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Recent Progress on Arylation with Aryne through
Three-Component Reaction

Chen, Dongping’ Yang, Chunhong’ Li, Ming Zhao, Guoxiao
Wang, Wenpeng Wang, Xicun™ Quan, Zhengjun™

(College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070)

Abstract The three component reaction has the advantages of simple operation and efficient reaction, in line with the princi-
ples of atomic economy and green environmental protection. At present, the arylation without transition metal catalyst is
mainly divided into three types of as following: (1) the direct arylation, (2) the insertion of aryne into ¢-bond or n-bond, and
(3) the three-component reactions involving aryne. Compared with the direct arylation and the insertion of aryne into 6-bond
or n-bond, the mechanism of three component reactions involving aryne is still unclear, and the published reviews are still
lacking. In order to facilitate the scientific researchers to consult and understand the three-component reaction involved in ar-

yne, the progresses in the three-component reaction involving aryne in recent years are reviewed.
Keywords aryne; three component reaction; carbon and heteroatom; arylation
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R A T AL N AR R B &, THE A3 5k
N MER IR EG0 C) R, THF MENSE =Hn S5
SN A R FE B B, 1% N 5 s AT T AT
MR B SR H AR LAY A R, (R R e W
ot FAOM ML) sk — 5 VR 4R 7.

2013 4F, SUEREZH P HRIE T 5B RGN T B
R L M =44y )R i (Scheme 29). 15612 T b s
SR AL A SR AL S, S 05 B AR (3 210 I B B
A RIh R AR I R IEM R AW, %R NAE TS

R | A\
= R e , I

R‘l
e} (0]
Rli\ \/I\CC|3 . R‘i\ w/\R'I
‘ = O CCl3

5 examples
19% ~ 48% yields

5 examples
6% ~ 26% yields

B 26 F5p. HEMLEWRE =410 R

Scheme 26 Three-component reaction of aryne, epoxy com-
pounds and chloroform
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R+ |
| _ =

18-crown-6

o
O\’ +R2B oorown® g \/H?(?
* R " asoroc LA R' R
n r

S
(0]

Br—R?

KF
N R2

|
e

B 27 F5h. AENSWRBIE R =25 3

Scheme 27 Three-component reaction of aryne, epoxy compounds and alkynyl bromide

KF

X ™S ; 18-crown-6
R-— + R'OH + THF W’
Z ot
(0]
R@/ \/\/\OR1
O

27 examples
51% ~ 73% yields

B 28 J5bRe. AR RN DY SR I = 20 4y S B
Scheme 28 Three-component reaction of aryne, fatty alcohol
and tetrahydrofuran

CO,R!

X TMS CsF X0
R{— + || +RNHOH ————= R~ N-R?
Z MeCN, 80 °C =
oTf
CO,R!
R2NHOH
COR'  O<-R? R
R2 )\ —
N CO,R! [3+2]
OH COR' CO,R'

B 29 F5f. FREEATT S TIRIRER I =0 RN
Scheme 29 Three-component reaction of aryne, hydroxylamine
and butylene dicarboxylate

IR C—O Fl C—C B RIS Ak T 4 FF T oohkEme

AIREY), X0 MR RV AR DU
THR ?Fﬁ TR D Rett 2 B QRE 2 ) v [ L
AEEE

2014 4F, FE A BB BHRE T 05 b R
Pt i A N,N- L FE B i (DMIF) ) — 493 ) BE,
Scheme 30 7. KB %65 DMF KA [2+ 2R AR
I AR RSCR F DY ST R (A4, i i 12 P R A SR R A R AT
F %, 75 2K PRI IS e A A AR i 0 S B G R 284 &
Y. A IR G SRR TS S AL T RS T, 1
27 B BD 5 RUE B R AR SE AN BRI B AR 1 E bR AL
Y. BT R TR I 2R B S VE R E AR, O
WRFFE “GOIR” MR, FE, & e aage
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faE T 05 B ES EhAE D o ik ) S AT R I R B
(Scheme 31), FF LADL R A 7™ 2 | 75200 H Ik ik — 5 B ik
FAEY). AP, Gogoi MR RIE T 75 FE M &
AR AR AR AR R 2- BRI O BL R R AL R AT AW
[ i(Scheme 32). —# [ MALHIAHIEL, )& DMF
FAGI R L2208, FHRASTFHITIR., Tk, 55
W N2 R A R H bR B ).

NMeZ
CsF

TS 0 4A MS TN CN
R + ovr + L w R
T Ar~ “cn THF, 60 °C o

C \Me; O (’E”V'ez

=
5 AT CN g2 Y (ON
NS

B 30 Fpe. FRHELR A DMF [f) =217 )3
Scheme 30 Three-component reaction of benzyne, benzoylni-
trile and DMF

CHO

ACMS A KF,60°C_ rZ |
RT— + i + DMF —— S ;
% OTf Ar1/ \OTf OAr
23 examples

56% ~ 96% yields

B 31 . “I7EER R DMF ) =207 [
Scheme 31 Three-component reaction of benzyne, diarylio-
donium salt and DMF

KF, K,CO3
@TMS 0 OME 18-crown-6 R = ‘ CHO
R~ + Ar—=8-Cl + DMF ———————~ R{—
= oTf 5 MeCN, 60 °C N 0SOLAr
26 examples

71% ~ 96% yields
B 32 . FHIRBEEL R DMF 1 =214 ) v

Scheme 32 Three-component reaction of benzyne, arylsulfonyl
chloride and DMF

2016 ¢, ZEHIREAITHRIE 75 N,S-HA BRI
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F1 DMF ) =205 [ Ni(Scheme 33). B X3 H K5 10
25 NSIGIAGEE RS & HEWE 2- R T ERH_ER
ER N A & i B S ey L S IR N E BN N
i, LA SR m R HG 2- R -2H-2K IR
W -3-Tt Ak & ). AL B 1 H R % 25 R 7R e R
BRI 328 A AR -2- 55 WP 2 B 2R R L i B A 42 AU,
FIFF5 ke, NS-JEERZEEE A DMFE [ = 4145 5w S ok
il & 2-75 FE W R I -2 H-2R LR -3- e R AR A T
] 4D S FH %

TMS
e KF
+DMF ——— =
OTf Ar 90°C,25h

XX R2

O NAr

26 examples
up to 96% yields

B33 5. NS-MEHER4ETEFI DMF 1) =205 [ B
Scheme 33 Three-component reaction of aromatic, N,S-enone
acetal and DMF

2018 4F, Gogoi HR@HMSHRIE T 5 HL. 2-IR L%
M DMF ) =45 SN (Scheme 34). %M, ZEkk
5 DMF RAER+F2PMIN N, 3 2 ik 2-
TR TR SE R 5 A ) 2 R R R A O-Je A0 I B,
WAL N IE1S BIZR IR R A Y, I Bz TiES
R HRIE AR S8 2R IR 1 & O VEAR B, BENFE S
“CoptafbeE” B 2019 4F, 1% UR A OV SAIE S TR HE R
A RE S TR AR A 340, A BROO R I E A P
Jilk. AR, A AR BRI TR AR 5 R i e R R S A A R
(1) ()4 2 18] & A I FR AR AL ] (Scheme  35) 58 4 AN [A] T
2-IR IR IETRAR R ) O-%i FEAL B

KF
™S 0

A 18-crown-6 A
R + DMF + —>Rg>—/<
@ */Br KiCO360°C P~  ar

OTf
‘ -Me,NH
-+
%‘Mez (0] Br "\lMez NMe,
(f W LNy
Ri
A Ar Z 0
N
o Oﬁ( Ar

B 34 J7kk. 2-IRZBEEFEA DMF () =207
Scheme 34 Three-component reaction of aryne, 2-bromoacetyl-
benzene and DMF

2018 4F, WP IR ONRIE 157k =98 AL A
TR R (TFB2) M- b 3 K = 2H 73 [ i (Scheme 36). 1%
SR, TFBz A 23— B 1 = P 4 kA ultl, W 5
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AN TMS CsF
Rf/ + DMF _t
oTf rt. \/1

OH

Br
CsF
_ FS0,Ph )\/SOzPh

CNMe M2 oph (Ve
2 N Ph
SOPh | &‘ SOz
R* \
Me

B35 F5p. IEAERLYIF DMF i) =415 &8
Scheme 35 Three-component reaction of aryne, allyl bromide
and DMF

PAZR MR, A BIOR BRI SRR R SR
IR o A &, IS5 0 bR AR B s R DA R 7= e i
P40 b 5 5 — A R IE . 6 AR R ) = R R %
SN BB L IR B E. 2019 4F, Rk SRR
B T — 8 19 = 50 A AR = 460 FF 26 05 S A TR
ER(TFMS)E N R 2 5 1 55 e = 60 8 Ak R il
R NAR R, HRGHITEIE T e SEh. A7 A
VRS R NS, DI R A R A= 2 543 A0 B 1) H
FrAt & #)(Scheme 37).

TMS KF
OCF3 R + . Ccis-DCy-18-c-6
OTf EtOAc, r.t.

X=Br, |, Cl

A OCFs
R4
7

27 examples
48% ~ 87% yields

B 36  J7Hk. TFBz FIEHh i SUR 1 =215 [

Scheme 36 Three-component reaction of aryne, TFBz and hal-
ide

o)
\ /OCF3 KF
X TMS S cis-DCy-18-c-6
R + O  +Cfgl —————
oTf DCM, 60 °C
R
7
21 examples

35% ~ 86% yields

B 37 J58. TEMS M CaFol (=253
Scheme 37 Three-component reaction of aryne, TFMS and
CaFol
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ik SR

2021 4F, fA] RAFREHHRIE T 75 e, F B A —
75 HE PR E W = 45 ) M (Scheme 38). %R BLH,
KBRS DMF R A2+ 2080 s b A s 51 DU TG 3
R AR, 2R TR E — 25 S A AL 9 e R R, 4R
JE M = 05 B R AL SR AE BH BRI A Y a-F R
B, AN, 1E L Ta H OO A L B 2% vT A2 3t
PWAYS PAINL G0 2 18] () AR SR i 2

™S
X

R}—@ + H- P A+ )L
Z o AR

RL _R?
KF N
R2 18-crown-6

rt, Ar12 h R@(k P(O)AI'AP
’ ’ |
R1 Z > OH

o)
F H*I‘:"*Aﬂ 1,4-addition
|
Ar?
NMe,
NMe Pz
R e ROy —rE
- R— — R
N n-bond L0 XX

insertion

B 38 Ty, HImEAN 07 BB S VIR = 410 S
Scheme 38 Three-component reaction of aryne, formamide and
diarylphosphine oxide compounds

4 FRESMAFENZAIRN

2006 4F, Yoshida 1485020 5318 YRR IE T 55 6k 0 RE A0
CO, 11 =/ 1B [ Wi (Scheme 39), DML K77 il 452
FHNTCREFRAATAY). 2008 4F, Z A IRIE T 57
SR AP IZAN CO, = 2H %3 < B (Scheme 40), [FIFE AL B
PR IE R FERATAEY. AL, %R R 55-501E
BFFE 7 3@ PR T D e B SRR o 5 T o O I e
() = 204> B 1% S S (Scheme 41) Ko £ 2- 5 JE 2K 7K Mgt iy
(X=0) 2 2-FA IR E(X=NTs). 312 E %R
o, PEB RIS R IR Tz B & & 4 il i
SEEG, VEEIRH T ATRE R SALEE, R E R L
B FH IR T R 2 S 8 Ak ot R R IR S L T 2 ol P 1 e
RIS T, BRI R AE B A LA R 2 5 I N
AL st — 5 7E.

R1
|
KF N _Ar
7 VS NR' 18-crown-6 R‘i\ Y
Rf/ + CO, + )J\ . = 0o
oTf Ar H THF 0°C
O
20 examples

31% ~ 82% yields

B39 ik, WA COx 1 =415 M
Scheme 39 Three-component reaction of aryne, imine and COz
N-BARE A 38 5 55 bR S 80 A= B3 A1 85 7 o ) 4R )
FHORHE ST T IEHAE] 1972 4F, Giumani FEAHHRIE T A
SR T BB AR 5 B P E R SR, EL R AR 7 A SRR
THERCART IF B gty s —, PS5 S5 &R
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~TMS H KF
R@ " R1/N\R2 + CO, 18-crown-6
= OTf ‘.\ /," THF, 0 °C
R1‘V\
|
N
X R2
R}—/ R
CO,H
20 examples

29% ~ 90% yields

B 40 F5pe. A COx =273 [
Scheme 40 Three-component reaction of aryne, secondary
amine and COz

PhCO,H (10 mol%)

X erown.
o 1, T
! R2" "R ,0°

Z ot ™S or DME 80 °C

X =0, NTs

R? R®
29 examples 27 examples

30% ~ 88% yields & 21% ~ 59% yields
Yoshida, 2007 Yoshida, 2008

B 41 F5p. GRS BRI I (1 = 2H 70 [ 8
Scheme 41 Three-component reaction of aryne, aminosilane
and aldehyde or sulfonimide

WEFt— B FEROIRAGS. 13Kk, % Kobayashi 75 %k
AIRRI R R, 755 B R B R 51 T R
WEFE 240, 2010 4E, Sivakolundu BRARZHOMRIE T 754k

N-ZFRJ5 FE (R S W R AR IL i ) A % 5 b AR S ok e B
il () = 2H 43 [ M (Scheme 42). [N H, 1 562 EEMRE %
B HAERS 1,3-PRPE B A A, % A AR F A R g
e da Bl U T, AR N-T5 LR PE A 2
WA TR, B S PR AR I RE & gt — 20 ) R AR % H Ak
G, R A S R AR A R IR S A% R PR XU A
.

sol
TMS
4 18- crown6 NN
+ —R'—M————» H R‘l
OTf THF, rt., 8h R: ‘
\

0
Sl R@-% QN+

Rl-—=-

B 42 D7 He. N-ZRFR 057 R RN S ke B P = 2 73 S
Scheme 42 Three-component reactions of arynes, N-hetero-
cyclic aromatic hydrocarbon and terminal alkyne or ketone
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2013 4F, Larionov @ ZHOOHRIE T 5 HL . BURE AR
IR BE A 2 i = 293 ]2 % (Scheme  43), DA K 7= %
HilfF N-J53E-Z TG, TRERI N AL RN B AT
Bt B 565 05 bR A SE AN BRSO AE K 1,31 7 5 1 e ]
s, Bl JE % P B R TR 2B R B U, R
Ji () 2 4k 33 U5 BE B 28 1 1) = e M A3 2 H bk &
Y. S5UCEEE, VEE IS RILIL IO I L R 8E A
ZIR AR ZR. 2014 4, AUFTHEFIYD KRR R IE T 75
s B 2- BRI IR B B A P e B DADU T 2 5 A
(TBAF)7K & ¥ A 584k 55 1) = 41 43 )R B2 (Scheme  44),
I ERRFM T RER T a-f-p-2EMATED. Bl
T TR, AR R S R KOn) P 1 T R R A
(R AR, RIS 7K R S B R 75 R AR R SR B TR 2R
2020 4F, Studer BRZHCIERF 75 e 5 I FE B
Bt 1) S L H A O 5% B0 R AL OB % SR, TE
Knochel &4 T {5 FH 48 0 4R 05 ZEMEER #h R J5 i i, 7E
A IR FAAE B R A2 B 05 B 5 205 22 S 24 34 T Je T &
L[S+ 21 AL EAT, AR AN SN )AL A
E YNGR

R1 R3

TMS R ~ NW N W\/CN
" MeCNltoluene Ry— P
OTf R2 Pz R

(V:v=1:3),65°C
n=1,

‘ F "CH,CN

R3 R? R?

RI.
N . ;
R\NQ R\N%
)L e, P

H

B 43 J7bk. BRI KA 2GR =293 [
Scheme 43 Three-component reaction of aryne, azetidine and
acetonitrile

1
R1 $ F

| 2
@TMS N TBAF N N\)\[rR
R4~ + LK(O R1—
THF, rt.
>0t Z

0]

R? 14 examples
53% ~ 92% yields

B 44 J7p. & 2- 3B BRI T Je il TBAF K&
I =205

Scheme 44 Three-component reaction of aryne, azacyclopro-
pane containing 2-carbonyl substituent and TBAF hydrate

2015 4F, Biju BREAHOCHRIE T =5 LB (TFA) 22k
Fi BUR A A BE R K (1) = 2 %3 [ V. (Scheme  45),
I LA P 2R A N-J5 Be-p-2d FEREAT ). IeAh, 1EE
R IV TC RS T e e 28 AR RLIR) N-75 B -p- 2 JE
B, Hz B EA RGFHEY S E M. VR FiRm, 5
5 BUR B A A bt B e R AR SEAZ IR, 2B R 1,3-
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PEE 7 ERFE AR R BT K, 15 TFA R
S\2 BUFFIR RN, LKA R N-J5 5 -p- 2 LR,
TEZHFC I LA L, Biju BRI CIFE 2016 45 X ARE 1 75
JRe FRER AN IR PR b B R R T I = A A IO
(Scheme 46). %53 7l A= BSORH SEFRT - N-T5 Jik- -2 Bk i A
et -yp- 2 IR WE, PR I B ALAIAR R AL, [F)4F, U
ISR RIE [ 05 R N-HUA Ik B S0 P A e M 2
AW =2 % ) i (Scheme 47). 1% [ M TS Wb 22 Ab
FETH N-BURER LU e, AEXT B 38 1 b
33 N-J5 He-o- BRI AT, 1 LI FEF, M-
HARHE WA 28 — 20 40 i I B AR T R 3EAT . 45 G4 il 1k
S, VEE St T ATRE R SALER: BRO7 S N-HUAHR
B RUR I e R AE SRR IR AE i 1,3- W M 1 ]
&, R EARLE ST T 1L4-2JR T A
PR IS4 b R A, G TR AR S A a0 O i I A R
BE SRS, B RAETFIR R NAERN o- 2 B E S
Y|

™S H,0, CF3CO,H 31 OH
| RL R? KF, 18-crown-6 N$#)\
R + N@/ —_— g X o R3
A oTf n  THF -101030°C Ry~

n=12

RL R2 R'= alkyl; R? = alkyl, ary
N H,0

n=12
O

R +q Rl + R1 )LCF3
“N Fs
Ny [ii

B 45 F5pe. N-BURE IR PIGE AR IR i = 2093 82
Scheme 45 Three-component reaction of aryne, N-substituted
azetidine and water

KF
o) 18-crown-6
LSRR
= HO” “R3® THF, -10°Ctort.
OTf n
n=12
o}
R'I OJJ\R3
|
NM)\ )
= R
R{\/\( "
NS

38 examples
46% ~ 88% yields

B 46 Jibk. FRMEMEIRIA N BRI T I = H o
I

Scheme 46 Three-component reaction of aryne, carboxylic acid
and azetidine or azetidine

2013 4F, Biju BRSO HIE T 4 e, BAA AR
Feng|n Eﬁggéﬁ/\iifL(Schmne 48) ﬁﬁjLZiﬂE,1EFﬁ5%W“

Hﬁéﬂ[(’”iﬂ ﬁH LR \%UT& E‘T U E’Jﬁb%\ S
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KF R'" O__H

R o .
B ™S & 18-crown-6 N\),/\/"RZ
RT— + N + H)LR2 - = IZEWG
om Fewe THF, 30 °C R@

o) \O
\Rl'l‘%\EWG \Ri'l‘q—/‘?k R? R\’t‘é}\ R?
HR@ EWG .

ZSH
B 47 J5bk. N-BURBR TR SRR S =
Moy [

Scheme 47 Three-component reaction of aryne, electron defi-
ciency N-substituted azetidylene and aldehyde

R3

A
_N KF

18-crown-6
O THF, 70°C
R

R1
\@&o
N

R R2
\ ’

R3

B 48 J5h. FURBFABRILIE| VR =453 ) B
Scheme 48 Three-component reactions of aromatic alkynes,
azetate rings and carbonyl indole

oTf

R3 10 examples

[ Biju, 2013

O
R1
N
\Rz

68% ~ 89% yields &

WRAIAE o- 2B 1 =20 5 S V. (Scheme 49), H Az
(77 5 B E 3R . 2013 4F, Biju WA 758 i b SE i,
PAMEREVE SR A A %, #8180 SO e R 5 U I
REMLAE, BIRCERE 2E 5 = A 13- P B - A iR A
FRMERE R 5, B I 57 SR A IR S (SnAr) i 12 1
1757 W 05 FEE R TE I o- 2% G [AME, % (a4 i —
A A 95 -2 - BT AE Y0 (Scheme 50).
TMS KF,18-crown-6
q O\/j 2 R3 THF, -10°C to rt.
OTf

R
R1
)
Z>N"0
X R2
\ R®
V&

R
24 examples 31 examples
35% ~ 87%yields & 47% ~ 96%yields
Lei,Hu, 2013 Biju, 2013

B 49 Jike. MR =270 B
Scheme 49 Three-component reaction of aryne, quinoline and
ketone

2014 4F, FROCHESREZEIOHRIE 155 H Bk AN
AR ity B B AR AR (1) = 2H 43 [ i (Scheme 51), LA
FERMEIG 2-F B FR L. Z N, SR
J¥z 5 2R Johe A [2 4 2038 0 B s 2 AR BT Ak &4, 2
Eiﬁ%‘f&ﬁ%, 5 AR b Bl AR OB, BB N

NEESE KA N- B C—NEE S 5 — T o5 b
i‘?ﬁ)\ AR EAMUEDY. ZF R T SR R
P fi R A i B B i AR 1) = 2 40 e 7 A ik — TP %
FAF 3 N OS], 2015 4F, Biju SR ITONRIE T 75

KF
18-crown-6

THF, 30 °C

10 examples
51% ~ 76%yields

Rodriguez,Coquerel, 2013

B 50 5 He. N-ZRIRAHRILN| W ) = 2 53 S N I E - FE T R S ¥ 38 4%

Scheme 50 The formation pathway of pyridine carbine in three-component reaction of aryne, N-heterocyclic and carbonyl indole
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N
R} R?
N TMS 'I\IIR1 18-crown6 _ crown6 N”
R@mf : ER1 : ” CTHR @/
z S
R'=iPr, Cy, tBu Z=H,Br |
N D R: H N-Z bond
R'N=C=NR g insertion
R1
2 R “N
NR' AR !
Cf £ 0>
| \ ~ | B R2
=N YR ) N
R’ R!
B 51 b, B B B AR R I = 0 R

L\L
Scheme 51 Three-component reaction of aryne, carbodiimide
and terminal alkyne or halogenate

Wy 55 UL RS A 1) — 20 73 ) % (Scheme 52). 1%/ M
(AR 2 AbTE T S IR 5 5k 31 05 S BE 1T 7% 1) [ IR AR B4R
1¢E§E.ﬂlﬁl§l@rﬂﬂ§. TP P SR G SE T B T

iz AR PR AR SR SR D BRI 1) O .

2016 5, fATARUREAHTIRIE T o5k SR AR T
J& RN e FE R T 1) = 2H 9 ) B.(Scheme 53). 1%
rh SR EL I EUR DT IR Se SR BT AR R 1,3- I 1
BTk, B e IR e R A SR A RO (T
R 5 ORI B B R &Y, RONAR R
Jot Tt 1 s R 2 o 90 S SR A% .

2016 4F, Biju BREHTHRIE T 7k, 5 & AU —
EAIR I =20 ) N (Scheme 54). ffi 75 1@ L&
S BT BRI 1) 05 B DU, T 7R SR 36 31 0 FL o
TR B[R B 1 21 A0 U 05 ORI RR IR, Y2 SR 7 AR
REEHIE T AR T, 0780 LA E B IR
FATIE, ] 38 05 IR0 05 A itk a3k T G 205 3 3105 BL e 2k

N KF
18-crown-6

THF,60 °C

RZ
KF N
TMS 18-crown-6 R‘f\ “R®
T R“ R“ RO THE it e O
OTf R4 R® ||
R', Rz—alkyl R*=H, EWG &
R1
;
,Ff, ,Rz
N
\ / ‘R3
N SNAT SN Q
TN ’:—l Z 3 R5 @ N \ R’
R |
-
R

R“ R5

B 52 Jfk. TR BRI =2 7 N
Scheme 52 Three-component reaction of aryne, aromatic ter-
tiary amines and aldehyde ketone

™s R® P
‘{I ", Whore 18ome, toouns o, 0
oTf R— |

XN

|7
(oS T g '*
9 = [ o Q \i

B 53 Jibh. SRATRIR TR TR R R R 1 =2 00 S
I

Scheme 53 Three-component reaction of aryne, electron-defi-
ciency aza aromatic hydrocarbon and dialkyl phosphate

T2, X TR A T R ki % B brft &
. AR, D7 AR E M L R A OB PR AL
[F4F Okuma URREASHRIE T J5 5. BEFIHARI W(n=
1)ak DY S Ik (n =2) ] =20 73 ) ¥(Scheme 55). %% M.
AR TH& & NO-ZRM MG, RNMALELS 75 53
75 HE S HEIT R AR

R2
I
R'= electron-poorR N N‘RS
groups —
—_— = (0] XN
| —R
(0] =
= |
NN R
R’ = electron-rich
groups N N‘R3
Ri
L0
O\R2

B 54 5. J7 A AU — AL i =20 70 )8

Scheme 54 Three-component reaction of aromatic hydrocarbons, aromatic tertiary amine and carbon dioxide
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TMS CsF
©:(’Q> 18-crown-6
OTf THF

12 examples
25% ~ 69% yields

B 55 5 pe. BRI W (n= 1)k IY Sk (n=2) 1 =21
oy S

Scheme 55 Three-component reaction of aryne, aldehyde and
substituted indole (n=1) or tetrahydroquinoline (n=2)

2016 4, ROV RIE T 75 He . X 2R
Jilk (TsSNHNH) 1 a- JRAX 5 22 i (1) = 2H 43 /< I (Scheme
56). MLEERAH, SN B 46T 2R TE L A E CsF O1E

~TMS
R@ + TsNHNH, + A)J\/Br MeCN, 90 °C

OTf

CsF
Ts_
NH=NH
or)
Ar
(\ kn/ HBr
0 )

H CsF
Ts=N=NH2 e composition

-

Cr, =0
oTf

TN AR R U R AT UG, BE S R RS R a-iR
B R A2+ 2+ 2030 Nk, B WL 2 — 2 /KA ik B bR
FE) 1,2- 2K, R Ah, AR I i SEAR R s, an s
1R R A 5 =) a-YRAR TS BRI, X FR R R
2> 7E AL A A R A2 B 4-H 8 R R AR B B8 7, Bt )=
ZI TS R DT R E B AT O B RN, A e
B 1-F I A-CRBEIE RS R — 28, FT W, o- VR 1% %
IR AE[2 424 2138 0l s I8 ) S

2016 4, Chenoweth WRAHATSHRIE T 755k, K FFE
WA 1,2- =& LR L = 205 ) B (Scheme 57). 1H
R—1RIZ, 1,2- =R OIEE CRETEZ RN AR R
JR IR AN SEAZ AR (P OO A . 2006 4F, AP PR
HUSHRIE T I5 e, N-Z8 05 B R (MERE PR PR K ) 11
EALEWIRI =20 5 ) B (Scheme 58), EH), 1E& A,
WEVE N N-28 75 R, DR R P=%3R N-J7 84k 1,2-—
S -2-MEBE L E A A, 2016 4F, TE B R TR E

¢S o010
N W© e

©/NN

Reduction
HN=NH

@

B 56 J5H. TsSNHNH: Al - IR FRH) =205 S 5

Scheme 56 Three-component reaction of aryne, TSNHNH: and a-bromoaryl ketone

Et
Et

VS SN DCM TBAF =N
R + D < S —— N
@ _N MecN 24 °C.5min | X
OTf REt [\
R

Et
R = CHClI,, 13%
R =CH.CN, 8%

BR 57 Fike. BFHFMEG 12- R IR 2 E R = H 5 )8
Scheme 57 Three-component reaction of aryne, benzothiophene and 1,2-dichloroethane or acetonitrile
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™S CsF
i + R + RECH,CN
@ R /j 2 50 °C

OTf
(\;w

|
| N N
RT/
CN” "R?
18 examples

45% ~ 89% yields
B 58 Ik, N-ZROFEMR(ILNE . MR, SRR RIS SR
Wity =205y ) oL

Scheme 58 Three-component reaction of aromatic, N-hetero-
aromatics (pyridine, quinoline, isoquinoline) and nitrile com-
pounds

T & Wi E R EE =205y [ [R] 28 8 2 ¥ (Scheme 59), 3 LA
R 26115 R LE Y. thah, (ARIR A T8I 4Rk
T T I5He N-ZRJ5E (MR bk SERSIRRIT iE)
N e SE R R 6 1) — 2 % S N (Scheme 60).

T™MS 1/j CHCI3 _ CsF CCly
+R
cbcl, MecN,70°C o~ HO)

oTf |
4

21 examples
50% ~ 90% yields

B 59  F5kk. N-ZR57 AR 1 = 4103 v

Scheme 59 Three-component reaction of aryne, N-hetero aro-

matic and chloroform
A
)
KF N
X TMS+ R1fj . 0 18-crown-6 |\
R Sy~ HPOR%: "y 7 |
A
R

21 examples
50% ~ 90% yields

P (OR?),

B 60  Jibk. GRHLT AT IRAL SR DY AL BRI =200 S
)_\L

Scheme 60 Three-component reaction of aryne, electron-defi-
ciency heteroaryl compound and carbon tetrachloride

2017 4F, HALFLIRBAHTHRIE 1055 A& Fh
B SRAZ R (A7 AT R Y IR ) 1) = 2040 S 2
(Scheme 61). [Al4E, Voskressensky if i 4180 E T 75
B A R v R B ) SR A ) = 4 RO
(Scheme 62), /™ Z &l 1 & L EUAC) DY & e
B A 0 S Dy I e

2017 4, Ramana WRAEAPHRIE T 50, a-EE-p-
BRI R IR R AN SL B IR 1 — 41 93 X M. (Scheme 63). 1%
RNAE AN T T, o-FE & -B-HEE IR # (U1 Ohira)
HATIRBEVER LB RR AL, P73 o- B EREE A E = iR
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RZ
2 |
AN T™S R cer PN NYNu
Rt s < R &
OTf R1 MeCN, 65 °C =
26 examples
R, R? = alkyl, aryl 39% ~ 85%pyields

R® = alkyl, aryl, OMe, F
Nu = CClz, CH,CN, C=CCO,Me

B 61 J7pk. WA & R RAZ B = 4100 R
Scheme 61 Three-component reaction of aryne, imine and car-
bon nucleophile

R2
RCETMS o LE P
o \ N + MeCN N °
Z oTf NN~ 25 ~60 °C
R R'=H, Me, Ar
R? R2=H, Me
/,”-‘\ 2
A R
N N
R1 \fR
NC
13 examples

35% ~ 62% yields

B 62 Jikk. ZAEAIFIEMR BRI NE R —E SRR =4
S

Scheme 62 Three-component reaction of aryne, acetonitrile and
isoquinoline or dihydrogen analogues of pyridine

™S 6o 0
R@ * R1J\[rp\_OMe + M CSSF 4n
% oTf N OMe 7 eCN, rt.,

N\'\/Z

B 63 Jibh. a-FE-B-HREEBEIR
I

Scheme 63 Three-component reaction of aryne, o-diazo-f-
carbonylphosphonate and conjugated olefins

T 5GUR A RPOR A B2 MR L. EE R
FRAEZ LI AR T, AR BRI RN = P S 8 3 A v
el 5id B a- B -A- P BHIR BE 2K 22 0E 4T N-Wiedk,
N oA 5ILERE AT Michael IS, RN 2% B
AL AR A b A TR R N ANE.

2017 ¢, HALPLERAIHSHRGE 1075 & & ik
HURCR B A Ao R R R BE . BRARH R 2. At
Rz, WHERS . WS . MiEE. N NS /ﬁ—k}?ﬁ)aﬁ
— 4y [ N.(Scheme 64). J Wik JiE A7 AR R IR  EL k
Az SN2 SEAZHAR S S S 1 A6 Y s e, IR DA 2 AR 7
=R E K T SR Z R AR N RS, BN
BV REAR ST AR S AE S N G5 R R A LR B, 2071k

A R = H oy )
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XA RE R R EYA E R . 2018 4F, Ko R
HIBHRIE T I8 1,4- 58 XR[2,2,2] % K¢ (DABCO)
N Fh 25 4% 3 # = 4H 7 [« B (Scheme  65). 7E1% [ B
o, 1L4- TRARONIR[2,2,2] 3 b AT E R SR AZ ARG 25 b
AR 1,3-PIPEE A, B S 5 SRl s N A B
Fh B A A A AR BRIR R SR AT AR, LBl . TR TR
Be. LRGBS CREHEE. ALY 2,4-1% ¥y ]
VERZERZARF. 2020 4F, 1Z R A RIE T [R5
(P = OB, PR RS T FE AR, e — N[ (1) 02 5 3
i ECRIZAAFINE R = o

N TMS
RT/
OTf

2| 2,
NR*Me NR2Me CsF /N'\u . Nu
+ _— >
AR O A Rt P NUE Ty e s0ec AT R T A TR!
Nu = SR, SCOR, R‘—\ - 25 example
SO,R, SeR, A+, | 50% ~ 96% yields
CR(CN),, N3 NR*Me|  yp to 99% ee
E=HNaTMS AR
via

B 64 J7bk. B SRR FRCR AN & R R AR R i = 21
oy RS

Scheme 64 Three-component reaction of aryne, enantiomer-
rich tertiary benzylamine and nucleophile

N ™S N CsF
RT + D + NuH —°>
Z oTf N MeCN, 100 °C

NuH = thiols, acetates, 2,4-pentanedione, fluoride

N/\/Nu
$

28 examples
18% ~ 96% yields

B 65 J7Ht. DABCO FI& PR %l i =20 53 [ Bi
Scheme 65 Three-component reaction of aryne, DABCO, ace-
tonitrile and nucleophile

2018 4, FHLHIAIA B AEIR A R3] 7 95 b
FH - A% 05 & R0 DU S AL Bk 1Y) = 2043 ) . (Scheme 66),
Horp ik i R 5 R ATl I 2 RSy C=N XU
fRISRIE. % oK C=N Ml C—C ffi N5 C—Cl i,
BB C—NL C—Cl Jr C—C 8, NHEHILE R FIH
PUSALRRARAIL T —Rh B 550K, 2019 4F, W23hif A 86
TE T 7 WERRIRRN A 1Y =40 53 )R M. (Scheme 67), LA
B PR G B ARG Y. B R S W X SRR
B9 %, ok BILS TN 2 (-Pr) & — M v BE AL BB B 7

(Aux), FJ T = GO R M b & R AR X i B A
AT RE ML e 4 2 2 .

2019 4F, HALYLGEEHEIHRE T 26 FUEFIE L
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T'V'S _CsF
Ri + CC|4

f MeCN, 65 °C
Ny

10 examples
57% ~ 82% yields
B 66 bk, BT OT AL S AN Y SAGTRIN =250 S
v

Scheme 66 Three-component reaction of aryne, electron-defi-
ciency heteroaryl compound and carbon tetrachloride

™S  Aux KF
N Y\ 18-crown-6
RT + NP+ CHCl, —
oTf ¢ THF, 60 °C

R1

Auxﬁ/\
O
N
R @ el
| _ R']

33 examples
37% ~ 85% yields

B 67  J7H. WEMERA SU05 K =253 SR
Scheme 67 Three-component reaction of aryne, oxazoliprine
and chloroform

AP = 2H4) [ Wi (Scheme 68). %N A, &4 Ik
HL T U B 7R BOR B, AR 1,3-PitE 1
[ 4A, P55 A ML A4 A T e B A e 8, e 24 DA vy 72
KHF HAMEEY). F4E, Biju AP RIE T 285k

U N 5 0 BYCR ALAR FY) = 2H 3 )R B (Scheme  69).
[FE LA s = 28 3R A ik 2R A S 4.

R‘I
|
OTf ! 2 - -
R: ‘ . R‘N’R + RIX KF, 18-crown-6 . = ‘ N\R2
s THF, 65°C RC
S~ vs R Ny
R*X = CCl,, CBry4, CCI;CCls,
CClgBr, CBrgF, NCS, 3 s
NBS, NIS
IN,Rz R’l ,R2 R\1 ,Rz
] R® : ‘ N\R?’ R4X R = ‘ E“Ra
\ - —
NS X R4
B 68 R, BURAAHL s LI = 4153 SR
Scheme 68 Three-component reaction of benzene, tertiary

amines and organic halide

2016 5, Mhaske VR &RZH ESHRIE T 75 He . W ABER AN
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ArSeBr
oTf Me or ArSeSeAr
R KF, 18-crown-6
™S THF, 65 °C

I
= N X 1
R—\ | | /—R
?e

34 examples
35% ~ 79% yields

B 69 R, FORULAN T HE A SR AR ) = 253 S
Scheme 69 Three-component reaction of benzyne, phenylter-
tiary amine and arylselenium or seleniumbromide
% B = 2H.43 ) B (Scheme  70), & I R FRENAE N 2R %
BT HEBCR R, 7 A 0 5 B 4 A R A A 21
HEREE FFREATAY. 2019 4F, IR OHEFE IE 1 57
B il i SRR FU(SO2F2) i) =41 53 [ Bi(Scheme 71). 1%
J5 N2 R HOALER DA b Jle 1 9 23 A% R a3 B 5 b 2 17
PR T alA, SR 5 2 r I 4R B I 4 T P A e K A B AR
R SR (R TE S Aty

TV 0 5 KF .
R@ + Ar)]\H + NaNO, _lo-crown-6 |
OTf THF, 0 °C
o N0
LA _OH
Ar
10 examples

26% ~ 60% yields
B 70 J5pe. EAHERENANIE ) = 4103 SR
Scheme 70 Three-component reaction of aryne, sodium nitrite

and aldehyde

KF

AN OT 18-crown-6 A SOF
Ri— | + SOFy + NHR'RZ —————— R |
NS ™S THF, -10 °C NR1R2

28 examples
35% ~ 90% yields

B 71 G5k e SRR R A =40 R
Scheme 71 Three-component reaction of aryne, secondary
amine and sulfonyl fluoride

5 FRESHNBREENZEIRN

J5RANERFEA G ) B LT e R 1) 2 L 43 OB
TS R S TR R R R A ol - EE AR
SN AE SORE L PP B R A, SR SR AT S &
FEPRIEA BN R A SRR AR AR B B Ak =4, B
5 R A5y F N IREAE iR 5 e A I LA P B2 B
ZEATEEY). 125 S 5 5 IS B 07 A =4 5 e B0
At I, Yoshida ML PIF 2004 FE4IE T KB, 7
A 1) = 2073 )% (Scheme 72). {EiZ R M, HESE
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R BB BR A il 07 B 08 1 AR TRIA, 3 i A 5 1
KT T R RN A ORI AL 5 ).

1
OTf KF B
== - ¥ =z
R ‘ + R'INC + R2CHO M’R* ‘ o)
™ THF, 0 °C N
T™MS
R2
R = alkyl, alkoxy, fluoro R! = tert-alkyl
R2 = alkyl, aryl, heteroaryl ‘
+ R'I (‘E/R)l
AN g G
rRZ ) € rRZ ] RCAORE ] ko—
X NP X
R2

B 72 JRb. SRR ) =210 S
Scheme 72 Three-component reaction of benzyne, isonitrile
and aldehyde

2007 4F, Yoshida 5820 2 HRE T 75 b R J AL Al
) = 20 53 [ Wi (Scheme 73). 1EF L 3-HRFHS 5
1 =205 B, [AIERIESE T S5 ad 5 05 SRz s
LFTRTEE, S R BT AR TG P P /NS S ) X3
PR B E . (1 PR N ] B A A
G275 v A DA B 28 R PR AR T R 3 S o g Bk
WREF EABVERATAEY. ZJREANA, kRS
ZH ST 8 B AR 1O 23 ST HRTE 1 S5 b, HEREAT 2-
TRAR TS FE W (1) = 4H. 99 S B (Scheme  74). AR TS 3L 5
M kAR e Ak, BB EBE R N — 2 iRtk

KF NR?
T™S 0o R?
A A
R{I . 1JJ\ + N 18-crown-6 R%/ o
o ROH ¢ THE 0°C
R’l
43 examples

21% ~ 78% yields

B 73 . REEEN =45 R B
Scheme 73 Three-component reaction of aromatic alkyne, iso-
cyanide and aldehyde

™S
CSF N N

+ B MecN. 80°C ¢ \—/

oTf 'S Ar Me — By

—/"R
R1

14 examples 12 examples
31% ~ 60% yields & 37% ~ 60% vyields ’
2H

Zhang, 2008 Huang, 2009

(0]

AF)K’ BI: Ow (0] Ar
'll\ base
| T JR
= = [3+2]
HBr 4

— —/I"R
R! R R’

B 74 J7He. e 2-9RAR T HERE 1) = 453 S R
Scheme 74 Three-component reaction of aryne, pyridine and
2-bromoacetylacetone
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Gk SR

A, R L2-PITE B T AMA S 55 HOR AR [3+ 2130
S5 PR A AR B B AR S .

2009 4F, 3 BEURZH S OHRIE 7 OB R OR Ui
SRS B =2H %9 [« B (Scheme  75). 1% Jx N A I8 i 4 1) VR
G LIRS AR =Y. £ V(RS @ VIFZR)
=14 REEFER TR R RN &Y, T
TEV(NE) © VIRZR)=3 | 1A R 15 21 (1) 52 5k
FACEY). BRI S i i 7R b Sk 2 ) = 4 1)
TWOMHLE G AE RE. 2013 48, AT MR A HRIE 7oK
e R 3-IRAREL 3- A BR A EE AR = 45 ) M
(Scheme 76), EHFEVEMLA AL T — &R 5 = A EL = HUAR

ML RE .
R'l
RZ
CsF N‘ =
MeCN/toluene Z H
- (V:V=1:4), 75 °C R* \
ort R NC R?
= 11 examples
R \ + — 43% ~ 82% yields
™S RP—=—H R
R? = aryl, CO,Et N
v, L02 CsF N‘ 2R
MeCN/toluene = NF
(V:V=3:1),40°C R—(— |
N RZ
9 examples

55% ~ 79% yields

B 75 F5p. AR b i =275 S
Scheme 75 Three-component reaction of aryne, isonitrile and
terminal alkyne

OTf CsF, Cs,CO3
@ H' ' MeCNrtoluene (V:v=1:4)
™S / 75 0r 110 °C
LG=Br,R?=H
LG = OAc, R2=aryl, H
R']
2
N
|
= =
R |
NS
17 examples

40% ~ 83% yields

B 76 Fp. RIS 3-1MAE 3- LB AR =H 0 R
N

Scheme 76 Three-component reaction of benzyne, isonitrile
and 3-bromopropyne or 3-acetoxypropyne

2011 4, Stoltz MRMIZHSHRIE T A, SHE AT

b &I = 20 4% [ S (Scheme  77). AE3& 383 0 98 K 30,
%SOV AE DY TR A = R R AR (TBAT) /R I T T A2 B
IR R A, AL AT T SRS N AR B R v
TS 241 A7 B G RR 2R AL &4, AR, MR BRIV W Tk
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A2 T MO RBE PIRR, B B ORI AN TE 2. BRIt
Z AN, VBB AEARSCHICHGE TR e RIS R
EYI =4 73 ) N.(Scheme 78), == %153 1 Hinfb
G, HIRRMLH SR RIEFEER A Y/E TBAT
YRR BSOS AL AR 2B AL 2011 42, Yoshida 15 @41 11
TR S ARARA G W 1) = 4H 43 )2 B (Scheme
79). EIZIRRIR, 5 B Pe SR A BU AR RO P B
Tk, PR oR BRI, R A TR R
B H BR =)

NR!
=
tBar R L0
THF, 40 °C R2OPh
oTf 22 examples
58% ~ 96% yields
RC T +RINC+R2CO,Ph—] TTERY
h s TBAT i
THF, 40°C g~ | NHR!
saturated ag. X o
oxalic acid 2
23°C R
7 examples

59% ~ 84% yields

B 77 . REEMBESAC S =470 SN
Scheme 77 Three-component reaction of benzyne, isonitrile
and ester

NR'
AN OTE TBAT =
R— || +RINC+R2=—R3 Ri— | R3
x THF, 40 °C " &
T™S )
R? = CO,Me, H R2
3 =
R®=COMe, Ph 10 examples

51% ~ 91% yields

R 78 K. REEANG LRI S =405 R
Scheme 78 Three-component reaction of benzyne, isonitrile
and activated alkyne

NR'
KF )
y y =
WL Toa
N TMs ’ Br
RING R? = alkynyl, polyfluoroaryl ’

2 ceKl’R1 (‘\ R’
e e e
Br ‘R2
R2

B 79 Fph. FEEARAA S =470 RN
Scheme 79 Three-component reaction of benzyne, isonitrile
and bromide

2014 4F, Biju BRAHDOHRIE T Ak, FEAEY).
THEALBR B K B = 4.4 ) N (Scheme  80). 24 EALBR
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VEZE = 5r ), A4 N-BURAT K — W iz, mTREM
AR 5 F A G YR S5 F, AR 1,4- 1
BT Ak a5 S A OS8R BB A OB
LA A ol 2 55 2 R R R, 11 2 356 24 - K i i 28 T 30
J& LA B A — PP R AR IR, Rt — 2P
b, NG R B ARAR IR R R AT AR . M FHOKAE
5 =2, AR DT e e AL A Y BB A g v ]
I A2 B PR B R AT AR . Bl S, RIS 2 DO
Pirali PRAZHIOZHEHGE TR TAE. 2014 47, SR
FRAAUORGE T 5 b BN A VDRI A0 18 B —
i = 4193 [ ¥ (Scheme 81), Filid DFT it 545
TN T 05 JEATN £ JHE T i v PR s B LR AR e — STV i o
(IR B T OTATL 1.

T™S
X
R"  H,0 OTf  CO X

RO N .= 2RI N-R'
- KF,18-crown-6 CsF Z
THF, 30°C  RINC  MeCN, 30°C } 0
+ R Q
- _ 1
N N N’R
Hx0 TN R~ C
R NP
00/70
e,fe
stepwise | CO2 \ } R
(s R! (N
/N
= X
N Ri— (o
! _
N0
%
o F

B 80 5. REMEWI EMBKBIK N =5 [ R
Scheme 80 Three-component reaction of aryne, isocyanide and
carbon dioxide or water

R' 0
RZZN)\/EWG o A R
—_— T
CsF, MeOH EWG
n |
7 ort NR?
RL N CoR3
N=C=N R R’
CsF, R%0OH
/ |
R
NS

B 81 Jibk. BEALS AN IE R i =4 5
SN

Scheme 81 Three-component reaction of aromatic alkynes,
alcohol compounds and activated olefins or carbodiimides

2019 4F, VIHrid i gl Oz 3E T R B, I T JE IR
e — S AR ) = 2 73 ) M. (Scheme  82). {3 %1%
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SN H AT B A S LR R 07 TR SR R AL A 1 e EHE N
BB AR GRS T, AR B TR A% BUOR B AR B 5 5 £ s
T, B G AR R R ) A RO R AR
JRSLAR R AR A 25, 2K AR 1 2 T4k i 51k R
R i 8 PR 0 TR SR B OE B8 1 IONAE AR B bRk B, B 2
W5 A S IR A ) B i O AR A 1,3 1 1 R ] 4
ZHR TR ARt A 2R R I AR B A R A B R R AR YR AL
Yrhialik, BEJEERAEEHAE R B EY. BRI,
BE X IX PR R RER S NALA, 1R A BEATAH 1) DFT
HR TR TT, 58U N B TS T AT W R AL )t A
151 0.

R KF
qTMS . 2J\'/\ O 18-crown-6
R Br 2 .
ot PhCF;4

-10 or10°C
Rﬁovw
! 3
= Br R

25 examples
54% ~ 88% yields

(e]
J\(\ arynes. O\ R €O, (\;\KJ\OS R
27 |
R Br path b Br/ﬁ/‘\ — grﬁ/LRz
R3

path a

&

arynes pfi - CO,
—NRq R ——

< Br

i
Br Z Br

B 82 KB, I ISR AN AR 1 = 2 S
Scheme 82 Three-component reaction of benzyne, allyl bro-
mide and carbon dioxide

2016 4, S22z O FIET SCIH R AT DO IE T 55 B
1,3- R AU AR ER £5 ) = 4H 43 ) Wi (Scheme 83).
1% BB I [2 42 2138 0 e N A R H BRFE Y. T RE

3 CO,R®
CO,R 5
SO A S04
+ R4~
=
ot ;\ Ewe MeCN 80 °C EWG
P
R" |
F |R2—=—CO,R? -H0
CO,R®
CO,R? O] 2 .
R M\)i EWG
i EWG HO N

R"

BRI 83 5. 13- IR SR BRI 1 = 2H 70 [ 8
Scheme 83 Three-component reaction of aryne, 1,3-dicarbonyl
compound and alkynate
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POMLEE R 250 AR 1,3- 3R A9 et Bobiig 2k
A B A RS R R, HR A T DA 7 30 5 b e
RIS TOHBERA G, i —aFIKIEE
& H AR,

2007 4, 3 BEUR AR OO IE T 05 s B~ RN B R
TR M) = 409 ) N (Scheme  84). 1% [ B LA H 5 % |
UFH 72 2R 15 22 BURZEmY AN ZERT AR 9. 2018 4F, 20
FEFSCIHREZA A o-FIEE N B (R2=CN)EL 1,3-
(R?=COAnN LI T 757 FE AR E I P A =4 5 o-42
FENRAAOEEAG R L, 53 3 4525 Fh 22 BUR 25 AT A= 4
(Scheme 85).

o 3 3 3
A ott P ome N R N R
" COR,R‘— or Ry~
! =
NaH, KF Z COR? COR?
OH R!

o
18-crown-6
RAK/SOzA’ THF, 65 °C

R' = OEt, OMe R"=Ph, Me
C-C,bond -ArSO,H
insertion -ArSOH —H202
SOzAI’ R:,,\/‘H SOZAT 5 SOzAI'
X COR2 AN R N R3
R —R4iL or o fi
N NaH N , RT
COR = CORZ
R! o HO™ R!

B 84 T7H. B-BRBKAN SR B0 S i) = 400 S
Scheme 84 Three-component reaction of aryne, S-keto sulfone
and electron-deficiency olefin

CN
R3
—rD
|
= CO,R
4 CsF R
™S o COR
R@ + RQ\)L * I I SR Ri=oN
0Tt R MeCN, 80 °C
R3 H
3
| N R
R
CO,R*
R1
R? = COAr

B 85 Fk. a-BUIEHEIR>=CN)& 1,3- ] (R2=COAr)
HUBRR £ (0 =413 [ 2

Scheme 85 Three-component reaction of aryne, a-cyanoace-
tone (R2=CN) or 1,3-diketone (R>=COAr) and alkynate

6 Ffth/xNIE

2015 4F, B4R AU E T S5 k. CsF A
CyFol (R =45y [ ¥ (Scheme 86). 1% L CsF {F
IR, R AEASRHAAG, 75 Phol OTE AL FELILT
T EEAIAI R A, FE TR SLIRAE F 4 T T REY
SSHUER: T 562 03 TR Rt MOy e, AR i 305 ik
FHES 0 R HIRAE s A9, BB RUR T 5 510N
WA LY. AH AR SRS BE IR, M Pho-

522 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1'OTE 2K S T S SRR B . % AR AR A
TR RO BRSNS, JF BT T e e R A
o7 AL 5B,

TS Ph,I*OTf™ (10 mol%) !
R‘—/ + CsF + C4Fql Ri—
oTf MeCN, r.t. =

J CsF
N

path a e Re
7 X - X
R{j‘ R@\ R REI H,0 or MeCN
X path b = F Z F
>< RH

[(Ph2D)mF ™ [(Phol)pF 4] ™
\_/

BX 86 k. CsF Al CaFol (=415} [

Scheme 86 Three-component reaction of aryne, CsF and C4Fol

2018 4F, Miura PREZHUOOHRIE | J7He. U557 HE g
F Sg (175 HLdf N R Bi(Scheme 87). %R N B S A& 7 i
550057 5 TR ARSI N RN AE B 1,2-X0( 07 e ) A
FAEY), PR R R 515 2R B AR (b &
Y. GRS RTINS C—P #, Hix™
WIAEMEALSURAT B T 2 KT AE S FH 8. Bedh, 1346
ERERIVESRIGA DFT B THEAS 1 AR R GO0 S S

MLl
™S
R + |
Z o1t PAr,

TBAT, DCE, 60 °C

or Cs,CO4/18-crown-6
THF, 60 °C

2
: X PAl'z
Ry— P
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18 examples
32% ~ 97% yields

PAr
A 2
PArz

B 87 Iy, DUT7HE BT Ss D7 BRAE N SN
Scheme 87 Aromatic insertion reaction of aromathyne, tetra-
aryldiphosphine and Ss

2018 4, VLMl R RZH MR IE T 5 6. IREE. CO,
FiTE B VU 2H 53 B2 % (Scheme 88). %S MNAT ] 3-(=H1 %
i 3 )-1,2- 00— 4 FF BE R I 1 N 0 Bk, DAR &%
R P A5 B R Z Ot IR ER AT AE Y. T RE R
PLERR T, B S B M b iy IO B 7 R SR T A% 3 2K
FHRAER 1,3-PIPEE Tk, SRS R AR 2
A CO, JEAE A B ) 2 5 F IR I 44 BH &5 7 o 14 )5 T T
W, AERH LS.

2019 4, Biji BRI IHRGE T 5 Fes AL B AN 1)
=5 R Bi(Scheme 89). 1% M H L7 B F SR A%k I
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X=1,Br,Cl 39 examples

24% ~ 79% yields

B 89 Ty, BLARAIEE 1 =20 0 N
Scheme 89 Three-component reaction of aryne, potassium io-
dide and aldehyde
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2019 4E, VTl PR RZH M 2R 0E 1 550 THLEE .
TR AN AR 1) = AH DU 40 43 2 N (Scheme  90). 1%
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Scheme 90 Four-component reaction of aryne, inorganic salt,
carbon dioxide and chlorocarbon

Cl
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14 examples

23% ~ 84% yields

B 91 F5 a1 K57 B RAZ AR 55 2 A S
Scheme 91 Aromatic nucleophilic substitution/dearonylation
reaction initiated by aryne
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