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1. Introduction

The first organotellurium compound was reported more
than 150 years ago with the synthesis of diethyl telluride by
Wohler in 1840 From its first discovery to the middle of
the twentieth century, organotellurium chemistry remained
the chemistry of a curious element and did not spark much
interest from the scientific community. However, the explo-
sive development of selenium chemistry has attracted atten-
tion to the potentiality of the still undeveloped chemistry of
tellurium analogues. This renewed interest has resulted in

© 2006 American Chemical Society

Published on Web 01/10/2006



Vinylic Tellurides: Preparation and Applicability Chemical Reviews, 2006, Vol. 106, No. 3 1033

Gilson Zeni was born in 1970 in Irai, Brazil. He received his M.S. degree
from the Federal University of Santa Maria-RS (South Brazil) in 1996,
working under the direction of Prof. A. L. Braga, and his Ph.D. (1999)
under the direction of Professor J. V. Comasseto (the University of S&o
Paulo). He then moved to the Federal University of Santa Maria, where
he is now an Associate Professor. In 2003, he received a CNPq
Postdoctoral Fellowship to work with Prof. R. C. Larock at lowa State
University. His current research interests center around the synthesis and
reactivity of organochalcogen compounds, the development of new
synthetic methods, and novel catalysts for cross-coupling reactions of
vinylic tellurides.

Diogo Seibert Ludtke was born in Cachoeira do Sul, RS, Brazil, in 1979.
He received his B.S. in Chemistry in 2000 from the Federal University of
Santa Maria (South Brazil). In 2005, he completed his Ph.D. at the same
university under the supervision of Prof. Antonio L. Braga, working with
the synthesis of chiral selenium-containing amino acid derivatives and
peptides, as well as with catalytic enantioselective synthesis mediated by

Rodrigo Barroso Panatieri was born in 1973 in Piratini, Brazil. He received
his B.S. degree in 2001 and his M.S. degree in 2002, from the Federal
University of Santa Maria-RS (South Brazil), working under the direction
of Prof. Gilson Zeni. After that, he started, in the same group, his Ph.D.
studies on the synthesis of acetylenic tellurophene derivatives via Pd-
catalyzed cross-coupling. His research interests are focused on the
improvement of cross-coupling reactions using organochalcogen com-
pounds.

i3

A A

Antonio Luiz Braga was born in Tupd (SP State) and obtained his B.Sc.
in 1982 from the Federal University of Sao Carlos (SP State). He received
his M.S. and Ph.D. degrees from the University of S&o Paulo in 1984
and 1989, working under the direction of Prof. J. V. Comasseto in the
field of organic selenium chemistry. In 1985, he obtained a position at
the Federal University of Santa Maria-RS (South Brazil) as Assistant
Professor, and he currently is still at the same place as Professor of
Organic Chemistry. His research interests mainly reside in the catalytic
applications of chiral organochalcogen compounds in asymmetric synthesis.

chiral selenium ligands. His research interests are focused on the design,
preparation, and application of new chiral organochalcogen ligands in

hampered due to a bad reputation related to the bad smell,
asymmetric catalysis.

toxicity, or instability of these compounds. In fact, these
comments are true for a particular group of tellurium
an impressive increase in the number of publications, which compounds, but it is not a rule for all tellurium compounds.
can be evidenced by the numerous review articles and booksn our lab, we have been using many different classes of
devoted to the various and different methodolodiksfact, tellurium compounds and have observed that tellurides or
these many efforts and developments have transformedditellurides bearing an alkyl group, with a low molecular
organotellurium chemistry into a very broad and exciting weight, have a bad smell. However, when these alkyl groups
field with many opportunities for the research and develop- present any additional substituent, the corresponding tel-
ment of applications. lurides or ditellurides are practically odorless. Other tellurium
Many different classes of organotellurium compounds have compounds, such as organotellurium trihalides, diaryl tel-
been prepared and studied to date, and vinylic tellurides arelurides, and ditellurides, are solids, very stable (can be stored
certainly the most useful and the most promising in view of in the lab, in a simple flask, for a long time), and completely
their usefulness in organic synthesis. In addition to their odorless. In addition, the vinylic tellurides, one of the most
utility in the field of organic chemistry, the toxicological used classes of tellurium compounds, containing either an
and pharmacological aspects of organotellurium compoundsaromatic or an aliphatic group with saturated or unsaturated
have also been recently reviewgd. chains, are all odorless compounds and can be easily
However, the use of tellurium chemistry for synthetic prepared, purified, and stored as a common chemical used
organic chemists or as a tool in organic synthesis has beenin the lab. Regarding toxicity, another reason that has
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Scheme 1
R [M-H] (R'Te), / NaBH, H
— R— >_ \
H M EtOH R TeR!
o M=AlB,Zr
syn addition anti addition

A

]i EtO—H

OTeR!

hindered the development of organotellurium chemistry is of vinylic tellurides® It differs from the other hydrometalation
that studies are still scarce in the literature. Some authorsreactions, since it proceeds in anti fashion, as a result of
have described that organotellurium compounds are less toxican addition of an organotellurolate anion to the alkyne. This
than their selenium derivativésand others have indicated anti addition leads to theZ-vinylic telluride, which is
that organotellurium compounds are more toxic than orga- stereochemically stable, since no isomerization to Ehe
noselenium compoundsWe are sure, unlike most, that no isomer has been reported to date. This characteristic makes
highly specialized techniques are required in the handling the hydrotelluration reaction unique and a very important
of organotellurium compounds, and work with these com- method for the generation @falkenes, starting from alkynes,
pounds is very similar to work with any other class of which are not easily accessible by other methodologies
chemical compounds, such as organoselenium, organosulfur(Scheme 1).

organotin, and organophosphorus. The nucleophilic organotellurium species are most com-

During the preparation of this review, an excellent review Mmonly generatedh situby the reduction of the corresponding
by Professor N. Petragném’ppeared in the literature, which dlorganodlt.elIurldes_W|th '_sodlum borohydrlde in ethanol as
covered the advances in general organotellurium chemistry.solvent. Diorganoditellurides are used as precursors of
Petragnani'’s article reviewed the methodologies for general tellurium anions due to the instability of the organotellurols,
organotellurium chemistry, and the specific class vinylic Which cannot be isolated in the same way as the related
tellurides (synthesis and reactivity) was covered but not Selenols and thiols. The reduction of the diorganoditelluride
extensively discussed. Due to the growing importance andcan easily be visualized, since the initial dark red color of
utility of vinylic tellurides in the field of organic synthesis, ~the solution disappears with the addition of sodium boro-
the fact that the last comprehensive review on the preparationhydride and a gas evolution is observed, resulting in a
and reactivity of this Specific class of organote”urium colorless solution at. the end of the reduction. The exact
compounds was published in 19%7and the many new  Structure of the species formed has yet to be determined. In
remarkable findings and applications which have been View of the protic nature of the solvent, an equilibrium
published since then, this article is intended to critically and between the ionic species and the solvent can occur,
comprehensively review the several methods described forsuggesting that the most probable hydrotelluration agent is
the preparation of vinylic tellurides. Furthermore, this article (R*Te)/NaBH,. The addition of the nucleophilic tellurium
will also discuss vinylic telluride reactivity toward several agent across the alkyne triple bond can give two regioiso-
different reaction conditions and the applicability of such meric products2 and 3, and the regioselectivity of the
transformations in organic synthesis. Finally, the use of reaction is dependent on the nature of alkgr{8cheme 2§.
vinylic tellurides in the synthesis of biologically active g.pome 2
compounds will be covered. The synthesis and reactivity of

aryl tellurides will not be discussed here, since it will be R—=— (R'Te),/NaBH, =\ . R>:
discussed in a chapter of the book by Professor J. V. EtOH R TeR' RITe
Comasseto that will appear in the literature shortly. 1 2 3

Although the first example of a reaction of a nucleophilic
tellurium species with a terminal alkyne was reported in
. I . 19667 this reaction has received little attention in the
2.1. Pfep@.fatlon Of Vinylic T_eIIundes by subsequent years, and only isolated examples were reported
Nucleophilic Tellurium Species until the middle 1980s, when Comasseto and co-workers

i described a systematic study on the synthesis of vinylic
211 Hydrotelluration of Alkynes tellurides, divinyl tellurides, and 1-(organyltelluro)-1,3-

The hydrometalation of alkynes, such as hydroalumina- butadienes (Figure 1¥.
tion,®> hydroboratiorf, and hydrozirconatiof,is a common Since this pioneering work, several different alkynes with
method for the preparation of functionalized alkenes. Usually, different steric and electronic properties were subjected to
the hydrometalation of an alkyne affords thealkene, by a hydrotelluration conditions, giving numerous different types
cis addition of the hydrogen and the metal upon the triple of vinylic tellurides. Our aim here is to describe them, based
bond in a four-membered transition state (Scheme 1). Onon the structure of the starting alkyne, to discuss the
the other hand, the hydrotelluration of alkynes is the most differences in the reactivity of the substrates employed, and
important and widely employed method for the preparation to comment on the regiochemistry and yields of the reactions.

2. Preparation of Vinylic Tellurides
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—\ —_ = — R3 2.1.1.1.2. Hydrotelluration of Hydroxy and Amino Alkynes.

R TeR' R Te R R1Te/_\:/ Hydroxy alkynes14 are remarkable substrates for the
R? hydrotelluration reaction, being that they furnish allylic

vinylic telluride divinyl telluride 1-(organotelluro)-1,3-butadiene alcohols, which are very important intermediates in organic

synthesis. They can be further converted to a wide range of

Figure 1. functional groups. Thus, the synthesis of allylic alcohols that
2.1.1.1. Hydrotelluration of Alkynes via (Rte)/NaBH.. contain stereodefined geometry of the double bond is of
2.1.1.1.1. Hydrotelluration of Aryl and Alkyl Alkynestyl general interest in organic chemistry. Therefore, propargylic

alkynes are excellent substrates for the preparation of vinylic @lcohols of different substitution patterns were subjected to
tellurides. For example, phenylacetylesig hydrotellurated hydrqtelluratlon_ cpndmons a_md furmshed_ the desired vinylic
in very high yields with short reaction times, and it tolerates tellurides containing an allylic alcohol moiety (Schemé?).
a variety of organotellurides containing differerft@oups, ~ The yields were typically good, and the regioselectivity of
such as butyl, phenyl, 4-methoxyphenyl, 2-thienyl, and vinyl the reaction always favored produtb. However, both
(Scheme 3). The authors reported that alkynes bearing the'egioisomeric telluride45 and 16 were easily separated by
aliphatic butyl group gave higher yields than those with an column chromatography.
unsaturated group. In all cases, the reaction led to the 1,2-
addition produc exclusively withZ stereochemistri?b:11 Scheme 6

PhTe

Scheme 3 RZ R PhTe), / NaBH, RL — R!
— _(PTe)p [NaBH, " ™o+
EtOH, reflux

7\ (R'Te),/NaBH, — TeR! HO 14 R2150H R?> OH
- [}
— EtOH, reflux, 2 - 24 h 70-80 % 16
60-93 %

4 5 15 : 16 ratio: 95-80 : 5-20; R' and R? = H, Me, i-Bu, cyclo-CgH1o

R' = Bu, Ph, 4-MeOPh, 2-Th, CH=CH,, C(CH3)=CH. L . . .
2 CCH)=CH, Similar to propargylic alcohols, propargylic amines can

Substituted aryl alkynes are suitable substrates for thePe hydrotellurated giving rise to allylic amines. For example,
preparation ofZ-vinylic tellurides. The reaction is tolerant the morpholine-derived propargylic ami& was hydrotel-
of several different functional groups in the alkyne, such as lurated with (BuTeyNaBH;,, furnishing theZ-vinylic tel-
halogens (Cl, Br), alkyl groups, methoxy groups, and even Iurlqle 18,_conta|n|ng an allylic morpholine, in 77% yield as
more sensitive substituents, for example, carboxylic acids @ single isomer (Scheme ¥},
and esters (Scheme ¥9.22In general, the electronic nature
of the substituents at the aromatic ring does not have aScheme 7

significant influence on the yield of the reaction. Usually, N Q. (BuTe)y/NaBH /\ —
the yields are high for both electron-donating and electron- cI:\) /\\ W d N “reeu
withdrawing groups. Steric effects do not seem to exert a " 81 % .8

great influence, since similar yields are obtained with alkynes
with substituents at all three possible positions on the
aromatic ring. A decrease in the yield of the vinylic telluride
7 is observed when a free carboxylic détdor a nitrg?®
group is present in the starting alky6e

2.1.1.1.3. Hydrotelluration of Enynes and DiynB$ynes
19 and enyne®1 and23 can also be used as substrates for
the hydrotelluration reaction (Scheme 8). These are very
attractive precursors, since the product will be conjugated

Scheme 4 dienes 22 and 24 or enynes20, which can be further
— converted to highly unsaturated compounds with defined
//_\\ _ (R'Te),/NaBH, //:\g_\ TeR' stereochemistry. In additic_m to their great utility in organic
xX—/ EOHrefux,2-20h  yX__ synthesis, enynes and diynes occur in numerous natural
6 40-95 % 7 products!?
X = Br, Cl, MeO, Me, NO,, COH, CO,Et; R' = Me, Ph, CH=CH
CCH;)=6H2 adachachh T 2 Scheme 8
RZ
Conversely, alkyl-substituted alkyn8ssuffer from regi- Rl—=— — g2 _(BuTe),/NaBH, —
oselectivity problems, as they give rise to two different EtOH, reflux Vi TeBu
regioisomeric vinylic tellurides9 and 10. The 1,2-addition 19 R 20

products predominate, whereas a lower amount-@8060)

of the 2,2-disubstituted product is formed. Vinylic tellurides 2

12 and13 are not formed, since internal disubstituted alkyl /:\ - — TeBu
R\ T \—/

alkynes11 are not hydrotellurated (Scheme?3). - 225
Scheme 5 (BuTe), / NaBH,
! R EtOH, reflux R
— (R'Te)y/NaBH, /=\ 8 — )
WIT= TEoH el Al TeR! T R1Te>: \ — I \_\:/TEBU
8 9 10 23 24 @
1 alkyl alkyl . . . .
alkyl—=alky! (R'Te), / NaBHa\ _ . _ One very relevant characteristic of this type of product is
T EtOH, reflux 7 gy’ eR! R'TE  lkyl the possibility of obtaining stereodefined conjugated dienes

11 12 13 in high yields with theZ,Z and E,Z combinations. This
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Table 1. Hydrotelluration of Diynes

RZ
Rl_—— = g2 _(BuTe),/NaBH, —
T EtOH, reflux TeBu
19 A 20
R1

entry R R? time (h) yield (%)
1 H H 0.25 93
2 CH,OH CH,OH 0.25 71
3 Me Me 25 81
4 Ph Ph 2.5 83
5 4-MePh 4-MePh 3 73 )
6 4-MeOPh  4-MeOPh 3 68 Figure 2.
7 Ph H 0.16 75 . - . )
8 CeHa3 H 0.28 79 is better stabilized by the phenylethynyl moiety (Figure 2,
9 Ph Me 2 80 structureA) than by the ethynyl or propynyl groups (Figure
10 Ph CHOH 0.25 76 2 StructureB)_
11 Ph MeCOH 1 82 ' ; ; ;
1 Cets CH,OH 058 89 In the case of propargylic substituents at one of the triple

13 Me,COH H 0.16 70 bonds, the reaction is faster than that with triple bonds

] o ] ) bearing aryl or alkyl substituents. This fact is probably due

2 A 88:12 mixture of regioisomers was obtained, favoring the 1.2- {5 the formation of cyclic five-membered transition states
disubstituted product. of type C andD (Figure 2), which are trapped by hydrogen
) intramolecularly, rather than by hydrogen from the solvent.

represents a very important feature of the present methodol-The more hindered the propargylic alcohol, the more difficult
ogy, because such conjugated systems are not easily obtaine@ the ring formation, explaining the longer reaction times

through other routes!. o . ~_ when the two propargylic hydrogens are replaced by two

Regarding the preparation of vinylic tellurides containing methyl groups (Table 1, entries 202). In a single case

a triple bond, the reaction is usually very fast with sym- (Taple 1, entry 13), a mixture of regioisomers is obtained,
metrical 1,3-diynes of different types. For instance, alkynes \yhere the attack of tellurium is favored at the terminal triple
with substituents, such as propargyl alcohol, methyl, hydro- hong rather than at the propargilic position, resulting in an

gen, and aromatic rings, successfully react with the tellurium gg-12 regioisomeric mixture (Table 1, entry 13). On the basis

nucleophile, leading to the corresponding enynes function- of these data, the authors suggest the following order of
alized with the organotellurium group in good to excellent yeactivity for the butyltellurolate anion:

yields (Table 1, entries -16). When the diyne carries

aromatic substituents with an electon-donating group, the terminal> propargylic> alkyl > aryl

yield of the reaction is slightly lower than that for the parent

phenyl substituent (compare entries 4 vs 5 and 6, Table 1). Another example of 1,3-diyne hydrotelluration was re-
Extending the above-mentioned studies, a remarkablecently reported by Marino and NguyéhUnsymmetrical

paper has been published by Dabdoub and co-workers, indiyne alcohol 25 was selectively functionalized at the

which they describe the chemioselective triple bond reduction propargylic carborcarbon triple bond (Scheme 9).

of unsymmetrical butadiynes by treatment with the (BulTe) After several optimization studies, it was found that the

NaBH,; hydrotelluration system (Table 1, entries ¥3)1° stoichiometry as well as the reaction time were crucial for

With the monosubstituted butadiynes, the reaction takes placethe outcome of the reaction. Thus, when 0.5 equiv of dibutyl

exclusively at the terminal triple bond, leading to the ditelluride was employed and the reaction was stopped after

Z-butyltelluro enynes in a very fast reaction and in good 20 min at reflux, vinylic telluride26 was obtained in high

yields (Table 1, entries 7 and 8). The terminal triple bond is yield. However, when excess amounts of (BuEe)d NaBH

more reactive than the internal one, due to steric hindrancewere used with longer reaction times, the ditellurated product

of the phenyl group, which hampers the attack of the telluride 27 was predominantly formed.

anion to the other triple bond. Further evidence of the  Moreover, tellurium-containing dienes are accessed by the

influence that steric effects have on this system is the fact hydrotelluration of enyne28.1°1425The reaction takes place

that when unsymmetrical disubstituted diynes are employed, stereoselectively at the triple bond, yielding the corresponding

for example, when the terminal hydrogen is replaced by a tellurobutadienes29 with the new double bond formed

larger methyl group (Table 1, entry 9), the reaction is slower, exclusively withZ stereochemistry (Table 2).

taking 2 h for its completion. However, tellurium addition Only enynes bearing terminal alkynes are reactive toward

takes place exclusively at the methyl-substituted triple bond. the hydrotelluration conditions. Enynes with disubstituted

A further explanation is given by the authors, who suggest triple bonds fail to react under the given conditions. An

that electronic effects are operating in the hydrotelluration exception to this account is when the engfiecontaining a

of unsymmetrical diynes. The incipient negative charge, propargyl alcohol is employed. In this case, the hydroxyl

which is formed in the transition state at the adjacent carbon, group at the propargyl position activates the butyltellurolate

Scheme 9

oH  (BuTe)(0.5eq) (BuTe), (1.5 eq) OH
_ NaBH, (2.5 eq) - on NaBH, (7.5 eq) BuTe\Z/:(
7

// TeBu  EtOH, reflux, 20 min EtOH, reflux, 10 h TeBu
Et,si] 26 84% BtsSi 25 27, 79 %
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Table 2. Hydrotelluration of Enynes

1 2 R! R?
R R (R*Te),/NaBH, R“Te\_):<
3 EtOH, reflux — R3
// 28 i 29
H
entry R R? R3 R* time (h) vyield (%)
1 H H OMe Bu 28 50
2 Me H CHOH Bu 2 69
3 H H TeBu Bu 2 70
4 cyclo (CH)4 H Bu 12 89
5 Me H Cl‘bOH C12H15 5 80
6 Me H CHOH 4-MeOPh 5 70
7 Me H CHOH 4-MeOPh 5 91
8 Me  CHOH H CioHis 5 65
9 Me  CHOH H 2-MePh 5 75
10 CyClO (Cl’f)4 H C12H15 5 60
11 cyclo (CH)4 H 4-MeOPh 5 53
12 Me CHOTHP H Bu 4 83
13 H CHOTHP H Bu 5 89
14 Me H H Bu 5 75

attack at the triple bond and affords the telluro butadigéhe
in 83% vyield (Scheme 10).

Scheme 10
OH
OH (BuTe),/NaBH, BuTe —
y TeBu EtOH, 0.5 h TeBu
74 HO
0,
HO 30 31, 83%

2.1.1.2. Hydrotelluration of Alkynes via BuLi/Te®.
Conversely, one of the major drawbacks of the hydrotellu-

ration reaction is the use of dibutyl ditelluride as the precursor , gyteLi +

of the butyl tellurolate anion, since it is not commercially
available. To circumvent this problem, an improved proce-

dure to generate the butyl tellurolate anion was published in
20007% This procedure consists of the reaction between

butyllithium and elemental tellurium in THF at room

Table 3. Hydrotelluration of Alkynes with the BuTeLi Method

Chemical Reviews, 2006, Vol. 106, No. 3 1037

temperature, which gives lithium butyl tellurolate, by the

consumption of gray tellurium to form a pale yellow solution.

To this solution, the alkyne dissolved in dry deoxygenated
ethanol is added and refluxed (Scheme 11). Zhénylic

Scheme 11

THF 1 —

- i 0O0— —— » | n-BuTelLi| ——
n-BuLi + Tet—9 "1 [ ] EtOH, reflux R Te(n-Bu)
5 min

32

tellurides32 obtained by this newly developed method are
obtained in similar yields to those observed by using the
dibutyl ditelluride/NaBH method. In addition, an intramo-
lecular version of this hydrotelluration has been employed
to prepare tellurium-containing heterocycles from terminal
or internal alkynes. These studies indicated that this hydrote-
luration affords both exalig and endadig cyclization
products from moderate to good yields (Table'3).

2.1.1.2.1. Hydrotelluration of Hydroxy Alkyne3his
method has been employed in regioselectivity studies on the
hydrotelluration of hydroxy alkynes both of short and long
chains (Scheme 12.The best results in terms of regiose-
lectivity were achieved when propargylic alcohol was
hydrotellurated. The ratio of both products was 8:1, in favor
of the 1,1-disubstituted vinylic telluride. In the case of the
protected propargyl alcohol, this regioselectivity is lost, and
the major product is the 1,2-disubstituted vinylic telluride,
although with low selectivity (ratio 1.7:1). For the other
hydroxy alkynes studied, the regioselectivity of the reaction
is low, usually from 1.4 to 1.9:1, in favor of the 1,2-
disubstituted product.

Scheme 12
Te(n-Bu)

X EtOH, reflux — +
\\(\/EOR —_— (n—Bu)Te/_}\-);OR :%.),OR
n
R=H,THP;n=1-9

To circumvent this problem, a study of protection of the
hydroxyl group of propargyl alcohols with different com-

Entry Alkyne Product Time (h)  Yield (%)
1 Ph—= P “Te(n-Bu) 4 88
Ph
2 Ph—=—=—=——Ph // o Te(n-Bu) 8 75
PH
HO HO
3 _\_\ _\—\Z/Te(n-Bu) 6 77
N\
Ph
OTBDMS
TBDMSO Te(n-Bu)
4 )\ = 8 72
Ph7 N
OH
OH —
5 ——— Te(n-Bu) 7 80

HO
HO

V4
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monly used groups was described (Scheme?d®).was was observed. In the hydrotelluration of primary, secondary,
found that the steric demand of the protective groups wasand long chain aminoalkynes, a loss in the regioselectivity
decisive for the outcome of the reaction and the best choicewas detected.

was TBS protection, which virtually furnishes only product  An additional experiment was carried out to elucidate the

33, instead of the 1,1-disubstituted. mechanism of the reaction, in which deuterated ethanol was
employed in order to determine if the hydrogen, which is
Scheme 13 added to the triple bond, comes from the solvent or from
OPG EOOH. raflux — (n-Bu)Te water. As observed byH and'3C NMR, the product was
n-BuTeli + Me)\% Peo—(_\ Te(n-Bu) * f dideuterated alkene, and its formation is explained by the
Me Me H—D exchange of the acetylenic hydrogen, followed by the
33 34 hydrotelluration and capture of deuterium from the solvent
33: 34 (Scheme 15).
PG= H 3: 1
11_':1; 12; 1 Scheme 15
TBS >99: <1 (n-BuTe), / NaBH, D D
or )
2.1.1.2.2. Hydrotelluration of Amino Alkyned/e have \\\/NEtZ __ BuTeli >:<;
recently described a comparative study on the hydrotellu- Ethanol-d6, reflux  (M-Bu)Te NEt,

ration of aminoalkynes, using two different methods for the

generation of tellurium nucleophifé.In this article, the

hydrotelluration of several aminoalkyn&b of different

substitution patterns at the amino group and with different

chain lengths was tested (Scheme 14). Previous to this article, D-OEt %
only isolated examples of the hydrotelluration of alkynes with

amino groups as substituents had been published. There was A

still a lack of information about the reaction of this class of T NE
alkynes with tellurium nucleophilé§aita ( :

n-BuTe@
Scheme 14
y (BuTe); / NaBH, R R'  Te(n-Bu) 2.1.1.3. Hydrotelluration of Alkynes Bearing an Electron-
\MNRZRS BuTeLi >=>\+ oyt \:@ s Withdrawing Group. The hydrotelluration of alkynes
h EOH, reflux — (nBu)Te. (ENRR (INR'R bearing electron-withdrawing groupd7 is an attractive

3 variation of the hydrotelluration reactions. This methodology

The reactions were performed using procedures for the Will be discussed in a separate paragraph and organized
generation of both nucleophilic tellurium species, BuTeTeBu/ @ccording to the nature of the electron-withdrawing group
NaBH, and BuLi/Té. The author observed that no sig- Presentin the starting alkyne (Scheme 16).
nificant difference in yields and regioselectivity was ob-

tained. Scheme 16

The best results in terms of regioselectivity were obtained (R'Te) / NaBH,
with trisubstituted amines. The pyrrolidine, piperidine, and R—=—EWG or R™TeLi rR'Té. EWG
morpholine derivatives exclusively gave produ@® in 37
yields ranging from 57 to 71% (Table 4, entries-@). EWG = aldehyde, ketone, ester, phosphonate, phosphinoxide,
Interestingly, when an internal aminoalkyne, with one of sulfone, sulfoxide, sulfide

the termini of the alkyne moiety, is substituted with a SMe ) )
group (Table 4, entry 7), complete reversal in the regio- 2.1.1.3.1. Hydrotelluration of Alkynes Bearing Aldehyde

chemistry was observed. This fact is probably due to the @nd Ketone GroupsThe hydrotelluration of propargyl
high ability of the sulfur atom to stabilize a neighboring aldehydes and ketones is scarcely studied. To the best of

negative charge. In contrast, when selenium or alkyl ana- ©Ur knowledge, there are only a few reports dealing with
logues were treated under the same conditions, no reactior%he hydrotelluration of alkynes containing these func-

ions 2223
Table 4. Hydrotelluration of Aminoalkynes One of the examples is the preparatiorBgihenyltelluro
(BuTe), / NaBH, . R Tens acrolein39 by treating propargyl aldehyd#8 with phenyl
R! or __jeBy tellurolate anion to yield the desired product in 80% yield
) WrCh— S NI Scheme 1732
A EtOH, reflux  (1BuTE  (Y—NR?R® N-NR2R? (Scheme 17%
35 36
Scheme 17
entry R R? R3 n vyield (%) ratio X:Y (PhTe), / NaBH, =\
1 H Et Et 1 60 1:0 = CHO  ~CoH 150ec  PhTe  CHO
2 H H H 1 50 2:1
3 H H Me 1 60 31 38 80 % 3
4 H cyclo (CH)4 1 67 1:0 .
5 H cyclo  (CH)s 1 57 1:0 The addition of tellurolates to alkynyl ketoné8 proceeds
6 H cyclo (CH).O(CHn. 1 71 1:0 in a manner similar to that of aldehydes. Good yield4 bf
7 MeS Et Et 1 50 0:1 are obtained with the substituents alkyl or aryl, and lower
g : Et 'I'E't g %55 11?311 yields are achieved when the R substituent is a carboxyl

group (Scheme 18}
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Scheme 18 phosphonates acting as a Michael acceptor, in that it reacts
R with the organotellurolate to give the correspondiiigr-
e — /0 (R'Te), / NaBH, )= ganyltelluro vinyl phosphine oxidd7 in moderate yields
— 0\ EtOH RTe o (Scheme 21).
40 Ph Ph
4 Scheme 21
R =CO,H, R' =2,4-MeOPh, 21 % R
R = Bu, R' = 4-MeOPh, 68 % (R?Te), / NaBH, >
R =Ph, R' = Ph, 86 % RI—==—PO(Ph), EtOH, rt oxd
' R2T€ _ PO(Ph),
46 50 - 65 % 47

2.1.1.3.2. Hydrotelluration of Alkynes Bearing Ester
Groups.Acetylenic estergl2 are suitable substrates for the R' = Ph Bu @ .R2=Bu. Ph
preparation of vinylic telluride43. They underwent a smooth T ' '
addition of the tellurolate anion to furnish the tellurium-
containing acrylates in good to excellent yields (Scheme
19) 2324 An exception to this tendency was observed when
a free carboxyl group was present in the substrate, in which
case the hydrotelluration product was obtained in only 21%
yield. Regarding the electronic and steric nature of the
substituent at the aryltellurolates, it seems that the electronicS
effects of the substituents on the aromatic ring do not
significantly affect the time and yield of the reaction.

When R = Ph, all products were obtained with 2
geometry of the double bond. However, when the organic
group attached to tellurium was a butyl group, the unexpected
formation of a smaller amount @&-j-organyltelluro vinyl
phosphine oxide was observed.
2.1.1.3.4. Hydrotelluration of Alkynes Bearing Sulfone and
ulfoxide Groupsf-Sulfonyl vinyl tellurides 49 with Z
stereochemistry can be obtained by hydrotelluration of
1-alkynyl sulfonesA8.26¢ The addition of aryl tellurolate to

Scheme 19 the alkyne occurred smoothly in a mixture of THF and EtOH
- as solvent. The reaction was very fast, being completed in
o] 20 min and furnishing th&-2-aryltelluro-1-alkenyl sulfones
L (ArTe), / NaBH, — : X X X
R—-HK EtOH ArTe>_\Fo in good vyields (Scheme 22). No isomeric products were
2 K 71-95% R20 obtained, as determined By NMR. Interestingly, when the
43 reaction was conducted for longer periods of time, the
R? = H, Ph, Me, 1-cyclohexanol; RZ = H, Me, Ph, i-Pr, COCH=C(TePh)(Ph); product was converted td-vinyl sulfone 50, free of
Ar = Ph, 4-MeCOPh, 2,4-MeOPh, 2-MePh, 3,5-MeOPh, 3-FPh, 3-MeOPh, tellurium. The authors suggest that this is the result of a
3-MePh, 4-FPh, 4-MeOPh, 4-MePh reductive detelluration promoted by sodium borohydride.
2.1.1.3.3. Hydrotelluration of Alkynes Bearing Phospho- Scheme 22
nate and Phosphine Oxide Groug$e phosphonate group R!
is well-known to be a good Michael accep®®iThus, the Rl—=—s0,PhMe — ool /NaBH, —
hydrotelluration of alkynyl phosphonatdg proceeds in a 48 THF/EtOH, i, 20 min - ArTe 49 SOzPhMe
Michael-type addition giving theg3-organyltelluro vinyl 71-82%
phosphonated5 in good yields with complete stereoselec- R' = Ph, H, CgHy3; Ar = Ph, 4-F-Ph

tivity in favor of the Z diastereoisoméet The reaction has
been performed at room temperature, and dibutyl and diaryl

ditellurides have been used as the nucleophilic organyltel- P _ NaBH, P
lurium source. The reaction was also carried out with ArTé SO,PhMe  THF / EtOH W SO,PhMe
terminal and internal alkynyl phosphonates, and good results 76 % 50
were obtained in both cases. Lower yields were achieved
when the R substituent at thg-position was 1-cyclohexenyl, Recently, the same reactivity pattern was observed for
probably due to the steric effect (Scheme 20). alkynyl sulfoxides5128 The hydrotelluration reaction of these
sulfoxides led tg-organotelluro vinyl sulfoxide52in good
Scheme 20 yields with very short reaction times (Scheme 23).
1
o= rorom, M T Scheme 23
: R2Té PO(OEt), 1 R
44 41-95% 45 R—=soar R 1e)k2/NaBHs >=\
51 THF/EtOH, rt, 20 min  R'Te 52 SOAr
R'=H, Ph, Bu, CsHyq, @—; R? = Bu, Ph, 4-Me-Ph, 4-CI-Ph, 4-F-Ph 81-96 %

R = H, C4Hg, C5Hqq; R" = Ph, Bu; Ar = Ph, p-Tol

With regard to the substitution pattern at the ditelluride,
little influence on the yield has been observed. For example, 2.1.1.3.5. Hydrotelluration of Alkynes Bearing Sulfide
the results obtained in the hydrotelluration of the same Groups. Although the sulfide group is not exactly an
substrate with the following three different tellurolate precur- electron-withdrawing group, alkynyl sulfidés3 react with
sors, each with substituents of different electronic properties, organotellurium nucleophiles in a similar manner as do
(4-Me-PhTe), (4-CI-PhTe), and (PhTe) showed no sig-  alkynyl esters, phosphonates, and sulfones. This is explained
nificant difference in the yields of the corresponding products by the ability of the sulfur atom to stabilize an adjacent
(yields were 59, 63, and 61%, respectivesf). negative charge, allowing alkynyl sulfides to react in a

We have successfully described the reaction between theMichael-type addition of the organotellurolate anion to yield
nucleophilic tellurium species and 1-alkynylphosphine oxides the trisubstituted alkenes4 in good yields (Scheme 243.
46.27 The phosphine oxide group behaves similarly to the An attractive result was obtained when the group SiMas
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Scheme 24 hydride. Subsequently, Uemura and Ohe published an
. R analogous reaction using Na/HMPA for the reduction of
R—=—=sph — R Tel/NaBH, =\ ditelluride to tellurolate (Scheme 29).
EtOH, reflux R1T€ SPh
53 70 -85 % 54 Scheme 27
Ri=Bu, Ph, Sites; R" = Bu. Ph /T (PhiTe), /Na s HMPA BT (RTe),/ LiAH /TR
— e), / Na _ e), / LiAIH, —
H Ph 37 % R=Bu 83 % Ph
’ Ph R = 4-MeOPh 86 %
R— (R'Te),/NaBH, 61
Me;Si—==—S5Ph —
EtOH, reflux R1Te SPh . ) .
55 79 % 56 The reaction remained unexplored until the end of the

1990s, when Minkin published a systematic study on the

attached at the triple bond as %%, giving the desilylated preparation of functionalized vinylic tellurides by the sub-
product56 instead of trisubstituted olefin. stitution of activated vinylic halide$2.3* The reaction is

2.1.1.4. Preparation of Bis-vinylic Tellurides.Bis-vinylic tolerant to both aldehydes and ketones and furnishes vinylic
tellurides57 constitute a very attractive class of tellurium tellurides63in moderate to good yields (Scheme 28). In all
compounds in which the tellurium atom is attached to two cases, th& stereochemistry was obtained and the structure
alkene moieties. Such compounds were obtained in goodwas confirmed by NMR and X-ray analyses.
yields by the reaction of Me (generated by the reduction
of Te® with NaBH,) with 2 equiv of a terminal alkyne. The ~ Scheme 28

reaction was performed with several different alkynes R" R? R R?
(Scheme 25)%11a — _RTeli _ >=g:
cl O 37-9%6% R'Te o
Scheme 25 R3 R®
. 62 63
Te®/ NaBH, / THF, EtOH — =
= —— ("l hh ARAN R, RZ = H, alkyl, aryl, cyclo-(CHa):
NaOH, reflux ° R3 = H, alkyl, aryl; R* = Me, aryl
1 60-87 % 57

/\ THPO “an, In an extension of their previous studies, Comasseto and
R = Ph, 4-CIPh, 4-MePh, 0\_,N_\f, _\=< co-workers disclosed, in 1999, a new approach for vinylic
substitution by lithium butyltellurolate. This approach con-
Unsymmetrical bis-vinylic tellurides59 can also be  Sists of the reaction of enol phosphatebinstead of vinyl
prepared. The reaction between divinyltellurié@ and  halides?” The advantages of this method are the easy
sodium borohydride and the subsequent hydrotelluration of availability of S-dicarbonyl compounds, which are the
an alkyne lead to unsymmetrical bis-vinylic tellurié in precursors for the enol phosphates, and the possibility to
good yields (Scheme 26). The presence of sodium hydroxideobtain a single isomer of vinylic telluride starting from a
is crucial for the reaction since it converts tellurols to tellu- Mixture of E andZ isomers of the enol phosphate (Scheme
rolate anions, avoiding side reactions at the alkene moiety.29). The reaction is believed to proceed by an addition

Scheme 26 Scheme 29
Me Me i BuTe O
— + =—pn NaBH, /NaOH/EtOH =~ —=( = (EtOPO O . . uTe
_ reflux Té  Ph . _BuTeLi, 15 min _ N }
Te), R R’ 65-85% R R
58 4 59 64
. _— . . . E and Z mixtures R = Me, Ph Z only
2.1.2. Preparation of Vinylic Tellurides via Vinylic R' = Me, OFt
Substitution Reactions 9 n=01 BuTe O
- - . - EtOL,PO O
The vinylic substitution reactions by the lithium butyltel- (B0 BuTeLi 20 - 30 min R
lurolate anion are a useful alternative which agreeably R! 5580 %
complements the hydrotelluration of alkynes in the synthesis f
of vinylic tellurides. This methodology allows the preparation n
of tri- and tetrasubstituted vinylic tellurides which are R = Me, Ph: R" = Me, OEt: n = 0,1

otherwise more difficult to prepare. Another advantage of
this reaction is the availability of the starting materials, since elimination mechanism, since a telluristuxygen interaction
B-dicarbonyl compound60 are used as precursors for the is observed by X-ray, Raman, and IR analyses (Schem# 30).
vinylic substrate (Figure 3).

The first report on a vinylic substitution promoted by a Scheme 30

tellurium anion was reported by Comasseto and co- R 1B BuTe=—0
workersi® in which they describe the reaction &-f- —H T RN
B . - 0 b
bromostyrené1 with the tellurium anion generated by the EOLho O X 0
2

reduction of dibutyl ditelluride with lithium aluminum RMW BuTell

BuTe

0 X 0 o o
A = AN == AN

2
60 L .R \C_—®/—H
l’e

Figure 3. cé X

64 l
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Additional studies on the reaction revealed that the organic tellurium anion, which further reacts with the alkyl halide
moiety attached to tellurium can be varied; thus, several to afford the alkylvinyl tellurides69. When alkyl iodides
different organolithium reagents can be used to generatewere employed, the yields of the alkylvinyl telluride de-
lithium tellurolate, showing that the reaction is general for a creased and the dialkyltelluride was observed as a major
variety of organyltellurolate¥' Furthermore, the nature of product of the reaction. The major drawback of this
the leaving group was examined. Performing the reaction methodology is the formation of a considerable amount of
of lithium butyltellurolate with enol phosphate, tosylate, divinyltelluride 70 and dialkyltellurides71 as byproducts
triflate, and acetate afforded the desired product in similar (Scheme 34).
yields and within the same reaction times. In all cases, only

Z-vinylic tellurides were obtained. Scheme 34

: . , Y o— KOHISnCH,0 =\ , =\ ,—,
2.1.3. Preparation of Vinylic Tellurides from Elemental Ter Am="H "R = TR g R
Tellurium with the KOH/SnO/H,O System 65 69 70 7

20-70%
Elemental tellurium is useful for the preparation of gr-=we, gt n-pr, i-Pr, n-Bu, £Bu, X = CI, Br, |

unsymmetrical divinyl tellurides by reaction under the KOH/

SnO/HO systent® The reaction is conducted in the presence 2.2. Preparation of Vinylic Tellurides by

of both acetylene precursors in a one-pot procedure and i”E'Ie'ctrophiIic Tellurium Species

a single step. For instance, when Te, acetylébg and

phenylacetylend react under these conditiosstyryl vinyl 2.2.1. Addition of Tellurium Tetrahalides to Alkynes

telluride66is synthesized in a moderate yield (Scheme 31). The electrophilic addition of tellurium tetrahalides to

Scheme 31 alkynes is one of the most traditional methods to prepare
o vinylic tellurides. It was first developed by Petragnani in
He==—H + pp—= — o ROWSNOM,O N n the early 1960s. The author described the preparation of
65 4 66, 44 % B-chlorovinyl tellurium trichloride73 by the addition of
tellurium tetrachloride to diphenylacetylen®2.®” Further
2.1.4. Preparation of Vinylic Tellurides from Elemental treatment of the vinyl tellurium trihalide with AcOH or
Tellurium, Alkynes, and the NaOH/N,H,/H20 System NaBH4/EtBr leads to big§-chlorovinyl) tellurium dichloride

74 and to vinylic telluride75, respectively (Scheme 35).
The reduction of elemental tellurium with hydrazine under y P v ( )

basic conditions conveniently generates metal ditellufide. scheme 35

The reaction between NBe,, prepared under these condi- Ph  PhPh  Ph
tions, and phenylacetylene leads to the preparation, &f AcOH >:( )=<
distyryl ditellurides67 in 82% yield (Scheme 32). ¢ CI/Te\CI ¢
Ph Ph 74
Scheme 32 Ph—=—pn _TeCls — S
Ph—— Te%NaOH/N,H, H,0 — — 72 Cr ,, TeCls
Ph TeTe Ph NaBH,/EtBr Ph_ Ph

4 0,
67, 44 % Cl TeEt

75
Accordingly, this procedure can be applied for the

preparation of divinyl ditelluridé8, although in low yields, Propargyl alcohol’6 was successfully employed in such
due to the instability of the product. It is worth noting that a reaction and furnishegg-chlorovinyl tellurium trichloride
ethanol is added to the reaction mixture, which is heated at77 in good yield (Scheme 36¥.

70—80 °C (Scheme 33).

Scheme 36
Scheme 33 HO
_ EtOH =\ /= /—— + TeCly, —— —
Na,Te, + H————H 70-80°C TeTe HO Cl TeCls
65 68, 24 % 76 77
2.1.5. Preparation of Vinylic Tellurides from Elemental Similarly, tellurium tetrabromide has been employed in
Tellurium, Alkynes, and Alky! Halides this reaction, leading directly to the corresponding Bis(

: . ~_ bromovinyl) tellurium dibromide§8 and79in good yields
A convenient method for the preparation of vinylic (Scheme 37§° Mixtures of Z and E isomers were formed,

acetylene, and alkyl halides has been described. The reactiogyroduct.

is performed in the presence of the strongly basic and
strongly reducing system KOH/SnyHi,O, according to the ~ Scheme 37

following equation® R R Br Br
_  _TeBry __ _ .
R— —4»> =\ /= — =
Te” + 6KOH + SnCh, — 1 B ¢ B R T R
K,Te+ 2KCl + K,SnQ, + 3H,0 (1) BB B B
78, Z 79, E
The authors affirm that the nucleophilic tellurium species R=Ph 70% Z-E 451
generated reacts initially with the acetylene to give a vinyl R=CsH11 70% Z:E 3.4:1
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2.2.2. Addition of Organotellurium Halides to Alkynes

Organotellurium halides behave similarly to tellurium
tetrahalides, acting as an electrophilic source of tellurium.
In light of this, (-methoxyphenyl)tellurium trichloride has

been added to terminal alkynes to give 1-chloro-1-organyl-

2-[dichloro(-methoxyphenyl)tellurolethene80 of a Z-

configuration, which can be reduced to the corresponding nd

vinylic tellurides by NaBH in THF and HO (Scheme 38)°

Scheme 38
R—= + ArTeCl, benzene, reflux
1 73-85%
R
_ NaBH,, THF, H,0
cl TeClLAr 83-91% cl TeAr
80
Ar = 4-MeOPh

R =Ph, 4-MePh, 4-MeOPh, 4-EtOPh, 4-CIPh,

Y,
4-BrPh, CgH44, CH,0H, C><
611 2 OH

. . . . HO/\ 1) ArTeCls, benzene, reflux
The reaction proceeds with high regio- and stereoselec- N 2)Nays,0
292V3

tivity, and the structure of the compounds is confirmed by
their 13C shifts and X-ray structures. A mechanistic rationale
is proposed by the authors explaining thetereochemistry

obtained as a result of a four-centered cyclic transition state

81 (Scheme 39).

Scheme 39
Ar

+ ArTeCl; —

Ar

r-Aa

Cl-TeCl,Ar TeCloAr

z
81
Ar = 4-MeOPh

Further studies on the addition gf-methoxyphenyl
tellurium trichloride to 3-hydroxy alkynes were later re-
ported?' The influence of the hydroxyl group in the regio-

Zeni et al.
Scheme 40
cl
R=H — /Ar
—a zo,Te\m
o 83
cl *
b
RR ArTeCly a (_)
= i [ & ]
HO—'/TgAr
c’ ¢
82
b cl
R =-(CHy)s- o )=

Ar = 4-MeOPh
/Te\
Cl” Ar
84
Scheme 41
Q\\ 1) ArTeCl3, benzene, reflux Cl
HO L_ + HO —
OH™Y  2)Na,S,0.
Y NegS205 ATe o TeAr

major, 40 %

Cl HO

—
HO 4)_\TeAr Cl

TeAr

76
major, 47 %

Ar = 4-MeOPh

E-S-bromovinyl tellurides85 and 86 by the addition of
aryltellurium tribromides to terminal alkynes (Scheme #2).

Scheme 42
R ArTeBr; _ . —
solvent, 60 °C R TeBr,Ar  Br TeBrAr
1 68-85% 85, £ 86, Z
E : Z ratios

Methanol : up to 99 : 1
Benzene: up to 2: 98

R = Ph, CH30CHj; Ar = Ph, 4-MePh, a-naftil

The reaction is highly regioselective, but the stereoselec-
tivity is dependent on the polarity of the solvent. In methanol,

and stereochemistry has been examined. X-ray producttellurium ions 88 can be formed due to the more polar

analysis from the reaction of propargyl alcohols with
p-methoxyphenyl tellurium trichloride revealed that cyclic
oxychlorides33 and84 were obtained instead of the desired
acyclic tellurides. Different from simple alkynes (Scheme
34), propargyl alkynes gave the products throughaati
addition pathway, via the formation of a telluronium 88
coordinated with the hydroxyl group. Opening of the
telluronium ion can proceed by patlasand b. Patha is
favored overb when the propargylic position is unencum-
bered, leading to a five-membered oxychloride ring. On the
other hand, with hindered propargylic alcohols, phtis
favored and a four-membered oxychloride ring is formed
(Scheme 40).

When propargyl alcohols are subjected to electrophilic
tellurium addition withp-methoxyphenyl tellurium trichloride
plus sodium bissulfite, thg-chloro vinylic tellurides were

environment, predominantly giving tleati productsds. On

the other hand, when nonpolar benzene was used, the reaction
proceeded through a four-membered transition s&te
which led almost exclusively to th# isomers86 (Scheme

43).

The dibromides35 and 86 described in Scheme 43 can
be further reduced to the corresponding vinylic telluri@8s
and 90 by debromination, leading to trisubstituted alkenes.
Thus, this was achieved by the treatment of Zher E-3-
bromovinyl aryl tellurium dibromides with sodium borohy-
dride, furnishing the desired compounds in good vyields
(Scheme 44).

Organotellurenyl bromides have been used to prepare
vinylic tellurides?® The reaction between alkynes and
bromide (prepareih situ from the reaction between diphenyl
ditelluride and bromine) affords the vinylic tellurides, without

isolated in good yields instead of the oxychlorides (Scheme the need for a reduction step for tellurium dihalides, which
41). This is explained by the direct reduction of the are obtained by the previously discussed method. However,
oxychlorides to the corresponding vinyl tellurides. the selectivity is lower when compared to the case of the
The analogous aryltellurium tribromide can be employed addition of organotellurium trihalides, and the best result in
in a similar manner as their parent trichlorides. Huang and terms of stereoselectivity is a 4.5 to 1 ratio, in favor of the
Wang have described the stereoselective synthe&sanid E isomer 91 (Scheme 45). Interestingly, when propargyl
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Scheme 43
t
benzene R\ _ R
r=-a > e
Il3r-'i'eBr2Ar Br 7 TeBroAr
87 86
R—=—= + ArTeBr;
1
@ ks
Ar'!'e\Brz Br
LA —_— prem—
MeOH R \ R TeBr,Ar
E
Opr
88 85
Scheme 44 Scheme 46
R R
R R
>=\ >=\ R _CpeZr(HCI _ BuTeBr or BuTel _
Br TeBrAr Br TeAr - THF THF / benzene
86, Z 89, Z 1 o2 P | e0-86% o
o NaBH, / THF, 80 % EtOH or
Br -50C, 15 min Br R = Ph, CgHy3, C4Hg, C3Hy, CoHs, CH3OCH,, THPOCH,,
- 0,
=\ 80-86% =\ PhCH,0(CHy)s, HOCHg, L, ()
R TeBrAr R TeAr b
86, £ 9, £
Scheme 47
Scheme 45 e 1) Cp,Zr(H)CI Bt FEt
R Br — = 2)BuTeBr or BuTel TeB
R—— _ PhTeBr — . >:\ eeu
THF Bf TePh R  TePh 94 95, 77%
1 15-62% z 9, E
Z:Eratiosupto1:4.5 A variation of the procedure described above employing
R = H, Ph, CsHy, CH,OH diaryl ditellurides as the electrophilic tellurium source was

published by Huang and co-workéfsThe advantage of this
pnew procedure is that it avoids the previous preparation of
tellurenyl halides. On the other hand, half of the aryl
tellurium starting material is lost in the reaction (Scheme

2.2.3. Preparation of Vinylic Tellurides by a 48).
Metal-Tellurium Exchange Reaction

alcohol was used, the opposite regioisomer was obtained wit
tellurium being attached to the internal carbon of the alkyne.

Scheme 48
2.2.3.1. Zirconium—Tellurium Exchange. The hydrozir-
conation of alkynes is a powerful approach to the preparation ¢ e R (ArTe), R__
of several functionalized alkenes with high regio- and R—— THE “57-78% _
stereoselectivity? Conversely, the preparation Bfvinylic 1 gzerPZC' e
tellurides has been much less studied in comparison to that
of Z isomers. Thus, the well-known potential of the hy- R = C4Hg, CsHy4, CH30CH,, CH3CH,OCH,; Ar = Ph, 4-MeOPh

drozirconation reaction to stereoselectively produge

organometallics has attracted the attention of many research- A gpecial interest has been devoted to the preparation of
ers. These vinylic zirconium intermediates can further miyed chalcogene-containing alkenes, and further studies on
undergo a zirconiumtellurium exchange reaction with an e sequential hydrozirconatietellurium exchange reaction
electrophilic tellurium source, such as organotellurenyl girected to the synthesis of functionalized vinylic tellurides

halides, to furnistE-vinylic tellurides. have been carried out. This methodology was applied from
Two groups have independently reported the zircorium  simple aryl- and alkyl-substituted alkynes to terminal and

tellurium exchange reaction for the preparatiorkefinylic internal alkynyl selenides, and the regioselectivity of this

tellurides? The reaction is performed by the treatment of process was also studied in det4il.

an alkyne with Schwartz’s reagent, £p(H)Cl, where the In addition, terminal selenoalkyn®6 was treated with

vinyl zirconocene chlorided2 intermediate undergoes an  Schwartz's reagent to afford the vinyl zirconate intermediate
exchange reaction with butyltellurenyl halide to exclusively 97 which was trapped with butyltellurenyl bromide, leading
give E-vinylic tellurides 93 in high yields (Scheme 46). to the E-vinylic telluride 98 as the sole product in good
For the most part, terminal alkynes have been employedyields. The reaction was performed with two different starting
in this reaction, but internal alkynes can also be used. Forselenides, and the best results were achieved when R was
instance, hex-3-yne9d) was successfully employed in the the butyl group (Scheme 49). When an internal selenoalkyne
sequential hydrozirconatiettellurium exchange reaction and 99 bearing an aromatic phenyl group was used, the regio-
afforded the corresponding vinylic telluri®® in 77% yield chemistry observed was completely different from that of
(Scheme 47). terminal selenoalkyne, affording only the ketene telluro-
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Scheme 49 desired ketene telluro(seleno) acetiglin good yields as
SeR SeR a sole product (Scheme 52). Interestingly, when the propargyl
=—SeR _CppZrHiCL — BuTeBr /:/
o THF CICp,2r THF /benzene  gyT¢ Scheme 52
96
97 98 )
i R Seli
R=Ph 66 % R——=—H —n-BuLi [R — sl Cp,Zr(H)Cl o
R=Bu 81% 2) Se THF, 1t
1 106 ZrCp,Cl
107
J— Cp,Zr(H)Cl PR SeBu BuTeBr Ph - SeBu
Ph—=—=—S8eBu —li
THF ZrCp,Cl THF / benzene TeBU
99 63 % 100 _Buer

71-82% TeBu
104

BuBr R__SeBu BuTeBr. \__°BY
ZrCp,Cl
102

(seleno) acetal 00, which demonstrates that the reaction
proceeds through a different pathway (Scheme 49).

The authors suggest that an interaction between the chloro R = Csti7: CaHs. Cetis, Ph'Q_é
atom inA from the Schwartz’s reagent and the organose- o _ .
lenium moiety is responsible for the change in the regiose- ether108 derivative was employed as a starting material,
lectivity of the reaction (Scheme 50). no product was obtained (Scheme 53).

Scheme 50 Scheme 53
Bu o ACRRZIHICL THF. 1t Meo\:ﬁeB“
® 1 —
S 2) BuBr
A L TN L L% MeO e 3) BuTeBr TeBu
ZrCp,Cl ZrCp,Cl Cp/zr\Cp
A A plausible mechanism to explain the exclusive formation

h | Ik beari kvl of the a-zirconated vinyl selenolate intermediate is the
However, when selenoalkyné®1bearing an alkyl group o mation of a five-membered cyclic intermedidi9, which
were submitted to the hydrozirconation reaction, a mixture ig py far more efficient than the four-membered intermediate

of the regioisomersy- andS-zirconated vinylselenides02 Sch 50 iousl d for the alkvnvl selenid
and103 was obtained, which can be observed through the gsghgmz 54g.preV|ous y proposed for the alkynyl selenides

ratios of the products formed after trapping with BuTeBr.
Different ratios of the regioisomeric products were obtained, Scheme 54

and the major isomer was always tfesubstituted product R Se.;
104 This indicates that the organoselenium moiety is R—=—seLi <PZMHICI_ =7
partially responsible for zirconium’s preference to attach to THF, rt /Zr\”Cl
the a-position, although the formation of the cyclic inter- Cp Cp

mediate proposed in Scheme 50 is less favored when 109

compared to the alkyl-substituted selenoalkyne (Scheme 51). Telluroalkynes 110 have been evaluated under these

Scheme 51 reaction conditions and have proven to be suitable substrates
for the sequential hydrozirconatietellurium exchange
o Conzitol | R SeB R SeBu reaction leading to the ketene telluro acetal2*’° The
R—=—8eBu— - ¥ only product obtained by the hydrozirconation of tel-
101 ZrCp,Cl  CICp,Zr luroalkynes was the-zirconated intermediatel], regardless
102 103 of the nature of the substituents in the starting material
BuTeBr (Scheme 55). All ketene telluro acetdl$2 were obtained
R = C3Hy, C4Hg, CgHy3, CH3OCH, | THF / benzene in good yields, and no cleavage of the €§pe bond was
64-70% observed under this condition.
R SeBu R SeBu Scheme 55 CouZr(HICI
— + — p— 1 P2Z£r
TeBu BuTe RT=TeR THF
104 105 110
104 : 105 ratios - up to 92:8 R _ TeR! FeTobr R B TeR!
These problems of regioselectivity depicted in Scheme 51 zicp,cl | THF éobe';gege 112 TR
1M1 -79%

were creatively circumvented in an additional study by the
same authors, where they described the preparation of ketene
telluro(seleno) acetal with total regio- and stereocortfrol.
The strategy adopted in this work was thesitu generation

of alkynylselenolate anionK06instead of alkynylselenides. The hydrozirconation of trialkylstannyl acetylenek3has

In this reaction, the hydrozirconation of both alkyl- and aryl- attracted attention due to the high regio- and stereoselectivity
substituted alkynylselenolate anions, followed by trapping observed in the preparation Bfvinylic stannane&? There-
with butylbromide, exclusively furnished the-zirconated fore, the hydrozirconation/telluration conditions were applied
vinyl selenide intermediate$07, which, upon the ZrTe to stannylalkynes in an attempt to prepare ketene stannyl-
exchange reaction with BuTeBr, led to the formation of the (telluro) acetald15(Scheme 563 The reaction was shown

R =H, C3H7, Bu, CH30CH,, PhCH,O(CHy)3, Ph, Qé
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Scheme 56
Cp,Zr(H)CI
R—=———SnBu; THE
113
R SnBu
— s BuTeBr R __ SnBus
ZrCpCl 60-81% TeBu
115

R = H, Bu, CgHy3, Ph, Qg

to be 100% stereoselective, and the functionalized vinylic
tellurides115were obtained in good to excellent yields. The
reaction is completely regioselective, affording only the
a-zirconated intermediat®l4, probably due to a complex-
ation similar to that of the selenium and tellurium analogues.
2.2.3.2. Boron-Tellurium Exchange. Organoboranes
offer a wealth of transformations in the-® bond. In gen-
eral, the Csp2B undergoes reactions under mild conditions,
such as Suzuki cross-couplfigpr transmetalations to or-
ganoziné® or organocopper reagerisDiorganoyl ditellu-
rides can be applied as coupling partners with alkenyl bo-
ranes, in the presence of a palladium catalyst in-d€tero-
atom coupling reaction. Thus, vinylic tellurides of Bxcon-
figuration 117 were prepared by this methodology, via a
dicyclohexyl alkenyl borane intermediat&6in the presence
of a catalytic amount of Pd(PB and a diorgano ditelluride
(Scheme 573 Only E isomers were obtained, indicating
that the boror-tellurium exchange is stereoselective, with
retention of the vinyl borane intermediate configuration.

Scheme 57
R— HB(c-hex),
T THF
1
Re R'TeTeR! _
B(c-hex), | Pd(PPhs)s, NaOH TeR!
116 59 - 68 % 17

R = Ph, CH30CH,, CHyCH,OCH,; R! = Ph, Bu, 4-MePh

The authors propose a catalytic cycle for the Pd-catalyzed

boron—tellurium exchange, where an oxidative addition of
ditelluride to Pd(0) affords intermediat®, which is con-
verted by transmetalation to intermedi8tgfollowed by the
reductive elimination to give the product, which in turn
regenerates Pd(0) to the catalytic cycle (Figure 4). It is valid

Chemical Reviews, 2006, Vol. 106, No. 3 1045

Further methodologies for the chemistry involving boron
and tellurium species lie in the tellurium electrophile-induced
rearrangement of 1-alkynyltrialkyl borat&4856 One reac-
tion can be carried out by the deprotonation of a terminal
alkyne with BuLi and further trapping with a trialkylborane,
furnishing the alkynyl trialkylboraté 18intermediate, which
reacts with tellurenyl halide to afford vinyl telluridel9in
good yields. Another approach consists of the addition of
acetic acid at the end of the reaction, to promote a
protodeborylation, which yields trisubstituted vinylic telluride
120 (Scheme 58).

Scheme 58
T 1) BuLi, THF
2) B(c-hex);
&L
L o PhTel C5H11_ c-hex
CsHyy—=——B(c-hex)3 ———— >
69 %
PhTe B(c-hex),
118 119
R_— _1)BuLi THF
T 2)BEt
1 3) PhTel or
PhTeBr
R Et
R_H ACOH, rt =
PhTé  BEt, | 92-70% PhTe 120“

2.2.3.3. Magnesium-Tellurium Exchange. There are
only a few reports dealing with the magnesiatellurium
exchange for the preparation of vinylic tellurides. In 1996,
it was applied to the preparation of telluro alled@25” The
reaction consists of the generation of allenylmagnesium
bromide 121 from propargyl bromide with Mg/HgGlin
diethyl ether. The reaction of the Grignard reagent with
butyltellurenyl bromide furnished the butyltelluro alleh2?
in 54% vyield after purification (Scheme 59).

Scheme 59

Mg® / HgCl,
Et,0, 0°C

BuTeBr  __
54 %

pr— ;
MgBr

Br TeBu

121

In addition to this work, a very recent paper concerning a
hydromagnesiation of alkynyl silan&23has been published,
in which vinylmagnesium reagent intermediate® were
trapped by tellurium electrophilic reagefitsThe reaction

to comment that the reaction does not occur in the absencevas performed using alkynyl silanes as starting materials

of the palladium catalyst.

R
TeR' Pd(©)
R'TeTeR'
R
= R'TePd(ll)TeR'
B Pd(ll)TeR! A
R
R'TeB(OH)(c-hex), —
/B(c-hex)z

HO
Figure 4.

which were hydromagnesiated witlBuMgBr in the pres-
ence of a catalytic amount of €fCl,. The magnesium was
attached exclusively to the same carbon as the silicon atom.
The vinyl Grignard reagerif24 underwent the magnesium
tellurium exchange reaction with a complete retention of the
double bond geometry, to afford thE-a-aryltellurenyl
vinylsilanes125in good yields (Scheme 60).

Scheme 60
CpTiCl, (5 mol%
R—==SiMe, + i-BuMgBr P12 mol%)
123 Et,0
R SiMe; Al R SiMes
MgBr THF TeAr
124 68-82% 125

R = C4Hg, CsHyy, CeH1s, PhCHy; Ar = Ph, 4-CIPh, 4-MePh
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2.2.3.4. Aluminum—Tellurium Exchange. Vinyl alane Scheme 63
126|nterm.ed|ates are produced by.the hydroalummanon of o 1) R'Cu(CN)LI, THF, -78 °C R GOt
alkynes with DIBAL-H and react with tellurenyl halides to R—=—COEt 5
= : i . ) ) PhTel, HMPA, -78 °C to rt y
produceE-vinylic tellurides93.>° The aluminum-tellurium 134 40-70 % R 135 TePh
exchange reaction occurs with total retention of the vinyl
organometallic intermediate to exclusively afford tke R =H, Ph, CsHyy; R" = n-Bu, s-Bu, Me

vinylic telluride 93. The best results were obtained when . . .
the reaction was carried out in the presence of LiCl (Scheme The carbocupration of acetylenic sulfoxidgbhas recently

61). Moreover, the hydroalumination of alkynyl selenides P€€n accomplished, where a monocopper reagent added
127 has been reported. The reaction produces the mixed€9i0- and stereoselectively in a Michael-type reaction in a

ketene telluro(seleno) acetal29 after the exchange of the ~ Synfashion to give vinyl copper intermediates. These were
vinyl alane intermediatd 28 with butyltellurenyl bromide  &fficiently trapped with PhTel, affording the-phenyltel-

in the presence of lithium chloride (Scheme &%) lurovinyl sulfoxides136 in good to excellent ylelds_. Allyl
copper reagents were employed; however, lower yields were
Scheme 61 obtained (Scheme 64j.
[ & 1 ) R Scheme 64
R—— DIBAL-H — BuTeBr . LiCl —
Hexane / toluene ‘Al(-Bu),| Hexane/ toluene \ 1)R'Cu, -78 °C R SOAr
1 e 50-60 % o3 o2V R—=——SOAr . —
L 126 _ 2) PhTel, HMPA, -78°Ctort TePh
51 34 - 85% 136
[ 1 - 1= CAr =
o OIBALH R SePh burem Lei R SePh R = C4Hg CsHy; RT = Et, Ph, allyl; Ar = p-Tol
12 Hexane / toluene ‘Al(-Bu), Hexane / toluene TeBu . . . . .o
7 | 1z | 22-50% 129 2.3. Preparation of Vinylic Tellurides by Wittig

and Wittig —Horner Reactions 6

R = Ph, C1oHa1, CaHi, CaH, CaHr, <}g

2.3.1. Vinylic Tellurides by Wittig Reactions

2.2.3.5. Lithium—Tellurium Exchange. Our group re- The preparation of vinylic tellurides by the Wittig reaction
ported the lithium-tellurium exchange via generation of the was accomplished by Silveira and co-workers in the 1990s.
reactive lithium species by treatment ofbromo vinyl Two different methods were developed; the first consists of
chalcogenide430with butyllithium in hexané! The func- the transylidation reaction between alkylidene triphenylphos-

tionalized vinyllithium intermediate$31 readily react with phoranel37 and phenyltellurenylbromide. The subsequent
diphenyl ditelluride to afford the vinylic telluride¥32 and reaction with aldehydes furnishes vinylic tellurid&38 in
133in good yields. It is noteworthy that no isomerization moderate to good yields iB/Z ratios of up to 1:8 (Scheme
of the vinyllithium was observed under the conditions 65).

employed, and the reaction proceeded in a stereoconservative

manner (Scheme 62). Scheme 65

2 [PhsP—CHg] X~ 2% 5 pp p=cH, PhTeBr_

Scheme 62
137
Ph\_<YR _nBuli Ph\:<YR _PhTeTePh_ Ph\:<YR e
— RCH -
ar hexane Li TePh Ph3P—CHTeth R TePh
131
130 132 YR = SePh, 63 % 138
- 0,
133 YR = SMe, 63% R = Ph, 2-furyl, 4-NO,Ph, 4-CIPh
2.2.3.6. Copper-Tellurium Exchange. A copper-tel- The second method consists of the generation of triph-

lurium exchange was successfully applied in the synthesisenylphosphonium tellurodihalotellurolates by the reaction of
of vinylic tellurides via carbocupration reaction of alkynes equimolar amounts of aryltellurenyl bromides and phospho-
containing electron-withdrawing groups in conjugation. The nium salts. The reaction with a base produces the telluro-
carbocupration reaction of alkynes is of high synthetic phosphorane$39 which upon reaction with aldehydes give
interest since it allows the preparation of functionalized vinyl vinylic tellurides140in moderate yields and good selectivity
copper intermediates by a Michael-type addition. These (up to 13:1) in favor of th&Z isomer (Scheme 66).
intermediates can be further trapped by convenient electro-

philes to give tri- or tetrasubstituted olefins. One approach Scheme 66

to the synthesis al-phenyltelluroe.,f-unsaturated estet85 R
was described by Silveira and co-workers. The authors @ © 1) ArTeBr : RICH =
described the reaction of substituted ethyl propioldtas PP~ CHRIX" 51 0= PhP=CRTePh 27 g% R'  TePh

with organocuprates to generate the vinyl copper species 139 140

that reacts with the tellurenyl iodide to afford the vinylic R =H, Me; R' = Ph, 2-furyl, 4-NO,Ph, 4-CIPh

tellurides135in good yields (Scheme 68jWhen R= Ph,

a higher temperature is needed for the completion of the Vinylic tellurides 142 have been prepared by a one-pot
reaction. However, the increase in the temperature leads toprocedure, exclusively in th&-configuration, via addition

a mixture ofE andZ isomers. When another R, such as an of t-BuOK to a solution of chloromethyl phenyl telluride

H or an alkyl substituent, is present, only one isomer is 141 and triphenylphosphine in THF, followed by addition
obtained. of an aldehyde (Scheme 6%).
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Scheme 67 Scheme 71
t-BuOK, PPh — [¢]
PhTe cr ——=>2 "8, /T \
~ RCHO, THF R TePh (EtO)zFI’I\/Teph 1) 3.1 eq LDA
141 34-45% 142 2) PhTeBr
145
R = Ph, 2-furyl, 4-NO,Ph, 4-MePh
0 R TePh
The same group has reported the preparation of sym- 2 \ﬁTePh T al-0a% Teph
metrical divinyl telluridesl44by the reaction of intermediate Li 150 ©
143 with aldehydes to generate bis-vinylic tellurides in a 149

mixture of isomers in moderate yields (Scheme %8). R = Ph, 2-furyl, 4-NO,Ph, Me,CH, CHsCH,CH,, H,C=CH

Scheme 68 . . .
® The reaction of thiomethyl phosphonatesl with aryl or
TeCl, + z[ph3§CH3] ,6_,(ph3PCH3)2Tec|4|f)e —— butyl tellurenyl halides, under basic conditions, provides
moderate to good yields of ketene thio(telluro) acet&ia
2 RCHO Both aromatic and aliphatic aldehydes gave a mixturg of
PhsP=o §=PPh; ——2 2 &\ /% andE isomers (Scheme 729.
TS Tisaa8% RO R ( )
143 144 Scheme 72
R = Ph, 2-furyl, 4-CIPh, 4-MePh, Me,CH, CH3CH,CH,

(o}
I

2.3.2. Vinylic Tellurides by Wittig—Horner Reaction 1o 2)R'TeBr

The preparation dE-vinylic tellurides by a Wittig-Horner o) RZ SR
reaction was accomplished by the deprotonation of 1-(phe- EtoRP_ SR R?CHO —
nyltelluro)methyl phosphonatd45 by sodium hydride, \_FTeW 38-75% TeR'
followed by the addition of aromatic aldehydes to afford the L 152
corresponding vinylic telluride446 in high yields exclu- R = Me, Ph; R" = Ph, Bu: R? = Ph, 2-furyl, 4-MePh
sively with anE-configuration (Scheme 69]. 4.CIPh, Me,CH, CHiCH,CHy, H '
Scheme 69

o Phenyltelluro acrylonitriled 54 have been synthesized by

NaH, THF, rt an analogous reaction as described in Scheme 72. Cyanom-

11
(EtO),P_TePh ethyl phosphonatel53 was treated with LDA, whose
intermediate reacted with PhTeBr, affording arphenyl-
145 telluro(cyano) phosphonate intermediats, which reacted
with aldehydes to give acrilonitriles, typically, in good yields
|C|) R and inZ/E ratios ranging from 4.5:1 to 5.6:1. Lower yields
(EtO),P _TePh | RCHO, reflux — \— were obtained when formaldehyde ¢RH) was employed
82-95% TePh (Scheme 73§*
Na R =aryl 146
Scheme 73
Phenyltelluroalkylphosphine oxidet7 has recently been q o R TePh
applied in the preparation of vinylic tellurides through a EORP_ON o =
reaction with aldehydes or ketones. When aromatic aldehydes 153 $)RCHO 154"
were employed, the formation of tlieisomer was favored LDA, THF, 23.03% &mo
in a ratio of up to 15.6:1. However, with aliphatic aldehydes, o°c ZE upto56to1
the favored product was thg isomer, though in lower
diastereoselectivities. The reaction with ketones worked well, 0 o o
furnishing trisubstituted vinylic tellurides48in good yields (EORP ON phetr, T (E1O)LP-__CN DA, THF, 0°C _ (Et0),F. /N
(Scheme 70%8 N -78°C \TCph \ﬁTe"“
155
Scheme 70
o i 2.4. Preparation of Vinylic Tellurides by Free
X NeH, THE.it | prnp. Tepn | R CRT ¢ Radical Processes
PhZPvTePh—> 2 Y 4»50 o5 % = .
147 Na N 2.4.1. Carbotelluration of Alkynes
R, R" = H, alkyl, aryl The carbotelluration of alkynes was described by Sonoda

and co-workerg? Diorganyl tellurides add to alkynes regi-
The preparation of ketene telluro acetdlSO by the oselectively to afford alkenyl tellurides, as shown in Scheme
reaction of diethyl alkylphosphonates with LDA and the 74. Primary, secondary, and tertiary alkyls and benzyl-
subsequent addition of phenyl tellurenyl bromide was substituted tellurides are suitable substrates for this carbo-
described by Silveira and co-workers. The resulting inter- telluration, and good yields of the trisubstituted vinylic
mediatel49was treated with carbonyl compounds to furnish tellurides can be obtained in a range from poor to very good
products150in good yields (Scheme 7%j. E/Z ratios.
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Scheme 74
R® R*
R1TeR2 + R3 — R4 AIBN >:{
R'Te R?
tellurides: PhTenBu, PhTeiPr, nBuTetBu, nBuTeCH,Ph
selected examples:
O O
Mngﬁl MeO MesSi
PhTe nBu PhTe iPr PhTe tBu
73 %, EIZ: 20/80 93 %, EIZ: 29/71 77 %
O
nHex_  fBu Meo—/g_FCHzPh
PhTe nBuTe

42 %, E/Z: 80/20 91 %, E/Z: 56/44

The mechanism of the reaction is believed to be a radical
chain reaction initiated by the addition of 1-cyano-1-
methylethyl radical (I) to phenylacetylene, leading to the
formation ofi-Pr, which then reacts with phenylacetylene
to afford a vinylic radical. This species undergoes a reaction
with diorganyl telluride, leading to the formation of vinylic
telluride, and regenerated’r (Scheme 75).

Scheme 75

In

Ph
>:3J + iPr.

PhTe

In

8 / PhTeiPr

In = 1-cyano-1-methylethyl

In-

Ph—= —"— Ph

Pr

Ph i
PhTe

v iPr- Ph——
Ph iPr \Q

. >_ iPr
PhTe Ph48:/

iPr

NS

2.4.2. Telluroacylation of Alkynes
The telluroacylative addition of telluroesters to alkynes

has been described. The reaction proceeded with the simul-

taneous introduction of the aryl tellurenyl and acyl groups
to the organic molecul& The reaction was performed in
anhydrous dimethylformamide in the presence of cuprous
iodide and triethylamine, and after exposure to air, the
vinylic tellurides156 were isolated in good yields (Scheme
76). It is worthy to mention that the reaction was highly
stereoselective, and onl¥ adducts were isolated. Their
configuration was confirmed based on differential NoE
experiments.

Carbamotelluroated57 have been reported to add to
acetylenes under irradiation of a visible light to form
B-telluroacrylamided 58in a regioselective mannét.The
reaction proceeds via a radical chain mechanism comprising
two processes: (i) the addition of carbamoyl radicals at the
terminal carbon of the triple bond, giving vinylic radicals,
and (ii) the &2 reaction on the Te atom caused by the attack

Zeni et al.

Scheme 76

R
Cul
EtsN, EtsN.HCI

R + ArTeCOAr'

ArTe Ar'!

1560

selected examples:

Ph Ph
O O

81 % 88 %

Ph EtO
Me0—< >—T2_>/~7Ph CI4< >—Te >—< >—OMe
5 s

5% 64 %

of vinyl radicals t0157 (Scheme 77). The reaction typically
occurs in good yields and witB/Z ratios of up to 7:93.

Scheme 77
(0] O
hv RoN TePh
R;N” “TePh + =—R! —
157 R!
158
selected examples:
O (o} O
Me,N TePh Me,N TePh Me;N TePh
= — Me —
OMe
Me o

84 %, E/Z: 35/65  Br 31%, £/2:7/93 Me 57 %, E/Z: 24/76

2.4.3. Thio- and Selenotelluration of Alkynes

The thio- and selenotellurations of alkynes using a (PhS)
or (PhSey(PhTe) binary system were reported by Ogawa
and co-workerg® The reaction occurs with a visible light
irradiation using equimolar amounts of diphenyl disulfide
or diphenyl diselenide and diphenyl ditelluride, giving origin
to the thio- and selenotelluration products in high yields and
very goodE/Z ratios for aromatic alkynes. Alkyl alkynes
gave much poorer yields and selectivity for the thiotelluration
system (Scheme 78).

Scheme 78
by Ph  YPh
Ph—= + (PhY), + (PhTe), —j=oc o™ >=f”
' PhTe

Y =8, 80 % E/Z: 100:0
Y = Se, 95 % E/Z: 90:10

=— + (PhY), + (PhTe), 2

hv HCGH13 YPh
5°C,32h —

nCeHy3
PhTe

Y
Y

S, 60 % E/Z: 55:45
Se, 29 % E/Z: 100:0

2.4.4. Bistelluration of Alkynes

A method involving the photoinduced addition of diphenyl
ditelluride to alkynes has also been developed, leading to
the formation of bis(phenyltelluro) alkene$597¢ The
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reaction was performed under a visible light irradiation
(=400 nm), and a series of vicinal ditelluro alkeri&®were
produced in high yields and in good to excellent diasterose-
lectivities, with preferential formation of th& isomer
(Scheme 79).

Scheme 79
PhTe R2
RI—==—R? + (PhTe), — ™ . —
R! TePh
159
selected examples:
PhTe PhTe PhTe
HisCs  TePh HOCH,  TePh H,NCH,  TePh
62 % 78 % 68 %
o) o\_
PhTe OEt
PhTe \—H _
— EtO TePh
Ph TePh )

80 %, E/Z: 64/36 90 %, E/Z: 82/18

The authors provided a mechanistic proposal which
includes the addition of the phenyltelluro radical (PH)Te
acetylenes to form the alkenyl radical intermediba®® and
the subsequent\@ reaction ofLl61with (PhTe}, leading to
1,2-bis(phenyltelluro)alkene462 with a regeneration of
PhTe (Scheme 80).

Scheme 80

=— + PhTe.

R!

(PhTe),

PhT?
PhTe

PhTe,
(PhTe), _

R TePh Rl
R 'TePh
160 © 162
161

! |

-PhTe. TePh

2.4.5. Addition of Trimethylsilyl Phenyl Telluride to
Alkynes

A three-component reaction of trimethylsilyl phenyl tel-
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2.4.6. Radical Addition of Telluroglycosides to Alkynes

A very interesting paper on the preparation of a vinylic
telluride with a glucosyl moiety has been publisHédhe
reaction is applicable to a variety of aryl and heteroaryl
alkynes in high yields, and it proceeds under neutral
conditions, allowing the use of acid- and base-labile groups.
Alkyl alkynes gave low yields of the product64, and
internal alkynes did not react under the described conditions.
In all cases, thet isomers were preferentially obtained over
the 8 isomers (Scheme 82).

Scheme 82
AcO
AcO AcO (o]
AcO O teTol = hv AcO
Ac&\v + R AcO [ R
OAc
164  TeTol
selected examples
AcO AcO
AcO 0 AcO 0
AcO AcO ’ A\
AcO ~ AcO S~ o

TeTol

93 %
o(E/Z):p: 75(61/39):25

TeTol
48 %

o(EIZ):: 79(67/33):21

AcO
AcO O
AcO [e]
AcO
N ‘\OMe

TeTol

38%
o(E/Z):p: 69(49/51):31

419

o(E/Z):B: 41(63/37):24

2.5. Miscellaneous

2.5.1. Preparation of Vinylic Tellurides via Indium
Tellurolate

Recently, we have described a rigorous chemio-, regio-,
and stereoselective protocol for the hydrotelluration of several
propargyl alcohol derivatives using an indium(lll) telluro-
late’® Tellurium nucleophile is readily generated by the
reaction of In(l)l with (PhTe)in dichloromethane through
an oxidative insertion of indium monoiodide to the-T&e
bond. The reaction of the indium tellurolate, generated

luride, carbonyl compounds, and an alkyne was reported bysitu, with a range of propargy! alcohols furnishes Markovni-

Yamago and co-worker€.The reaction occurs at 10C

kov adducts in good to excellent yields (Scheme 83). The

without solvent. This reaction is applicable to a variety of reaction is efficient for a series of substituted substrates at

carbonyl compounds and alkynes and seems to be useful fofR» R and R positions; however, when longer chain alcohols
the diversity-oriented synthesis of allylic alcohols (Scheme Were employed, no product was obtained (Scheme 83).

81). Aromatic ketones and aldehydes are more suitable

substrates, since shorter reaction times are required and th&cheme 83

product163is obtained in higher yields. The reactionks
selective, and ratios of up to 96:4 are obtained.

Scheme 81
o o MeSi0  R®
MesSiTeph + I+ =—r3 —0C
R OR? no solvent R > TePh
51-97 % R 163
E/Z ratios
67:33 to 96:4

R', R2 = Ph, p-MeOPh, p-Me,NPh, iPr, -(CH,)s-, H
R® = Ph, p-EtO,CPh, p-BrPh, 3-pyridyl, 1-cyclohexenyl, CO,Et

R! R?
R1 OH
S 1 R2 (PhTe), /Inl
OH CH.Cl, R TePh
58-99 %

R =H, Bu, SePh, BUC=C; R = H, Et, Ph, Me; R = H, Me, Et

:—\_/—OH (PhTe), /1nl \ ¢ on
CHCl, 7>

165 TePh
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PhTé—In—I
TePh
Figure 5.

Zeni et al.

with acyl chlorides to give origin to a range d-o-
organotelluroe,f-unsaturated carbonyl compounds’0
(Scheme 86% Regio- and stereocontrol of the reaction is
well defined, and only th& products are obtained. The
reaction is assumed to pass though a@u transmetalation
with retention of the configuration at carb&Besides Cul,
other copper salts, such as CuBr, CuCN, and CaBle,

We believe that the reaction occurs through the coordina- gave similar results.

tion of the propargyl alcohol hydroxyl group with indium
tellurolate, indicating that this could be key for the high

chemio-, regio-, and stereoselectivity obtained in the addition

of a tellurium moiety to an alkyne. This observation can be
used to explain why longer chain alcohols, sucli @5 do
not react under these conditions (Figure 5).

2.5.2. Vinylic Tellurides from Acetylenic Tellurides

Acetylenic telluridesl66 are suitable substrates for the
preparation of vinylic tellurides. Several different reducing

agents were tested to reduce alkyne to alkene, leading to

vinylic tellurides. However, many reagents, such as LiAIH

and hydrazine, fail to have success in this transformation,

Scheme 86
1
Bu TeR! » Bu TeR!
Bu—=—Ter' CPZHICI — R <l s IC' —
ZrCp,Cl u R2
9 51-71% d

R' =By, Ph; R? = Et, Pr, Ph, PhO
2.5.3. Preparation of o.-Halo Vinylic Tellurides from
Ketene Stannyl(Telluro) Acetals

Halogen-functionalized vinylic tellurides have a great
potential for organic synthesis. Their preparation has been

since only terminal alkynes and the corresponding ditellurides described to occur through a Shalogen exchange reaction
were obtained. The first successful method reported was thein mixed ketene stannyl(telluro) acetatsThe reaction was

reduction of alkynyl telluride4 66 with sodium borohydride

in ethanol, under refluX The reaction is believed to form
acetylide and tellurolate anions by the cleavage of the-Csp
Te bond. Next, the tellurolate attacks the triple bond in a
hydrotelluration reaction to generate vinylic tellurides?7

in good yields (Scheme 84).

Scheme 84

NaBH,, EtOH
TeR
reflux

Ph TeR
167

Ph

R=Bu, 93 %
R= C12H25, 80 %

Another approach to the reduction of acetylenic tellurides g

168to produce vinylic telluride82 is the hydrometalation
reaction followed by acidic quenching. The most commonly
used metals are alumingfand zirconiunt’ due to their
ability to reduce the triple bond without cleaving the €sp
Te bond, which is very labile. Comparatively, hydrozircona-

tion offers advantages over hydroalumination reactions,

carried out under mild conditions, and the iodo derivatives
were obtained upon treatment of the starting matetrvd
with 2.15 equiv of iodine in THF (Scheme 87). Other
solvents and different amounts of iodine resulted either in
lower yields or in partial isomerization of the double bond.
Similarly, brominolysis was performed with NBS in THF;
however, a mixture of products was obtained whexnvizas
used instead of NBS. Total retention of the double bond
configuration was observed here, although the brominated
productsl71were obtained in lower yields when compared
to the case of iodinolysis (Scheme 87).

Scheme 87
B R SnBu R I
_ /" _1)NBS,THF \_ ® ), THF _
TeBu 2 Nast? TeBu  2)NaxS;0; TeBu
171 36-60% 172 56-92 %

R =H, Bu, CgHy3, Ph, Q—g

mainly because it is performed at room temperature and 2,54, Preparation of Vinylic Tellurides via

higher yields are significantly obtained. On the other hand,
the use of DIBAL-H as a reducing agent results in a partial
removal of the organotellurium moiety from the acetylenic
tellurides168 explaining the lower yields of vinylic tellurides
32 (Scheme 85).

Scheme 85
R TeBu
CpyZr(H)CI — H0 R/
THF ZrCp,Cl | 80-92%
32
R = H, C3Hz, Bu, CgHy3, CH;0CH ,Ph,@
R———TeBu — o e : ? 2
168 r 1
R TeBu
DIBAL-H e H0 R/
toluene / hexane Al(i-Bu),| 30-51%

32

R =Bu, CgHy3, C7H1s5, C1oHz1, Ph, Q’E

In another example of hydrozirconation of acetylenic
tellurides, the vinylzirconium intermediaté§9are trapped

Electrotelluration Reactions

A new approach into the synthesis of vinylic tellurides
has been recently described by Marino and Nguérhis
reaction involves the addition of a lithium tellurolate anion
to alkynes37 containing an electron-withdrawing group,
followed by the trapping of the incipient vinyl anion with
electrophyles, such as aldehydes, ketones, and trialkylsilyl
chlorides. This method leads to tri- and tetra-substituted
alkenesl73bearing an organotellurium group (Scheme 88).

Scheme 88
R E
R—=EWG + R'TeLi + g*_THF.2010-30°C )=
R'Te EWG

37 173
EWG = esters, sulfones, sulfoxides; R' = Bu, Ph; E* = aldehydes, ketones

Initial tests of this reaction were performed with nonac-
tivated alkynes, and no trapping of benzaldehyde was
achieved. The attention was turned to the more activated
alkynes, such as alkynyl esters, sulfones, and sulfoxides.
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Table 5. Electrotelluration Reaction

R E
_ .. _.__ THF,-20t0-30°C —
R—==—EWG + R'TeLi + E 20 o R1Te>_<EWG
37 173
Entry Alkyne Nucleophile  Electrophile Product Yield (%)
HO
o] 0 Ph
1 /L BuTeLi — 71
4 oM Ph)J\H BuTe OMe
0
HO
0 0
2 /L BuTeLi — 46
=~ “oMe /\)J\H BuTe/_g;O/M:
0
HO
[0} 0 Ph
3 /L PhTeLi = 84
«# OMe Ph)J\H PhTE OMe
o
o ™S
4 /kOMe BuTeLi TMSCI BuTe/_g/kOMe 45
o)
HO,
WY 0 Me>_2—Ph
5 > BuTeLi = 69
/ Ph uietd Ph)J\H BuTe __S—Ph
Me o7l
0
HO
O\\ //O /\)OJ\
6 =" Ph BuTeLi — 60
7 _
e / H BuT¢ o,/s\é Ph
o) HO,
} 0 Me>_27|=h
7 EN BuTeLi = 65
/ Ph Ph)kH Buté 5—Ph
Me o]
o HO
g | o /_2_/*
’ = P PhTeLd /\)J\H PhTé _/S—Ph 7
Me o

aA 1:13 ratio of E/Z isomers was obtained.

Several variations in the organic group attached to tel- studied. The reaction is analogous to the intramolecular
lurium as well as the electrophile are tolerated. The authors Baylis—Hillman reactiorf* with the advantage that the
observed that the aldehydes are very good electrophilestellurium nucleophile is incorporated into the product after
giving the products in very short reaction times (Table 5). ring formation, and the product can then be further trans-
Trimethylsilyl chloride was also employed as electrophile, formed into other functional groups. The reactions were
which gave the vinylic tellurides, without any O-silylation performed mainly with lithium phenyl tellurolate due to the
product formation (Table 5, entry 4). The authors also fact that its products demonstrated higher stability than those
described that the phenyl tellurolate is less reactive than theof lithium butyl tellurolate. The intramolecular electrotellu-
butyl tellurolate, allowing acig/trans equilibration of the ration was completed very quickly, and the cyclized products
vinyl anion (Table 5, entry 3). Except for this case, all other were obtained in moderate to good yields. Seven- and eight-
examples with esters, sulfones, and sulfoxides afforded themembered rings were obtained in lower yields because the
Z-vinylic telluride in good yields. proton trapping of the vinyl anion intermediate was competi-

Upon the success of this first attempt at the electrotellu- tive with the intramolecular cyclization (Table 6, entries 5
ration reaction, the intramolecular version of this method was and 6).
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Table 6. Intramolecular Electrotelluration
Entry Alkyne Nucleophile Product Yield (%)

0]

HO
o PhTeLi %jf‘\ OMe 72

TePh

O
O, —
oM
H
0 wo O
O\S S Z : oM
2 oMe t-BuTeLi %jﬁL ° 51
H Tet-Bu
OH ©
(0] (0]
= PhTeLi ome 80
(0]

Me TePh

o o
4 = " remger @EL oMe 74
OMe X
0 o OH o
5 }—\_/%/{ PhTeLi Ofko.we 41
H OMe
TePh
(0] OH o
6 = _ qo PhTeLi (:/)i”\om 43
OMe TePh
3. Reactivity of Vinylic Tellurides acid catalysis of PPTS (Scheme 89). The hydrolysis of the
- . ) THP ethers regenerated the vinylic tellurides with free
3.1. Stability of the Carbon —Tellurium Bond in hydroxyl groups and was performed under acidic conditions
Vinylic Tellurides with PPTS/EtOH at 50C (Scheme 89). In the protection or

A remarkable paper was published by Comasseto anddeprotectio_n re_action, neither removal of the tellurium group
Rahmeier in 1997 that dealt with the stability of the carbon ~ NOr isomerization of the double bond was observed. When
tellurium bond in vinylic tellurides toward several different the reaction temperature was higher than°&5 dibutyl
reagents frequently used in organic chemistry laboratoriesditelluride was formed as a byproduct.
worldwide8® When TBDMS was used as a protecting group, under a

The authors studied both transmetalation reactions, whichbasic catalysis of imidazole, high yields were obtained.
we will discuss in detail in the upcoming section, and the Conversely, the deprotection of the corresponding tellurides
behavior of vinylic tellurides under several different condi- With free OH groups was easily achieved by treatment with
tions, such as acids, bases, and oxidizing and reducing agentgzesium fluoride in MeOH at 58C (Scheme 90). The €Te

First, the stability of the €Te bond was studied in the bond has also proven to be stable under these reaction
presence of protection/deprotection conditions. Hence, threeconditions.
different vinylic tellurides,174, 175 and176, containing a Acetylation of vinylic tellurides was performed with acetic
free hydroxyl group were protected as their THP ethers underanhydride in pyridine giving the acetylated productgy,

Scheme 89
— 65 % 84 % —
THPO—/_\TeBu HO—/_\TeBu
174
PPTS / EtOH
J:/:\ TeBu - 90% | | 85% , J:/:\ TeBu
THPO HO 175
PPTS, EtOH
DHP, rt
THPO HO
BuTé \\ «82% | L 80% , BuTe \\
OTHP 176 OH
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Scheme 90
— 98 % 82 % —
TBDMSO—~/—_\&eBu HO—~/P_THEBU
174
CsF / MeOH
55°C —
J:/_\Tesu 97 % Bk . f/_\ TeBu
TBDMSO 175
TBDMSCI / imidazole
DMF, 40 °C
TBDMSO HO
- 90 % 85 % -
BuTe \B\ EE—— B;;;>__\\&\¥_
OTBDMS OH
176
Scheme 91
— 90 % B % , —
aco— “Tebu Ho— “reu
177 174
K,CO; / H,0, MeOH
J:/:\TeBu 91 % 95 % H04/=/_\TeBu
A0 478 175
Ac,0 / pyridine, rt
AcO HO
— . . —
BuTe YN 90 % - 90% BuT;>__\\&\L_
179 OTBDMS 176 OH
Scheme 92
AcO OAc
¢ \|l\/OAc
0 BuTe
BuTe — O rt > BuTe/_\:>: + _
. . 0, I
175 OH Z:E4:1 80% y (o] o

H

NaBH, / EtOH, rt

BuTe
BuTe/_\:\; + \:\:\;
175 OH OH
Z:E 64 75%

178 and179 in high yields. The corresponding hydrolysis The besZ/E ratio (8 to 1) was obtained when Sid hexane
of the acetylated products was performed under basicwas employed (Scheme 93).
conditions, regenerating the vinylic tellurides in excellent

yields (Scheme 91). Scheme 93

The studies have been further extended toward oxidizing S
and reducing conditions. In fact, it has been observed that o
telluride 175was oxidized to the corresponding unsaturated = — BuTe
aldehyde in 80% yield by treatment with Deddartin B”Te/_}%gf‘ Z- EZZT:? 83 % BuTe/_>:° * AN
periodinane. However, the isomerization of the telluride 180 H H
carbon-carbon double bond took place and a 2 mixture Sio,
was isolated. The reduction of this mixture with NaBH Z:E81 9N%
resulted in vinylic telluride with &/E ratio of 6:4 (Scheme _ _
92). 3.2. Transmetalation Reactions

The hydrolysis of vinylic telluridel80 under several One of the most powerful applications of vinylic tellurides

different conditions resulted in the formation of unsaturated is the ability to undergo telluriummetal exchange reactions
aldehyde in good vyield. However, under all conditions with several different commonly used, commercially avail-
employed, isomerization of the double bond was observed.able, or easily prepared organometallic reagents. This tel-
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ey —> Vg —> rR—=
2 1
Figure 6.

lurium—metal exchange reaction proceeds very easily, giving
origin to vinyl organometallics, which are very useful inter-
mediates from the synthetic point of view. In addition to the

ease of the exchange reaction, one unique feature of vinylic

tellurides is that they giveZ-vinyl organometallics by a
simple hydrotellurationtransmetalation sequence (Figure 6).
In this section we will discuss the nuances of the

tellurium—metal exchange reactions, emphasizing their scope),

and generality for useful transformations in organic synthesis.

3.2.1. Tellurium—Lithium Exchange Reactions

The tellurium-lithium exchange is a very attractive trans-
formation of vinylic tellurides, since it affords the corre-
sponding vinyllithium species, which react with a wide range
of electrophiles, providing funcionalized alkenes with a com-
plete retention of the stereochemistry of the starting telluride.

A significant study on the telluriumlithium exchange was
carried out by Kauffman# in an extension of a previous
finding of SeebacB! in which organic tellurides were
transformed into their lithium analogues by treatment with
an organolithium reagent. The reaction of lithium intermedi-
ates181 with trimethylsilyl chloride afforded the silylated

product182in 48% yield (Scheme 94).
Scheme 94
TePh TePh Me-SiCl
_ LDCA, THF :< e3Si
Li
181
TePh 1) PhLi SiMe3
SiMe, 2) MesSiCl SiMe,

48% 182

A few years later, Comasseto and co-workers studied in
detail the transmetalation @fvinylic 32 andZ,Z-bis-vinylic
tellurides57 with BuLi.®® The reaction of the vinyllithium

intermediates with several electrophiles, such as aldehydes

ketones, and alkyl bromides, was accomplished in good
yields, leading to functionalized-alkenes with a complete
retention of the original double bond geometry (Scheme 95).

Scheme 95

R
32

E*

—_— -
70-85%

eBu R E

Buli, THF, -78 °C /7 N\
| R Li

2E*

—_—

66 - 89 %

/_\

R E

/~—\_/7\_ _2Buli, THF, -78 °C /N
R Te R R Li

57

R =Ph, H, Me, 4-BrPh, 4-MePh, THPOCH,, O

E* = PhCHO, CgH,7Br, Ph,CO, <:>:o

Moreover, wher¥,Z-bis-vinylic tellurides57 were employed,
2 equiv of vinyllithium was formed. The authors observed
that when an aryl group (as i¥2) instead of a butyl group
(as in32) was attached to the tellurium atom, a complex

N—CHy;

Zeni et al.

one site to attack

!

two sites to attack

3 %
R Te

142
Figure 7.

the fact that BuLi can attack two sites (theiz—Te and
Cayi—Te bonds), giving a mixture of lithium intermediates and,
consequently, affording a mixture of products (Figure 7).
After these findings, many other classes of vinylic tel-
rides have been used to generate vinyllithium intermediates
with a defined double bond geometry. Conjugated vinylic
tellurides, such as those containing an enyne m@etyvere
successfully transmetalated with BulLi, yielding enynes free
of tellurium 18342 The reaction occurred with total retention
of the double bond geometry, even when the temperature
was raised from—78 °C to room temperature. This is
noteworthy since the halogetithium exchange in conju-
gated systems, such as enynyl bromides and butadienyl
bromides, occurs with a loss of the stereoselectivity of the
double bond (Scheme 9&)The enynyllithium intermediates
obtained by this method successfully react with benzalde-
hyde, dimethyl sulfate, and water in high yields and very
short reaction times (ca. 30 min).

Scheme 96
R? R2
— 1) BuLi, -78°C —
BuTe>_\ ECEC TR
20 Vo 03-%0% 183\,

R', R? = Ph, 4-MePh, Me; E* = H*, Me,SO,, PhCHO

The conjugated diene system bearing a tellurium group
deserves a particular interest in the transmetalation reactions,
since it is an important structural feature of many natural
products, such as insect pheromoffeghis system is a
highly valuable intermediate in organic synthesis, especially
as a substrate for the Dietg\lder reaction®® The stereode-
fined functionalized dienes can be prepared by means of a
Te—Li exchange of 1-butyltelluro-1,3-butadie®84.14° The
transmetalation occurs smoothly at low temperatures, and
the trapping of lithium intermediates by electrophiles, such
as acetone and acetaldehyde, giXsdlylic alcohols in good
yields (Scheme 97). The reaction with water as a proton
source readily furnishes the product free of the tellurium

group185in moderate yield (Scheme 97).
o TeBu o OH
5 e
Me
)\

184
185

Scheme 97
—\ __OH
Me Me

Me,

BuTeﬁ
= OH

1) BuLi
2) Me,CO
60 %

1) BuLi

DBuli

2) MeCHO
65 %

2 eq. BuLi, THF
57 %

The reaction of (Z,32)-1-butyltelluro-4-methoxy-1,3-
butadiene 186) with BuLi at —78 °C generates the vinyl-
lithium intermediatel87, which reacts with benzaldehyde
to afford allylic alcohol188 in 53% yield. The product is

mixture of products was obtained. This can be explained by spontaneously and quantitatively converted into the 5-phenyl
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Scheme 98

BuTe — BuLi, THF, -78°C_ | Li —
\:/_\OME |: \:/_\OMe

187

186

pentadienall89 with an E-configuration in the two double
bonds (Scheme 98).

Furthermore, the reaction of butyllithium with 1,4-bis-
(butyltelluro)-1,3-butadiene1@0) did not afford the 1,4-
dilithium speciesl91 as expected; rather, a ring closure to
form tellurophenel92 was observed®® The first tellurium
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OH
PhCHO Ph‘Q_/z\
53 % =/ OMe

188

\quantitative

ph XX CHO
189

Scheme 101
R R R
1) BuLi, THF, -78°C \:\ 1) BuLi, THF, -78°C_ ™
COH 2)co, 3 TeBu 2) cICO,Et CO,Et
3) Hz0*

57-76 % 68 - 80 %

R' = Ph, CgHys, <}§

exchange occurs, and before the second exchange takes place,

the tellurium atom is intramolecularly attacked by the vinyl

anion, and the aromatic heterocycle is formed. A second
equivalent of butyllithium is assumed to deprotonate the
a-position of tellurophene. This fact is supported by the
addition of benzaldehyde to the reaction mixture, affording
2-substituted tellurophen&93in 60% yield (Scheme 99).

Scheme 99
BuTe — BuLi \ ¢ Li —
\:/_\TeBu X \:/_\Li
190 191
‘BuLi
BuTe, —
N, - O
Té U 16 E
192 193

E* = H,0, PhCHO, MeCHO

In addition, 2,5-disubstituted tellurophei®4 was pre-
pared by the reaction of bis(butyltelluro)-1,3-butadi&ie
with butyllithium in THF in 63% yield (Scheme 100).

Scheme 100
OH
Buie)_/:( 2 eq. Buli HO\/@\/OH
— TeBu 63 % Té
HO

31 194
The E isomers of vinylic tellurides undergo a tellurium
lithium exchange in the same manner asZtisomers. The
synthetic potential of such a reaction was tested in the
preparations oft,-unsaturated acids and esters, which were

1) BuLi, THF, -78°C

2) CO,
3) Hs0*

L

R2 = Ph, CgHy3

1) BuLi, THF, -78°C
TeBu 2) CICO,Et

L

R'"” “CO,Et

A

R CO,H R!

60-74 % 55-79 %

A very remarkable report on the reactivity of vinylic
tellurides toward butyllithium describes the intermolecular
competition between the telluriuatithium exchange and the
direct addition of the organolithium reagent to carbonyl
compounds? For this purpose, 1 equiv of BuLi was added
at—78°C to a solution of equal amounts of vinylic telluride
and the carbonyl compound in THF. This study showed a
remarkable reactivity profile for vinylic tellurides in com-
parison to carbonyl compounds and was useful to predict
the reactivity of such systems in an intramolecular version
of this reaction. The results of these experiments showed
that when a ketone was employed, the reactiom-8fuLi
took place exclusively at the vinylic telluride, giving the
corresponding vinyllithium intermediate, which further re-
acted with cyclohexanone to afford allylic alcoht®6 in
good isolated yields. The three different isomeric tellurides
195 197, and198 showed the same behavior and furnished
the product in similar yields (Scheme 102).

accomplished in good yields by successive transmetalations

and trapping of the incipient vinyl anion. Carboxylic acids
were obtained by capture of the anion with £&hd acidic
quenching in yields ranging from 55 to 79%. The parent
esters were achieved in comparable yields<(80%) by a
similar protocaol, just by changing the trapping agent to ethyl
chloroformate (Scheme 104%

Scheme 102
o)
— . BulLi —
Ph TeBu THF, -78°C Ph/_><:>
195 70 % HO
196
o)
Ph o
— + BuLi _
TeBu THF, -78°C
197 64 %
HO
o)
Ph Ph
. BulLi
By THF, -78°C :g<:>
69 %
198 o HG
Scheme 103
OH
=S BuLi —
P ‘eu * TMCHO e 7sec Ph/_>—Ph *
195 64 % HO
196, 59 % 197, 41%
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Scheme 104
o}
__/TeBu . ij Bui TeBu
THF, -78°C — + =
198 'eBU TeBu
HO
34 % 50 %
HO
__feBu . PHCHO Bui Ph OH
TeBu THF, -78°C - ph)\/\/
198 TeBu
47 % trace
The same authors observed that when benzaldehyde is>cheme 106
employed in the place of cyclohexanone, a competition Bu __ SeBu
between transmetalation and addition reactions is observed, reBu
since the product$96and197were isolated. However, even 200
when the more reactive aldehyde was used, thelTe BuLi
exchange and further attack of the vinylic intermediate to T:F' 78°C
benzaldehyde was the predominant pathway, since the major
products were allylic alcohols (Scheme 103). Bu  SeBu Bu  SeBu Bu  SeBu
On the other hand, when ketene telluroacetd8 was =( 4—3—2;‘?,/— = DME =
treated with the same reaction conditions described in H ’ 201 ’ L}H
Scheme 94, the TFeli exchange occurred exclusively at 0
one of the butyltelluro moieties. The reaction of the vinyl C'/W BUCHO e
anion intermediate with carbonyl compounds takes place,sy  seBu 65 % 68 % 5 SeB
but the products are isolated in low yields. This is probably = ANt
due to the lower reactivity of the vinyl anion, as it is par- 4 OFt Bu  SeBu OH
tially stabilized by the adjacent tellurium atom (Scheme = o
104)% i
Taking advantage of the higher reactivity of the-Te
bond in the presence of a carbonyl functional group, an
intramolecular reaction was performed and the cyclopen- Scheme 107
tenols199were obtained in moderate yields (Scheme 85). R, j8Ph
Scheme 105 TePh
o R_OH BuLi
R BulLi THF, -78 °C
4/<—\=/TEBU THF, -78°C 6 '
199 R SPh . R SPh R SPh
EZ'\EAS' 5% L<E 62 5 85 % 171_<Li 4oD-N;F3% \:;VH
202 g
Reactions of ketene telluro(seleno) ac@@band telluro- R = Ph, 4-CIPh, Pr; E* = PhCHO, H,0, Mel

(thio) acetals witm-BuLi showed a regioselective removal

of the organotellurium moiety and a formation of function- 3.2.2. Tellurium—Copper Exchange Reations

alized a-chalcogenide vinyllithiun201 and 202 The pos- The tellurium-copper exchange is probably the most
terior reaction ofa.-chalcogenide vinyllithium with several — important and promising of the tellurium exchange reactions,
different electrophiles, such as water, DMF, ethylchlorofor- since it affords vinyl copper reagents oZeconfiguration,
mate, carbon dioxide, and aldehydes afforded the vinylic which can react with a variety of electrophiles and with
selenides, unsaturated aldehyde, ester, acid, and allyliccomplete retention of the double bond geometry.

alcohol in good yields with total retention of the double bond  The landmark paper on the telluriuncopper exchange
geometry (Scheme 108).It is important to note that the  was published by Comasseto and Berriel in 1990 and opened

Te—Li exchange occurs much faster than the-Seex- outstanding new branches in the field of organotellurium

changée’ chemistry?* The discovery of this new methodology to
Similarly, ketene telluro(thio) acetals undergo the tel- generateZ-vinyl copper reagents by a simple hydrotellura-

lurium—lithium exchange, leading to thethio vinyllithium tion—tellurium exchange sequence has allowed the explora-

intermediates, which react with water, benzaldehyde, andtion of several new features of tellurium chemistry that had
methyl iodide to give the functionalized vinylic sulfides in  not been envisaged before.

good yields® The reaction with DMF as the electrophile These new reactive alkenyl copper reagents have been
surprisingly affords almost only one isomer of the product, successfully employed in conjugate additions to enones,
even if a mixture oZ andE isomers of the starting material leading to functionalized carbonyl compounds in high yields.
is used (Scheme 107). The reaction is performed by adding vinylic telluride to the
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higher order cyanocuprate at room temperature. The ligandresults were achieved when the cuprate was formed from
exchange reaction between vinylic telluride and the higher methyl, 2-thienyl (2-Th), or imidazoy! (Imid) cuprates, all

order cuprate occurs, followed by the addition of enone to
the mixture at—78 °C. The nature of the R groups at the
cuprate is important for the outcome of the reaction. No
significant difference in the generation of the mixed cuprate
was observed when an Me orBu group was used, but

sometimes a competition between the vinyl and butyl trans-

of which exclusively gave the vinyl transfer produzd4.
The cuprates most used were J@e(CN)Li, and Bu(2-Th)-
Cu(CN)Li.

Three different enones were employed in this study,
namely cyclohexenon203 4,4-dimethylcyclohexenor07,
and methyl vinyl keton®208 A range of vinylic tellurides

fers can be observed (Scheme 108). However, when morewas employed, and all of them were successfully transmeta-

Scheme 108

e

86 -89 %

R,Cu(CN)Li,
THF

{Ph o CuR(CN)Li,

R =Me, n-Bu, s-Bu

(e}
(o]
M
203

Ph TeBu

195

RSV,

crowdeds-Bu or sterically hindered enones were employed,
the 1,2-addition reaction took place instead of the 1,4-
addition (Scheme 109). It is important to point out that if a
phenyl, instead of a butyl group, is linked to tellurium at
the vinylic telluride, a change in the selectivity of the transfer
reaction of the phenyl group over the vinyl is observed.

R

89 %

Scheme 109

Ph

B

Cus-Bu(CN)LiJ

\u

OH
)\/\ﬁrPh

74 %

PR o-Bu,Cu(CN)Li,

THF Ph

TeBu

Later studies by same group have revealed that the reactio
has been carried out with a wide range of enones using

several different vinylic tellurides as precursors for the mixed
cuprates!29Detailed examination of the reaction conditions

indicated that the butyl group was not the best residual ligand

of the cuprate, since it led to a mixture of vinyl and butyl
transfer product04 and 205 (Scheme 110). The better

e

Scheme 110

=\ Bu,Cu(CN)Li, / —\
PH TeBu THF CuBu(CN)Lix| —
195
204, 75 % 205, 23 %

lated to the mixed higher order vinyl cyano cuprates, exclu-
sively giving the alkenyl 1,4-addition produ@86. Several
useful products have been achieved by this methodology,
since stereochemically defined vinylic tellurides bearing diene
or enyne moieties undergo the tellurititwopper exchange
smoothly and are then transferred to the enones in good
yields (Scheme 111). It is also noteworthy that no isomer-
ization of the double bonds is observed. There is no great
influence if the R group is changed from 2-Th to Méa95a.b

Scheme 111
o]
o)
R2 R2 K
= RrRRCU(CN)Liy /=< g ks

R'  TeBu THF R'"  CuRR(CN)Li,| 61-90% Y N

206 R?
Rt = Me, Bu; Rg = Me, 2-Th

enones

o (e}
203 ; ;
207

vinylic tellurides

Ph

TeBu 4/—<_\TeBu
195 THPO

Ph
:<_\TeBu /:< TeBu
Ph

Moreover, bis-vinylic telluride®7 are suitable substrates
for the generation of the mixed cuprates with the advantage
that 1 equiv of the bis-vinylic telluride can generate 2 equiv
(Pf the higher order vinyl cuprate. The reaction proceeds in

el

54 -90 %

TeBu
THPO

TeBu

Scheme 112

/—\ RrRCu(CN)Lip_
Te THF
57

R

ol

Me, 2-Th

[ }
R CuRR(CN)Li,

enones

@Q

vinylic tellurides

Rt =Me, Bu; Rg =

p-CIPh Te Php-Cl

/TN

Ph p-MePh Te Php-Me

/—\ N T\ /—\
THPOA/_<_\ /_>_\—0THP
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Scheme 113
o)
P “TeBu ﬁ\ 0
195
. Bu(2-Th)Cu(CN)Li, — Ph
° BF;OEt, THF  |PN Cu(@-Th)Y(CN)Li, 70 % =
Ph Te(2-Th)
™S Bu

similar yields when compared to butyl vinyl tellurides, and Highly unsaturated systems were assembled by this
the vinyl moiety is transferred exclusively, with complete strategy, as depicted in Figure 8. The possibility of further

retention of the stereochemistry of the starting tellut@ésa>
TfO TfO ™S
" I
= =

The authors observed that hindered enones fail to reactrmso TMSO

under the reaction conditions described in Scheme 112. To

overcome this problem, changes in the reaction conditions Ph Ph

were studied in order to make it possible to transfer vinyl — Z

copper reagents to more encumbered substrates. An efficient  70% 2% 211, 60 % 65 %
solution to this problem was to add BEt,O to the reaction
mixture, giving the 1,4-addition product in good yields with
both THF and ether as solvents (Scheme 2%3).

Additional studies on this reaction toward highly unsatur-
ated systems have been developed. They explored the conju-
gate addition of an organocuprate followed by O-function-
alization, leading to enol silanes, triflates, and phospH4tes.

Several different vinylic tellurides of @-configuration, extension of the chain with selective cross-coupling reactions
such as those containing diene and enyne moieties and bisat the OX group, leading to even more complex unsaturated
vinylic tellurides, were employed in this reaction. The conjugated systems, was devised. Similarly, a Negishi-type
intermediate enolate was trapped with chlorotrimethylsilane, ¢ross-coupling reaction catalyzed by Pd(0) was performed
diethylchlorophosphate, artd-phenyltrifluoromethane-sul- - with z-vinylzinc chloride210, generated by the transmeta-

(Et0),(0)PO OTBS  Etoj0P0
CO,Me

Ph
=
65 % 60 %

Figure 8.

fonamide to generate the enolsilanes, phosphates, and trijation of vinylic telluride 209 with BuLi, followed by the

flates, respectively (Scheme 114).

Scheme 114
Me,Cu(CN)Li,
THF

R TeBu
32
o

S
1)

OX

A R

oo
R CuMe(CN)Liz| 2) O-functionalization % =

X = TMS, P(O)(OEt),, Tf

Scheme 115

/_\ TeBu 1) BuLi, THF, -75 °C
. (o}
209 2) ZnCl,, THF, -75 °C

™S T™S

OTf

/\OH

treatment of the vinyllithium intermediate with zinc chloride.
The reaction proceeded smoothly to afford the TMS-
fuctionalized dienyne212 in 80% vyield. In addition, a
Sonogashira reaction between propargyl alcohol and enol
triflate 211 catalyzed by Pd(PRBh was performed, giving
the cross-coupled produ2i3in high yield (Scheme 115).
Besidesa,S-unsaturated ketones, another class of elec-
trophiles that have been used in reactions with the vinyl
copper species generated by the tellurittopper exchange
reaction is epoxide829
Epoxide opening proceeds throughy@3$nechanism, and
in the particular case of a reaction with vinyl cuprates,

oTf
Ph
@\/ // =
/_\an 211 ™S Ph
Pd(PPha), (10 mol %)
210 THF, rt 7
212, 80 %

HO

Ph
=

211 pyrrolidine, rt

Pd(PPhj), (10 mol %)

Ph
=

213, 80 %
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Scheme 116
Ph Té  Ph
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- = 215
J:<_\ TeBu —— 2~ IR Cu@-Th)CN)Li, ~ R
THPO 214 R
55-91 %
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— 7 216
/ / TeBu n=01
— . —
)n OTHP OTHP
T a7 n ‘OH
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Scheme 117
0
¢ Me OH
Me Me ph N0 N e
_ Bu(2-Th)Cu(CN)Li, = . 219 . o ph
Y TeBu THF R Cu(2-Th)CN)Li, 55 % I 220
Me
Me
homoallylic alcohols are formed as the major products. The scheme 118
importance of this transformation is highlighted by the fact R2,Cu(CN)(MgBr), _
that homoallylic alcohols are key intermediates in several R TeR' — 70.95% ~ R R

total synthese¥®
The higher order vinylic cuprate®14 which were em-

221
R? = n-Bu, s-CsHy4, Ph, MeCH=CH

ployed in the epoxide openings were generated in the same
manner as for the addition to enones. Hence, dilithio-2- vinyiic tellurides
thienylbutylcyanocuprate was chosen for the transmetalation

reaction, since both MEu(CN)Li; and ByCu(CN)Li,
demonstrated transfer competition between alkyl and vinyl
groups.

Several different epoxides were opened under these

conditions. Usually, monosubstituted epoxi@d$ gave the
product of attack to the less-substituted position in good
yields. Disubstituted epoxides failed to react, even if a Lewis
acid was introduced to the reaction medium. It is remarkable
to note that cyclic vinyl epoxide®16, such as cyclopenta-
diene and 1,3-cyclohexadiene monoxide, yielded preferen-
tially the 1,4-addition produc2l7 over the 1,2-addition
product218 although in moderate regioselectivities (Scheme
116). Again a remarkable feature of the reaction is the
complete retention of the stereochemistry of vinylic telluride
during the vinyl transfer process.

Chiral epoxides, such a219 were employed in such
transformations since the chiral homoallylic alcoBaDwas
isolated without any loss of its optical purity, as determined
by F NMR spectroscopy of its Mosher’s ester (Scheme
117).

A dramatic change in the reactivity pattern is observed
when the counterion of a higher order cyanocuprate is
changed from the usual lithium to magnesium broniffe.
The presence of the MgBr counterion favors the coupling
reaction instead of the transmetalation reaction, affording the
tellurium moiety substitution produ@21 in good yields
(Scheme 118). The reaction failed to furnish the product with
a vinylic telluride containing an enyne moiety, which
exclusively gave the transmetalation product.

In contrast to the transmetalation reactions, which occur
when a vinylic telluride reacts with a dilithio higher order

P “TeBu 4/:/_\ TeBu PH  Te  Ph
195 MeO
pCPH  Té  Php-Cl J:<_\ Te%
THPO OTHP

organocuprate, the reaction of vinylic tellurides with lower
order organocuprates furnished the coupling product instead.
The coupling reaction proceeds stereoselectively with reten-
tion of the configuration of the starting telluride, and only
the terminal TePh group undergoes a substitution reaction

with the organocuprat€! Several different cuprates were

successfully employed in this process, isolating the products
222in high yields (Scheme 119). The reaction is assumed

Scheme 119
R TePh R R’
— + R120uLi i >=/
61-92%
PhTe PhTe

222
R = Ph, CgHy3, EtO,C; R' = Me, Bu, Ph

to proceed through an oxidative addition resulting in a Cu-
(1 intermediate223 which suffers reductive elimination
to afford the coupled product (Figure 9).

'I'ePh ©
R CuMe,
PhTe
223

Li®

Figure 9.
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Scheme 120
CO,Et . CO,Et
BuTe j + RyCuMgar THF-78°C_
— 82-98% —
224 Bu 225

R = Ph, CgHyg, C1oHz1, Ph, p-MePh, p-MeOPh, E-PhCH=CH

Scheme 121
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Scheme 122
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Zeni et al.

in these studies, such as those containing aryl, ester, and
morpholine groups. Bis-vinylic angtchlorovinylic tellurides

can also be employed in the coupling reactions. The influence
of the counterion at the cuprate was also examined, showing
that both Li and MgBr performed well. In the case of
B-chlorovinylic tellurides, the reaction occurs selectively at
the organotellurium group without modifying the chlorine
atom. The advantage of the employment of cyanocuprates
over dialkylcuprates is that only 1 equiv of the lithium or
Grignard reagent is required for the formation of the copper
reagent (Scheme 121).

Another application of the coupling reaction of vinylic
tellurides with lower order cyano cuprates is the reaction
with functionalized tellurides to obtain detellurated prod-
uctsi® When the reaction was performed at room temper-
ature, inversion of the configuration of the double bond or,
in some cases, a mixture of isomers was obtained. However,
when the temperature was lowered, the reaction took place
with complete retention of the geometry of the double bond
(Scheme 122). The results in the preparation of such systems
gave better diastereoselective results than the direct substitu-
tion reaction between cuprates gfidketo enolphosphates.

The synthesis of enynes and enediynes was achieved by
taking advantage of the telluriuntopper exchang®® The
reaction was performed by an initial transmetalation of a
vinylic telluride with a higher order cyano cuprate, resulting
in vinylic cuprate226 These intermediates were transmeta-
lated to the vinylic zinc chlorides, which were coupled with
several bromoalkynes, resulting in the enynes and enediynes

Another report on the coupling reaction with lower order . .
cuprates describes the substitution reaction of a butyltelluro 227in good yields (Scheme 123).
group with several different copper reagents to give ethyl i ;
5-telluro-(ZE,42)-pentadienoate224.192 The reaction was 8.2:3. Tellurium~Zinc Exchange Reactions
highly selective, and when cuprates of typ££BMgBr were The tellurium-zinc exchange reaction was reported by
used, the substitution of the organotellurium group was Sonoda and Kambe, who have described that vinylic tel-
accomplished with an almost exclusive preference of the 1,4-lurides can undergo a transmetalation reaction when treated
over the 1,6-addition to the unsaturated ester. The reactionwith diethylzinc in THF'°® When the reaction was carried
proceeded with a complete inversion of the configuration of out in MeCC} as solvent, a dramatic decrease in the yield
the double bond where the tellurium atom is attached, giving was observed, suggesting that the exchange reaction is
in all cases the products asB,2E isomer in a ratio of>98:2 accelerated by coordinating solvents. Different mixtures of
(Scheme 120). The authors assume that the telluride was firste and Z isomers of the starting tellurides were used in the
attacked by the organocopper reagent to form an “atereaction. The stereochemistry has been shown to be fairly
complex”, followed by a 1,6-additon elimination reaction, well retained during the reaction outcome, and the yields
furnishing the thermodynamically more stable prod2@s, were from moderate to good. An advanced application of
through a substitution reaction to give the detellurated this tellurium—zinc exchange consists of a further cross-
product. coupling reaction catalyzed by palladium wiiHodotoluene.

Lower order cyano cuprates were employed to effect such The cross-coupling produ@28 was isolated in 72% vyield
a transformation® Several vinylic tellurides were employed as a single isomer (Scheme 124).

Scheme 123
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Scheme 124
R! R2 R! R? R! R2
=5 + EtZn —— >::f HOL, s
BuTe EtZn 72-85% H
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3.2.4. Tellurium—Aluminum Exchange Reactions

Vinyl aluminum reagents can be prepared by tellurium
aluminum exchang®’ The exchange reaction is carried out
by treating the vinylic tellurides with an excess of triethy-
laluminum. The reaction proceeds efficiently with complete
retention of the double bond geometry, in polar and nonco-
ordination solvents such as MeGCICHCL, or CH,Cl..
Coordinating or apolar solvents dramatically reduce the
product formation, suggesting that the coordination of
aluminum to tellurium is essential for the exchange reaction.
A synthetic application of this methodology was carried out
using the copper-catalyzed coupling of the vinylaluminum
reagent229 with allyl bromide, to give230in 66% vyields,
as a sole isomer (Scheme 125).

Scheme 125
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cross-coupling reactions with palladium as the catdfyst.
Therefore, there are some advantages to using vinylic tellu-
rides, such as easy access, by stereoselective reactions, to
either ¢)- or (E)-vinylic tellurides, no isomerization of the
double bond, and the enhanced stability of these compounds.
In addition, the use of vinylic tellurides in cross-coupling
reactions tolerates many sensitive functional groups and mild
reaction conditions. Conversely, in the past decade there have
been developments in Pd-catalyzed coupling systems for Heck,
Suzuki, Stille, Sonogashira, and other reactions, as a con-
sequence of the great interest in finding coupling substrates
that are both more economical and more readily accessible.
3.3.1.1. Reactions of Vinylic Tellurides with Alkenes-
Heck-Type Reactions. 3.3.1.1.1. Carbodetelluration of
Aryltellurium(lV) CompoundsThe history of the use of
vinylic tellurides in palladium-catalyzed reactions began with
the carbodetelluration of aryltellurium(1V) compoundsThe
authors found that the reaction between diphenyltellurium-
(IV) dichloride 233 and styrene, catalyzed by palladium(ll)
chloride, using sodium acetate as base and in acetic acid at
reflux affordedE-stilbene237 in 54% yield. This reaction
was very sensitive to the nature of the catalyst. Similar
reactions with palladium black, palladium(ll) acetate, and
ruthenium(Ill) or ruthenium(ll) chloride gave unsatisfactory
yields of the desired produ2B85. The reaction was extended
to other olefins234, and the olefin235 were obtained in
variable yields (3-98%) (Scheme 127). The stereochemistry
of the olefins235 wastrans except for those derived from
acrylonitrile, which were obtained in a mixture wangcis
= 74:26.

Scheme 127

Ph

PdCl, / AcONa \—
3-98% R
235

Ph,TeCl, + =\

R
233 234

R =Ph, CO,Me, CN, H,C=(CN)Me, COMe

3.3.1.1.2. Cross-Coupling Reactions of the Vinyl Tellurides
with Alkeneslt has been reported that the cross-coupling

The tellurium-magnesium exchange has been scarcely reaction of diphenyl telluride236 with alkenes234 in
studied; in fact, only one example of such a transformation methanol at 25C, in the presence of a Pdatalyst, using
has been reported in the literature by Huang and co-workers.EtN as base and an appropriate oxidant, such as AgOAc,

The authors described the reaction of a vinylic telluride
containing a sulfoxide substitue@81, which undergoes a

afforded the corresponding aryl-substitutéehlkenes237
in good yields (Scheme 128% The experimental results

tellurium—magnesium exchange reaction at low temperaturesindicated that no catalytic activity was observed using other

by treatment with EtMgBr. The vinylmagnesium intermediate
was trapped with benzaldehyde to afford allylic alcob82
in 54% vyield (Scheme 126¥.

Scheme 126
CsHis CsHi1
_ 1) EtMgBr, -78 °C __
PhTe SOTol 2) PhCHO, -78 °C Ph SOTol
231 54 % OH
232

3.3. Cross-Coupling Reactions of Vinylic
Tellurides
3.3.1. Palladium-Catalyzed Cross-Coupling Reactions'®®

Recently, a new application of vinylic tellurides employing
palladium-catalyzed cross-coupling has been desci3édal.

this case, they behave as aryl or vinyl carbocation equiva-

lents. They react in a manner similar to vinylic halides or
triflates in Sonogashir&® Heck ! Suzukit*? and Stillé*3

solvents, such as tetrahydrofuran, benzene, or acetic acid.
The coupling reaction was also unsuccessful using oxidants,
such as ammonium hexanitratocerate, Gu@hd K.S,Os.

Scheme 128
Ar,
PACI,/AgOAC/Et;N _
AnTe + =\ —2 S =3, \—
2 R MeOH, rt o
236 234 40-99 % 237

Ar = Ph, p-MePh, p-MeOPh, p-BrPh
R = Ph, CO,Me, CO,Et, CN, CHO, CH,OAc, COMe

This method has been extended to several vinylic tel-
lurides, such asZ)- and E)-phenyl styryl tellurides, 4,2)-
bis-vinylic tellurides, and E,E)-bis-vinylic tellurides, with
p-methylstyrene238. This cross-coupling reaction afforded
the corresponding alkenylalken289in yields higher than
33% (Scheme 129). The entire process was highly stereo-
selective, and nd, Z isomerization was observed during
the reaction.
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Scheme 129 3.3.1.1.3. Homocoupling Reactions of Vinylic Tellurides.
V) The reaction of vinylic telluride42—243in the presence
Ph TePh of catalytic amounts of Pd(OAg)afforded the isomeric
o , =\ _PdClL/AGOAC/ELN %Ar homocoupling products 1,4-diphenyl-1,3-butadienEdE;(
Ar MeOH, rt Ph E,Z; andZ,Z) 239in good to moderate yields. The presence
ol Ny B8 33-92% 239 of a reoxidant was critical for the success of the coupling,
Ar = p-MePh EEandEZ and the reaction rate was greatly enhanced by the addition
ZorE of AgOAc as the reoxidant. The nature of the solvent was

also proven to be very important to the success of this

We have recently disclosed a regio- and stereospecific reaction, and the best results were obtained with methanol
synthesis of phoshonoZ13E)-dienyl compoundg40from and acetonitrile. Benzene and tetrahydrofuran furnished the
B-phenyltelluro-vinylphosphonates and -vinylphosphine ox- product in lower yields. Thus, the optimum condition for
ides in a Heck-type reactidf’ Several different reaction  the coupling in Scheme 132 was found to be the use of Pd-
conditions were evaluated in this reaction, such as solvent,(OAc), (0.05 mmol)/AgOAc (1 mmol), vinylic tellurides
base, and the nature of the reoxidant employed. We have(242—243 0.5 mmol), and acetonitrile (10 mL) at 2& for
found that the best results were obtained using methanol asQ h119
solvent, triethylamine as base, and silver acetate as the
reoxidant agent. The presence of the latter is of crucial Scheme 132
importance, since it allows us to employ the palladium salt —

in catalytic amounts. The reaction has proven to be efficient A g e h

for vinyl phosphonates, phosphine oxides, styrenes, and or PdCl,/AgOAC /=1i_/Ar
methyl vinyl ketones. The regio- and stereochemistry of all L MeCN, rt Ph =
dienes obtained were readily establishedtHyNMR spec- A td a8 8% 239
troscopy, and the stereochemistry of the newly formed double 243 Ar=Ph, p-MePh EEandE2
bond wasE in all cases. There was no evidence of the ZorE

presence of th& isomer probing the highly stereoselective ) i
character of the coupling reaction. Moreover, the reaction 3.3.1.2. Cross-Coupling Reactions of the Organotellu-
proceeds with retention of the stereochemistry of the original filum Compounds with Organostannanes-Stille-Type

double bond of the starting telluride (Scheme 130). Reactions. Organostannanes have been successfully em-
ployed in cross-coupling reactions with diaryl- or divinyl-
Scheme 130 tellurium dichlorides. The reaction of organotellurium dichlo-
R R rides244with vinylstannane specié5in the presence of
= . =\  _PdCl (15 mol%)/AgOAc /_):\ ) PdC} with Cs,CO; as the base and MeCN as the solvent
PRTE  POXRY R? EL Moo e | Rk afforded the cross-coupling produc@46in good yields as

illustrated in Scheme 133. In this method, the authors tested
Selected examples other catalysts, such as Pd(RRhPd(dbayCHCI;, and
PdCL(PPh),. The best results were obtained with Pg&$

Ph Ph Bu
/_)%P(o)(oa) = = catalyst. Concerning the bases used,0C» was more
ol 2o/ PONORR = PONoR efficient than KCOs, Na,COs, or MeONal?
Bu Ph

Scheme 133
_ — PACI, (10 mol%)/Cs,CO; (2 eq)
4 A 2C03 _pi
—/ PPN, /=)_\ PO)Ph), ReTeCl; + R'SnBug MeCN, rt R°R
(o} Ph 244 245 56 -89 % 246

R = Ph, p-MeOPh, Z-PhCH=CH; R'= 2-furyl, 2-thienyl, Z-PhCH=CH

Telluronium salts241 have been employed as suitable
substrates for the Heck-type reaction with alkeliéghe Similarly, the authors promoted detelluric cross-coupling
major advantage in the employment of this class of tellurium carbonylations of diaryl- or divinyl-tellurium dichloridexti4
compounds is their high stability in comparison to tellurides. through a reaction with vinylstannan@s5. This cross-
Pd(OAc), PdCh, and PdCI(PPh), have been evaluated as coupling reaction can be carried out using catalytic amounts
the palladium source, and it was found that palladium of PdCh (10 mol %), CO (1 atm) in MeCN, and g€30; as
chloride was the best choice in association with silver acetatethe base, affording keton@47in 52—90% yields (Scheme
as reoxidant and acetonitrile as solvent. Good yields of the 134)120
products were obtained, and either electron-donating or
electron-withdrawing groups can be present in the telluro- Scheme 134
nium salt. The alkene reactant can also be varied, giving

0
. - 0,
good results with substituents, such as aldehydes, ketones, R,TeCl, + R'SnBu, ~ociz(10mo%)Cs,COs@2eq) J|

MeCN, CO, rt R

esters, and nitriles (Scheme 131). 244 245 52-90 % 247
Scheme 131 R = Ph, p-MeOPh, Z-PhCH=CH; R" = Ph, 2-furyl, 2-thienyl,
PACI, (10 mol %) Z-PhCH=CH, a-styryl, Ph—=
. AgOAc (3 mmol) Ar =~
ArTe*Meyl + g GLACEMMO) - AN ) )
' ;41 % R " MecN, 50°C R 3.3.1.3. Cross-Coupling Reactions of the Organotellu-
55-95% rium Compounds with Organoboranes—Suzuki-Type
Ar = Ph, 4-MePh, 4-MeOPh, 4-CF4Ph, 2-MePh, 2-MeOPh; Reactions.The Suzuki palladium-catalyzed cross-coupling

R = CO,Bu, CN, CHO, COMe, Ph reaction between arylboronic acids and aryl halides or



Vinylic Tellurides: Preparation and Applicability

Chemical Reviews, 2006, Vol. 106, No. 3 1063

triflates has proven to be a very popular and versatile methodthe yields of coupled products. In the absence of the

for the formation of carborcarbon bond& An investigation

of the palladium-catalyzed cross-coupling of diaryl and bis-
vinyltellurium dichlorides with organoboronic acids has
recently been reported! As illustrated in Scheme 135,

Scheme 135
PdCl,(PPh3), (10 mol %)

palladium catalyst, only the detellurated product was isolated.
Copper iodide also plays an important role in the outcome
of the process, since the consumption of the starting material
was incomplete in its absence.

Polyfunctional unsaturated compounds have been prepared
by this methodology, as this function is present in either

1 —R! vinyli luri r alkynylzinc r nts. Th veral
RoTeCl + R'B(OH), o o e DME, Hy0 411 R-R ylic telluride or alkynylzinc reagents \us, severa
244 248 246 enediyne structures were prepared in good yields (Scheme
38-83% 137).
9 examples

various diaryl or bis-vinyltellurium dichloride44 were
allowed to react with arylboronic acid@18in the presence
of PAdCL(PPh), and NaOMe in DME/HO, affording the
coupled product246 in fair to good yields (Scheme 135).
In addition to the reaction of bis-vinyltellurium dichlorides
with organoboronic acids, a protocol for the synthesis of 1,3-
enynes via a Suzuki-type reaction of vinyl tellurid@with
potassium alkynyltrifluoroborate salt849 was recently
published'?? Pd(acac) furnished better results than other
palladium salts, such as Pd(Pd(dbaj, PACL(PhCNY), and

[Pd(ally)Cl,]. Several bases were also studied, and the best

yields were achieved with triethylamine, which furnished the

In addition to the achievements described by these authors,
our group has concentrated efforts for the development of
organozinc-based protocols to promote the cross-coupling
of vinylic tellurides!?® In fact, we have recently described
the coupling of vinylic tellurides of &- or E-configuration
195and197 with heteroaromatic zinc reagerts2, namely
2-furyl-, 2-thienyl-, and 2-pyridylzinc chlorides. Optimized
conditions were achieved witB-vinylic telluride 195 and
2-furylzinc chloride250, which was prepareth situ from
2-furyllithium and zinc chloride, to yield producg51
(Scheme 138). The best reaction conditions employed a

Scheme 138

product in better yields than cesium carbonate, sodium _ Rh
hydroxide, potassiurtert-butoxide, and potassium carbonate. ph/_\TeBu + @\ _PdCh/Cul )\
The reaction tolerates several functional groups, such as free 195 O%s50 Zncl THF 25(13 75 %
alcohols groups, esters, dienes, and enynes; however, it fails ’
to promote the coupling product when an amine functionality
is present in the vinylic telluride (Scheme 136). anlngEHF
Scheme 136
__ ., _Pdacac), cul _ @ Bui, THF_ @
iy v KFB—=—"R" cOHELN, n R/_\ o) -78°C o~ L
eBu \\
32 249 28-17%
R Scheme 139
13 examples Ph 195 TeBu Ph/_\Het

3.3.1.4. Cross-Coupling Reactions of the Organotellu- or + Het—zngl —dck/Cul or
rium Compounds with Organozinc Reagents-Negishi- Ph 252 THP Ph
Type Reactions. Cross-coupling reactions of organozinc eB 2-19% \_\
reagents are a versatile and very useful tool in modern 197 " Het

organic synthesis, because of their known ability to tolerate
many functional group®? In this context, Dabdoub and
Marino have described efficient routes to promote the
palladium-catalyzed coupling of alkylzit¢ or alkylnyl-
zinc'?® reagents with vinylic tellurides. The reaction is

Het = 2-furyl, 2-thienyl, 2-pyridyl

catalytic amount of Pd@land 1 equiv of Cul. The reaction
has been further extended to the other isomer of vinylic
telluride and to different heteroaromatic zinc reagents,

efficiently accomplished in the presence of catalytic amounts demonstrating that this is an efficient method for the
of Pd(PPh), and 1 equiv of copper iodide. The use of DMF preparation of vinyl heterocycles in good yields (Scheme
as a cosolvent together with THF has substantially increased139).

Scheme 137
— RI—— 7 — Et,Zn or Me,Zn _
= —"Zn" Pd(PPh,),/Cul
"N Tedeehggeu N T TTerDwR T R FMe)
R! T"é';’ _Dg"g':o/'o rt 33-92%
Ph Ph TMS CsHyy OTHP CgHy4
OTHP
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3.3.1.5. Palladium-Catalyzed Cross-Coupling of Orga-
notellurium Compounds with Hypervalent lodonium
Salts—Heck-Type ReactionsKang and co-worketd” have
shown that diaryltellurium dichloride253 can be readily

the use of PdGI(20 mol %)/Cul (20 mol %), MeOH (5
mL), (2)-vinylic telluride 32 (1 mmol), the appropriate alkyne

1 (2 mmol), and EN (1 mmol) at 25°C. By extending the
coupling reaction to other alkynes, variodsenynes and
coupled with iodonium salt854in the presence of palladium  Z-enediyne®256were obtained in good yields (Scheme 141).
catalysts to give coupled produ@85 (Scheme 140). This  Our approach represented an improvement over previously
method gave the best yields when the iodonium salts weredescribed methods, in that it avoids both the preparation of
allowed to react with diaryltellurium dichlorides in the vinylmetals and haloalkynes and the protection of functional
presence of Pdg(10 mol %) and MeONa (3 equiv), in GH groups, such as alcohols. Another advantage of this method
CN/MeOH (1:1) at room temperature for 7 h. This protocol is the easy access and stability d)-{inylic tellurides.

gave the products in 788% yields. More recently, the scope of the cross-coupling reaction
of vinylic tellurides with 1-alkynes has been extended to

Scheme 140 E-vinylic tellurides93.1% Although several different condi-

Ar,TeCl, + RI'PhX PdC'&SgNm‘KI'I;@LMi?N: Bed A—r tions, including other palladium catalysts and different
253 254 ’ w 255 solvents and bases, were examined, the @Gl system
70 - 88% has still proven to be the most effective for the coupling

Ar = Ph, p-MeOPh; R = p-MeOPh, 2-thienyl, E-B-stylryl;

X = OTs. OTf, BF, reaction, giving theE-enynes257 in high yields (Scheme

142). Similar to the reaction of th2 isomers, no isomer-

3.3.1.6. Reactions of the Vinylic Tellurides with ization of the starting double bond was observed during the

Alkynes—Sonogashira-Type Reactiond? 3.3.1.6.1. Syn-  reaction. . o . . .
thesis of Enynes and Enediyne Systernss Palladium- Another alternative to vinylic tellurides as starting materi-
Catalyzed Cross-Coupling of Vinylic Tellurides with 1-Alkynes. als for the synthesis of enynes is the use of the corresponding
Calicheamycins, esperamycins, and dynemycins are a clas@rganotellurium dichloride858 which are much more stable

of antibiotic molecules that emerged some years 1&%0_ to air oxidation than their parent vinylic derlvatlv@gAgaln,
Among them are some of the most potent antitumor agentsthe PdC/Cul system furnished the best results and the
known to date. The synthesis of enynes and enediynes hageaction was tolerant to several functional groups, such as
received special interest during the last 20 years, and a variety@mines, phosphonates, and free alcohols without previous

of methods based on palladium-catalyzed reactions have beeRrotection (Scheme 143).

developed3° The cross-coupling reaction of vinyl bromides,

3.3.1.6.2. Palladium-Catalyzed Cross-Coupling of Bis-

iodides, chlorides, and triflates with monosubstituted acety- vinylic Tellurides with 1-AlkyneAlong with the exploration

lenes has been achieved in the presence ofaiPed'/Cul

of the synthetic potential of the Pd-catalyzed cross-coupling

catalyst!3! The reaction has also been performed using reaction with vinylic tellurides, we have also investigated

bromoalkynes and a vinyl bord# copper:®® zinc!3
aluminum?®® or magnesium reageti® The use of vinylic

the stereospecific formation oZ)-enyne256 systems by
palladium-catalyzed cross-coupling reactions &j-iis-

tellurides to obtain enyne and enediyne systems usingvinylic tellurides57 with 1-alkynes (Scheme 144%° Initial

transmetalation witm-BuLi*® and cyanocuprat&8 has been

research efforts were dedicated to the development of a good

previously described. Nonetheless, the cross-coupling of catalytic system, and the influence of the ligands in the

vinylic tellurides with 1-alkynes was unknown. Initially, we
described the stereospecific formation &f-enynes and2)-

palladium complex was investigated. Thug)-bis-vinylic
telluride 57 (1 equiv) was treated in methanol at room

enediynes in a palladium-catalyzed cross-coupling reactiontemperature with 2-propyn-1-ol (2 equiv) in the presence of

of (2)-vinylic tellurides with 1-alkyne33” We found that the

different catalysts and Bt (1 equiv) as the base (Scheme

optimum conditions for the coupling in Scheme 141 were 11). Pd(PP¥, or Pd(PPB)4/Cul did not exhibit catalytic

Scheme 141

PdCl, (20 mol%)/Cul (20 mol%)

+ RI—==
R TeBu

32 1
Ph/:\—\_\
Vi - AN
AN

THPOA/=/_\_\7
OH

Ph/:\_\;

OH

HON EtO
OH

MeOH/EEN, rt R\
62-85%

256

R1
7/ \
OH
A
OH
THPOf/_\(\
OH
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Scheme 142 synthesized via a Pd-catalyzed coupling reaction of 2-(bu-
R tyltelluro)thiophene with 1-alkyne¥$ In this study, our
RO __ _, PdClycul = research group evaluated: (@) the influence of the nature of
\_\T 5 " =" MeOH, EtpN \\ the catalyst, (b) the effect of the nature of the amine, and
93 'S 1 64-78% 257 (c) the anti-inflammatory activity of the acetylenic thiophene

R1
vinylic tellurides

derivatives prepared. The starting material required for the
synthesis, 2-(butyltelluro)thiophen259) (Scheme 145), was

Ph__ Bu __ obtained from the metalation of thiophene witlbutyl-
reBu reBu lithium*47 followed by the treatment of 2-thienyllithium with
197 elemental tellurium. Subsequent addition of 1-bromobutane
1-alkynes gave the 2-(butyltelluro)thiophen&g%9) in good yield. This

'

OH OH

y !
g%

H

compound is stable and can be chromatographed and stored
in the dark at room temperature for several days. Treatment
of 2-(butyltelluro)thiophene259 with 1-alkynes in methanol
using PdC] as the catalyst and triethylamine as the base at
room temperature gave the acetylenic thioph&&fsn 73—

85% vyield after purification (Scheme 145).

Scheme 143 Scheme 145
PdCl,/Cul
/—\ =R 2 .
R TeClBu MeOH, EtN R I\ ;)EU'—LTHF feBu P OH I\ —
e epbu >, Me
258 1 61-87% 3) BuBr EGN, 1t S OTSeR
260
— 73-85%
7\ 8 examples
// \\ S = OH
CgHy7 OH 260a
I\
B X [\ nButiTHE_ Y _==wr _ [
- = 2) Te TeBu PdCl,, MeOH ol X
E0ROF  \\ X oH 3) BuBr © EON, 1t SR
A\ 262
NEt, 72-84%
8 examples
OH I\
ol T
Scheme 144
HO
262a

PdCl, /Cul =

— = P

R 1¢ R "R "MeoHELN,n R/_\
57 1 70 -85 % 26\,

R = Ph, CH,OH; R'=CsHyq, C7Hys, t-Bu, TMS, CH,0H, (CH,);0H,
C(Me)(Et)OH, 1-cyclohexanol, s—=——CgH13

Of the catalysts tested, Pd(Rphand Pd(PP¥),/Cul did
not exhibit catalytic activity in this reaction and Pd(ll)
catalysts, such as PdfRPh, PdCL(PPh),, Pd(OAc), and
PdCL(PhCN), gave unsatisfactory yields of the desired
acetylenic thiophenes. However, by using BqC0 mol %),

activity in this reaction, and Pd(ll) catalysts, such as BACI the acetylenic thiophene was obtained in improved yields.
PPh, PdCL(PPh),, Pd(OAc), and PdCI(PhCN), gave The nature of the amine was also very important, because
unsatisfactory yields of the desired eny2&6. The reaction when the reaction was performed using pyrrolidine, piperi-
yields were greatly enhanced by increasing the amount of dine, or morpholine (1 equiv), no product was obtained. The
PdCL/Cul from 1 to 10%, where the desired eny2is6 was use of EiNH, n-PrNH,, or n-BuNH, gave the desired
obtained in 85% isolated yield. products in low yields (58%). However, by using BN,

The nature of the amine was critical for the success of the acetylenic thiophene derivatives were obtained in good
the coupling. Using pyrrolidine, piperidine, or morpholine yields. We also found that the yields of acetylenic thiophenes
(1 equiv) as base, no reaction was observed. WithIgf were markedly decreased using DMF, £, THF, or CH-
n-PrNH;, or n-BuNH,, moderate yields were observed {15  Cl,, instead of MeOH as the solvent. Thus, the optimum
28%). However, with BN, the enyne256 was obtained in  condition for the coupling in Scheme 145 was the use of
85% isolated yield and the reaction was completed within 6 PdCL (10 mol %), MeOH (5 mL), 2-(alkyltelluro)thiophene
h. The stereoisomeric purities of the eny@&§were similar (259 (1 mmol), the appropriate 1-alkyne (2 mmol), and\Et
to that of the starting bis-vinylic tellurides?, indicating a (1 mmol) at 25°C. Moreover, the coupling reaction was
complete retention of the configuration in this type of extended to other alkynes. The acetylenic thiophenes obtained
reaction. Extending the coupling reaction to other alkynes, are summarized in Scheme 145.
variousZ-enyne256were obtained in good yields (Scheme The acetylenic thiophen@§0obtained were screened for
144). anti-inflammatory activity, using the carrageenin-induced

3.3.1.6.3. Palladium-Catalyzed Cross-Coupling of 2-(Bu- paw edema methot® This method is customarily used for
tyltelluro)thiophene or 2-(Butyltelluro)furan with 1-Alkynes. the screening of new pharmacologically active compounds.
Several thiophene derivatives have been found to showThe acetylenic thiopher260a(p < 0.05, 50% of the edema
nematocidat* insecticidali*? antibacterial*® antifungal*4 inhibition at a dose of 250 mg/kg; ip) demonstrated
and antiviral*® activity. Recently, we have investigated the significant potential to reduce the carrageenin-paw edema
anti-inflammatory activity of acetylenic thiophene derivatives when compared to acetylsalicylic acid (100 mg/kg, ip).
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We also applied the method described above to prepareAlkynes.Unsaturated phosphorus compounds represent an

acetylenic furan derivative262 (Scheme 145%° We found
that direct coupling of 2-(alkyltelluro)fura@61with 1-alkynes

important class of synthetic intermediates. Many of these
compounds have attracted attention because of their anti-

in the presence of palladium dichloride as the catalyst in bacterial, antiviral, antibiotic, pesticidal, anticancer, and
methanol and triethylamine affords the desired acetylenic enzyme inhibitory propertie’®? The synthetic methods for

furan derivative262in good yields (72-84%). The obtained

producing the G-P bond have been extensively reviewed.

acetylenic furans were also screened for anti-inflammatory However, so far, only one method of enynephosphonate

activity. The acetylenic furan (100 mg/kg; ip) inhibited 40%
of the edemag < 0.05 by Duncan’s multiple range test)

preparation has been disclosed, which utilizes palladium-
mediated cross-coupling reactions @fiodo-vinylphopho-

induced by carrageenin when compared to control. Com- nates with 1-alkyne®* Recently, we have shown that
pound262a(250 mg/kg; ip) inhibited paw edema formation -organochalcogeno vinylphosphona2&s, prepared by the
with greater potency than acetylsalicylic acid (100 mg/kg, hydrochalcogenation of 1-alkynylphosphonates, are suitable
ip), a classical anti-inflammatory agent. The synthetic substrates for the preparation of enynephosphorzéésia
methods described represent a general and efficient protocoktross-coupling reactions with alkyn®8 Thus, the optimum

for carrying out the synthesis of acetylenic furans and condition for the coupling, described in Scheme 148, was

thiophene derivatives with potential biological activities.

found to be the use of Pd&Cul (20 mol % each), methanol

With the success in the synthesis and biological evaluation (10 mL), 5-organotelluro vinylphosphonat@66 (1 mmol),
of acetylenic furan and thiophene derivatives, we turned our the appropriate 1-alkyne (2 mmol), andEt(1 mmol) at
attention to the preparation of bis-acetylenic heteroaromatic room temperature. Using this method, several enynephos-

compound263 as an extension of our previous findings.

Thus, the reaction of 2,5-bis(butyltelluro) fufah and

phonate267 were prepared in good yields (Scheme 148).
The stereoisomeric purities @67 were equal to those of

thiophené>! proceeded under mild conditions of palladium the starting3-organotelluro vinylphosphonat@66, indicat-
catalysis in the presence of an excess of 4 equiv of theing complete retention of the configuration in this type of

terminal alkyne to afford the 2,5-bis-acetylenic prod268
in good yields (Scheme 146).

Scheme 146
) ——— /
BuTe TeBu PdCly, MeOH = =
X EtzsN, % R—= X R

X=0,8
[\ 7\
= x7 = = “xT =
HO OH HO OH
/A ]\
= X = HO = X == OH
3 3
HO OH

reaction.
Scheme 148
R
_ . Rl PdCl, /Cul _
BuTé€ P(O)(OEt), —  MeOH/EtN, rt // P(O)(OEt),
266 1 73-85% 267

R!
R = Ph, C5H11, H; R1 = Ph, C5H11, CHQOH, (CH2)30H

Similar reactions were developed in the preparation of
enynephosphine oxidésWe found that the coupling reac-
tion of compound®68 with appropriate alkynes, under the
same cross-coupling conditions described before, afforded
the S-alkynyl vinylphosphine oxide269in 70—78% yields
(Scheme 149).

In a further attempt, we reduced the amount of the alkyne gcheme 149

employed in the cross-coupling reaction to 1 equiv, and the
solvent was changed to THF; thus, we were able to isolate

the 2-(butyltelluro)-5-(acetylenic) thiophenes and furaé4

which are suitable candidates for the next cross-coupling
reaction, leading to unsymmetrical 2,5-bis(acetylenic) het-

erocycles265in high yields (Scheme 147).

Scheme 147
/@\ :—R1 / \
BuTe = PdCl,, MeOH = SS
X -gr Etng,r‘t R1—— X ~Rr
264 265
X=0,8 62-78%
i/ \ I\
=" >y~ X = “x7
HO OH HO OH
I\ I\
= “x7 X Ph = x7 =
HO HO OH

3.3.1.6.4. Enynephosphonates Palladium-Catalyzed
Cross-Coupling of-Organotelluro Vinylphosphonates with

Bu Bu
pu s Rl_— __PdCh/cul —

BuTé  P(O)(Ph), MeOHELN, it 7 P(O)(Ph),
70-78% 269

R1
R' = Ph, C4Hg, CH,0H, Q—g

3.3.1.6.5. Synthesis of Cross-Conjugated Geminal Ene-
diynesvia Palladium-Catalyzed Cross-Coupling Reaction of
Ketene Butyltelluroacetalsthe interest in developing pal-
ladium-mediated synthetic methods stimulated us to examine
the reactivity of ketene telluroacetals (vinylic tellurides) with
terminal alkynes to obtain conjugated and cross-conjugated
enediynes via palladium-catalyzed cross-coupling reac-
tions 156

Initially, efforts were focused on the reactivity of ketene
phenyltelluroacetal70 in a cross-coupling reaction with
1-alkynes (Scheme 150). Thus, ketene phenyltelluroacetal
270(1 equiv) was treated in methanol at room temperature
with 1-heptyne (2 equiv) in the presence of Pd@0 mol
%)/Cul (20 mol %) and using Bl (1 equiv) as base. Under
these conditions, the corresponding enediy2i€l was
obtained as the minor product, but the major prod2it3
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Scheme 150

TePh
PdCl, /Cul

S "MeOHEGN,

Ph TePh

270

and a small amount of homocoupling produ2? and274
were also isolated (Scheme 150).
The reaction between ketene phenyltelluroac2d in
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CsHyq
VA
- — Ph
"\ pH =/
271 el 272
CsHyy—=—=—=—CsHyq Ph—Ph
273 274

major

correspondingt,S-unsaturated esteP¥8are isolated in good

yields from a wide range of vinylic tellurides with different

substitution patterns at the aromatic ring (Scheme 153). All

methanol at room temperature and 1-alkynes in the presencegroduct278were obtained in &-configuration of the double

of PdC}L as catalyst and BlYl as base in the absence of Cul
was investigated. Under these conditions, dig@8was not
observed. However, the cross-coupling reaction still pro-
ceeded unsatisfactorily, providiray 1 contaminated witf272
and274. Thus, the optimum conditions for the coupling, as
described in Scheme 151, were the use of R0 mol

%), MeOH (5 mL), ketene butyltelluroacetals (1 mmol), the
appropriate 1-alkyne (4 mmol), andsBt (1 mmol) at 25
°C. In the next stage, the generality of the method was
explored, extending the coupling reaction to other 1-alkynes,
obtaining the enediyne®75in good yields (Scheme 151).
The reaction conditions tolerate the use of functionalities,
such as hydroxyl and labile acetylenic trimethylsilyl groups.

Scheme 151

R1

TeB //

eBu . PdCl,
— . = —

R TeBu MeOH/EN, it R \

1 75-91% 275 \
R‘I

R = Ph, CsH7, CsHqq; R = CsHyq, TMS, CH,OH, (CH,);0H, C(Me)(Et)OH

3.3.1.6.6. Synthesis of Chalcogenoenynes by Palladium-

Catalyzed Cross-Coupling Reactiofi$ie coupling reaction
of 1,2-bis(organoylchalcogeno)alken236 with terminal

bond, which accounts for a stereoconservative reaction, as
the starting tellurides were also @-configuration. This
chemistry can also be extended to the synthesis of butenolides
280by the carbonylation of tellurides containing an internal
hydroxyl group279. The reaction takes place in low yields

in dichloromethane as solvent (Scheme 153).

Scheme 153
—\ PdCl,/CuCl,/CO —
Ar TePh  Et;N,MeOH  Ar OMe
60-86 % 278 O

Ar = Ph, 4-MePh, 4-CIPh, 4-MeOPh, 4-CIPh

N gt
RQ(_\ TePh R? o)

PACl,/CuCl,/CO

EtN, CH,Cl o
OH
279 280
~eYre's
BUT Ng” 0 o’ >0
23% 21%

3.3.2. Mechanistic Considerations of Palladium-Catalyzed
Cross-Coupling Reactions

The palladium-catalyzed cross-coupling reaction of vinylic
tellurides has become one of the most exciting and promising

alkynes was accomplished smoothly in the presence of thein the field of organic tellurium chemistry, and there is still

PdCL/Cul system to afford the chalcogenoenynes in good
yields1%” The stereochemistry of the produc®y7 was

much to be discovered and understood about the subject,
especially, in respect to the generality of substrates and their

determined by NOE experiments, and the complete retentionbehavior toward different reaction conditiol8.

of the configuration of the double bond was observed. The
reaction was efficient for a wide range of terminal alkynes,
and the chalcogenoenyn&y7 were obtained in yields
ranging from 71 to 88% (Scheme 152).

Scheme 152
R1 1
, PdCly/Cul R
— + fe— —
BuTé YR MeOH, EtaN J R
276 1 71-88% 277

YR = SMe, SeMe; R' =Ph, C5Hys;
R? = CH,OH, (CH,);0H, CMe,OH, C(Me)(Et)OH

3.3.1.6.7. Palladium-Catalyzed Carbonylation of Vinylic
Tellurides with Carbon MonoxideThe carbonylation of
vinylic tellurides in the presence of a catalytic amount of
palladium dichloride and carbon monoxide was described.

Regarding the mechanism of the reaction, some attempts
have been made in order to clarify what occurs when an
organic telluride reacts in the presence of a palladium salt.
The first mechanistic proposal for this reaction was made
by Uemura and co-workers for their palladium-catalyzed
Heck-type reaction of organic tellurides with alkeA&s!1?

They initially proposed that a complex between organic
telluride and palladium(ll) is formed at the initial stage, and
it can exist in either a monomeri€ or a dimericD form.
After the formation of this complex, aryl or alkenyl migration
occurs to give aryl- or alkenyl-palladium speciéswhich
reacts with alkenes to give arylalkenes of alkenylalkenes.
The species produced, RTeZ, may react with PZgive
an organopalladium species, RPdZ, and an inorganic Te(ll)
species; the latter disproportionates t@ @ad an inorganic
Te(lV) species. Both BN and AgOAc played an important
role for this catalytic coupling reaction. & may act in the

The reaction is carried out in methanol as solvent, and the formation of a new monomeric species fr&@nand/orD. It
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Scheme 154
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also may be responsible for the capture of HZ from HPdZ CuCl as a reoxidizing agent in the presence of\eand
(H), assisting in the rapid formation of palladium(0). Silver MeOH as solvent (Scheme 155).
acetate works as the oxidant of Pd(0) to Pd(ll) species, In a second stage, they investigated the coupling reaction
forming the active catalytic species required (Scheme 154). using mass spectrometry. Electrospray ionization (ESI-MS)
More recently, an elegant study described by Comasseto,and tandem electrospray ionization (ESI-MS/MS)yere the
Eberlin, and co-workers evaluated the mechanistic detailstechniques of choice for these studies, since they were applied
of the coupling of vinylic tellurides with alkynes promoted to fish the Pd- and Te-containing cationic intermediates,
by palladium dichloridé>® To determine the advanced which are directly involved in the reaction, from the reaction
intermediates of the reaction, the authors used mass specmedium to the gas phase for ESI-MS and ESI-MS/MS
trometry techniques. measurements?
First, they developed a new protocol for the cross-coupling Among the several data that could be obtained by mass
reaction, which employed 10 mol % Pd@nd 2 equiv of spectrometry, the most relevant for the proposal of a catalytic

Scheme 156
Ph TeBu Ph TeBu
®
m/iz 717 Bu“rle/i/l:’h m/z 499 61/%
oo

[

> — Pdcl, Ph TeBu Ph TeBu -BuTeCl Ph TeBu

Ph TeBu Cl—Pd—Cl Bu-7 PdCl oM
BT & K/Ph &/ph
. -
—\®
Ph Ph TeBu
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/T\O
Ph /Pd TsBU + HClI
miz627 C° [y
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cycle were those shown in Scheme 156, which are Te- andselectivities were achieved, while alkyl Grignard reagents
Pd-containing cationic complexes with/z 717, m/z 627, gave much lower yields of the corresponding alkenes.
andm/z 499. The authors have inferred that the detection of ~ Another extension of this method was described for the
specieswz 717 andmn/z 499, in their cationic forms, by ESI  preparation of unsaturated hydrocart®8? with loss of the
fishing suggests a solution equilibrium between them in the tellurium group'®! The tellurobutadien®81 reacted with
palladium insertion process. BuTeCl acts as a ligand that PhMgBr in the presence of a catalytic amount of N{EPh)
stabilizes them/z 717 species, which is formed by the in THF with retention of the configuration of both double
coordination of two styryl butyl tellurides with Pdg£l bonds (Scheme 159).

followed by transmetalation.

An expanded catalytic cycle, depicted in Scheme 157, is Scheme 159

proposed by the authors based on mass spectrometryPh Ph
measurements. The key aspects of this proposal involve the = + PhMgBr —NICL2(PPhy), (3 mol%) \:>_\

i - - ini — THF, reflux —
formation of the Te- and Pd-containing complexesand PH - e PH oh

D, which suffer a posterior insertion of the Pd atom into the
C sp—Te bond to afford intermediaté&, which upon
transmetalation leads to the alkyne compkexReductive
elimination delivers the enyne product and Pd(0), which is
reoxidized to the active Pd(ll) by reaction with Cy@ind
then returns to the catalytic cycle (Scheme 157).

281 282

Trisubstituted olefin284 was also prepared by a cross-
coupling reaction of vinylic telluride283 with PhMgBr,
mediated by a nickel complex, in good yield with excellent
regio- and stereocontrol (Scheme 168).

Scheme 157 Scheme 160
1/2 Oy + 2HCI

H0 \/\ 2.cucl
R TeBu NiCl,(PPh3),

2CUC% PdCl, + PhMgBr 7%

PhTe Ph
Pd°

283 284
R/:\ N (R/:\TeBu>2PdC|2 We have recently described a general approach to the
S B preparation oZ and E enynes, through a nickel-catalyzed
=\
R Pd
F

J

A

cross-coupling reaction oZ(2)- and E,E)-bis-vinylic chal-
cogenided 44with 1-alkynes'®3 By this method, the transfer
of both vinyl groups linked to the tellurium atom was
/=\ =\ accomplished, which constitutes an attractive feature of the
\ RPN process. Initial efforts have employed Ni(RREl, as
& R Bget_ﬁ; catalyst; however, the enyné85 were obtained in low
cucl, o yields. When Ni(dppe)Glwas used in the presence of Cul,
an improvement was achieved and the desired pro@35s
(R—=Jcu R Pdcl were obtained in high isolated yields. The influence of the
: BuTec solvent was also evaluated, but we did not observe any
zhl NEtaN loz further improvement by using THF, DMF, MeCN, GEl,,
= +CuCh, BuTeTeBu + BuTeCly benzene, MeOH, or mixtures of them. Thus, the best
PACI, o conditions were established to be Ni(dppe)@& mol %),
Cu012\ \2 Cul (5 mol %), and pyrrolidine as the solvent at room
BuTeBu  BuTe(0)CI temperature. The reaction has been successfully applied to
+Te"  +2Hal both Z,2) and E,E) isomers 286and287) and extended to
telluride-containing free hydroxyl grou88(Scheme 161).

R1

3.3.3. Nickel-Catalyzed Cross-Coupling Reactions

Nickel complexes are effective in catalyzing coupling Scheme 161
reactions o_f vinylic tellurides. The first report on this subject /=\_ /=\ .+ ri—== Nildppe)Cly (5°mol%) 2 g \
was described by Uemura and Fukuzawa in 198Zhey R Te R Cg;r(r%mf) A\
described the cross-coupling reaction of a vinylic telluride 144 1 57 -81% 285 i
with an excess of a Grignard reagent catalyzed by NiCl .
(PPhy), in THF (Scheme 158). When the reaction was Pis-vinylic tellurides

I — Ph Ph .
Scheme 158 P T¢  Ph \=\T ~ wo T om
=\ phvapr _NICl2(PPhs), (5 mol%) =\ 286 e 288
Ph TePh ¥ o=t THF, reflux Ph Ph 1-alkynes 287

100 %

Ph—— = = = =
ZE=98:2 HO HO /

performed at room temperature, lower yields arfiEratio e

of 90:10 in favor of theZ isomer were obtained. An increase Noteworthy is the efficiency of the coupling reaction, since
of the temperature to reflux resulted in improved yields and this is one of the first examples of cross-coupling reactions
an almost exclusive formation of theisomer. When the  involving terminal alkynes in the presence of a nickel
nickel catalyst was changed to Ni@ppp), poor Z/E catalyst. Other advantages of this nickel-based system include
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air stability, low cost, and ease of preparation of the catalyst,
all of which are important in considering the scale-up of a
reaction.

Another remarkable fact is that, if the reaction is performed
with pure ¢,Z2) and E,E) isomers, pur&- or E-enynes are
isolated in all cases.

A variation of the above methodology was developed,
which consists of the synthesis of eny2&& by the coupling
of vinylic tellurides with an excess of the alkynyllithium
anion 289 in the presence of Ni(dppgl, (5 mol %) and
in the absence of Cuf* The reaction was carried out in
THF at reflux, giving the products in high yields with
retention of the double bond configuration (Scheme 162).

Scheme 162
— + Rl—=——Li Ni(dppe)Cl, (5 mol%) -
R TeBu THF, reflux \\
32 289 64-100 % 256 »
Y,
v""\. 4/:/
R=Ph O N—/ . Bu—=—%.TMSO

R" = Ph, CsHy4, TMS, CH,=CCHj

However, when the telluride functionalized with an ester
group290was submitted to the reaction conditions, addition
of the alkynoate to the reactive ester group occurred. To

Zeni et al.

A completely different result was obtained when telluride
293was used. Though it started from tBevinylic telluride,
the isolated produ@94was thek isomer, with no traces of
the formation of theZ isomer.

3.4. Miscellaneous

3.4.1. lodocyclization of Butyltelluroenynes

Tellurobutenynes are one of the most important classes
of vinylic tellurides. By studying the chemistry and applica-
tion of these classes of compounds, Dabdoub and co-workers
have discovered that they undergo cleavage of theQss’
bond by reaction with iodine, to produce 3-iodo tellurophenes
295as main product¥® The reaction is applicable to a series
of tellurobutenynes, and the corresponding 3-iodo tel-
lurophenes295 are isolated in good to excellent yields
(Scheme 165).

Scheme 165
R I

BuTe>:\ R /(\S\ R
R

Te
R = Ph, 4-MePh, 4-MeOPh, Me, H

I2
—_—
petroleum ether

40-90 % 205

A mechanistic proposal has been provided by the authors,

circumvent this problem, transmetalation to the less reactive which consists of an initial reaction of butyltelluroeny2@6

alkynylzinc chloride291was performed to give the desired
product292in 78% yield, preferentially in thé&-configu-

with iodine to generate the iodonium intermediag¥. The
reaction with iodide gives origin to iodobutane and tellurenyl

ration (Scheme 163). The authors observed that the reductioriodide 298 which undergoes attack by an iodide at the iodo
of the catalyst and the alkynoate amounts resulted in a dropatom, followed by ring closure through opening of the

of the yield. When a telluride containing a TBS-protected
alcohol was employed, the reaction failed to give the
expected products.

Scheme 163
- + ClZn——= Ni(dppe)Cl, (5 mol%)
EtO TeBu THF, reflux
9 78 %
290 291

0

EtOM\\/\/\

/4

292
E:Z 95:5

3.3.4. Cobalt-Catalyzed Cross-Coupling Reactions

Cobalt(Il) has appeared as a catalyst for the cross-coupling

of vinylic tellurides with Grignard reagent8® The reaction

iodonium ion (pathway, Scheme 166). In another possibil-
ity, a direct ring closure can happen to give the dihalogenated
tellurophene299 and iodobutane (pathwdy Scheme 166).

Scheme 166
® ®
Ph B .
= 21 4 ¢ W
B1d 1\ 2 PhA(_b\—Ph —2 . P 3 Ph
296 afTe 297 Te>) 298
Ph Bu |4 |

) y

©
a

- %
Ph Ph

NaBH, .
e

3.4.2. Stereoselective Preparation of Conjugated Polyenic

works for PhMgBr; however, the yields were greatly Ketones
decreased for aliphatic Grignard reagents, due to a sluggish

reaction (Scheme 164). Tlkisomer is obtained preferen-
tially in a 90:10 ratio.

Scheme 164
/N + PhMgBr _COCL(PPhg), (5 mol%) )
o TePn ¢ THF, reflux Ph Ph
ZE=90:10
Ph
- CoCly(PPhg), (5 mol%) —
+ PhMgBr 2 3)2
EOLC  TePh S THF, reflux EtO,C
e 294

A sequential transmetalation/cross-coupling reaction of
vinylic tellurides, which aims to prepare conjugated polyenic
ketones, has appeared in the literatiffeThe reaction
consists of the treatment of a vinylic telluri@®0with BulLi,
followed by the transmetalation of the vinyllithium inter-
mediate to a vinylzinc reage®01, which is coupled with
acyl chlorides to afford the conjugated polyenic ketod@2
with high stereoselectivity. Important to note is the fact that
E/Z mixtures of the vinylic telluride can be employed in the
reaction, and the produ®02 is always isolated with only
the E-olefin geometry, without a trace of th& isomer
(Scheme 167).
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Scheme 167
RCOC|, o o
BuTe — 1) BuLi, THF, -78 °C Clzn — | _Pd(PPhs)4 (56 mol%)
\—=+ 2) ZnCly, THF, -78 °C \=r¢ 65-82% _
300 301 302
E/Z mixtures E only

R = Ph, 4-CIPh, 3-MeOPh, 2-furyl, CH3(CH,)g

O O

303, 68 % — 304, 59 %

AN

T™S

The best catalyst for this transformation was found to be 4, Applications to the Synthesis of Natural
Pd(PPB)4, although Pd(PRRCL/i-BuAlH (1:2) can also Products
be used. This procedure allows the synthesis of other highly
unsaturated conjugated systems, such as trien@®@and 4.1. Synthesis of Montiporic Acid B

dienyl-6-yl ketones304, with high stereoselectivity (Scheme Two new polyacetylenic acids, namely Montiporic Acids

167). A and B, were isolated from the eggs of scleractinian hard
- . coral Montipora digitatg a hermaphroditic coral, by Fuset-
3.4.3. Internal Acetylenes from Vinylic Tellurides anil®® The bioassays of these acids show that both exhibited
Vinylic tellurides, having ng-hydrogen on a sjarbon, antibacterial activity againgischerichia coland cytotoxicity

were quicky transformed into internal alkyn885 when against P-388 murine leukemia cells {@alues of 5.0 and
treated with aqueous sodium hypochlorite solution. Similar 12.0 ug/mL).

results have been achieved when the oxidizing agent was The total synthesis of both acids was accomplished in
changed to KO, or t-BuOOH. The internal acetylen&95 1999, using vinylic telluride chemistAf® Montiporic Acid

were obtained in good isolated yields (Scheme 168). B (306) has a terminal double bond, which has been proven
to be the major challenge in the synthesis of the compound.
Scheme 168 After several attempts to convert a terminal alkyne to the

desired alkene, the reduction by means of a hydrotelluration

R! R?2
— reaction followed by a detelluration reaction through a-Te
R3Te Li exchange proved to be a successful means of overcoming
or NaClOsaq  p1_—= go this difficulty. The hydrotelluration was performed under
46 - 88 % 305 (BuTe)/NaBH, conditions and furnished two regioisomeric
R! R = Ph TMS. 4-MePh R = 151 £Pr vinylic tellurides, 307 and 308 in an 8:1 ratio in favor of
R3Te>=\R2 R3= Me, CH(-Bu, Coblys, Ph the 1,2Z-product307. This mixture was then treated with

n-BuLi in THF, to give the intermediate vinyllithium, which

Scheme 169

. X o 0
[ S O\)kOH

Reduction of a triple bond by means of

hydrotelluration/detelluration Montiporic Acid B

306
HO TeBu HO
:—/_/_\_\ OH el BUTe/_\_\_/_) ’ w
307 308
8:1

1) BuLi, THF, -78 °C
2) NH,CI
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Scheme 170
(-)-Gymnodimine
310
Z-double bond assembled by hydrotelluration —' “~—Functionalization
via Te/Li exchange
Scheme 171
OTBS
Me———=—Me BuTe)glNaBH4 1) BULI NaHDMS |
77 % TBSOTf
12 82 X y
311 €

OMe
90 %

is protonated by quenching with NEI to furnish the desired 4.3, Synthesis of ( —)-Macrolactin A
alkene309in 97% vyield (Scheme 169). It is important to

point out that this approach gave better results than the The macrolactins are a class of secondary metabolites
common Lindlar reduction. isolated from a deep-sea bacteritifhMacrolactin A @15

exhibits a broad spectrum of activity with significant antiviral
4.2. Studies toward the Synthesis of and cancer celllcytotoxic properties, inclqding _th(_e inhibition
(-)-Gymnodimine of B16-F10 murine melanoma cell replication withianitro
ICso value of 3.5ug/mL. It also has implications for control-

Gymnodimine 810 is a member of a class of recently ling human HIV replication and for inhibitingderpes sim-
isolated marine toxins that possess unusual spirocyclic iminesplextypes | and Il. Stereochemical assignments for Macro-
within macrocycles that also contain an ether or polyether lactin A were made through the comparison of spectral data
subunit!’ The relative or absolute stereochemistry of with those already established for Macrolactins B ahtf F
gymnodimine was determined by X-ray analy$&sAn and the first total synthesis developed by Smith and' ®tt.
approach toward the total synthesis of){gymnodimine In another total synthesis, developed by Marino and
(310 was described by Romo and co-workers, in which they Comasseto, the retrosynthetic analysis of the molecule
envisioned the use of a Dielg\Ider strategy to access the involved the construction of a key fragment containing a
spirocyclic moiety of the molecule as a key step of the diene moiety using tellurium chemistry (Scheme 1%2).
synthesis (for retrosynthesis, see Scheme 1770). Initially, the Z-diene moiety316 was assembled by a

The required dien811for the Diels-Alder reaction was hydrotelluration reaction of terminal enyB8&7via (BuTe)/
prepared by taking advantage of the unique features of NaBH, in ethanol, which exclusively afforded-vinylic
tellurium chemistry. A hydrotelluration of propyne din&t2 telluride 318 in 92% yield. Further transmetalation with a
furnished vinylic telluride313with a Z-configuration of the higher order cyano cuprate resulted 4avinylic cuprate,
double bond. The posterior Fé.i exchange reaction fol-  which reacted with chiral epoxid€d9to furnish a 1,3anti-
lowed by the capture of the vinyl anion by the Weinreb amide diol, which is protected as the acetonide derivag26. Later,
gave the corresponding ketoB&4, which upon treatment  a Pummerer reaction at sulfoxide delivered the corresponding
with base andert-butyldimethylsilyl triflate, under carefully ~ aldehyde. Wittig homologation resulted in the desired diene
controlled conditions, furnished enol eth8il without fragment316 as a single stereoisomer (Scheme 173). It is
isomerization. It is noteworthy that the telluriuffithium noteworthy that both hydrotelluration and the —-T@u
exchange proceeded with complete retention of the geometryexchange occurred with complete control of the stereochem-
of the double bond. In this study, it is relevant that the diene istry and without formation of th&-diastereoisomer of the
was prepared on a large scatey g) (Scheme 171). double bond.
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Scheme 172
M SnBu;

oTBS 17N
COH

oTBS

PhSO /\)A

2

(-) - Macrolactin A

315 K
— Z-diene assembled by sequential
hydrotelluration - Te/Cu exchange

Scheme 173 Their unusual structure, attractive biological activities, and
1)i. BuCu(CN)(2-Th)Li, scarce natural availability prompted us to synthesize tHém.
_ o, 2 310 The retrosynthesis of both acids shows that the Key

/O (BuTel/NaBH, _ N"ores " V\)\/S“p-w enediyne skeleton of the structure could be constructed by a
T E1oH TeBu 2) MezC(OMe), palladium-catalyzed cross-coupling reaction aZ-ginylic

318 telluride 323with the appropriate diyne alcoh824 (Scheme
OTBS OTBS 174)

Thus, the synthesis of vinylic tellurid823 was ac-
complished by the hydrotelluration of a terminal alkyd32b
through a reaction with BuTeLi, generatidsitu, to afford
the vinylic telluride323in a 6:1 mixture of regioisomers, in
favor of theZ-1,2-vinylic telluride. Both isomers were easily
separated by column chromatography, and the major product
was obtained in 48% yield. The tellurides were then coupled
4.4. Synthesis of Polyacetylenic Acids Isolated with the appropriate alkyneg24under PdG/Cul conditions
from Heisteria acuminata to exclusively afford enediyne alcoh826with the desired

Z-configuration (Scheme 175).

1) TFAA
2) PPh;CHCHO

The linear polyacetylenic acid1and322were isolated
from the bark ofHeisteria acuminateoy bioassay-guided :
fractionation’® These compounds were found to have potent 5. Conclusions
anti-inflammatory activity by the inhibition of cyclooxyge- Recently, an impressive increase in the number of publica-
nase (COX) and 5-lipoxygenase (5-L8j.Polyacetylenes tions in the vinylic tellurides field has appeared in the
have been previously reported in the literature as potentliterature. In fact, the many efforts and developments have
inhibitors of the arachidonic acid metabolidff Therefore, transformed vinylic tellurides chemistry into a very broad
it may be inferred that these compounds are, at least in part,and exciting field with many opportunities for research and
responsible for the anti-inflammatory activity éfeisteria development of applications. However, the use of vinylic

acuminatebark preparations used in folk medicine. tellurides by synthetic organic chemists or as a tool in organic
Scheme 174
J_/:w’\
E N a2
Pd-catalyzed \ 0
vinylic telluride cross-coupling
— OH 4_/=\ P ==
' —> TeBu ™ A\__oH
‘““<\ n 323 324
n=1,2 m=5,6
322 \\
OH
o}
Scheme 175
=—  BuTeli = PACL,/Cul, MeOH, Et;N
- TeBu —
n 325 n 323 324 —OH

n=1,2 n=1,2 m=5,6




1074 Chemical Reviews, 2006, Vol. 106, No. 3

synthesis, mainly in the application to total synthesis, has

been hampered due to a bad reputation related to these
compounds. We have observed that many researchers prefer

to use other vinyl halides and triflates, instead of vinylic
tellurides. Thus, we hope with this review that we have
demonstrated vinyl tellurides as valuable tools in synthetic
strategies. We honestly wish that this article might help some
chemists to look at tellurium chemistry from a different point
of view and begin to consider vinyl tellurides as useful tools
in future research projects.

Definitely, further developments in the synthesis and
reactivity of vinylic tellurides, mainly in the study of the
double bond functionalized, carbenarbon bond formation,

and their use in transition-metal-catalyzed coupling reactions

Zeni et al.
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pharmacological aspects of vinylic tellurides, and perhaps,

as was the case for organoselenium compounds 40 years ago
it is possible that the bad reputation, as toxic compounds,

will fade. Thus, all of these considerations may add a new
dimension to the field of polyvalent tellurium chemistry.
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