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The NaH-promoted tandem Michael addition/intramolecular Wittig–Horner reaction of bis[(diphenyl-
phosphinoyl) methyl]telluride with chalcones stereoselectively afforded trans-2-diphenylphosphinoyl-
3,5-diaryl-3,4-dihydro-2H-telluropyran derivatives in 51–72% yield, under mild conditions.
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Tellurium compounds have become the key components of new
materials with potential technological applications, because of
their distinguishing features and rich chemistry. They also repre-
sent a variety of versatile and useful reagents for organic synthesis.
In addition, the development of a large number of tellurium-based
synthetic methods which took place in the recent years has made
significant contributions to synthetic organic chemistry.1

The six-membered unsaturated heterocycles containing tellu-
rium have drawn attention as catalysts, as well as photosensitizers,
photoconducting materials and chemotherapeutic agents.2

Baum et al. reported the syntheses of the fluorinated 3,6-dihy-
dro-2H-telluropyrans 1a,b by [4+2] cycloaddition between per-
fluoroalkyl trimethylstannyl tellurides and 1,3-butadiene
(Fig. 1).3 Telluropyrylium dyes exemplified by 2 and 3, which show
electronic absorptions at lower energies than other dyes, have
been synthesized and tested with respect to the generation of
the singlet oxygen, as potential photochemotherapeutic agents in
photodynamic therapy.4 These compounds were found to be active
in animal studies.5

In addition, telluropyrylium dyes and their derivatives have also
been proposed as optical recording media6 and catalysts for solar
energy storage via photochemical-thermal generation of hydrogen
peroxide,7 and their basic hydrolysis was studied under aerobic
and anaerobic conditions.8

D4,40-4-Telluropyranyl-4H-telluropyrans and their congener
[4,40]bitellurochromenylidene 4, have been prepared as part of
ll rights reserved.
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mixed-stack organic metal complexes research, in order to study
their properties as p-electron donors and organic conductors.9 Fur-
thermore, the preparation of carbene complexes (5) exhibiting
interesting nonlinear optical properties10 and other chalcogenides
bearing the 4H-2,6-diphenyl telluropyran motif, including 6,11
4 5 6

Figure 1. Chemical structures of some representative six-membered unsaturated
heterocyclics containing tellurium.
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have been described. On the other hand, Sashida et al. synthesized
isotellurochromenes observing the equilibrium between 1-benzyl-
2-benzotelluropyrylium salts and the corresponding 1-benzyli-
dene derivatives, resulting from b-hydrogen elimination.12

Tandem reactions are powerful methodologies for efficiently
synthesizing complex molecules, whereby several carbon–carbon
or carbon–heteroatom bonds can be constructed in one pot with-
out isolating the intermediates. Advantageously, these reactions
often proceed stereoselectively and with high regioselectivity13;
therefore, they have shown to be valuable for the stereoselective
synthesis of multifunctionalized cyclic and polycyclic
compounds.14

Vinylic tellurides are a useful class of tellurium derivatives, the
Wittig or Wittig–Horner reaction being one of the most useful
methods for their synthesis.15 In this respect, we16 and others17

have reported a convenient means for accessing vinylic tellurides
employing this methodology.

Recently, we have described the Wittig–Horner reaction of
bis[(diphenylphosphinoyl)methyl] chalcogenides with carbonyl
compounds, including aldehydes and ketones, to afford symmetri-
cal and unsymmetrical bis-vinylic chalcogenides.18 We have also
disclosed the tandem Michael addition/intramolecular Wittig–
Horner reaction of bis[(diphenylphosphinoyl)methyl]sulfide with
chalcones to afford 3,4-dihydro-2H-thiopyran derivatives.19 As a
continuation of this work, here we report the outcome of the reac-
tion of chalcones with the analogous bis[(diphenylphosphi-
noyl)methyl] telluride (1).

The telluride reagent 1 was prepared in three steps and 71%
overall yield from diphenylphosphane, following the previously re-
ported procedure,18 as a slightly unstable solid, which slowly
decomposes at room temperature and in chloroform solution.

As shown in Table 1, when the reaction was run in DMF for 24 h
at room temperature, with 1.2 equiv of 3-(2-chlorophenyl)-1-(4-
chlorophenyl)-propenone as model chalcone and 2 equiv of NaH
as a base, an extensive decomposition of the starting tellurium re-
agent took place, and no cyclized product could be isolated (entry
1). On the other hand, the starting telluride proved to be insoluble
in toluene and scarcely soluble in Et2O.

However, to our satisfaction, when the reaction was carried out
in a 1:1 mixture of Et2O and THF for 24 h at room temperature, 21%
of the product could be obtained, as a yellow solid (entry 2). De-
spite telluropyrans and telluropyrylium salts having been previ-
Table 1
Optimization of the reaction conditions for the synthesis of the 3,4-dihydro-2H-
telluropyrans (3)
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Ar1 Ar2

O
Ar1

O

Ar2

1

2

3

2

3
4

5

6
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Run
No.

Chalconea

(equiv)
NaH
(equiv)

Solvent Temperature
(�C)

Reaction time
(h)

Yield
(%)

1 1.2 2.0 DMF rt 24 —b

2 1.2 2.0 THF/
Et2Oc

rt 24 21

3 1.2 3.0 THF rt 24 51
4 1.5 2.3 THF rt 24 57
5 1.2 2.8 THF Reflux 1 49
6 1.2 2.0 THF rt 24 60

a Ar1 = 2-Cl–C6H4; Ar2 = 4-Cl–C6H4.
b Extensive decomposition of the tellurium reagent 1 takes place.
c Starting materials are poorly soluble in Et2O; a 1:1 THF/Et2O mixture was

employed.
ously accessed by various means, this represented the first entry
to 3,5-diaryl-3,4-dihydro-2H-telluropyrans.

Performing the transformation in THF with 3 equiv of NaH as a
base furnished 51% of cyclized product (entry 3). Increasing the
amount of chalcone and reducing the quantity of NaH produced
small improvements in the yield, while submitting the reaction
to reflux promptly gave decomposition of the starting telluride,
furnishing only 49% of the product after 1 h (entry 5). Further low-
ering the amount of NaH to 2.0 equiv gave an optimized 60% yield
of the cyclized product, after performing the transformation at
room temperature (entry 6).

With the optimal reaction conditions in hand, we then exam-
ined the tandem reaction of a spectrum of chalcones. The transfor-
mation demonstrated to be general and eight telluropyrans were
obtained, in 51–72% yield,20 as detailed in Table 2.21

It was found that depending on the reaction conditions,
chalcones react with phosphonates either in a Michael or a
Wittig–Horner fashion.22 By analogy with our previously reported
synthesis of 3,5-diaryl-3,4-dihydro-2H-thiopyrans, formation of
the telluropyrans 3a–h may be rationalized as being the result
of a sequence of reactions comprising deprotonation of 1, followed
by the ylide-initiated Michael addition of the resulting anion to the
enone 2.18

The intermediate enolate could then mediate deprotonation of
the remaining methylene group attached to both tellurium and
phosphorous, by proton migration, favored by the higher acidity
of the protons associated to this methylene group.23 A final intra-
molecular Wittig–Horner reaction of the phosphinoyl carbanion,
would then be triggered, leading to the cyclized product after loss
of diphenylphosphinate. A quite similar mechanism seems to be
operating in the regioselective synthesis of dihydropyridines by
reaction of N-vinylic phosphazenes with a,b-unsaturated ketones
and in the recently described organocatalytic asymmetric tandem
Michael addition–Wittig reaction leading to cyclohexenones.24

The 1H and 13C NMR spectra of the telluropyrans indicated that
they were formed as single isomers. By analogy with our previous
findings on the synthesis of trans-2-diphenyl phosphinoyl-3,5-dia-
ryl-3,4-dihydro-2H-thio pyrans,19 assuming a half-chair conforma-
tion and taking into account the magnitude of the coupling
constants between H-2 and H-3 (J ffi 6.1–6.9 Hz), a trans configura-
tion was proposed for the heterocycles.25

This stereochemistry could be established during the Michael
addition stage, where the intermediate enolate could decompose
back to the reactants, providing a means to yield the product which
Table 2
Sodium hydride-promoted synthesis of 2-diphenylphosphinoyl-3,5-(diaryl)-3,4-dihy-
dro-2H-telluropyrans (3) from bis[(diphenylphosphinoyl)methyl]telluride (1) and
1,3-diaryl-propenones (chalcones, 2)

Ph2P Te PPh2

O O
TePh2P

Ar1 Ar2

O
1. NaH, THF, r.t.

Ar1

O

Ar2
2. r.t., 24 h

321

2

3

Entry No. Compd No. Ar1 Ar2 Yield (%)

1 3a C6H5 C6H5 63
2 3b C6H5 4-Me–C6H4 51
3 3c C6H5 4-Cl–C6H4 52
4 3d 4-Cl–C6H4 C6H5 57
5 3e 4-Me–C6H4 4-Me–C6H4 60
6 3f 4-MeO–C6H4 4-MeO–C6H4 52
7 3g 4-Me–C6H4 4-MeO–C6H4 72
8 3h 2-Cl–C6H4 4-Cl–C6H4 60
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minimizes steric interactions between the bulkiest substituents.26

Alternatively, it could be the result of the deprotonation–reproto-
nation of the acidic methinic proton H-2, leading to the most stable
diastereomer; partial deuteration of H-2 was found upon quench-
ing a mixture of NaH and a 2-diphenyl phosphinoyl-3,5-diaryl-3,4-
dihydro-2H-thio pyran, previously heated in THF.19

In conclusion, it was demonstrated that the reaction of
bis[(diphenylphosphinoyl)methyl]telluride with variously substi-
tuted chalcones proceeds with high diastereoselectivity, under
mild conditions, providing trans-2-diphenylphosphinoyl-3,5-dia-
ryl-3,4-dihydro-2H-telluro-pyrans via a tandem Michael addition/
intramolecular Wittig–Horner reaction. This stereoselective ap-
proach represents the first strategy to access these kinds of poly-
substituted 3,4-dihydro-2H-telluropyran derivatives.
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