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ABSTRACT

I_— p2 R SeBu
n-BuLi +8e® THF [/ puseli] R— R . > )
25°C EtOH H R

Vinylic selenides were prepared in good yields by hydroselenation of alkynes with lithium butylselenolate generated by reaction of n-butyllithium
with elemental selenium. The regio- and stereochemistry of the hydroselenation depend on the nature of the substituents bonded to the
alkyne.

Organoselenium compounds have become attractive syntheticelenides after longer reaction times at room temperature.
targets because of their chemo-, regio-, and stereoselectivityThe reaction is faster at a high temperature; however, the
reactiond and their useful biological activiti€sOn this way, mixture of Z- and E-vinylic selenides was obtained in an
vinylic selenides play an important role in the synthesis of almost 1:1 ratio (Scheme %)On the other hand, the
organoselenium compounds, especially in the development

of many convenient methods for the stereoselective prepara_

tion of functionalized alkenesAlthough various methods

. . o . Scheme 1
are mentioned for the preparation of vinylic selenides, a more )
useful procedure has centered on the nucleophilic or elec- Rse" :{R
trophilic organoselenium addition to terminal or internal - R SeR®

alkynes! For example, the nucleophilic addition of sele- . Eand Z

. . . 2
nophenol to alkynes affords, preferentially, tHevinylic = R
R3Se+ X X R2 R3Se R2
t - — + >—<
! S(F:PNIE UFSM. R SeR? R! X
SUSP.
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adducts, depending on the nature of the substituents at th{j| | | [ 3 RN NG

triple bond (Scheme P)Conversely, vinylic selenides can Table 1. Hydroselenation of Internal Alkynes
be prepared by palladium-catalyzed hydroselenation of

’ - 3 Rl_— ge [BuSeli]l THF  R|__ SeBu
alkynes to afford the Markownikov adduct in good yields. tap EtOH \;ERZ
There are some limitations associated with the methodolo-
gies to prepare vinylic selenides illustrated above; procedures entry R! R’ yield®
described employ diorganoyl diseleniéies selenophendl (%)
as starting materials, which are volatile and unstable and have " m m 0
an unpleasant odor. Also, the preparation of these compounds
is complex. b =—CMe)EH)OH C(Me)Et)OH 55
We now wish to report our results on the preparation of _
vinylic selenides via hydroselenation of terminal and internal ¢ = CH0H CH.OH 6
a!kynes,. avoiding the previous preparation. of diorganoyl d = ph Ph 67
disselenides or selenophenol. Thus, a solution of alkyne in
deoxygenated ethanol was added dropwise to a solution e CaHo C4Ho NR
contain_ing n-BuSeLi (generated in situ by addit_ion of £ C.Hs Ph 48
n-butyllithium to a suspension of elemental selenium and
THF at room temperature). The resulting solution was g Ph CH,OH 65
reflgxed for _24 h and mpnltored py TLC to.produc_:e the h = C,H Ph 66
desired vinylic selenides in good yields and high regio- and
stereoselectivity (Scheme ). i =—Ph C(Me),OH 63
| j . " "
Scheme 2 1 PO(OEt), C4Hy 60°
. o THE R1 — R2 R1 SeBu m Ph SeCH:; NR
mBuLi + S THE [ n-Buseli] —e— H>=<R2 a Ph SiMe; NR
2
o Ph TeBu NR
p Ph SnBu; NR

Our investigation began with the addition of lithium
n-butylselenolate to internal alkynes, and the results are
shown in Table 1. The hydroselenation of symmetrical

aYields are given for isolated productsThe reaction produced a 1:1
mixture of Z- and E-isomers.

internal alkynes (entries—ee) readily produces, stereoselec-
tively, the Z-vinylic selenides2a—e in good vyields, except
for dibutylacetylene, which did not give the desired vinylic
selenides (Table 1, entry e). Under the same reaction
conditions, the hydroselenation of unsymmetrical internal
alkynes (Table 1, entries—fi) produced the corresponding
vinylic selenides in good vyields and in high stereo- and
regioselectivity. The regio-and stereoselectivities obtained
in the products described in Table 1 could be justified by
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To a suspension of elemental selenium (0.079 g; 1 mmol) in dry THF (5
mL) under argon and with magnetic stirring was adddzlityllithium (0.4

mL of a 2.5 M solution in hexane; 1 mmol). A yellow solution was formed.
To this solution was added the appropriate alkyne (1 mmol) in deoxygenated
ethanol (5 mL). The mixture was then heated at reflux for 24 h. After this
time, the mixture was cooled to room temperature and treated witCNH
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was purified by flash chromatography and eluted with hexane or hexane/
ethyl acetate (80:20).
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both steric and electronic effects of the substituents on the
triple bond. We have also therefore performed a series of
reactions to test whether unsymmetrical internal alkynes
bearing a heteroatom such as Si, Te, Sn, Se, S, or P would
react in the same fashion with lithium butyl selenenolate
(Table 1, entries§p). As a result, the phenylthio acetylene
1j gave theZ-vinylic selenides2j with the addition of the
organoselenium group at tjfeposition relative to methylthio
substituent as a single regio-, and stereoisomer in 59% yield
(Table 1, entry j). The hydroselenation of 1-alkynylphos-
phonate (Table 1, entry ) gave regioselectively thbu-
tylseleno vinyl phosphonate in 64% yield. However, con-
siderable loss of stereoselectivity was verified (Bxeand
E-f-butylseleno vinyl phosphonates were obtained in a 1:1
ratio). The hydroselenation did not proceed with unsym-
metrical internal alkynes bearing an organoselenium, tel-
lurium, tin, or silicon group bonded directly at the triple bond
(Table 1, entries mp). In these cases we observed only the
cleavage of the carbon-heteroatom bond. Thus, the products
were phenylacetylene together with organoselenium com-
pounds3 containing the heteroatom bonded directly at the
selenium atom, probably as the result of a direct attack of
n-BuSelLi to the heteroatom (Se, Si, Sn, Te) (Scheme 3).
Next we decided to expand the scope of this method to
include terminal alkynes. Thus, a solution of 1-alkyne in
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s 1-hexyne jointly with large amounts of dibutyl diselenide.

Scheme 3 The effect of the hydroxyl group at the propargyl position
[n-BuSeLi] of 1-alkynes was also examined, and the results are sum-
Ph ﬁp YR Eton Ph—=—H + "-B;SeYR marized in Table 2. The hydroselenations proceed at room

temperature, affording stereoselectively the corresponding
Z-vinylic selenides; however, a significant loss in the
regiochemistry was observed. With a bulky alkyl group in
the propargyl position (Table 2, entry g) the regioisorbgr
was obtained as a major product witstereochemistry
exclusively. However, an inversion in the regiochemistry was
observed when the hydrogen (small group) was present in
the propargyl position (Table 2, entry h). This set of

_ experiments demonstrated that the ratio of regioisomers is

YR = MeSe, Me3Si, (n-Bu)3Sn, n-BuTe

deoxygenated ethanol was added dropwise to a solution
containingn-BuSeLi. The resulting solution was stirred at
room temperature for the time indicated in Table 2 and

Table 2. Hydroselenation of Terminal Alkynes dependent on the steric effect of the alkyl group in the
R! propargyl position.
Ri—=— 4_ H% /:\S‘*B“” nBuSe>6: Analysis of the!H and**C NMR spectra showed that alll
of the vinylic selenides presented data in full agreement with
Entry R! Time  Yield" RaFiob their assigned structures. The stereochemistry of the disub-
®) o) 5:6 stituted vinylic selenides was easily established. As an
" M B 30° - example, théH spectrum of compoun®la showed a doublet
centered at 6.89 ppm with a coupling constant of 9.2 Hz.
b C,Hy 48 trace! The other vinylic hydrogen resonates at 6.62 ppm as a
. doublet, with a coupling constant of 9.2 Hz attributed to the
¢ HOMexC 30 63 6:1 cisrelated olefinic hydrogens. The geometry of the trisub-
d  HO(EH(Me)C 30 62 9:1 stituted vinylic selenides was determined by NOE experi-
ments. For example, when the compo@wvas irradiated
e HO(EHHC 30 66 1:1 at the signal attributed to vinylic hydrogen (6.35 ppm), an
OH enhancement of the allylic hydrogens (2.42 ppm) was
<:>< observed, showing ais relationship between them.
f ' 30 60 10:1 The reaction pathway leading to vinylic selenides seems
to depend on the substitution pattern of the triple bond and
g O/_\N—CH 24 51 1.5:1 is controlled by both steric and electronic effects. We believe
_/ ? that in the case of non-hydroxyled alkynes, the vinylic
selenides are formed by the addition of the selenolate anion
b HOCH, 30 - " onto the triple bond, with subsequent trapping of the vinyl

anion with a proton from ethanol. However, in the case of

aYields are given for isolated productsThe ratios were determined ~ Propargyl alcohols we believe that the vinylic hydrogen came
on the basis ofH NMR data.c Using 20 mmol scale the product was  from the acidic proton of the hydroxyl group (Scheme 4),

obtained in 77% yieldd The reaction was refluxed.

monitored by TLC to produce the desired vinylic selenides Scheme 4

in good yields; the results are summarized in Table 2. We [n-Buseli] [R' SeBu-r] R! SeBu-n
4 . — - N EOH_ TN—y

can see in Table 2 that the hydroselenation of phenylacety- R'—=——R? =T R

lene gave th&-vinylic selenidesbain good yield and in a R

shorter reaction time, as an exclusive regio- and stereoisomer SeBu- R? SeBu-n

-BuSeL _EtOH _"N\—
(Table 2, entry a). In addition, when the hydroselenation of R14< w >_§<R H>_§<R2
phenylacetylene was carried out on a large scale (20 mmol), HO™ R3

the productba was obtained in a similar yield. This result
indicates that our method can be employed in the large-scale

synthesis of vinylic selenide$a, which are important To support this mechanistic description, we have carried
intermediates in organic synthedisin contrast, when gyt the hydroselenation of phenylacetylene in Me@}-
1-hexyne was employed as starting material, the hydro- where7 was isolated as the major product (Scheme 5). We
selenation afforded the vinylic selenidb only in small  3jso used the deuteration experiments to determine if the
amounts, even though heating and longer reaction times were;inylic hydrogen is donated by the alcohol or if it could come
employed (Table 2, entry b). In this case we recovered the from the hydroxyl group in the propargy! alcohols. As the

— . . — - result, the hydroselenation of deuterated propargyl alcohol

(11) (a) Tingoli, M.; Tiecco, M.; Testaferri, L.; Temperini, A.; Pelizzi

G.; Bacchi, A Tetrahedror.995 51 469%4700. (b) Hevesi, L; Hermans, & IN the absence of a protic solvent, produces the vinylic
B.; Allard, C. Tetrahedron Lett1994 35, 6729-6730. selenides9 (Scheme 5). These results suggest that the
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Scheme 5 Scheme 6
; Ph SeBu-n OH
ph= _LrBuSeli] >= e . CaHo Ph
CD30D D 7 CaHo—=—P(OEt), 1. [ n-BuSeLi J/THF _
10 2. PhCHO/THF ~ n-BuSe llT(OEt)z
Ph—= 1. n-BuSelLi JTHF_ Ph, __ SeBu-n o
g8  OD 2.NH4Clyg D OH 11 78%
9
that these findings would be useful in choosing a method
hydroselenation across to the triple bond follows aarti- for the synthesis of vinylic selenides containing different
pathway addition with the effective participation of ethanol functional groups. This reaction associated with the nickel-
and the hydroxyl group of propargyl alcohols. catalyzed cross-coupling of vinylic selenides with terminal

Finally, an application of our method in the preparation alkyned? can contribute to an interesting alternative route
of tetrasubstituted vinylic selenides from internal unsym- to the regio- and stereoselective preparation of functionalized
metrical alkynes, based on the sequence of hydroselenatioralkenes. Studies on the capture of vinyllithium intermediate
and trapping of the vinyllithium intermediate with benz- with different electrophiles are in progress in our group, and
aldehyde, has been briefly investigated. Thus, 1.0 equiv of the results will appear soon in a full paper.
1-alkynylphosphonate0 was reacted with 1.0 equiv of
n-BuSeLi at room temperature for 1 h. Then the solution of  Acknowledgment. We are grateful to CNPq, CAPES and
1.2 equiv of benzaldehyde in 2 mL of THF was added. The FAPERGS for financial support. CNPq is also acknowledged
reaction was stirred at room temperature4cd togive the for a MS fellowship (to M.P.St).
tetrasubstituted vinylic seleniddd in 78% yield (Scheme
6). Supporting Information Available: Spectroscopic data

In summary, we present here the hydroselenation of for all new compounds and detailed experimental procedures.
terminal or internal, unsymmetrical or symmetrical alkynes This material is available free of charge via the Internet at
by lithium selenolate anion. The nature of the substituents http://pubs.acs.org.

(steric and electronic effects) on the triple bond plays an 0L0498904

important role in the regio- and stereoselectivity of the vinylic

selenides formed. Additionally, by our method the use of (12) Silveira, C. C.; Braga, A. L.; Vieira, A. S.; Zeni, G. Org. Chem
diorganoyl diselenides or selenophenol is avoided. We expect2003 68, 662-665.
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