OCArticle
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2,3-Disubstituted benzb[selenophenes have been prepared by the electrophilic cyclization of various
1-(1-alkynyl)-2-(methylseleno)arenes by,BXBS, b, ICl, PhSeCl, PhSeBr, and Hg(OAcY his method
tolerates a wide variety of functional groups, including alcohol, ester, nitrile, nitro, and silyl groups, and
proceeds under exceptionally mild reaction conditions.

Introduction

The electrophilic cyclization of alkynes having a nucleophile
in close proximity to the triple bond has proven to be an efficient
way of constructing a wide array of carbocycles and hetero-
cycles! Recently, our group and others have successfully
utilized this approach to synthesize bergtijiophenes, ben-
zofurans? furans? thiophenes,indoles3¢¢isoquinolines, quin-
olinesg isocoumaring,and polycyclic aromatic hydrocarbo#Hs.
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Similar cyclizations have also been reported using transition-
metal catalystd! However, some of these transition-metal
approaches are either incompatible with functionality or lack
regioselectivity. Chalcogens, like sulfur, selenium, and tellurium,
have seldom been employed in such transition-metal-catalyzed
cyclizations as a result of their strong affinity for transition
metals.

Benzop]selenophenes have received little attention as po-
tential drugs, although their potent biological activity and
synthetic utility have been discussed in the literatéiieecently,
Otsubo and co-workers have shown that high performance

(8) Zhang, X.; Campo, M. A,; Yao, T.; Larock, R. Org. Lett.2005
7, 763.

(9) Yao, T.; Larock, R. CJ. Org. Chem2003 68, 5936.

(10) (a) Yue, D.; Della CaN.; Larock, R. C.Org. Lett.2004 6, 1581.
(b) Yao, T.; Campo, M. A,; Larock, R. QOrg. Lett. 2004 6, 2677. (c)
Goldfinger, M. B.; Crawford, K. B.; Swager, T. Ml. Am. Chem. Soc.
1997, 119 4578. (d) Goldfinger, M. B.; Swager, T. M. Am. Chem. Soc.
1994 116 7895.

(11) (a) Roesch, K. R.; Larock, R. @rg. Lett.1999 1, 553. (b) Nan,
Y.; Miao, H.; Yang, Z.0rg. Lett.200Q 2, 297. (c) Nevado, C.; Echavarren,
A. M. Synthesi®005 167. (d) Larock, R. C.; Yum, E. KJ. Am. Chem.
Soc.1991 113 6689. (e) Larock, R. C.; Yum, E. K.; Refvik, M. D. Org.
Chem.1998 63, 7652. (f) Roesch, K. R.; Larock, R. Q. Org. Chem.
1998 63, 5306. (g) Cacchi, S.; Fabrizi, G.; Moro, Detrahedron Lett.
1998 39, 5101 (h) Cacchi, S.; Fabrizi, G.; Moro, LSynlett1998 741. (i)
Arcadi, A.; Cacchi, S.; Rosario, M. D.; Fabrizi, G.; Marinelli, ¥. Org.
Chem. 1996 61, 9280. (j) Cacchi, S.; Carnicelli, V.; Marinelli, RJ.
Organomet. Chenil994 475 289. (k) Arcadi, A.; Cacchi, S.; Marinelli,
F. Tetrahedron Lett1992 33, 3915. (I) Cacchi, SJ. Organomet. Chem.
1999 576, 42.

(12) (a) Jacobes, A.; Piette,J. Photochem. Photobiol., B994 22, 9.
(b) Jacobes, A.; Piette, Tetrahedronl994 50, 9315. (c) Jacobes, A.; Piette,
J. Heterocycles1992 34, 1119. (d) Vedaldi, D.; Affieri, S.; Frank, S.;
Dall’Acqua, F.; Jakobs, A.; Piette, Barmaco1995 50, 527. (e) Dobrin,
S.; Kaszynski, P.; Waluk, J. Photochem. Photobiol., 2997, 105, 149.

J. Org. Chem200§ 71, 23072312 2307



JOC Article

SCHEME 1

Kesharwani et al.
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organic field effect transistors can be developed from benzo-
diselenophene®. Their studies suggest that the replacement of
sulfur atoms with selenium can enhance the optoelectronic
properties of thiophene-containing molecules. Thus, we were 4 1
encouraged to examine the synthesis of selenium analogues of A
benzop]thiophenes using acetylene cyclization chemistry.
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Earlier syntheses of benhifelenophenes have generally 5 1 = CCHxoH 24 ©/S\EME S
required harsh reaction conditions and suffer from poor reaction A C(CHg),OH
yields and intolerance of many functional grodfpgmong the
known protocols for the synthesis of 3-halobers¢le- , SeMe
nophened?the reaction of 1-aryl-1-alkynes with SeRr SeCj ¢ o= 24 @K $r
is reported to give good yield§.Although iodides are more = SiEty

useful than bromides or chlorides for subsequent transition-
metal-catalyzed cross-coupling reactions, no general method is
known for the synthesis of 3-iodobenb{gelenophenes. Herein,
we report a general, high-yielding synthesis of 3-iodobebjzo[
selenophenes via iodocyclization, which also gives good yields
with several other electrophiles.
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Results and Discussion

1 8
The expeditious synthesis of benzlslelenophenes have been

achieved by a two-step approach involving the Sonogashira
coupling of 2-iodoselenoanisoles with terminal alkynes, followed

by electrophilic cyclization using various electrophiles (Scheme 1
1). The required starting compountland2 have been prepared

by a two-step approach developed by Christiaens and Lxen

in 35 and 49% overall yields, respectively (Scheme 2).

Various substituted selenium-containing alkynes have been
prepared using standard Sonogashira coupling condifions 11 1
study the scope and generality of our methodology (Table 1).
Although selenium compound$ and 2 react slowly with

}Q %

= 48
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aUnless otherwise stated, all reactions were carried out on a 2.0 mmol
scale in 12 mL of BN using 1.0 equiv of the 1-iodo-2-(methylseleno)arene,
1.5 equiv of alkyne, 2 mol % of PdgPPh),, and 1 mol % of Cul at room
temperature for the desired tinfeThis reaction was carried out in a 1:1
mixture of DMF and E{N as the solvent for 48 K.This reaction was
performed using 2.2 equiv of 1-iodo-2-(methylseleno)benzene and 1.0 equiv
of alkyne.

terminal alkynes under standard Sonogashira reaction conditions,
the required coupling products are obtained in good to excellent
yields after 24-48 h. The slow reaction may be attributed to

the strong coordination between selenium and palladium in the

2308 J. Org. Chem.Vol. 71, No. 6, 2006
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SCHEME 3 TABLE 3. lodocyclization of Various
1-(Alkynyl)-2-(methylseleno)arened

SeMe I Se
B E—— - ent alkyne electrophile  time roduct % isolated
N CgHq7 Ty Y P p
% CHCly, r.t. (min) yield
30 min |

n-CgHq7

0, Se
3 w15 1 3 L 30 /Gt 15 98
TABLE 2. Effect of the Solvent in the Reaction of !
1-(1-Decynyl)-2-(methylseleno)benzene (3) witha 5 3 1cl 60 15 78
entry solvent equiv ofj time (min) % yield e
1 CHCl, 1.1 30 98 3 10 L 30 16 90
2 CH.CI, 2.0 30 97 I
3 ELO 1.1 30 91
4 MeOH 1.1 60 82 4 10 1C1 60 16 79
5 THF 1.1 30 92 Se
6 CH:CN 1.1 30 95
7 hexanes 11 30 90 >0 b 30 7%
|
a All reactions were carried out on a 0.25 mmol scale in 5 mL of solvent
6 9 ICl 60 17 76

using 1.0 equiv of 1-(1-decynyl)-2-(methylseleno)benzeBE end the
indicated amount of;lat room temperature.

key arylpalladium intermediate. Terminal alkynes bearing simple 60 VaR 87

alkyl groups have afforded the expected internal alkynes in high
yields (Table 1, entries 1 and 2). The reactions of alkylalkynes
bearing cyano, ester, and hydroxyl groups also proceed in
excellent yields (Table 1, entries—5). Alkynes bearing a
triethylsilyl group (Table 1, entry 6) and a vinylic group (Table

1, entry 7) furnished the desired products in 79 and 96% yields, 9 7 L 30 QCCHROH 59 03
respectively. The reaction of phenylacetylene was low-yielding
due to homocoupling of this alkyne (Table 1, entry 8).
Substituted aryl groups on the alkyne were also successfully , 4 L 30 )—SiEty a0l
employed in the coupling reaction (Table 1, entries 9 and 10).

Diyne 13 was prepared from the coupling df and 1,4-
diethynylbenzene. However, the reaction proceeded rather

slowly and afforded only a 47% yield (Table 1, entry 11). The |, 4
reaction of 2 and 3-cyclohexyl-1-propyne also proceeded

smoothly to furnish the desired produetin an excellent yield

(Table 1, entry 12).

We have found that the electrophilic cyclization of 1-(1- 12 14 I 60
decynyl)-2-(methylseleno)benzer® (vith I, in CH,CI, as the MeO,C
solvent at room temperature affords a near quantitative yield
of the desired 2,3-disubstituted bengelenophend5 after
only a 30 min reaction time (Scheme 3). Boon b 30

The yield of this reaction is not much affected when different
solvents are employed (Table 2). THF,,@f CHCN, and
hexanes gav&5in greater than 90% yields, while the reaction 14 12 L 30
proceeded more slowly and gave a lower yield in MeOH (Table
2, entry 4). The mild reaction conditions, ease of product
isolation, and high yields encouraged us to broaden the scope
of our methodology by using different 1-(1-alkynyl)-2-(meth- 1
ylseleno)arenes (Table 3).

The yield of benzdj]selenophenes was excellent whether the
substituent on the alkyne was alkyl, aryl, or vinylic (Table 3, a2 Unless otherwise stated, all reactions were carried out on a 0.25 mmol
entries 1, 3, and 5). In some of our earlier work on the scale in 5 mL of solvent using 1.0 equiv of 1-(1-alkynyl-2-(methylsele-

. o . . no)benzene and 1.1 equiv efdr ICI at room temperaturé. This reaction
iodocyclization of funCt'O_na”y substituted alkynes, ICI proved was carried out on a 0.25 mmol scale in 5 mL of solvent using 1.0 equiv
to be a better electrophile thap for some substrates. In our  of 1-(1-alkynyl)-2-(methylseleno)benzene and 2.2 equiv,of |

current methodology, ICI gave somewhat lower yields compared
to those of } (see Table 3, entries 2, 4, and 6). The higher yields  lodocyclization also readily tolerates functionally substituted
with 1, as the electrophile may be attributed to the higher alkyl groups (Table 3, entries—R) with little effect on the
nucleophilicity of an iodide ion than a chloride ion, which reaction yield. The sterically hindered triethylsilylalky@@lso
facilitates removal of the methyl group present in the cationic reacted rapidly to give benzaselenophen2lin a 91% vyield
intermediate, presumably generated during cyclization (see the(Table 3, entry 10). The iodocyclization df proceeded slowly
later discussion of mechanism). Alternatively, the weaker when compared to that of compoudAdTable 3, entries 11 and
electrophile $ may simply be less likely to react directly with  12); this observation can be attributed to the presence of an
the selenium moiety. ester group para to the selenium, which reduces the electron
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TABLE 4. Other Electrophilic Cyclizations of
1-(1-Alkynyl)-2-(methylseleno)arene%

entry alkyne electrophile time product % isolated
(equiv) (h) yield
Se
1 10 PhSeCl (1.5) 2 O / O 27 92
Se
2 10 PhSeBr (1.5) 2 : 27 95
Se
3 10 Br, (1.1) 12 O / O 28 75
Br
4 10 NBS (2.2) 12 28 46
Se
5 10 Hg(OAch (L) 1 29 9
HgCl
6 3 PhSeBr (1.5) 2 Se 30 84
) n-CgHiz
Se
Se
7 3 Br, (1.1) 12 /"Gt 31 78
Br
8 3 NBS (2.2) 48 31 43
Se
9 9 PhSeBr (1.5) 2 2 87
Se
Se
10 9 NBS (2.2) 48 O / C 33 48
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FIGURE 1. 'H NMR spectra from the reaction of alkyd®in CDCl;
before and after the addition of Br

The cyclization of alkynes using Band NBS as electrophiles
gave some interesting results. The use of NBS resulted in the
formation of the desired product in lower yields (Table 4, entries
4, 8, and 10), contrary to our analogous efforts earlier in
preparing benzajthiopheneg? Unlike the reactions using NBS,
cyclizations employing Brwere slower and also resulted in
lower yields in comparison with our earlier benzpthiophene

aUnless otherwise stated, reactions were carried out on a 0.25 mmol Methodology® (Table 4, entries 3 and 7). When the bromocy-

scale in 5 mL of CHCI, using 1.0 equiv of 1-(1-alkynyl)-2-(methylsele-
no)benzene and 1.1 equiv ofdr ICI at room temperaturé.This reaction
was carried out on a 0.25 mmol scale in 5 mL of AcOH using 1.0 equiv of
alkyne and 1.1 equiv of Hg(OAgat room temperature and quenched with
satd ag NaCl solution.

clization of 10 was monitored by TLC, the disappearance of
the starting compound was observed soon after the addition of
Br,, but the formation of the product was not observed.
However, after 20 min, the product spot appeared, and its
intensity increased over a period of 2 h. A similar observation
was made during the bromocyclization 8f indicating once

density on selenium. No such effect is observed when varying again a possible intermediate.

the nature of the substituents on the remote aryl group. The
presence of an electron-withdrawing nitro group or an electron-
donating methoxy group did not make much of a difference,
and the reaction proceeded with ease, giving the desired product
in greater than 90% yields (Table 3, entries 13 and 14). The

iodocyclization ofl3 resulted in the formation of the dicyclized
product in a good yield of 88% (Table 3, entry 15).

In an attempt to clarify these results, the cyclization of alkyne
10 by Br, was carried out in CDGlas the solvent, and the
reaction was monitored b§4 NMR spectroscopy. A small peak

D was observed at 2.5 soon after the addition of BrThis

peak corresponds to MeBr, the byproduct of this overall process
(Figure 1). Two more peaks were observed at approximately
4.0, which may correspond to a methyl group on an electron-

Electrophilic cyclization using other electrophiles, such as deficient selenium. From the abo4d NMR studies, a possible

Bry, NBS, PhSeBr, PhSeCl, Hg(OA¢andp-O.NCsH4SCI, has

stepwise mechanism can be derived for bromocyclization by

also been examined to extend the scope of our methodologypy,. |n the first step, the electrophile coordinates with the triple

(Table 4). The cyclization of alkyn&0 using PhSeBr resulted

bond, followed by nucleophilic attack by selenium to generate

in a slightly higher yield of the desired product when compared g cationic intermediat84 (Scheme 4). The pea& (Figure 1)
to PhSeCl (Table 4, entries 1 and 2). PhSeBr was then employedcan pe attributed to the methyl protons 34, while peakC
for the cyclization of alkynes bearing alkyl and vinylic groups  corresponds to the methyl group in dibromo compo8&dThe
(Table 4, entries 6 and 9), and the yields were 84 and 87%, formation of dibromo compounds of typ@5 on addition of

respectively. With Hg(OAg) as the electrophile, the reaction

bromine to selenides has been reported eddighe cationic

was quenched with an aqueous NaCl solution, and the chlo-jytermediate34 can then undergo a facile removal of the methyl

romercurio derivative?9 was isolated in 92% yield (Table 4,
entry 5). Wherp-O,NCgH4SCI was used as an electrophile on

(19) (a) Ternon, M.; Outurquin, F.; Paulmier, Tetrahedron2001, 57,

alkyne10, the corresponding cyclized product was not observed 19559, (b) Takanohashi, Y.; Funakoshi, H.; Akabori.Synth. Commun.

even after 2 d.

2310 J. Org. Chem.Vol. 71, No. 6, 2006
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SCHEME 4
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SCHEME 5
SeMe Br® Me

O 1.1 Bry A
AN Hexanes, 0 °C
10 O 34 B 539

group via {2 displacement by the counterion bromide generated
in situ during the cyclization (Scheme 4). Selenonium salts
analogous to intermedia®4 are known in the literature and
have been used for the alkylation of relative acidic carbon
nucleophileg

To support this mechanistic hypothesis, we attempted to
isolate intermediate34. The bromocyclization of10 was
performed in nonpolar hexanes afO, which resulted in the
formation of a yellow precipitate soon after the addition of.Br

JOC Article
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FIGURE 2. 'H NMR spectra following the decomposition 8# to
28 and MeBr.

number of interesting substituted berzsplenophenes. With

The precipitate was filtered, washed with cold hexanes, and respect to subsequent transition-metal-catalyzed reactions, 3-

isolated in 53% vyield (Scheme 5). This precipitate was then
dissolved in CDG) and monitored byH NMR spectroscopy,

iodobenzap]selenophenes are expected to be more effective than
the corresponding bromo and chloro derivatives, and that augurs

which showed decomposition of this material, assumed to be well for this new approach to benij$elenophenes. A cationic

intermediate34 (Figure 2). PealC slowly disappeared over a
period of 6 h, which indicated the decay of intermediate
The height of pealD increased over this same time period,
supporting the formation of methyl bromide. A noticeable

intermediate in the cyclization with Bhas been isolated and
studied, providing evidence for a stepwise cyclization process.

Experimental Section

change in the aromatic region was also observed, which matched General Procedure for the Palladium/Copper-Catalyzed

the aromatic peaks of compour28. Reactions with 4 as an

Formation of 1-(1-Alkynyl)-2-(methylseleno)arenesTo a solution

electrophile proceed much faster, and similar experiments to of Et;N (10 mL)were added 2.0 mmol af-iodo(methylseleno)-

trap the cationic intermediate failed even at a lower temperature.

Our iodobenzdj]selenophene products can be further func-
tionalized by palladium-catalyzed coupling reactions. 2-(1-
Octynyl)-3-phenylbenzdjselenophene3p) has been success-
fully obtained in a 90% isolated yield by the Suzuki cross-
coupling of15with phenylboronic acid (Scheme 6). In a similar
manner, the Sonogashira couplingld with phenylacetylene
gave alkyne37 in 65% vyield.

Conclusions

2,3-Disubstituted benzb[selenophenes have been obtained
in good yields from simple starting materials by the electrophilic
cyclization of 2-(1-alkynyl)selenoanisoles by:BNBS, b, ICI,
PhSeCl, PhSeBr, and Hg(OAc)This method tolerates many
functional groups, including nitrile, hydroxyl, silyl, nitro,
methoxy, and ester groups. An iodine moiety can be readily
introduced into the heterocycle in a position not easily obtained
previously. Subsequent functionalization of the resulting het-

benzene, PA@IPPh), (2 mol %; stirring for 5 min beforehand),
and Cul (1 mol %), and the flask was sealed and flushed with Ar.
Terminal acetylene in the amount of 3.0 mmol dissolved in 2 mL
of EtzN was then added dropwise, and the reaction mixture was
allowed to stir at room temperature for the desired time. After the
reaction was over, the resulting solution was filtered, washed with
saturated aq NaCl, and extracted with diethyl ethex (85 mL).
The combined ether fractions were dried over anhydrousS®8a
and concentrated under vacuum to yield the crude product. The
crude product was purified by flash chromatography on silica gel
using ethyl acetate/hexanes as the eluent.
(1-Decynyl)-2-(methylseleno)benzene (3)The product was
obtained as a yellow oil'H NMR (CDCls) 6 0.88 (t,J = 6.9 Hz,
3H), 1.28-1.30 (m, 8H), 1.43-1.51 (m, 2H), 1.66-1.69 (m, 2H),
2.31 (s, 3H), 2.47 (t) = 6.9 Hz, 2H), 7.057.11 (m, 1H), 7.16
7.21 (m, 2H), 7.34 (dJ = 8.2 Hz, 1H);13C NMR (CDCk) ¢ 6.0,
14.3, 19.8, 22.9, 28.9, 29.1, 29.3, 29.4, 32.0, 79.2, 96.9, 124 .4,
125.1,127.0, 128.3, 132.3, 136.2; IR (neat, €n3058, 2926, 2227,
1432; HRMS calcd for gH2.Se, 308.10432; found, 308.10500.
General Procedure for the lodocyclizations.To a solution of
0.25 mmol of the alkyne and 3 mL of GBI, was added gradually

erocycles by palladium-catalyzed coupling reactions leads to a1 1 equiv of } or ICI dissolved in 2 mL of CkCl,. The reaction

(20) Winkler, J. D.; Finck-Estes, Mletrahedron Lett1989 30, 7293.

mixture was allowed to stir at room temperature for the desired
time. The excess lor ICl was removed by washing with saturated
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SCHEME 6
1.1 PhB(OH),

Se G 5% Pd(PPhg)s _
-gh17
7 ! 2K,CO;s

| 5:1 DMF/H,0, 100 °C

Se 15 PhC=CH
/

5% PdCly(PPhs),, 2.5% Cul
16 EtsN, rt.

aq NaS,0s. The mixture was then extracted by diethyl ethex(3 added dropwise 0.375 mmol of PhSeBr or PhSeCl dissolved in 2
10 mL). The combined ether layers were dried over anhydrogs Na mL of CH,Cl,. The mixture was allowed to stir at room temperature
SO, and concentrated under vacuum to yield the crude product, for the desired time. The reaction mixture was washed with 20 mL
which was purified by flash chromatography on silica gel using of water and extracted with diethyl ether (8 10 mL). The
ethyl acetate/hexanes as the eluent. combined ether layers were dried over anhydrousSi@a and
3-lodo-2-octylbenzop]selenophene (15).The product was concentrated under vacuum to yield the crude product, which was
obtained as a yellow oil'H NMR (CDCl;) 6 0.91 (t,J = 6.9 Hz, further purified by flash chromatography on silica gel using ethyl
3H), 1.3+-1.48 (m, 10H), 1.7£1.79 (m, 2H), 3.02 (tJ = 7.8 acetate/hexanes as the eluent.
Hz, 2H), 7.24-7.29 (m, 1H), 7.39-7.45 (m, 1H), 7.777.83 (m, 2-Octyl-3-(phenylseleno)benzdiselenophene (30)The prod-
2H); 1°C NMR (CDCL) 6 14.4, 22.9, 29.4, 29.5, 29.6, 31.6, 32.1, yct was obtained as a yellow oitH NMR (CDCl) 6 0.86 (t,J =
36.1,83.4,125.3,125.5,125.7, 127.8, 139.1, 143.2, 148.2; IR (neat,g 5 Hz, 3H), 1.23-1.37 (m, 10H), 1.69 (quinted = 7.3 Hz, 2H),
cmY) 3056, 2953, 2923, 1432; HRMS calcd for;e82iSe, 3.21 (t,J = 7.4 Hz, 2H), 7.087.14 (m, 5H), 7.2+7.34 (m, 2H),
419.98532; found, 419.98620. o , 7.83-7.89 (m, 2H);13C NMR (CDCk) 6 14.4, 22.9, 29.4, 29.6,
General Procedure for the Bromocyclizations.To a solution 32.1, 32.7, 33.7, 118.8, 124.9, 125.3, 125.5, 126.0, 126.6, 129.0,
of 0.25 mmol of the alkyne and 3 mL of GBI, was added 129 4, 132.9,139.9, 143.7, 157.8; IR (neat;€n3058, 2925, 1577;

gradually 1.1 equiv of Bror 2.2 equiv of NBS dissolved in 2mL  HRMS calcd for G,H,Se, 448.03937; found, 448.04010.
of CH,Cl,. The reaction mixture was allowed to stir at room

temperature for the desired time. The excess @r NBS was . .
remgved by washing with saturated aq,8#s. The mixture was Acknowledgment: We thank the National .Instltute .Of
then extracted by diethyl ether (8 10 mL). The combined ether General Medical Smenges (_GMWOGZ.O)' the National !nstltutes
layers were dried over anhydrous 488, and concentrated under ~ Of Health, Kansas University Chemical Methodologies, and
vacuum to yield the crude product, which was purified by flash Library Development Center of Excellence (P50 GM069663)
chromatography on silica gel using ethyl acetate/hexanes as thefor support of this research, Johnson Matthey, Inc., and Kawaken
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3-Bromo-2-octylbenzop]selenophene (31)The product was and Frontier Scientific for a gift of phenylboronic acid.

obtained as a pale yellow oitH NMR (CDCl) 6 0.87 (t,J=7.1
Hz, 3H), 1.27-1.46 (m, 10H), 1.681.78 (m, 2H), 2.99 (t] =

7571t 50,1257 5 n 1), 7997 45 (1 18780 (0= Suppering nfomaton Avelble Gererl expernentl
8.1 Hz, 2H);13C NMR (CDCk) 6 14.3, 22.9, 29.3, 29.4, 29.6, 31.4, IS, preparation, jodocyclization, yclization,

32.1,32.5,125.1, 125.2, 125 4, 125.6, 138.0, 140.5, 144.5; IR (neat,”NSEBY cyclizations of 1-(1-alkynyl)-2-(methylselenyl)arenes, and

cm 1) 3059, 2954, 2925: HRMS calcd fori,1BrSe, 371.99918: copies oftH and13C NMR spectra. This material is available free
found. 371.99990 ’ 17TaIRIoR, = ' of charge via the Internet at http://pubs.acs.org.

General Procedure for the PhSeCl and PhSeBr Cyclizations.
To a solution of 0.25 mmol of the alkyne and @&, (3 mL) was JO0524268
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