211

Journal of Org tallic Chemistry, 308 (1986) 211222
Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

SYNTHESIS OF VINYLIC TELLURIDES
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Summary

Synthetic routes to vinylic tellurides employing nucleophilic and electrophilic
tellurium species are described. Reaction of vinyl Grignard reagents with organotel-
lurenyl bromides leads to vinylic tellurides ( p-CH,0C,H, ,TeCH=CHC,H;, p-
CH,0C,H,Te(CH,)C=CH,, n-C,H,TeCH=CH,) in 71-86% yield; vinyltellurenyl
iodides react with Grignard reagents to give vinylic tellurides ( p-CH,OCH,-
Te(CH,)C=CH,, p-CH,0C,H TeCH=CH,, n-C,H,TeCH=CH,) in 64-71% yield;
trans-f3-Bromostyrene react with p-CH,OC,H , Te™ and n-C,H Te™ to give vinylic
tellurides of trans configuration (p-CH,0C¢H,TeCH=CHC,H;, n-C,H,
TeCH=CHCH,) in 86 and 83% yield, respectively; reaction of vinyl Grignard
reagents with elemental tellurium followed by alkylation with n-bromobutane gives
vinylic tellurides (n-C,H,Te(CH,)C=CH,, n-C;H,TeCH=CH,, n-C,H,TeCH=
CHCH;, n-C,H,TeCH=CHC H;) in 73-79% yield; divinyl ditellurides ((C4H,-
CH=CHTe),, (CH,CH=CHTe),, (CH,=CHTe),, (CH,=C(CH,)Te,) were pre-
pared in 58-67% yield by reaction of vinyl Grignard reagents with elemental
tellurium followed by air oxidation; divinyl ditellurides react with formamidinesul-
finic acid in 50% sodium hydroxide under phase transfer conditions in the presence
of n-C;HyBr to give vinylic tellurides (n-C,H,TeCH=CHC,H;, p-C,H,TeCH=
CHCH,, n-C,H,Te(CH,)C=CH,, n-C,H,TeCH=CH,) in 81-86% yield; addition
of n-C;H,Te™ to acetylenes gives vinylic tellurides of cis-configuration (n-C,H,-
TeCH=CHC,H,, n-C,H,CH=CHCH,NCH,CH,0CH,CH,, n-C,H,TeCH=
CHCH,0CHOCH,-CH,CH,CH,) in 78-93% yield.

Introduction

Although organotellurium derivatives have been known since the early 1800’s [1],
and progress in this field of chemistry is well documented {2-8], the synthetic
potential of this class of organoelemental compounds has only recently received the
attention of organic chemists [8].

0022-328X /86 /$03.50 © 1986 Elsevier Sequoia S.A.
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Vinylic tellurides are among the classes of organotellurium reagents with ex-
pected synthetic utility, by analogy with a large range of well established transfor-
mations of the similar selenium derivatives. For example, vinylic tellurides were
shown to be synthetic equivalents of 1,1-dilithioethene [9] and to react with
Grignard reagents [10] and carbon monoxide [11] under transition metal catalysis to
give coupling products free of tellurium.

In spite of the many preparative methods described for vinylic selenides [12], no
extensive systematic study has been undertaken for the synthesis of analogous
tellurium compounds.

The addition of tellurium tetrachloride to phenyl- and diphenyl-acetylene leading
to vinylic species of tellurium was described by one of us many years ago [13]. This
was the first method developed for the synthesis of vinylaryltellurium tri- and
di-chlorides as well as vinyl aryl tellurides and ditellurides. Recently, Uemura et al.
[14] extended this reaction to some other acetylenes. A vinyl aryl telluride was also
obtained by means of the reaction of B-styrylmagnesium bromide with 2-naphthyl-
tellurenyl iodide [13], which was the only stable tellurenyl halide known at that time.

In a different approach, the addition of the nucleophilic tellurium species Te2~
[15-21] and ArTe™ [22-25] to acetylenes, specially to acetylenic carbonyl com-
pounds [23-25], has been studied.

Vinyl aryl tellurides were prepared by an exchange reaction of divinylmercury
with diaryl ditellurides [26].

In view of our continuous interest in the organic chemistry of tellurium, we have
devoted some efforts to the synthesis of vinylic tellurides and we describe in this
paper our results.

Results and discussion

In this work we have studied two general routes to vinylic tellurides, employing
respectively electrophilic and nucleophilic tellurium species.

A. Starting from electrophilic tellurium species

a. The reaction of aryltellurenyl halides with vinylic Grignard reagents. Some years
ago we have observed that in spite of their instability in the solid state, aryltel-
lurenyl halides are stable in solution and react in this form with Grignard reagents
giving mixed tellurides [27]. In the present work, we exploited this reaction as a
general method for preparing vinylic tellurides starting from the appropriate vinylic
Grignard reagents. The reaction was performed by adding a solution of organotel-
lurenyl bromide prepared in situ in benzene/tetrahydrofuran (THF) [27] to the
Grignard reagent in THF at 0°C (eq. 1).

THF /benzene
RCH=CR'MgBr + [R*TeBr] ————— RCH=CR' TeR? (1)
» N2

(R = C4H;; R' = H, R? = p-CH,;0C¢H,;
R =H, R =CH,, R?=p-CH,0C,H,;
R=H, R =H, R*=p-CH,0C,H,;
R=H,R' =H,R*=n-C,H,)

b. Reaction of vinyltellurenyl iodides wigh Grignard reagents. An alternative
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approach uses reactions of vinyltellurenyl iodides with Grignard reagents as shown
in eq. 2.

RCH=CR!TeI + R2MgX — RCH=CR!TeR? (2)

(R=H, R'=CH;, R* = p-CH,0C,H,;
R=H, R =H, R*=p-CH,0C,H,;
R=H,R' =H, R*=n-C,H,)

The vinyltellurenyl iodides were generated in solution as described previously [27]
by reaction of divinyl ditellurides with iodine. Addition of this solution to a solution
of the appropriate Grignard reagent in THF gives the vinylic tellurides in good
vields.

B. Starting from nucleophilic tellurium species

a. Reaction of organotellurolate anions with trans-B-bromostyrene. Reaction of
B-bromostyrene with the p-methoxyphenyltellurolate anion generated by the reduc-
tion of bis( p-methoxyphenyl) ditelluride with lithium aluminium hydride results in
the expected vinylic telluride in 86% yield. The reaction was performed in a mixture
of THF /hexamethylphosphoric triamide (HMPA), (1,/2) and completed after 3 h of
stirring at the boiling point (eq. 3). On the other hand, reaction of trans-B-
bromostyrene with the analogously generated butyltellurolate anion under the same
reaction conditions was completed after 15 min of stirring, furnishing the corre-
sponding vinylic telluride in 83% yield (eq. 3). This fact indicates the greater
nucleophilicity of the butyltellurolate anion compared with the aromatic analog. In
both cases, the resulting vinylic telluride exhibits trans stereochemistry as clearly
shown by the IR and 'H NMR spectra (Table 1).

LiAlH,/THF CgH; CH=CHBr
RTeTeR ————2[RTe'] —————  C,H,CH=CHTeR (3)
HMPA, r.t. THF, reflux trans

(R =p-CH;0C¢H,; n-C,H,)

At present, we are unable to determine if- the reaction involves an
addition—elimination mechanism or a direct nucleophilic substitution at the vinylic
carbon.

b. Reaction of bromomagnesium ethene tellurolates with n-bromobutane. Reaction
of elemental tellurium with Grignard or organolithium reagents followed by trap-
ping the intermediate bromo-magnesium or -lithium tellurolate with alkyl halides is
a well established procedure for the synthesis of mixed tellurides [7]. In the present
work this methodology has been successfully applied to the synthesis of vinylic
tellurides (eq. 4).

(1) Te/THF, reflux
RCH=CR'MgBr —————— RCH=CR'TeC,H,-n (4)
(2) n-C4H¢Br

(R=H,R'=CH,;
R=H,R'=H;
R=CH,,R' =H;
R =CH,, R' = H)
Addition of elemental tellurium to the Grignard reagent in tetrahydrofuran
followed by reflux until the complete dissolution of tellurium and subsequent
reaction with n-bromobutane led to the vinyl butyl tellurides in good yields.

(Continued on p. 217)
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If the intermediate bromomagnesium ethenetellurolates, instead of being treated
with n-bromobutane, are treated with water at 0°C and then stirred in the presence
of air, divinyl ditellurides are formed (eq. 5). Divinyl ditellurides are very poorly
described compounds [13].

H,0, 0°C ir
2RCH=CR!TeMgBr ———— 2[RCH=CR!TeH] > (RCH=CR!Te), (5)
NH,CI

(R=C¢H;; R'=H;
R=CH,; R =H;
R=H; R =H;

R=H; R' =CH,;)

A general method of synthesis of alkyl- and aryl-chalcogenate anions from
diorganodichalcogenides using formamidinesulfinic acid (thiourea dioxide) in 50%
sodium hydroxide in the presence of a phase transfer catalyst as the reducing system
was recently developed in our laboratory. Trapping of the intermediate organochal-
cogenate anions with alkyl and aryl halides leads to the corresponding organic
chalcogenides in high yield [28]. This methodology was now used for the synthesis
of vinylic tellurides (eq. 6).

NH 0
™M) fc—si
NH OH, 50% NaOH \
(RCH=CK'Te) = » 2 RCH=CR'TeC, Hg-n (6)
2 H,O, 2HT-757/THF, rt.
(2) 2n-C4HgBr (R=CgHg, R'=H ;
R=CH;3 ,R'=H;
R=H , R'=cHs;
R=H ,R':=H)

The reaction was performed simply by stirring the mixture of reagents and
substrates at room temperature for the time indicated in Table 1. Separation of the
phases and normal work-up lead to the vinyl butyl tellurides in high yields.

c. Addition of organotellurolate anions to acetylenes. The above described phase
transfer technique was used to prepare p-methoxyphenylstyryl telluride through the
reaction of bis( p-methoxyphenyl) ditelluride and phenyl acetylene in THF in the
presence of formamidine sulfinic acid, 50% sodium hydroxide and catalytic amount
of 2HT-75 [29]. p-Methoxyphenylstyryl telluride of cis configuration was obtained
in 63% yield after 72 h stirring at room temperature (eq. 7).

NHy 20
~c—s
) NH oH CH30CgH 4TeCH=CHCgH (7)
(p-CH,0CgH,Te), + CgHgC=CH —w P-CH30CgHTeCH= eHs
ITmeta T 67 50% NaOH, THF S
2HT-75, 72h, r.t.
(63%)

On the other hand, reaction of acetylenes with the butyltellurolate anion gener-
ated by reduction of dibutyl ditelluride with sodium borohydride in ethanol for the

* A trade name for a mixture of dialkyldimethylammonium chlorides (85% n-C,3 and 15% n-C,¢) [29].
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time indicated in Table 1 leads to the corresponding vinylic telluride of cis
configuration in good yields (eq. 8).

NaBH ,/EtOH
RC=CH + (n-C,H,Te),

RCH=CHTeC,Hy-n (8)
cis ’
(R = C4H,, CH,0CHOCH,CH,CH,CH,, CH,NCH,CH,0CH,CH,)

reflux

C. Attempts to prepare vinylic tellurides by reduction of the carbon—carbon triple bond
of telluroacetylenes

The reduction of the carbon-carbon triple bond of acetylenic tellurides was
attempted using many reducing agents. However, instead of the expected vinylic
telluride the tellurium free phenyl actylene and the corresponding bis( p-methoxy-
phenyl) ditelluride or di-n-butyl ditelluride were obtained in high yields (eq. 9).

{H]
C,H,C=CTeR' - C,H,C=CH + (R'Te), (9)
(R' = n-C,H,, 96%,
R' = p-CH,0CH,, 95%))

((H] = NaBH,, LiAlH,, N,H,/NaOH, BH,)

Addition of n-bromobutane to the reaction mixture prior to the oxidation step
leads to the formation of phenyl acetylene and di-n-butyltelluride in 89% yield (eq.
10).

(1) NaBH,/EtOH, r.t.
C H,C=CTeC,Hyn > (n-C,H,),Te + C¢qH;C=CH (10)
(2) n-C4H4Br, 10 min (89%)

This last result indicates that the reaction involves the intermediate formation of
an alkanetellurolate anion as depicted below.
-

- air
CeHgC=CTeR — [CgH,CEC™ + RTeH] —— C(H,C=CH + RTe" ———. (RTe),

Presently we are investigating the reduction of telluroacetylenes as a general
method of synthesis of dialkyl ditellurides and dialkyl tellurides.

The aliphatic vinylic tellurides prepared in this work are volatile compounds of
unpleasent smell. The elemental analyses were then performed with the correspond-
ing vinylic tellurium dichlorides, which were prepared by treating the vinylic
tellurides with excess of sulfuryl chloride (eq. 11).

SO,Cl,(excess)

—CR'TeR?2 » RCH=CR'Ter? an
RCH=CRTeR petroleum ether (30-60°C), r.t. Cl/ \Cl

The vinylic tellurium dichlorides were obtained as colorless oils in quantitative
yields.

Experimental

"H NMR spectra were recorded on a Varian T-60 spectrometer in CCl, or
CDCl, solutions with Me,Si as internal standard; IR spectra of films in NaCl were
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obtained with a Perkin—-Elmer 457A spectrophotometer. All the alkyl halides were
distilled prior to use. Merck Silica Gel 60 (70-230 mesh and 230—400 mesh) was
used for column chromatography and prepared plates (silica gel 60 F,5, on
aluminium) for thin layer chromatography. Melting points were determined in a
Kofler hot plate and are uncorrected. 2HT-75 was supplied by Herga Industria
Quimicas S/A, Rio de Janeiro, Brasil [29]. Bis( p-methoxyphenyl) ditelluride was
prepared according to published procedures [30). The Grignard reagents used in this
work were freshly prepared by reaction of the appropriate organic halide with
magnesium in dry THF [31].

Vinylic tellurides from reaction of vinyl Grignard reagents with organotellurenyl
bromides

A solution of the organotellurenyl bromide, prepared by adding 0.40 g (2.5
mmol) of bromine in benzene (5.0 ml) to 2.5 mmol of the corresponding ditelluride
in THF (10 ml) (0°C, N, atmosphere), was added dropwise (0°C, N, atmosphere)
~ to a solution of the Grignard reagent (7.0 mmol) in THF (10 ml). A gradual
disappearance of the red color of the reaction mixture was observed. After 1 h of
stirring at 0°C, the THF was evaporated and the residue was treated with a
saturated solution of ammonium chloride, extracted with ether, dried with MgSO,
and evaporated. The products were purified by column chromatography using
hexane /benzene (9/1) as the eluent (the yields and the physical data are sum-
marized in Table 1).

Vinylic tellurides from reaction of trans-B-bromostyrene with organotellurolate anions

A solution of the ditelluride (2.0 mmol) and trans-B-bromostyrene (0.73 g, 4.0
mmol) in THF /HMPA (2/8, 10 ml) was added dropwise at room temperature (N,
atmosphere) to a 50 ml round bottomed flask containing LiAlH, (0.17 g, 4.5 mmol)
in THF (2.0 ml). The dark red color of the ditelluride disappeared at once. The
resulting pale green solution was refluxed for the time indicated in Table 1. After
cooling to room temperature the reaction mixture was treated with water (1.0 ml)
and 10% NaOH (1.0 ml) and then extracted with ether. The ether extract was
washed with saturated sodium chloride solution, dried with MgSO, and evaporated.
The residue was purified by recrystallization or by Kugelrohr distillation (Table 1).

Vinylic tellurides from reaction of vinylic Grignard reagents with elemental tellurium
followed by alkylation

Elemental tellurium (0.6 g, 5.0 mmol) was added, to a solution of the vinylmag-
nesium bromide (5.5 mmol) in THF (10 ml) (N, atmosphere) under reflux and the
reflux maintained for 20 min. The mixture was allowed to reach room temperature
and then treated with n-bromobutane (0.7 g, 5.0 mmol). After 10 min of stirring the
reaction mixture was cooled to 0°C and treated dropwise with a saturated solution
of ammonium chloride, extracted with ether, dried with MgSO, and the solvent
evaporated. Short path distillation of the residue under vacuum afforded the vinyl
alkyl tellurides as yellow liquids (The yields and the physical data are in Table 1).

Divinyl ditellurides from reaction of vinylic Grignard reagents with elemental tellurium
followed by oxidation '

Solutions of bromomagnesium ethenetellurolate (10 mmol) prepared as described
above were treated with water at 0°C. After stirring the mixture for 1 h in the
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presence of air, the phases were separated and the organic layer was dried with
MgSO, and evaporated. The residue was purified by column flash chromatography
using hexane as eluent. The divinyl ditellurides were obtained as red oils. Attempts
to distil led to decomposition (For yields and physical data see Table 1).

Vinylic tellurides from reaction of vinyl tellurenyl iodides with Grignard reagents

A solution of the vinyltellurenyl iodide, prepared by adding iodine (0.25 g, 1.0
mmol) in benzene to the corresponding divinyl ditelluride (1.0 mmol) in THF (5.0
ml) (0°C; N, atmosphere), was added dropwise to a solution of the Grignard
reagent in THF (10 ml) at 0°C. A gradual disappearance of the dark red color of the
reaction mixture was observed. After the fading of the red color, the mixture was
stirred for 1 h at room temperature, treated with a saturated solution of ammonium
chloride, extracted with ether, dried with MgSO, and then the solvent was
evaporated. The residue was purified by column chromatography using petroleum
ether (30-60°C) ethyl acetate (9/1) as eluent (For yields and physical data see
Table 1).

Vinylic tellurides from reaction of bis-vinyl ditellurides with alkyl halides under phase
transfer conditions

Formamidinesulfinic acid (0.11 g, 1.0 mmol), n-bromobutane (0.10 g, 2.0 mmol),
2HT-75 [29] (30 mg), and a 50% sodium hydroxyde solution (7.5 ml) was added to a
solution of the divinyl ditelluride (1.0 mmol) in THF (7.5 ml) (N, atmosphere). The
reaction mixture was vigorously stirred at room temperature for the time indicated
in Table 1. The phases were separated, the aqueous phase was extracted with ether
and the combined organic phases were dried with MgSO, and evaporated. The
residue was purified by column chromatography using hexane as eluent. (For yields
and physical data see Table 1).

Addition of p-methoxyphenyltellurolate to phenylacetylene under phase transfer condi-
tions

Formamidesulfinic acid (0.11 g, 1.0 mmol), phenyl acetylene (0.204 g, 2 mmol)
2HT-75 [29] (30 mg), and a 50% sodium hydroxide solution (7.5 ml) was added to a
solution of bis( p-methoxyphenyl) ditelluride (0.47 g, 1.0 mmol) in THF (7.5 ml) (N,
atmosphere). The mixture was vigorously stirred under reflux for 72 h. The phases
were separated and the aqueous phase was extracted with ether. The combined
organic phases were dried with MgSO, and evaporated. The residue was purified by
column chromatography using hexane/benzene (9/1) as the eluent. The product
was recrystallized form ethanol. Yield: 0.40 g (63%), m.p. 68—69°C.

Addition of n-butyl tellurolate to acetylenes in ethanol

NaBH, (0.09 g, 2.5 mmol) was added portionwise to a solution of di-n-butyl
ditelluride (0.37 g, 1.0 mmol) and the acetylene (2.0 mmol) in ethanol (6.0 ml) (room
temperature, N, atmosphere). The red color of the reaction mixture disappeared by
the end of the addition. The reaction mixture was stirred under reflux for the time
indicated in Table 1. After cooling the mixture to room temperature, water (0.5 ml)
and 10% sodium hydroxide solution (0.5 ml) were added. The resulting yellow
solution was diluted with ether, washed with a saturated sodium chloride solution,
dried with MgSO, and evaporated. The residue was distilled in a kugelrohrofen
under vacuum (for yields, reaction time and physical data see Table 1).



221

Preparation of butyl(tellurophenyl)acetylene

n-Butyllithium (1.35 M in hexane) (22:2 ml, 30 mmol) was added to a solution of
phenylacetylene (3.1 g, 30 mmol) in THF (15 ml) (0°C, N, atmosphere). After 5 min
of stirring at 0°C, elemental tellurium (3.9 g, 30 mmol) was added and the mixture
was refluxed until the complete disappearance of the tellurium (~ 30 min). The
heating was then removed and n-bromobutane (4.10 g, 30 mmol) was added. The
stirring was continued for 40 min at room temperature and the resulting mixture
was diluted with ether (60 ml) washed with saturated sodium chloride solution,
dried with MgSO, and evaporated. The residue was distilled in a kugelrohrofen
under vacuum. Yield: 8.31 g (97%). IR: 2020, 1585 cm™!. '"H NMR (CCl,): & 0.96
(t, J 7 Hz, 3H), 1.1-2.2 (m, 4H), 2.91 (t, J 7 Hz, 2H), 7.36 (m, 5H), Found: C,
50.26; H, 4.98; C,,H,,Te calcd.: C, 50.42; H, 4.90%.

Preparation of phenyl(p-methoxyphenyltelluro)acetylene

To a solution of lithium phenylacetylide prepared as described above was added
a solution of p-methoxyphenyltellurenyl bromide, prepared by adding 1.60 g (10
mmol) of bromine in benzene (5 ml) to 4.69 g (10 mmol) of bis ( p-methoxyphenyl)
ditelluride in THF (10 ml) (0°C, N, atmosphere). Work-up as described above
afforded phenyl( p-methoxyphenyltelluro)acetylene. Recrystallization from CHCl,/
petroleum ether gave 4.90 g (73%). m.p. 71-72°C. Found: C, 554; H, 3.72.
C,sH,50Te caled.: C, 53.63; H, 3.57%. 'H NMR (CDCl,): 3.7 (s, 3H), 6.79 (d, J 9
Hz, 2H), 7.3 (m, 5H), 7.71 (d, J 9 Hz, 2H).

Ditellurides from organo(tellurophenyl)acetylenes

NaBH, (0.074 g, 2.0 mmol) in ethanol (3.0 ml) was added to a solution of the
organotelluroacetylene (2.0 mmol) in ethanol (30 ml). The pale yellow solution
turned immediately dark red. After 10 min of stirring at room temperature the
mixture was cooled to 0°C, water (0.5 ml) and 10% sodium hydroxide solution were
added and the mixture was stirred at room temperature for 5 min. The reaction
mixture was then diluted with ether (30 ml), washed with a saturated sodium
chloride solution, dried with MgSO,, the solvents were removed and the residue
chromatographed on siliga gel (eluting with hexane).

Di-n-butyltelluride from butyl(tellurophenyl)acetylene

A solution of n-butyl(tellurophenyl)acetylene (0.57 g, 2.0 mmol) in ethanol (3.0
ml) (N, atmosphere, room temperature) was treated dropwise with NaBH, (0.074 g,
2.0 mmol) in ethanol (3.0 ml). The mixture was stirred until the red color changed to
pale yellow (15 min), then n-bromobutane (0.28 g, 2.0 mmol) was added and the
mixture was stirred at room temperature for 10 min. The mixture was then treated
with water (0.5 ml), 10% sodium hydroxide solution (0.5 ml), diluted with ether (30
ml), washed with a saturated sodium chloride solution and evaporated in vacuum.
The residue was chromatographed on silica gel eluting with hexane. Yield: 0.66 g
(89%). '"H NMR (CCl,): 8 0.93 (t, J 7 Hz, 6H), 1.1-2.0 (m, 8H), 3.13 (t, J 7 Hz,
4H). Found: C, 25.95; H, 4.87. CgH,4Te, calcd.: C, 26.00; H, 4.87%.

Preparation of vinyltellurium dichlorides
SO,Cl, was added dropwise to a solution of the vinylic telluride (1.0 mmol) in
petroleum ether (30—60°C, 2.0 ml) (caution exothermic reaction) until the discharge
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of the yellow color. Then the solvent was evaporated and the excess SO,Cl,
removed in an oil pump vacuum. The residue was filtered on silica gel eluting with
ethyl acetate to give the pure vinyltellurium dichlorides as colorless oils in quantita-
tive yield (for physical data see Table 1).
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