH3)4N 6a 238;41
(CoHg) 4N 4 141 .
(CHg) 3CcHLN 4 202-5°(dec)
[e]
(CgHg) 55 4 139-920
(CgHg) 55e 6a 178-80
(CgHg) I 4 160-3°
I (C3H ) 4N 4 98-9°
(CH3)3S 4 162-4°(dec)
o}
(C6H5)3Se 6c 170-2
R,R"', mp. or bp. c‘C, yield %: CGHS’ H, 83—40, 71%; CGHS' C4H ” 79-80 s 68%;
[o]
CHy, CeHg 1517, 74%; C,Hg, CH,, by 195-200, 71%.

Tellurium tetrachloride mixed with 2-Tithio-octafluorobiphenyl in diethyl
ether at -78° preduced a 32% yield of bis(2-octafluorobiphenylyl) te11ur1de,
which melted at 111-3° after purification by vacuum sublimation.

References p. 265
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' obtalned from the,carbnxy der1vat1ves upon treatment w1th d1chloromethy1 butyl
" ethér in the presence of zinc: chlor1de at 50-60 . A chlor1ne—R group exchange
occurred when the react1ons were carried out .at 100° forming 2-acy1pheny1
'tel]ur1um ha11des , which were converted to the’ aryl methyl tellurides Z in
reactlons with d1methy1 cadm1um21' Data for these compounds were not reported

. The te11ur1de B (R = 3Te) was synthesized from the compound 8, (R = Br,
4—CH356H4SO ) and methyI lithium telluride in tetrahydrofuran medium <. These
tellurides are c]alned to be useful as X-ray contrast media.

R = Br, 4-CH3C6H4SO3

A=
RY = CgHyqgr Cigfny

R" = H, linoleoyl

8

, A patentp'lrwas issued for the preparation of bhis{ trifluoromethyl) tellur-
ide from te]]ur1um tetrahalides and CF ~radicals. Details for this synthesis
were pub11shed nrev1ous]y. h

' Diaryl tellurides were obtained by reduction of diaryl tellurium dihalides
with various dithiols, which were oxidized to disu]fide534 during the reaction.
The pyrolysis of d1methy1 telluride at 350 under static conditions pro-
duced methane, carbon and tellurium via 1ntram01ecu1ar d1sproport10n of the
methyl group with (CHZTe) as intermediates and via a radical decomposition
meehan1sm which is more important at higher temperatures35.. Resu]ts of vapor
‘pressure measurements.on dimethyl telluride by a static methad w1th~a membrane
~nu1]—manometer indicated. that (CH3)2Te is ‘the only spec1es present in the gas
phase. The rollow1ng thermodynam’c quant1t1es for the evaporatlon process were'
found®®:. aH = 32.84 + 1.7 keal mo1™1; as = 8.1 + 5:4 cal mol” -1 ' deg” 1. Quatev‘
»dlfférent va]ues were reported ear11er3 . SRR 1
A mr - and CNDO study of the proton- and e!ectron—donor capab111ty in a:
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‘hydrﬁgen-bond shared with 0, S, Se or Te compounds was carried out37. Details

are not available. = For earlier work on Te-hydrogen bonding consult pertinent
_sections in ref. 2 and 3.

- Diaryl tellurides reacted with sulfur tetrafluoride3® and C6T5+ (from the
g-decay of -T in c6T6)39 to form diaryl tellurium difluorides and [(C6H5)2C6T5Te]t
respectively. :

The ligand exchange reactions of (CH3)2Te-TaX5 are discussed in section
VIII.

The reaction of excess dimethyl ditelluride with trichlorocyclopropenium
trifluoromethanesulfonate 9 in diethyl ether yielded the tris(methyltelluro)-
cyclopropenium cation which was isolated in 40% yield as the tetrafluoroborate
(eqn. 8). The colorless compound decomposed at 100° and developed an cbnoxious
odor when exposed to air32. The isolation of the compound [(CH3S)3]+Sb61% from
the mother liquor of the reaction of 9 with dimethyl disulfide suggests the
following mechanism (eqn. 9).

CHy

+ +
c1 Te
(CH_) .Te
(8) CFaso; 32 2 3 _
then HBF4 BF4
c1 C cH,Te =3
9
Ans
+ c1
c1 R R
=X
Ro¥%) S g R
_ B
(9) oy X —
cY c1 &
c1
R
X R
+ —
® c1
RX XR
c1

B. Diorganyl Tellurium Compounds, RQIE§2

,Sadekov38 prepared diphenyl tellurium difluoride (mp. 152°) and bis(4-
methpxyphehy])‘teilurium diflyoride (mp. 131°) in yields ranging from 77-92%
-by -passing sulfur tetrafluoride through refluxing benzene solutions of the
diény] tel]ﬁfides or the diaryl ditellurides. These difluorides had been pre-
viously synthesized by a halogen exchange reaction employing silver fluoride**”.

- References p. 265
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Dlary] te]]urlum d1carboxy]atas 10 were formed in- 50~ 85% y1eld wren d1ary]
te11ur7um d1ch1or1des in chloroform so1utJon were shaken fOr 48 hours at' room
temperature with the fresh]y nrepared sod1um carboxy]ates 40 (eqn. 16).  The
reactions .of the sod1um carboxylates with d1ary1 te]]ur1um d1brom1des proceeded
on]y very slowly giving Tow yields. Pure products were not- obta1ned from the
react1ons of the sodium salts of maleic, fumaric, formic, or.iso- or terephthalic
ac1d ‘with dlary] tellurium dichlorides. Sodium sebacate gave a-glassy material
_whose molecular mass suggested the compound to be a trimer in contrast to

‘results -0of earlier experiments which had produced polymers (ref 3, chapter

'xrlr)
- The products obta1ned in these reactions with the sodium salts of

carboxy]1c acids seem to differ from those formed when the silver salts were

employed34.
- ) R’
@_}' Nain:' CI:ICl3
(x0) R eCl, + O — R
2 Na '
R .

R,R', mp. °C: H, H, 108-10°;:

H, Br, 92-3°%;
CH,0, H, 90-5" (dec);
a0, Br, 98-102° (dec);
50, H, 129-31°.

4~C2E[50C6H 10
<y

The 1H-nmr spectrum of the bis(4-ethoxyphenyl) tellurium phthalate con-
‘tained two triplets of equal intensity for the methyl resonances. Only one
‘methylene quartet was observed. It was suggested40 that "the steric cone swept

out by the large CH3CH20-group brings the CH3 protons sufficiently close to
the aromatic ring of the phthalate for the chemical shift to be marginally
affected.” The observation of two methyl resonances is consistent with
structure 10. Infrared data indicate that all four carboxylate groups are in
similar environments within the dimeric mo]ecu7e4o and thus support structure
lc. 7 .
Cryoscopic molecular mass determinations in benzene and conductivity
measurements in acetonitrile showed that bis(4-methoxyphenyl) tellurium
dichloride is not appreciably dissociated in solution. A conductance of 120-160
‘ofim™Y em? mo1~} was found for 0.001M so]ut1ons. The conductivity 1ncreased

with d1lut1on23
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Diphenyl .tellurium dihalides, (CgHg)oTeXs (X = €1, Br) formed 1:1 complexes
. 24,25 25 . s 24,25 . ., .25

with A]Br3 s GaC]3 , dialkyl sulfoxides and dialkyl sulfides™~. The
enthalpy of formation of (CSHS)ZTeC1-(C6H13)ZSO in benzene so]ution24 was found
to be -1.0 kcal mo1~ L.

Bis(benzoylmethyl) tellurium dichloride is claimed to be a thermal develop-
ment type photographic material which releases tellurium on heating after
exposure to light to form a black imagep'3, and has been shown to be an efficient

photoinitiator for free radical polymerization of methyl methacrylate under

conditions which rigorously exclude ionic processes42. Mechanistic schemes

were developed for the thermolysis and photolysis of bis{benzoylmethyl)
tellurium dichloride. Radical scission to RTeClz- appears to be an essential
step in the extrusion sequence41. The photochemical reaction (at 313 nm) is
initiated by formation of the 3ﬂ, n* state. Tellurium, chloroacetophenone and
acetophenone are formed in concerted steps. Phenacyl radicals, which are
produced by tellurium-carbon bond cleavage, abstract hydrogen from good
hydrogen-donor solvents to give acetophenone. In inert solvents the radicals
abstract hydrogen and chlorine from bis(benzoylmethyl) tellurium dichloride
and combine to form 1,2-dibenzoylethane. Tellurium may be produced by dispro-
portionation of TeC]2 or directly in concerted photochemical steps.

Diaryl tellurium dihalides reacted with dithiols to produce diaryl
tellurides and disulfides and not RZTeZE]compound534.

The reaction of diaryl tellurium dibromides with 1,1-dimethyl1-3,5-
cyclohexanedione to yield yh‘des44 is discussed in section VII.

VII. Triorganyl Telluronium Compounds, [R3Te]+x', and Tellurijum Ylides

Anion exchange reactions using triphenyl telluronium chloride as starting
material produced several new triphenyl telluronium pseudohah'des45 (egn. 11).

+ - MY + -
(11) [{CgHg) JTe] €1 vl —3 [{CH) Tel ¥

MY, yield %, mo. °C: NaN,, 75-85%, 156°; CN-resin, 85% 183-4°

AgOocN, 90%; 151-27; Nacns, 90%, 165-6°;

(dec) ;

KCNSe, 90-95%, 165°.

The telluronium cyanide was obtained by loading the telluronium chloride on a
Baker CGA-541 resin in the cyanide form and eluting with ethanol. The other
reactions were carried out in aqueous medium or in the case of the azide in

a water/CHCl3 system. Upon recrystallization of the cyanate from chloroform
the compound [(C4Hg);TelCNO-0.5CHCI; was obtained, which melted at 140° with
decomposition.

References p. 265
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. Infrared data indicate that tf{phenyl"telluroniumrbrbmide was. formed when
-the az1de or cyanate was m1xed with potass1um bromide and presaed 1nto a
;pe]]et. R - : R :
The aZ'lde did not detonate when heatEd or exposed to mechanical shock
. or 1light. " Results of differential thermal and thermogravimetric analyses
- suggest that'these‘telluronium-saits decompose - to dipheny} telluride and
pheny1 pseudohal1des. Tellurium was not formed in these decomposition reac-
tions ) '
The dipheny]l pentatr1t1opheny] -telluronium cation was produced from
diphenyl telluride and c6T5 ions formed by g-decay of T in C6T6 .
Go1'dshtein and coworkers24 claimed to have prepared 1:1 adducts between
triphenyl telluronium chloride and bromide and,,AlBr3 or dihexyl sulfoxide.
Refluxing diaryl tellurium dibromides and 1,1l-dimethyl-3,5-dioxocyclohexane

in benzene in the presence of triethylamine yielded the ylides 11 (eqn. 12)

as- colorless needl es44

‘ (o]
’ GIa
12 R TeBr,_+
2 2 ca (c 5 )3N

2
11

A~

R, mp. °c, yield %: H, 156-7°, 100%; cu,. 136-7°, 75%;

cH,0, 143-4°, sss.

VITI. QOrganic Tellurium Compounds Containing a Tellurium-Metal or | Te]]ur1um-

Meta1101d Bond

During the period covered by this survey new organic tellurium compounds
containing a tellurium-lithium, -sodium, -aluminum, -gallium, or -germanium
bond have been synthesized.

A. Organic Compounds of Tellurium with Metals of Group I, II or III

Methyl lithium telluride, whose preparation was not reported in the
abstractp'z, was reacted with the organyl bromide or 4-methylbenzenesulfonate
8 (section VI-A) to yield the methyl organyl telluride 8 (R = CH3Te).
4-Methoxyphenyl sodium telluride, synthesized by reduction of the diaryl
ditelluride with sodium borohydride in absolute ethanol (for an earlier prepar-
ation see ref. 2), added across the triple bond in acylacetylenes to produce
aryl acylalkenyl tellurides (see section VI-A).

A]um1num tribromide and gallium trichloride (in benzene. so1ut1on, formed
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1:1 adducts with phenyl tellurium halides, (CgHc) nTeXs o (Xx=Cl,Br;n=1, 2,
3). The tellurium atom serves in these complexes as electron pair donor24'25.
The enthalpies of formation of the aluminum bromide adducts were -41.0 keal
mo1~! [CgHgTeCl3], -43.8 kcal mo1™1 [(CgHg),TeCl,] and -25.3 keal mol™"
[(CgHz), TeBry,143.

B. Organic Compounds of Tellurium Containing a Tellurium-Group IV Element Bond

New germyl tellurides were obtained from digermylcarbodiimides and
hydrogen telluride (eqn. 13). The reagents were mixed at-196°.

H,Te
=C= 2
(13) (CH3) H3  Ge-N=C=N-GeH,  (CH3) —=—3 [(CHj) H, Gel,Te + HNCN

n, yield %: 1, 62%; 2, 79%; 3, 89%.

The mixture was then allowed to warm to room temperature. After one hour the
liquid germyl tellurides were isolated by vacuum fractionation. - When the germyl
tellurides were treated at room temperature with excess hydrogen telluride

the tellurols, (CH3) Hz_,Ge-TeH, were formed. Gaseous hydrogen jodide cleaved
the Ge-Te bond producing germyl iodides and hydrogen te]]ur1de

C. Organic Compounds of Tellurium with a Tellurium-Phosphorus Bond

White phosphorus reacted with bis{4-methoxyphenyl) ditelluride in acetone
solution in the presence of potassium hydroxide31. The new compound,
tris(4-methylphenyltelluro)phosphite, was obtained (36% yield)as shiny, rusty-
brown crystals, which decomposed rapidly at room temperature. The compound
was stable for several months in acetone solution at -20°.

Tellurium and tris(tert-butyl)phosphine produced the phosphine telluride
(Eg;ggc4ﬂg)3P=TeL In mixtures made from (§2537C4H9)3P=Te and [(CH3)2N]3P
tellurium was transferred from the trialkyl- to the aminophasphine. When
phosphine telluride was treated with an equimolar amount of the phosphine,
the compourd (R3P)2Te [R= tert-CyHg, (CH3)2N] was present in solution accord-
ing to 3 P-nmr data?t,

D. Organic Compounds of Tellurium with a Tellurium-Sulfur Bond

The sulfide telluride 12 melting at 105° was obtained by stirring benzene-
thiol and 3-oxo-1,2-dihydrobenzotellurophene in aqueous ethanol at room
temperature for one hour22 (eqn. 14).
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.E 0rgan1c Tellurlum CompOundsras L1gands “in Trans1t10n Metal CQmplexes

o . a8
The hltherto unreported complexes [(CZHS)ZTEJZMXZ (H = Pd Pt' X= Br, )7

a4y

were piepared according to Titerature proceduresl. - The complexes had the
following melting points (M, X, color, mp. °C): Pt, C1, brown-yellow, 126-9°;
Pt, Br, brown-yellow, 127-8°; Pt,-I, maroon, 87-9°; Pd, Cl, maroon, 97-9°; Pd,
Br, maroon, 110-2°; Pd, I, black, 87-9°. The complexes PdCl,-L,, PtCl,-L, and
PtBr,L, [L = CZHs)zTe] were isolated as the cis-isomers. However, all six
complexas were present in:the trans-configuration in benzene solution according
to dipole moment, H-nmr, Raman and ir data. The report by Jensen [Z. Anorg.

. Al1g. Chem. 231, 365 (1937)] that the comp]ex {PtC'l2 [(C2H5)2Te]2} has cis-
geometry is probably incorrect.

Variable temperature nmr spectra showed that ligand exchange in the systems
(CHg) Te/Ptl,- [(CoHg),Tel, or PdBrp-[(CoHg)yTel, is fast™.

The ligand exchange reactions in methylene chloride containing dimethyl
telluride and the complex Tax5 Te(CH3)2 {X = C1, Br) is second order and
proceeds via an associative mechanism?/. Thermodynamic quantities for these
-reactions were determined.

IX. Heterocyclic Tellurium Compounds

A number of new heterocyclic tellurium compounds were prepared. These
include‘deuterated tellurophenes, 3,4-substituted 2,5-diphenyltellurophenes,
2,3-dihydrobenzotel lurophenes, telluroindigo, benzotellurophenes, octafluoro-
~ dibenzotellurophene, 1-telluracyclohexa-3,5-dienes and phenoxtellurines.

A. Tellurophene

Deuterated tel]urophenes15 were prepared by H-D or D-H exehange via

1ithiotellurophenes as outlined by eqn. 15 and 16. Al1 the tellurcphenes boiled
between 90° and 92° at 100 torr. They were purified by treatment with bromine
in chloroform followed by reduction of the tellurophene d1brom1des with zinc

powder in glacial acetic acid.
2- Phenyltellurophene, its S5-deuterio and trideuterio derivatives were

prepared according to eqn. i7.



: : C, H,Li dry (C_H_)_,O
49 N
w [ ] — L] e
\ne 6712 Li
Te
l l , C4H9Li I l Dzo/Nz
Li Te D , " D
l 90%*
Dy0
" " *isotopic purity
D Te D
g5
cu,0D D D
(16) HC=C-CSCH + Na_Te 3 l
D D
*isotopic purity 95%*
C4H9Li excess C4H9L1
1 then H20 then HZO
D ' l D D D
D
Te Nre
80%* 85%*
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R N R CH—30D -
an S e
*isotopic purity from - o 96%*
mass spectroscopy
1 ,
excess CH,Li, (C2H5)20 .
a Cd
~ then D_O
CGHS 2
m. 48° 95%*
58% yield

During the chromatographic purification of the trideuteriotellurophene
on activated alumina some H-D exchange occurred at the 5-position. The H-
hydrogen was supplied by moisture on the a]uminal4. The eluted tellurophene
was treated with methyl lithium and then with D20. The final product had an_
isotope purity of 96%.

Irradiation of diethyl ether solutions of these 2-phenyltellurophenes with
a 300 nm.iamp through Pyrex'for at least ten hours produced teilurium and
phenyli(vinyl)acetylenes (equa] amounts of 13 and 14 from 2-phenyl-5-deuterio-
tellurophene, and 15 and 16 from 2-phenyl-trideuteriotellurophene).

D H D D
H /D N S \ / \ /
/S8 et AN S
R \H R D R D R \H
‘3‘.3 14 15 16

Experiments with the deuterium-labeled tellurophenes revealed that the
phenyi(vinyi)acety]enes did not form via a unimolecular reaction but involved
‘hydrogen abstraction from the solventl4. The results were interpreted within
an extension of van Tamelen's general mechanism for the photochemistry of
aromatic heterocyclopentadienes.

The reactions of 2,5-dipheny1te11uropheneso leading to new 3,4-disubsti-
tuted derivatives are summarized in eqn. 18. The 3,4-bis(chloromethy1)-2,5-
diphenyltellurophene 17 was obtained when hydrogen chloride was passed through
a solution of forma]dehyde and diphenyltellurophene in glacial acetic acid for
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15 hours. When hydrogen bromide was used, the teliurophene decomposed. The
" reactive chlcromethyl groups allowed the preparation of other 3,4-disubstituted
te]]ufbpﬁéﬁé derivatives. The pyr1d1n1um salt 18 and 4-nitrosodimethylaniline
. -gave an impure product which could not be hydro]yzed to the dialdehyde. The
. dialdehyde A9 was, however, obtained through oxidation of the hydroxymethyl
derivative 20 with selenium dioxide at 200° under a nitrogen atmosphere.
Activated manganese dioxide gave only a 1% yield. Silver carbonate, lead
tetraacetate or chromium trioxide did not produce the dialdehyde.
Most of these compounds were purified by chromatography on Silica Gel

with benzene or benzene/acetoneso.

B. Cyclo(polymethylene)tellurophenes

An extension of the previously reported3 base-catalyzed condensation of
aldehydes of the type RCC1=CR'CHO with sodium telluride in dimethylformamide

and compounds XCHR"R"™ (X = , Br, R" = H, CH3, R* = COOC H5) produced the
derivatives 21 and 2251
(CHZ)n Te Y
Te
n= 4,5 Y = COOC2HS, COOH, H
21 22
Ll Anrd

Refluxing the rhodium-heterocyciic compounds 23 in toluene with teilurium under
nitrogen for forty hours produced the tellurophene derivative 24 (m. 145-6°) in
14% yield based on the bis(3-phenyl-2-propinyl) ether, from which the rhodium
compound gg‘had been prepared13. For other tellurophene compounds obtained

by this method see ref. 3.

C. 2,3-Dihydrobenzoteliurophene

3-0x0-2,3-dihydrobenzotellurophene 25 (telluroindoxyl) was prepared by

treating an ethanolic solution of 2-acetyiphenyl tellurium bromide with a
stoichiometric amount of ethanolic potassium hydroxidezz. This new compound
was converted to the 2-acetylphenyl tellurium halides by aqueous sclutions of
HX (X = C1, Br, I, CN, CGHSS)' The 2-hydroxybenzotellurophene does not seem
to be present in basic solutions of the oxo-compound. Methylating agents
[CH3I, (CH3)ZSO4] did not yield 3-methoxybenzotellurophene in a basic reaction
medium. With methyl iodide in chloroform the telluronium salt 26 was formed.
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201"

- m. 182° (dec):-98% . - -

18
P~

4

2 R!OH/Na

pyridine, reflux

. -reflux 10 hrs.
T '
m. 1389; 613
17
L e

|

NaOH/H20
dioxane
reflux 24 hrs.

o
SeOz/Nz/ZOO

m: 142°%; 70s

19
Anan

- BYH,C CH_Br
CgHg+ PBrg N 2 2
r' 4
R R
Te
[o]
m. 145°; 77%
QHC.
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(o)
Cells Te Cels
23
e 23

The 3-ox0-2,3-dihydrobenzotellurophene was converted to the tellurium
dihalides. It formed hydrazones and an oxime. Phenylhydrazine in acetic
acid, however, produced the benzotellurophene derivative 21.

The methylene group condensed with aldehydes, acetals and 4-nitroso-
dimethylaniline. Treatment of telluroindoxyl with sodium hvdrogen sulfite
or hypophosphorous acid?® yielded bis({2-acetylphenyl) ditelluride. Reduction
with sodium borohydride in ethanol gave benzotellurophene.

Telluroindigo 28, which is violet in solution, is obtained by refluxing
the telluroindoxyl for 48 hours in dimethylformamide.

These reactions are summarized in eqn. 19.

22

D. Benzotellurophene

Benzotellurophene was obtained in 20% yield boiling at 115° (0.6 torr) by
reducing 3-0x0-2,3-dihydrobenzotellurophene with sodium borohydride in
ethano122. Treatment of the dihydrobenzotellurophene with phenylhydrazine
in glacial acetic acid pr‘oduced22 the benzotellurophene derivative 31 melting
at 170° (section IX-C, eqn. 19).
' Oxidation of compounds 29 with selenium dioxide or chromium trioxide
gave 2-acylbenzotellurophenes 30.

l : : I I R = H, CH ! : : l l
R 3
e H Te C-R
it
29 30 ©

- ° ran

£. Dibenzotellurophene

/
Octafluorodibenzotellurophene melting at 115-6° was obtained in 17%
yield when tellurium powder was heated with 1,2-diiodotetrafluorobenzene in
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CH I/CI-ICl3

H,NOH R
Te
m. 1550
H_NHNR N-NHR

heat

‘?J

o (CZHSO)ZCHN(CH3) 2
Yy

2
2

‘CGHG, reflux
{
= CHN<CH3)2

m. 185%; 70%

By
R = 2,4-(NO,) ,C.H.: m.237
= cona,: m.251°
NaHSO3/C H OH COCH,
—3
or H_po_28
2793
Te—
S -2
m. 185°; gos
DMF

HZO/J.CE

(O,
184

reflux, 48 hrs. 1

m. >350°; 70% g_ﬁ

NOH
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" a sealeG tubs at 450° for three daysiZ.

F. 1-Telluracyclohexa-3,5-diene

The oxidation of compounds 29 (section IX-D) with selenium dioxide or

chromium trioxide yielded 2~acylbenzotellurophenessz. Compound 31 and 32

are reported to produce upon treatment with 5602 or Cr03 a variety of
52 :

products

G. 1,2,4,5-Tetratelluracyclohexane

The reduction of methylene bis(tellurium trichloride) by cold aqueous
potassium disulfite yielded a compound melting over the range 54-102°. Mass
spectral, nmr and Moessbauer spectral data indicate that this compound is
1,2,4,5-tetrate11uraqyc10hexane17.

H. Phenoxtellurine

Gioaba and co—worker518’19

prepared several new phenoxtellurine derivatives
by heating tellurium tetrachloride with para-substituted diphenyl ethers. The

successful reactions are summarized in eqn. 20-22.

- a@ {O)+ ==, @ :@__I

150-240
9 hrs.
I HCl/NaNO
then CuyCl,y/HCL
Te 41% yield
cl
m. 310° "2

Kzuzos

(see ref. 1 for data) m. 95-6°%; o5y’
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g =
m. 311-22; 50% (crude)

o .
/‘i ‘G—_J o (ref. 19)

m. 108-9° ; 98%

- K, S 0.
(ref 18) H,0.¢

I

m. 95-6°; 963

- 0 V o
1 137-150 .
10-13 hrs.
S 7 - Te”.

c1,
m. 276-8°; 30%
o +Br, /CCl, or .
¢ 2 4 .
: ; I_/CHCL
- CHy e 1 2273
X2 -
X = Br: 295—62‘(dec); 93%
X =1I : 272-3" (dec); B13

2—Ch1orophenoxte11ur1ne 10,10~ d1ch10r1de was a]so obta1ned when the
-2—am1nophenoxte11ur1ne was diazotized and the d1azon1um salt reacted with
COPPEY‘(I) ch'lor1de/hydroch'lor1c ac1d19 - : ST ’ - ,
Te]]ur1um tetrachloride and 4-bromo— ,v4—iodo-19;f4-ch]or044'—bromo-18
Vand 4-ch10r0 4'-n1trod1pheny118 ethers producéd'eiﬁhe?{ﬁixtureé;of phenox~
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tellurine derivatives, which could not be satisfactorily separated. or no
‘ definite compounds at all. : '

’ The tellurium atom was replaced by a sulfur atom when the phenoxtellur-
ineslg’19 were heated with molten sulfur. Phenoxtellurine dichlorides heated
with degassed Raney Nickel in-the presence of copper produced dibenzofuranssa.
Z—F]uord-B-methy]phenoxte]]urine produced a purple color in concentrated

sulfuric acid!8.

X. Physicochemical Investigations of Organic Tellurium Ccmpounds

31 125

13 P-, Te-nuclear

Infrared, Raman, ultraviolet-visible, 1H-, C-,
7gBr- 127I-nuc]ear quadruple resonance, electron,

magnetic resonance, 35C1-,
1‘25Te-Moessbauer' spectroscopy, mass spectrometry, X-ray structure analysis
and dipole moment measurements were used to characterize organic tellurium

compounds.

A. Infrared and Raman Spectroscopy

The infrared (ir) and Raman (R) spectral data for organic tellurium com-
pounds reported during the survey period are summarized below. Frequencies
are listed only for modes involving the tellurium atom. Other band assian-

ments are indicated.
23, . -1, -1
4-02H50C6H4TeC13 : ir, v(COC), v(TeC) 480 cm ~; v(TeCl) 320 cm
- 26
4—R0C6H4Tex31j ;L:j“i:]] (R, X, n: CHg, Br, 4; CoHg, C1, 15 Cgg, CI, 2)
S S
n

ir, R; v(TeN) 310-327 cm™l; v(TeS) 201-235 cm™); vw(TeCl) 255-286 cm s
..1.

v(TeBr) 149-165 cm™l; s(TeS or TeX) 120-142 cm-1.

M'[4-RCH,TeCT, 1™ (see section V-C for individual compounds)Z’: ir, R;
v (TeC1) 285 cm™%; vas (TeCl) 265 em™ s
v(TeC), &(TeC) incorporated into phenyl modes.

(C,F5),Te,> s ir, Ry u(TeTe) 190 em L.

(CoFg),Te®*: ir, R; v(TeC) -300 cm™l.
4-CH3OC6H4TeCR=CHggO)R'33: ir, v(€0), vw(C=C).
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-xc6H e-c-cc HS (Tec) 450-575 em -1

tr1s(methy1te1luro)cyclopropen1um tetrafluoroborate 1jf;,' v

;(4-cusoc H ) Te67223: ir,v(Tec) 480 cﬁf¥fiv(fecj)}2§0»cm—l‘V,'
(g SCOCHZ)ZTeCIZ43 ir, v(CO). S
v(4—RC H4)2Te-phtha]ates40:’ ir, v(CO).

[(CgHg)sTel" pseudohalide™: ir, R*°, v(pseudohalide).

3. et v(€0).

(4-RCgH, ) ,Te ,
. CH3

[(CHy) H 3_nGe]2Te16- R, u(GeTe) 228 em™ L, 5{GeTeGe) 63 em™l.

trans- [sz(Te(PZHS)Z)Z] ir, R, v(MX) (M = Pt, Pd).

tel]Urophene56 ir; analysis of the CH stretch1ng reg1on in gas, liquid,
solution phase and crystal spectra.

teilurophene and deuterated te]]uropheneslsz ir, R; vibrational assignment
of fundamental frequencies on the basis of ir vapor band contours and

depolarization states of Raman lines.
[e]

: ir, 13, u(c-0).
Cells™ ~mg” Cglis
2,5—dipheny1-3,4-R2-te11urophene50 {for individual compounds see section I}

3-0x0-2,3- dihydrobenzote]lurophénezz- ir, v(C0).
4,4-dimethyl-1-tellurocyciohexane-3,5- d10ne57 ir.

2-X-8-Y-phenoxtellurine’®: ir, v(COC), v(CHz), v2H (X, Y: CHy, CHgs CHy,
F, F).

B. U]traviolet—VisibIe Spectroscopy

20
U]trav1o]et-v1s1b1e spectra1 data were reported for (TeCN)3 R

th1azo]1d1ne-2—th1one complexes of aryl te]lur1um trlha11des P pheny]



' phenylacetylenyl tellurides®>, tris(methyltelluro)cyclopropenium
tetrafluoroborate?, bis(benzoylmethyl) teliurium dichloride®® (uv; phos-
phorescence emission spectrum at 77° K, assignment of bands), and

2—pheny1té11urophene14.

C. Nuclear Magnetic Resonance Spectroscopy

Nuclear magnetic resonance spectroscopy employing the nuclei 1H, 13C,

31P, and 125

C-H and Te-H coupling constants, and 13C-sp1‘n-]att1’ce relaxation times for

Te were used to characterize organic tellurium compounds. H-H,

telluracyclohexane were reported.

1. 1H-NMR Spectroscopy

261

1H-nmr data were reported for the following organic tellurium compounds:

CH3TeH58: comparison with 0, S, Se-derivatives.

+ - e yaos
CHy(TeCl5) 175 4-C,H0CEH, TeCl 5 (3, ) 235 MP[4-RCGH,TeX, T (for individual
compounds see section V-C)¢/.

tris(methylteliuro)cyciopropenium tetraf]uoroborate32.

23, 43.
(4-CH30C6H4)2TeC12 (JH_H) H (C6H5COCH2)2TeC12 3

(4-RCgH, ), Te-phthalate.

o .
® CH3 44
(4-RCgHy ) Te (R = H, CHy, CH30)™".
4 CH3
o -

16, 31,
[(CH3) Ry pGelpTe (Jy ysdys, .+ y-1267) 5 (A-CH50CGH,TRISP (3 )™
PtI, [Te(C,H) , 1,/ (CHg) yTe and PdBry[Te(CoHg), 1o/ (CoH5) Te

(témperature dependence of 1H-nmr signa]s)49.

)57,

4 ;4-dimethy1-1-telluracyclohexane-3,5-dicne (2J

125
1,2,4,5-tetratel luracyclohexanel’ TeH
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vfe]ﬁﬁrophéﬁe—Z dls, te]]hfophehé-Z 5- dzls; téi1ur6phené-3;4-gé15;' -
'tellurophene-z 3. 4-d 15, 2-pheny1te11urophene14 2—phény1te11u?ophéne—5fg
'2 5- d1pheny1teﬂurophene50 2,5-dipheny1-3 4—R2 teﬂurophene50 (for individual
comp0unds see section IX-A); 2,5- ~-dipheny1-3;4- CHZOCH2 tellurophene13 ' :
3-0x0-2 3—d1hydrobenzot°11urophene22

14,

2. 13C—NMR'Spectroscopy

The 13C-chemica1 shifts for teliuracyclohexane and the telluronium -
salts obtained by protonating or -methylating the tellurium atom in tellura-
cyclohexane were measured and compared to the pentamethylene heterocycles
of groups IV, ¥V and other group VI elements. The effects of substituents
on the tellurium atom on the 13¢_chemical shifts were e]ucidatedsg. The
spin-lattice relaxation times were determined by the inversion-recovery
method for the ring carbon atoms of te]]uracyc]ohexan960 13C-Chemica]
shifts and J125Te_13c for 4,4-dimethyl-1-telluracyclohexane-3,5-dione were

measured

3. 31P—NMR Spectroscopy

31P NMR spectroscopy was used to study the tellurium atom transfer in the
systems (tert-C4H9)3PTe/R?P and [(CH3)2N]3PTe/R3P [R = tert-Cytg, (CH3)2N]

3lp_Chemical shifts and 3 Jy_31p were measuredd6,

125

4. Te-NMR Spectroscopy

1H—125Te Heteronuclear magnetic double resonance experiments were carried
with the following organic tellurium compounds containing 125Te in natural
abundance®®:  CH,(TeC13),, (C1;TeCH,C0),0, (HOOCCH,),Te,, (CoHg),Te,
(4—CH3C6H§)2Te: (C6H522TeC]2, 4—R—C6H4(CH3)TeI2 (R=H, CHg, CH30, CZHSO)’
gggR-C6H4)(§H3)2Te{ {R =.H, CH30,2C2H50), (R—C6H4)2CH3TeI (R-= H, Z-CH3)i
Te- and “H-chemical shifts and J125Te-H are reported. The Te-H coupling
constants have values between 24 and 36 Hz.

0. Nuclear Quadrupole Spectroscopy

35 127

The nuclear quadrupole spectra of ~°Cl, Br and 1 for the compounds
(CGHS)ZTeXZ»(X = Cl, Br, 1) were obtained. Each of the spectra consisted of
a single line indicating the chemical and crystallographic equivalence of
the halogen atoms in the molecules. The results agree with a trigonal
bipyramidal structure with the halogen atoms occupying the axial positions

The structures of the 1:1 adducts formed between (C H ) TeC]4 n (n =0,
1, 2) and AlBry, GaClg, R,SO or R,S were investigated by 3561 ngr techmques2

62
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E. Electron Spectroscopy

The photoelectron spectra of 2-substituted tellurophenes were investigated
and the vertical ionization energies of the two highest molecular orbitals
and of orbitals mainly localized on the substituent of 2-R-tellurophenes
[R = C1, Br, I, CO,H, CO,CH5, CON(CH3)2] assigned. The substituent effects
confirmed the earlier suggested™ reversal of the sequence of the two highest
molecular orbitals in tellurophene (w > n2) in comparison with the other
group VI derivatives (nz > 1 )

The He(I) and He(II) photoelectron spectra of benzotellurophene were
recorded and compared with those of similar heterocycles. The first four

bands were correlated with r-molecular orbita1564_

F. 12%Te-Moessbauer Spectroscopy

The 125Te-Moessbauer spectrum of <rvstalline 1,2,4,5-tetratellura-

cyclohexane [5(1255b/Cu) 0.27, 0.063 A9.33, 0.11, 2r 6.33 (nms'l)] confirmed
the equivalence of the tellurium atoms and showed, that the sample did not
contain elemental te]]ur1am17 The 125Te-Moessbauer spectra of inorganic
tellurium(IV) oxides, oxyfluorides and fluorides were reported

G. Mass Spectrometry

Mass spectral data were reported for a]ky] pheny] te]]ur1des 6

bis(nonafluoro-2-biphenyiyl) telluride (only Mt )
tris(methyitelluro)cyclopropenium tetraf]uoroborate (no M+)32
2-pheny1t911urophene14, 2-phenyltellurophene-2-d (16 eV)14
2-pheny tel lurophene-3,4,5-d3 (16 ev) 14, 2,5-dipheny1-3,4-R,~telTurophenes
(only M for 1nd1v1dua1 compounds see section IX- A)SO, 2,5- d1pheny1 3 4 CH OCH2
tellurophene (only Mt ) 3, 3-0x0-2,3-dihydrobenzotellurophene (only Mt )
telluroindigo (only Mt ) and 1,2,4,5-tetratelluracyclohexane (no M )17.

The mass spectra of the alkyl phenyl tellurides, CGHS—Te—R (R = CHj,
CD3, C2H5, C3H7, j;C3H7, C4H9) exhibited intense parent ions. The fragmen-
tation of the molecular ions produced C6H5Te, RTe, Te and the rearrangement
ions CgHgTe, HTe, C7H7 and C6H6. Examination of the spectrum of the CD3-
derivative demonstrated that the HTe-ion derived its hydrogen from the phenyl
group. The series of low intensity peaks caused by ions TeCpHq (p = 1-4,
g = 1, 2), which was present in all the spectra, arises probably through
fragmentation of the C6H5Te group66.

H. X-Ray Structure Analyses

2-Biphenylyl tellurium triodide crystallizes in the monoclinic space
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7,:group P21/n w1th four mo1ecu1es per. un1t ce]].r The tellur1um atom ds in a-
tr1gona1-b1pyram1da1 env1ronment with two 1od1ne atoms occupy1ng the axial
'p051t1ons (Te- ., 2:833, 3. 099 A, Te-I q -2.769 A Te-C 2.15 A) inter-
mo]ecu]ar Lseeel bonds link the mo]ecu]es into chams67 ‘ : .

- Indexed -powder-patterns and.unit.cell dimensions were reported for the
trlpheny] telluronium .pseudohalides, (C H ) TeX (X = N3 CNO, CNS, CNSe)

Pre11m1nary X-ray resuIts57 for 4. 4-d1methy1 1-telluracyclohexane-3,5-
dione gave a Te—C bond length of 2.170 A and a CTeC angle of 86.3°.

1.  Dipole Moment Measurements

The dipole moments of bis(4-dimethylaminophenyl) telluride (3.72 D)
and 4-RC HS—TeC =C-C 6”5 (R, n: H, 1.20 D; CH3, 1.60 D; F, 1.16 D3 C1, 1.47 D3
Br, 1.36 D) were determined in benzene solution at 25°. The dipole moments
of the sp"C—Te bonds were determ1ned by a vector scheme with consideration of
weak dipoles. The moments for sp (0.77 D) and sp bonds (0.34 D) are
directed from the carbon to the tellurium atom, whereas the sp-moment (0.76 D)
points from the tellurium to the carbon atom’>. )

Dipole moment measurements were employed to investigate the compounds

-(c6H5)nTex4_n-L (X=Cl,Br;n=0,1, 2; L = AlBrj, GaCls, R,SO, R25)25.

The dielectric constant-refractive index method was used to determine
the dipole moments of the comp]exes trans- [MX2 Lz] [L = (CZHS)ZTe] in benzene
solution at room temperature (M X, uD): Pt, €1, 2.3; Pt, Br, 1.9; Pt, I,
1.8; pd, C1, 1.8; Pd, Br, 1.8; Pd, I, 1.9). The dipole moment of 6D reported
by Jensen [Z. Anorg. Chem., 231 (1937) 365] for the platinum chloride complex

is probably incorrect.

XI. Analytical Techniques

Tellurium was determined in organic substances by decomposition with .a
mixture of concentrated sulfuric and nitric acids and potentiometric
titration. of the borate-buffered solution at pH 8.0-8.5 with siiver nitrate.
The results were within +0.3% of the calculated values. The oxygen-flask
combustion method did not give satisfactory. resu]ts69

However, decomposition of organic tellurium compounds using the conven-
tional oxygen flask method followed by treatment with aqueous hydrogen
peroxide/hydrochloric acid solution and tellurium determination by atomic
absorption spectrophotometry was recommended as a rapid micro-analytical
procedure for tellurium. A standard deviation of 0.23 was calculated from
the results obtained with 41 organic tellurium compounds. Only diaryl
ditellurides were not completely oxidized by this method

The methods available for the determination of tellurium in organic

compounds were reviéwedll.
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XII. Biology of Organic Tellurium Compounds

The ecological aspects of tellurium in human and animal hea]th71, the

toxicity and metabolism of tellurium compounds72, the toxicology of tellurium
and its compounds73, and the interaction of NaZTeO4 with mercury, cadmium,

74

selenium, beryllium and arsenic’ ' were reviewed.
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