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We present here our results of the electrophilic cyclization reactio@)e$€lenoenynes with different
electrophiles such as, lICI, PhSeBr, and PhSeCl. The cyclization reaction proceeded cleanly under mild
reaction conditions, and 3-substituted selenophenes were formed in moderate to excellent yields. We
observed that the nature of solvent and structureZpsélenoenyne were important to the cyclization
reaction. In addition, the obtained 3-iodoselenophenes were readily transformed to more complex products
using a metathalogen exchange reaction witkBuLi and trapping the intermediate formed with
aldehydes, furnishing the desired secondary alcohols in good yields. Conversely, using the palladium or
copper catalyzed cross-coupling reactions with terminal alkynes or alkyl alcohols, we were able to convert
3-iodoselenophene to Sonogashira or Ullmann type products, respectively, in good yields.

Introduction and electrophile reagents. After being introduced in an organic
substrate, the organoselenium group can easily be removed by
selenoxidesyn eliminatiorf and [2,3] sigmatropic rearrange-
ment> Conversely, the carberselenium bond can also be

Chalcogenide compounds have found such wide utility
because their effects on an extraordinary number of very
different reactions, including many carbecarbon bond forma-
tions! under relatively mild reaction conditions. In addition, (2) (a) InOrganoselenium Chemistryvirth, T., Ed.; Topics in Current
they have become attractive synthetic targets because of thejfChemistry 208; Springer-Verlag: Heidelberg, 2000. (b) Krief, A. In

. . . . Comprehensie Organometallic Chemistry;lAbel, E. V., Stone, F. G. A.,
chemo-, regio-, and stereoselective reactibose in a wide Wilkinson, G., Eds.; Pergamon Press: New York, 1995; Vol. 11, Chapter

variety of functional groups, thus avoiding protection group 13. (c) Paulmier, C. IrSelenium Reagents and Intermediates in Organic
chemistry, and useful biological activitiég.he selenium group ~ SynthesisBaldwin, J. E., Ed.; Organic Chemistry Series 4; Pergamon

can be introduced in an organic substrate via both nucleophile Fress: Oxford, 1986. (d) Petragnani, Rellurium in Organic Synthesis
Academic Press: London, 1994.

(3) Nogueira, C. W.; Zeni, G.; Rocha, J. B. Them. Re. 2004 104,

(1) (@) Zeni, G.; Ludtke, D. S.; Panatieri, R. B.; Braga, A.Chem. 6255.
Rev. 2006 106, 1032. (b) Zeni, G.; Braga, A. L.; Stefani, H. Acc. Chem. (4) (a) Huguet, J. LAdv. Chem. Ser1967 345. (b) Sharpless, K. B.;
Res.2003 36, 731. Young, M. W.; Lauer, R. FTetrahedron Lett1973 22, 1979.

10.1021/jo070835t CCC: $37.00 © 2007 American Chemical Society
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replaced by a carberhydrogerf carbonr-halogen’, carbon- SCHEME 1
lithium,® or carbor-carbon bond. R E
Among chalcogenides, the chalcogenophene derivatives play = _E". solvent ﬂ
an important role in organic synthesis because of their excellent RSe \\ rt R Ngg ~R?
electrical properties and environmental stability. Chalco- 1 2 )
genophene oligomers are compounds of current interest because 41-94%
many of them show photoenhanced biological activitfesnd R, R', R? = alkyl, aryl
alpha-type of chalcogenophene oligomers such as552 - E*= 1y, ICI, PhSeBr, PhSeCl
terthiophene produce crystalline, electroconductive poly-
thiophenes in electrochemical polymerizatidh3hus, a wide SCHEME 2
variety of oligomers and related chalcogen compounds including Me,faeésﬁl"'e Ph H
mixed thiophenepyrrole oligomers have been synthesized Ph—=——=——"h —
mainly with the expectation of obtaining excellent precursor oo, Mese N
compounds for molecular devices and electroconductive poly- 1a
mers. In addition, chalcogenophenes are widely studied agents 70% P
with a diverse array of biological effects. These include potent g~peme 3
antitumor and antiviral activity, as well as efficacy as a Ph |
maturation inducing ageft. _ l2, THF
In the context of heterocycles, electrophilic cyclization of MeSe \\ 30 min, r. t. Ph/U\Ph
unsaturated compounds has proved to be an efficient method Se
for one-step construction of a substituted heterocyclic ¥nit. 2 pn 833/0
Important heterocycles such as indofé&Pbenzop]furansiscd
benzop]thiophened3ebenzop]selenophenesdthiophened3h an intramolecular, stepwise mechanism involving a cationic

furans!® and pyrroles3 among other&3* have been accessed intermediate-30.9
using this protocol. This reaction is believed to proceed through  Haloheterocycles, in particular halochalcogenophenes, are
important derivatives that provide an opportunity for further
(5) (a) Reich, H. JJ. Org. Chem1975 40, 2570. (b) Sharpless, K. B., functionalization'* In particular, iodo- and bromoselenophenes

Lauer, R. F.J. Am. Chem. Sod.972 94, 7154. are useful as substrates in a variety ef C14a® C—N,4cand
(g) ge‘”i_”r "lcl \éa”e”dfvve-} E”e‘cv ATEtrgh,egrPrf‘ 'ﬁﬂtgiﬁ ?10' 26|_43;i C—S%d bond forming reactions. However, to the best of our
19%6) 35\/2@47." umont, W Revest, k. ., niet, Aetranedron Lett knowledge, there is no protocol describing the preparation of
(8) (a) Seebach, D.; Peleties, Ghem. Ber1972 105 511. (b) Seebach, 3-haloselenophenes, using selenoenynes as substrate, via elec-
D.; Beck, A. K. Angew. Chem., Int. Ed. Endl974 13, 806. () Reich, H. trophilic cyclization. Our continuing interest in the synthesis
J.,(g?grﬁ,\/esi};Jé.A& grha%n;,. i_‘)ﬁ?ﬁe?r;i‘z_sg:; Zeni, @. Org. chem.  @nd applications of chalcogenophenes in organic syntfesis
2003 68, 662. prompted us to examine the electrophilic cyclization &f-(

(10)Chemistry and Biology of Naturally-occurring Acetylenes and selenoenyne$ to obtain 3-substituted selenophe2dScheme

Related Compoundgam, J., Breteler, H., Amason, T., Hansen, L., Eds.; 1) Studies defining the scope and limitations of this reaction
Elsevier: Amsterdam, 1988.

(11) (a) Nakayama, J.; Konishi, Heterocycles1988 27, 1731. (b) led us to a good understanding of this process.
Kuroda, M.; Nakayama, J.; Hoshino, M.; Furusho, N.; Kawata, T.; Ohba,
S. Tetrahedron1993 49, 3735. i i
(12) (a) Srivastava, P. C.; Robins, R. K.Med Chem 1983 26, 445. Results and Discussion
(b) Streeter, D. G.; Robins, R. Riochem Biophys Res Commun 1983 i 1- -1 4-di _1-en-3-
115 544. (c) Kirsi, J. J.; North, J.; McKernan, P. A.; Murray, B. K.; The Sta”'r.‘gZ) l. (methylselgno) 1,4-diphenylbut-1-en-3 yn?
Canonico, P. G.; Huggins, J. W.: Srivastava, P. C.; Robins, Rrkmicroh lawas readily available by using the process of hydroselenation

Agents Chemothet983 24, 353. (d) Goldstein, B. M.; Leary, J. F.; Farley,  of alkynes!® Treatment of 1,3-diphenylbutadiyne with methane-
B. A;; Marquez, V. E.; Rowley, P. TBlood 1991, 78, 593. () Jayaram, H.  selenolate anion, generated from dimethy! diselenide and WaBH

N.; Dion, R. L.; Glazer, R. I.; Johns, D. G.; Robins, R. K.; Srivastava, P.
C.! Cooney. D. ABiochem Pharmacal 1982 31, 2371. in ethanol, under reflux, gave the correspondidggelenoenyne

(13) (a) Barluenga, J.; Trincado, M.; Rubio, E.; Gonzalez, JARgew. la as the only isomer in 70% yield (Scheme 2).
gﬂem-,zggéEdZng?a 4(2,)2406- (b) Yue, D.; Yao, 1|'( Larg]:k,oR. Géﬁrg- Since our initial studies have focused on the development of
em. 71, 62. (c)Yue, D.; Yao, T.; Larock, R. Cl. Org. em. ; i i Ati it
2005 70, 10292. (d) Arcadi, A.; Cacchi, S.; Fabrizi, G.; Marinelli, F.; Moro, an optlmum set of the eleCtrOph.I“C.qullzatlon conditions, the
L. Synlett1999 1432. (e) Yue, D.; Larock, R. Q. Org. Chem2002, 67, reaction of g)-selenoenynda with iodine was chosen as a
1905. (f) Hessian, K. O.; Flynn, B. LOrg. Lett. 2003 5, 4377. (g) model system for this process. We have found that the reaction
538?3%""2{9;;; évir'}kﬁ;'nﬁ' GA-ipL?ﬁg'r‘r;e'F-Eq-Jg;%- fﬂh?m"gﬁfgﬁmlﬂ of (2)-selenoenynda with I in THF as the solvent at room
Chem. LettZOOi 1i, 2341. (ij Shiaay, A Whééler, K. A..; Dembinski, R. temperature y'elded the_ desired prOdu_Ct 2,5-diphenyl-3-iodo-
Org. Lett.2005 7, 1769. () Knight, D. W.; Redfern, A. L.; Gilmore, J. selenophen@ain 89% vyield, after 30 min (Scheme 3).
Chem. SocPerkin Trans. 12002 622. (k) Huang, Q.; Hunter, J. A.; Larock, Regarding the influence of the solvent, better results were

R. C.J. Org. Chem2002 67, 3437. (I) Yao, T.; Larock, R. CJ. Org.
Chem.2003 68, 5936. (m) Yue, D.; Della Ca, N.; Larock, R. Org. Lett.
2004 6, 1581. (n) Yao, T.; Larock, R. Cl. Org. Chem2005 70, 1432.

achieved using CkCl,, which furnished the desired product

(o) Yao, T.; Campo, M. A,; Larock, R. Cl. Org. Chem2005 70, 3511. (14) (a) Barros, O. S. R.; Favero, A.; Nogueira, C. W.; Menezes, P. H.;
(p) Zhou, C.; Dubrovsky, A. V.; Larock, R. Q. Org. Chem2006 71, Zeni, G.Tetrahedron Lett2006 47, 2179. (b) Prediger, P.; Moro, A. V.;
1626. (g) Waldo, J. P.; Larock, R. ©rg. Lett.2005 7, 5203. (r) Arcadi, Nogueira, C. W.; Savegnago, L.; Rocha, J. B. T.; ZeniJ30rg. Chem.
A.; Cacchi, S.; Giuseppe, S. D.; Fabrizi, G.; Marinelli,®rg. Lett 2002 2006 71, 3786. (c) Barros, O. S. R.; Nogueira, C. W.; Stangherlin, E. C.;
4, 2409. (s) Dabdoub, M. J.; Dabdoub, V. B.; Pereira, MJAOrg. Chem. Menezes, P. H.; Zeni, GJ. Org. Chem.2006 71, 1552. (d) Zeni, G.

1996 61, 9503. (t) Bellina, F.; Biagetti, M.; Carpita, A.; Rossi, R.  Tetrahedron Lett2005 46, 2647. (e) Panatieri, R. B.; Reis, J. S.; Borges,
Tetrahedron2001, 57, 2857. (u) Peng, A.; Ding, YJ. Am. Chem. Soc. L. P.; Nogueira, C. W.; Zeni, GSynlett2006 18, 3161.

2003 125, 15006. (v) Djuardi, E.; McNelis, ETetrahedron Lett1999 40, (15) Dabdoub, M. J.; Baroni, A. C. M.; LendmgE. J.; Gianeti, T. R,;
7193. Hurtado, G. RTetrahedron2001, 57, 4271.
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TABLE 1. Study of the Solvent Effect on Selenoenyne Cyclization

Reactiong
Ph I, solvent |
N\ o E
MeSe AN Ph~"Ngg ~Ph
1a Ph 2a
time yield 2a°
entry solvent (min) (%)

1 THF 30 89
2 CH.CI, 5 90
3 ELO 30 85
4 MeOH 45 79
5 MeCN 30 87
6 hexane 60 82

aReactions performed in the presencdaf0.50 mmol), » (0.55 mmol).
bYields of 2a are given for isolated products.

TABLE 2. Influence of the Group Bonded to a Selenium Atord
Ph I

I, orICI /(S\
o I\
RSe \\ CI;I.ZEIZ Ph & Ph
la-f py 2a
(2)-selenoenyne time yield 2P
entry (la—f) (min) (%)
1 1a(R= Me) 5 90 (89)
2 1b (R=Et) 5 90 (89)
3 1c(R=n-Bu) 5 93 (90%
4 1d (R =t-Bu) 30 88 (88)
5 1e(R=Bn) 10 88 (87)
6 1f (R=Ph) 48 1 -

a Reactions performed in the presence Hfgelenoenyne (0.50 mmol),
I, or ICl (0.55 mmol) in CHCl, (10 mL).PYields in parentheses

correspond to reactions performed with ICl as eletropliRReaction
performed at 5 mmol scale gave the same re8|)-Selenoenynéf was
recovered in 96% yield.

R
RSe>:\
1 R2
|

SCHEME 4

I, !
_' ﬂ
R1 sé R2
2
T/~ RI

I2

2ain 90% yield, after a very short reaction time (Table 1, entry
2). When THF, E{O, MeOH, hexane, and MeCN were used as
solvent, good yields were also obtained; however these reactions

proceeded more slowly.

We believe that the mechanism of theses cyclization reactions

involve the following: (i) coordination of the carbertarbon
triple bond to the 4 to generate an iodonium intermediatge

(ii) anti attack of the selenium atom on the activated iodonium

intermediate to produce the s&lt and (iii) facile removal of

the alkyl group by the iodide anion present in the reaction
mixture to generate the 3-iodoselenophene product and one
molecule of RI (Scheme 4). Only selenophene derivatives have

6728 J. Org. Chem.Vol. 72, No. 18, 2007
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TABLE 3. Scope and Generality of the Electrophilic Cyclization of
(2)-Selenoenynes

;
R E*, CH,Cl, /Fi
— e A\
-BuS
n-Bu e>_\ R! 58 R2
R?2 2a-j
Entry Selenoenyne E* Time Product Yield (%)
(min.)
Ph, H
-BuS B |
1 n-Bu eix I 5 93
Ph /)
Ph' S6 Ph
2 1c ICl 5 2a 90
3 1c PhSeBr 10 SePh 80
7\
Ph S6 Ph
4 1c PhSeCl 15 2b 76
5 p-MePh H |2 5 I 94
' - 7\
n Busex p-MePh™ g™ ~Php-Me
6 9 Bove 1o 10 2c 93
7 nBu  H Ip 15 [S'\ 90
n-BuSe 1h \\ n-Bu /Se\ n-Bu
8 n-Bu ICl 15 2d 89
9 CgHiz H I 15 /(_g'\ 88
- /\
n-BuSe)_.x CgH17 g6 CsHi7
10 N N, 10 15 2e 88
43
HO, OH
n-BuSe Se
12 e] 2f 41

_\
2
I
o
= L = |
IéI
[
=
s
o o
=
_

13 HO I, 5 complex mixture -
n-BuSe \\
14 OH ICI 5 complex mixture -
15 Ph H I 10 /L_g'\ 90
- /
"‘B”SE>_\ Ph sé\ n-Bu
16 " New 1@ 15 29 89
17 Ho " I 5 ! 57
~ HOX@%
n-BuSé Se
18 1m \ IClI 5 2h 56
Ph
19 H H l2 15 (g'\ 82
- /
n-BuSe>_\ sé Ph
20 LI 15 2i 80
21 H H Iz 20 ! 81
n-BuSe o [g\
\\ s6 n-Bu
22 10 sy ICI 20 2j 81

a8 Reactions performed in the presence ffgelenoenyne (0.50 mmol),

E* (0.55 mmol) in CHCI, (10 mL).
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SCHEME 5

| Li

n-BuLi (1 equiv)
7\ THF, -78 °C 7\ H,O
Ph sé Ph S ) Ph| T |

10 min Se h r.t., 10 min
2a 3

been obtained from this process. No other cyclized product hashighly substituted selenophenes. To further prove the utility of
ever been observed to arise by this process. our methodology, we have carried out the halogkhium
Since the accomplishment of this reaction probably is exchange reaction of our proda with n-butyllithium. Metal-
dependent on the nature of the group directly linked to the halogen exchange reactions have great importance in synthetic
selenium atom, we decided to explore this influence using organic chemistry, particularly with respect to the formation of
different aryl and alkyl groups, and the results are shown in new C-C bonds'® In addition, the development of the synthetic
Table 2. Inspection of Table 2 shows that the cyclization methodology to prepare 3-substituted heterocycle derivatives
reactions of Z)-selenoenynes containing different groups bonded has attracted much attention. Previously, Gronowitz showed that
at selenium atom, using br ICl, as an electrophile source, in  3-lithiothiophene derivatives can be prepared by mefalogen
CH.Cl,, at room temperature, afforded 2,5-diphenyl-3-iodose- exchange of 3-bromothiophenes withbutyllithium.2” The
lenophene2ain good yields. reaction of 3-lithiothiophene reagents with electrophiles has been
A closer inspection of these results revealed that methyl, ethyl, widely used; however the utility of these reactions is limited
and n-butyl groups bonded at selenium atom resulted in the owing to the lack of regiospecificity, as well as decomposition
formation of products in high yields after very short reaction ©f the thiophene ring at room temperatéfeAnalogous to the

times (Table 1, entries-13). The selenoenynes havingext- well-known metat-halogen exchange reactions, which lead to
butyl or benzyl groups also gave the prodgatin good yield, a lithium intermediate, we extended this finding to obtain an
however with higher reaction times (Table 1, entries5} intermediate 2,5-diphenyl-3-lithioselenophehieNonetheless,
Nonetheless, performing the reaction with selenoerijnahich performing the reaction dfa, in THF, with addition of 1 equiv

has a phenyl group bonded at the selenium atom, the desireddf n-BuLi at —78 °C gave unsatisfactory results, and a mixture

product was not observed, even under a long reaction timeof (2)- and €)-selenoenynedc and 1¢ in 71% yield in a

(Table 1, entry 6). These results demonstrated that the efficiencyproportion of 4:1 respectively was obtained instead of the desired

of the selenophene formation could significantly depend on the product4a (Scheme 5).

steric effects and that this cyclization reaction occurs only with ~ Based on the disappointing results above we initiated our

selenoenynes having a-SEsp bond. investigations exploring the best experimental conditions for
Thus, the careful analysis of the optimized reactions revealed this haloger-metal exchange reaction (Table 4). At first, the

that the optimum condition for this electrophilic cyclization reaction was carried out using different amountsndfutyl-

reaction was the combination of 1.0 equiv @-selenoenyne, lithium from 1 to 0.8 equiv, in THF (Table 1, entries-B).

1.1 equiv of electrophile source, and gt as the solvent, at Unfortunately, this condition was not effective giving again only

room temperature. To demonstrate the efficiency of this reaction, @ Mixture of ¢)- and E)-selenoenynesc andl1c. However, it

we explored the generality of our method extending the Was gratifying to discover that simply changing the solvent from

conditions to other selenoenynes, and these results are sumJHF to hexane had a dramatic effect, giving the 2,5-diphe-
marized in Table 3. nylselenophenéain 85% yield (Table 4, entry 4). Using hexane

Inspection of Table 3 shows that, in general, all of the 85 @ solvent we also observed that the yield of compatand

reactions proceeded smoothly with good yields. Most impor- Was greatly enhanced by decreasing the amount of lithium
tantly, the cyclization turned out to be general with respect to "€agent from 1.0 to 0.8 equiv (Table 4, entriese}. We also
a diverse array of functionality and electrophile sources. - —

. . . . (16) (a) Bailey, W. F.; Patricia, J. J. Organomet. Cheni988 352, 1.
Satisfactorily, all electrophile sources tested were effective. Our ,)"cnochel, P.: Dohle, W.; Gommerman, N.; Kneisel, F. F.; Kopp, F.;
experiments also showed that the reaction with selenoenynes<orn, T.; Sapountzis, I.; Vu, V. AAngew. Chem., Int. EQ003 42, 4302.
having aryl, aryl substituted, alkyl, and propargyl groups gave (RC) Pafh?_'vaW-HE-?ka]ldSA\heryCCr]- 'ACCS- ?1%%?1%3515%822 (153 S_O(l)(- (d%

: . H . . ogers, H. R.; AOUK, U. Am. em. S0 3 . (e leke, R.
the selenophene derivatives in go_od yields, aIthough the yield D.. Lee, J.; Velarde-Ortiz, R.; Guijarro, A.: Wurst, J. R.Org. Chem.
was lower for the selenoenynes with a hydroxyl function at the 200q 65, 5428. (f) Slocum, D. W.; Carroll, A.; Dietzel, P.; Eilerman, S.;
propargyl position (Table 3, entries 11, 12, 17, and 18). Finally, Culver, J. P.; McClure, B.; Brown, S.; Holman, R. Wetrahedron Lett.
it is worth mentioning that, through our methodology, it was é?gaég'e%fbé%)&sr}g‘% K.i Inoue, A.; Kitagawa, K.; Shinokubo,H.
possible to prepare highly fun(_:tlonahzed seleno_phenes, using -~ (17) (a) Gronowitz, S.: Hakansson, Rrkiv. Kemi 1959 17, 73. (b)
as substrate not only symmetrical (Table 3, entried2) but Gronowitz, S. InOrganic Sulphur Chemistry-Structure, Mechanism, and

also unsymmetrical selenoenynes (Table 3, entries2p5. SynthesisSterling, C. J. M., Ed.; Butterworths: London, 1975; p 203.
y . y ( . o (18) (a) Ritter, S. K.; Noftle, R. EChem. Mater.1992 4, 872. (b)
The selenophenes obtained by electrophilic cyclization appearggpjich H.: Kalt, W.J. Org. Chem.199Q 55, 2993. (c) Gronowitz, S.

highly promising as intermediates for the preparation of more Adv. Heterocycl. Chem1963 1, 75.

J. Org. ChemVol. 72, No. 18, 2007 6729
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TABLE 4. Optimization of Halogen—Metal Exchange Reactioi TABLE 5. Reactions of Intermediate

| 2,5-Diphenyl-3-lithioselenophene 3 with Aldehydés

1. n-BuLi (equiv), sol\_/ent HO
ﬂ\ temperature, 10 min /ﬂ\ L e (0.8 oquiv) R
Ph Ph ; Ph Ph f\ _hexane, -78°C _ /U\ A\
Ph Ph T

Se 2. H,0, 10 min Se

2a 4a f: 10 min _78,1%)@_“2” Ph 4§?k Ph
n-BuLi >
entry  (equiv) solvent T (°C) 4a (%) 1c—1c¢ (%) Entry R Product Yield (%)
1 1.0 THF -78 - 71 T Ho,
2 0.9 THF —-78 - 70 @ / \f < >
2 2(8) -rEeHxFane —;g 85 7—1 1 P hsg P 82
5 0.9 hexane —78 88 - 4b
6 0.8 hexane —78 97 - " Ho
7 0.8 hexane 0 35 54
8 0.8 hexane rt 17 68 © B
aReaction performed at 0.25 mmol scale. 2 Ph™ Ngg PR 86
4c
found that the reaction is highly affected by the temperature, o o
and unsatisfactory results were obtained in the reactions when @(
the temperature was increased freii8 °C to room temperature 3 A\ 87
(Table 4, entries 7 and 8). Ph™ Nsg PN
Thus, careful analysis of the optimized reactions revealed that 4d
the general synthetic procedure for the reaction is as follows: o HO
n-butyllithium (0.2 mmol) is added to a solution of 2,5-diphenyl- © K@*OW
3-iodoselenophen@a (0.25 mmol) and hexane (2 mL), at I\
—78°C. The resulting solution is stirred for 10 min-af8°C 4 ome P hsg 7PN 70
and allowed to stir at room temperature. After that, water is de
added and the product is then isolated. In further experiments, " MeO
we examined the scope of this procedure trapping the intermedi- ©/°Me HO,
ate 2,5-diphenyl-3-lithioselenopheBevith several aldehydes,
and these results are shown in Table 5. 5 . 68
Our first investigations focused on the influence of aryl or se
alkyl groups in the reactivity of aldehyde. Satisfactorily, all 4f
aldehydes were found to be effective, although moderated yields o HO
were observed for aliphatic aldehydes. Next, aromatic aldehydes © cl
having different substituents were tested. As shown in Table 5, J\
bulky aromatic aldehydes afforded the alcohbla good yield 6 o PP Nsg PR 74
(Table 5, entries 3, 5, and 7). Our experiments showed that the 49
reaction with aromatic aldehyde having neutral (entry 1), .
electron-donating (entries-5), or electron-withdrawing (entries oo Ho ¢
6 and 7) substituents also gave the desired alcchaisgood (j
yields. 7 I 64
We believe that this approach to selenophenes should prove P~ Sse” TPh
quite useful in synthesis, particularly when one considers that 4h
there are many ways to transform the resulting halogen and .
selenium functionalities into other substituents. For instance, P "G
the resulting selenophene iodides should be particularly useful Q B
intermediates in many transition metal catalyzed processes, such 8 PhNgg ~Ph 67
as Sonogashirk, Suzuki?® Stille ! Heck?? and Ullman? 4
cross-couplings. In view of this, the potential of 3-iodosele-
nophene derivatives as precursors for increasing molecular HO,
complexity via palladium and copper catalyzed reactions has /&cema
I\
(19) Sonogashira, K.; Tohda, Y.; Hagihara, Tetrahedron Lett1975 o Cothrs P es P 62
16, 4467.
(20) Suzuki, A.Pure Appl. Chem1985 57, 1749.
(21) Scott, W. J.; Pem M. R.; Sward, K.; Stoessel, S. J.; Stille, J.X. HO
Org. Chem.1985 50, 2302. CoMio
(22) Dieck, H. A.; Heck, R. FJ. Organomet. Chenl975 93, 259. /[{
(23) (a) Ullmann, FBer. Dtsch. Chem. Ge&903 36, 2382. (b) Altman, 10 CoH1o Ph~"Ngg Ph 71

R. A.; Buchwald, S. LOrg. Lett.2006 8, 2779. (c) Antilla, J. C.; Baskin,
J. M.; Barder, T. E.; Buchwald, S. LJ. Org. Chem2004 69, 5578. (d)
Antilla, J. C.; Klapars, A.; Buchwald, S. L1. Am. Chem. So@002 124,
11684. (e) Klapars, A.; Antilla, J. C.; Huang, X.; Buchwald, SJLAm.
Chem. Soc2001, 123 7727.

2 Reactions are performed wita (0.25 mmol), aldehyde (0.30 mmol)
in hexane (2.5 mL).

6730 J. Org. Chem.Vol. 72, No. 18, 2007
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SCHEME 6 10H), 6.17 (s, 1H), 1.95 (s, 3H)C NMR (CDCk, 100 MHz): 6
R 148.58, 139.41, 131.37, 128.46, 128.45, 128.30, 128.29, 128.21,
123.44, 110.08, 96.98, 88.07, 7.05. MS (relative intensity) 297
// (100), 203 (65), 173 (35), 96 (21), 77 (15), 47 (21). HRMS calcd
PA(PPhs),Cl, (10 %) A for Ci7H14Se: 298.0261. Fqund: 298.0266. _
—————— Ph (2)-1-(Ethylseleno)-1,4-diphenylbut-1-en-3-yne (1b)Yield:
EtsN, DMF, . t. Se 1.104 g (71%)H NMR (CDCls, 200 MHz): 6 7.54-7.30 (m,
' R——-H 5a - R = C(CH3),0H: 91% 10H), 6.22 (s, 1H), 2.59 (q] = 7.50 Hz, 2H), 1.26 (tJ = 7.50
/ﬂ\ 5b - R = Ph; 94% Hz, 3H).13C NMR (CDCk, 100 MHz): ¢ 147.63, 140.03, 131.37,
Ph™"Ngg ~Ph 128.42, 128.38, 128.27, 128.17, 128.13, 123.49, 111.25, 96.85,
2a Cul (10%) o-R! 88.32, 20.49, 15.56. MS (relative intensityyz 312 (100), 204
1.10-phen (20%) (75), 127 (62), 106 (39), 102 (45), 77 (16). HRMS calcd festGe
' /ﬂ\ Se: 312.0417. Found: 312.0422.
Cs,COs Ph™ ~gg” "Ph (2)-1-(tert-Butylseleno)-1,4-diphenylbut-1-en-3-yne (1d)ield:
toluene, 110 °C i e 1.084 g (64%).H NMR (CDCl;, 200 MHz): 6 7.67—7.62 (m,
R'-OH 6a-R =n-CqHg 67% 2H), 7.54-7.49 (m, 2H), 7.39-7.31 (m, 6H), 6.56 (s, 1H), 1.36

R1 = . %
8b - R = CeHir: 64% (s, 9H).13C NMR (CDCl, 100 MHz): 6 145.02, 142.72, 131.54,

. . . 128.31, 128.30, 128.25, 128.20, 128.19, 123.63, 118.68, 95.85,
been briefly investigated (Scheme 6). For example, compound 89.87, 46.48, 32.93. MS (relative intensity)z 339 (100), 283

2awhich underwent Sonogashira cross-coupling with different (65), 204 (54), 127 (25), 77 (23), 56 (13), 42 (18). HRMS calcd
alkynes gave the corresponding 3-alkynylselenoph&aesd for CoHzoSe: 340.0730. Found: 340.0735.

5b in 91% and 94% yields respectively. These reactions  (z)-1-(Benzylseleno)-1,4-diphenylbut-1-en-3-yne (1eYield:
constitute an interesting alternative route to preparing alkynyl 1.268 g (68%)!H NMR (CDCls, 200 MHz): ¢ 7.52-7.12 (m,
compounds functionalized in high yields. In addition, the 15H), 6.23 (s, 1H), 3.87 (s, 2H}3C NMR (CDCk, 100 MHz): 6
reactions of2a with alcohols in dry toluene, using a catalytic = 147.64, 140.05, 138.35, 131.40, 128.92, 128.55, 128.46, 128.33,
System of Cu|/1,10_phenanthro|ine anch@\3 as base, afforded 128.29, 128.27,128.26, 126.77, 123.38, 111.61, 97.26, 88.29, 30.57.

the resultant ether8a and6b in good isolated yields. MS (relative intensity)wz 374 (100), 283 (63), 204 (50), 127
(20), 91 (53), 77 (17). HRMS calcd for ,¢H:sSe: 374.0573.

c lusi Found: 374.0577.

onciusion (2)-1-(Phenylseleno)-1,4-diphenyl-but-1-en-3-yAe(1f). Yield:

In summary, we have demonstrated the electrophilic cycliza- 1-220 g (68%).*H NMR (CDCl;, 400 MHz): 6 7.50-7.40 (m,
tion reaction of Z)-selenoenynes with different electrophilic ~ 4H): 7.38-7.22 (m, 5H), 7.19 (m, 3H), 7.07 (m, 3H), 6.40 (s, 1H).

. . . . 13C NMR (CDCk, 100 MHz): 6 147.10, 139.40, 133.20, 133.00,
sources under exceptionally mild conditions and established a131.401 129.90, 128.30, 128.20, 127.90, 126.90. 123.20, 112.60,

route to obtain 3-substituted selenophenes in good to excellent97 60, 88.30. MS (relative intensityyz 359 (100), 282 (39), 203

yields. We observed that the reaction was sensitive to the naturggo) 156 (72), 126 (42), 101 (35), 77 (31). HRMS calcd foftGe-

of solvent and the structure oZ)-selenoenynes. The sele- se: 360.0417. Found: 360.0410.

nophenes obtained by electrophilic cyclization appear highly  General Procedure for the Preparation of the g)-Sele-
promising as intermediates for the preparation of more highly noenynes 1c and 1 gm. To a suspension of elemental selenium
substituted selenophenes. For instance, 3-iodoselenophene wa®.395 g; 5 mmol) in dry THF (25 mL), under argon and with
treated under metahalogen exchange conditions witkBulLi, magnetic stirring, was addegtbutyllithium (2.0 mL of a 2.5 M

and trapping the intermediates with aldehydes provided the Solution in hexane; 5 mmol). A yellow solution was formed. To
corresponding secondary alcohols in good yields. Conversely, this solution was added the appropriate diyne (5 mmol) in
using the palladium or copper catalyzed cross-coupling reactionsd€0Xygenated ethanol (25 mL). The mixture was then heated at

with terminal alkynes or alkyl alcohols we were able to convert reflux for 24 h. Adter this time, the mixture was cooled to room
Y Y temperature and diluted with ethyl acetate (60 mL) and washed

3-|odosglenophene to Sonogashlra or UIImann. type products,,ith saturated aq NKCI (30 mL) and water (3x 30 mL). The
respectively, in good yields. We believe that this approach to organic phase was separated, dried over Mg@6d concentrated
selenophene should prove quite useful in synthesis, particularly under vacuum. The residue was purified by flash chromatography
when one considers that there are many ways to transform theon silica gel using ethyl acetate/hexane as the elu@)yl-(n-
resulting halogen and selenium functionalities into other sub- Butylseleno)-1,4-diphenyl-but-1-en-3-yne (1c} Yield: 1.135 g
stituents. (67%).'H NMR (CDCls, 400 MHz): 6 7.53-7.45 (m, 4H), 7.38
7.30 (m, 6H), 6.21 (s, 1H), 2.58 @,= 7.44 Hz, 2H), 1.53 (quint,
J=7.44 Hz, 2H), 1.28 (sex] = 7.44 Hz, 2H), 0.78 (tJ = 7.44
Hz, 3H).13C NMR (CDCk, 100 MHz): ¢ 147.90, 140.09, 131.39,
General Procedure for the Preparation of the g)-Sele- 128.43, 128.37, 128.28, 128.21, 128.16, 123.56, 111.15, 96.77,
noenynes la,b and lef. To a solution of 1,4-diphenyl-1,3-  88.39, 32.47, 26.55, 22.72, 13.47. MS (relative intensity) 339
butadiyne (1.010 g; 5.0 mmol) and appropriate diorganoyldiselenide (100), 283 (65), 204 (54), 127 (25), 77 (23), 56 (13), 42 (18). HRMS
(2.5 mmol) in 95% ethanol (50 mL) under a nitrogen atmosphere calcd for GoHxoSe: 340.0730. Found: 340.0735.
was added NaBIH0.472 g; 12.5 mmol), at room temperature, under (2)-1-(n-Butylseleno)-1,4-bis-p-methylphenyl)-but-1-en-3-
vigorous stirring. Gas evolution was observed during addition. The yne (1g).Yield: 1.266 g (69%)!H NMR (CDCl;, 400 MHz): 6
reaction mixture was stirred under reflux o h and then allowed 7.42-7.36 (m, 4H), 7.1#7.12 (m, 4H), 6.19 (s, 1H), 2.60 d,=
to reach room temperature. Afterward, the mixture was diluted with 7.44 Hz, 2H), 2.36-2.35 (m, 6H), 1.54 (quint) = 7.44 Hz, 2H),
ethyl acetate (20 mL) and washed with brine X230 mL). The 1.29 (sexJ = 7.44 Hz, 2H), 0.79 (tJ = 7.44 Hz, 3H).:3C NMR
organic phase was separated, dried over Mga@d concentrated  (CDCl;, 100 MHz): 6 147.30, 138.37, 138.22, 137.26, 131.24,
under vacuum. The residue was purified by flash chromatography 129.05, 129.04, 128.08, 120.52, 110.72, 96.78, 87.94, 32.41, 26.55,
and eluted with hexane.
(2)-1-(Methylseleno)-1,4-diphenylbut-1-en-3-yne (layield: (24) Zeni, G.; Stracke, M. P.; Nogueira, C. W.; Braga, A. L.; Menezes,
1.039 g (70%)H NMR (CDCl;, 200 MHz): ¢ 7.55-7.30 (m, P. H.; Stefani, H. AOrg. Lett 2004 6, 1135.
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22.73,21.50, 21.19, 13.48. MS (relative intensityy. 368 (100),

311 (44), 232 (37), 141 (63), 136 (29), 91 (78), 57 (22), 43 (19).

HRMS calcd for GoH,,Se: 368.1043. Found: 368.1047.
(2)-5-(n-Butylseleno)-dodec-5-en-7-yne (1h)Yield: 0.956 g

(64%).*H NMR (CDCl;, 400 MHz): 6 5.76-5.74 (m, 1H), 2.81

(t, J = 7.44 Hz, 2H), 2.392.30 (m, 4H), 1.76-1.29 (m, 12H),

0.94-0.89 (m, 9H).13C NMR (CDChk, 100 MHz): 6 146.41,

108.66, 96.29, 78.41, 37.45, 32.58, 31.21, 30.84, 24.04, 24.03,

23.03, 22.00, 21.96, 19.40, 13.84, 13.57. MS (relative intensity)
m/z. 299 (100), 242 (15), 163 (75), 136 (25), 106 (45), 56 (19).
HRMS calcd for GgHosSe: 300.1356. Found: 300.1361.
(2)-9-(n-Butylseleno)-icos-9-en-11-yne (li)Yield: 1.274 g
(62%).1H NMR (CDCls, 400 MHz): 6 5.74 (s, 1H), 2.81 (t) =
7.44 Hz, 2H), 2.382.29 (m, 4H), 1.76-1.28 (m, 28H), 0.94
0.86 (m, 9H).13C NMR (CDCk, 100 MHz): ¢ 146.56, 108.50,

Alves et al.

reach room temperature, diluted with ethyl acetate (60 mL), and
washed with brine (& 30 mL) and water (3x 30 mL). After the
organic phase was dried over anhydrous MgS®Be solvent was
removed under reduced pressure and the residue was purified by
flash chromatography on silica gel using hexane as the eluent.
Yield: 0.841 g (64%)*H NMR (CDCl;, 400 MHz): 6 7.48-7.47
(m, 2H), 7.37.29 (m, 3H), 6.95 (dJ = 9.76 Hz, 1H), 6.12 (d,
J=09.76 Hz, 1H), 2.83 (tJ = 7.44 Hz, 2H), 1.74 (quint) = 7.44
Hz, 2H), 1.44 (sex] = 7.44 Hz, 2H), 0.93 (tJ = 7.44 Hz, 3H).
13C NMR (CDCk, 100 MHz): 6 136.90, 131.35, 128.23, 128.12,
123.34, 109.15, 96.77, 87.04, 33.07, 26.43, 22.73, 13.53. MS
(relative intensity)m/'z. 263 (100), 206 (31), 127 (76), 136 (71),
77 (34), 56 (31), 42 (13). HRMS calcd for E;6Se: 264.0417.
Found: 264.0422.

(2)-1-(n-Butylseleno)-oct-1-en-3-yne (1o)lhe same procedure

96.39, 78.43, 37.72, 32.56, 31.83, 29.37, 29.36, 29.21, 29.19, 29.13as that forln was followed. Yield: 0.802 g (66%)H NMR
29.09, 28.94, 28.91, 28.78, 24.01, 23.05, 22.64, 22.63, 19.73, 14.08(CDCl;, 400 MHz): 6 6.74 (d,J = 9.46 Hz, 1H), 5.90 (dtJ =

14.07, 13.59. MS (relative intensitgyz: 411 (100), 354 (11), 275
(87), 261 (15), 247 (21), 233 (17), 219 (11), 136 (51), 112 (52), 56
(31), 42 (24). HRMS calcd for £H4sSe: 412.2608. Found:
412.2613.
(2)-3-(n-Butylseleno)-2,7-dimethyl-oct-3-en-5-yne-2,7-diol (1)).
Yield: 1.060 g (70%)H NMR (CDCls, 200 MHz): ¢ 6.35 (s,
1H), 3.04 (t,J = 7.50 Hz, 2H), 2.53-2.45 (m, 2H), 1.741.33
(m, 16H), 0.92 (t,J = 7.50 Hz, 3H).13C NMR (CDCk, 100

MHz): 6 154.42,112.19, 100.72, 80.11, 74.54, 65.55, 32.34, 31.21,

28.98, 28.20, 22.96, 13.57. MS (relative intensityy: 267 (100),

210 (23), 136 (78), 131 (56), 56 (21), 42 (23). HRMS calcd for

Ci14H240,Se: 304.0942. Found: 304.0948.
(2)-2-(n-Butylseleno)-hex-2-en-4-yne-1,6-diol (1K} Yield: 0.852

g (69%).'H NMR (CDCl;, 400 MHz): 6 6.16 (s, 1H), 4.44 (s,

2H), 4.30 (s, 2H), 2.92 (t) = 7.50 Hz, 2H), 2.75 (m, 2H), 1.67

(quint,J = 7.50 Hz, 2H), 1.42 (sex] = 7.50 Hz, 2H), 0.93 (tJ

= 7.50 Hz, 3H).13C NMR (CDCk, 100 MHz): 6 146.26, 109.08,

9.46, 2.17 Hz, 1H), 2.77 (1] = 7.44 Hz, 2H), 2.37 (td) = 2.17,
7.44 Hz, 2H), 1.72 (quint) = 7.44 Hz, 2H), 1.581.38 (m, 6H),
0.94-0.91 (m, 6H).13C NMR (CDCk, 100 MHz): 6 134.33,
109.89, 98.23, 78.14, 33.08, 30.76, 26.04, 22.74, 21.90, 19.37,
13.58, 13.52. MS (relative intensityyz 243 (100), 186 (52), 136
(58), 107 (79), 56 (35), 42 (21). HRMS calcd for; HzSe:
244.0730. Found: 244.0724.

General Procedure for the lodocyclizations.To a solution of
0.50 mmol of the appropriat&)-selenoenyne in 3 mL of CiTl,
was added gradually 1.1 equiv of dr ICI dissolved in 7 mL of
CH,Cl,. The reaction mixture was allowed to stir at room
temperature for the time shown in Table 3. ExceserlICl was
removed by washing with saturated ag,8#s. The product was
then extracted by CiLl, (3 x 10 mL). The combined organic
layers were dried over anhydrous Mg&S&hd concentrated under
vacuum to yield the crude product, which was purified by flash
chromatography on silica gel using ethyl acetate/hexane as the

94.54, 82.81, 66.07, 51.51, 32.54, 24.36, 22.87, 13.51. MS (relative eluent.

intensity)m/z. 230 (40), 212(15), 191 (34), 112 (100), 94 (22), 76
(31). HRMS calcd for GoH160,Se: 248.0365. Found: 248.0378.
(2)-1-(n-Butylseleno)-1-phenyl-oct-1-en-3-yne (1B Yield:

1.052 g (66%)H NMR (CDCl;, 400 MHz): 6 7.47-7.45 (m,
2H), 7.35-7.25 (m, 3H), 5.97 (s, 1H), 2.88 {,= 7.44 Hz, 2H),
2.40 (t,J = 7.44 Hz, 2H), 1.69 (quint) = 7.44 Hz, 2H), 1.54
(quint,J = 7.44 Hz, 2H), 1.481.32 (m, 4H), 0.95-0.90 (m, 6H).
13C NMR (CDCk, 100 MHz): 6 149.54, 131.20, 128.19, 127.87,

2,5-Diphenyl-3-iodoselenophene (2a)ield: 0.189 g (93%).
IH NMR (CDCl, 200 MHz): 6 7.62—7.30 (m, 11H).13C NMR
(CDCl;, 100 MHz): 6 151.27, 146.01, 136.33, 134.97, 134.59,
129.27,129.01, 128.41, 128.34, 128.19, 126.00, 80.23. MS (relative
intensity)m/z. 409 (12), 283 (100), 206 (55), 129 (25), 126 (31),
77 (16). HRMS calcd for gH111Se: 409.9070. Found: 409.9074
2,5-Bisfp-methylphenyl)-3-iodoselenophene (2c)ield: 0.205
g (94%).H NMR (CDCls, 200 MHz): 6 7.51-7.39 (m, 5H),

123.68, 107.90, 95.01, 87.56, 37.75, 32.54, 31.27, 24.39, 23.01,7.25-7.16 (m, 4H), 2.39-2.36 (m, 6H).*C NMR (CDCk, 50

22.02, 13.87, 13.59. MS (relative intensityyz. 319 (100), 213
(76), 184 (48), 127 (10), 102 (29), 77 (38), 57 (47), 43 (32). HRMS
calcd for GgHosSe: 320.1043. Found: 320.1048.
(2)-3-(n-Butylseleno)-2-methyl-6-phenyl-hex-3-en-5-yn-2-ol
(Im)2* Yield: 1.011 g (63%).H NMR (CDCl;, 400 MHz): o
7.48-7.45 (m, 2H), 7.347.32 (m, 3H), 6.55 (s, 1H), 3.12 @,=
7.60 Hz, 2H), 2.32 (s, 1H), 1.70 (quint,= 7.60 Hz, 2H), 1.5%
1.36 (m, 8H), 0.89 (tJ = 7.60 Hz, 3H).13C NMR (CDCk, 100
MHz): 6 155.00, 131.27, 128.35, 128.34, 123.31, 112.49, 96.19,
87.57, 74.54, 32.42, 29.09, 28.55, 22.96, 13.55. MS (relative
intensity) m'zz 304 (21), 265 (44), 186 (100), 168 (75), 77 (11).
HRMS calcd for G/H,,0Se: 322.0858. Found: 322.0877.
(2)-1-(n-Butylseleno)-4-phenyl-but-1-en-3-yne (1n)owdered
NaOH (0.220 g, 5.5 mmol) was added to a two-neck round
bottomed flask equipped with a reflux condenser, containing a
solution of 2-hydroxy-2-methyl-6-phenyl-3,5-hexadiyne (0.830 g;

MHz): 6 151.07, 145.56, 138.29, 138.16, 133.97, 133.51, 132.30,
129.67, 129.55, 129.13, 125.87, 79.90, 21.32, 21.20. MS (relative
intensity)m/z. 437 (100), 311 (58), 220 (25), 126 (12), 129 (77),
91 (53). HRMS calcd for ggH;51Se: 437.9383. Found: 437.9388.
2,5-Bisf-butyl)-3-iodoselenophene (2d)Yield: 0.166 g (90%).
IH NMR (CDCl;, 200 MHz): ¢ 6.77 (s, 1H), 2.832.70 (m, 4H),
1.69-1.29 (m, 8H), 0.980.89 (m, 6H).13C NMR (CDCk, 50
MHz): 6 151.36, 146.90, 79.63, 34.83, 34.18, 33.98, 32.15, 22.17,
22.07, 13.89, 13.79. MS (relative intensityyz. 369 (23), 243
(100), 228 (39), 214 (40), 200 (31), 186 (44), 129 (56), 126 (67),
57 (13), 43 (11). HRMS calcd for gH;¢lSe: 369.9696. Found:
369.9701.
2,5-Bisf-octyl)-3-iodoselenophene (2eYield: 0.212 g (88%).
IH NMR (CDCl;, 200 MHz): ¢ 6.77 (s, 1H), 2.812.69 (m, 4H),
1.66-1.53 (m, 4H), 1.43-1.41 (m, 20H), 0.940.85 (m, 6H).13C
NMR (CDClz, 50 MHz): 6 151.44, 146.96, 133.40, 79.61, 35.12,

5.0 mmol) in dry toluene (10 mL) under an argon atmosphere. The 32.49, 32.11, 31.85, 31.84, 29.33, 29.32, 29.18, 29.17, 29.05, 29.04,
mixture was slowly heated to reach reflux temperature; at this time 29.01, 22.65, 22.64, 14.10, 14.09. MS (relative intengit) 481

the reaction mixture became dark brown and was refluxed until all (26), 355 (100), 340 (37), 326 (41), 312 (29), 298 (54), 284 (32),
the starting material was transformed. The solution of the 1-phenyl- 270 (39), 259 (28), 256 (53), 229 (43), 126 (75), 96 (34), 57 (18),
1,3-butadiyne obtained was cooled to room temperature, and thend3 (13). HRMS calcd for ggHssISe: 482.0948. Found: 482.0953.

a solution of dibutyldiselenide (0.680 g; 2.5 mmol) in 95% ethanol 2,5-Bis[(a-hydroxy-a,a-dimethyl)methyl]-3-iodosele-

(50 mL) was added. NaBH0.472 g; 12.5 mmol) was added under nophene (2f). Yield: 0.080 g (43%).'"H NMR (CDCl;, 200
vigorous stirring (gas evolution was observed during this addition). MHz): 6 7.00 (s, 1H), 2.33 (s, 2H), 1.73 (s, 6H), 1.61 (s, 6L

The reaction mixture was stirred under reflux for 4 h, allowed to NMR (CDCl;, 100 MHz): 6 159.59, 155.95, 134.53, 74.30, 72.44,

6732 J. Org. Chem.Vol. 72, No. 18, 2007
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71.90, 32.07, 29.68. MS (relative intensityyz 373 (100), 356
(73), 338 (55), 211 (23), 157 (39), 126 (14), 45 (11). HRMS calcd
for CigH1510,Se: 373.9282. Found: 373.9286.
2-(n-Butyl)-3-iodo-5-phenylselenophene (2g)yield: 0.175 g
(90%).*H NMR (CDClz, 200 MHz): 6 7.56-7.51 (m, 2H), 7.43
7.33 (m, 3H), 6.98 (s, 1H), 2.85 @,= 7.06 Hz, 2H), 1.56 (quint,
J=7.06 Hz, 2H), 1.42 (sex] = 7.06 Hz, 2H), 0.95 (tJ = 7.06,
3H). 13C NMR (CDCk, 50 MHz): ¢ 154.32, 144.16, 136.74,

JOC Article

General Procedure for the Reactions of Intermediate 2,5-
Diphenyl-3-lithioselenophene (3) with AldehydesTo a two-neck
round-bottomed flask, under argon, containing a solutior2af
(0.102 g; 0.25 mmol) in hexane (2 mL) at 78 °C was added
n-BuLi (0.08 mL of a 2.5 M solution in hexane, 0.20 mmol) in
one portion. The reaction mixture was stirred for 10 min, and then
a solution of appropriated aldehyde (0.3 mmol) in hexane (1 mL)
at —78 °C was added. The reaction mixture was allowed to stir at

135.76, 129.30, 128.23, 127.97, 78.54, 34.20, 32.13, 22.11, 13.79.room temperature for 3 h. After this time, the mixture was diluted

MS (relative intensity)wz: 389 (23), 263 (100), 206 (39), 129
(64), 77 (29), 57 (54), 43 (19). HRMS calcd for;#H;sISe:
389.9383. Found: 389.9387.
2-Phenyl-3-iodo-5-@-hydroxy-o,a-dimethyl)methyl-3-iodose-
lenophene (2h).Yield: 0.111 g (57%).*H NMR (CDCl;, 200
MHz): 6 7.55-7.50 (m, 2H), 7.4%7.36 (m, 3H), 7.08 (s, 1H),
2.29 (s, 1H), 1.65 (s, 6H}3C NMR (CDCk, 50 MHz): 6 163.04,

with ethyl acetate (20 mL) and washed with saturated aqg@IH
(20 mL) and water (3« 20 mL). The organic phase was separated,
dried over MgSQ@, and concentrated under vacuum. The residue
was purified by flash chromatography on silica gel using ethyl
acetate/hexane as the eluent.
(2,5-Diphenyl-selenophen-3-yl)-phenyl-methanol (4b)ield:
0.064 g (82%).*H NMR (CDCls, 400 MHz): 6 7.51-7.25 (m,

145.42, 136.55, 132.93, 129.25, 128.33, 128.17, 78.54, 72.71. MS16H), 5.88 (s, 1H), 2.28 (s, 1H)¥C NMR (CDCk, 100 MHz): 6

(relative intensity)m/'zz 391 (13), 374 (100), 332 (71), 265 (54),
205 (38), 129 (41), 77 (29), 58 (12), 43 (16). HRMS calcd for
Ci3H13l0Se: 391.9176. Found: 391.9179.
2-phenyl-3-iodoselenophene (2i)Yield: 0.136 g (82%).H
NMR (CDCls, 400 MHz): 6 7.90 (d,J = 5.74 Hz, 1H), 7.57%
7.54 (m, 2H), 7.43-7.35 (m, 4H).33C NMR (CDCk, 100 MHz):

149.47, 145.97, 143.28, 142.38, 136.02, 135.31, 129.49, 128.84,
128.66, 128.42, 128.03, 127.69, 127.36, 126.15, 126.07, 125.92,
70.64. MS (relative intensity)vz. 371 (100), 294 (15), 281 (21),
205 (52), 128 (34), 115 (21), 91 (42), 77 (23). HRMS calcd for
Co3H180Se: 390.0523. Found: 390.0528.
(2,5-Diphenyl-selenophen-3-ylp-tolyl-methanol (4c). Yield:

0 147.00, 139.19, 136.35, 131.99, 129.41, 128.35, 128.27, 79.68.0.069 g (86%)H NMR (CDCls, 400 MHz): 6 7.51-7.46 (m,

MS (relative intensity)mwz 333 (21), 205 (100), 129 (72), 126
(47), 77 (21). HRMS calcd for fgH/ISe: 333.8757. Found:
333.8761.

2-(n-butyl)-3-iodoselenophene (2j)Yield: 0.127 g (81%)H
NMR (CDCl;, 400 MHz): 6 7.75 (d,J = 5.74 Hz, 1H), 7.18 (d,
J=5.74 Hz, 1H), 2.95 () = 7.06 Hz, 2H), 1.81 (quint) = 7.06
Hz, 2H), 1.57 (sexJ = 7.06 Hz, 2H), 1.08 (tJ = 7.06, 3H).13C
NMR (CDCl;, 100 MHz): ¢ 149.63, 137.21, 129.11, 80.85, 34.59,
32.09, 22.19, 13.87. MS (relative intensityyz 185 (100), 128
(78), 115 (25), 56 (32), 42 (12). HRMS calcd forgHfi ISe:
313.9071. Found: 313.9076.

General Procedure for the PhSeBr and PhSeCl cyclizations.
To a solution of Z)-selenoenyndc (0.169 g; 0.5 mmol) in 3 mL
of CH,Cl, was added gradually 1.1 equiv of PhSeBr or PhSeCl
dissolved in 7 mL of CHCl,. The reaction mixture was allowed to
stir at room temperature for the time shown in Table 3. The reaction
mixture was washed with 40 mL of water and extracted withyCH
Cl, (3 x 10 mL). The combined organic layers were dried over
anhydrous MgS@and concentrated under vacuum to yield the
crude product, which was purified by flash chromatography on silica
gel using hexane as the eluent.

2,5-Diphenyl-3-(selenophenyl)-selenophene (2bjield: 0.175
g (80%).H NMR (CDCl;, 400 MHz): 6 7.56-7.54 (m, 2H),
7.49-7.47 (m, 2H), 7.46-7.19 (m, 12H).13C NMR (CDCk, 100
MHz): 6 149.44, 135.90, 135.52, 132.43, 131.03, 129.32, 129.24,

5H), 7.41-7.21 (m, 8H), 7.14 (dJ = 7.9 Hz, 2H), 5.84 (s, 1H),
2.33 (m, 4H).13C NMR (CDChk, 50 MHz): & 149.35, 145.68,
142.56, 140.49, 136.99, 136.07, 135.36, 129.47, 129.10, 128.80,
128.60, 127.95, 127.63, 126.12, 126.05, 125.82, 70.55, 21.06. MS
(relative intensity)m/z. 385 (100), 281 (32), 205 (44), 128 (62),
115 (17), 104 (23), 91 (29), 77 (21). HRMS calcd forl@,00Se:
404.0679. Found: 404.0682.
(2,5-Diphenyl-selenophen-3-ylp-tolyl-methanol (4d). Yield:
0.070 g (87%).*H NMR (CDCls, 200 MHz): 6 7.54-7.12 (m,
15H), 5.86 (s, 1H), 2.32 (m, 4H}3C NMR (CDCk, 100 MHz):
0 143.07, 141.52, 141.13, 136.03, 135.45, 135.34, 134.41, 130.47,
130.31, 129.28, 128.81, 128.69, 127.64, 127.06, 126.39, 126.24,
126.04, 125.08, 70.68, 19.03. MS (relative intensitzr 385 (100),
281 (39), 205 (41), 128 (77), 115 (19), 104 (29), 91 (32), 77 (35).
HRMS calcd for GH,0OSe: 404.0679. Found: 404.0684.
(2,5-Diphenyl-selenophen-3-yl)f-methoxy-phenyl)-metha-
nol (4e).Yield: 0.059 g (70%)!H NMR (CDCl;, 200 MHz): ¢
7.54-7.25 (m, 13H), 6.916.85 (m, 2H), 5.83 (s, 1H), 3.79 (s,
3H), 2.27 (s, 1H)}3C NMR (CDCk, 100 MHz): 6 158.85, 149.37,
145.56, 142.61, 136.05, 135.54, 135.33, 129.45, 128.84, 128.62,
127.96, 127.67, 127.50, 126.05, 125.96, 113.80, 70.38, 55.24. MS
(relative intensity)m/'z. 401 (100), 370 (19), 281 (45), 205 (32),
128 (82), 120 (54), 77 (28). HRMS calcd for,£,00,Se:
420.0628. Found: 420.0633.
(2,5-Diphenyl-selenophen-3-yl)¢-methoxy-phenyl)-metha-

128.95, 128.33, 128.24, 128.13, 127.94, 127.86, 126.67, 126.05,n0l (4f). Yield: 0.057 g (68%)!H NMR (CDCls, 200 MHz):

122.164. MS (relative intensity)Vz. 439 (100), 284 (46), 207 (58),
156 (75), 129 (37), 77 (21). HRMS calcd fopfH16Se: 439.9582.
Found: 439.9585.

2,5-Diphenylselenophene (4&P° by Reaction of 2a with
n-BuLi in Hexane. To a two-neck round-bottomed flask, under
argon, containing a solution @a (0.102 g; 0.25 mmol) in hexane
(2 mL) at— 78°C was added-BuLi (0.08 mL of a 2.5 M solution
in hexane, 0.20 mmol) in one portion. The reaction mixture was
stirred for 10 min and allowed to stir at room temperature. Then
water (2 mL) was added, and the reaction mixture was diluted with
hexane (20 mL) and washed with brine 320 mL). The organic
phase was dried over MgQCand the solvent was removed under

reduced pressure. The residue was purified by flash chromato-

graphy on silica gel using hexane as the eluent. Yield: 0.055 g
(97%).H NMR (CDCl;, 400 MHz): ¢ 7.59-7.57 (m, 4H), 7.46

(s, 2H), 7.46-7.36 (M, 4H), 7.3%7.26 (m, 2H).13C NMR (CDCk,

50 MHz):  149.83, 136.33, 128.92, 127.60, 126.21, 126.06. MS
(relative intensity)mw/'z. 283 (100), 205 (79), 128 (51), 115 (13),
77 (32). HRMS calcd for GH;,Se: 284.0104. Found: 284.0110.

7.60-7.23 (m, 13H), 6.986.86 (m, 2H), 6.09 (s, 1H), 3.77 (s,
3H), 3.19 (s, 1H)3C NMR (CDCk, 100 MHz): 6 156.74, 148.85,
145.70, 140.94, 136.26, 135.73, 131.64, 129.37, 128.81, 128.73,
128.47, 128.43, 127.68, 127.53, 126.62, 126.04, 120.82, 110.56,
67.58, 55.29. MS (relative intensityyz: 401 (100), 370 (17), 281
(38), 205 (40), 128 (77), 120 (47), 77 (31). HRMS calcd for
Co4H200,Se: 420.0628. Found: 420.0631.
(2,5-Diphenyl-selenophen-3-yl)g-chlorophenyl)-methanol (4g).
Yield: 0.063 g (74%)*H NMR (CDCls, 200 MHz): 6 7.51-7.22
(m, 15H), 5.83 (s, 1H), 2.42 (s, 1H}3C NMR (CDCk, 100
MHz): 6 149.79, 146.16, 143.27, 141.95, 135.83, 135.11, 133.06,
129.40, 128.87, 128.72, 128.49, 128.14, 127.54, 127.24, 126.02,
125.55, 73.94. MS (relative intensity}z. 369 (100), 356 (21),
281 (35), 205 (49), 128 (72), 124 (38), 115 (23), 77 (39). HRMS
calcd for GsH1/ClOSe: 424.0133. Found: 424.0140.
(2,5-Diphenyl-selenophen-3-yl)e-chlorophenyl)-methanol (4h).
Yield: 0.054 g (64%)*H NMR (CDCl;, 200 MHz): 6 7.56-7.17
(m, 15H), 6.07 (s, 1H), 2.47 (s, 1H}3C NMR (CDCk, 100
MHz): 6 149.17, 147.30, 140.79, 140.02, 136.02, 135.46, 132.68,
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129.68, 129.29, 128.83, 128.72, 128.61, 127.98, 127.67, 127.43,(s, 1H), 7.58-7.56 (m, 2H), 7.49-7.29 (m, 11H)13C NMR (CDCk,
127.03, 126.04, 125.96, 68.39. MS (relative intensityy 369 100 MHz): 6 151.76, 147.47, 135.71, 135.50, 131.41, 129.61,
(100), 356 (34), 281 (42), 205 (27), 128 (79), 124 (30), 115 (12), 129.00, 128.59, 128.36, 128.16, 128.15, 128.14, 128.00, 126.08,
77 (28). HRMS calcd for H1/CIOSe: 424.0133. Found: 424.0139. 123.37, 120.57, 90.34, 86.86. MS (relative intensitiz: 383 (100),

(2,5-Diphenyl-selenophen-3-yl)-cyclohexyl-methanol (4iYield: 306 (56), 282 (77), 204 (38), 128 (51), 101 (19), 77 (28). HRMS
0.053 g (67%).H NMR (CDCls, 200 MHz): 6 7.59-7.55 (m, calcd for G4H1eSe: 384.0417. Found: 384.0411.
3H), 7.46-7.25 (m, 8H), 4.34 (dJ = 8.82 Hz, 1H), 2.15 (s, 1H), General Procedure for the Copper-Catalyzed Coupling Reac-

1.86-0.63 (m, 11H).2*C NMR (CDCk, 100 MHz): ¢ 149.39, tion of 2a with Alcohols. To a Schlenck tube, under argon,
145.86, 142.56, 136.19, 135.58, 129.69, 128.89, 128.49, 127.76,containing a mixture of Cul (0.0095 g; 0.05 mmol) in dry toluene
127.6_4, _126.05, 124.85, 73.77, 44.62, 29.66, 26.29, 25.87. MS (1.5 mL) was added 1,10-phenanthroline (0.018 g, 0.1 mmol). The
(relative intensity)wz 377 (100), 281 (72), 205 (61), 128 (64),  resulting solution was stirred for 30 min at room temperature. After
96 (45), 82 (23), 77 (34). HRMS calcd forng,.0Se: 396.0992.  thjs 2,5-diphenyl-3-iodoselenopheda (0.204 g; 0.50 mmol) was
Found: 396.0998. » added, and the resulting solution was stirred for additional 15 min
1-(2,5-Diphenyl-selenophen-3-yl)-heptan-1-ol (4j)ield: 0.049 at room temperature. Afterward, £30; (0.325 g; 1.0 mmol) and
g (62%).'H NMR (CDCls, 200 MHz):  7.64-7.55 (m, 3H), appropriate alcohol (1.5 mmol) were added. The mixture was then
7.46-7.26 (m, 8H), 4.72 (t) = 7.48 Hz, 1H), 1.96:1.70 (m, 3H), heated at 110C for 12 h. After this the solution was cooled to
1.42-1.23(m, 8H), 0.9+0.82 (m, 3H).2*C NMR (CDCk, 100 room temperature, diluted with dichloromethane (20 mL), and
MHz): 6 149.55, 145.08, 143.67, 136.20, 135.51, 129.56, 128.89, \washed with saturated aqg NEl (3 x 20 mL). The organic phase
128.55, 127.81, 127.67, 126.06, 124.82, 69.16, 38.23, 31.71, 29.08yvas separated, dried over Mgg@nd concentrated under vacuum.
25.94, 22.57, 14.03. MS (relative intensityyz 379 (100), 364  The residue was purified by flash chromatography on silica gel
(53), 350 (23), 336 (45), 322 (41), 281 (52), 205 (73), 128 (72), 98 ysing ethyl acetate/hexane as the eluent.
(3%%)’1;;1(35)- HRMS calcd for GHxsO0Se: 398.1149. Found: 2,5-Diphenyl-3-butoxy-selenophene (6aYield: 0.119 g (67%).
. . 1 .
1-(2,5-Diphenyl-selenophen-3-yl)-decan-1-ol (4kYield: 0.062 (m’\ém? é%gc(:tli] 1070 4'\!'1'_,'_'22) 26H§713;g (Z]]Llll(’lnt;=2|;)447 |_5|Z_ 72583
g (71%).1H NMR (CDCh, 200 MH2): 0 7.63 (5, 1H), 7.587.54 1 g (o) — 7.44 Ha, 2H) 0.96 (1)  7.44 Hz, 311) 1%C NMR
(m, 2H), 7.4577.24 (m, 8H), 4.74-4.67 (m, 1H), 201,69 (M, (cpcl,, 100 MHz): ¢ 153.69, 144.76, 136.04, 135.07, 128.89,
3H), 1.40-1.20 (m, 14H), 0.87 (tJ = 6.76 Hz, 3H)."C NMR 198 47 15778, 127,53, 126.36, 126.02, 125.42, 118.10, 71.69,
(CDCl, 100 MHz): 0 149.51, 145.03, 143.67, 136.17, 13549, 31 g3 1924, 13.83. MS (relative intensityjz 355 (100), 341

129.54, 128.87, 128.53, 127.78, 127.64, 126.02, 124.82, 69.12,(39)’ 327 (27), 313 (25), 283 (60), 206 (52), 129 (28), 77 (11), 73
38.19_, 3]_..85, 2_9.49, 29.48, 29.39, 29.26, 25.95, 22.63, 14.08. MS(g)' 57 (16), 43 (17). HRMS calcd for gH.0Se: 356.0679.
(relatlve IntenSIty)m/Z: 421 (100), 406 (29), 392 (32), 378 (39), Found: 356.0682.

364 (41), 350 (36), 336 (26), 281 (63), 205 (77), 128 (65), 140 . .

(86) (77) (31). (HR)MS ca(lcd)for ﬁl-(|32(%Se' 4(40.)1618. I(:ou)nd' 2,5-Diphenyl-3-octyloxy-selenophene (6b)Yield: 0.131 g

440 ’1616 ' " (64%).'*H NMR (CDCl;, 400 MHz): 6 7.73-7.71 (m, 2H), 7.55
General Procedure for the Palladium-Catalyzed Coupling L‘sszf_lm’ fgé_zgg (s, 1;3* 7133%71212?71 6?(%H4.%78g‘]0?377.44

Reaction of 2a with Alkynes.To a Schlenck tube, under argon, z, 2H), 1. .53 (m, 2H), 1. ) (m, ), 0. 87 (m,

L . : ; 3H). 13C NMR (CDCk, 100 MHz): 6 153.69, 144.74, 136.04,
containing a solution of 2,5-diphenyl-3-iodoselenoph2aé0.204 135.07 128.89. 128.46. 127.77 127.55 126.36. 126.01 125.41
g; 0.50 mmol) in DMF (2.5 mL) was added to PA(RBOI> (0.035  3741" 75 51 "31 76 29 74, 20.26, 29.20, 26.00, 22.64, 14.09. MS
g, 0.05 mmol). The resulting solution was stirred for 5 min at room e e T e T
temperature. After this time, appropriate alkyne (1.5 mmol) (relative intensityyz 411 (100), 397 (19), 383 (21), 369 (23),

355 (29), 341 (18), 327 (16), 283 (52), 206 (33), 129 (61), 77 (30),

dissolved in 1 mL of BN was then added dropwise, and the \ g
reaction mixture was allowed to stir at room temperature for 12 h. ‘5&2(2120;3 (12). HRMS calcd for LHz50Se: 412.1305. Found:

After this, the mixture was diluted with dichloromethane (20 mL)
and washed with brine (3 20 mL). The organic phase was
separated, dried over Mgg@nd concentrated under vacuum. The  Acknowledgment. The authors thank the following agencies
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1.60 (s, 6H).13C NMR (CDCk, 100 MHz): ¢ 151.79, 147.42,
135.50, 135.41, 129.59, 128.95, 128.45, 128.12, 128.05, 127.97,
125.99, 119.94, 94.66, 79.44, 65.67, 31.20. MS (relative intensity)
m/z. 347 (100), 305 (77), 281 (61), 128 (50), 77 (21). HRMS calcd
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2,5-Diphenyl-3-(phenylethynyl)-selenophene (5bYield: 0.180
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additional experimental details for the preparation of all compounds,
and!H and3C NMR spectra for all reaction products. This material
is available free of charge via the Internet at http://pubs.acs.org.
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