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Recent Progress in the Selenocyclization Reactions with
Organic Selenides

Xu, Ying Li, Chen Huang, Yuling
Fu, Jiyuan Liu, Bing Liu, Yingjie Chen, Ning*
(School of Pharmacy, Harbin University of Commerce, Harbin 150076)

Meng, Jianping

Abstract Organic selenides are a kind of important molecules, which are widely used in medicine, agricultural chemicals,
organic materials and catalysis, the introduction of selenium atom into organic molecules is of great significance in the syn-
thetic chemistry. Heterocyclic compounds are key skeletons involved in a variety of bioactive molecules, therefore, the devel-
opment of new methods for the synthesis of selenium-containing heterocyclic derivatives has attracted much attentions. The
recent progress in this rapidly growing area, including metal catalysis, electrochemical catalysis, visible-light catalysis, or-
ganocatalysis, and other selenocyclization types, is highlighted with an emphasis on the scope and the mechanisms of these

different reactions.

Keywords organic selenide; heterocyclic compound; selenocyclization; catalysis
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Figure 1 Selenium-containing heterocyclic bioactive molecules

1 SRBR#EWL

KLk, I 4 1 Ak DL g 0 3% 358 P SR i 25 o
T2 E ARtk S BEE L SR A R
MU S 0 S BL I R Je, R AR sk Stk R, C.&
TF R e B R A S AR

2008 4E, Zeni BRI RIE T — A BT A 2T
Cul HEAIFIRIUAE DAL, R A R T 2 Ff
3-HUAR A% B AL A ) (Scheme 1), 7E &4k M 461,
T I o 55— 5 B Pk S N, e e LA AN [ 4 H - A
W T BRI 7 RO ARG I 2. Bk 2z AF,
i s o 5 5 B P IR S N R, LSRN 5 R
(1) FL P RS AR, 2 DARBL = 4 1 T B AR =4,

Ar SeAr

Cul
DMSO, 110 °C [_\S\
R Ar

Y

R_Y - + ArSeSeAr
AN

Ar
SeOR SeOR
Ph/Qe\f\Ph Ph/@Ph

9¢, R=CHj, 72%
9d, R =Cl, 85%

9a, R = CH;, 80%
9b, R = Cl, 89%

B 1 Cul HEACA B AN R 3R 1L
Scheme 1
roenyne cyclization
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2009 4F, Tk E K H [ HHRGE T/ MeCN
i, BA PACT, A AT, 2~k 1o 5 1k 15 il ok ) 2R 114
S, 452 AR 2R [p]HE I (Scheme 2). Hidr, 2-kk
FETH AR 10 55 705 HE AR LA A5 R 5 1 7 AR A
TARRIRY 3-RAHEZEEIRI. BRibz 4h, ek ik
FI T RIFHI R RE

R SeR?
.
= PdC|2/|2
+ R%SeSeR? . \ R
O/Me 1 MeCN 80°C
10 6examples

69% ~ 89% vyield

GO

12a, 89% 12b, 83%

B2 IR AT ML

Scheme 2 Palladium catalyzed cyclization of alkynylphenol
derivatives

2010 45, Zeni PR HIE T LRI IR FeCly
MR, 45 I AR AT 2-Jh Jik 15 A 1k o AR A e
J82, A2 T MR E[b] R (Scheme 3). 4 N
FT, BRIk R A R 1E S Bt FE R B
T REFI SRS TE. BRbz Ab, il )57 D5 AR,
Y R RRORER S NP ARSI AR Ferpr, J5A E R
ALY 14 DUBGS 077 2245 2 B is -4, 2
HA CF, 5 C1 5] 1) =55 5 il ) 7 S A B =

Ar SeR?
Z FeCls (1 equi N
= 2Ch, Z =0
R1/ OMe 14 R 15
13
R1 H, Me, F;
17 examples

C5H5 pP- MeCeH4, m-CF3C5H4

R
Se SeR
(0] (0]

15a, R = Cl, 62% 15e, R = n-Bu, 80%
15b, R = CH3, 90% 15f, R = CH,Ph, 64%

B 3 RO A b JE 15 A B R 0 A S B
Scheme 3 Iron(III) catalyzed cyclization of anisoles
2011 4, JBBERHFHETHRIE T Cul ALY 2-
IR 5 TR T I A AR A R AL OB, BLA N
R R AW T 3-Mfi 305 Wk (Scheme 4). 5451777k
M, ZINERARER, 5. mRom P A raR
SRR AL
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BHLE FiR5iR
R« _X_0 R
/@ Cul (10 mol%) |\\ , , FeCly (2 equiv) N X0
Se\ Cs,CO;3 (1 equiv.) = | | + R°SeSeR AL | P
©/ DMSO, air, 80 ° 2 22 o SeR?
, air, 80 °C R? R2
X =0, NMe 23
X =0, 26 examples,
up to 96% vyield
@ X = NMe, 18 examples,
m up to 99% yield

SePh SePh SePh
Cl
wph ®06H4<p-0Me> m%
N N N
H H H
18a, 72% 18b, 77% 18¢c, 81%

B 4 Cul L 2-BRIEFRIZ 3L
Scheme 4 Cul catalyzed cyclization of 2-alkynylanilines
2013 4, Zeni SRR T AEMADMEALTIKI1E
FIF bR A B AR AL A (0 73T NG SOSE, A T 2 i 4-
WA A7 A0 (Scheme 5). TEH LR MM T, MR T
FRPIIERALY) 19 BE RERTR 321, Hrh 55 ERA
R AR R OGS ) SR B 3R L T R ) S

TEE, BRI Ah, BRI 2 1) RSE 0T e I 7 2 5 i A
N
CuBr,, DCE o
P uBrs,
RT\—SeBu m‘ <S\e\LR1
19 20
8 examples
up to 72% yield

Br Br
F\L@ %
Sé Se
R R

20a, R = OMe, 62% 20c, R = Me, 60%
20b, R =Cl, 60% 20d, R = MeO, 55%

BR 5 DAL mk IR AR R SR
Scheme 5 Copper(Il) catalyzed cyclization of high propargyl
selenide

2014 4F, AR ME DL FeCly AMEALFII4AE T,
DA 55 15100 57 k7R % T R 9% 66 P Tk i oy SR 20 Sl R — Tl
Bk N, G T 3-A AU SE-2H- & SR 3- ML 3 -
W IR 4K, 5 ) (Scheme  6). 1% 75 15 RS 26 AN, HL
Al A AR A, BERTAE IR, XaT BUE R
BRI 55 B R,

ZAE I RS HAT T HE B RO, R T
1 Scheme 7 Bz~ B AT RE A SROBEHLER. %6, X SOl
& 4 Fe(SePh), L, WIMATHALIEYD 21 MBS HIL K
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0.__0O /©/R [lj 0 R
Ph Ph
23a,R=F,91%

23b, R = CHj3, 94%
23¢,R=Cl, 73%

23d, R=F, 84%
23e, R=H, 78%
23f, R = CHj3, 85%

B 6 Bk M A0 57 3k YR I A1 57 31k P L1 O 344k
Scheme 6 Cyclization of arylpropionates and arylpropio-
namides catalyzed by iron salt

HE A 24, J5 T XS AR 24 AT R AR IAME

PEY 25, 7 25 IR JEUH BR S BIRRE MR IE B T 26.

Ja, FERNPR & B T IS T, AT C—H R
SR T ERR, B2 T 23.

OT

FeCl; + PhSeSePh —— [Fe(SePh)lL, Ry

m [Fe(SePh)IL, —=
’\

[Fe(SePh),]L,

g 1 sePh 7 “sePh
PhSe +Fel, phse— = 28 23 R?

B 7 BRI A 5 35 7 TR T AP 5 ik AT T e P PR A 1 T AL
H

Scheme 7 Proposed mechanism of arylpropionates or ar-
ylpropionamides cyclization catalyzed by iron salt

[F]4E, Ranu S ROVTE 7 — b P T v R R AR AL
EWERTTE, BT CuO Gk B & 5t
Cul 1’Ehf/§@é fl, DL 13- ke 5okl S
A T B — BA SOBE, 453 ORI R SR &)
(Scheme 8) TEAE R B AT, ANFZh B 7 FI s 7
FE BB ) W J A0 27 HRF T H B I e R s

L N e, TR, ANFE DT EBURH) 1,3-
TR ALY 30 AT R S AL AR SN, 75
B TSR R R ALA D) 31 (Scheme 9). H1, 1,3,5- =4
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B CuO nps (20 mol%) R
Rz/\/\/ "+ KSeCN I\>
Se

0,
R! 28 DMF, 110°C, 12 h R2 o
27 12 examples
up to 95% vyield
B T\
Se Se
R R

29a, R=NO,, 88%
29b, R = OMe, 93%

29c, R = OMe, 95%
29d, R=Cl, 94%

BR 8 CuO fiEfh 1,3- @I R 1k

Scheme 8 CuO catalyzed cyclization of 1,3-diene bromide

B~ IR W] 2 T DR M A A e 2 0 AT
7 31d, (EAESRE, ARUWERIRE M.

Br CuO nps (20 mol%)
AN, kseon

R' Br DMF, 110°C, 8 ~ 10 h

30 28
R! R!
m%?l\jﬁﬂm
Se ~Se “Se
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10 examples, up to 92% yield

R R
OO0
Se ~Se “Se
31a, R=H, 90%

31b, R=Cl, 92%
31c, R=Me, 91%

CsH
5 11/\/@%[;?\%05'*”

31d, 87%

B9 CuO i 1,3- 45 sk
Scheme 9 CuO catalyzed cyclization of 1,3-diene dibromides

2015 4F, Swamy WP HRIE T —FPHEL Rk
—HR . 1ZITIEA[Cul AT, AR BRI B AL
NERHS BT A A A SOBE, 45 2R B B A [1,4,2]
EWYIEE 1,1- 84 Y(Scheme 10). X — 5% 0] 44 i 5
T R R IR I BOR E R A,
UEH] T A 25 & BT TH .

2015 4F, Zeni X [P T 7E FeCls fEALIA R
T, 2-F BT -2 A R M OB, X g
PEHLA BT 3-43 HUAT S bR (Scheme 11). 12 RLX 5 AS
[ P 25 v MR R 7 JE AT O R ) 36 A1 37 23R I HY R AT
T 324, (B ORI T 2- R 0T B 2- R B S N
P SCH 43 2T 1, IX 7T Be 52 FEAL ) B AR E
ip= A
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O\\S//O R O\\ //O

2 2
/@i N~ Se (3 equiv.), Cul/KyCO4 /@ES\N/R
R | | | Ho0 (1.5 equiv.), NMP g1 Se&/H

70~90°C,12~24h

2
32 R? 33 R
8 examples
up to 72% vyield
O\\ ,/O /RZ O\\ /:O /R2
"N se (3 equiv.), Cul/K,COs /@( N
R | H,0 (1.5 equiv.), NMP R 56
34 [ 70~90°C,12~24h H
PH
Ph 350
up to 82% yield

B 10 A E R B IAME
Scheme 10 Cyclization of functionalized nitrides catalyzed by
copper

2
R2 OH 4 4 A
Rl g R*SeSeR* (37) _ R! N Ser*
N e FeCls (1.5 equiv.) P
NH, CH,Cly, 40 °C N~ "R?
36 38
18 examples
up to 78% yield
Ph Ph

~
N Ph
38c, R=Cl, 72%
38d, R =NO,, 78%

BRI 11 BRIDFELTT HEARAE I 1L
Scheme 11 Iron(III) catalyzed cyclization of arylalkynol
2016 4, FRECFL R EAIHGE T (A S
B, AR T S-AAR =ML A )(Scheme 12), 1%
FEAR R RN AF T T, AT ERE, BAERETIX
R PN R4 (0 RE R FRA .

38a, R=H, 68%
38b, R = CHj3, 62%

1
, Cu(l) (20 mol%) R
R1—: + R N3 + PhSOZSePh t—> \N [
LiO'Bu (2 equiv.) ) SePh
40°C,6h R2
39 40 41 42

B 12 BRI R & =
Scheme 12 Synthesis of triazole by copper(I) catalyzed parent
selenide

2018 4F, Yasuike A H:[RIFHIFAR T — b faj 538
=R AR BT, ST EELL Cul AL, 7E
L10-ABFEMEMRAATE T, LMK IR BSEMNE
WA 0 S Al ek AR = 4 % ) Bi(Scheme 13). 7E
AT, PR 43 BIHUREE ) BT 1 T A BTG
Tose, FELAH R 1 P2 R AR B Sl 2E-1,2,3- =,
TEXT B S IG B Al B, $R T = A OB AT REAL
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RI—==—sbPh, + REN, + AnSe, 1,10-phen (10 mol%) T EE A AARYRET, T p-R AL B, A R 3
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R2—/ SeAr
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P N=
N [ R
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Ph—' © SePh

46a, R = Me, 87%
46b, R=Cl, 71%

46¢, R = Me, 73%
46d, R = CF3, 73%

B 13 HOmAE R S-fE-1,2,3- =1

Scheme 13 Copper(I) promoted formation of 1,2,3-triazoles
H(Scheme 14). 1% B S AE Cul AL ZHEIR L)
43 FIBEAY) 44 R 5- K 2Im=m 471 1k, —
75 3 il 45 5 X4 JE LA I [(phen),Cul,] (48) = ML
i Cu™ A 4980 SRS, AW 47 1E =R S5-4r
bt A A 49 T2 R R A4 50, H R4 50 20 E i T

FRAS 2| Rk 51, JFRASRC &Y. J7 B B 1
Beki = A S-Til e — e 46 A1 PhZSbSeAr FET S KR,

AL NS 52 A1 Ph,SbOH, A% i i 25 < AL 40 A
T E.
L\ /\ L
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H,0 8
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|
N R ArseH Afse\CIu/L>
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r2- L\/L SeAr
48 .
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Scheme 14 Possible mechanism of copper(I) promoted for-
mation of 1,2,3-triazoles

2017 4E, Zeni WA W TE T Cul Ak IR P 30
WE 5 RRER A SV G R, AT 2-CA LT 3R )
M5| WAL & 0(Scheme 15). fERAESIET, ik
b A AR 7 B e B A — S s, 5 5 HAH
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OAc OAc
Cul, Na,CO
X S + Ar2862 w. ~ // SeAr
| X DMF,60°C  G4A_N
/ [N Art 54 R1\/
R! 53 55 Ar’
R'=H, Me 21 examples
OAc
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= _ = —
Q -

55a, R = CH3, 72%
55b, R = Cl, 84%

R
55d, R = OMe, 75%
55e, R = Cl, 63%

55¢, 50%

B 15 (1) (LT v
Scheme 15 Copper(I) catalyzed formation of indolizines

2017 4F, Godoi JeH [ ZEPSLL — FHE AR VA1,
FEHR - HIRATCIAEME T, KL T 2-PIER8 5 Al
BEF) 73§ WML, BT 3-A WL 2R IR [b] Wk
(Scheme 16). 1% N E A AN R] 45 L 5~ R L 1~ 25 4]
IR 56 SR L IRATF RO 32 1. BRI Ab, IEH5 T
Uitk AR SR AR A I T, (H ) 58d AT 58e
PR

R’ ) SeR?®
R2 Z Cul (1.5 equiv.) R N
+ R%SeSeR? ————— > R!
DMSO le}
OH air, 25 °C

56 58

57
O
A\
(0]

58d, R = Bu, 30%
58e, R = Pr, 32%

58a, R=F, 57%
58b, R=Cl, 61%
58¢c, R = Me, 63%

Bz 16 Cul HEALHRE R 1L
Scheme 16 Cul catalyzed cyclization of alkynylphenol
2018 4, Zeni VRAAPHRIE T EMIDMEAL KT,
DA H B EARON VAR, DL T RS e Y s O S 5
ik Sz A il 3-(CH AU 326 il 2K 256 A 7)(Scheme 17).
o, Y 59 I B R 7 RO A A ) 5N B0 7 6
SO, FL R T SR R ke P I b A A R AR PR R I
PABCR = 3G 1T 60c. SR, A& EHURTT 2 1)
AFAER 72 284 U .
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RZ ]
OH_~ X~  (PhSe), (1.5 equiv.) Seph
= Cul (20 mol%) | N\ —\R
DMSQ, air, 110 °C Se \_7/
SeBu 60
59 6 examples
Br.
SePh
{ Ph SePh
| R Z__\S\ SePh
> s& P B
60a, R = OMe, 70% 60c. 78% sé ~Ph

R = Br, 57%
60b, hof 60d, 29%

B 17 AR AL

Scheme 17 Copper catalyzed cyclization of propargyl alcohol

2018 4F, {RMEHN I FOLA TR . kA&
RAMNIERE, TF AT — T fa] B AT R0 AR A A R/
RN, T A 1,4-ZHUR 5-97 20l 2 -1,2,3- =
(Scheme 18), 1% I 75 FA 4 FEL — 2050 18 R 2 (] 285 187 32
R 32 1. BRibz Ah, FEPE IS (MTT) V4
Wy Z WA RSN, b b & ) 64a, 64b
A 6dc o HAA R A A A BTG VR, A i R
BAT P EAHRAN . RAERIAE . e I £ s
P57 S AU SRy A5

CU(OAC)2 . H20
1,10-phen, K,CO3

R'—==—COOH + 2" N3 + AnSe,
o~
61 62 63 toluene, 120 °C, air, 6 h
_N 1
N™ R
N
R?—/ SeAr
64
61% ~ 86%
F CFs
N
N N N
N [ N’ |

e

64c

\ \ N
N N Bri
2O O
64a 64b
B 18 ZFRHID LI 1,2,3- =M A pk
Scheme 18 Copper(Il) acetate-promoted formation of 1,2,3-
triazoles

NTRRWREN R NGRAR, BT T XIS, e
H 71 Scheme 19 P e MALEE. 25 KK, K,COs
TERLBR AR TR R A T T A E EEAEH, JFE T
0, fER N PR EEEER. Bk, @idmA/ER 1,10-
ARFEMS IR AT Cu(OAC)*H,O F i 4 (1) Hh [A] 1 65, 4%
Ja SR 61a SN AR AR R IAA 66. 66 i iR Iz
L= AR (I R R A 67, FHERET— 531 CO,. 67 5 =K
Tl S S A B a4 68, 2R IR SR PR 1S B 2R L (R 4
JRIL) T E 69 LA 70,70 5 69 Fl 62a 255z i (] {4
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71, ZEACIMETE R 72, 72 B R B AR T B T
P 64 FIARI) 70, BJR{EZSAA B 70 #4068 65
5E RN

N
Cu(OAc), Soph (N/Cu(I)OAc
70
/SePh || BnN,
Ph—=—cu(II
|(\L oh 62a
N 69
P
ir N —N=
OACPhZSe2<—a'r N?Cu(I)SePh S NTN=N
N_
Ph—=—cu(ll) 17 A L /C”(\I) Ph
67 |y N 7
N
- SePh” 4,
Bn
€O, OAc “N=NT
iy N ¥ W
Ph%QSCtIJ(U) ( >Cully N
66 N, N )=
N;< ! _~COOH (cu(yoac Ph—se_ Ph
61a 70
&cho;; airlOAC- Cu(OAc),
N
K?AC (Jcu(norc), Phl//N
N N
KHCO, &s PhSe” N’
|
Bn
Cu(OAc),H,0 + 1,10-phen 64

BR 19 ZREIADMEHE 1,2,3- =R A HLER
Scheme 19 Mechanism of copper(Il) acetate-promoted for-
mation of 1,2,3-triazoles

2019 4F, XI@b B RS HOE T E AgNO, fEIK %
PER, 2-BRBE T A IR (B 2 RO AX T A 1K) « Ay A 5 3k
TR AT Bt 3L AU BN, R & B T AR L ATl AL 2K
FFIRIEE (BRI, — RANEA AR 4 f 5 A T
B (9 R85 ORE R B (Scheme 20), AFL5 il 5 1 4

R! SeR

= AgNO, (20 mol%)
+ Se + RB(OH)y———M > @ N—R!
R2 DMSO, O,, 100 °C X
X/
73 74 75 76
> 40 examples
X=0orS up to 97% yield
R
‘ Q
Q Se
Se

L~
S

76¢c, R=F, 93%

76d, R = Cl, 90%

CL—
o
76a,R=F,91%

76b, R=Cl, 97%

B 20 AgNO, fE Ak ik 15 2 ik 1) F1 4k
Scheme 20 AgNO, catalyzed cyclization of anisole
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LB F T RN R BRI Y 73 %A 15 2T
FE).

NTIRNT R SOSALER, HEAT 7405 75 R . 2-
RS T A i DA SRS P o R S R AR S A 2 R
A B 55 DY B R IR E ALY (TEMPO) 5, 45 3R 3%
W I RS R AT REVS I H IR AR, AR IX e gk JLAIAH ¢
SCHERPY, $2H T W Scheme 21 BRI REEAR, B4,
£ AgNO,/O, 1AL 1K 2, ArB(OH), # A4k 75 3 1
577 885, ZO5E R R R, AR R BT
HIE 78, 1ZH WIS 2-RIEH FREEL 2- IR E &
Fif)EAT B 0, R A 79, HSE, SRk 79
S IA NAF BT =4, [RIE RO E f AR
N

O,
SN
Ag(ll)y  Ag(l)

. Se :

ArB(OH), - A ArSe

s 77 78
JH =

T 0, /X X=8§,0
CHgy SeAr

e e e

B 21 { RSB AT i

Scheme 21 Possible way of free radical cascade cyclization
2019 4F, Fhel K H PR GE T 7 T A AL
HIZC PR, AP LR AR IR AT A, 2R AT 40 (R A 1Y
AR IR B SN, AR T 2 4-l SRR a,a-—
F-y- W BE AL A P (Scheme 22). — RAIH A RS
FL AR L A ) SR 3 S B R, DA 45 31 R 47
PREA R T BT R, AHELEA N-3A R R

IR IR OHEI ORI, A WP 5 ML 1.

0 Cul (10 mol%) Rige r E
Jonss phen (10 mol%) ﬁ
+ Rise)y —————» 0
BroC z (RIS€) "5 120, N, N

\
80 81 82 R

R\z : ><¢ : cl
)N;>_/SePh j;z_/SePhON SeMe
o o //‘;2_/
F F F F (e} ¢ F

82a, R = Me, 76%
82b, R=F, 73%

B 22 AR AT — 56 A S

82c, 74% 82d, 91%

Scheme 22  Copper-catalyzed selenodifluoromethylation of
alkenes
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TEX FESEIG RIS At b, /E& 32 H T W0 Scheme 23 fif
JNFI AT BE R B SOAEALER. 1 %%, Cu(DRIEY) 80 i Id #
HL RS (SET) N A B Cu(IDAN E B3k b falfk 83, 22
ok, R S S I BIAS RO L, DI AT SRR
RN, 133k 84, T Rl E — R R 4T 0
H AR, Br] Be IS4 2 i EARl 28 B B 2R [a)
& 84, A:pk 82 FIANIE H fh2E, Ht—P0% Cu(IDEE N
Cu(D) R 2 BH &5 1.

80
Cu(l)L

R'SeBr X
82 RiSe Cu(llyL+Br
(R'Se) r
2 o F

e R
= N
N 5-exo-trig F)\[f N
83

84 R cyclization (0]

B 23 A A S A AT RE LR

Scheme 23  Proposed mechanism of selenodifluoromethylation

2019 4F, ZEERRACIRIE T — B By A LRI
[ & W5 R A A T TR I A T R AT PR e
HRBE, BT — 2R 51 F A A4 AL P bk 2 46 5 ) (Scheme
24). Horp, JEY) 85 RIA L HUACIE A HL T RONEN S R
AR, BICLARR G RUCERSRAT B AR 2. 12N
14 S W 2% A AN HLAS 75 B M A SRR, o) L
2R SETBOR 3 5 0B A SR AT DA v Rt gE 47

R2
NH R se
N’J Cu(OAc); (0.5 equiv.) \N
| . Ph\se/se\ph DMAP (2.0 equiv.) N
R’ A DMSO, Ar, 60°C,2h )
1
85 17 R 86
R

86a, R = MeO, 93%
86b, R = Br, 88%

86¢, 87% 86d, R = CH3, 93%

86e, R=Cl, 89%

B 24 ML B,y- AN IR RN — 5 Al T 0 At e 2
(AN

Scheme 24 Copper-catalyzed sulfenoamination of f,y-unsa-
turated hydrazones with diphenyl diselenide

2019 4E, FHHPEPTR T —FiLL Pd(OAc)y/Cul
AL, 3B A 2-(2,2- IR G HE i . R R A EE
WA W R AR BRI S, A 3 JE 5 Ak & 4
#7775 (Scheme 25). J&Y) 87 HANHEIIE AEMR], 41
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Ak, SSELELL OV Th AT RE IR At e 2%, Fe e A
B R 4F.
i Br (1) R®B(OH), - SeR*
|\\ = (2) Ny, Pd(OAC),, K3POy, 90 °C \\ \_po
_ . ® (R*Se),, Cul, DMSO ~N
NHR Air, 110 °C R
87 88
SePh SePh SePh
Cl
D—Ph S—Pph N—ph
N ~o N N
\ Bn Bn

R
88a, R=Bn, 76%
88b, R = Ph, 83%

B 25 PA(OAc)y/Cul AL IR LK) i 55 — ik 1 318
Scheme 25 Cyclization of dibromovinyl amine and diselenide
catalyzed by Pd(OAc),/Cul

2 WA FEIEIAL

iR ) S X R N A S AR A TR S
X s N AT PAEE IR AR 25 A1 S AR BEA A& B fb, 12X
— R T DL A 4 P i 0 4 R 4 A 7B,
T, TR AL JE A AR B 4 & rh AT B RT Ok
RS N RIANLE BT 251 T A S R OGE, X4
WEE L4 R BATHLG R, R, 8B AR &
P SEILAT WG T B LA B B2 5 W] HUE).

2013 4E, Ragains BEAZHPSHRGE T %5 T AT WG
i A e R A AN SN 1% S TR Y B, AN PAAR
FErEERAFE] T E O AR, T H AR SRR T E N AR
I (Scheme 26). %77 EE % T W EEE BRI
7%, BATREE AR, HA R SR .

88¢, 87% 88d, 73%

PhSeSePh R
RM blue LEDs (455 nm) QASePh
89 CBry4 (1 equiv.), MeOH 90

R = OH, BocHN, MeO,CHN =0, BocN, CO,MeN

Boc (FOZMe
o N N
Q/\S oPh (J/\SePh {J/\SePh
90a, 94% 90b, 62% 90c, 78%

B 26 LI
Scheme 26 Light-induced promotion of olefins cyclization

20174F, FAa KN FHPHRIE T 1E 450~455 nm (1)
ATIOET, ATREGIMIDCHET, 2- K5 M
Tk 1) — AL S AL IR AL [ (Scheme 27). {HASTEE A2,
N-Ts-2-(FA P 5 SR A o0t — 57 B ik 92 FRIN
B SRS P, DRSS 3 A O N R A 7. H
e, P91 5 TR B RN S SIS, B g B Rk
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T PR AR ART BB
. R2 R SeAr
R //
H,0 B
|\\ + Ar2862 22 |\ \ R2
_ 92 MeCN, blue LED Z N
NHTs rt., 12 h, air \
91 93 Ts
R
Se se—Ph
R
%Ph mPh
N N
\
Ts \
Ts

93a, R = Ph, 97%
93b, R = p-MeCgHy, 92%
93¢, R = p-CICeHa, 79%

93d, R = Me, 92%
93e, R=Cl, 76%

R 27 i P
Scheme 27 Photoinduced promotion of selenium cyclization
[F4E, FAREARE 1@ vy W61 T & i 3-
AR HE AR MR [4. 5] = MBI 1) 77 % (Scheme 28). {EIEH
WA SN AR, LA Eosin Y RbfiEALA, A N-(xt
PR AU 7 25 ) TR Wt i 5 — At B A A JER A0 R A Al A - 314K,
JNL, FRERIEK 63%.

EosinY O Ph
3 W blue LED
O * thsez MeCN, rt. N)—SePh
12 h, air N

o
95

cat. /hv1
PhSe MeO®

SePh Ph o
SePh SePh

B 28 WHTREL Y /775 TIEBIBEIMEL &)
Scheme 28 Formation of spiro-compounds in the presence of
eosyn Y under blue light

125N e G 3 B [ R AN A A e A S B bR
KEr) 2 DhRede, I R 5 SRR BAE R A L
H 2k 96, X5, LMHEE BE R AT NIRRIMERS
3 97. B 97 RMAM W, £E7 A EATE A
LS R4 98, B2, 1% IEAREAL N B BSR4 95.

2018 47, ARAKFS K IR F U IHGE T 0] Wb A
PR R (2-(K e ) 28 5 ) il e 5 i P S A SRR A AL S
Mi(Scheme 29), 7538 b B A 4k i 1 R0 B 5~ L A1 G
Y 99 P ULBLT P R AR T ARIFIEE AR G Y. BRIt
AN, ZITEA T E Y& R B A, BAEw R, %

thsez \
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PREAN, B BRI E eI 52 1.

R1 R’l

® e

[IrdF(CF3)( ppy dtbbpy PF,
|+ Asoc 3 6//
| CH4CN, 24 h, r.t. S 2 Se
oy ’ -
101
99 only 5 examples

Ts \\S\O
OO e
Se Se

101c, R = OMe, 47%
101d, R =Cl, 56%

101a, R=Br, 75%
101b, R = CHj3, 67%

BK 29 AL BERIFIE R AN

Scheme 29 Photocatalytic synthesis of benzoselenylbenzenes

2018 4, Baidya i FRZH 241 T — i) 25Tl BUA 1)
WRIR[4.5] =) B 175 %0 15 (Scheme 30), 7E7%H 4NN
A FERASRAT, @ WsilES N-J5 5k
SEWERG S 05 5 AR AR B SRR N, RS
R, ZARERFRY) 102 [bE, 5L SR K e
PR E. ZE AR R, WY R R
YIRGE I B RE A S PR AT S a5

2

(0] ~ R
+ ArSeSear —Visiblelight visible- Ilght Y4 N\ SeAr
photocatalyst-free R3 N
O,, 1t 7/
(0]

R1
104
102 103 26 examples
= Alkyl, R2 = Alkyl, Het(Aryl), R® = EWG, EDG

I)\\ﬁ@ %Q

104a, R = Me, 82%
104b, R = Br, 73%

104c, R=H, 85%
104d, R =Br, 79%

B 30 D6 RS =GR
Scheme 30 Photo-induced synthesis of triketene
N T HEZIRLIE I M B IR, FEARAE SN
RAF NN TEMPO X 2,6- U T FE-4-H 2K Wy (BHT),
S5 BBV NS AR AT eV K R R AR, i R AH SR
Prrom it A RCT B (TBHP) (1 45 31, ik — B iEse T
BN N H @A

BT IXE R, R T A B R N AL EE (Sche-
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me 31), ¥ € LED I8 5 — 55 3 Al A 10 55 A B
3t 102 A2 FE R 105, B 5 HEAT 4> 18] E H
HIEAFE] 106. 750U =05 3 kA7 £ T,
FRTEA 106 #5140 107, B L O—O HEWTEY 5 A= IRiE
L= 104, HEHLFE S 2 BTR0E F S 5] — 50

ArSe intramolecular

ArSeSeAr
/L E /_‘ ©\ iSeAr ipso-cyclization

102 R R 105
Ar

Ar
O, SeAr
SeAr ArSeSear  H =
—_— . —_—
/N o e]6) N o

R 106 107
Ar

SeAr
~
(e}
N

/ O
R
104

B 31 6 ARt A R = i A LR

Scheme 31 Mechanism of photo-induced synthesis of triketene

2019 4R, W IE I H SRR T — P A B e A
W77, 1840 °C, 25 W EDGHSETS, AT IOGTH SRR
RINC MG BRI R AR 2 20 53 B AL S R
(Scheme 32). 1% J W AE LB 42 A [R] B 5 ARG 2 0
Fakk, ULRTT OB = AN S A . BRIk Ah,
A MTT BR300 1 = AR s s i 2, R &9
1102 A1 110b FA7 5535 1 e 40 i A= KA .

(0]
R hv, H,0
oWy
+ (R%se
R / ( » CsOAc (2 equiv.)
0 109 ppey 400 o
3
SeR
108 110
23 examples
up to 88% yield
(0]
(0
o |
)
110a 110b

B 32 LSRRI C RIS B

Scheme 32 Photoinduced cyclization of acetylenic cyclohexa-
dienones and diselenides

R T — 20 B s R HLER, ) AR AR R RN
TEMPO, K iZid 252 B4, LW — Al 15
FTREDS K HEER AR, MR SEab gt SRAAR G IRIEN), 72
71 Scheme 33 AR IR RENLER. T2, 2R3 AR
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R 7EE R R A R 2 5 R 1, 2R, RV 108 3T
H SN ARG E 112, ERNERES S50 THNEH
SN AE R AR 113, HE A 113 S — R R
HEE R RS 2072 114, 2K, 114 7E CsOAc /7175~ 57K
BT SRR IUR, HRIATHR ).

hv

PhSeSePh 2 PhSe
o 17 o Mmoo
R! . .
2 PhSe Ph
) —— \\i - . Ph
O (@) [e) |
SePh Ph
108 112 s o
CsOAc + H,O =—= HOAc + CsOH :
PhSe
(PhSe),
0 T air OFiC
o

OH  PhSe
|

Ph \ Ph‘_L

O
SePh p SePh

110 1

BX 33 Ot SRR O S A AL
Scheme 33 Mechanism of photoinduced cyclization of acety-
lenic cyclohexadienone and selenium

2019 4E, XsRif M SRIE T 7E R WOC ISR, 4>
FENEFNRA TR, Bl EES s B E I b
NG AR AL A ) (Scheme 34). 7E B fE S 3 6,
AT T, A TR =R
73%, {H4CzIPN 1E A e o] DUk e REE R, B itk
Z AN, VEZ2 U 1 TR B I RN Al b L4 A 3ok R
B R RS2, JFDART 7= R A3 3] 7 FH M
=8, XA R & B T R G R T &5 E
SRR

o LEDs (450 nm) RfeR
I ACZPN 2mol%) o
1 + RSe _— >
RISXTNY + (Rsey; CHCN, air, rt. =

| 2
ewe R 116 R X
X=N,C EWG
115 117

o] SePh
R‘< >—<\
N
117¢c, R = Me, 85%

117d, R=F, 92%
117e, R = CF3, 93%

117a, R=H, 94%
117b, R = CH3, 97%

B 34 Ot s ik B 3R
Scheme 34 Photocatalytic dehydrogenation and cyclization of
olefins and selenium compounds

FET LR g5 RASClfRaE™, $2H T 4 Scheme 35
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B~ e REATLEE, 750 WLJEHEES T, 4CZIPN #3%A6 hi
RASHI 4CZIPN*. 2 FE —fififk 17 5 4CZIPN* 2 [A] 4T
HPHEFEBEER T HHEMEF, 5 AR 4C2zIPN™
EREE- YR R %Y R B2 P i BT A =
4CZIPN™ LA R 5E . i E M E 7 17 H s
5 N-W 19 115 J 2 AR Bl 8 BH 25 5 118 F0 2K 7if fgk.
B, AR 118 58T PSRRI A B H AR =),

(PhSe), 7
" NP i 1217
/ SET \Ph)J\H/\/

115

o}
4CzIPN* e
4CzIPN™
<< Ph H/\QePh
+
/ ) \_W 118
LEDs — O
SET
SePh
% / o jﬁ
4CzIPN ‘/ 0, Ph/<\N
117

KX 35 AIRempLE

Scheme 35 Possible mechanism

3 HBFIRRIAHIAML

IAER, HALEIEANLA BT 2 e —FhmT
FRe: BB R UT 1A o i | s 2Rt 7 —Fii
R T2 ML () A T2 AR T e v TR 1) T

KFEM S EZEN, 2019 4, FF GRS
IOHRIE T AR &R AL IR I AL RIS LT,
I L 5 R R ) FEAL S AL R B, Rl T Re ik
AR R SR T &M XA Nig s
(Scheme 36). FIRXE AL/ (A1 & A W HL 1 25 [ 545 HL 7
TR 119 2 70] LU — 283 ik 17 IR [, DL
HP S5 R BT P 2R A B A B (1) R AL A

A NI, (B ANEE A 1,2- 285
Pkt B Dt & i T — R AIEMEIK(Scheme 37). HA, &
BTN N-M P B T DUR 2R 5 Hh 5 AR
HL C—Se M C—O #, LAHEE S 7 ()77 545 B AH B 1)
R AREME b, BB, R SIS R 5 T )5 SR 1)
FTAEAGUE B 1% 05 SR AE G 25 A0 st 7 A i S 7.

N TR LR, FEAS A 4 R HEAT T RS
. NhERSW REBERE, MAEARF A
TEMPO, M2 H0H]. FRitbz 4, 3T IER R %5k
5, FA R RE AlBE1T7) AT R S S AL AR R
2. WG LR seng gt A ScuRiRiE P!, =/l T
Scheme 38 Fr/nIMNALEE. 15, 2K fililk e B i)
AR AR T | Rk 123, @B e 22K
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BHE Fik 5itR
0 "BuyNBF, (0.1 ) v
u, .1 mmo
RJ\N + PhSeSePh il I)_\
17 HOAC (100 uL), MeCN (12 mL) EWG SePh
EWG 10 mA, 2.5 h, 0 °C, N 120
119 0.3 mmol mA, 2on, 070, N2 24 examples, up to 93% yield
R-— Ph ' 0 R
SePh Ph
o) © \HJZ)L\SePh

120a, R = 4-F, 90% 0

120b, R=H, 91% 120d, R = Me, 78%
120c, R = 4-Me, 56% 120e, R =Ph, 71%

R
B 36  HLA A R AR
Scheme 36 Electrochemical synthesis of dihydrofuran
(0] n o
)J\ BuyNBF,4 (0.1 mmol) R
R-ONTNF +  PhSeSePh - \«_j/\seph
N i CF3CH,OH (1 mL), MeCN (5 mL) N
10 mA, 2 h, 0°C, N, 122
121 0.15 mmol 17 examples
up to 88% yield

©\(O @\(O
R Y
\ \ SePh

122a, R=H, 88%
122b, R = 4-OMe, 82%
122¢, R = 4-F, 70%

122d, R =S, 72%
122e, R=0, 68%

B 37 b BRI

Scheme 37 Electrochemical synthesis of oxazoline

i 2
-, -H*

_e-
PhSeSePh ——» Ph y SePh 0

119
17 COPh o M

+2e” 124 (path b)

2H" ——— H,

0 , 0
. Phse -, H* ]
Ph — pn Seph ——— = O
COPh COPh SePh
"~ e O 120
PhSeSePh —*€ o PhSeSePh — = phse + PhSe

17 123 (path a)

BRI 38 FLALSE 1 B — S I AN PRI F) T RE AL 2

Scheme 38 Possible mechanism electrochemical synthesis of dihydrofuran and oxazoline

FEA B SR A R R B . SRS, SRR B S
119 [P b s B 2t 124, fERERSE R T 10
SRR 2 JE PR AR, B a2 A R A A
TP Y(path a). FRILZ AN, AReEaHER 119 HoR%E
il 5 HH 25 S S AE Rt 2 H 2 124 (path b)FIE 12

2020 4, De Sarkar J¢ 3 [{ 2P UAE AL 224604 F, LA
Pt e R0 5 Ak S W e ah SRR, A B T G A e Ik T
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IR AT A=) (Scheme  39). % SN R A FH 7 AL 2 11
A, SRS IER R R REAT. 2 LA R
WEAT TR, RSN 55 PR IR R R8N 2 [ RN P
BLH AR TR 2 e LA, FA AN R B AN AT EE
Mo e 72 S A AL 2 o R BE R S e I AN 5 A
ST I < ) o €0 5 S8 SO T8, ELAE R
Bl LA A 1R L T
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1) SeAr
ArSeSeAr
®)LN/\/ LiCIO, (0.1 moliL) o
| ~

MeCN, r.t. N N
125 C(+)/Pt(-), 15 mA |//
R 126
22 examples
up to 91% yield
PhSeSePh
_LiCIO, (0.1 moliL) _ SePh
MeCN, r.t. O//\)\/
C(+)/Pt(-), 10 mA
7 128
12 examples
up to 88% yield

B 39 HIAL A B A I P R A S R AR 197 A 47)
Scheme 39 Electrochemical synthesis of selenide oxazoline and
isoxazoline derivatives

2019 47, SRR HRIE T /ETC 4 R A TR AL

FUSEAET, HALSETS T I IR e Be SR I i 5 — Al F)
AL [N (Scheme 40). R4 129 55 77 5 Bk B il
Tk S, DARE R P 284G 2 AL . 1207 R BA
J7Z B ERADE B R AT R B RE RS BRiLZ A, %%
JSR] VLS8 A EAT, AEAR SR Tolk b B A S B S F A
fH.

R X _0
+)/Pt X
O/ + RiSeseR? VPO |\
nBU4NPF6 NF SeR3
129 R2 undivided cell R2
X = O, NR4 131
up to 86% yield

|

N o.__0O

X O rro
R2

131d, R'=Me, R2=H, 85%
131e, R'=Br,R2=H, 84%

1

131a, R1 H, R2=H, 85%
131b, R' = Me, R2=H, 86%
131¢, R'=CI,R2=H, 81%

B 40 HBALE S s SR AE IR S
Scheme 40 Electrochemical synthesis of coumarin and quino-
linone compounds

NTERNT B, I H B 43k TEMPO,
RIZHA R 2 B0, U Sz AR R
BWAATH. AR, @ EIR R S T IR
IE SR HAT, 25538 I R AR 17 7ERHAR LR
Sk, 7E IR g AR O SR IRIE f AL Y, BRI T
FAL 22 AR AL I AT AENLFE (Scheme 41). f¥), oK
AT 17 7F P AR A A B BH BT E B2 R (Al 132,
()44 132 Pt il 2 [ el 2 101 AORAN BH 25+ 133.
H 3 111 InF] 129 () C=C 2 I, AT E Xk
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PR IR A A 134, B)E, 4@ E R 134 Eid
TN R 135, At — BRI E L, 53]
HrE A 136, e, HRIaMA 136 JEid 25 FAL A o5 & ik
R AR 3 E T . BN, 28T —xIEFR,
2R FH B 133 75 B B AL i — R ik A K.

1/2 PhSeSePh

PhSeSePh

17 T
N PhSeSePh —————>  PhSe’ + Phse’

132 111 133

oY

129T

O ©/ 112 H,
7 > seph ./ ~SePh

135 Ph 134ph

0.__0 0.__0 .
-H, H
7 “seph & seph
Canode 136 Ph 131 Ph
B 41 b2 A w5 R AER N2 & B R REHLER

Scheme 41 Possible mechanism electrochemical synthesis of
coumarin and quinolinone compounds

MW R R T, 2020 4E, ZE AP 83— 5T
R TAERASEIREN R, CAHuE S il o J5ok), i) 4 i
WR[4.5]) = IAEH AL B, 7 n-BugNPFs f27E T, 1HIL
N 15 mA A SR BH AR R BA B () R Ak FE A R AT T
1% ¥i(Scheme 42). TEHAEFRMT, BAANFREIEEM
JERA) 137 F1 138 )V R UF, DA RT3k T
TREA =9, 20 I B A B IR ¥ Rl AR 452 v 1)

(0]
R1
+R3SeSeR3 C (+)/PLC) g2
n-BU4NPF6 X
CH3CN/HFIP, 15 mA, r.t.
137 Rs¢. O
4 139
X=0,NR > 40 examples
up to 86% yield

R
R! 0-°
I o < XL L)
<A *
—
< O

139a, R'=H, R? = Ph, 50% 139¢c, R=H, 84%

139b, R" = Me, R? = Ph, 86% 139d, R = Me, 80%
139¢, R = Br, 82%

ER 42 A IR [4.5] =)l

Scheme 42  Electrochemical synthesis of spiro[4.5]trienones
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SZiR SR

B REIM 52 . [HAEERE, WRAEH T ZR AR,
Brubz Ah, fEBh B EESTR AR R, MIHEAT T 5
PN, UERH T AL S AN AR S S ) R

WGIEY) 137 AEAAELE Al 25 1F R HEAT OB, {5
BAT R BIFRAL =Y 139", N 45 SRR IR &
139" A2 J A4 22w (1) S R TR A, IO ER 24 3R 771
TEMPO 1 BHT J&, AAIEFT 7 =40 139 (Scheme 43).
gERUIESE, X — R REV K A HERIE R, A4, TEI
fRZz S04 AR, 2K AR ERTE P AR AL Se Ak

BT Likg %ﬁﬁ%zmﬁﬁmlhﬁTm
Scheme 43 FsHIHALF AL AT RENLEE. 0], —
%:@%rﬂ%ﬂh%&ﬁ%%@ﬁ%#ﬂ%nz%
J&, HPlEAAR 132 FEALORARSEE H B 1 RO PH T
134. )5, 111 A1 137 @it 5 B2 ek s 8= A 20 2
H 2L 140, 140 @IS 71 WIBIE ROV A Rl [AA 141,
rf R A 141 7EPHAR iE— 2Bk, 18 B EH S R e
1 142, BHET 142 B AR IR RN 55 & 38 55 Mtk (path a)f5
FIF=1 139, BrUbZAb, AREHERR AR 143 1 2R FEAT
FHE ¥ 134 A1 137 $24ER9 TR A, s 053
X PR BH B - 1 1 N SRAZ B, 13 B 144,
I 2 HEAAR 277 139 (path b).

0._0 0.0
- /©/ Standard conditions OZ@g
© | | Ph
137 py 139
1/2 PhSeSePh
PhSeSePh
<:: 17
PhSeSePh — = PhSe’ PhSe”
132 111 134
l path a Q path b
O
137
O
Pﬁ;l2>__<
PhSe hSe
140 143
0 .
o~
[
demethylation
Ph ‘
o) demethylahon f0) Ph °
\
PhSé (e}
PhSe phse’ O
C anode 139 144

B 43 IR[4.5]=JAB ) HLAb 2 5 R LR

Scheme 43 Mechanism for electrochemical synthesis of spiro-
[4.5]trienones
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2020 4F, FRAEHTEPOIFR T AL N R
Mo e JEURL, 3 I R S A PR 7 9 SR A 2
WEMESAL S VIR B s, RIS R IR, K
IR EEAL T ) 26 A S 2E4T HI (Scheme 44). & A&
I, g %?ﬁﬁW%¥%ME%h5ﬁ~@%&
JSEMGEA, DA S 2 R R A5 2] 7 HAR™ . %R
HARYIEE) #R A SOk VI S5

S RseSeR* R?

CF(+)/CF(-) (2 mA)
R‘IJJ\N/\/\R?A 1/<S RZSER4
H Re LICIO4, CHyCN, rt.  RITY
4

STS/A\SePh Ph\T,S
|
O N, )=

146a, R=H, 68%
146b, R = 4-Ph, 48% 146d, R = Me, 66%
146e, R = Cl, 33%

146¢c, R = 4-Cl, 63%

B 44 AL 2 A I A AR
Scheme 44 Electrochemical synthesis of selenium-containing
thiazoline

NTIRNT fRIE—HLH, AT 7 X RESES. 75 A
FEHIRA TEMPO f77E T, ARl 2R 7=, R
Al REAEAE A HFE R MR, A, kAT T B ks
50, SEIOSEIHERR 7o T B AL E B I/ AL L.
B, AT THEIRR 25056, o SRR W A ik 1)k Ji 2
— R G HATHIER.

BT RESES, fEF PR H T U0 Scheme 45 Bz Al
R MMLEER. %%, Afilk 17 76 FARln Bk E f
111 FOATiBH 257 147, AR 147 1R 25 5 16 IR B AL A Bk
H 3 1. BEJE, Sk 11 5 145 3ET E A
RObEHE L 148, 148 7EFARK _EE—DAAMN, 152k

PhSeSePh
Sai'?“ 17
I
SePh PhSeSePh
11
J Ph)J\ N/\/
H
S 145
Ph/ﬂ\H/A\V/A\SePh

S as
1) S e

N/A\V/A\SePh Ph/<\N
149 146

anode

B 45 MR AL 2 L
Scheme 45 Mechanism for the electrochemical synthesis of
thiazoline
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FHE T 149. iRJ5, 149 BEAT DXIRGEFENE 97T AL
JS2/ 25 T AE B W) 146,

4 ME5HERBFKL

B AT 1 25 5 Wk i B S My 1) 1) 1 A A
FAE L _EA AT 3RS . A 7 HANEAE ) RSeCl 1E A
T8 ()5 FELIRAL SRS 2002 4, Larock BSZHPRE T
PR &5 RSeCl ISR UM SR, AR @ i) 7= e
BT 2,3- HUR IR I [p]HEW) FE AP (Scheme 46).

R SePh
= ©

@ _PhSeCl R1
SMe

150
R1 Ph n-CBH17 NC(CH2)3 TMS t-Bu

B 46  HUR S 15E AL
Scheme 46 Electrophilic cyclization of alkynes and selenium

2009 4F, ¥ IR H Y LL(E)-2-(OF W R IR A
BN IR, A [FA HU A SRR TN E
FHEE I S SR IR SN, 73l 5 il 1- 2 A 35
e XIN[3.1.0] L Je-2-BE(Scheme 47). TEARAIA B A 461
N, Y 152 F5 R EEUACEE A BT AL B B S R AN
K, PP AL .

O

/Ph
N-Se CHO
153° ™y
> =
(NH4)2S,04 ?e
N DMSO,70°C  Ph 154
o ] up to 80% yield
H
152
PhSeBr
KoCO;4 H
HQO/CH:;CN, r.t. HO™
155
up to 91% vyield

B 47 IR
Scheme 47 Selenium cyclization of cyclopropaldehyde
2012 4, Zeni WAL 1-T HEMEE-4-Fle A5
(DN SRR M U N e N - VA S WA =R TIPS
fTAEYN(Scheme 48), & 5 AR RS H] E W AR
B TR R 156 #RA BT BIAL =Y. %07 Stk
PR B, SR 26 AR AT, DL 77 Rt T IR Y
5-exo-dig 7).
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2
WSGBU I, (1.1 equiv.) le

1 2
R R CH20|2, 4 h, r.t.
156 60% ~ 93% Se R
157
R = aryl, heteroaryl, alkyl, SeBu, Si(CH5)s, propargyl alcohol
=H, OH, OBz

B 48 Bl & S0 AR AL
Scheme 48 Electrophilic cyclization of alkyne compounds with
iodine
2012 4, B MILFFOSRE T 1, AR
T, 2-(18 ZIR CHFE)-N- B 3 DR i 15 — oK TRl )
—AA SR, DA R R e ) X RS R T H
Frre¥)(Scheme 49). %77 G ML 2-1R-3-Al k05 W2

T — 250 L TR R R

Br Ar<

Se
~Br
I, (10 mol%), DMSO ~Br
NHMS TSESeAT TG0 (2 equiv.), 110°C NH

158 159 160
Se/Ar /AI'

R Se
b O
r
N N
" (7 H
160a, R = H, 85%

160b, R = Br, 78% 160e, 67%

BRIz 49 TLfiEAb HRAIE R i 5 — 2K Al 3A L
Scheme 49 Iodine catalyzed cyclization of methanesulpho-
nylaniline and diphenylselenide

BOARS S 23 AN — RAEM B R R R B 2 2B
VSRRV I LB AL S 4. 2015 47, Zeni ¥R
R T BAL2-( T AT E ) SRR DT RE E, FE L
AL FAE T R AR SR AL AL S N (Scheme  50), — 41
JERAD S BT, DA 7 SR A T 2 Al 2- Bl 282

waEm.
R1
\\ I, (1.1 equiv.), EtOH | \
| R2 room temperature
SeBu

O
'\ l\
m O ” &

162d, R = OMe, 65%
162e, R = Cl, 45%

162a, R=H,82% R
162b, R = Me, 72%
162¢c, R = Cl, 69%

B 50 AL I B R AL
Scheme 50 Cyclization of propargyl alcohol catalyzed by io-
dine

2018 4F, HHEMSILFF I 1,4- HIA[2.2.2]
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F e (DABCO) NEALT, FEMRAT S BLSFAT, SEIL 1 4
125 R S SO, 22 AR 2 R B 163 4T
DU v 10777 2 A Jl— 2R 9 57 R SRR - 1 (3 H)- M T 2k
Yi(Scheme 51), %A BN SRAT R AL S W
EFERAE.

R gt R
2 .
\H R DABCO (1 equiv.) SePh
N._ PhSeCl 0
R3 \
(@] N\RS
163 164
R1
SePh SePh
O 0
\ \
N\R N\RS

164c, R' = 4-Br-CgH,, R® = 4-F-CgH,, 74%
164d, R' = 4-CI-CgH,, R® = Ph, 81%

164a, R = Me, 91%
164b, R = Ad, 68%

BX 51 DABCO fifLIE I I3

Scheme 51 Cyclization of enamine catalyzed by 1,4-diaza-
bicyclo[2.2.2] octane

2018 4F, EHFURAHRIE T LA ‘BuOK N30T
LA TFBen Jy CO ¥, fEURAMIIZFAET, Ria F A o
FIATHAC R S A A 13- e-2-J . 32— PR
A7 HA R AL I B 3 FR(Scheme 52). Moo, & HLF Bk
P, e [ A ) e A 2 fg 57 DA v 7 3 2 R L ) 7
Yo, T N-35 O 5T I B i i 15 21 B
Y, X ] RERZ AR TSI ARG K ) M.

HN-R? .
BUOK
R1—|/\: 3 + Se + TFBen ————»
RzR DMF, 24 h
74 166
e ,/Z) OCHO
Se N
Rl
2 3
R 16$ OHCO OCHO
29 examples TFBen
50% ~ 97% yield 166

(@]
0]
R Sej<N 4 R
_ ~N Se N
Y
167a, R=H, 88%

167b, R = Me, 90%
167¢c, R=F, 88%

167d, R =H, 60%
167e, R =Cl, 82%

B 52 Btk e Saeae
Scheme 52 Cyclization of alkyne compounds with selenium
2019 4F, X5 S JL R FIURIE Tl TBHP 51 A )
FRPIEE T SR 07k TR B BRI RO, AR
T ZFP 3-H U SE-2H-7 5 & (Scheme 53). N-fAL T —
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Bk MV (NTS) AT DA 5 — 55 Jk — ik B o7 42 B ArSel, $215
RPIFEE, %N A BRI E R 52 R
VRG], DA R 7 R R N A5 C—Se . C—C
A C=0 B, XMHEAELMAEYSER SIS
B B TELE ) S i

N o NIS (5 mol%) o. o
R.—/ TBHP (4.0 equiv.) R X
| | ArSeSeAr NS SeAr
A CHaCN (0.1 mollL) ;
Ny, 80 °C, 48 h Ar
169

168
l o.__0O
R = SeAr

169a, R = Me, 82% R
169b, R = Ph, 91% 169d, R = 4-Me, 90%
169¢c, R = Cl, 80% 169e, R = 4-Cl, 93%

B3 53 BRpHE TS SRk S 0 B R AL
Scheme 53 Cyclization of propargyl aryl ether and diaryl
diselenide

R TR BHLER, FERRE R SR R A
TEMPO. BHT 5{ 1,1- 2K 20, FFilid <A (- i
K FH AR (GC-MS) R I 3 B Bh L 471 3K 7= ). B b 2 4k,
TEWA NIS FITELLT, Oy AL N, 45 RFE W] %
MR AT REVS K B AR IEAR.

B RIRGE AN B BT, ER R T A
FIFLEE(Scheme 54). (HAFERAIZ, SMLEY 171 7]
e e B A 4. PhSee H HHEAEH A A 171 ) &4 X
Wk I A B A4 175, 7500, PhSel 5 A [E] 44
171 WSR2 T RE). BEJS, MrPiEfE 175 ARk
169 1154k 7775 7T LU i Pummerer B4 e 315 H, i
FIH ) HoO 2R A0, P2 AERE 175", B e mIRE R
TBHP fEAF, #F— P8B4 Ok IL S5 0. B T
FKERERAL, A Jy— KA PP AT BER A, Hh ]
A 175 AU T SR IR0 T R AR A R e ) A
176, EARE H U] o S0 i Bl 3R, A B )44
177, SR )5 IRl 177 RS 4% C—Se #EA1 0—O #,
A2 It ).

2019 F, Baidya B ARRI 1) K,S,05 AL
A, FETCEEFAT LI T N-J5 B e e Pk i 1) ZIBe A
IR, SR T 3-Al s -2 A0 3-Al R[4, 5] = )i B
(Scheme 55). 1% J X5 47 A [F] 25 i~ M HA, -1~ % [4]
Y 178 HJR I ARAF IO 521, 72wk 98%. [
W2 A, R N-J5 36 HA AR A B U ) IR I,
PR B4 B3R A5 1 A el v 1R 5 A IR 1 42 1 i
W,
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Scheme 54 Proposed mechanism cyclization of propargyl aryl ether and diaryl diselenide

Ar Ar A
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Se Se
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179a, R = Cl, 95%
179b, R = Me, 98%

180a, R = Me, 73%
180b, R = Cl, 74%

180c, 52%

B 55 IMUIRBLA MR
Scheme 55 Synthesis of triketene by cyclization

TEZFRH T B BB R MRS, JRFE] T X IR SEE
25 WA SZF#(Scheme 56). fE1ZAI1TI&EH, 78 K, 8,041
R, B ArSeSeAr AR 75 5Ll B 2k 5 N-J5 B gk
BRI 178 S B A H B EE a4 181, ‘B4t 47 I
R Sz N 325 ) 4 182, 182 33— 4840 43 3 v ) 1
183, H[alfk 183 LIy AL s A1k 184, FLAE 51k
FOFE Tl b2 AR PR . AR N-T5 R B R A
XAz F/OMe BURIERIIG LR, Aol 44 182 i3t — 25 5 757
o RSN A R B K 185, 4% )5, HiElfk 185 &)
O—O HEWIZL, BT A AR, 52T r=1.
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Scheme 56 Possible mechanism of synthesis of triketene
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