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Study on the Application of Photoelectric Technology in the
Synthesis of Selenium-Containing Heterocycles
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Abstract Selenium-containing heterocycles are a kind of important organic molecules, which are widely used in medicine,
agrochemicals, organic materials and other fields. Therefore, the introduction of selenium atom into organic molecules is of
great significance in synthetic chemistry. Visible light and electrochemical technology is one of the green and sustainable syn-
thesis methods, which has opened up broad application prospects in the fields of bifunctionalization and cyclization of unsatu-
rated bonds and direct functionalization of C—H bonds. In recent years, the development of novel selenium cyclization reac-
tion using photoelectric technology to drive unsaturated bonds and direct selenization reaction of C—H bonds has attracted
much attention. Therefore, this paper describes the electrochemical-driven and visible-light-induced synthesis reactions of

selenium-containing heterocycles, and discusses the applicable scope and mechanism of some reactions.
Keywords organic selenium compounds; selenium cyclization; alkenes and alkynes; visible light; electrochemistry
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C(+)IPY(-)

"Bu,NPF (0.05 moliL)
+ KSeCN
H MeCN SeCN

I=5mA,rt, air,6h

69 70 nudivided cell 71
=N =N
N R N Ph
SeCN SeCN
71a, R = Me, 63%
71b, R =F, 54% 72, 59%

71c, R=Br, 52%
71d, R = CF3, 55%

B3R 18 Kk il PR T O R A R S A A
Scheme 18 Electrochemical oxidation of imidazopyridines or
electron-rich aromatic hydrocarbons

2020 4, WAL TRl N-Gidk ek S
2 T TSR S e R ELA B AU R LA
DX 358 328 4 P 0 A0 / S A S B 1% S 8T A A
C(sp)—H BETHREMAE AR AE AT A BIRBLH AL R 1 B
TR VAN A R TSR S . fEBE, B TS
AN [ EUAR 22 £ 78 I S A 5 W0 XF S L (1) 5 W] (Scheme
19). RIAERACKAET, R iR 07 2
BRI AN E B N 32 R4

C(+) | Pt(-)
H K (5.0 equiv.) SePh
N Cs,CO3 (1.5 equiv.) A
X - + PhSeSePh R
RN SO MeCNIH,0 (Vv = 4:1) L~ N e
! + Me rt, Oy 10h, 10 mA T
73 74 75
SePh SePh
R N Q
N N
“Me R!
o} ol

75a, R = Me, 82%
75b, R = Ph, 77%
75¢, R=Br, 77%
75d, R = OMe, 72%

B 19 AL i A e v v i
Scheme 19 Electrochemical synthesis of selenized isoquin-
olones

N TR0 T R ER S AL AL 1,4-
IR B, 1R AT 7L X RESER. |2, it
177 180 bRiCsEs, RPN EUR T AT RERIE T 70

75e, R" = Et, 79%
75f, R"' = 'Pr, 75%
759, R' ="C;H,5, 72%
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THEAK. sk, fEEMEARR P IIANEER TEMPO
FOL-ZORCHERT, PRRRK, RMAHRESS TEN
REFE. N T BRI B AR SR B AL, A ATIFE MeCN
X3 MR ORI R 22 S0, 45 SRR 74 A1 KT 7EFH
WA, FEARE K IR AL R, =
W bk 6 5 07 A i R (R4 2- FR 38 S R K- 1 (2 D) -, 33k 25
5 TR TR S SR R A 4 BIRTAG TR . R T
KI PER, i LAE KL ERE. #EHE2H
FRred. S5 RER I L ASREE AL Sk Eh.

75 R E IR 22 0 B s at Jemd 1, 2/ 4R
HTHALEE 1,4- 8 Bk S bk B 10 A B S B ALER
(Scheme 20). B, HoO 1EASERZ AT R 73 A
[ 76, SRJ5 76 1T FHARRTH B A A AR B ER 2 ] 44
77. HEZEAPEA 77 EALN 78 WTREY K &IRE. B
Je, Ak 77 SESTEE B ES A 19, ki
B E A 79 SR gk e AR LLEC L I E
£ 80. 85, TEMIMR L 80 11 O—O HEH MR, 33H
[k 78, 55—, HhIaMA 77 B B B AL A B 1144 78,
[FIS, T BRI A AE K T, T 5 A s S A il
TETEY R RSel. H¢Jr, RSel #7 78 i3k, 3174 75 A1
PN, B Ja SR TR BIAROE R AR VS

2 RUFEMSMARI

R ZER, WHET RO OV
A AL 2 RR B 27 28 AT DL PR R, itk
SRR TR SN S N R AT AE AR R AN ) 2% 1R
NHEAT, 7L R SR R 6 R A R AR
FHB0s-301 S G LA AR AIE T B P e AN 2 € 1) £
Ptk B0, W] WO TS F B B A RS RN
B S A AT ) R R IT 58 A5
2.1 AIRXFSAEFMEAMIAMALE S AR

BN ZE ISR, b2 50 BhaT DL il % (1A AL
W SN BEOGER, PU A LG E A R I R
JRFabrEm. IKREFESERE R B, ay)FEKE
AT Z 5HMPLURM. 2011 4F, Ogawa BEHBIHER T
— MR T, AL S S A O B
ALY 81 AT LUIE R LR A4y 1 N IMEIRAS 2,4- 7
RFEMR(Scheme 21). IEAk, XA S Wik AT H
TREREE S SRR (SRR . BEY. Ry
M T i 2 3-HOARE K. BB, AR SO % SON R A
VO B REATER AT, R 28 R R REEAT AL
PRI, 7 AR A AR B RS = FE ] R RIS, S
AT HE A2 B TR M I A AL S P PR i R A SR e O
I Al kA S 1.
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iehillades
|
SePh L
= 2H*
N.
: Me +2e”
2 ‘/\ o} H /|
e 2 RSel 75 2
_ 4050,
e \
Pt cathode
B 20 i E AL
Scheme 20 Mechanism of isoquinolones
R Rse) SeR? B 25 A A B D R Ak A B 3- 1 W g [4.5] = ) i (Scheme
e \ .
RZ(:( - me 23), FERRIE 2%, TR B BRI A T AT
v (> nm N
CN CDCly, rt., 4 h NN seR3 JERADTEEE T AH 4 1A AR SR AL
81 82

82a, R' = C4H,, R® = CgHy, 65%
82b, R" = 4-MeCgHy, 72%

82c, R = 4-MeOCgH,, 70%
82d, R' = 4-FCgH,, 62%

82e, R® = 4-MeCgH,, 72%

82f, R3 = 4-MeOCgH,, 77%
82g, R® = Bn, <10%

B 21 LS G 2,4- A
Scheme 21 Light-induced synthesis of 2,4-diselenoquinolines
2013 4£, Ragains BRAZHPHEH T —Fm] WGl
W KAl A (6 IR 77 72:(Scheme 22). %R M JE7E Blue
LEDs 5T, LFFEE/EVE I RITH), BA RIS, o
TR, PR R ERHIE. ERSERMT,
PERAT I T =42 5 B A A B ] S22 AL

Blue LEDs (455 nm)
CBr4 (1.0 equiv.)

. iv. SePh
HO- o~ PhSeSePh (1.0 equiv.) LO)_/
MeOH

B
O \
@Aseph <Nj/\ SePh Q/\SePh

84a, 94 % 84b, 62% 84c, 78%

B 22 ObiE SRRl

Scheme 22 Light-induced promotion of olefins cyclization

2018 4F, Baidya S5CHRIE | —FI7E R IR . AR
AT AT, o WG F SRS s 5
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]
Blue LEDs R' R
o /
_Ozballoon N A=
+ ArSeSeAr o
MeCN, rt., 24 h ~/\—
ArSe
R2
85 86
¢ Ph =
o) S~
R \ Se

SalR:
X (e}
86a, R=Me, X =H, 82%

86b, R =Br, X=H, 73% 9
86c, R =Cl, X=Cl, 70% 86d, 63%

o Ph

Ny —Se

N
s

o
86e, 92%
B 23 OLFESMEsES R=AE
Scheme 23 Photo-induced synthesis of triketenes

RV IS HLEE, A ELERRAER R P TEMPO
50 BHT H AL, R R FRIR. BAh, fEfrEsR
PER, Y85 5T At AL A, B S
YIIWCR A 15%. FETIX BRI, RS TR & H
HZE®R 4. Scheme 24 HMEIAR T IXFE—G B SR
B, J57ALANZ: Blue LEDs MM 74 705 26000 B t 2k 5 87
(] C=C I E L% F 2k 88, BEJEREAT 0 T
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Ar

ArSeSeAr ArSe o
O L~
NS0 N

A )
R R

87 88

Ar
SeAr
S
(¢}
N"So
R
91

Ar

. Al
ArSe SeAr)ISe d
intramolecular Ph.

ipso-cyclization
Ref. [9e]

l}l O (not observed)

R 92

Al
SeAr ! SeAr

_—
ENO

R

><:>2t\[8eAr ArSeSeAr

B 24 Do SALHES R IR R AL

Scheme 24 Mechanism of photo-induced synthesis of triketenes

H HIEL S B )k 89, SR JEEE /M T A 5
B AEAE R, Rk 89 #4k Ak 90, F 2%
0—O #W R 5T BRI =) 91. X BLEEH AL S
ZHI A SCHR S 1] — S S4as40] - [R]RE YA W42 21 XU 16 7=
V) 92 BT 35,

[FAF, F AR CORRE 1 i T W% 5 Ak 3-
RIS HAR U [4.5] — M B (1 77 2 (Scheme 25). fEAEH
TR N 2648 R, LA Eosin Y ADGHEALF, Ad ] N-Chf
AR 55 30 N Bk i 5 — 2 3k — WA N DR R A i
LSNP 2R 58 3 )T

Ph

Eosin Y 0 Ph
MeO l 3 W blue LEDs
+Ph,Sey —————— >
MeCN, r.t., 12 h, air N—SePh
Ny 94 N
| o)
93 95
thSEQ
cat./hvﬂ
PhSe

Ph MeO
SePh 19) \
\@\ \ % SePh—> SePh

BR 25 SiFESOLEE A 3- 2R BUR EUR4.5] = 16
Scheme 25 Photoinduction promote the synthesis of 3-phenyl-
selenyl substituted nitrospirone[4.5]trienones

25N G I B O T E S RSCRT A A I R S I R
KRR I REA, 8IS HE 5 S BIYIAR AR L A )k
HHiFE 96, RJ5, LMfHEE HERA T WIRRIAMER
297, HHliFEPEA 97, 125 AT B R ) A
[AlfA 98, f 2%, ZHP AT )y H bR 95.
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2017 4%, EAASECHEH T —FfE HOp fE7E N, il
SEAT WSEARRE 2-R G 5 ATk ) E AL A A 3-1i
FENG| R 572 (Scheme 26). fEE R i 4B
AT, NIRRT, DA R R f s i
1 E e A AR B TUH =Y. SR, TE IR s B 244
T, 2-7K SRR IR AN At 2- 2K 2 HOR L) N-EURAT AR,
W N-REE N-ZB3E . N-=8 OB N-SUT HE .
N-FRBEA N-ZE BRI S 99 N, HoR 15 BIH N 77
.

Ar

R! Blue LEDs Se
= H,0, (1.0 equiv.)
X +ArSeSeAr—>R'_\ N—R!
R4 CHyON, Nzt 12h L
NHTs y
99 100 °
‘Se “Se “Se
N cl N N
Ts Ts Ts
100a, 97% 100b, 75% 100c, 97%

B 26 OUIFEFALHES AL 3-A L0
Scheme 26 Light induction promotes the synthesis of 3-seleno-
indoles

FRIE I FHZEIOAE LSS, EE IR T — A E N
HLF#(Scheme 27). ¥ 4%, H,O, 7 Blue LEDs 5+ & /4E
BRI BmEMBREAE T, BRAHESEY
101 38 — AN TR I FR R BRI 102, S8 )5, 15

FIFHEE 102 AT T RIAR B EE 103, &0t
ERFHARIPEA 104, FJ, 104 5 205 Ak
106 FHEAEFAAGEI=Y) 3-T 2K FEME|WE 105, [FH B
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BIKE

ik SR

—AMili H B3 PhSe'5 5 — AN EMA 104 S B4 % 108S.

—7T? W
Ts

NHTs HO' 03
101

1oz
hv PhSeSePh H

B 27 6T FILEE A pR 3-A NG| T e AL EE
Scheme 27 Possible mechanism of light-induced promoting
synthesis of 3-selenoindoles

2019 4, WEUEH] S LRI SO T — Pl ] o e K
A AR ) 5%, BIAE 40 °C, 25 W White LEDs
HRATR, 20 WL SR R O 0G0 . AN EEA K
R 2 2H Ay BRI IAK )N (Scheme 28). 1% N EH
i B 28 o [F] i 5| NS AN FR 2L, DA BT SO B = AN
PISEAR AL . BRItz A, P DU R 2 A 20w 2 bl 292
MTTYRI 7 =ik sb v v, RIS 110a
110b ELAG 456 11 e I8 40 B A R 0 i 7 12k

0]

R CsOAc (2.0 equw)
/ +(R%Se), +H0 ————
" 78 hv, PhCI, 40°C g2
© SeR3
109

107 108

23 examples
up to 88% yield

(@)
(LD
5 |
)

110b

B 28 LRI AR C G S AR
Scheme 28 Photoinduced cyclization of acetylenic cyclohexa-
dienones and diselenides

N B0 B R LR, R bR UER R A
TEMPO, K3 iZid #2522 i), R HIX—F AR H
ARV I AR AT, AR SO0 25 R ANAH G HRIEDP), Tm
HFRIAR T —Fh T BEFIHLEE LD Scheme 29. B 4G, —2K
BB OGRS R B R 1, RE, R’
108 HEAT H AL MBS BA 112, AR B & B
Z 55 F N H BN AE R R 113, BEJE 85—
TR E: B RIS 2 114, 502, 114 78 CsOAc
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FAE N SOKHHAT AL, 1B 21T 174,

PhSeSePh 2 PhSe
111
|
SePh SePh
113
PhSe
(PhSe)2
0 Tair OHe
© o) o
OH Phse ( Seph OH
SN AU
o |
SePh o
109 14 SePh

CsOAc + H,O —= HOAc + CsOH

B 29 JLFESFHIBRANC GRS WP
Scheme 29 Mechanism of photoinduced cyclization of acety-
lenic cyclohexadienones and seleniums

2019 4, Reuter VR HEORIE 7 —Fh o] WG4 1
I3 A i 5 BRAZ e AL (IDCS) S . ER L2 1E R, LA
S FEONEAGT, 115 NEIR Y, —2REE Wik 116
AR, B e R a] ik 88% (Scheme 30). Bl I N 4k
HIRAL, J5 B IR AS RIS b 0 £ F - R H - Jik 4
e BT =1, R PSR R, M BT —
fili 14t B AR A M B AL TR P2 4.

o)
g+ R4SeSeR4 M 3 R2
R2 R CH4CN R R
R3 7z 18°C, 16 ~ 24 h
O, balloon ) SeR*
115 116 17
o) 0
() ~e U
) )
(@) SePh (0] SePh

117a, R=H, 88%
117b,R=F, 75%
117c, R = Me, 85%

BR 30 W IDOGAEAHI 71 A BT BRIR AL
Scheme 30 Visible-light catalyzed intramolecular dearomatic
carbon helical cyclization

2019 £, Kim K SLFSEWIF R 7 — Mot A AE
MEHEIR T BEATAEY) 118 15 A T6K 119 £R 5CAF Ak AL 2R

117d, R = Me, 85%
117e, R =Et, 78%
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IRERATA) 120 B 50 (Scheme 31). A< S256 5% ) —#ifk
YIE R [ 3R, DL Blue LEDs 1ENAEETE, fE45/S
AR, NIRRT A ) SR T — R R
JriE, HIRBAHEA, RYERVEE, PR R

Blue LEDs o
R OH 4 R'SeseR! Ru(bpy)3Cly'H,0 (3 mol%) .
E g MeCN, 14 h, air, r.t. »<__SeR’
118 119 120
_NHNBNHNHNHNHNHNHB ________________

120a, R = Ph, 83%
120b, R = 4-MeCgH., 88%
120c, R = 4-OMeCgHj, 94%
120d, R = 4-FCgHy, 74%

120e, R = Ph, 65%
120f, R = 4-MeCgH,, 72%
1209, R = 4-OMeCgH,, 75%
120h, R = 4-FCgHy, 68%

B 31 W WDOBAEA & Rl A AT A=)
Scheme 31 Visible-light catalyzed synthesis of selenized cy-
clopentanone derivatives

2019 4, X5EFEUHRIE 7 —Fp BLo> 1O AR I
A, FERT OB T, ke 5 e ie & B A
WA 75 (Scheme 32). ZSEEGIGIE, & F 75 3/t
SLICAR AL AR RIS XA, RIS T B mieR
RIZIME S VIRERRIRE . SrTEmEmE, mErshe. ABESE. X
MENEEEZ 50N, BB, Hra
DRk, B REHIARAEL, W AR Ao AN T
AL

o 450 nmLEDs S~ g2
4CzIPN (2 1%
R1)I\N/\|/ + PhSeSePh &. O
H CH4CN, air, r.t., 4 h )Q
R? N
R']
121 122 123

123b, R® = Me, 85%
123c, R® = OMe, 85%
123d, R® = Br, 74%

B 32 Ot s ik ik B A e
Scheme 32 Photocatalytic dehydrogenation cyclization of ole-
fins and disselenium ethers

R 48 WL 52 R0 SCHRRGE ), AR 38 T — /N AT RE
HLHE(Scheme 33), 7E0] WIEHEST T, 4CzIPN 40 i
RASH) ACZIPN*. —ZEHE —Hfifik 122 5 4CzIPN* 22 A ()
B THEEES 12222 AHEMRE 7, FHAEK
4CzIPN H IR B . JeEAIE R il it 7 55
AL 4CZIPN BB R E RN, Al R B B T

123a, 97% 123e, 53%
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1222 "B 5 5 N-Wlk i 123 J 30 A= ol 25 BH 25 1 124 1
0.5 equiv. ) R HE “RNEE. S5, @i E AR 124b (1) 5
TN SR A AT T )

(PhSe), o
s 1228 "
\ / 1/2116a
SET Ph)]\”/\/
/ 123 O
4CZIPN® M
4CzIPN°*~ Ph H/A\<El}ePh
124 !
-H+
LEDs //_ o0 J
SET SePh
I Ph/<(\)
4CzIPN 0, N
124b

=33 wraerpLaE
Scheme 33 Possible mechanism
2020 4F, Wang HRAHWMTF K T —MEEAH &8
TAMFIRIIE LT, I AT WG 3 AR R B
SURATEACIE I AL, I [F]H l 48 F gt 2 1 2 5
AL AR SR I 3 B P A 3 DA A o U ) ERCA P P
(Scheme 34). 1% MR A& R =4 7 =48
f, Bl C—S.C—C fl C—Se. iz, W WLE T ARG
WER L6-m ShiE Tt R HERRIMLEAL L T
T T SEIL, AP B A B & Jo 3= BRI b, %
SR F NS R AT . FREEACLE . X 2 R E Rl 2 A
RIS e PR p SR RAF, HA ARG FHIEY.
Acetone (0.1 mol/L)
34 W Blue LEDs

& 2
X \_'R R VR
N Ty - 7
R2 R.—/ N\ / R! —
126 Y
R! X //
R2
; N
125 r.t., air, 9 h 127 Ts

TSN/
X=80,Y=8SeorS

(or) X,Y = Se

//SI / Se /1 / se
O ph Oph
N
N
Ts Ts

127a,R' = H, 75%

127b, R' = Ph, 82%

127¢, R' = 3-MeCgHy, 80%
127d, R = 4-MeCgHy4, 78%
127e, R = 4-MeOCOCgH,, 68%

B 34 A WG 1 Bt 70 3R AU s A
Scheme 34 Visible light promotes the synthesis of substituted
pyrrolidines containing chalcogen elements

127f, R = 4-Me, 80%
1279, R = 3-F, 62%

http://sioc-journal.cn/ 4599



BIKE

ik SR

RERFCRIHLER, EE AT TR0 s sL5e, 78
TEMPO iH, A =BT =1, XK 2
HLBRRAERE, BeAb, 125 F1 126 7ERUVSUR N ROBE, O
PR, KRBT Op SEBRAR I Fh A Bl I 26 2L
1.

WR4E Bk g R, fE&RE T —Fh & B ML
(Scheme 35). B %c, 2RI 4-H RN B BR TG 128 76
VGRS R P R E 129 FANZEEERRIE 130 H I,
S FH ORI IBE L B b B B D BB A 131 $ fib o
H H S aA 132, FrfRkedE B 2t 132 SOER
e e Rt p A 133; R, 203k 8 d e
P 133 B IEAR 5L 130 [F Hh 254 3R A5 2 BT 75 (1074 134,

Q Q

Se * :
Yo~ Se
S\\ S\\O +

0 34 W Blue LEDs

28 129 130

1

Ts
- Ts
= pp
131 132 133
0

% Y

Ph
¥

134 '

B 35 At e o L2

Scheme 35 Mechanism of synthesis of substituted pyrrolidines

2020 4F, e SR A TS s D R T — Fh]
DTS S0 TofEA ) B e 2EAE SRR ik ek —
ALY S N-J TR JE IR 9 R I B3 Ak I R (Scheme
36). Z M A] LAFE IR A 25 A A B &R 4-TiARAT 4-
WA 3,3--p- A IEIL. 1R 0% RS & kAT T
PRI, SLEUE, 2R N EA BRI E e Em 2, H
WA S5 B R 4T

RNTIRN T FREA SRR, AFF AT 78S, /)
TERREER N 2614 R, 136 A1 2.0 equiv. TEMPO VB & 15
2| 7 AHRT TEMPO-136, %N 19%, 1 135 F1 2.0
equiv. TEMPO %6 . JEF XL, I-HET 15
1) [ B HLEE(Scheme 37). 4G, Ph—X—X—Ph #7]
WK, ATHR, PAEE B Ph—X (138). Ff)F,
Ph—X"M 135 FHEIURE FH24E T 5 #5139 F1 Ph—
XBr, #EMTE KoHPO, 23 VHAEA i) PhXBr 140, MM

4600 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

HEX —#4k, SRIGHEAT POE K 5-exo-trig M, 53T H
AR 141, &5, HEEFEE 141 5 Ph—X2
(B HEAT B 22T SR M T 15 21 i 4729 142.

o 30 W Blue LEDs

Se KH2PO4 (20 eqUiV.)
F})J\N/\/ ~sé S ———
Br ) + DMSO, Ar, r.t., 4 h
F R
135 136 L
E
E
O
_N
R

WO OO

137a, R = Ph, 51%
137b, R = 3-BrCgHy, 69%
137¢, R = 4-FCgH,, 38%

137d, X=H, 61%
137e, X = OMe, 68%

B 36  mTWOGHEAL G R 4-TAR 3,3-  5-y- N Bt
Scheme 36 Visible light catalyzed synthesis of 4-seleno 3,3-
difluoro-y-lactam

X‘x/© _ RF
.. S
X =8, Se X N

F O
e
N :
O e

142

B 37 AT G R 4R 3,3- Za-p- N B AL B
Scheme 37 Visible-light catalyzed synthesis of 4-seleno 3,3-
difluoro-y-lactam mechanism

2020 4, Ogawa PO 7t 1 DL 05 BLal — he Bk
ZAEE R, JEE SR R e e s T A
B e Ak A AL A R 2,3 XU B A P P (Scheme
38). ASE A R EAL AN R B JE AL R, B
AR RYE VST RS AR A

2020 4, {RHEANEEWITTL T —FOER)E S WL
RIS Wk TR 5 TSR AL S AR I A P IR e R A
il 2 3-A A QBRI R AL S D 7572 (Scheme 39). fERfIE T
BRAERN R IG, 558 T AN TR MG IR R — 2R R At T ) ¥
B A, 26 KT 70 AT REAS 21 NIl R 2, AL/
I P FRRAR.
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;

N NC , ] Xe lamp N Nep SR
R-— + R'SeSeR! ————— R.—/ P

2SN CDClg, rt, 9h, Ar N~ “SeR!
143 144 145

145a, R" = 4-OMeCgH,, 63%
145b, R = 3-FCgH,4, 85%
145¢, R" = 2-CICgH,4, 21%

)
seue

145e, 77%

145d, 90%

Bz 38 A WOGHEAL A AR 2,3- XU P e s e
Scheme 38 Visible light catalyzed synthesis of 2,3-diselenoyl-
quinoxalines

0O

NaOAc (2.0 equiv.)
AN N\ + ArSeSeAr — "7,
R L >R R THF, air, 3 h, hv
N
H 0
SeAr
R i
T /R
Z N
146

SePh Q o
o ‘ ,_/ q SePh Se*@}?
N\
A ReQ®
S RN e 0

146a, R = 4-Me, 75% 146d, R ="Bu, 76% 1469, R = 4-Me, 84%
146b, R = 4-OMe, 83% 146e, R = "Hex, 69% 146h, R = 4-OMe,71%
146('2, R= 4-F, 90% 146f R = tBU 0%

B 39 Af WOGHEAL G R 3-ARIR IR R S
Scheme39 Visible light catalyzed synthesis of 3-selenospirene
compounds

2021 4F, HAE KL FEHESIATE T — R w ok
HRHI = BN, M 3-Z TR e HRRTAT 2 A
A B B I [ 1,2-b]95] e F 43 (2138 42 (Scheme 40). $32
TR, R T AFEGLE G E AT L H AL R R R
YINaH, AT, SMamsS T RN, K15
TR SR R A, T R AR BE Sz B R B
1k.

RIEXALEY) 150 FOBY B RE BB 70 A0 SRR
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20 W blue LEDs
RB (3 mol%)

NH, CHO
FeCl; (1.0 equiv.)
A + ||+ Phseseh ————>
R LN MeCN, rt., 12 h, air
X~ N Ph
147 148 149
A~ ' / SePh
R_
S, ~SN Ph
150

150b, X = F, 75%
150c, X = Br, 66%

: /< )’Se
— /N
N Ph <\ E
R
150d, R = Me, 76%

150e, R =Cl, 73%
150f, R = CHO, 60%

150a, 72%

B 40 w] WG A ) = 4100 B R
Scheme 40 Visible light promoted three-component cascade
reaction

TEUSL A R IR T X i e ICER A B 1) 1 R R RE AL 3
(Scheme 41). 742 I 9, RB 7E ] OGRS N H4k Ai
KA RB*. [fif5, BEAGLY) 151 5 RB*EE4T L T4 7%
SN, e PhSet H AR IEE A RB H HI3E 603 1
SR RB # O AL BIZES, S8 SOLEAIEREIR. HH )%,
FeClL {2t 1 147 A1 148 11 F-[M 48 6, 25 T [A11A 149.
TEPEHAA 149 Hl3K PhSe” H H3ERH 57, 15 2 $45 FH
B 150 A1 0.5 equiv.iI(PhSe),. ), AissEHE 1A
1 150 &5 1 WML B 7= 151. 1Ei81%
I, REATREW KRt R, LS T, RB #%
RBR A RB*. Ik, SRS RB*ZAIMAEEK B
e SR, BARES MLy 151 KA B 7
B I A % PhSe™ H HHIEFH 7. H H3EFH B 7 PhSe”
A PAHE— B A R Ak PhSe . ), JE I AP R 44 149
Al [a] & PhSe ' 55 HUIALIF 2 724 151,

2021 4F, RAHERBA SR T — PR H ik
EIVEN E VR 5 0 R AR AL 3R 4k ) Y. (Scheme 42),
%R SR A YILE BT LG IR T = A2 (Al R 7 iR
EEH 20 B/ R AR AL U, A5 BT . A
Xof iR RN N BRATAE IR 1L6-MdE TR IT, SEEUE BHE A
HATHIA BT %, I BT DAL S A &=y, W R
f.
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¢ 0,
Ph

Y, RB FeCls
Blue LE /
Oz
N
w @ﬁ
N

151 v (PhSe),
1/2 (PhSe),

N=
_ }SePh { ‘ Se’ Ph
<N N
N Ph N Ph
H

147+ 148

151
Pathway Il
(PhSe), (PhSe)2 147 + 148
151 FeCI3
30
Energy j \
Transfer Ph
149
2 PhSe
N —
-Ph
Se
SePh -H" ‘
N Ph
H
151 150

B 41 W] OBt i) =270 I S AL

Scheme 41 Visible light-promoted three-component cascade
reaction mechanism

= PhSe R2R1
X + Prsesepy Visible light /\[7:
\_\>7R2 Toluene PhSe” ™
R Na, r.t, 12 h X
152

PhSe PhSe PhSe
PhSe” ™ PhSe” PhSe

153a, X = NTs, 82%
153b, X = O, 46%
153c, X = C(CO,Me),, 40%

153d, 64% 153e, 52%

B 42 W] IDOG e AR A AL 3R AL
Scheme 42 Visible light promotes the selenization and cycliza-
tion of alkenyl ethers

RN EZ N, EEEAT T B HEHEsE, 4
1.0 equiv.H] TEMPO SNESINFIRT, WH SR HArr2y).
RPESLIG &5 8, EE e T B R L AL (Scheme
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43), BPTERT WHGHESS T, R i 2 154 3@ it Se—Se
BEIRER A KA B 154 k) 155 g8 7
LIGFE AR 156; ARG 4TI S-exo-trig ML1FE
BURGESE E IS 157, L Bk | Rt 157 J5 5
T ACAS 2T =4 158 ANl J5 1 H B 2L 154 HEHATIEIA.

2 SePh

Radical

- 156
addition
Visible light 5-exo-trig
PhSeSePh —————> geph Cyclization
Radical 154
initation
PhS Me
e
,7 >—Me
J//e[(//7 PhSe™\
PhSe™ X
¥
157 Is
158 T

Bz 43 AT OB A E I ek rO AL A LB

Scheme 43 Visible light promotes the selenization and cycliza-
tion mechanism of alkenyl ethers
22 TFRAFSHREGETL

2014 4F, Ranund AUt [RIFATEHR 1 —Fioks 57
HE N 2% 07 FE IV LB A Nl AL D 97 SR (Scheme 44),
X Ty g 7 R AR A, T H R v
™. HEENE, IR, ORI 2- LR
A8 R T MU AL A S AL ), X AE LART AR E ik

FIEH, & —Fhat )& RS, X405 fe i BA
NH ‘BUONO
; SeAr
R@/ ? + ArSeSeAr ﬂ» R-- =
N DMSO,2~4h L~
159 Blue LEDS, r.t. 160

©/ e@ @\S ©|\/j/ I\ e\@
R Me
P N < ~ P

160a, R = 4-COMe, 92%
160b, R = 4-Me, 78%
160c, R = 2-CN, 90%
160d, R = 4-NO,, 90%

B 44 6T FALEE DT T AR O 3 ik BN AL
Scheme 44 Light-induced promotes direct selenization of aryls
and heteroaryl amines

2017 %, Ackermann WREBAPE R T —RGHEF.
HELL ) C—H AN, 27 R &Y 5
A 7 Fe o ARG AN AR S B R, e 2445 BRI AR ) O Ak
7= ¥)(Scheme 45), A rhdE. 2 NOR, (EEF @I IT

160e, 80% 160f, 76%
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SERAL AT A AN R QSRR T2 N8 VR L, &
Ble e pe R I M R4 10w e [ 52k, RIAE7E 8~
25 CHI LR T BRI AR AL RCR.

|
x—N cat. CuTc
R \>—H + Se +
Z s LiO'Bu, DMF, hv
25°C, 16 h, air
x—N
R'_ \ IS
_ S>_ €
161
R F
N N
\>—Se \>—Se
S R S

161a, R = Me, 50%
161b, R=F, 66%

161c, R = CF3, 72%
161d, R = CN, 68%

161e, R = Me, 58%
161f, R=F, 54%
161g, R = OMe, 74%

BR 45 OLFE WL LD
Scheme 45 Light-induced copper-catalyzed seleno-arylation
products

2017 4, X|BREELARGE T —Fhn] WOGIKE )5 R H
ALY J72:(Scheme 46). ASZIG/E R WHGHEU T, 5-
FR AL M| Wk 5 R AL D TE &5 A B O [2-4,6- — TR
FRFEMEIE-C2, N]FH LML BE£R(ITT) 2 mol%[#) CHsCN &K
RE R C—H AL, SEI6UE IR T 5/ 4 0y e
AR E B0 RS X R A A, I A SR
FRER AR, TEXS AL EAT W H - A ) — A4k
Y, WA, FAFIE, HRIH RIFM M. ok, =
[ R RL N 12 R BE R R AN K, AR A AR ) — Al A )

N 3 W Blue LEDs

R3 N)_R2 FlrPic (2 mol%)
AN + PhSeSePh —————————=
CH3CN, air, r.t., 48 h

\
R1
SePh
R3:—\ \y_R2
Z N
R!
162
SePh /O o\
A\ ‘
N SePh
R O\ SePh

162a, R = Me, 91%
162b, R = Ph, 88%
162c, R = Bn, 90%

162d, 90% 162e, 51%

ER 46 LiFS S-FHEEBEES

fifife
Scheme 46 Light-induced direct C—H bond selenization of
5-methoxyindole and diphenyl diselenides

“hffb I E R C—H
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2019 4, Sarkar ZE53HE 7R T B TU A FE N MR EE 54
(NiTPP)fE v o't S Ak 34 Ji 4 A 77 2 A AR K 1 & B &
ARSCAE P 2-FFE IR T 1) 2R3 R A R I A 2
AT R, (E T AB(DMSO)E R PR AAAT, B
#& 1t Blue LEDs Hr] I3 8] & NIl & L &AL r=v), 7
B T IA 94% (Scheme 47). FERAESMET, HI%A
AURUT 2 21 R 31 (TBN) 2 5 I 3 A5 A U 21 75080 7= 41,
WA G NITPP B 7= 2 B B A%, 7R AER v 7
RO, UG R 5E A TRk, SAIE R 1,2- =& 4k
(DCE), % J2 . £ BEA A THI 52 ).

18 W Blue LEDs
NH, NiTPP (1 mol%)
X TBN (1.5 equiv.) R
XY+ X _— 7 X
R ©/ DMSO, Ar, 20 h, rt. X

R
164a, R = COMe, 93% %

164b, R = NO,, 90%
164c, R = CO,Me, 91%
164d, R = OMe, 88%

164e, 85%

BR 47 SLFEFE AR L)
Scheme 47 Light-induced synthesis of denitrification and
selenization products

2018 4F, #7iE1 EBRE T —MEER. TEEAM
HetEAL NS4, (UFIF Blue LEDs Flid it FRE%1E 2
BRI R 4-FEPRE T RATEY S sk kA
i1k 1 Bi(Scheme 48), MG ARSI & B2, F=%

R2 12 W Blue LEDs

(NH4)2S,0g (2.0 equiv.)
\ SN + Ar\ / e
SAr CH4CN, rt., 24 h
165
C(iSeAr
(0]

O (@] O [0} \©/
167a, 75% 167b, 71%
B 48 LSS ET R

Scheme 48 Light-induced synthesis of coumarins containing
selenium
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AR RAF. EEME, KPR 4- IR FE -
2H-%5-2-B, & AT OBV HLTR 2 T U AL =),

EAR H AT AT WG 5 A A& A2 R L AN 2
{ERRYE 2 BT IR IE S-SRI &5 5, e e T W4T
1T 1)i& 42 (Scheme 49). fEF WGRES T, (NH4)2S:05 /=
A HBEAE T SO, . XK, 7E 168 SO, k4
FHL PR, BRI O B AP BT 168, H ]
4 169 SR ALY R BRI ] 170, 48 )it F4
W= =171, B4R 2 1, AR 172 5 ik
Y SR R C-3 WAL =4 173, Bl S, 173 5 S0, KA

(NH,)2S,0g Ars i R?

N
82082- _-> 2804_ 6_» 1©ﬁIH e
R
SO% Z 0" 0
168

T #A%, 1SRN E BEEHE T 174, FEE 174
5 Ak I S AR R A 175, @i RS B e 2%
7= 176.

2018 4F, TIili ZEC8HER] TEL & @A T, e
A DA 5 =9 H B A0 4k 05 J2 1 5 B (Scheme 50). 7E
White LEDs 5§, DMSO fE# 7], 5 mol% Eosin Y N
TeMEALTR, B R EE 177 5 =5 F 2 H KRR £ 178 R
B, LL T7%MCRAS B T IR, RN AN T AT
RN IAEAE, BER T ZEER T, R h %
ESNER /T

.
Ar\N’,’Rz
-
o H
-
0~ o
168

H.+_ R? _R?
N _SePh N

N H
Q
H SeAr
SO g
Z >0 N0 o Yo

170 171

H\+/R2 '/\ )
| -Se _ -Ar Ar—Se
. H A" "Se
if=R?=H ¢
169 ~———— R'y— - R’
0" o
169
'Path Il ! /©/H . SN
------- o€ Ar —
Ar {az Ar—Se
+ Se
17y =R?=Me M- \_/

SO,
S0,%
SeAr
wo. T
°>N

H H
Me\’tl/©/ Me\N/©/
(I H SeAr >
N X SeAr
R'— R
Z >0 SN0 Z oo
173

SeAr

+ H*
N _2.
-
NN SeAr NN SeAr NNy SeAr Ny Xy SeAr
R R~ R\~ R
oo Z oo Z >0 So Z 00
174 175 176
B 49 SLFEFEMEIE SR ML
Scheme 49 Mechanism of light-induced synthesis of coumarins containing selenium
N Q SeR;
~ N2 BF4 s.77" Eosin Y (5 mol%) N SeRy
f + \ _— L
R{)/ /©/ 0 White LEDs U
DMSO, r.t,, N, 16 h
177 178 179
Rf = CF2CF3, CF2CF20F3
SeCF,CF
SeCF,CF,CF3 SeCF,CFaCFs 2CFs
O EtO HO
MeO o o
179a, 42% 179b, 56% 179¢, 57%
B 50 6T E = AL 7 R
Scheme 50 Light-induced synthesis of trifluoromethyl selenide aromatic hydrocarbons
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MR 1% 2 B R 64 2 = S i 7, PRSP
DA R HLEE(Scheme 51): B /e HE %UEIT Eosin Y HEATHH
T SET ). LM A h R L5177 178a
YR J513 2|1 CF3SeSeCFs SRR M, FEfi— =
fifi 5 HH2E 178b, 285 4k 179 B 05 )R A S8k, 4
FCE T E AR 180, 180 5 DMSO VAU N AR il T 7
PIF= A4 181.

. SeCF,
S\\
o)
178a
+ l hv
N2 BF, CFs
R SET R‘f\. F3CSe-SeCF3 o SSe
L /\Jr_ T R% SeCF3
177 Eos*  Eos BF, =
178b
o SET .
hy Eos N2 BFy
Rl—/
o
SeCF; S CF,
T
== SeCF.
F5CSe. R ol
181 _ 180  BF,
BF4 §\

B 51 6T G R AL DT e i T e LR
Scheme 51 Possible mechanism of light-induced synthesis of
trifluoromethyl selenide aromatic hydrocarbons

2018 4, Vijaykumar BRI 1 05 AR 05 18
T1E =30 T 444 F B34k ) N.(Scheme 52), %7 &
Felid — AN WG AR R ) B R R IR AR HEAT Y. SETe
UEH], — RFIIFIRAZR TR, WMk, BRI D e AL
75 HE R AT DL I XAl A S8, BT B R A
DB R, 1207 SE R 35 A U ] IO R S A
AN 5 — ARSI R H R, ARG 1 68
FUTE R H 8 X

White LEDs SeAr

N ArSeSeAr (0.5 equiv.)
Rsz1 LiCI (20 equiv) _ ol T\, g
X~ H 2-Methyl-1-propanol N xZ N
r.t., open air, 8 h H
182 183
X=C,N

Ar = Ph, benzyl, 2-pyridyl

cl
NT N N N

183a, 74% 183c, 83%

B 52 J6iFE SRR 5 R B R
Scheme 52 Light-induced direct selenization of aromatics and
heteroaromatics

183b, 83%
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2018 4F, Braga S5O & 7 —Fidid C(sp?)—H Bl
A 1] 5 P P L 356 Ik A R 5K 55 062 1) 7 26 (Scheme
53). 1% ML Rose Bengal NG EALT, TEAS AT
FWSPL 6 h, AR EI TN E bR, A SN
Wi IR SPGB AT T IR I, SEIR R, W T REE(R=
Cl, Br, I, CO:Me)(#)/= 2 B BAL T-45 HL T 5 HI(R=Me,
MeO, OH), 4 N-Boc Al N-Ts 1F NJEYI, KB, [F
FE, DL 3-FILMIEOR I, 7EO A 254 A ISR

SN A Blue LEDs
S 2 Rose Bengal (4 mol%
R (/:E'?*R + R%SeSeR® gal( °)
R

» CH4CN, 6 h, r.t., O,

184

SeR3

X

Z N
\ 1

185 R
SeR® SePh
R
Cod T
N N
H H

185a, R®=H, 93%
185b, R® = 4-MeCgH,, 88%
185c¢, R® = 4-OMeCgH,, 92%

185d, R = Cl, 92%
185e, R = COOMe, 94%
185f, R = OMe, 77%

SePh

A\
N

R
1859, R = Ph, 87%
185h, R = Ts, trace

BRK 53 LA HI A M. DRMERIT ke
Scheme 53 Light-induced preparation of selenoindoles, imid-
azoles and aromatics

2018 4F, Tlili FHAR A [F] S A 100 R RGE T L8R
Z6E TR AT WA T B = 56 R IR AL S B A R T
155 LG HE AR TR E 230 251 1 ) e 4k 771 = gt R 3
FH ORI 0T 5 e B 28 b B AT — i FH L £k (Scheme  54).
RIFER] WOEHE ST Eosin Y AE7E BT, 6455 186 W] 7E
IR TN AR, TSN EFERBRE

(j,swﬁ
R
=

P White LEDs

o}
N2 BFs %5~ S€CF3 Eosin Y (5 mol%)
i\ _ >

rt., 16 h, Ny

187a, 59% 187b, 77% 187c, 48%
B 54 ik T A =5 BRI 5T 42

Scheme 54 Light-induced synthesis of trifluoromethyl selenide

arenes
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R SR

C(sp?)—SeCF HuBtit 2. 7 —771H, 7 186 7] WLt
HRS T SR st e S N, A2 BRAH R IR o[ b 5
i 2 ot FEE B8, 2 47 FEE A

2019 4F, Kumar P& H T —FpF 610 7]
MELESES S5/ E C—S, C—Se, C—Te 5%
(Scheme 55). FIHXFTENTC AR T 3-75 B4R
WS 3-05 FERRAR G e . 375 SEA A M, WACR K4 AR
Uf. HmIRRE T LAY BRI NS PR REH, PR
BRI R IE H G R

visible light Se

L0 e SO i
+ -
\ ©/ Se Acetone, r.t., 6 h, O, ©jg
H
N

188 189 190 H
fi T Q
Se Se Se
NH NH NH
190b, X = H, 77%
190a, 74% 190c, X = 4-OMe, 78% 190e, 80%

190d, X = 4-Cl, 79%

BIR 55 AT OGS S 3-05 FEMARII W 1 G B

Scheme 55 Visible light-induced synthesis of 3-aryl-
selenoindoles

I AR S . A SR AR G g AN
TEAARZIERE T, LLAOOT S5 R TR A0 ) P 1 I 4R '
WHEPR)WTFT, T LA FHAR s sl WA GOk T 5 X
JS7 72 AR ] B3 PH 25T 191 (Scheme 56). 22 I35 W 1 48
WA N +0.455 V, FAp SR ABRAI N +0.65 V, IX
WAL W AT . 5] ) H R BH 51 191 7T D

hv Qo )
COy Ay —C
N 7N y
188 0, _(')2 191 192
E
%
o
02/_\‘H 194
Se Se@
oy O
N HO, H
193

195

B 56 T WG S0 A 3-75 HE A HE 0| A AL 22
Scheme 56 Visible light-induced indole synthesis mechanism
of 3-arylselenoindoles
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IR R 192, WMk HHFE 192 H 00 B — 55 3 R
B I, TR R AL W BH 257 193 FiTE &
PhE" (194). 2] OGRS = AE 1) O TS+ H &2 M
FHES T 193 H4&EUR -, AR IEE AT 7 F A Rl A4
195 Flid 2 |l % HO B R, 7E58 —AMEH, i
F2HE 1 3 HO W5 M 188 FR3FEL—ANH T, Bl M 193
HHRF N 19 2 A A

2019 4, Arguello FHARI R FANCSITF R T —FhoEr 1)
A T i%(Scheme 57), RPTER WLGeit ™, LA Al Al
N5 I8 g JEr Rk 326 438 1k R4S U 3-S5 Wk, 3% S S AE T
A T T, CRAERT, SRR MEASERNGEE
AL BbAk, R AR SR B, R TR
AR & S A Bl S AN RR 0 SR AL

SeR®
X

R2 A\

(I,} + ROseser® BlUeLEDs Rz N

EtOH,18 h L
1 ,
R r.t., air N\

198a, R® = 4-CICgH,, 92%
198b, R® = 4-OCH3CgHy4, 13%
198c, R® = 4-CF3CgH,, 63%

B 57 FGAREE 3-8 5] W ) Ak
Scheme 57 Visible light promotes the synthesis of 3-seleno-
indoles

e R BIHLER, AEEE S MEIAA T, H
TEMPO #4757, 13214654 198 FIE 5718 84%
F191%. X—45 F L8, TEMPO 1 NEALA A Z H B
SR, A —J5 T, N-3-T M et AR R, 3-
Tl B 15| AT AE M 1) 73 B EEN 70%, M 5350 4 DR B A
AR, IX o SR WG S N7 F ] A et We] R % B S BT 1)
C=C RERHAIEFEMN. X FHpBb 59, C-3 &EH
BRI R i BRI AL B, 2 3 S0l 3L 4R, AH
N JAAELE 2-AREEG ok, X sl R4l 5 iR e
ANEAEIX L g N B AT

WRAE EdR g R, fE&RG T LR AT B8 1 % 12
(Scheme 58). 4% A v, Atk 199 L0] WG I
FBRAS 199%, 199* 0] §E5 580 S N~ AE SR F R 1997
ARSI T 0, HFlaMA 199 REfE 5 55 F 2K I B 4l
5] W 200 575 42 201 i i SpAr 753 75 F£ 4047 202 1203,
AL [ i R4 199, BT H AN E T
MNAERBGT AN, HAE B, 199 B2 Al 5L 5 t3E 204,
B 204 HHEER AT, e TEEHET 0,
R TR 205, S8)5, 77 &3P0 & R agim it

198d, 73%
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SeAr 5M|WkEl s BT 05 R VAR B H bR, b
ATREM IR DL AN AR C BR, TEXFENL T, JeAe s
FHHEE 204 55 F AR E BHEE R 206, 4
TWE T EFM, SEEHE 206 Bk —ANEE
204 H#3K15 %] RSeH, RSeH M #4451k~ RSeSeR. 1§,
FHHHEE 206 #EA KT IE BT 207, HUE @R
TARE|Hbrr=4.

Path A
O,

[RSeSeR]* ¥T [RSeSeR] 120007201 05 or 203 +RSE +H'
199"

0, > H02

RSeSeR Path B
199 02 Ree 20001201 545 0r203+ RSe + H'

>ﬁ205 SEAI'
2RSe” .

204 0, — = H0,
\ .
‘< 202 or 203
Path C 206

RSeH

02 —_— Hzoz 02

_SeR
@ H — »2020r203 +H"

207

58 T WG 3-S5 kA R I s B AT EE
Scheme 58 Visible light promotes the reaction mechanism of
3-selenoindoles

2020 4E, Oksdath-Mansilla 2509738 T —Fifk 228
JRFIFEA S C(sp?)—H TGN 1 iR ] &, i ik
MBI ARSI T AE AR S E B T R AT AT 4k
B, U BtOH fE AV, il @i RN ITES

J T 3-SR A AR BR — 57 B Al A ) (Scheme 59), 7
R—SeCN
208  |MeOH/H,O(V:V=955) oo
20 mmol/L _Se_
organic R\Se R
selenocyanate 209
diselenide
L N 1 L NP
HO\/S\O_ Na*
11 mmol/L
Rongalite
- oH 3—
Se
Se S
R©/\ t S 6%2— ©)\/ 2
209a, R = Me, 70%
209b, R = OMe, 78% 209d, 41% 209e, 61%
209c, R = Cl, 66%
BRI 59 MU £ 3 RIS RIRS 6 =55 S .

Scheme 59 Electrochemical synthesis of 3-selenoindoles and
unsymmetrical diarylselenides
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R

2020 4, BXEMRBACI R T R =R AN
FSCAN X FR 7 BRI A 0 ) R .77 ZE (Scheme 60). N T 4
WEIZ T R AAT M, BEFL T 4-FR e — A oK R
SRR 2RI AL 2 IR S NE, A A N 4k A,
21 W Blue LEDs AT &SR, J5 3L 2 =ik 91%.
AR, 5% B FIREMLEL, M4LFI(ArSe), L7
W HE T EAR LI, 12 SN = 3 A

0 21W Blue LEDs
. Nay-S~  (Rse); (1.2 equiv.) A SeR
R— (6] R1—
% MeCN, Ny, 21 h, air =
210 211

Se Br N Se__Ph
JOMP] ®
EtOOC R 'N

2113, 86% 211b, R=Cl, 73%
211c, R = OMe, 44%
X Se\/\/
P
R N

211d, R = COOEt, 81%
211e, R = OMe, 55%

B 60 T WOt 3 AN FRAR I ST (145 ik
Scheme 60 Visible light-induced synthesis of asymmetric het-
eroaryl selenides

3 HiLE5RE

ARSI RA NS5 2R AR 77, 1218
%%#%ﬂ,ﬂﬂ%%ﬂ%%ﬁﬁﬁTﬁ%#%ﬂﬁ

o X SR FR 23 L ER R P Y T R AT 1 1 iR
Miﬁﬁ LA LAE W, RA PSS b AT
B o s B G BRI Zk0E, FHEs
BT TARKHIEEE . HHUNS S AR N AT C—H
B ELIRANAL SOSE, JYMRIH . 5. WERE . PRI IAE
BV REEME Taut . mRI A R R,

JAE B R N G ERHERE, (HE D TAR & A
BmimE . &5 L R AR T AT, I
bb, AL IREN AT WOCIREN A B S 5 R L R N
WBEVEANE 2. R, 72K SR A% G0 S B [, it
FINTATIOG A5 HAl T LA 2R, TF AR Y
1R 2T S AT VAR 25 RO A4 AN T S B 1 S
2, FERHN T Db A= 5 25 mit ., O IR AL
SRR HETT ).
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