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I.  Introduction -

- This-annual survey of the organic chemistry of tellurium covers the
Titerature abstracted in Chemical Abstracts Volume 86, No. 10 through
Volume 88, No. 13.. The general symbol "R", for which the term "organyl"
has been adobted, is used for alkyl as well as aryl groups. When reference
is made to earlier work, the original papers are generally not cited; in-
stead the reader is referred to the previous surveys 1-4, which will provide
access to the pertinent literature.

The partial financial support of 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.

Tellurane., tetrahvdrotelluropyran derivatives and related compounds
(R. Livingstone, 1977)7: A very brief review of telluracyclohexane and its

derivatives.

Aliphatic _organo-sulfur compounds; compounds with exocyclic sulfur
functional groups. and their selenium and tellurium analogs (G.C. Barret,
1977)°: This review is mainly devoted to organic sulfur compounds. Sele-
nium and tellurium compounds are included, but pertinent data are dispersed

throughout the text and are difficult to find.

Ylides of sulfur. selenium and tellurium, and related structures
(E. Block and M. Haake, 1977)7: Three pages of this review deal with sele-
nium and tellurium ylides:

Thiopheneé and their selenium and tellurium analogs (S. Gronowitz,
1977)°: This review covers the period from April 1974 to March 1976. Tellur-
ophenes are discussed on pages 298 and 299.

Tellurophenes and related compounds (F. Fringuelli et al., 1977)9: A
very thorough and complete review of the synthesis and properties of tellur-
ophene, tetrahydrotellurophene, benzotellurophene and dibenzotellurophene
and their derivatives including uv, ir, Raman, microwave, nmr and photoelec-
tron spectral characteristics, discussion of reactivity studies and tables
of compounds. -

Pharmacology and toxicology of heavy metals: tellurium (L.M. Klevay,
1976)1? This review discusses the absorption, distribution, excretion,
metabolism, physiological effects and medical uses of inorganic tellurium
compounds and dimethyl telluride and the treatment of tellurium poisoning.

Tellur (Gmelin-Handbuch der Anorganischen Chemie, 1976)1} This review
is not devoted to organic tellurium compounds, but surveys the work on
hydrogen telluride, alkali tellurides, tellurium oxides, tellurium(IV) acids,
tellurium{VI) acids, alkali tellurites, alkali tellurates, tellurium-nitro-
gen compounds and tellurium nitrates reported in the literature up to the
end of 1973.

References p. 319
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o ;_n;; Methods for the Introduction of Tellurium ifito. Organic Molecules
jDﬁff‘rl‘g—'fii:ﬁe'a’:pe:r‘iqd :c_bd_'v.ered.'b_y this review tellurium, alkali’ rﬁgt::'a.] tem
JFide$ énd5£éi1ufium,ﬁetraha]idé§TWere;uéed:to {ﬁfro&uéé the te]]uﬁium~atom

' ;into o?génfé'mblééuies., Hbsf of'tﬁese reactions-'whiﬁh are summarized .in
VFTQ T, are extens1on of prev1ously reported preparative: methods.

Of potEﬁt1a1 interest is the formation of divinyl telluride from
aéetylene and tellurium in a basic aqueous medium for the synthesis of
unéaturatéd tellurides. The reaction conditions, reminescent of those used
for the preparation=of'te11urophene from tellurium and butadiyne], are not

fully disclosed in theé brief note reporting the synthesis of divinyl tellur

12

ide}3~The reaction of tellurium with dimethyl tin dihydride “ produced the

g ],2,4-tris£aﬁna—3,5-dite]1uracyc10pentane;L {Fig. 1).
A U.S.5.R. patentp-]c]aims the preparation of alkyl derivatives of
) te]]urium by reacting alkyl halides and tellurium.in aqueous alkaline mediu
containing NaZSZOZ1 or thiourea dioxidé as avreducing agent. The condensa-
tion of sodium hydrogen telluride, obtained from tellurium and sodium boro-
hydride in ethanol, with 2-ch1oro-4-(2'—ch10foethy1)quinoh‘nes22 yielded

the dihydrotellurophene derivatives 2. Potassium telluride is c]aimedpf2

to have converted the aromatic carboxylic anhydkide 3, to the tellurium
heterocyc]e 4. Ch]oromethy](d1methy]) 3- ch]oropropy]s1]anes and potass1um

teI]ur1de y1e]ded 1-sila-~3- te]]uracyc]ohexanes (eqn. ])

Potass1um te]]urocyanata and benzy1 ch1or1de in d1methy1 sulfoxide

y1e1dcd benzy] te]]urocyanateZ]

The te]]ur1um tetraha11des reacted with tetrapheny] t1n in a ref]ux1ng

'.m1xture of to]uene/d1ethy1 ether to give d1pheny1 te]]ur1um d1ha11des.,.:
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M= [(csas) 3P]2N

Fig. 1: Reactions Employing Elemental Tellurium as the Reagent for the

Introduction of Tellurium into Organic Molecules

Tripheny! tin halides produced phenyl tellurium trihalides. The correspond-

ing ethyl tinderivatives reacted simi]ar]y?4 Tellurium tetrachloride was

Ve
CHy CTR ' C2H50H

(CH3)ZSi\ C1 (CHB) 2Si Te

L - .
R, R': Le_v:_;.-C4H9, H; H, H; H, CH3

arylated by aryltrimethylsilane in refluxing toluene to aryl tellurium tri-

ch]ori,des?‘5 Aryl mercuric chlorides and tellurium tetrachloride refluxed in

dioxane produced diaryl tellurium dich]orides?s’ZGa Heating the complexes

C6H5N(CH3)2-TeX4 (X‘= Cl, Br) or the ammonium salts [(CH3)2NHC6H5];TeX6

(X = C1, Br, I) in dry methanol yielded 4-dimethylaminophenyl tellurium

References p. 319
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t*f”tr1ha11de527 chdensat1on of tel]ur1um tetrachlor1de w1th tr1pheny1am1ne

'j”‘at room temperature in benzene in the presence of tr1ethy1am1ne gave

:_jb1s(4 d1pheny1am1nopheny1) te]]ur1um d1chlor1de?8 D1methy1f0rmam1dy1 tel-
:ltlur1um tr1ch10r1de, (CH3)2NC(0)TeC1 -DMF, was prepared “From tellurium
tetrachloride and d1methy]form§m1dy] :od1um?9;A u.S. patentP claims tﬁE
‘tellurium tetrabromide and CF3_redfca1sVobtained'froh C2F6 in.a corona or
~ glow discharge plasmap_3 reacted te-form-f(CF3)éTe]n {n =1,m) and
((:F3)2Te2 L

The react1ons of organ1c te11ur1um compounds which were used to pro-
duce new organic te]]ur1qm der1vat1ves are summarized in Fig. 2. A]] of
these reactionsrare diseusseé in the sections devoted to the pertinent
telTurium compounds. The reactions of heterocyclic tellurium compounds

are not included in Fig. 2.

IV. Tellurocyanates

The tellurocyanate, [(CGH5)3P=N=P(CSH5)3]+ TeCN~ was prepared by add
tion of black tellurium powder to a solution of the corresponding ammoniu
cyanide in acetone. The mixture was heated at 50° for 30 min. The tellu
cyanate precipitated on addition of diethyl ether. The te]]urocyanate
(65m y1e1d) melted after recrystallization from acetone at 190-3° with

]3CN-te11urocyanate, was similarly prepared from th

decompos1t|on. the Te
]3C-cyanide.

Potass{nm tellurocyanate obtained from tellurium and KCN in dimethyl
sulfoxide reacted with benzyl chloride to yield benzyl tellurocyanate, th

first alkyl tellurocyanate ever isolated.

V. Compounds Containing a Single Carbon-Tellurium Bond

Tellurols, benzyl tellurocyanate, organyl téllurium trihalides and
diorganyl ditelTurides were investigated during the survey period. Tellu
ium derivatives, in which the second tellurium valence is satisfied by

group I to V-element atoms, sulfur or selenium are discussed in section X
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RTe-CH, iyt - [RTe(CH3) 2]"’1’ R,Te (NCS) 6——
4~ ) ﬂ\ -
CH, R'NyBFj, —————— R-Te~-R' . (cws),
NH, CNS
czc 2
RTeN —~—) RTe-C=CH-C-R' R,Te
e
reduction SO,)X,)
NaB RTeX3 —) RTeX R,TeX, &
/ R'ONa
R,Te, & H3P02 ox RTe-CN R,Te(OR'),
NaOH .
R'SO,NH, | R'COO
1] —] 1] T
X, R'SH R,Te=NSO,R R,Te (0OCR )o
RCOO-
exchange
~ ~ |
RTeX R~-TeS~R' o RzTe (OOCR™) 2
\\\\\‘ ~
anion exchange o
R'ng, [e)
RjHg or R’I‘eY3
R'Si(CH,) 1
373 R,Te 3
3
4]
<3 (R"CO) 0
2
R-Te-R' R,TeF (__-H—F—— R,Te0
2-%%2 2
%2

Fig. 2: Transfcrmations of Organic Tellurium Compounds
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- fMé%hanetedero1 prepared from d1methy1 d1te11ur1de and sod1um 1n 1',
'11qu1d ammon1a .o]lowed by add1t1on of 2N sulfur1c ac1d to- the react1on
m1xture under an oxygen -free- atmosphere, was found to be spontaneously :
f]ammab]e 4n. a1r and to explode on contact w1th pure oxygen at room temper—
‘ature. The telluro] was stable at liquid nitrogen temperatures, bpt de-
composed to. tellurium at room- temperature?o o :

: " The' 8 hydroth1o-]5, 8- h_ydr'ose’leno-.l5 and S;Hydrote11uro:1—hydrote1]uro-
;napnthalenes3] were obtained by protonation of the corresponding diiithium
}seTts:in tetrahydrofuran at -25°. The tellurols were notrisolated but

ox1d1zed by d1r to heterocyc11c compounds15

-B. Te]]urenyilCompounds, RTeX

The prepdration of aryl tellurium halides, RTeX, from equimolar amounts
of diary]'ditel]urides and ary! tellurium triha]ides32 in refluxing organic
soTvenfswmaé éffempted dccording to eqn. 2. These reactions led to the:

solvent
—=2_Venr o > . _
(?) RZTe2 + RI['eX3 Teflux 3RTeX

R,X, %Z yield: 2- C6H5C6H4’ Br, 73%; C6H5’ I, 38%

desired proddcts only with the 2-bipheny1yi {X = Br, in petroleum ether),
and phenyl (X = I, in C1CH2CH2C1) derivatives. A1l other compounds investi-
‘gated [R,X: CGHS, C1; CGHS’ Br; 4- CH30C6H4, ci and I; 3,4-(CH 0)2 613> c1]
produced only diaryl te]]ur1um dihalides and te]]drinm. Pheny] tellurium
iodide'and 4-methoxyphenyl tellurium jodide subjected to the conditions
employed}for the reactions between R2Te2 amd RTeX3 generated the same
products which-were obtained from the ditellurides and aryl tellurium tri-
helides. These observations and results of experiments with ]23mTe—1abe1ed
starting materials suggeét strongly,. that arylrteliurium halides, RTeX,- )
are intermediates in all these reactions. Petragnani and de Moura'Campos33
had earlier mentioned RTeX compounds among others as possib]erintermediatesv

in reactions between ditellurides and aryl tellurium trihalides. Whether

or not the aryl té]]urium halide can be isolated, depends on the thermal



stability of the compound. Based on reaction times and yields the thermal
stabi]ity of(RTeX ;ompddnds decreases iﬁ the sequence 3,4-(CH30)2C6H4,
8-CHJ0CH, < CHgand C1 < Br < I. It was postulatedl> that instability
is caused by the facile migration of aryl groups in the associated aryl

tellurium halides (structure}@. Such a migration should be facilitated

/0
. cee e T @ ererrnnrnmsennnns h: T .Te
Aree-, /////
v
D, SR Te o teeeeeeveennnn X
T |
Ar
X
5
o

by small halogen atoms, which allow the tellurium atoms to be close to each
other and by substituents in the benzene ring such as CH3O. The observed
stability order of RTeX compounds and the fact, that the 4-methoxyphenyl
group migrates preferentially before the phenyl group, are in agreement
with the postulated mechanism. 2-Biphenylyl tellurium bromide is mono-

meric in so]ution?4 is not capable of an aryl group migration and is not

converted to diaryl tellurium dibromide and teﬂurium?2

?enzy] tellurocyanate, the first reporféd example of an alkyl telluro-
cyanate, was obtained in 61% yield from benzyl chioride and potassium
tellurocyanate in dimethyl sulfoxide2! The white needles melted at 126-7°.
Benzyl tellurocyanate is light-sensitive, darkens in the presence of air,
and is especially unstable in solution. It can be chromatographed and
recrystailized under red 1light. The reaction521 of benzyl tellurocyanate

are summarized in Fig. 3.

C. Organyldihalotellurium Compounds, [RTeXz]

‘-
The compound C6H4CH9TeCN'(C6H5)4AsBr, obtained previously from benzyl

=4

<

bromide and tetraphenylarsonium te]]urocyanate? was now prepared

References p. 319
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CH,cl, . - - o, /uv SR
22 2 —) Te + RCH

: N/

CHzClz‘ ‘ CH.,CN

,0H + RCHO

| RCH,TeBr., ¢~
7P 3 1 Be

TeBr, + RCH,Br ) RCH_TeCN-R,AsBr
4 2 excess‘Br2 (':Hz (C_H_), AsBr 2 4
Te 6 54
[
CN
RCH,,SH / \\ NaOH/CH,0H
RCH,_S-TeCH_R —> (RCH, ), Te
2 2 2°2772
or H_PO
3772 .
Fig. 3 : The Reactions of Benzyl Tellurocyanate
21

from benzyl tellurocyanate and tetraphenylarsonium bromide:’ The ir spectrum
of the complex in KBr is virtually identical with a composite spectrum of
the components. The low melting point of ]i8°, the ir and nmr data suggest
the complex to be a loose associationZ] and not an ionic compound
[CSHSCHZTe(CN)Br]'[(CGH5)4Br]+ as suggested-,previous'ly?5 Chromatography

of the complex on si]iéa gel with chloroform or methanol as eluent regen-

erated benzyl te]]urocyanate?]

D. Organyl Tellurium Compounds, RTeX3

Several hitherto unreported organyl tellurium trihalides (marked by
an asterisk) were prepared employing both previously developed and new
preparative methods. Some known compounds were also synthesized by the
new methods.

Tellurium tetrachloride and aryltrimethylsilanes gave aryl tellurium
) trich]oride525 (egn. 3). This reaction is a convenient one-step synthesis
toluene

- - _— ) Rr- - i
(3) 7 R- C6H4 Si(CH3)3 + TeCl, R C6H4 Tecl3 + (CH3)3slc1
reflux

R, mp.°C, Z yield: H, 210°, 65%; 3—CH3’,‘ 166-8°, 75%;
4-Br, 198-9°, 70%; 4—ca3,'196—8°,'79:z .

of afy] tellurium trichlorides using the easily accessible aryltrimethyl-

silanes.
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Tricrganylhalostannanes reacted similarly with tellurium tetraha]ide524
{egn. 4).
. solvent
3 —_—)
(4) Te’(4 + R3$nX RTeX3 + R?_Te.}(2

R,X, solvent, mp-°C, % yield: C,Hg, C1, 114°, 50%;
C,H., Br, 142°, 45%;
CGHS’ Br, 226°(dec), 80%
Tellurium tetraiodide in non-polar solvents did not react with tri-
organylhalostannanes, probably because of poor soiubjiity. 1In polar solvents
such as methanol products were obtained which could not be characterized?4
A.K. Gupta 23_2137 claimed the synthesis of 4-dimethylaminophenyl
tellurium trihalides in almost quantitative yield by heating the dimethyl-
phenylammonium hexahalotellurates(IV) (eqn. 5) or the adducts
[(CH3)2NC6H5]2 - TeX, {egn. 6) in dry methanol. Treatment of 4-dimethyl-
aminophenyl tellurium trichloride with potassium haiides, KX (X = Br, 1)
L dry CH3OH .

+ \f
(5) [(CHB)ZNHCGHSJZ TeX, T 4 (CH3)25C6H4 TeX,

X, mp®°C, % yield: C1, 90°, 80%; Br, 138°, 95%; I, 132° 95%

1 dry CH3OH R
(6) [(cu3)2N06H5_2- TeX, —> 4-(CH,4) ,NC/H, ~TeX,

reflux
X = C1l, Br

produced the aryl tellurium tribromide and tritodide in 95% yie1d527 as
precipitates uvon addition of benzene to the reaction mixtures.

Treatment of bis{2-biphenylyl) ditelluride with bromine in carbon
tetrachloride gave 2-biphenylyl tellurium tribromide*_ in 72% yield. The
compound melted at 183-4° with decomposition?2’4o

Benzyl tellurium tribromide*, which turned gray at 135-8° and melted
at 150°, was the product of the reaction between equimolar quantities of
bromine and benzyl tellurocyanate in methylene ch]oride?]

The compound (CH3)NC(O)TeCT3-DMF, a mustard-colored powder, which
behaved in nitrobenzene as a 1:1 electrolyte, was obtained from (CH3)2NC(O)Na
and tellurium tetrachloride in carbon tetrachloride after treatment of
the precipated brown solid with dimethy]formamide?9 Refluxing the CC14

suspension of the DMF-adduct with quinoline gave the white quinoline

References p. 319



'fédducf. The adducts decompose to te]]ur1um d1ox1de on heat*ng29

4= Methoxypheny] tellurium tr1ch10r1de 1abe1ed with the radioactive

123m

" 123mTe-*sotope was prepared from'- 'TeC14 and methoxybenzene??A

The fo]1ow1nu react1ons ‘of organyl tellurium tr1ha11des are d1scussed

32 to form

fn'the 1nd1cated_sect1ons: reactions with diaryl d1te11ur1des
aryl te]luriﬁmrhalides (section V-B) or diaryl tellurium dihalides.(sec-
tion VI-B1), the reduction to ditellurides with Na,5-0H,02%232 or hydra-
Zine hydr‘ate36 (section V-E), the reaction with diaryl mercury compounds

“and aryl mercuric chlorides?62>36537,55

to give RR'TeClZ, the reactions
with aryltrimethy]sﬂanes25 yielding RR'TeCl2 (R =R', R# R'), the addition
to cyc'lohexenez-7 (section VI-B1) and the cyclization of 2-biphenylyl tellur-
ium tribromide to dibenzotellurophene dibromide40 (section: XI-D)

EHM and CNDO/2 calculations showed that those conformations of RTeX3

with the greatest numbers of gauche interactions are the most stab]e?8

E. Diorganyl Ditellurides

The'fo]]owing new diaryl ditellurides, (RC6H4)2Te2, were prepared
(R, method of prepafation): 4-NO,; (no data reported)?6
RCGHTeCTy + NoH,-Ho0/abs. CoHs0H ®; 3-CT, RCGH,TeCly + Na,$-0H,0%%;

3-Br, RC6H4TeC13 + Na25-9H20?9 The bis(3~halophenyl) diteliurides are
oils, which could not be distilled.

The previously reported1, exceedingly photosensitive dibenzyl ditellur-
ide (mp. 80-1°) was obtained in 91% yield by treating powdered benzyl
tellurocyanate with hypophosphorous acid (59%), or in 29% yield by stirring
the tellurocyanate with methanolic sodium hydroxide solutions. Mechanisms
for these reactions were proposed?] A patentp"3 was issued for the prepara-
tion of bis(trifluoromethyl) ditelluride (bp. -53°) in 33% yield from
tellurium tetrabromide and CZFG in anre]ectric,discharge. Bis{4-methoxy-
pPheny1) ditelluride labeled with the ]23mTe-isotope was synthesized by
reduction of the 4-methoxyphenyl 123mTe-te1]urium trichloride with sodjum
sulfide3?. '

Ultraviolet irradiation of solutions of diethyl ditelluride and
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_dibenzyl ditelluride in diethyl ether or benzene at room temperature
produced quantitatively dialkyl tellurides and te]]urium?’2 Protionged
photolysis yielded bibenzyl and ethylene, respectively. These decomposi-
tions were accelerated by the presence of tertiary phosphines via the forma-
tion of phosphine tellurides. An equilibrium - rapid on the nmr time

scale - between R3PTe and R3P + Te 1is established in solution. Diethyl
ditelluride reacted slower than the dibenzyl ditelluride in the presence

as well as the absence of phosphine. A tellurium-carbon bond clieavage

was postulated as the initiation step for these photochemical reactions

(egn. 7).
hv
(7 RzTez—-—————)RTez. + R-
L 3RTe- + Te
Re + RzTez——)R,'re + RTe-

Re¢ + RTe- S
2RTe*» =——m—) RZTe2

It appears that the ease of cleavage of the element-carbon bond in
diorganyl dichalcogenides by uv radiation increases in the order
R252 < RZSe2 < RZTe2 whereas the ease of cleavage of the element-element
bond decreases in the same sequence.

The diorganyl ditellurides were subjected to the following reactions
which are discussed in the indicated sections: the reaction with aryl

32 section (V-B)

tellurium trihalides to form aryl tellurium monchalides
or diaryl tellurium dihah‘des32 (section VI-B1): the conversion to diaryl
tellurides with copper powder in d1'oxane36 {section VI-AT); the reaction
with bromine to give aryl tellurium tribromides32 (section V-D); the con-
version to RTeNa with Na/NH330 or NaBH4/C2H50H 41,41a (section X-A).

Quantum mechanical calculations on dimethyl ditelluride employing

the EHM approximation with and without consideration of d-orbitals showed
that the energetically most favored conformations are those with a dihedral
angle of 80° between the C-Te-Te planes. The following values for the
barriers to rotation were obtained: 5.0 kcal/mole and 2.0 kcal/mole

(with inclusion of d-orbitals) and 9.0 kcal/mole and 5.5 kcal/mole (with-

References p. 319
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CJt,d-orb1taIs) for the c1s— and trans-f arri

conformat1on is’ malnly determ1ned by the 1nteract1on of the e1ectron pa1rs

on: tellur1um39 The conformat1ons of dxany] d1te11ur1des as deduced from

:d,po]e mowent studres here compared with the ccnfbrmau1on of dlanyl di-

su1f1des and d1se1en1des (for deta115 see seet1on XII-G)-.

o Vi.h Compounds Conta1n1ng a Carbon-Te]lurium—Carbon Ho1ety

Symmetr1c and unsymmetr1c d1organy1 te11ur1des, RzTe, telluroamino
acids; tel]ur1des»w1th two tellur1um atoms ‘in the moleculé, symmetr1c ‘and
unsymmetric diorganyl tellurium dfhalides, diary] te]luriuﬁ di(isothiocy&h-
ates), diorganyl dialkoxides, diaryl tellurium dicarboxylates and some

reactions of diaryl teliuroxides were investigated.

A.. Diorganyl Tellurides

A number pf new, diorganyl te]]urides; which are with a few excep-
tions of the unsymmetric type, R-Te-R', were prepared employing previously
reported methods. Tellurides with two tellurium atoms in the molecule

were alsc synthesized.
1. Symmetric and unsymmetric diorganyl tellurides

The reduction of diaryl tellurium dihalides with sodium sulfide mono-

hydrate or with copper powder in dioxane yielded diaryl tellurides {eqn. 8).

reduction
P v _— ]
(8) Rc6H4 %E;C6H4R e ere—eree—3 RC. H4 TeC6H4R

R,R’, reducing agent, mp.°C or bp.°C!tarr, % yield:

. 3
3-CH, 3-CH*,-, 195°/10,-3° 4-F, 4-F, Na,S, 167°/10,-3
3

» 36 , - .3
3-€1, 3-Cl, Cu, 232-5°/10,-} 4-Br, 4-Br, Cu, 254-6°/10,-;

3
4-NOZ, A—NOZ, Cu, 169—71°,'532+' 6 3-F, H, NaZS *,';37
. : : -3 36
4-Br, H, Na,S, 68°,- 6 4-(CH ) N H Na,S, 50°, 2oz+;

. , 36
4—(CH3) N, 4-Br, Na,S, 122°, 254*

* Previously prepared from TeBr2 a.nd 3—methylpheny1ma°-uesium bromide:!'
+ Yield based on R' C6H4Te013 employed in reaction sequence )
R' C6H4TeC1 + RC6H4Hg02CCH3—e4 R' CGHATif6H4R-——9R,C6H4TeC6H4R
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_ Sadekov and co-workers?12 prepared diaryl tellurides, R-TejR' (R, R*:
Cghlgs Cghgs Cllgs 4-CHaCeHys CoHgs 4-CICGH,s A-CHIOCCH,, 4-CHACcH,) by
,feacting RTeNa, obtained from the ditelluride and sodium borohydride in
‘ethanol/benzene, with the diazonium tetrafluoroborates, R‘NZBF;. Only the
4-methoxyphenyl 4-methylphenyl telluride (m. 64°, 36% yiald) was isolated
and purified without being converted to the diaryl tellurium dichlgride.
The other compounds were treated with chlorine to give the diaryl tellurium
dich]orides.. The compound 2-methylphenyl 2,4,5-trimethylphenyl telluride
-was mentioned by Sadekov36 but its preparation and physical characteristics

were not given.

10,17 16a

Alkythioethynyl methyl tellurides and ethynyl methyl telluride

were isolated when methyl iodide was added to the ethynyl sodium telluride
in 1iquid ammonia {eqn. 9). Hydrogen chloride did not add to the triple

LLEYEY)

(9 R-C=C-TeNa + CH31 —_—) R—CEC—-TeCH3 + NaI

R, bp.°C/torr, % yield: CH,S, 80-1°/3, 40%;'° CHS, 95-6°/4, 4377
H, 34°/10, 21% 162
bond in proplythioethynyl methyl telluride; instead, it caused tellurium-
carbon-bond c]eavage]7
The nucleophilic addition of arenetellurolate ions to a-acetylenic oxo
compounds in ethanolic medium at room temperature places the aryltelluro
group on the B-carbon atom relative to the carbonyl group in accordance with

the electron-density distribution in the carbonylethynyl compound4] (egn. 10).

o C2H50H Il{' !
]
(10) 4-RC_.H,-TeNa + R'CaC-C-R"—~—————) 4_RC_H,-Te—-C=CH-C-R"
64 r.t. 6 4

=
[}

H; R'.R", mp.°C, % yield: CgHg» H, 94-95°, 88%; C.H, OH, 132-3°,14%;
6635, C,H;0, 92-3%, 81%;
’ CgHgr CgHe, 118-9°, 86%
1-hydroxy-l-cyclohexyl, 112 , 847
R = CHy; R', R", mp°C, Z yield: H,C,H. 0, 53-4°, 70%; CgHe, H, 93-4°, 76%;
Celso CH=C(CGH5)OCGH5, 138-9°, 70%; CeHs s CH=C(C6H5)N(C2H5)2, 143-4°, 68%;

= . ' " o . ° . _—o0 <
R CH30, R', R", mp.°C, Zyield: Cl*Hg, CGHS’ 80, 68%; C6H5, H, 86-7°, 67%

. References p, 319
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"fuThe,unsaturated te]]ur1des 2.4 (CH. 0)266H3—Te —cR'= cﬁt(o)Rﬁ %(R' R", mp.°C,
;% yxeld-i COOH c6 5, 215 8°' 21%, C6 5> C H O, 73 4°, 70%) were obta1ned

41 . o S

7 Mod1f1cat1ons of the organic mo1et1es 1n unsaturated diorganyl ‘tellur-

1des produced the” new diorgany? tellurides in react1ons desciibed in

eqns. 11 and 12. ~Attempts -to replace the aryltelluro group in the compounds

~R'C,H,TeCR=CHCOR" by a dialkylamino group were not sucessfull!

(11) 7 CH_ Te-C=C~SCH

3 3. N
i
(C,H.) NH, steel tube, 1207, 6 hrs., total yield 35%'°
cHgTe  SCH, CH,Te - MR, cH,Te  SGM,  © CH,;Te H
Ahu’)f_ﬁ\hk H” seu R N//_—\h r.N  Scu
: 2 3 2 2 3
0% 20% 10% 10%
. v 0 C,H5OH, reflux
(12) 4-CH_C_H, Te~CR=CH-C=CH=C[N(C,H.), IR
37674 27572 15% HC1/H,0 1
41 \[ q i '
— _ - — (e 0 < - - o
R = C.H, 4-CH CcH, Te~CR=CH-C~CH,~E-R 757 yield, mp. 155-7

The tellurcamino acids, RTe- CHZCHZCH(NHZ)COOH (R = CH3, tellurometh-
ionine; R = C6H5). the first examples of this class of tellurium compounds,
were obtained by the hydantoin route employing methanetellurol or benzene-
te]]uro]?4

Divinyl telluride, (CH2=CH)2Te, boiling at 131-2°/720 torr, was formed
vhen the telluride ion, Te , generated from tellurium in basic aqueousv
medium, was reacted with acetylene:. It was assumed that the tellurium
disproportionated according to 4Te— 3Te + Te'®. The yield of divinyl
telluride based on the telluride .ion was 55 percent13

Diethyl -telluride and dibenzyl telluride, which had previously been
synthesized1 were produced when solutions of the appropriate ditellurides

were ‘exposed to uv-radiation. The dibenzyl telluride could not be isolated

in pure form, because it decomposed under the reaction conditions to
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dfbeniy] and tellurium. Even diethyl telluride was cleaved to ethylene
upon pfo]onged uv-irradiationl}2

Several patents claim>the synthesis of diofgaﬁyi tellurides: diorganyl
tellurides from Te/aqueous alkaline medium/NaéSZO4 or thiourea dioxide/RX;P-]

(CFé)ZTe and [(CF3)2Te]n from TeBr4/C2F6/e1éctric discharge;P_3 CgHgC=CTeR

P-4

from CGHSCECBr + RTeNa/NH3(2).

On the basis of the 1H-nmr chemical shifts of the methyl groups the
conformation 6 was suggested for 2-methylphenyl 2,4,6-trimethylphenyl

te'l'luride?6 The conformations of other diaryl tellurides and the electronic

' Té~\\z:2::z:7

CH;,

interactions between the tellurium atom and the aromatic rings as deduced
from dipole moment measurements36 are discussed in section XII-G.

A gas chromatographic separation of diethyl telluride from diethyl
selenide with silicon rubber SKTFB-803 as the stationary liquid phase was
deve]oped?5 Dipropyl telluride was found to be the best corrosion inhibitor
for 99.99 percent iron in 3M perchloric acid among several propyl halides
and dipropyl dichalcogenides tested. The efficiency of these inhibitors
increased in the order RC1 <RBr < RI, R,0 <R,S <RZSe-:R2Te (R = C3H7)L}6

Diphenyl telluride was found to transfer both phenyl groups to ethyl
acrylate molecules in acetonitrile solution in the presence of paliadium
diacetate. It was suggested that the phenyl group is first transferred
to the palladium atom, followed by a shift to the olefin with formation of
trans- ethyl pheny]acry]ate?7 Diaryl tellurides do not exchange aryl groups49
when heated at 140°.

The reactions of diorganyl tellurides with sulfuryl hah‘des37 and with
thiocyanogen48 are presented in section VI-B. The formation of telluronium
salts from dialkyl tellurides is discussed in section VII. The results of

the aryl group exchange upon heating a mixture of diphenyl telluride and

References p. 319



'Qtetrak1s(4-methy1pheny1) te]]ur1um49 are summar1zed in sect1on VIIIM

‘2 Te11ur1des w1th two tellur1um atoms in the mo]ecu]e

The nuc1eoph111c add1t1on of arenete]1uro]ate—1ons to b1s(pheny1ethyny1)

ketone4] y1e1ded the te11ur1des~L (eqn. 13)." It was not poss1b1e to stop

- C,HsOH - CeHs
(13) - Q-RC oH I'eNa + (CH ‘C) co —-—-———-) [4—RC6H4Te—C—»CH—] co
' r.t.

R, mp.°C, % yield: H, 235°, ssz;‘caa, 222-3°, 84z. ™

the reaction after one tellurolate ion had added to a triple bond.

B. Diorganyl Tellurium Compounds,,RZTe_z(_Z

New, symmetric and unsymmetric diaryl tellurium dihalides were prepared
by novel as well as already known methods. A number of diaryl tellurium
dithiocyanates, dicarboxylates, diforganyloxides), R2Te(0R)2, and campounds

obtained from diorganyl tellurium dialkoxides and diols were synthesized.

1. Symmetric and unsymmetric diorganyl tellurium dihalides and diisothio-

cyanates »

Tréatment of dimethyl tellurium diiodide dissolved in th]oroform with
. chlorine yielded dimethyl tellurium dichloride>?

‘Sadekov37 reported that aqueous solutions of diaryl telluroxides
precipitated diaryl tellurium dif]uorides when treated with 40 percent

agueous hydrofluoric acid (eqn. 14}. Symmetric and unsymmetric diaryl

40% HF . )
(14) (RCGH 4) ZTeO —? (RC,H 4) oTeF,

R = H, EJ—CH3

N 4—CH3, 4-CH 0, 4~ CZHSO
tellurides were converted to the corresponding diaryl tellurium dihalides
through reéctions with sulfuryl dichloride, dibromide or diiodide in ben-
zene or carbon tetrachloride solutions>’ The tellurium dihalides were
iéo]ated in qdantitative yields. '

-The reactions between diaryl ditellurides and aryl tel]urihm trihalides
which produced diaryl tellurium diha]ides32 via aryl tellurium halides

as intermediates were discussed in section V-B. The‘Compouhds_prepared»"
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by this method are Tisted in Table 1.

Petragnani and co-workerssl refluxed dioxane solutions of tellurium
tetrachloride and aryl mercuric chlorides (1:2 molar ratio)?l The diaryl
tellurium dichjorides, (4-RCH,),TeCl, (R = H, CHj), were isolated in
yields-higher than 90 percent. Sadekov et al. prepared unsymmetric diaryl

" tellurium dichlorides by boiling equimolar mixtures of aryl tellurium
trichlorides and aryl mercuric ch]orides§7’55 aryl tellurium trichlorides
and aryl‘mercuric acetates36 or aryl tellurium trichlorides and diaryl
mercury compounds {2:1 molar r'at1‘o)26a in dioxane for several hours. Aryl-
trimethylsilanes transferred in refluxing dioxane the aryl groups to aryl
tellurium trich1oride525 forming diaryl tellurium dichlorides in rather
low yields. Tellurium tetrabromide and tetraphenyl tin produced after
twelve hours in refluxing toluene _~ diethyl ether (5:1 v/v) diphenyl tellur-
jum dibromide. A similar reaction with tellurium tetraiodide gave diphenyl
tellurium diiodide in only 20 percent yie]d?4 Tetraethyl tin reacted with
tellurium tetrachloride and tetrabromide. The oily products, RZTeX2 and

RZSnXZ’ could not be separatedg4

A1l these arylation reactions are sum-
marized in eqn. 15. Pertinent data for the compounds prepared in this
manner are given in Tables 1 and 2 for symmetric and unsymmetric diaryl

tellurium dihalides, respectively.

(15) TeCl, + R,Hg
TeCl, + 2RHgCl RTeCl, +_R'ch1(OZCCH3)
dioxane, reflux dioxane, refluxl
i v 4
R =R ,
R«._.R
~Te
XZ .
dioxane, reflux ; NR\ toluene/ (CyH5) 0, reflux
-(CH;) ;SiCl -R,Sn¥, (X = Br,vCl)I
i +
RTeC13 + RS:L(CH3)3 . TEXA RASn

1
ZRTeCl3 .+ RZHg

References p. 319



TABLE 1

. SYMMETRIC DIARYL TELLURIUM DIHALIDES AND. DITHIOCYANATES, R,TeX, .

. Hefhod prPreparétion'

Cwreggires, |

mp.,°C % yield || Ref.

- - v; ‘v .: - -
: H o R - R,Te0 + HF

2
crx | RyTe + c1,
,Cj* R,Te, + RTeCl,
e . TeC14 + 2 RHgC1
‘C]?i. ) TeC'l4 +7RéHg
Br* B ‘R2Te2 + RTeBr‘3
Br*. TeBr, + R,Sn
= RyTe, + RTel,
I* TeI4 + Rﬁsn
NCS RyTe + (SCN)2
NCS R,TeCl, + NH,CNS
3-CHy F R,Te0 + HF
C1* RTeCl; + RST(CH3)g
4-CH, F R,Te0 + HF
c1* . TeC]4 + ZRHgél
c1* TeCl, + RyHg
C1* RTeCl5 + RSi(CH3)3
NCS RyTe + (SCN),
a-(Cghg) N | c1 TeCl, + 2(Cghy) 5N
4-CH30 F* R,Te0 + HF
c1* RyTe, + RTeCl,
1 TeCl, + R,Hg
TCr*. RTeCl3 + RSi(CH3),
I* R2Te2 + RTeI3
4-CH30 NCS R,Te + (SCN),
4_CH30 NCS RpTeCly + NHzCNS
R" =CH.0 RyTe, + RTeCly

| e=

140° ---
118° -—-
- 126-8° 32
163° ---
166° >90
162-3° 95
163° 37
137°7F 70
271-3° ---
1310 -
--- 84
181-2° 86
- 165°° 58
--- 61
106-8°7F 72
110° ---
--- 82

153° 60 -
160° T
'-5a 100
160-2°  >90
162-3° 98

_— 96
198-99° 92

-—- 29
236° 20

129-32°Tt 73
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(RfR"CGH3)2TeX2 J TABLE 1 (CONT'D.) (R'R"C6H3)2TeX2
R" X Method of Preparation mp.,°C % yield
4-CoHLO ol R,Te0 + HF 1700 -
: NCS RyTe + (SCN), 100° -
NCS L RZTeC]2 + NH4CNS " 100° ---
4-F " c1 7 ~ RyTe +50,C1, 128° 100
Br R,Te + SOzBr2 171° 100
3-C1 Br R2T92 + 5028r2 178° 100
4-C1 I RzTe 50212 220° 100
3-Br Br R2Te + SOZBr2 200° 100
4-Br Ci1* TeC]4 + RZHg 189° 90
NCS R,Te + (SCN), 158-60°TT 75
T R" = H unless otherwise stated T with decomposition
* Compounds marked by an asterisk were prepared previously by a different
method
** Yield based on CeligTeNa for the reaction RTNa + RNZBF4 RZTe RZTeC12

Berry and co-workers28 reported that tellurium tetrachloride and tri-

phenylamine kept in benzene solutions in the presence of triethylamine at

room temperature for 24 hours yielded bis(4-diphenylaminophenyl) tellurium

dichloride, a yellow crystalline material. Tellurium was precipitated

when tellurium tetrachloride reacted with (CGHS)M (M =P, As, Sb) forming

(C6H5)3MC12.

4-Dimethylaminophenyl tellurium trichloride and cyclohexene combined

to give 4-dimethylaminophenyl 2-chlorocyclohexyl tellurium dichloride, which

melted at 78°, in 80 percent yield. The use of bis(4-methox;phenyl)

tellurium dich]orideP

dichloride

-5 and d‘ibromider~7 and bis(benzoylmethyl) tellurium

P-6 3s photosensitive imaging agents was claimed by several

patents. Diaryl tellurium diisothiocyanates were prepared in yields be-

tween 70 andk75_percent from diaryl tellurides and thiocyanogen in diethyl

References p. 319
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TABLE 2

 UNSYMMETRIC DIARYL TELLURIUM DIHALIDES', R-Te-R'™ . . 7 ;
e e T s K
R™Ch,=Te=CH,R™ o o R CHy-Te-CgH R™
X2 . . : - - XE
R | R™ | X  f Method of Preparation
H , QF(CH3)2N 1 , " RR'Te + 502C12 )
€ cgigTecty + Rugoocey | - 11+
“Br RR'Te + S0,Br, 140° - 100
| I | RR'Te + 50,1, 146° - 100
4-CH,0 Ci* || 4-CHgOCGH TeCly + RpHg | 112-3° 97
3-F a CgHgTeCl, + RHgCl 150° ---
‘Br RR'Te + SO,Br, - 184° - -——
4-F cl CoHgTeCls + RHgCl 132° ---
Br RR'Te + SO,Br, 177-9° ---
4-C1- - C1 RR'Te + C12 125° 39**
‘ 4-Br cl CeHsTeCl; + RHgCl 144° ---
4fCH3 v4-CH3O c1 4—CH30C6H4TeC13 + RzHg 163-4° 93
44CH3)?CH 4-CH0 | C1 [} 4-CHOCH,TeCl, + RHgCl | 113-5° 72
- hay
8-(CH),N  4-Br c1 CeHgTeCly + RHGOOCTH, - -—-
1 RR'Te + S0,C1, 152° 100
Br . RR'Te + 5023r2 ) 169° 100
I RR'Te + 50,1, 145° 100

35

37
37
26a
37
37
37
37
41a
37
26a
55
36
37

37

37

+ The reduction of theée diaryl tellurium dichlorides by NaZS-SHZO is
discussed in section VI-Al. TT  Not purified ’

* Compounds marked by an asterisk were prepared previously by a different
method. **  Crude product '

43,51 o ‘from diaryl tellurium dichloridés and ammonium

48

ether solution

thiocyanate in methanOIS]”(eqn. 16). The diisothiocyanates are white

! solids, which according to infréred data contain nitro-

'gen;te]1uripm bonds?g’S] The compounds are sparingly soluble in ethéhol;

diefhjl'etheriand carbon tetrachloriderénd insblublé'inrpetfolemnéiher?s

or paie _ye‘l‘low5
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(s,
(16) . RZTe
(c H5)20
RzTe(NCS) 2
NH!; CNS /
R2T9012
cH3OH

The colorless nitromethane solutions of diaryl tellurium diisothiocyanates
conduct electricity suggesting a dissociation51 to [R2Te(NCS)]+, [RzTe]++
and {NCSI™. Pertinent data for the diisothiocyanates are collected in
Table 1.
The reactions of diorganyl tellurium dihalides with 1,71-dimethyl-
55

3,5-cyclohexanedione to yield tellurium ylides are discussed in section

IX.

2. Diorganyl dialkoxides and dicarboxylates

Diorganyl tellurium dihalides and sodium alkoxides form diorganyl
tellurium dialkoxides (eqn. 16), which are rather stable toward air and
moisture?2 Phenols and diols react with these alkoxides according to
eqn. 17. The data for these compounds are listed in Table 3. Dithiols
Qa7 R'ONa/R'OH

R,TeCly — R,Te(0R"), —————
-
- R'= o4, CHg

R Te/o ya + ‘HOI
275, N HO

~2R'OH

do not produce the expected heterocyclic compounds; instead they are oxi-

dized to disulfides with a concomitant reduction of the diorganyl tellurium

dialkoxide to the te]1uride?2

A number of new and already known diaryl tellurium dicarboxylates,
RzTe(OOCR')2 (Table 4), were prepéred by improved methods. 4hen a solution

of the,dfaryl tellurium dichlorides (0.001 mol) dissolved in

References p. 319
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""}TABLE 3 ,
- EDIORGANYL TELLURLUH DIAL'(OXIDES

compdund . ! _mp.. °C bp., °C/torr |- % yield
< RyTe(0CH;),: R = CHg¥ T — 60°/1 7 89
o R = CGHS** _ 53¢ o= 83
(R,Te(0C,Hg),: R = CHy* — 52°/1 61
R = CHg** 52° o .- 75
CH _ + ) o ,
RZTE/"—', l 2 R = CHg 142 - 69
\0__CH2 R = CGHST' . impure oil, which crystallized at -18°
R Te/o R = CH3+" 149° -— 83 .
2
4 \0 o . ° L
- " R = CeHgT 101 . 85
(Cgﬁg)zTJ > 115° ——- 43
AN
“THy, = R = CH,T 178° -—- 57
il Y 3
, ° O R = CgHg™ 180° - ‘69
e O k- CHy 213° —- a1
~NO. _ ] -——
. @ R = CgHc* 212 78
R =gt 20° - 59
R2Te[ CHJ ]
| CeHs 148 - 61
0 R=CH  166° - 63
4
RZTE\O > °
. R R = CBHS ‘ 131 -—— 41

* Prepared from (CH3)2TeI2 + R'ONa/R'OH
** Prepared from (CGHS)ZTem2 + R'ONa/R'OH
. Prepared from. RzTe(ClCZHS)2 + diol or alcohol

CZH OH/THF (1:1 v/v, 20 ml) was passed over an Amberlite IR45 resin in the
carboxy]ate form (5q), the resin then rinsed with the solvent m1xture

(50 m1) and the solvent removed from the eluate, the diaryl tellurium-car-
boxylates were ebtained in y1e1ds as high as 99 per‘cent?6

Several diary} tellurium dicarboxylates were prepared earlier from



TABLE 4

DIORGANYL TELLURIUM DICARBOXYLATES

291

(4.‘-§cé’H4)2Te(docR-)! : P’jgggﬁgt?ﬁn (4-3c634)2Te(00r:R'.)2 H Ref.
R R mp., °C g yie]dgu
H H Ar,Te(0,CCH3),+ HCO,H/CHCT 122-4° 97 53
Ar,Te0 + HCO,H/CHC, 122-4° 95 53
CH3+ Ar,TeCl, + AERIC* 138° 70 26
Ar,Te0 + (R'C0),0 143-5° 89 53
Ar,Te0 + R'COOH 143-5° 97 53
C Mg Ar,TeCl, + AERIC* 100-3° 73 26
(CHg) ,CH Ar,TeCl, + AERIC* 109° 70 26
Ar,Te0 + (R'C0),0 108-9° . 93 53
Ar,Te0 + R'COOH 108-9° 91 53
Ar,Te(0,CCH,), + R'COOH 108-9° 68 53
(CH) 5C Ar,TeCl, + AERIC* 141° 70 26
Ar,Te0 + R'COOH 137-40° 87 53
Ar,Te(0,CCHy), + R'COOH 137-20° 56 53
Cehe™ Ar,TeCl, + AERIC* 165° o 26
Ar,Te0 + (R'€0),0 161-3° 88 53
Ar,Te0 + R'COOH 161-3° 77 53
Ar,Te(0,CCH,), + R'COOH 161-3° 77 53
CHsCH, Ar,TeCl, + AERIC* 86-8° 70 26
Ar,Te0 R’ COOH 99-100° 92 53
(CgHg) HCH Ar,TeCl, + AERIC* 167-8° 78 26
CgHg CH=CH Ar,TeCl, + AERIC* 175° 82 26
CHy cHy Ar,TeCl, + AERIC* 177° 70 26
CH Ar,TeCl, + AERIC* 185-7° 97 26
CH, ™ Ar,TeCl, + R'COOH + Ag,0 125-7 >90 26
(CHy) HCH Ar,TeCl, + AERIC* 140-2° 83 26
(CH3)3C Ar,TeCl, + AERIC* 140-3° . 90 26
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| TABLE4 (CONT'D.)

(4%gc6H4)éfe(ocht)2 - _Hetﬁod of . (4-kbéﬁ4)ére(dppa4)2':-ljRef
——e—e — - " Preparation o — ~— "
R R o ' R R ‘%yield“* 3
Gy Cg” | AnyTecl, + R'cooH + Ag0l sa-e> 390 | 26
‘ CyMast AfZTeC1é + R'COOH + Ag,0f ~~ 67-8° >90" '} 26
Cehegt Ar,TeCl, + AERICX 230-4° >90 26
Ar,TeCl, + R'COOH + Ag,0 230-4° >90 26
C635CH2 ArzTeCTZ + AERIC* 95° 80 26
(CeHg) ,CH Ar,TeCl, + AERIC* 147-9° 90 26
CeHy CH=CH Ar,TeCl, + AERIC* . 207-9° 86 26
CH30 CHy' Ar,TeCl, + AERIC* 135° 98 26
C2H5 ArzTeC]2 + AERIC* 168-70° 26 26
(CHa),CH Ar,TeCl, + AERIC* 176-8° 99 | 26
(CHg)4C Ar,TeCl, + AERIC* 176-8° 85 26
cﬁns’r Ar,TeCl, + AERIC* 210° 86 26
CeHSCH, Ar,TeCl, + AERIC* 90-1° 81 26
(CgHg) ,CH Ar,TeCl, + AERIC* 141° 68 26
CgH5CH=CH Ar,TeCl, + AERIC* 162-5° 80 |l 26

* Amberlite IR 45 Ion Exchange Resin in the Carboxylate Form
+ Previously Reported 2253,

the diaryl tellurium dichlorides and silver salts of carboxylic acids. In
the impraved version of this method the cumbersome synthesis of the silver
-carboxylates is avoided by simply mixing the tellurium dichloride, the
carboxylic acid and the silver oxide in a 1:2:1 molar ratio in benzene and
refluxing the mixture for several hours. The diaryl tellurium dicarboxy-
lates were obtained in yields higher than 90 percent. It was observed
that carBoxylic acids react under these conditions much Taster with silver
oxide than do the diaryl tellurium dichlorides. It is, theréfore, 1ikely

that the dicarboxylates are formed from the silver carboxylates and the
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diaryl tellurium dichlorides, rather than from the carboxylic acid and the
diaryl telluroxidezs. )

:,Tahagaki g§'g1,53 synthesized diphenyl tellurium dicarboxylates in
high yields employing diphenyl telluroxide and carboxylic acid anhydrides,
a method used previously by Sadekov and co-workers3, or diphenyl tellur-
oxide and carboxylic acids. The easily accessible diphenyl tellurium di-
acetate was reacted with an excess of the carboxylic acids, R'COOH
(R' = H, j:C3H7, tertiary- C4H9, C6H5), to produce diphenyl tellurium
dicarboxylates via carboxylate exchange. Al1 these reactions were carried
out at room temperature with chloroform as the solvent. It is noteworthy,
that the reaction between diphenyl tellurium dichloride and sodium formate
did not produce diphenyl tellurium diformate?o

Pertinent data for the diaryl tellurium dicarboxylates prepared by

these methods (eqn. 18) are summarized in Table 4.

(4—RC6H4)2Te0

(18)

R'COOH
(4—RC6H4)2TeC12 Aé;o (4-RC6H4)2TeC12

I'.'t.

Amberlite IR-45-carboxylate J’ R'COOH/AgZO/CGH6
C,H OH/THF \L \L boil
- H
4 RC6H4)2Te(OOCR Yy
(R'C0) ,0/CHC1 ,/x. t. T T__excess R'coon/cuci,
I

(4-RCZH,) ,Te0 R = H, CH,, CH,0 (4—RC6H4)2Te(OOCR )

In addition to the diphenyl tellurium dicarboxylates listed in Table 4,
Tamagaki 23'21,53 synthesized diphenyl tellurium bis(4-methylphenylsulfon-
ate)Jg and the carboxy]ates'g and lg derived from dicarboxylic acids.
Propiolactones gave oligomeric compounds with a molecular mass larger than
1000. _

The diphenyl tellurium ortho-phthalate lgiobtained by Tamagaki53

(mp. 181-5°) is different from the product (mp. 108-10°) of the reaction

4,50

between diphenyl tellurium dichlioride and disodium phthalate for
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HS) éTe :

(C H ) 'I‘e
' 2, 9 10

0 3 . ann,

osg - - _ ‘mp. 115-9° mp. 181-5°

@ R2TeO + (R' CO) 0: 93% yield R TeO + (R! CO) 0: 992 y1e1d
CHy  p. 282-5°; R_Te0 + (R'SO,),0: 79% yield; R,TeO + R'SO,H: 71%
I . R,Te(00CCH,), + R'SOgH: 74% yield
LY N

wh1ch a d1mer1c structure was sugges‘t:ed50

c. Diorgahy] Te]]uroxides

The reactions of diaryl telluroxides with hydrofluoric acid to give

37 are discussed-in section VI-B1. The prepar-

diaryl tellurium difluorides
atﬁon of diphenyl tellurium dicarbexylates froh diphenyl telluroxide and
carbo*ylic acids or carboxylic acid anhydride553 is described in section
VIJBZE Diphenyl telluroxide and 4-methylbenzenesulfonic acid yielded di-
phenyl te]iukiﬁm‘bis(4-methy1benzenesu1fonate)§3 The synthesis of
bis(4:methoxypheny1) tellurium benzenesﬁ]fonimides from the diaryl tellur-
oxide and ary]sy]fonamjde554 is treated in section IX.

A pXa value of 14.9 was reported for bis(4-methoxyphenyl) telluroxide

- ... .4 54
in acetonitrile:

YII. Triorganyl Telluronium Compounds, [R3Te]+X—

The reaction of C3H7S -C=C- TeCH3 with methyl iodide at 35° and then

at room temperature for two days produced the telluronium iodide

[c3H7s-csc-Te(CH3)2]+1‘ in 76 percent yield. The compound melted at 196-8°

with decomposition)’
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VIII.3'Tétraokgany1'Te11urium Compounds, R,Te

The-méchanish of the thermal decomposition of tetraaryl tellurium
compounds was investigated. Tetraphenyl tellurium decomposed at 140° in
vacuo in a sealed tube to diphenyl telluride (92%), biphenyl (89%) and
benzene (10%). Similar decomposition experiments under a nitrogen atmo-
‘sphere but at 80° in the presence of toluene, triethylsilane, furan or
styrene gave similar results indicating that there is littlé radical trap-
ping. Only traces of polymer were formed during the decompositon of tetra-
phenyl tellurium in styrene, whereas decomposition of dibenzyl peroxide
under similar conditions produced polystyrene in 77 percent yie]d?g

Tetrakis(4-methylphenyl) tellurium likewise decomposed on melting
at 124-7° to the diaryl telluride, 4,4'-dimethylbiphenyl and a small amount
of tcluene. The decomposition in the presence of a 2:1 mixture of benzene/
1,4-dihydroxybenzene, a powerful hydrogen atom transfer reagent, yielded

less toluene than the decomposition of the neat tetrakis(4-methylphenyl)
49

tellurium.

These results indicate that radicals, which can be trapped, are not
formed during the decomposition reactions. However, the decomposition of
the mixtures (CGH5)4Te/’((4-CH3C6H4)4Te and (C6H5)4Te/'(cﬁDS)4Te yielded
large quantities of mixed biaryls and unsymmetric diaryl tellurides. The
experimental molar ratius of the products agree reasonably with those
calculated assuming random exchange of aryl groups among the tetraaryl
tellurium compounds before decomposition and equal likelihood for the
decomposition of the various tetraryl tellurium compounds. Aryl groups
exchange was observed in mixtures of tetrakis(4-methylphenyl) tellurium
and diphenyl telluride but not between diaryl te]]urides?

Barton, Glover and Ley49 concluded "that tetraaryl tellurium compounds
exchange ligands by a fast non-radical process prior to decomposition to
diaryl tellurides and biaryls. The decomposition process itself is con-
certed, does not invelve radicals, and represents an interesting procediire
for the formation of carbon-carbon bonds."49

tert-Butanethiol and tetraphenyl tellurium reacted exothermically at
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" room temberatUre.  Benzene, dipheny1fte]]ﬁ;ide,and;di(iekifbutyj).diédlfide'

were the only pfoducts.'AThe rééctidﬁ'is'ébnsidé}édVfo;béiﬁétgrb]ytiésg

IX.  Tellurium Ylides

i7Sadekovrénd;cofworkersss prepared fourteen ylides from.diorganyl tel-
.1érfum,diha]ides and 1,1-dimethy1-3,5-cyclohexanedione employing a technique

reported previous]y3’4 {eqn. 19.). Ylides were not formed when diorganyl

0
R} , R! CH
(19) /\I‘QXZ + ] 3—— benzene ——) :Te 3
R o (C,HL) N R cH
3 3
o - (o)

R, R', X, mp.°C, % yield: ¢H_, CH,, Cl, 98°, 80%; CH,, C.H., Br, 148°, 89%;
3 3* Y65 ;

3
CH3, 4—CH3C6H4, Br, 113-5%, 93%; CH3, 4—CH30C2H4, Br, 156", 100%;
o .. o o .
CHB’ 4—02H50C6H4’ Br, 977, 92%; CGHS’ CGHS’ Br, 159°, 100%;

. . * - o .- A _ o .
4~CH,CGH,s 4-CH,C.H, 5 Br,1375 75%; 4-(CH,),NC.H, . 4 (CH,) NCH,, C1, 150°% 91%

s * o = _ - =4
4—CH30CGH4, A—CH30C6H4 5 Br, 144°,89Z; 4 C2H50C6H4, 4 C2H50C6H4, C1, 143°, 97%;

o - B o . - - ° .
4 FCGH4, 4 FGGH4, Cl, 128%, 83%Z; 4 BrC6H4, 4 BrC6H4, Br, 157°, 95%;

o - - - o P
.4—CH30C6H4, C6HSCH2’ Cl, 141-3°, 97%Z; 4 CH3OC6H4, 4 (CH3)2CHC6H4, c1, ,104 . 91%Z.

* Reported preyiously
tellurium dihalides were reacted with acetylacetone, dibenzolymethane,
ethyl acetylacetate, malonic ester or malonitrile. With dimethyl tellurium
diiodide a mixture of unidentified compounds was obtained?5 A
The tellurium ylides are colorless, crystalline substances, readily
soluble in benzene, carbon tetrachloride and methy1ene chloride but insol-
uble in petroleum ether. The thermodynamic basicity constants, PK, , of
these ylides in acetonitrile at 25° 1ie in the range 10.07 to 12.07, in-
dicati that they are fairly strong bases'comparable to aromatfc'amines.
The ylides possess trigonal-pyrimidal structure. The tellurium pyramid
55

is configurationally stabie at room temperature according to nmr data.

The tellurijum ylides, RéTe=N502R (diaryl tellursulfonimides), were



prepared from diaryl telluroxides and the su]fonamides54 {egn. 20).

- . (¢} 0
(20) (4-CH_,OC_H,) ,Te0 + Ré-wm CRCT3 3
- - —_— - =N~S—
30CgH,) ,Te0 S-NH, —er) (4-CH,OC_H, ) ,Te=N i R
. 0 o
R, mp.°C, Z yield: CeHCH,, 175-7°, 100%; CeHs» 96°, 100%;
- _0 C’
4-CH,C.H,, 57-9°, 100%.

X. Organic Tellurium Compounds Containing a Tellurium-Metal, a Tellurium-

Metalloid or a Tellurium-Nitrogen Bond

During the period covered by this survey organic tellurium compounds
containing a Te-Li, Te-Na, Te-B, Te-Si, Te-Sn, Te-P, Te-N, Te-S, Te-Se,

Te-Mo, Te-Re, Te-Mn, or Te-Pt were investigated.

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

Phenyl 1ithium telluride, CGHSTeLi, was used to prepare molybdenum
complexes containing the phenyltelluro group14. For details on the com-
plex see section X-E.

Methyl sodium telluride, CH3TeNa, was obtained by reacting dimethyl

ditelluride with sodium in liquid ammonia at -78° under a nitrogen atmo-

sphere. The compound was not purified. Evaporation of the ammonia followed

by treatment of the residue with 2N sulfuric acid produced methanete]]uro]?o

The aryl sodium tellurides, 4-RC6H4TeNa (R = H, CH3, CH30) and
2,4-(CH30)2C6H3TeNa, were obtained by treating the solutions of diaryl di-

1

tellurides in absolute methancl with sodium borohydride% These tellurides

were not isolated.
They were used as sources of tellurolate ions for the addition to
acetylene derivatives4] (section VI-Al), reaction with phenylethynyl bro-

.. P- . R - .
m1de 4 or reaction with aryldiazonium tetraf]uoroborates?]

Several new ethynyl sodium tellurides, RC=C-TeNa (R = H]Ga CH3S]6,
C3H7S]7) were synthesized by rea;ting tellurium with sodium acetylides in
1fquid ammonia. Addition of methyl iodide to the reaction mixtures con-
taining the ethynyl sodium tellurides yielded ethynyl methyl tellurides

(section VI-A1).

Raferences p. 319

297



298

c Tﬁevf‘fst'c°mP°""d-W‘?h-3 ;e]Iyrjumquron'bpqq, §H3T3(F239H10)C$~;;EL .

“aside from the ,ajdrducts‘_ RyTe-BX,. (x=cl, Br, 8)) -and*(RzTés_rra)2-_53;«5,"-&5? A
’rpﬁgbéféai%fam’tej]bffum arid the'carbo}éﬁe:deriQAtive'[(ﬁéééﬁib)ééb];éé;’q-j
in an acetic anhydride/sulfuric acid medium followed by addition of dimethyl
:§Uifate!?' Thé‘}ed compqund n wés isolated in 3.1 percent fie]d., It de-

,Cohpbéed above 309°.

e
Téff”” f\\\\\Té

(CH)Sn— ——snleHy),
' ZR.S?Vyield ‘
mp. 55°

12
AR,

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

Bjé(triorgany]si]y]) tellurides, (R3Si)2Te, wefé employed to produce
SiTe-films by thermal decomposition at 450° on a glass~ceramic substr'ate[?"8
Bis(trimethylstannyl) teiluride reacted with (CO)SMBr (M = Mn, Re) to give
[(CO)4M-Te—Sn(CH3)3]2§6 The reaction of tellurium with dimethylstannane,

I(CH3)ZSnH2, in diethyl ether/dimethylformamide at room temperature produced

the thermally labile and air-sensitive heterocyclic compound 1212

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

Nitrogen Bond

The‘phosphine te]luride‘lés Waé isolated in quantitative yield as pale
yellbw cfysta]s from a reaction mixture containing the parent phosphine'
and tellurium in benéené at room femperaturé}g Compdﬁnd 13a i$ stable in

.benzene solution for several weeks in daylight in contrast to other phos-
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R

N
| / \P/Te 13a R, R': CHy, (CHy),C 19
R/P\ / g 13k B, R'r (GHy)c, (Ga,v 192

N

N

13

AN,

phine'te11urides! The crystalline solid softens between 77° to 83° and
melts in the range 83° to 90°. The phosphine telluride 13b was prepared

19a

similarly. It decomposed at 120°. According to nmr data the tellurium

atom migrates in both of these compounds between phosphorus atoms inter-
and intramo]ecu]ar]y!9’19a

The formation of (CGHS)ZCH3P=Te was observed during the photolytic
decomposition of dibenzyl or diethyl ditelluride in C6D6 solutions. An equi-
Tibrium between R3P and R3P=Te exists in these solutions with rapid
exchange (on the nmr time scale) of the tellurium atomfl2

Organic tellurium compounds containing a tellurium-nitrogen bond have
hardly been investigated at all. Until recently, the oniy known example
was the adduct1 (CH3)2TeIZ-nNH3. The first representatives of compounds
with tellurium-nitrogen bonds have now been reported. The reactions between
bis(4-methoxyphenyl) telluroxide and arene- or phenylmethanesulfonamides
yielded diaryl tellurimides, R'2Te=N502R. Pertinent data for these deriva-
tives are given in section IX.

Examples of another class of tellurium-nitrogen compounds .were prepared
from tellurium tetrafluoride or tetrachloride and bis{trimethylsilyl)-
carboxylic acid amides or sulfonamides (eqn. 21)?7

The compounds, 4-RCGH4502N=TeF2 (R = H, CH3) reacted with N-trimethyl-
silylmorpholine in benzene solution to produce the tellurium derivatives l§f7

The tellurium-nitrogen bonds in the compounds lﬁe 1§‘and lg_are hydro-
lyzed upon boiling with water producing tellurium dioxide and the amide.

Bubbling hydrogen chloride through diethyl ether solutions of these compounds

gave tellurium tetrachloride and the amides. With elemental chlorine

References p. 319



”.gﬁOQ:,.,‘ ;:::, '  : : %; f;{:i=5{93fftiti{ ji3er'

e _+ 2RNISI(CH,) ],

TeX, . N — RN-TeotR
- benzeme - v 0 S 15
RN[S1(CH,),1, + RN[Si(CH3) 51,
—) RN=TeX '
. €22
benzene
' i

14 (R, X, mp.°C, % yield): CH,CO, F, 111-3°, 96%; CH;CO, C1, 121-3°, 55%

I _20° - o o .
CGHSSOZ’ F, 238-40%, 917; C6H5502, Cl, 2506°(dec),72%;

4-CAC RSO, , T, 246° dec), 962 ; 4—m§c61-xl§oz, 237°dec), 64%

- . - . . i —90 . o
}2 (R, mp. C, Z yield): CH3C0, 150-2°, 77%; CGHSSOZ’ 257°, 907

- s o
4 ¢H3C6H4:.02,_ 258°, 96%.
0
[:;;:] .
o [ » H: m. 109-12°(dec), 74% yield
R S =Te .
o l R = GHy: m. 110=1°(dec), 77% yield
ENJ
. 0

16

=
i

RSOZNCIZand tellurium tetrachloride were formed§7

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

- Selenium Bond

Dibenzyl sulfide telluride was obtained as a yellow crystalline product
melting at 68-9° from benzyl tellurocyanate and phenylmethanethiol in carbon
tetrachloride solution?! '

The heterocyclic compounds’lz containing a tellurium-sulfur or -selenium

bond are discussed in section XI-E.

E. Organic Tellurium Compounds as Ligands in Transition Metal Complexes

~ The phenylteiluro-bridged dinuclear molybdenum complex 18 was prepared
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Te

in 54% yield from phenyl 1lithium teliuride and (C,H,)Mo(CO)_Br in methylene
77 2

_ch]oride%] The compound melted with decomposition at 118°.

Cetls
[o0] Te
n7c7H7-ﬁo:::: ::::Tﬂb—n7C7H7
)
?e CcO
CeHs
18
LY

Bis(trimethylsilyl) telluride heated with (CO)SHnBr in benzene or with
(CO)SReC1 in 1,2-dimethoxyethane gave [(CH3)3Sn-Te—Re(CO)4]2, a red-goiden
solid, in 11 percent yield and [(CH3)3Sn—Te-Re(CO)4]2 as orange crystais
in very'low yie]d?s The manganese complex decomposed at 150°, but was
stable in air at room temperature. Treatment of the manganese complex in
diethyl ether solution with hydrogen chloride produced the air sensitive

compound [(C0)4Mn—TeH]2 in 57% yield.

XI. Heterocyclic Tellurium Compounds

Tellurophene derivatives, polycyclic fused tellurophenes, benzotelluro-
phere, 1-chalcogena-2-telluraacenaphthenes, 1-tellura-2,5-cycichexanedione-
containing merocyanine dyes, 1-sila-3-telluracyclohexane derivatives and

the anion radicals of nitrophenoxtellurines were investigated.

A. Te]]uréphene

A convenient method for the preparation of 2-halotellurophenes was
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;d1scovered in the react1on of 2- 11th1ote11urophene w1th hexach]oro— or
1hexabromoethane., 2- F1uorote11urophene cou1d not be obtalned from 2- 11th10-
te]]urophene and perch]or/1 f]uor1de, FCTO3. Bis(2- te]]urophene-y]) '
1odon1um ch10r1de was isolated as the product of the reaction between

2- I1th1ote11arophene and trans—-C]CH CHIC12 ‘When the iodonium ch10r1de

was heated in d1methy1formam1de, 2-iodophenyltellurophene was formed.

Attempts to prepare 2- n1trote11urophene from 2- 11th1ote11urophene and

ethy1 n1+rate or b1s(te11urophene-y1) iodonium chloride and sodium n1trate
were unsuccessful; b1s(te11urophene-y]) te11ur1de was isolated from both
reaction mixtures. This telluride was also formed when 2-1ithiotelluro-
phene was reacted with te]]urium?g These reactions are summarized in

‘eqn. 21. _

Lumbrosogtg]_.g prepéred 2-methylthiotellurophene from 2-1ithiotelluro-

phene and dimethyl sulfide (eqn. 22) and 2-hydroxymethyltellurophene

( 05 88-9°) by reduction of 2-carboxytellurophene with 1ithium aluminum

hydr1de in diethyl ether.

-Gk OL, G

Te 3
b. 116-8° 53% v:Leld bgg 12 447, y:Leld by 100°
59
N HSO
T (CH3) S 02016 a

'————»@

Te g HC].CI—CCHICl2 . DMF

heat l

wNw) [L,)J\_J] wl

11% yleld' m. 73-4° ‘ , T

11‘, — — NaNO
S DMF ©

Br
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The preparation of 2-methyl1-5-(1'-hydroxyethyl)tellurophene and its

acetyl derivative60 is outlined in eqn. 23.

CH CRO

(23) _-_-___.) l I ———-———)
. r.t.

CH, Te Li CHy

(CH3CO) ,0/pyridine

cH Te CHOCCH

The rate of formylation and trifluoracetylation of 2-methyltellurophene
and the rate of solvolysis of 2-methyl-5-(1'- hydroxethyl)tellurophene in
30 percent ethanol was studied and compared to the rates of these reactions
observed for the corresponding oxygen, sulfur and selenium heterocyc]es?o
The reaction of 2,5~dipheny1-3,4-bis(chloromethyl)tellurophene with

sodium chaicogenides, NaZX, yielded the heterocyclic compounds 12: Wnereas

X
CH3 CH3
c 4
C6!-!5 Te CGHS 65 Te C6H5
19 20 -
A AR

the sulfur and selenjum derivatives 19 (X = S, Se) could be isolated (see
section XI-B), the tellurium compound 19 (X = Te) decomposed to 2,5-diphenyl-
3,4-dimethyltellurophene 20 upon concentrating its benzene/methanol solution.
This tetra-substituted tellurophene derivative was isolated in 30 percent
yield®! It melted at g6°.

62

The reactions of 2,5-dipheny1-3,4-diformyltellurophene ~ with hydrazine,
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Ad1am1nobenzene, carboﬂyl compounds and carboxy11c ar’d esters -are d1scussed -
in sect]on XI- B. : ' : '

- 2,5-Dipneny1te1mrdpheﬁ'é reacted with butyl lithium in diethyl ether
in the‘p}esenée of N.N.N', N'-tetramethy]ethyléﬁediamine at room temperatﬁre
torgiVe71 4-4 i11fh10-1 4 dxphenylbutadxene wh1ch was used to prepare a
variety of 1 4= d1subst1tuted butadxenes?? 7 ‘

2- Methy]th1ophene and 2- 1odoth1ophene were reported to react with

tetramethy]s11ane in acetone _658

B. Polycyclic [3,4-c]-Fused Tellurophenes and Dihydrotellurophenes

Benzo[3,4-c]-2,5-dihydrotellurophene 1,1-diiodide was prepared in 83
percent yield by boiling a solution of bis{1,2-chloromethyl)benzene and
sod%umiiodiderwith tellurium powder (< 100 um) ih 2-meth0xyethano]§4 The
diiodide was obtained in two crystaliine forms. The a-form precipitated
upon recrystallization from dimethylformamide as yellow to orange holo-
hedral-monociinic needies, which melted at 225° {dec). The g-form was
obtained upon recrystallization from ethyl acetate as orange-red monoclinic

crystals resembling octrahedra, which melted at 222° (dec)§4

The reaction
of_2,5-diphgny1-3,4-bis(ch1oromethy1)te]]urohhene with sodium chalcogenides,
Nazx,'in refluxing absolute methanol (X = Se, Te) or ethanol {X = S) yielded
the 2,5-dipheny1-2',5'-dihydrochalcopheno[3,4-cltellurophenes

Eu“(eqn. 24)§T The cempound gl‘wifh X=Te decomposed'to 2,5-dipheny1-3,4-di-

methyltelTurophene when its solution in benzene/methanol was concentrated§1

NagX
——
K4
H
"5
21
AAAA
X = S: 82% yield; mp. 167°
X = Se: 60Z yield; mp.: 220°
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The condensation of hydrazine, 1,2—diaminobenzene,(CH3OOCCH2)2CO,
dibenzyl ketone or (CZHSOOCCHZ)ZS with 2,5-diphenyl1-3,4~diformyltellurophene

R - s s 62
yielded the pq]ycyc11c tellurophene derivatives 22-26.

907 yield: mp. 208° 377 yield: mp. 263° X, R, mp. °C, % yield:
2 . o <
22 23 24: €O, COOCH,, 214, 40%
o <
23: CO, C.H., 225, 68%
- o <
26: S, COOC,H., 1615 11%

Compounds gg_and gi‘e1iminated the tellurium atoms upon exposure of

their chloroform solutions to air and daylight forming the tellurium-free

compounds gz and 32_respect1ve1y.

(o}
Cels Cells
0
C6H5 C6?-'5
27 28

A Russian patentp_2 claims photosensitizing properties for the 2,5-dioxo-

2,5—dihydroté11urophene derivatives 29, which were prepared according to

eqn. 25.

C. Polycyclic [4,5-d]-Fused Tellurophenes and Dihydrotellurophenes

- The condensation of sodium hydrogen telluride, obtained from tellurium
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NasTe

=1,2,3
="H, -halogen

L
o

and sodium borohydride in ethanol, with 2—ch16ro—3—(chloroethy1)pyridines

produced [4,5-d]-fused 2,3-dihydrotaliurophenes 39 {egn. 26)%2

NaTen

C2H5OH, reflux

R=R"=R"=H: 30% yield, mp. 122-4°
R'=R"=H, R=C Hg: 44Z yield, mp. 143°
R=R"=H, R'=CH3: 49% yield, mp. 143-5°

R=R'=H, R"=CH,: 38% yield, mp. 98.5°

. 2-Acetyl-benzo[4,5-d1tellurophene was reduced to the corresponding
hydroxy derivative with sodium borohydride in diethyl ether, which was
then acetylated with acetic anhydride/pyridine to 2-[acetoxy{methyl)methyl]-
benzo[4,5-d]tellurophene. The acetylated compound mejted at approximately
30°. It was'obfained in 70 percentAyield. The rate of solvolysis in 30
pé}cent éthénoi at 60° Qés determined and éompared to the rates observed

for thercOrresponding furan, thiophene and selenophene derivatives§0

nD. Benzotéi]urophene‘ R : -

718ehzbfei]urobhener1,1—dibromide40 was formed when 2-biphenylyl tellurium
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tetrabromide was heated at 180°.

. E.. 1-Chalcogena-2-telluraacenaphthenes

The 1-chalcogena-2-télluraacenaphthenes were prepared according to

eqn. 27.
‘ Br Br . Li Br XLi Br
CzHoL1i X
. C,H Li
2C4H9L1 49
Li 4 Li XLi TeLi XLi Li
Te Te :
'I::::Ill:::ll :::: Il:::,l ‘I::::I"!:::I'
X =Te
e J
« .
J’ X = sls 2% yield, mp. 214-6°
: %
X Te X = Se:15 4% yield, mp. 193-5°
X = Te'3l 8-12% yield, mp. 213°

XH TeH
liiiilll::::ll = l[:::ll
*
Yields are based on

1,8-dibromonaphthalene
31

The compounds il form 1:1 adducts with 7,7,8,8—tetracyanoquinodimethane]5’3]

The adduct with compound gl (X = Te} is deeply colored and appears to be

metallic at room temperature according to its resistivity?] The selenium
derivative of’izL (X = Se) is reported to complex with iodine]s
When compound gl‘(x = Te) was reacted with methyl 1ithium in tetra-

hydrofuran 2,8-dimethylnaphthalene and traces of perylene were produced?1

F. 1—Te11ura-3,5—cyc10hexanedione Derivatives

* Tellurium containing merocyanine dyes ;g: useful as photosensitizers,
were prepared from ]-te]]ura—3,5—cyc]ohexanedione?-9’ P-10 The quinoline

derivative 32 (R = C,H., n = 0) melted at 220-30°" 2
> 32, oHg

Refexencgs p. 319
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. -"NN..-"
R

(s}

32
. Ao
A: quinoline, iodoline, benzoselenazole, benzoxazole,

benzothiazole, naphthothjazole; R = CH,, C,H_;
3 25
n=20, 1, 2.

G. 1-Sj1a—3-te1luracyclohexane

,Thé-feaétion of potassium telluride with dimethy](ch]orométhy1)¥4-ch10

propy]sﬂane23 (eqn. 28) produced the unstable 1-sila-3-telluracyclohexanes

~ . V R'
cnz/ CH-R R
(28) J , |

(CH, ). Si C,H-O0H/N (CH.), Si Te
32\CHC$1+K2Te L M e NP
27 heat in dark
33
R, R': H, H; H, CH,;
- (CH3)3C, H

Qg‘in yields higher than 50 percent. The silatelluracyclohexanes adopt
the chain conformation according to nmr data with ring torsion angles in

the aliphatic region somewhat more puckered than in cyc]ohexane§5

H. Phenoxtellurine

The electrolytic reduction of 2,8-dinitro- and 2-nitrophenoxtellurine
in dimethyl su1foxide/tetrabuty]ammonium perch1orate generated anion radi-
cals. The e1ectron spin resonance spectrum of the 2,8-dinitrophenoxtellur-
ine anion radical is.consistent with the presencé of two asymmetric con- -
formers undergoing exchange?G M0 ca]cu]ations were performed for the anion

radicals.
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XII. Physicochemical Investigations of,0Organic Tellurium Compounds-

Infrared, Ramsn, ultraviolet-visible, 'H-, 11B=, 735-, Fu,

31P-—nuc]ear magnetic resonance, electron and mass spectroscopy, 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
compounds reported during the survey pericd are summarized'be1ow. Frequen-
cies (cm—]) are listed only for modes involving the tellurium atom. Other
band assignments are indicated. If ir spectra of a series of similar
compounds are reported, only the general formula for these compounds is
given, with the reference to the section where ihe individual compounds

can be found.

CH3TeH30: ir (gas), Raman (solid, -196°), assignment of frequencies; com-
parison with CH3X (X = Br, OH, SH, SeH); vS(TeH) 1984 vs(R), 1995 vs{ir);
vs(CTe) 521 m(R), 515 m(ir); pr(TeH) 857 m(R), 860s(ir).

-

C6H5CH2TeCN2]: ir (KBR) v(TeCM) 2180.
20,

{L(CgHg) PTNITeCN ir (CHCN soln.) w(TeC'2N) 20815 v(Tec'3N) 2034.

(CH3)2NC(0)TeC13-L (L = quinoline, dimethy]formamide)zgz v(TeC1) 370; v(CO).

(CF3)2Te2P_3: jr bands listed

(CH3)2Te67: ir; on the basis of anaylsis of the ir spectrum D3d symmetry

with a Tinear C-Te-C group was suggested for (CH3)2Te.

(cFy),TeP 3 ir bands listed.

(CH,=CH),Te!3: ir v(CTe) 515, 5505 (C=C, CH,=, HC=). .
HC=C-Te-CH'83: ir u(C=C. HCz).  CHySC=C-Te-CH,'®: ir w(C=C).
CBH7SCEC-Te-CH317: ir (neat), bands listed.
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}'Rc6H4Tec(R) cac(o,R{4?-' ir (cc1 ) v(CO)

if;l(Rc6 4)2Te(00CR ), ‘6 53 dr (KBr) v(CO) (seutidn,vr;sz),,
;'( )2T8(0 SC H CH )2 ; ir (KBr), bands listed.
IV(RC 2Te(NCS) 48 5]._ ir (m1nera]>o11)»v(NCa); {section VI-B1).

s [63H7sc§c-re('c%)2]+1' 7. ir(kBr), bands listed.

: : 2 ; _—_— .
‘ (RC6H4)2Te , Hy : ir (mineral.oil) v(CO) (section IX).

(4;cH30CéH4)éTe=N502R54: ir (vaseline 0i1), bands listed (section IX),

[(C,H;) (COMMa(TeCH)1,0%:  ir (CH,C1, or KBr) v(CO).
[HTe-Mﬁ(CO)#]Z(M=Hh, Re)56: ir (cyclohexane) v(CO).

, . ?H3 (R, R': B, CH,CO; CH,, H; CH,, CH co):60 ir (£ilm)v(CO), v(OH).
RN Te -OR' 3 3 > ‘

Z: 4 ir (Nujol), bands listed.

H 62 ir (KBr), v(CO) (section XI-C).

X~ Te

@@ ‘(X =8, Sels, Te31): ir (KBr), bands listed.

B. Ultraviolet-Visible Spectroscopy

U]travfb]et—visib]e spectral data were reported for diethyl ditellur-
' o,

B CH
ide?Z dibenzyl d1te11ur1de21 42 C . H-(R)Te 3 (R = CH,, C.H \?S
65 cH 3 6 5°
. o 3
CH3Te (C B H]O)Co (section XI-A, compound 11), [3,4-c]benzo-2,5-dihydro- -

te]]urophene 1,1- dnod1de .. the po]ycychc [3, 4-_] fuseu 1:e]1ur‘opheness2

(section XI- B, compounds 22 26), 1,2- d1te11uraacenuphthen= 1, and the
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“tellurium containing merocyanine dye 32 (section XI-F) (A = quinoline,

- _ P-9,P-10
R—CZHS, n= 0)- ?

C. Nuclear Magnetic Resonance Spectroscopy

Nuclear magnetic resonance spectroscopy employing the nuclei 1H, 118,

]3C, ]QF and 3]? were used to characterize organic compounds.

1

1. H-NMR Spectroscopy

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

C6H5CH2TeCN and its adduct with (C6H5)4AsBr?1

21 v . 27
CgHgCH,TeBr,“" and 4-(CH) NCGH, TeXy (X = CI, Br, 1)S
21,42
(CgHsCH,) ,Te,
- 13 _enlba _ 17
(CHy=CH)pTe (I ;o> Jypans)s CHaTe-C=CH,°? CHyTe-C=CSCyH,,

(CHCH,, ) Te T2 CH,TeC HS?B (4—RC6H4)2Te36 (section VI-A1); and

6"50H, 3 %6
36
2-CH,CeH,Te[2,4,6-(CHy) sCcH, 1.

= . _ 37
(4-RC6H4)2TeX2[R = CH3, CH30, C2H50, (CH3)2N, C1, Br; X = Cl1, Br, I]3

3 28 26a
[(CEHg) NCH, T,TeCl, (%335)5° (4-CH3CGH,) (4-CHZ0CCH, ) TeCl H5
(2-CH3c6H4)[2,4,6-(CH3)3c6H2]TeBr2?7 and (4-RCgH,),Te(NCS), (R = CHy, CH30)?8

0\
52 52
(CH3),Te(OR) 3 (csHs)ZTe(oR)2§2 (CH3)2Te<::OJy (Y = CHyCH,)3

- _ 52 . .
(CBHS) Te Y {(Yy=CH CHyCH, Q_CH2C6H4). A1l dimethyl tellurium

2
‘\\0‘/ 2
dialkoxides give only one methyl signal although two signals would be ex-
: 0—CH»
pected for (CH,) Tel |
372 \\‘O—CHZ

structure. A fast 1ligand exchange in the trigonal bipyrimidal molecule or

on the assumption of a trigonal bipyramidal

a rigid tetragonal pyramidal structure could account for the single methyl

References p. 319
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81z
resonance>2

: : R o B3
(4-RCgH, ) ,Te(00CR'), (9, ) (section VI-82)35+%3 (Cghy),Te(0,5CcH, CH,), 3
diphenyl tellurium ortho-phthalate and malonate>3

-

0

(4-Rc6H4jQTe=DC:: (section 1X)3° and (4-CH,0CH,),Te=NSOR

O
’ = C.HCH,, C.H., 4-CH_CT.H >
(R b 6 5 2: 6 5; - Habs 4).

- . 56
CH3Te(CZBgH10)Co]8 (section X-A compound 11}; [(CH3)3Sn]2Te;'

N , :
Te temperature . 19
7 Ne : dependence ‘[R,R': CHg, (CH3)3C; (CH3)3C, CH3)2N]93]

P
u”P\ VY
N
R
12,69

1,254-hexamethy1-1,2,4~tristanna-3,5-ditelluracyclopentane (JSnCH)’

89 __ 21
(JSnSnCH); and CH;CH,-S-Te-CH,CHLY

 L(C,H,) (CO)Mo(TeCgHg ) 1, 1% [(C0) Mn-TeH1,3® and [(CHy) ;SnTeM(c0) 41, (M = ¥n, Re)?

R _ |58
2-R-tellurophene [R = CH3, CH3CH(00CCH3) » (CH3)2NC(Q), Ci, Br, 1] (JHH);
bis{2-tellurophene-y1) telluride (JHH)§8 Z-R—S-CH3-te]1urophene [R = CHO,

. 61
'CH3CH(0H), CH3CH(OOCCH3)]?O 2 ,5-diphenyl-3,4-dimethyltellurophene;
benzo[3.4-c1-2,5-dihydroteliurophene 1,1-diiodide®®; polycyclic [3,4-cl-

fused tellurophenes. {sectien XI-B, compounds 31?1

nggéfz); polycyclic
(4,5-d]-fused 2,3-dihydrotellurophenes (section XI-C, compounds gg)%z and

2-[acet0xy(méthy1)methy1]benzo[4,5~gjte11urophene§0

1-chalcogena~-2-telluraaceraphthene (section XI-E, compounds 21)!5’3]

‘1-sila-3-telluracyclohexanes (section XI-G, compounds 33) (JHH)?3’65
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2. 11B-NMR Spectroscopy

The structure of the compound CH3Te(C289H]0)Co (section X-A, compound

1} was ascertained by ]]B-nmr spectroscopy]8

13

3. C-NMR Spectroscopy

The 13C spin-Tattice relaxation times were measured70’71 for diphenyl
dichalcogenides, (CGHS)XZ (X =S, Se, Te) and analyzed to obtain inform-

ation on the relative order of the magnitude of internal motion rates?o

The analyses provided evidence that the internal motion for the diselenide
and ditelluride is much faster than that for the disulfide, in which con-

formational motions about the CGHS-S bond occur at a rate comparable to that

of overall molecular reorientation?o

13C—nmr data were also reported for 2-R-tellurophenes [R = CHgs

CHCH(0OCCH,) -, CT, Br, 1758 and 1,2-ditelluraacenaphthene>

4. VIF-NMR Spectroscopy

19

According to "“F-nmr spectra of the bis(3-fluorophenyl)- and bis(4-fluoro-

6,37 the resonance component

of the o-constant arising from the RTeX2 group is less than 10 percent§7

phenyl) tellurium dichlorides and dibromides3

'9F—nmr data and J values were reported for (CF.),Te_ (n = 1,2).
125T.e_F 3’2" °n

31

5. P-NMR Spectroscopy g

31

P-nmr data were reported for the compounds

\
/’
19a]

/
\

. They R

[R, R': CH3, (CH3) C (CH3)3C, (CH3)2N

indicate that exchange of tellurium atoms occurs

19,19a

between the phosphorus atoms and that the

rotation about the exocyclic P-N bond [R' = (CH )ZN]

19a
is restricted.
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D. E?ééf?bn Spettfoscopy
: The He(I) photoelectron spectrum of phenyl methyl tel1ur1de was investi-
-gated 1nc1ud1ng EHMO ca]cu]at1ons. The Tow energy reg1on of the spectrum
-dispiays overlapp1ng bands of gas-phase conformers. The w-conjugation.
between the phenyl ring and a te!Turium Tone electron pair is small in
contrast to the considerable better conjugation in the éna]dgoué o#ygen,
sulfur andselenium derivatives. Comparisons between phenyl methyl chalco-
Qenides and dimethy]chelcogenides are also presented§8 Reference was made68

to thé photoelectron spectrum of tellurium dicyanide described in the dis-

sertation by H. Stafast, Universitat Frankfurt, 1974.

E. Mass Spectrometry

Mass spectral data were reported for benzyl te]]urocyanateZI,

21
C H CHZTeCN (C6H5)4AsBr, (CF3)2T82 (C H CHZ)ZTeZ’ [(CF3)2Te]n

(n'=1, m), d1pheny1 tellurium dialkoxides and dimethyl tellurium dialk-.

0
oxides>? (section VI-B2), (4-RC.H,),Te s (R =H, cn,0)3
etaly i, 3
o

CH3Te(CZBgH]0)2Co {section X-A, compound 11)18

Te

el el
e S SlHgs(rer 19), 1,2,4-hexamethyl-1,2-4-tristanna-

3,5-te11uracyc1opentane1 CgHsCH,-S-Te- CH2C6H5, [(C7H7)(CO)MO(TECGHS)]214.

2,5—dipheny1—3,4-dimethy]te]1urophene§1 polycyclic [3,4-c]-fused 2,5~di~

phenyltellurophenes [section XI-B, compounds 21 (X = S, Se)8] and gg-gg?z),

benzo[3,4-c1-2,5-dihydrotellurophene 1.1-difodide” 2',3%quinolino[4,5-d]1-
2,3-d1‘hydrote]1ur‘6phene€2 and 1—chalcogena-2—te11uraaceﬁephthenes (x =5,

Sel® 7% -

F. X-Ray Structure Analyses

Crystals of (CH;COCH,COCH,),TeCl, suitable for X-ray analysis could

not be grown?2

. The orange crystals of 2-biphenylyl tellurium tribromide are triclinic,



spaée group PT with two molecules per unit cell. The molecule 1is £rigona]
bibyramida] with two bromine atoms in the axial positions (Te-Br distances
2.647 and 2.6753, Br-Te-Br angle 178.46°). The third bromine atom, a
carbon atom and a lTone electron pair occupy the equatorial positions with
Te-Br and Te-C distances of 2.49A and 2.1365, respectively. The Br-Te-C
angle is 97.1°. A very short intramolecular Te-...-C separation of 2.9453
is probably re]atéd to the ease with which the tribromide. is converted to
dibenzotellurophene dibromide?o

The structure of the g-from of 2-biphenylyl tellurium triiodide is
very similar to that of the tribromide described above. The red crystals
are monoclinic with the space group PZ]/c. The pertinent distances in the

molecule are: Te-I 2.828R and 3.028A, angle I-Te-I 176.02%; Te-I,,.

axial
2.7483, Te-Ceq_ 2158 and angle I-Te-C 98.1°. The principal differences
between the crystal structures of the a«- and the g-form are in the inter-
molecular bonding arrangements of the heavy atoms?3

Triphenyl telluronium thiocyanate forms triclinic crystals of space
group P1. The structure consists of triphenyl telluronium cations and
thiocyanate anions with six molecules per unit cell associated into one
dimer and one tetramer. The fthiccyanate anions serve as bridging groups
_between the tellurium atoms using the nitrogen and sulfur atoms for coor-
dination. The Te-N and Te-S distances range from 2.963R to 3.182A and
3.526A to 3.616R, respectively. The triphenyl telluronium cations have a
trigonal-pyramidal shape but possess no symmetry. The mean Te-C distance

78,75 3¢ g7.30.

is 2.138 and the mean C-Te-C angle
Crystals of the compound [(C6H5)2Te(NCS)]20 belong to the space group
C2/c and have four mo]ecﬁ]es per unit cell. The Te-0-Te angle is 121.7°
with a Te-0 distance of 1.985k. An intermolecular Te-S contact completes
a squafe pyramidal geometry around the tellurium atom?7 The Te-N distance
is 2.40R '
- TheAcompound (C6H5)3Te(NCO)-0.5CHC'l3 exists as tetramer in the solid

state with cyénate groups serving as bridges between the tellurium atoms.

The Te-N and Te-0 distances are 2.023 and 1.988, respectively. The chloro-
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'form molecu1es are - poss1b1y hydrogen bonded to the tetramer.76 :';.:_1'
The compound [(C6H5)4P] [Hg(TeC6 5)3] crysta111zes in the space group
P2 /c and has an ionic structure with- 1so1ated cations and an1ons. gThe
aninn has:a tr1gonal-p]anar-shape with a mean Hg—Te.distance78 of 2.6973.
— .Crystals of 1-te11dra—3,5-cyc10hexanedi0ne ane orthorhombic. The

72,73 4F 21.6R and a C-Te-C angle of-

'hetenocyc]ic ring with Te-C distances
90° is present in the chair conformdtion. 1- ellura-3,5-cyclohexanedione
1;1—dichloride adopts also the chair conformation with a Te-C1 distance
of 2.49%,.a C1-Te-Cl angle of 171.8° and a C-Te-C angle’? of 95.5°.

The telluraanthracene derivative 22 crystallizes in the space group

80

PcaZ] with.eight molecules per unit cell” The molecules are almost planar.

H (=0

The Te-C distances are in the range 2.055 to 2.083 with a C-Te-C angle of 94°.

G. Dipole Moment Measurements

Dipole moments were measured for the diaryl ditellurides, (RC6H4)2Te2

25
“In most cases the dibo]e moments calculated assuming a dihedral angle of

(R = H, 4-CH3, 4—CH30, 4-C_H_0, 4-C1, 3-C1, 4-3r, 3-Br) in benzene at 25°.

75° agreed with the experimenta} values. The dipole moment of dihheny]
ditelluride (1.40 D) differe 1ittle from that of dimeth}] dite]iuride. 7
This was taken as an 1nd1cat1on that there is no apprec1ab]e mesomeric
1nteract10n of the ring =- system with unshared electrons of the tellurium
‘atom. _Anvanalys1s of the d1p01e moments obta1ned at7259 dnd 45° for the
diaryl dichalcogenides, (RCgH,),X, (R = H, 3-F, 4-Br, 4-CHy X = S, Se, Te)
showed ‘that the conformat1ona1 propert1es of these compounds are exp11cab1e
in terms of a decreas1ng repulsion between the ]one electron paxrs of the

cha]cogen atoms _on gO1ng from the d1su1f1des to the d1te11ur1des and a
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concomitant reduction of the barrier to rotations about the X-X bonds43
On the basis of dipole moments for the diaryl tellurides, (RC6H4)2Te

(R = H, 3-CH,, 4-CH,, 4-CH, 0, 4-CH.0, 4-F, 3-C1, 4-C1, 3-Br, 4-Br, 4—N0é,

3° 3 3 25
2-C]0H7), 4—RC6H4-Te—C6H5 [R= (CH3)2N, CH;0, Br] and 4-1CH3)2NC6H4-Te-
(47RC6H4) (R = CHJ0, Br), a butterfly conformation was assigned to all
these compounds?6 The Caryl'Te bond moment (0.90 D) and the C-Te-C angle
{103°) were deduced from the dipole moment values of the diaryl te]]ur?des.
The dipole moment data are consistent with practically no Pra— ™ bonding
ﬁn]ess a strong electron acceptor substituent such as a nitro group is pre-
seﬁf in the ring. The tellurium atom acts as a w-acceptor presumable using
its Qgcant 5d orbitals when a powerful w-donor group, e.g., the (CH3)2N
group; is in the Eggg;position?s

A similar investigation of a large number of symmetric and unsymmetric
diaryl tellurium dihalides, (RCgH,),TeX,, [R, X: H, F, CI, Br, 133738
2-CH4, CT5 3-CHj, F, C1, Br; 4-CH,, F, €1, Br, I; 4—(CH3)2N, Cl1, Br, I3
4-CHJ0, F, C1, Br, I5 4-C,H 0, F, C1, Br, I; 4-F, C1, Br; 3-C1, CI1, Br;
4-c1, F, C1, Br, I; 3-Br, C1, Br; 4-Br, Cl1, Br, I; 2—C]0H7, c1],
RC6H4(C6H5)TeX2 [R, X: 4(CH3)2N, Cl, Br, I; 4—CH30, C1; 4-F, C1; 4-Br, C1],
4-(CH3)2NC6H4(4—RC6H4)TeX2 [R, X: 4-CH,0, C1, Br, I5 4-Br, C1, Br, I]:f7

1)37’38

38
C6H5(CH3)TeX2 (X = Cl, Br, I) and (CH3)2TeX2 {(x = c1, Br, pro-

nd ad interac-

duced the same results with regard to Pre~
37

Tring 2" Tring " 7%Te
as obtained for the diaryl tellurides (see above). The aryl groups

are very likely in a butterfly configuration§7 The increase in the dipole

tions

moments of diaryl tellurium dihalides in the series Ci<Br<Il is caused--
according to CNDO/2 calculations--by an increase in the point component

of the total dipole moment and a decrease in the pd hybridization component:.;8

The dipole moments of the tellurium ylides obtained from diaryl tellur-

jum d{halides and 1,1—dimethy1-3,5—cyc10hexané€ﬁone (for individual com-
pounds see section IX) are in the range 1.74 D to 5.49D (benzene solutions,
30°) depending on the nature of the substituents in the aryl group. These
values are much lower than those for sulfur ylides (7-8 D), because the

Te-C group moment aopposes the cyclohexanedione group moment?5
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The d1po]e moments of tetrahydroteTlurophene, tel1urophene, .
,]2 R-tenurophenes [R. —-CH » .CH, OH cqo CH;CO, CH ooc (CH3) NCO, CH S,
Br] and,Z-methoxycarbonyl -5- R-te]]urophenes (R CH OOC CH CO) ‘were
determ}neq_1n benzene_so]utxons,at 25°. The mesomer1c moments of the h |
'2+h31§te11ur6§héné5'éndithé:methy1—tonjugat1on:moment in 2-methyltellurophene
are dikected froﬁ fhe7suSstitUents toward theirihg., The conformational prop-

.erties’of.Zémethy]thiotellurobhene and the 2-RCO-tellurophenes are,discussed?9

XIII. Analytical Techniques

Tellurium was determined in biological materials by radiochemical
neutron activafibn,ana]ysis using the 25 min. ]3]gTe isotope. After activa-
tion the tellurium was separated by reduction to the element with sulfur
dioxide'in'SM HCT- Tﬁe sens1t1v1ty of this method was estimated to be
approximately 10 ng

Tellurium was determined in ilmenite and titanium dioxide pigments
by generatingAhydrogen telluride which was then passed intoc an atomic

absorpt1on spectrometer?2 :

XiV. Biology of Organic Tellurium Compounds

The safe use of selenium and tellurium in industry and agriculture
'qu discussed by Frost§3 The complex cis-dichlorobis(dimethyl telluride)-
p!étinum(II) did not have antileukemic activity in mice§4. Tellurium as
TeC]4 fed to ducklings at 500 ppm caused pathological alierations and
'clinicaj signs of se]enium-vitamin>E deficiencies. A supplement of sele-
nfum and/or vitamin E paftia]]y protected against the té]]urium effects?5
Tellurite produced no increase in glutathione peroxidase aétivity in mouse

neurcplastoma cells, but did inhibit induction when present with selem‘te?6
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