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ABSTRACT

Symmetrical diaryl selenides were synthesized irdenate-to-excellent yields by Cu-catalyzed
C(aryl)-Se bond formation followed by the reactmntriarylbismuthanes with elemental Se in the
presence of Cu(OAg)and 1,10-phenanthroline (10 mol%) under aerobiditmns. This reaction

proceeded efficiently: All the aryl groups on Bingdransferred to the coupling products.
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Highlights:

Cu-catalyzed reaction of Se with #8i under aerobic conditions without an additiveoadfied
symmetrical diaryl selenides.
All the three aryl groups on Bi in ABi were transferred to the coupling products.

Symmetrical diaryl selenides were obtained fromese AgBi in good-to-excellent yields.



1. Introduction

Organoselenium compounds are important reagentsganic synthesis and biology [1-8]. For
example, symmetrical diaryl selenides (Ar—-Se—Aryehattracted much attention in the last two
decades, because these exhibit wide biologicaligcsuch as antitumor and antioxidant activities
(Fig. 1.) [9-11]. The transition-metal-catalyzeda€f)-Se bond formation is one of the most
practical method in modern organic synthesis [31&R Various metals including Pd, Ni, Fe and Cu
have been used to catalyze the reactions of angrdawvith a Se source. Cu-catalyzed cross-coupling
reactions are efficient for the synthesis of diasglenide [12-15]. Among these, the reactions of
diaryl diselenides with aryl halides [16-25] or boic acids [26-32] were known as the synthesis of
symmetrical diaryl selenides. However, diaryl desédles are not always commercially available and
require complicated preparation steps. Therefoeweral methods have been reported for the
synthesis of symmetrical diaryl selenides usingftti®ewing combination of aryl substrates with a
Se source: (1) aryl halides and Se [33-36], (2)) laalides and potassium selenocyanate [37, 38], (3)
boronic acids and Se [39, 40], and (4) boronic @@dd selenourea [4However, most of these
reactions require a base and/or an inorganic reéaggethe additive. Recently, Yu and co-workers
reported the synthesis of symmetrical diaryl selesiby the cross-coupling of arylboronic acids
with Se powder without an additive in the presemtepyridine as a co-solvent under inert

atmosphere [40].

Fig. 1.

On the other hand, organobismuth compounds ardlysuntoxic, environmentally benign, and
potentially useful as synthetic reagents [42-4Bjo Tethods for the synthesis of symmetrical diaryl
selenides using triarylbismuthanes {Bi) had been reported. Arnauld et al. reportedrédaetion of
an excess amount of Se powder (5 eq) withBAlt high temperature (170 YJ46]. Recently,
Ogawa et al. have developed the photoinduced eaofidiphenyl diselenides with gBi affording

diphenyl selenides; however, an excess amounteoBitagents bearing three aryl groups on Bi was
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required for the reaction [47]. Recently, we repdrthe Cu-catalyzed synthesis of unsymmetrical
diaryl sulfides and selenides (Ar—-StAand Ar—Se-AjJ involving C(aryl)-S and C(aryl)-Se bond
formations by the reactions of diaryl disulfides'éS—S—AD and diselenides (ArSe—Se—A) with
ArsBi under aerobic conditions [48, 49]. All the thragyl groups on the Bi reagent and both the
sulfanyl and selanyl groups of the diaryl disulfigied diselenide participated in this reaction. As a
continuation of our studies on C(aryl)-heteroatamndformation, we now report an atom-economic
and simple Cu-catalyzed procedure for the synthissymmetrical diaryl selenides from Se powder

and AgBi without the use of an additive under aerobicdibons.

2. Resultsand discussion

First, the optimal experimental conditions wereed®ined for the cross-coupling of chalcogen
powder (S, Se, Te) with organobismuth and orgammamy compounds such as #Bh (1a),
PhsBICl, (2), PhBIF; (3), PhBi(OAcC), (4), PisSb 6), PSbCL (6), PhSbR; (7), and PBSb(OAc)
(8). Table 1 shows the results of the screening afctlyens, aryl substrates, catalysts, ligands, and
solvents. The cross-coupling reactions ofsB\r with diaryl disulfides using CuOAc and
1,10-phenanthroline as the catalytic system und@obéc conditions in DMSO afforded the
corresponding unsymmetrical diaryl sulfides [48].e Viirst performed the reaction between
chalcogen powder with BBi (1a) under the optimal conditions reported by us mresiy [Cu(OAc)
(20 mol%), 1,10-phenanthroline (10 mol%), DMSO, @] (entries 1-3). The expected coupling
compoundb was obtained in a high yield (81%) when Se wasleyeg as the chalcogen (entry 2).
In this reaction, all the three phenyl groups orpBiticipated in the C(Ar)-Se bond formation. On
the other hand, S and Te were less reactive tothegdeaction (entries 1, 3). A complex mixture was
obtained in the reaction da with Te. The reactions of Se with organobismuth compoundb ss
1a, 2, 3 and4 were performed under the same conditions to coentberir reactivity (entries 2, 4-6).
The results show that EBi (1a) was the best aryl donor. When pentavalent comg®wsuch as
PhsBICl, (2) and PBBi(OAc), (4) were employed in this reaction, diphenyl diseden{lOb) was

formed as the major product. When organoantimomgents %-8) were used instead of the Bi
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reagents, the reaction afford@d in <8% vyield (entries 7-10). Next, several avd#aBu catalysts
were screened in the reactionlafwith Se (entries 2, 11-18). Cu(OAdyas the best catalyst for this
reaction in terms of the yield (87%) of the expdgdeoductOb and reaction time (3 h), and the yield
of byproductl0Ob was < 1%. Various ligand4$. {-6) were screened (entries 15, 20-24). The results
show that 1,10-phenanthrolineX) was the most effectivdhe screening of solvents showed that
the reaction proceeded efficiently in DMSO (87%MP (84%), and CHCN (60%), whereas
N-methylpyrrolidone, toluene, 1,4-dioxane, and 1QEDwere inefficient (entries 15, 26-31). A
significant decrease in the yield of prod@btunder Ar atmosphere indicated that the presen€® of

in the reaction medium was essential for the psxE the reaction (entry 32). The progressive
addition of pure @shortened the reaction time (entry 33). The reastionder aerobic conditions
were simple and easy to operate. The reaction e@stwe to catalyst loading, as a decrease in the
loading of Cu(OAc) from 10 mol% to 5 mol% significantly reduced thielgt of 9b (62%, 24 h,
entry 34). When the loading of Se (3 eq) was irsedathis reaction afforded a mixturef and
10b, and diphenyl diselenidel@) was obtained as the major product (entry 35).sThie best
reaction condition was determined to be as folld\gBi (1a) was treated with 1.5 equiv. Se powder
using 10 mol% Cu(OAg)and 1,10-phenanthroline as the catalytic systedMSO at 100 °C

without the use of any base and/or inorganic retagietier aerobic conditions.

Table1

To demonstrate the efficiency and generality of #t@ve-mentioned protocol, the reactions of
various AgBi compounds Xa-1) and Se powder were investigated under the opddnizaction
conditions. The results are shown in Table 2. Tibkly of the coupling products are based on all the
three aryl groups on the Bi compounds used ineaetion. The reaction of ABi compounds 1b-i)
bearing electron-donating and electron-withdrawsodpstituents on the aromatic ring afforded the
corresponding symmetrical diaryl selenid&k-{8) in good-to-excellent yields. The electronic natur

(electron-rich or electron-poor) of the substitgem the 4-substituted ABi did not affect the
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outcome of the reaction (entries 1-6). Stericallydlredortho-substituted Bi compounds were also
coupled with Se, affording the corresponding dissglenides X6-19) even though a prolonged
reaction was required for the methyl-substitutedeseof Bi reagents (entries 7-10). 3Br (1i)
bearing a CbNH, group in theortho-position has a hypervalent bond between the NBiratoms
[50]. These hypervalent compounds showed a sigmficcrease in the reactivity of the aryl group
toward the transition-metal-catalyzed cross-couplieactions. For example, Tanaka et al. reported
that hypervalent ABi compounds, @ert-butyl-5,6,7,12-tetrahydrodibenzf][1,5]azabismocines,
are useful arylating agents for the synthesis afybiderivatives using Pd-catalyzed cross-coupling
reactions [51]. The reaction time of #8i (1i) bearing a CkENH, group in theortho-position was
shorter than those of the methyl-substituted comgedg and 1h (entry 9). This reaction also
showed the effect of hypervalent compound. Moreothez reactions of heterocyclic Bi reagents

afforded the corresponding selenidg@, 1) (entries 11, 12).

Table 2

To investigate the reaction mechanism, we haveoeg@lthe possible reaction pathway. When the
reaction of PkBi with elemental Se monitored by using GC, theggation of diphenyl diselenide
(10b) as well as diphenyl selenidgb] was confirmed in the reaction process (Fig. Bhe reaction

of PhBi with diphenyl diselenide 10b) in the presence of Cu(OAc)(10 mol%) and
1,10-phenanthroline (10 mol%) under aerobic coodified to the formation of diphenyl selenide
(9b) in 89% vyield. Therefore, a similar mechanism asgible as those proposed for the Chan-Lam
Sarylation with arylboronic acids by Yu [40], ar@d-arylation of aryl iodides with Se by Jin [36],
and reaction of diaryl disulfides and diselenidéhwArsBi by us [48, 49]. Fig. 3 shows the possible
mechanism for the synthesis of symmetrical diagjgsides from AgBi and Se. The first step of the
reaction involves the generation of a catalyticaltive f-hydroxide)Cu(ll) complex A) from
CuOAc or Cu(OAg), 1,10-phenanthroline, molecular oxygen and magsturair and/or solvent [52].

The transmetallation betweensBr and A forms intermediateR); subsequent oxidative addition of
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Se toB gives Cu(lll) intermediateQ). The reductive elimination fror@ could affords desired aryl
selenide anion (Ar—Seand Cu(0). The aryl selenide anion is oxidizethwA,O and aerobic oxygen,
affording diaryl diselenide). Cu(l) or (ll) may be regenerated by air oxidatid\Next, the
ligand-exchange reaction of regeneratedith the arylselanyl moiety of diaryl diselenid®)(forms
the intermediateH); the subsequent oxidative addition of an aryl etiof ArBi to E affords
Cu(lll) intermediate ). The reductive elimination of coupling produ@)(from intermediate K)
regenerates the Cu catalyst. Another catalyticecythy be possible: The transmetallatiorofvith
an aryl moiety of AgBi affordsB, and oxidative addition of the selanyl moiety ddrgil diselenide
(D) gives Cu(lll) intermediateH), which probably undergoes reductive eliminationatford the

asymmetric diaryl selenide.

Fig. 2 and 3.

3. Conclusion

Symmetrical diaryl selenides were synthesized fBsrpowder and ABi without an additive under
aerobic conditions. Under mild conditions, all theee aryl groups on the Bi reagent participated in
the reaction, and the reaction of bismuthanes bgaviarious functional groups afforded the
corresponding cross-coupling products in satisfgcytelds. The studies on the mechanism of this

reaction and reactions of i with other coupling partners are underway.

4. Experimental

4.1. General

Melting points measurements were conducted on aadfaroto micro melting point hot-stage
apparatus (MP-S3) and reported as uncorrected stalHeNMR (TMS: §: 0.00 as an internal
standard)*C-NMR (CDCk: §: 77.00 as an internal standard) and spectra vee@ded on JEOL

JNM-AL400 (400 MHz and 100 MHz respectively) spenteters in CDGl Mass spectra were
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obtained on a JEOL JMP-DX300 instrument (70 eV, 380 All chromatographic separations were
accomplished with Silica Gel 60N (Kanto Chemical.,dac.). Thin-layer chromatography (TLC)
was performed with Macherey-Nagel Pre-coated Tla@gsl Sil G25 UVss Terminal alkyne® were
purchased from Wako Pure Chemical Industries Ltdd arCl Fine Chemicals, Japan.
Triphenylbismuthanel@) and tris¢-tolyl)bismuthane 1g) were purchased from TCI Fine Chemicals,
Japan, and other triarylbismuthanes suclitad [53], 1e [54], 1f [46], 1h [55], 1i [50], 1j [53], 1k

[56] and1l [49] were prepared according to the reported hoss.

4.2. Reaction of ArzBi with Se

A mixture of ABi 1 (0.5 mmol), Se powder (0.75 mmol), Cu(OAd)0.05 mmol), and
1,10-phenanthroline (0.05 mmol) in DMSO (5 mL) weesated at 100 °C under air atmosphere for
the desired time (Table 2) until the complete comstion of the starting material on TLC. After
diluting with CHCl, (50 mL) and water (30 mL), the reaction mixtureswaeeparated and the
agueous layer was extracted with £&h (30 x 2 mL). The combined organic layer was washitk
5% aqueous ammonia and water, dried over anhydwgSO, and concentrated under reduced
pressure. The residue was purified by column chtography on silica gel using a mixture of
hexane/CHCI, as the eluent, affording diaryl seleniddsand11-20. Compound Z1) was purified
by column chromatography on aluminum oxide withdme(EtO. The product®b and11-20 were
confirmed by comparison of their NMR data and nsgsectra with the literature data.

Diphenyl selenide (9b) [31, 35]: Pale yellow oil'H NMR (400 MHz, CDCJ) &: 7.20-7.28 (6H, m,
Ar-H), 7.40-7.49 (4H, m, Ar-H)**C NMR (100 MHz, CDGJ) §: 127.1, 129.2, 131.3, 132.8. LR-MS
m/z: 234 (M).

Bis(4-methoxyphenyl) selenide (11) [31, 35]: Colorless prisms. mp 55-57 °C (from &ee).'H NMR
(400 MHz, CDC4) §: 3.77 (6H, s, OCH), 6.80 (4H, d,J = 8.8 Hz, Ar-H), 7.39 (4H, d] = 8.8 Hz,
Ar-H); ¥*C NMR (100 MHz, CDGJ) &: 55.2, 114.9, 122.0, 134.5, 159.2. LR-MS m/z; ga4).
Bis(p-tolyl) selenide (12) [31, 35]: Colorless prisms. mp 68-70 °C (from &e®).'H NMR (400
MHz, CDCk) &: 2.32 (6H, s, Ch), 7.07 (4H, d,J = 7.8 Hz, Ar-H), 7.35 (4H, d] = 7.8 Hz, Ar-H);
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%C NMR (100 MHz, CDGJ) §: 21.1, 127.7, 130.1, 133.0, 137.2. LR-MS m/z: 84@2).
Bis(4-chlorophenyl) selenide (13) [35]: Colorless flakes. mp 95-97 °C (from hexan@H,Cl,). H
NMR (400 MHz, CDCJ) §: 7.24 (4H, d,J = 8.3 Hz, Ar-H), 7.37 (4H, dJ = 8.3 Hz, Ar-H);*°C
NMR (100 MHz, CDCJ) §: 129.0, 129.6, 133.9, 134.3. LR-MS m/z: 30Z'\M

Bis(4-ethoxycar bonylphenyl) selenide (14) [57]: Colorless prisms. mp 38-41 °C (from hexarte)
NMR (400 MHz, CDC}) &: 1.39 (6H, tJ = 7.1 Hz, CH), 4.38 (4H, tJ = 7.1 Hz, CH), 7.50 (4H, d,
J=8.3 Hz, Ar-H), 7.94 (4H, d] = 8.3 Hz, Ar-H);**C NMR (100 MHz, CDGCJ) &: 14.3, 61.1, 129.7,
130.4, 132.5, 136.7, 166.1. IR (KBr) ¢mL712. LR-MS m/z: 378 (F).

Bis(4-trifluoromethylphenyl) selenide (15) [35]: Colorless oil.'H NMR (400 MHz, CDC}J) §: 7.54
(4H, d,J = 9.3 Hz, Ar-H), 7.57 (4H, d] = 9.3 Hz, Ar-H);**C NMR (100 MHz, CDGJ) J: 123.9 (q,
Je. = 272 Hz), 126.3 (gl += 3.9 Hz), 130.0 (g, = 32.3 Hz), 133.1, 135.2. LR-MS m/z: 370(M
Bis(o-tolyl) selenide (16) [35]: Colorless flakes. mp 57-60 °C (from hexarfé) NMR (400 MHz,
CDCl) §: 2.39 (6H, s, Ch), 7.04 (2H, tJ = 7.4 Hz, Ar-H), 7.16-7.24 (6H, m, Ar-H}°C NMR (100
MHz, CDCk) 6: 22.2, 126.8, 127.6, 130.2, 131.3, 133.2, 1398MS m/z: 262 (M).
Bis(2,4,6-mesityl) selenide (17) [57]: Colorless prisms. mp 104-105 °C (from hexafH NMR (400
MHz, CDCk) §: 2.23 (6H, s, CH), 2.24 (12H, s, Ch), 6.83 (4H, s, Ar-H);*C NMR (100 MHz,
CDCl) ¢: 20.8, 23.5, 128.9, 129.4, 136.9, 141.3. LR-MS: 1818 (M).

Big 2-(N, N-dimethylamino)benzyl] selenide (18) [58]: Colorless prisms. mp 63-65 °C (from hexane)
'H NMR (400 MHz, CDCJ) 6: 2.25 (12H, s, Ch), 3.56 (4H, s, Ch), 7.08 (2H, dtJ = 7.8, 1.5 Hz,
Ar-H), 7.22 (2H, dtJ = 7.8, 1.5 Hz, Ar-H), 7.26 (2H, dd,= 7.8, 1.5 Hz, Ar-H), 7.39 (2H, d,= 7.8
Hz, Ar-H); *C NMR (100 MHz, CDG)) J: 44.9, 63.9, 127.0, 127.8, 129.8, 134.2, 134.49.34
LR-MS m/z: 348 (M).

Bis(1-naphthyl) selenide (19) [31, 35]: Colorless prisms. mp 103-105 °C (froexane - ChCl,). 'H
NMR (400 MHz, CDCY) &: 7.27 (2H, t,J = 7.3 Hz, Ar-H), 7.48 (2H, dd] = 7.3, 1.5 Hz, Ar-H),
7.50-7.54 (4H, m, Ar-H), 7.78 (2H, d,= 8.3 Hz, Ar-H), 7.83-7.88 (2H, m, Ar-H), 8.32-8.®H, m,
Ar-H); 3%C NMR (100 MHz, CDdJ) ¢: 126.1, 126.3, 126.8, 127.1, 128.4, 128.6, 121188,2, 133.6,
134.1. LR-MS m/z: 334 (N).



Bis(2-thienyl) selenide (20) [41]: Colorless oil*H NMR (400 MHz, CDC}) J: 6.95 (2H, dd,) = 3.4,
5.4 Hz, Ar-H), 7.27 (2H, dJ = 3.4 Hz, Ar-H), 7.35 (2H, d] = 5.4 Hz, Ar-H);**C NMR (100 MHz,
CDCl) 6: 126.3, 127.9, 130.9, 134.7. LR-MS m/z: 246 M

Bis(2-benzothienyl) selenide (21): Yellow prisms. mp 129-131 °C (from hexane - £H). *H NMR
(400 MHz, CDC}) 6: 7.28 (2H, dtJ = 7.3, 1.5 Hz, Ar-H), 7.32 (2H, di,= 7.3, 1.5 Hz, Ar-H), 7.53
(2H, s, Ar-H), 7.73 (4H, dt) = 7.3, 1.5 Hz, Ar-H)*C NMR (100 MHz, CDG)) §: 121.8, 123.4,
124.5, 124.8, 127.6, 131.0, 139.9, 143.4. LR-MS:. 3486 (M.
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Table 1. Cu-catalyzed reaction of organobismuth and antimony compounds 1-8 with chalcogen elements Y .2

Ph )|( Cu cat. (10 mol%)
Ligand (10 mol%)
SM—Ph  +  Y(S, Se, Te) - o Sen o+ pn Sy
Ph™ | DMSO, 100 °C
X under Air 9a: X =S 10a: X=S
M =R X = 9b: X = Se 10b: X = Se

;:aMM= B?I'XX= Cll\lull 9c: X=Te 10c: X =Te

3 M=Bi, X=F / A 7 N N\ —

4. M = Bi, X=0OAc =N N= =N N= Me,N NMe,

5: M= Sb, X = Null L1 L2 L3

6: M=Sb, X=ClI

7-M=Sb, X=F N .

8: M =Sb, X=0Ac MeHN NHMe L-proline PPhs

L4 L5 L6
I I 0,

Entry Substrate Y (S, Se, Te) Cucat. ligand  Solvent ;I'r:)m € P YigHd (fgb
1 la S CuOAc L1 DMSO 24 9a: 36 10a: 21
2 la Se CuOAcC L1 DMSO 5 9b: 81 10h: <1
3 la Te CuOAc L1 DMSO 6 9c: <1 10c: <1
4 2 Se CuOAcC L1 DMSO 24 9b: 31 10b: 62
5 3 Se CuOAcC L1 DMSO 24 9: 3 10b: 5
6 4 Se CuOAcC L1 DMSO 24 9b: 35 10b: 46
7 5 Se CuOAcC L1 DMSO 24 9: 3 10b: ND
8 6 Se CuOAcC L1 DMSO 24 9b: ND 10b: ND
9 7 Se CuOAcC L1 DMSO 24 9b: ND 10b: ND
10 8 Se CuOAcC L1 DMSO 24 9b: 8 10b: 5
11 la Se Cul L1 DMSO 24 9b: 82 10b: <1
12 la Se CuBr L1 DMSO 24 9b: 77 10h: <1
13 la Se CuCl L1 DMSO 24 9b: 75 10b: <1
14 la Se CuO L1 DMSO 24 9b: 67 10b: 4
15 la Se Cu(OAc), L1 DMSO 3 9b: 87 (85)°  10b: <1
16 la Se CuBr, L1 DMSO 24 9b: 79 10b: ND
17 la Se CuCl, L1 DMSO 24 9b: 75 10b: <1
18 la Se CuO, L1 DMSO 24 9b: 8 10b: 45
19 la Se - - DMSO 24 9b: ND 10b: 18
20 la Se Cu(OAc), L2 DMSO 24 9b: 84 10h: <1
21 la Se Cu(OAc), L3 DMSO 24 9b: 76 10b: 2
22 la Se Cu(OAc), L4 DMSO 24 9b: 77 10b: 3
23 la Se Cu(OAc), L5 DMSO 24 9b: 70 10b: 5
24 la Se Cu(OAc), L6 DMSO 24 9b: 75 10b: 7
25 1a Se Cu(OAc), DMSO 24 9b: 62 10b: 5
26 la Se Cu(OAc), L1 DMF 24 9b: 82 10h: <1
27 la Se Cu(OAc), L1 CHLCN 24 9b: 60 10b: 16
28 la Se Cu(OAc), L1 NMP 24 9b: 27 10b: 5
29 la Se Cu(OAc), L1 Toluene 24 9b: 9 10b: 40
30 la Se Cu(OACQ);, L1 1l4-dioxane 24 9b: 8 10b: 35
31 la Se Cu(OAc), L1 1,2-DCE 24 9b: 8 10b: 26
32 la Se Cu(OAcC), L1 DMSO 24 9b: 49 10b: 8
33 1a Se Cu(OAc), L1 DMSO 2 9b: 80 10b: <1
34 la Se Cu(OAc), L1 DMSO 24 9b: 62 10b: 3
359 la Se Cu(OAc), L1 DMSO 4 9b: 17 10b: 51

& Condition: 1a-8 (0.5 mmol), chalcogen element (0.75 mmol), Cu cat (0.05 mmol), ligand (0.05 mmol).

® GC yield using dibenzyl as internal standard. The yield 100% corresponds to the formation of 0.75 mmol of 9 and 0.375
mmol of 10.

¢ Isolated yield.

4 Under Ar.

®Under O,

"Cu cat (5 mol%).

9Selenium (1.5 mmol)



Table 2. Cu-catalyzed procedure for the synthesis of symmetrical diaryl selenides from triarylbismuthane 1 and selenium
powder @

Cu(OAc), (10 mol%)
Ar\ ) 1,10-phenanthroline (10 mol%) S
_Bi—Ar + se = 32 X | A0
Ar DMSO, 100 °C el
under Air
1 9b, 11-21
Entry Ar3Bi Ar Time (h)° Product Yield (%)°
1 1b —_)-OMe 3 Meo—_)-se-_)-OMe 11: 87
2 lc —( e 3 Me—_)-se<_)-Me 12: 85
3 la < 3 { yse) 9b: 85
4 1d — )¢ 3 ci—_Yse<_)-ci 13: 87
5 1e —()-Coqt 3 E10,c-{_)-Se{_ )-COEt 1484
6 1f —()CFs 2 FoC~_)-se{_)-CFs 15: 90
Me Me
7 1g C 24 4 }s.a@ 16: 87
Me
Me MeMe
8 1h @Me 24 MeQSeQMe 17: 76
Me MeMe
Me,N NMe,
9 1i b 5 Se 18: 73
MezN
10 1 3 Se 19: 72
/) S % .
11 1k ) 1 C)rse(d 20: 73

12 1l JS\D 1 @Se@ 21: 77

21 (0.5 mmoal), Se (0.75 mmol), Cu(OAc), (0.05 mmol), 1,10-phenanthroline (0.05 mmol).
® Heating of the reaction mixture was terminated with extinction of 1 on TLC.
¢ Isolated yield. The yield 100% corresponds to the involvement of three aryl groups on 1.
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Fig. 1. Biologically active symmetrical diaryl selenides
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Fig. 2. Reaction of triphenylbismuthane 1a with selenium
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