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Abstract—We present here the reaction of diphenyl dichalcogenides (Se and Te) with propargyl alcohols using alumina supported
sodium borohydride under solvent-free conditions. This efficient and improved method is general and furnishes the corresponding
vinyl chalcogenide preferentially with a Z configuration. We also observed that when the same protocol was applied to phenyl acet-
ylene, the (E)-bis-organochalcogen alkenes were obtained in good yields and high selectivity. The use of MW irradiation facilitates

the procedure and accelerates the reaction.
© 2005 Elsevier Ltd. All rights reserved.

Vinyl chalcogenides have been found to be a very useful
tool in organic synthesis, since they are very versatile
intermediates for the selective construction of isolated
or conjugated olefins.! Among the vinyl chalcogenides,
1,2-bis-organochalcogen alkenes are very utile synthons
in organic synthesis, because they can be used as precur-
sor to enediynes and other functionalized olefins. How-
ever, the number of methodologies for accessing 1,2-bis
chalcogenide alkenes is limited and the development of
protocols for rigorous regio- and stereochemical con-
trolled synthesis of these compounds remains yet a
challenge.

Vinyl chalcogenides have been prepared by the addition
of organo chalcogenols, or the respective chalcogenolate
anions, to acetylenes.'> Besides, it is known that di-
selenides® and ditellurides* add to terminal alkynes, in
the presence of UV irradiation® 94 or a transition-metal
catalyst>®' to afford the respective 1,2-bis(organylchalco-
genide) alkenes in moderate to good yields. Recently,
the in situ addition of chalcogenides to propargylic alco-
hols (alkynyl-lithium species) to afford bis-chalcogenide
alkenes (S and Se) in very good yields was described.’
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The authors observed that the presence of the acidic
hydrogen from hidroxyl group is essential for the selec-
tivity control of the addition. They also described that
with diorganoyl ditelluride the reaction failed com-
pletely and in a similar condition, terminal acetylenes
afforded the respective tris-organochalcogen alkenes.
Due to the increasing use of vinyl chalcogenides,!-? the
development of new and efficient methods for the prepa-
ration of bis-organochalcogen alkenes with defined
regio- and stereochemistry is of general interest in organic
synthesis.

Looking for cleaner approaches to classical syntheses,
we have developed several protocols involving solid sup-
ported catalyst under solvent-free conditions® and MW
irradiation.” As a continuation of our studies toward
the development of new methods for the synthesis of
vinyl chalcogenides,®’* we report herein the results of
the hydrochalcogenation of propargylic alcohols and
chalcogenolate anion in addition to phenyl acetylene
using Al,O;/NaBH, without any solvent (Scheme 1).%°

Initially, we chose propargyl alcohol 1a (1.5 equiv) and
diphenyl diselenide (0.5 equiv) to establish the best con-
ditions for the hydrochalcogenation reaction. We exam-
ined the reaction time, the amount of Al,O;/NaBH,
(50%) and the use of microwave.” It was found that
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Scheme 1. Method A: Al,05/NaBH, (50%), stirring, rt, 3-72 h; Method B: Al,O3/NaBH, (50%), MW (548 W), 6-35 min; Method C: Al,Os/NaBH,

(50%), stirring, 60 °C (oil bath), 1.5-42 h.

using 0.050 g of Al,O3;/NaBH,, at room temperature,
the reaction proceeded slowly and in 30% yield after stir-
ring for 72 h. However, by using 0.076 g of Al,Os/
NaBH,, the desired products 3a and 4a were obtained
in good yield (76%) after 46 h (Table 1, entry 1, Method
A). Aiming to reduce the reaction time, the mixture was
irradiated with MW (548 W). It was observed there was
complete consumption of the starting materials after
10 min and the products were obtained in comparable
yield and selectivity (Table 1, entry 2, Method B). When
the same protocol was performed at reduced MW power
(353 W) it was observed, after 10 min, there was incom-
plete consumption of diphenyl diselenide, and the pro-
duct was isolated in 51% yield.

When the reaction was performed in the presence of alu-
mina alone, without NaBHy4, no reaction took place in

all conditions tested and the starting materials were
recovered. By using only NaBH,, the desired products
3a and 4a were obtained only in 32% yield.

In order to check the possibility of intervention of spe-
cific (non-purely thermal) microwave effects, the reac-
tion with Al,Os/NaBH,; (50%) was also examined
using a pre-heated oil bath for the same final tempera-
ture (60 °C), as measured at the end of exposure during
the MW-assisted synthesis (Table 1, entry 3, Method C).
However, it was observed that 22 h was required for
complete consumption of diphenyl diselenide.

Since the best conditions were established, the protocols
were extended to other propargylic alcohols with diphen-
yl diselenide and also with diphenyl ditelluride (Scheme
1). In all the cases studied, a mixture of 3 and 4 was

Table 1. Synthesis of vinyl chalcogenides 3 and 4 under solvent-free conditions

Entry Alkyne 1 R'Y), Products 3+ 4 Method® Time Yield® (%) Ratio® 3:4
1 .\ CeHsS I SeCefts A 46h 6 2
1a OH oHsSeh ¢ sé oH+ =, 7 7525

3a
2 1a C¢H;Se), 3a+4a B 10 min 79 70:30
3 1a CeHsSe), 3a+4a C 22 h 77 73:27

J— TeCGHs

/1 .

4 1a CHsTe):  CoHeTe N oH+ = oH A 72h 73 80:20

5 la Ce¢HsTe), 3b+4b B 6 min 84 80:20
J— SeCgHs
6 :—k CeH;Se), CsH.r,Se/ﬁ< + ﬁ A 48h 68 93:07
1b OH 3c OH 4c OH
7 1b CeHsSe), 3¢ +4c B 13 min 71 90:10
p— TeCgHs
8 1b CsHsTe), CeHsTe/j]/\ + ﬂ B 15 min 85 90:10
3d o OH
9 1b C¢HsTe), 3d+4d C 27h 91 91:09
R SeCgHs
10 :—v CsHsSe), CsHsSe% + ﬁ@ A 48 h 65 81:19
1c  OH 3e OH e O
11 1c CeHsSe), 3e +4de B 14 min 82 84:16
. TeCgHs
12 1c CeHsTe), CeHsTe% * :K B 13 min 63 91:09
3f OH a oy
13 1c C¢HsTe), 3f + 4f C 42h 68 88:12

#Method A: The experiments were performed at room temperature. Method B: The experiments were performed at 548 W. Method C: The reaction

mixture was heated at 60 °C using an oil bath.’

®Yields of pure products isolated by column chromatography (AcOEt/hexanes) and identified by mass spectrometry, 'H, '>*C NMR.
¢ Determined by GC of the crude reaction mixture and confirmed after isolation of the individual isomers.
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obtained in good yields by using the optimized conditions
described above for the preparation of 3a and 4a (Table
1, entries 4-13).° The anti-Markovnikov adduct 3 was
obtained in a higher amount than the Markovnikov
one 4 in all the tested examples. It was observed that ste-
ric factors are important, because the 3:4 ratio increases
with the group R size. This regioselectivity is similar to
that reported for the methods which use organic sol-
vents and inert atmosphere.!?> It was observed that for
the reaction of phenyltellurolate anions with the steri-
cally hindered alcohols 1b and 1c¢ the Method A was
not efficient, even after stirring for 72 h (yield < 35%).
However, when the reaction was performed under heat-
ing at 60 °C, the respective tellurides 3 and 4 were
obtained in good yields (Table 1, entries 9 and 13).
Probably, that happens because temperature > 60 °C
is necessary for the diphenyl ditelluride/acetylene mix-
ture to become homogeneous.*

When the same protocol (Method A) was applied to
phenyl acetylene 1d and diphenyl diselenide, 1,2-bis-phen-
ylseleno alkenes 2a were obtained in good yield (95%)
after 3 h at room temperature.'® This is a new and unex-
pected result that allows to obtain bis-organochalcogen
alkenes in an easy and clean way. The structure of 2a
was confirmed by the appearance of two different signals
in the olefinic region of the "H NMR spectrum (7.08 and
7.60 ppm) indicating the formation of two isomers,
which were identified as being (E)-2a and (Z)-2a.>¢ The
reaction was stereoselective, giving predominantly the
(E)-stereoisomer in a E:Z ratio = 80:20 (Table 2, entry
1). Aiming to reduce the reaction time, the mixture

was irradiated with MW (548 W, Method B). It was
observed there was complete consumption of diphenyl
diselenide after 6 min and the product was obtained in
comparable yield and selectivity (Table 2, entry 2).

When the same reaction was performed using a pre-
heated oil bath (60 °C), 2a was obtained with similar
yield after 1.5 h (Table 2, entry 4, Method C). The reac-
tion was extended to other diaryl dichalcogenides, and
in all the tested cases the respective bis-arylchalcogenide
alkenes 2 were obtained in good yields and preferentially
with E configuration (Scheme 1, Table 2). Although the
energy transfer and distribution in a domestic micro-
wave oven is not controlled as in professional chemistry
one, we found that the microwave-assisted reactions are
more efficient, more convenient and cleaner.

A possible mechanism for explaining the formation of
the (E)-bis-organochalcogen alkenes 2a-d from phenyl
acetylene is depicted in Scheme 2 and involves the inter-
mediate 5. This mechanism is similar to that reported
recently to explain the synthesis of tris-phenylchalcogen
alkenes by hydrochalcogenation of acetylenes.> A free-
radical chain addition mechanism could also be
involved. However, the fact that propargylic alcohols do
not afford the respective bis-chalcogen alkenes suggests
that the intermediates 6 and 7 are involved in the forma-
tion of 3 and 4, respectively.®

In conclusion, we have presented here a new methodol-
ogy for the addition of chalcogenolate anions to propar-
gylic alcohols and phenyl acetylene under solid

Table 2. Synthesis of bis-organochalcogen alkenes 2a-d starting from phenylacetylene (1d) under solvent-free conditions

Entry R'Y), Products 2 Method®* Time  Yield® (%) Ratio® E:Z dy vinyl (or CH3)
E Z
C6H5 SeCeH5
1 CgHsSe), — A 3h 95 80:20 7.08 7.60
CeHsS€ 24
2 CeHsSe)s 2a B 6min 94 74:26
3 C5H55€)2 2a C 6 min 22 —
4 Cg¢HsSe), 2a C 1.5h 94 71:29
CsH5 TGCGH5
5 C¢HsTe), — A 48 h 20 — 7.36 8.37
CGH5Te 2b
6 Ce¢HsTe), 2b B 25min 72 83:17
7 C¢HsTe), 2b C 18h 75 82:18
CeHs SGCGH4CH3-p
8 p-CH;C¢HySe), A 19h 72 87:13 (2.26 and 2.30) (2.22 and
p-CH3CgH4Se™  2¢ 2.33)
9 p-CH;3C¢HySe),  2c B 35min 85 85:15
C6H5 T6C6H4CH3-p
10 p-CH;CcHyTe), C 24 h 80 88:12 (2.31 and 2.32) (2.26 and
p-CH3CgH4TE  2d 235)
11 p-CH;C¢HyTe), 2d B 30 min 75 85:15

#Method A: The experiments were performed at room temperature. Method B: The experiments were performed at 548 W. Method C: The reaction

mixture was heated at 60 °C using an oil bath.’

®Yields of pure products isolated by column chromatography (AcOEt/hexanes) and identified by mass spectrometry, 'H, '*C NMR .>*
¢ Determined by GC of the crude reaction mixture and confirmed after isolation of the individual isomers.
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supported catalyst. This improved, simple, fast and
clean protocol eliminates the use of inert atmosphere
and minimizes the organic solvent and energy demands,
as well as, affords selectively mono- and bis-organochal-
cogen alkenes. Besides these advantages, the reaction
time could be reduced from hours to a few minutes
(when MW was employed), under milder conditions
and with non-aqueous work-up.
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