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Abstract Propargyl alcohols as a classical bifunctional group compounds possess alcohol hydroxyl group and carbon-carbon
triple bond. Due to their special structure, they show unique reaction characteristics, and are employed in reactions via activat-
ing its alcoholic hydroxyl group or triple bond. The most typical reaction for propargyl alcohols is various cyclization reactions
with different compounds to assemble a richer variety of cyclized compounds such as cyclopentene, pyrrole, furan, cyclic car-
bonate, pyran, pyridine and azepine cyclic compounds. The recent research progress in the cyclization reaction of propargyl
alcohols with various compounds, including [3+2], [2+3], [3+3], [4+2], [2+4], [4+1], [3+4] and other types of cycliza-

tion reactions, is summarized.
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Scheme 6 Gold-catalyzed cascade cyclization reaction of propargyl alcohol and azide
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BA MR ROCO,Na/ROCOH A, %250
A4 Z 0T DA [ IR 4 Al R AR ) 2 - R A R 2R i, DA B b
WEEM R S ER T 2 R EAER, (2RI,
SRk, AE R g i 0 T 56 SRAK % () P K (n-C4Ho)aN
FH 25 7 71 34 56 B R AR ) 25 -+ [A) 4k P S A 1 D7 T S o
ZREEMER.

1.2 RAERCEIE 52+ 3R &

RNRETERS S TR IMER T, BRE S 585 UED
KA BiAh, W] KA 2+ 31 b B, F
B T HIUHIR . HOt R R IR A&
BT
1.2.1 A ETHKIIFG B

2017 4, Yaragorla i @20V & T —Fi7E Ca(OTH),
T o B XS R e 5 A B PR I — B 1] 2 24 S
A A Wi H IR SR (Scheme 19). 1% [ B M 5 T 3545
MIBELLATAEY) 3-FRHE-3- etk — 05| -2 A1 75 B 445
R, TETCIEFRIZRAE T SEl 7 = BRI G R &
HA . L SRR HE A S K ARG [3,3]-sigma-
tropic HHEJL S-endo WAL EDIR. EEY K T Hlfk
LS-M e s ik e, & BT RETE A ML 29 FIH4
BHE A F PET LA PSR T 8 0 SR,
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Scheme 18 NaOrP-promoted cascade cyclization reaction of
propargyl alcohol and CO2
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up to 87% yield
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B 20 A0 R TR B 5 19 14 B BRI I N

Scheme 20 Iron-catalyzed cascade cyclization reaction of pro-
pargyl alcohol and phenol

R, BURNIEERS p-ZEM R, il —M3+

Ca(OTf), (5 mol%)
"Bu,NPFg (10 mol%)

3P R AR R EE SR L AT AR . ML SO R B, K
2 FH TR DR R AUk A I ) 2 (B A5 N AN [, A 15 K Ty
ANZEM 73 53] 5 AP E (R 8R4 Friedel-Crafts J B3
ANFE RIS FRIAT. B2, R R B RS
bR PR B G B %) 248 5 1k R R L PR T A A 1 T
HESR.

2016 4F, Yaragorla BR#ZH 25 TG 7 2644 15
Ca(OTH), 1E AL, 1Eid Meyer-Schuster 2 & HE [z W,
fe B X O B et SC I T B ALAT AR R R S 2-Z5
MR R RN, D6 s 1 A AR Wk L 25 kiR 254k
£ )(Scheme 21).

[F4E, EIRURMA R — P HRIE T 1E BusNPF, fig it
25 AR AR B A B IS. Friedel-Crafts V(T
FAb). 2% Michael i (5-exo-dig IAE)FI A0S R
RN, e XSO PR A i T 2-e Fk-3- 5 FE 25 Ik
WA A ) (Scheme 22). 1% 8 AT LATEJ6 I 8] 9 T ik

Ca(ll)

@f? s

o—

R

2@#

;g\/ z /5\69
\

110 °C, neat

R
up to 94% yield

|
R® R
s OH
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B 21 AL HIR I S 2-Z5 I B0 H BRI AL S B

Scheme 21 Calcium-catalyzed cascade cyclization reaction of propargyl alcohol and 2-naphthol

fo= O CO,Et
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HO™ MAr S
\B“‘*NPFG up to 93% yield
Ar.
»—=—CO,Et
QO
> = CO.Et isomerization
Bu,NPFg
COzEt
r OH EtO,C EtO,C H
COoEL ©/ 5-exo-dig I
J cyclization Ar H* 0 Ar
Ar f;/ . RN N
U ) . » . »

’
(] Tz

B3R 22 BusNPFs /15 {0 T -5 2510 ) 5B BRI Ak S 2

Scheme 22 BusNPF¢-mediated cascade cyclization reaction of propargyl alcohol and naphthol
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TR AMA, SRS RO OE S RS OB AR
FXZ B ARCE YIS T HP AT, SR T e
o-RLRACHITE BE BIAL AT A= 4).

Yaragorla PREZAPIE FRWE T AL F, T 2016
T ER BRI A SRR R &Y 4-REE T
FahG, MR SEEL T e B R BRI R B, — R
BT AU R IR SR S W)(Eq. 2).

OH  Ca(OTf), (10 mol%)
f "Bu,NPFg (10 mol%)

neat, 120 °C

up to 95% yield

123 AR EAETA RIFE B

2012 4, Nagarajan B POHRIE T Zn(OTS), 1L
T 3-F MM S RN REIR A SIS, 12 B AT
DAH A 22 ) U1 72 R A O 6 I [2,3-c)-HE 2R AL & 4
(Scheme 23). {EF N IZ PP S Zn(OTH, (2 2E I A
EE AL ST b R EBRK R &

H [RuCly(p-cymene)], (2.5 mol%)
AgSbFg (10 mol%)

MEL A% (2, 3-c] MR IR A5 R, 12 R W 5 2006 HFX)
Hity e R A 2 2R R R T I S SR R R AR [3 2 M &
FSI s ) FE R, i TAE R — iR .

O O Zn(OTf); (10 mol%)
toluene 110 °C
R2

[Zn]
R* RS
o
R! //A:NH R!
N
R2 |
R3

BRI 23 BRAEAL AR I 5 U R I 1 o B A S
Scheme 23 Zinc-catalyzed cascade cyclization reaction of pro-
pargyl alcohol and aminocarbazole

2018 4, BRIl PSS 75 i AE Ru(ID gL
C—H )5 nl 5H B R A m R B3+ 2100 ) B
(Scheme 24). 1% N AEW = RO 2-F0 B 05| Wk B R 44

Py

N OH
Py + R1—E—QR3

H R2 AgOAc, DCE, 100 °C
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N 9 e||m|nat|on Ru('V
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/
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[ I /> <R2
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up to 84% yield
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Ru OH
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Scheme 24 Ruthenium-catalyzed cascade cyclization reaction of propargyl alcohol and N-pyridineaniline
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2018 4, Benzuidenhoudt i @ZHPHRIE T —Hik &
R A 22 U AL IR 3,2-d )W BE — B KA S VY
S RBIHEFE(Scheme 25). 1% B LARR A B 2R AL S V) FIE

9 | R_OH o
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O)\w‘ I |2 MeCN, reflux O)\w‘ /2
R1 R R’l R
- up to 90% yield
Q|
NH 4T
)\ 2R3
L R1 R2

B 25 AL T b I B S S 1 A AL SR
Scheme 25 Aluminium-catalyzed cascade cyclization reaction
of propargyl alcohol and aminopyrimidine

5
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R1—I N + R>—— OH
= N/ R4
e H

FEmEnE R A YIONRY), i AOT; 1L 5] & H R
A IORE. e S N LER T 5, I Bk IE B T R TR AR 2
Friedel-Crafts [ & 73 F N IMUGEEAE, o X e 3814 1
TE R — R i AL A, AR T I mE 3R, 1% 7 4 A 14
i, JEURMERY, FEL 0T DUAAE A0 1) SR B [ R 45 31 &%
T 22 R AR L I3, 2-d) W e — 2R A0 &4

2018 4, JUAARIRBAHLPMRIE T N-TEAHFE IR NG S
IR EERACA DI B IR N, =0 T 2-J s
WAL A Y)(Scheme 26). HINLELIN &, HARLEY) 2-0
5] I PR TR A B Rh(IID) A A N- 30 Al 3 245 e 1)
C(sp>)—H TE b B 5 I K A I AR BE 5] A, 4R
J&i T RN HEAT 201 PO BEAL R AL Bt NO 2 s S13H BR it 7K
AR, 1% AT L DL R G 7= SRR P [X 302 4
PEG & Z AR FEEUR I 2-M 552tk & 4. Ak,
IR IRAF ) 2-0 Feng| W RS P AT LS 5 3% A0 R
AHLE BRI AEY) % F BB &Y, Bilan 2-T 0]k

M| o HE AR AR - 5| A - e A % Mg i R34 13 — e S AL 540,
" R3
[Cp*RhCl,], .
AgSbFg, Cu(OAC), N\ R
R
DCE, 100 °C Z>N RS
R2
up to 76% yield

. .
@sﬁk al

1/2[RhCp*Cly], + 2AgSbFg

AgOAc

B 26 SEAEALIIBR IS 5 N-SEARHE R R0 H R SR

Scheme 26 Rhodium-catalyzed cascade cyclization reaction of propargyl alcohol and N-nitrosoaniline
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(Scheme 27). {EEWEFCRIN, B PIEEIZREE FEA )
ML SR I, OB P2 R L 45 HL T 3 A R o
{1, %N AT BE AT 3 R O G0 IE B8 T 1Y Friedel-
Crafts B AL 1,5-F0LH# . 6n-FEIMb. 1,2-F7 5L
H1 Wagner-Meerwein BHE [ 5 oS B EAT
1.3.2 A8 RARIF R

ML RRG SS A0 A AR N — AR A& P I SR AR R,
JTZAFE T R A 25 oy T2 . BEE B
PLE AR R, NRCEREESMNBRFHRIL T
JUTRE R G, 2 A B 22 M &9 C bk
RS BRI RPN . b s AP E S A M.
QZiﬂJZ?‘JJ MR AR ST R 22 TAEE R

W4, AR RAVEA SERMERRTEY, A
REFIBER BT 25905y T HA = L.

2011 4F, AR5 SIS BAHGE T RN EE AL A
TEANTCRIAMED G BT IR H (Eq. 3). %A EETE
Re(CO)sCl AL, K5 2-HI FE-3-T Je-2-FE ) “—
W7 BB RN, EEZ T, fEERRERT
2,2- "W QH- ARG Y. AR AL R PR
IZE I A i *ufW%MﬁﬁH%ﬁﬁ¢%A
SN PR o P 2 AR e R DX gk 5 A S T L g A 4
) 3 R A,

R2

R1
R2 o}
Re(CO)sCl (7 mol% N
+ = { op Re(COCI( ) |\ R (3)
R3 Hexane, 60 °C a4

up to 95% yield

2017 4F, Yaragorla PR B3 HRIE T 750 A 2644 R
fEFH Ca(OTh), AR P RESR A A AN IR B (L1 25T
4-FIHFE R 13- O FM 5,5- " HE-13-3F 2
Pl )] 1 v B X I B 1 1Y 6-endo PR M. (Scheme
28). ZMEIE LG . Claisen BEHE. P M HAATE

‘$H§J\¥V\]H4JC.%$H9@iﬁiﬁﬁ 1EF LR T A Rt
AL AR 1 77 522, Ik — 20 i i 58 AR IR S SEE B T

T DR, A B ek L g 254 51N BAS [ 4k 2 45
H
Z~N H _\,
\
R? N/ R*
'T‘ R*
R2
Re Yb(OTf)3 (10 mol%) P 10 81% yield
R3—:—|_R4 * DCES, reflux R®
OH MeO ‘ !
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MeO H R4
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H
Ph
_ Ph A Ph, /
Friedel-Crafts C™ J N\~Ph
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Scheme 27 Ytterbium-catalyzed cascade cyclization reaction of propargyl alcohol and 2-indolecarbinol or benzyl alcohol
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Scheme 28 Calcium-catalyzed cascade cyclization reaction of propargyl alcohol and cycloenol
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5 FR TAEJLRAER —BH, 2018 4, 27K KR
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(Scheme 29). 1% % N it iE 4L ) Meyer-Schuster FHEF
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R o

HO o 0 TFA Z
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5 Ré n THE 100°C R0 5
R R e
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A e
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Scheme 29 TFA-mediated cascade cyclization reaction of pro-

pargyl alcohol and 1,3-dione
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1,2- 0 24 SE B T & F 3 B SR A S W 6 . 1R
I PR S LA A5 78 U8 R ) 2% A R RISV 2 A i 1 €3
i E s 4. 5 Yaragorla 08 TA/EPIFALE, 1%
TAEERIR 13- Hi2R RT3z,

2013 4, HEg RN A BSRIE T — o B A
ERIRIRAL SR, LA 3-(1,3- - H ey ) PR O Tk e R R 25 Ak
EAN =R R G YRR, TEAN I ) R L7
o, DR SRR R 553 T 2-(1,3- iy T
Jor ) P9 I R AL A ) A A I i 254 5 ) (Scheme 30). fF
TN B BT O 1E 55 AR S, Bk S0 R0
ST, ARG FAT T WIS B B AR ).

2020 4, Kitamura B @ ZHBORIE T Rh(ID)HELLHI &
REEBRAR I RS VI3 + 31 SR, DL A ik
T 23-Z&-1,4- 289 ZRETE AL A P (Scheme 31). E
Rhy(OAc)s AT, &-FhoR o A B 24k & 4T 5 B4
ZEBE SN, DA R 20 S 20 A A B () R TR
PR ART, PR R R 2 TR i A RE R R &
M. AEE NI & id T Rh(ADE 7
F- ) A5 I SEAB TR BOF 401~ P 3 6-exo-dig FRGITFE.
133 A MRS TREFRE RS

ML e AT A W A B M B BN oA MM A,
WRNTCE BRI G TR 2 AR, WEiE 4544
BTz A T A B2 R DhRetEE WL RN
L G, AMT—EERIE SR W S TE
e S R E AL B AR S .
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Scheme 31 Rhodium-catalyzed cascade cyclization reaction of
propargyl alcohol and diazonaphthoquinone
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2012 4, HEEFIRBALIERIE T Cud)/Cu(Ii
N IR 5 R RE L S S, 15 B sk eg, {FE3 BLrh
LR R SRR T 2,2- - 1,2- AR
EYI(Eq. 4). BURMNSHLERT S, &N g 27
SRR TN R 5 e P R AR L KAR IR, AR JE bR R AR A
-5 340, T AL B bR =9, 205 1 5
RUBLHE TR A 2R T FR A AT TS A B I 7 R A 7
BT
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NH 2
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H I )
= =

| + =
up to 91% yield
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Y)(Scheme 32). % N F] BRI RN BEAE Lewis 2
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JE A i) 8 A2
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Scheme 33 BF3*Et2O-promoted cascade cyclization reaction of
propargyl alcohol and primary amine and methyl 2-butyne-
dicarboxylate

R1O\Br J\

Pd(PPha), (2 mol%) ) ,
Cul (1 mol%), DBU R/\,NNfN\ R
toluene, MW, 100 °C NS

up to 96% yield

R! _~NH,
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u\/\ﬂ/ 2
(0]

R

B 34 LG BRI EE S 1-20 3 -2- R L 1) R I
A

Scheme 34  Palladium/copper-catalyzed cascade cyclization
reaction of propargyl alcohol and 1-amino-2-bromopyrrole
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[FI4F, /b BN TR R ZE 142 DB A 2 4 R} 5 Jig A
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UK (1) 751 20 A B (Scheme 36). BEAN G RS FEA DT T
H % Friedel-Crafts 21 [z N Fll 6-endo-trig E &b ) B, LA
R B0 7= 3 AR 1,2- AR & 1.
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B 35 AR S R E 1 R IR S B

Scheme 35 Gold-catalyzed cascade cyclization reaction of propargyl alcohol and aziridine
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Ph OH )L Friedel-Crafts NH Ph

Ph Ph”®~Ph reaction

B 36 BRAEALIIbR PIIE 55 57 1 1 A IR AL S 2
Scheme 36 Iron-catalyzed cascade cyclization reaction of propargyl alcohol and aromatic amine
2017 4F, ZURAWIRIE 75 B EMY) . S Crafts B SRHIFMERT 1,2-55 LA i 28T A 3-filt
W FIRIAE TC < PREAL TR (et 26 A T, ﬁxﬁlﬂﬂii T=4 MR ER AL A, TN TR, AT DA R 3-T iR
Iy ERIBRIME SN, R T — R BB 2R S WEY). M BLREF BRI R E W T KRR E R
Rk Ak A7) (Scheme  37). 1% B [ 7= 4 24 53l Bk IR E AL S . I R O S A ) B,
TR RE R SRR b R, OMIE # K Friedel- VL ITEIE T LA I AH L R 7Y S PR AR A1 2.
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2
0 H R I, _0 !
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o N3 OH : ~o N7 TR
RS
Ph Bh _0 up to 93% yield
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| i ~
‘ ‘ 2 ‘C‘: o N3 /OngC II Xc reaction
- )\ —
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1.2L-aryl shift ) ! 0 X! b
s U D ”
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B 37 W SRR PIEES 7 B BN I R BRI L S,

Scheme 37 lodine-mediated cascade cyclization reaction of propargyl alcohol and aryl azides

Chin. J. Org. Chem. 2022, 42, 2605~2639 © 2022 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2621



BIKE

2020 4F, ZEK RIRSHWIRIESE AgOTE LT,
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HEE Ak A AH B B AR =),

R3
R1'_\ NH + R2;|—R
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O
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b7 8 o e Sl IR e R R ST E 115 N = e s i e A B X £

R R4
74
R1/§Q

up to 89% yield R?

B3 38 HRAEAL BRI 5 3-0 FH 2 S5 g Wike- 1 - ) 5 R A S 7

Scheme 38 Silver-catalyzed cascade cyclization reaction of propargyl alcohol and 3-methyleneisoindol-1-one

X
N7 4
R? Pr O R N/R
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\ SN S 4h 50 °c \_/
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R1 R3 R1 R
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Scheme 39 Gold-catalyzed cascade cyclization reaction of propargyl alcohol and imine
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AL (A4 FEAE 4 Bl N EAT 1,2-Bt B #4520 4
Rk, MEHELE 1,2-H ERA 3 i1

2012 4, Rueping URAZHOHRIE | — Mg 2 HA B
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T AR 4 i A R A B TR I DR A A b T T R 1 R
(SR,

2018 4F, Jeganmohan @44 IHIE T 7EET (DAL
TR I i B 5 P B S AL A P ) R A S RE (Scheme
41). fEHTE Ru(IDALIERS, B 5eseil 7 2K H O s
(1) C—H BEA, PR Bk oA I 55 e Ao 45 1A
X 5 398 P S B IO B R B B JE, TRV B
BRI SR S RS, s 2% DA B2 1) X 3B B AR
BT 3,4-ZHURH) 1tk R &Y. OV AR
HHE L) Ru(IDMEAC PR, 1531 1 OB ET PA b A 44
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NO, R OoN o
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, LG,
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OH O H20
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R

Scheme 40 Dual-catalyzed cascade cyclization reaction of pro-
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73 B E gl QT S 56 A I I A VE A1 E Z R pargyl alcohol and 2-hydroxynitrostyrene.
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R']
1
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Sy Y (10 mol%)
N+ RR—=—(R AN _R?
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NH OEt
N N’ H
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N XH S =CH5CN
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OEt OH
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: OH
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Scheme 41 Ruthenium-catalyzed cascade cyclization reaction of propargyl alcohol and benzyl imide
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ThooEER K. A8 C—H s A 1 1 O RREE
oI A BAE A, MEF @R R ILE R C—H
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Scheme 42 Gibb’s free energy profile in DCM solvent
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J5 L3 AL A5 B AR L 14 57 1 WK I R 4K 45 W) (Scheme 43).
J2 72 RS PR IR A v 8] 72 4 — SR A Ry 54 1 2
Zpa R, R TRE BRI AL, BT R
B R R R, S ARG A ON
. BRI, MFEE R RN — 0 i R,
FEAE—A 47 BRI R

R! RS
&LNHTS \,/
NHTs (0]
T 0 K,CO3 (0.5 equiv.) \\
| )\R“ Toluene, 50 °C PNF R®
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up to 82% vyield up to 75% yield
B 43 FTANBRAEAL TR S N-Xof DR AR 4 248 FH I e 1)
I3 I S B

Scheme 43 Ruthenium and base-catalyzed two-step cyclization
reaction of propargyl alcohol and N-p-toluenesulfonylbenzamide
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(Scheme 45). 1% R4 K T S Bes MR 72 A AL R 1)
M FEE, FN, EdE T 3-7535-1,4,2- ZEmE-5-fH
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Scheme 44 Rhodium-catalyzed cascade cyclization reaction of propargyl alcohol and oxime
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Scheme 45 Rhodium-catalyzed cascade cyclization reaction of propargyl alcohol and 3-arylisoxazolone
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Scheme 46 Rhodium-catalyzed cascade cyclization reaction of propargyl alcohol and benzoic acid
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Scheme 47 Copper-catalyzed cascade cyclization reaction of
propargyl alcohol and nitrile
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Scheme 48 Gold-catalyzed cascade cyclization reaction of
propargyl alcohol and pyridine N-oxide
TECE MR PSR, 1,4- T F-3-BE LA
MEE N-SA P I B A i o- S8 AN R R A S, fE& 7E
PRI RPN T —Mogi SR NALEE, BT 1,2-Fuke
ez ple R EUUE S A UL VR iE DFT 5L
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Scheme 49 Calculated transition states for the two conceivable shift reactions and the activation barriers
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Scheme 50 Gold-catalyzed cascade cyclization reaction of propargyl alcohol and water
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Scheme 51 Gold-catalyzed cascade cyclization reaction of propargyl alcohol and a-diazoester
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Scheme 52 Palladium-catalyzed cascade cyclization reaction of
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NZR LT FR T, Pd ARG AR BT = 96 R R 1 1) 4
BRI IZAT R P AR SR FE TR A e A B A 2 4
Ji, TERGHT IR Pd A TR, BT R IKIHET Pd i ]
A, TR AR EACTIR, M15 5 i &
BRI,

Pd(OAc), (10 mol%)
DPPF (20 mol%)
p-toluguinone (3.0 equiv.)
Cr(CO)g (3.0 equiv.)
DMF, 100 °C

up to 95% yield

Pd(ll)

‘DPPF OOTf

g

Pd(ll) OTF
@f Cr(CO)s
% CO

(I (j)L dMOTF
co Pd—0

5
]
W,
oL/
O
\\x
2

B 54 FOEAL I 5 5 JE = AP R ISR 1) R IBC AL s 8
Scheme 54 Palladium-catalyzed cascade cyclization reaction of
propargyl alcohol and aryl triflate
152 ARE LRI RS

2018 4F, XEmMEURAAONRIE &AL T 1,4-—
-3 WAL I S I e e A R AL s 2R 4k S )
HIBE 9T TAE(Scheme 55). X RRFIAEXSFRIF) 1,4- —H-3-BF
TEZAAC KA T HREAR G e s, DArp & 28 A7 = 3
A2 A LRI s SR B . 1% N LB, <AL
aHE BT R E, Bl Xk Bt Bz sk
2R AL RS K S I R AR E BRI i IR o 1]
MRy T N 5 &% A 15— MR AL R
A - ARG R A, 2 v (A A 17 R A 2R
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Z%-Nazarov IMUAE 1 2| g & =P g KA A HOR
HO R? (JohnPhosAuNCMe)SbF g N
p-(t-Bu)y(o-biphenyl)AuCl R NH; (2 mol%)
3 (10 ~ 20 mol%) R! ./ + N _
ROH , AGNTF, (50 mol%) | NP NH, | DCM, 60 °C N Ngs
+
=~ X & RNHOH DCE, rt. Y up to 77% yield
R R? R3
R’ up to 93% yield OH
R2
4 OH y R
HO : o LAl '—AU\// .
/—\/ H \ 770
AR Ph N—Ph +N—Ph 2_OH
LAu \\ — HO 4
R2 = 4 .
) R [[F-Au()
L+Au R 2 R* 1
~ + R
H,O - 0
2 //o\ — LA o LAu N—Ph , R2 Q
S N, CYf
1

» R R N=

2 . R?

R_o LAu o) _ JHQ H,
aza-Nazorav '—A(U_ N R2 OH
_aza-Nazorav | N R .

|~ N—Ph N—Ph path b“ NH,

/ = =
/A AU() ~path a Au(l)
R R! NH; 1
@[ RZ__OH R
Ll Ry O A I A I
IR 55 G (LIRS FR A0 A B L NH J vl
Scheme 55 Gold-catalyzed cascade cyclization reaction of

propargyl alcohol and hydroxylamine

1.6 KRAERLEMESSMB+H4IMUR K

B E RN EYE N — R EEH A BN
WRWEY, GAET U2 KRRz 1, itk
WRBVLARAMELG R — EHRER RS, B8k, 4
FROTIERAZ R T KA TAEE 50, A&
VIR T IEA BRI, o, K2 HORRE & R [3+4]
ISR A BB R A Y. NS
5I[3+4130 b, 12 6 & A0 A P i B

2016 4, Goggiamani RO IE 7 4 HE AL 1E
T, AR A R R R S AR R 20 A 4-A HUAR
1,5- 7 R E KA A YI(Scheme 56). EHEWF L E R, X4
RY IR IR 2RI, [ B DL 85 28 R AT 1 P 6
BRGNP, AR, 24 RUREUR T, RN EAH S
BB =Y. SH0ER, R? ATDLRREE . BRI 2R
R, HARARMHRL. RAY RPN 4-HFEFEKEN,
BRI S B AE R B H FR P= 0 P2 R R (32% ~ 45%).
WG HINU IR R R, 1% B I AR 48 I e o It S5 6 T ke
IR ER B 548 R 4R A i AL 2.

2016 4, Rk ROGEACRE T —MoH A
Y(OTF)s AL N R & 5 2-8 50 HF - 1 H-g e
WAV RN, FEE R T — R0 &6 R AR
LIEHE 2L A Y)(Scheme 57). ZEHAL N BAH B
UFIE REIIN 520, I DL RAF MRS 3 — KR e
e GIuE = . 5 STEM L, %07 Tl
F B SR RSN BT, B, fEE R TR
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B 56 AL R P I 55 AT K — i 1Ay H BRI S 2

Scheme 56 Gold-catalyzed cascade cyclization reaction of
propargyl alcohol and o-phenylenediamine
R? 2
R R | oH R! -
mNs Y(OTf)3 (10 mol%) -~ R
+ - B N
Z N ‘ ‘ toluene, 100 °C || \_~
H Z~N
R R4 H
R' = alkyl, aryl; R?, R® = aryl; R* = F, Cl, Br, OMe up to 81% yield

@{ilf:>
R? N=~ "N , OH
e % Y(OTf); \;P— R!

(TO)Y, R
Ho-Y(OThs

R =
2 '
R N /N R2 — R1
H R®
H+

(TO)Y, R Y

R2 + / N+
N
Gy ol

H H
N, H* N

IR 57 GLMEAL IR RE S 2- | BV s R AL,
R

Scheme 57 Yttrium-catalyzed cascade cyclization reaction of
propargyl alcohol and 2-azidomethyl-1H-indole
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IR FH G C-3 A7 i SRR A 1E 25 TR a4, FE &R
Je G2 BN IR AL B B S .

2019 4, Swamy 5@ ZH 02 30 78 JE AN ) S B 2k A
T, WRTTEE R A5 W -2- BRI/ B IE Rt &4
Cu(OTH), fiEfb R AE[3+41 00 i, 58] TG LTW
Tis/ N T e 24k &) (Scheme 58). HY B RH /2, HIxT
FH RS DR I (- TS A) M A (17 15 i3 - T e A 5 0 5 o TR
FA AP B L SN 3R A3 T A [ 7= 0 (Scheme
59). fEFINAZE RS KA T — A IR &P
1,2- ¢ iR i I e 1 3 8 /3 Bk 05 R AL ) B BB A
AN, A I R IR e TR T 2R AN B 4 5 s e -2- B g -3
RIRBAEMIELL p-TSA 5L BF;*EL,O LKA MR/
A S N T DL B TR G 3,4- —EUER IR M (6] 7]

IS ALy
1.7 HAERUEYEENEEXBIMUR N

RN R 5 55 R EMRELE R
NL, WI[3+2+2] [2+24+11BA R AR i 22 Je R 2
I NIIES ESI RS i N2 B3 NN T or - 5 7 NN o S
IR AR Y. RN TR, K FE
THRNEES S5 B IRE, NSRBI NEY I
PG I A AR T A KRB

2011 4, T HEAHCHRIE T B BF*EnO i1k
P = R %R BAESE 5 kA3 R R &4 5
2-T M R Ee A S A e Ak S Al kA, BLep
LSRRI RAEREFE R SR R E R
4 W)(Scheme 60). {HFERENIE, & BB &

R R = alkyl; R' = aryl
R? = aryl; R® = alkyl, aryl
R* = H, Me, OMe, CI, Br

2
4 R
R = R3
Cu(OTf), (10 mol%) A
DCM, r.t. or reflux Rl _
N 0]
H
X =0, NH

up to 94% yield

4 R?

R R = Me; R" = aryl
R2 = aryl; R® = alkyl, aryl

R R3
p-TsOH (10 mol%) Rt XN\ X
DCM, rt. >N o

H

X =0 (not isolated), NH
up to 43% yield

R*=H, Me, OMe, ClI, Br

R1
@qﬁ

R*  Cu(OTf),

(:Ti;%‘ >>R\ - (;3

4 H
R _ R3 R
R? Lewis acid O O
\ (O —_— R3
-C02 N

1 R4

HO- -Cu(0Tf),
R3_|_*|7;R4

Cu(OTf)Z(OH)

N~
| O

BRI 58 iAo b 55 05 Wie-2- R IR/ I A P 8 BERIAEL S 82

Scheme 58 Copper-catalyzed cascade cyclization reaction of propargyl alcohol and indole-2-carboxylic acid or amide
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BIHEFE SRR
H
RZO Rz 3 /‘\ )—RZ
R N
| v/ [1, 2]—carb_oxy|§te/
‘ ‘ p -TSA ‘ - amide migration
 X-OonNH ﬁ/ N
R | |
4
R © 3
/A g2 p TSA ‘
N X “aromatization \ R3
IO
B 59  p-TSA fiEAbR B 55051 We-3- Tk [ 1) 3 IR AL S 17
Scheme 59 p-TSA-catalyzed cascade cyclization reaction of propargyl alcohol and indole-3-amide
3 R °
A~ R® . R5>—:_R6 R5 — CO2R1
HN 3 :
CO,R'—=—COR" + |\, R R'0,C._N~g2 .~ HO R4 | .
R DCM \ A COzR
- BF, * Et,0, MS 4A R3
R'0,C” "H reflux : RZ
R' = Me, Et; R%, R® = aryl; R® = alkyl, aryl, H up to 86% yield
, HN"Rs R3-
CO,RT T\ ; \ 5.
R? K '/ ; R3- R
‘ ‘ N R1OZC N\R%_’, @ r R6
1 | oo (e oo R s = oo
COR R'O,C”7 TH R'0,C R'0,C ‘
L R4 Ho o L R V) CoR! R
1 2 CO.R!
CO,R N 2
=c c RS |
R* R? RS R® RS R LR
RS — RS6 LA >:C:®\ ) .
HO -OH" RS R6

B 60 BF3Et2O {iE ik bk PIRE 5 AN 2- T 1 — FRIR IR ) o3 BRI AL S

Scheme 60 BF3Et20O-promoted cascade cyclization reaction of propargyl alcohol and secondary amine and 2-butynedicarboxylates

IS B 28 PRI SO W . B, 4 fi e 2 Y i

MR R EENENG S 52 415 N, T4 R - 1H-
ML 4 A DL e AR A S A AR .
2011 4F, WA IR LI 1 bk 7 I 5 1A i A0
CO, fEFRHERSIE . 60 CIIEFIZA N R AL,
il 2% A3 2] 4-T0 L2 WEME e R RAL A P(Bq. 5). %71k
—Ff (6 ) 22 2 o0 A 22 [ 52 CO, SRS,
(@]

PN

3
CuCl o  On-R

60 °C -
1
R 2

R
up to 87% yield

2016 4, HeHi KR ALOHRIE 1 EE ke L ATAEY)
VR HUEALTRIAE S b DT8R COL PR S B 1
fEALTEYE, KB 2,2,2"- BRI E FE (AL 12 2RI U Y
A BCE WU AL R (Scheme 61), AT 40 T 42 Ja i 4471
A FEI L4, A1 385 AT 7 48 70 i b A T £ A Q2 0

®)

R1
=—{OH + HNR® + CO,
R2
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TR LA R SR LA P i ok P It 2 A= i 4- I,
FH R -2- IR e R A0 B 05 5 A P o P TR T 2 A
4-F 2 R ZRAL A4

2014 4F, Hajela VR ICOHRIEFE Sc(OTD AL TR
WIS SENED RN, mRE R T 204 =
BAREANAD(EQ. 6). 1% o H B A 3E 1.
YEFANNZIR AT T —4 Lewis FRAELL T IOMLIE 2-
PEE AL S S BRI 2 T N B B 13- MR D it

.
mn
/\ R / N\ R
R N | Sc(OTh, (3 mol%) R! __R
Nj + > 6
’ R™ AcN,80°C N N ®)
HO™ “R™
R? R?
R'=H Ph Me: R2=H Me up to 90% yield

R = aryl, heteroaryl, alkyl
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X
R
N O
%%w
R2
OH 2,2',2"-terpyridine  /R1%H up to 92% yield
(5 mol%)
= {R' 4+ RNH, + CO,
2 0
R (30MPa)  140°C o
R'=H, Me; R? = Ph, Me 3 M
R® = PhCH,, cyclohexyl, n-Pr N B 0
Meé  R?
up to 89% yield
R! cat /([)L 3 _«O _«O %
HO.| R? B 3 R3HN R3HN R
T + CO, 2,2',2"-terpyridine " ~o 1 R°NH, HO 0 N O \N/“\O
R L H HO R'R R
1 R,R" # H
| | R2 RzR 3 R2R o2

B 61 2,2',2"- =ML B AL AR IR 55 1 A CO2 1 83 BRIAE S5 3
Scheme 61 2,2'.2"-Terpyridine-catalyzed cascade cyclization reaction of propargyl alcohol and primary amines and COz
2021 4, oK IRURACRIE T </ fE A R i Crafts 55 IR R HEAT.
AT GE S v bl AT T 1) £ R 3A AL B (Scheme 62). £ B [FIEE, Vi 52 AR PR O8I 57 3 4 %0 i 5 bk
w7k, AR LLRAF I R A B T & 2 3 SRR PEERAL S YIAE Ru(IDREALAE FI T AT A A sR BRIR AL S
ﬂﬁcﬁ*ﬁcA% MU SR, 1ZNAE “—8 7 OBk JE, AT e R B T DU A B bt e P R I 2 £ 15
K, @It 5-endo-dig ¥ t/Meyer-Schuster H HF/Friedel- Y(Scheme 63). MHLHR E3F, J5 FEFRORAR A F L ALAE M

1) AubrettphosCl/Cu(OTf), (10 mol%)
\C’ R3 R (2) Cu(OTf), (0.8 equiv.)

R1
P
R? \H\O/ [A:u)/[CU] ‘ N
O O
— [Au]
(0]

R’ R2

oxidation

Friedel-Crafts
cyclication

R1 RZH

B 62 </ Ao bl 7R 1 5 bt i ke e AT I o BB S B
Scheme 62 Gold/copper-catalyzed cascade cyclization reaction of propargyl alcohol and pyridyl homopropargyl alcohol
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/
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Scheme 63 Ruthenium-catalyzed cascade cyclization reaction of propargyl alcohol and arylazocarbimide

W Ru(IDMEF R, B %6 k4 C(spd)—H &Gtk J+5kk
BRI, KA. 1ZMBIEE Ru SRR AR L5
TP Ru-MExd SR 35 B BEI Sz ek, T Ress— 4
WTLCHR. BEJE 2 Ru )8 B R MBS 7
WS E L RPN G, MR E RO, 2, el T
PN TG R 3R, 28] T A MBI R R, 1% M
(ke TR BEANMNAE N s A AR IBC S, Tl AN C2/C1
B B ) % IR B M I BB 2R ) 28— M1

2 RABRXUSYSSHHERBRURN

B T R 5 AN R BRI A B Rl SR T R A R
Ab, RN BER R I e R R R, @ T R
Az Gy mﬂmﬂwﬂ ool . AonE S Bt
BRI FN AR R ED).

2.1 ERAEATINRN

2010 4, KL HIBREAIONRIE TR A REAERERE N-
A A e AT T #9705 A PR AL SN (Scheme
64). H5E, EEMELFERT, PRyt e & ey
AAMER o- B e R ER R, 12 R E T AR
T WIS B SRR T ke -3-MtL &9, T
KEATKTT, A2 E R AR R BRATE. Z07 iR
V& IRV FEAR R T2, AT 25 MR RE R R 25 mT I
A3t DA AR 25 28 R ) 7 5 2R RO I (R SR A T e -3
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B A W R T SR AT AR BRI I, B DA 7 SR e A
N e EE AR IR 834 T e -3

R3

[Au] (5 mol%) R2
(/ TENH (1.2 equiv) j)l
)\ DCE, r.t. R o
up to 92% yield
[Au]
OH Au
./
R OR2 OH R2
S© R' [Au]
r3f
> O

B 64  SHELIIHRTEE 73T IR SN

Scheme 64 Gold-catalyzed intro-molecular cyclization of pro-
pargyl alcohol

22 ERAEATIHHIRE

2016 %, Morita BREHAVWRIERAE S 1,3,5-=H
ZR{E AuBrs {4k R & ‘E Friedel-Crafts [ Al E B
Nazarov ¥k, A% 1,3- 75 R e L &4(Scheme
65). LA AuBr; fERMEALT, £ =8 ClET, RFES
1,3,5-= HZRAE SR R M 15 min BF, AT LL 87%1)77 %
ARG, SRETHR B, TR 91%H5r B r= 2
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AuBr3 (5 mol%)

‘ CF3CH,0H, reflux, 1.5 h
OH up to 80% yield

P

Ph

. AuBrs (5 mol%) P

CF3CH,0OH, r.t. Mes
15 min

up to 87% yield

[Au]

>: J_>
[Au

B 65

Ph

Ph  AuBr; (5 mol%)
CF3CH20H, reflux O’

1.5h
up to 91% yield

Mes

Ad]

Q_ﬁph_» @i%—mu]

[Au]

ST BR PR 1,3,5- = B R (10 3 ERFAA S L

Scheme 65 Gold-catalyzed cascade cyclization reaction of propargyl alcohol and 1,3,5-trimethylbenzene

KA 1,3- 05 5. SRR RE 53 = 2R7E AuBr;
TER TN T =R ORRE R BRI 1.5 h, WL 80%M)
FEREERG HARP= . 1% 5L 00 45 R W I R AR
Friedel-Crafts J % B BRM HH TR AR 2 T R 1,3- 0% 2k
Efi 10 B A ).

2010 4, Akai BREHTHRIETE (p-CF3CsHa)sPAUCI
F AgOTE MEAMENFIZFAET, p-Fdk bl fi (e i i) n]
AR 3(2H)-MRAR A AL AP (Scheme 66). 1% 77 151
RUBAEZ T B A PROE B DL i 7= 28 45 21 %% P L
R 3QH)-MREERAEY). FIR, WRAEH o-F2 kb
FEBE (B P R E AR, FEARE R B ZAE TR, AR
#1332 2,3- ANt -4-F R E Y. (EE XL S
IR, TZN B A p-FR IR S S B e K
AT A K Michael JIATE K — NRE A EAE. 1%
HR AR F AR — AN 2 P I T 3 S R A s e S A 4,
TR AL TG =)

2014 4, Goggiamani WREZH2UE A PACL(PPh); 1F
AT, TEBRME 2 NS 3-(o- =T S BR & AL 05
F)-1-Be T B 55 i (R A 1B 0 I J% A B FA AL S 2, LR i
%1 2-(AHE )-SR AP (Scheme 67). 1EE B

TR, 4 3-(o- =3 LR IE T 3)- 1 - T B — 2 I
I, AP B i 35 e R A OB, R B AP BRI, 1%
JE R S PR AR R . RN LR N—H 5
PA(0) AL IR FH B FAR S S0 B BB AL 5
TSRS AR BRI . b7
(1030 571 ok DL T e e 1 Bl e A 7K R 45
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AgOTf (5 mol% 2
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o up to 94% yield
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BIZ 66 Ak 1 TR 1Y) R IBCERK R

Scheme 66 Gold-catalyzed cascade cyclization reaction of
propargyl alcohol

2015 4F, Baire @ 4173l & 7 MsOH £ i3t T, it
51 BN T A D SR A% AL ROR A SR IBEJR Bk 1E 28 1
Al Ak, AT AR i — R 2- B R R SR AL S )
(Scheme 68). TEZFALIEFEF, FORESHE FBGIER
AR A, I 1,6- 0 A AR ER, 193 2
Kl a4, PRI AR B R 2. (ERLTTVE
WL b, MEE R 25500 T 2-Th Bk 2R
SRP=W) abiesesquine AU 1A K.

coordination

R
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R2
PdCly(PPh3), (1 mol%)
R1\/ = OH _R3., K,CO3 (2 equiv.) | B
- + HN >
S | SR4 DMF, 100 °C &
NHCOCF; R! '

1= L R2 =
R'=H, 4,6-Me,, 4-F; R? = H, Me, Et, Ph up to 87% yield
R3 = H, alkyl; R* = alkyl

OH
Z
base-catalyzed
NR, hydrolysis of the
m __amidebond NH
N
H

c':OCF3
COCFS\ ©\/
_Pd-H
\ N
COCF,

H,0 Zx
H Pd
Pd.
R,NH ; N’

D COCF,
COCF,

B 67 SEAEALAIHRITEE 5 LA A R IR S R

Scheme 67 Palladium-catalyzed cascade cyclization-amination of propargyl alcohol and amine

RZ\l o) RZ\\
_ Z R~ MsOH (1.3 equiv.) R*'”‘
; \ o N
_'_\ 0 DCM, 0°C or rt. { Cp
up to 85% yield
.
H
oyj H
Z H* /J =
- . @\
/O 'HZO _0

O~
‘ @ 1 ,6-addition
> /

B 68 MsOH {22k fbk PR B ) R BEER AL I S
Scheme 68 MsOH-promoted cascade cyclization reaction of propargyl alcohol

23 ERATHHNRN SNAFE] o-IREURI o - BTN R, 12 B HLER A

2013 4F, Akai R4 IHRE T AgOTE fifr Fopg  THRBE T HOAL AR LI S b IR 40 2 [P0 A7 PELAURE SR
A RAA IS T IIMLRS, BRI SIS A 7J<%%E%W‘J I JRF ERSE
Fek el T S HURE 0 p R AL & 49 (Scheme 2015 45, RARBMATERTIE AR
69). %7t R S R R T Top gk ETIVAG IR AROR AR B A T 4 Ak B R BRI R R
T R, AR T R, (e M, IFE TS & 7 PR G KSR A )
Bl, M AgOTE Mk it fhiy N-SURBRIAME I M 5 fong,  (Scheme 70). R NIATPIRNIEAR I 7 M 55 il # 19
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R3 R3 OH R® Br
— AgOTf (5 mol%) NBS (1.1 equiv.) -
o} % —_— o}
g Toluene, r.t. R’ OPh  Toluene, r.t. o
R’ OH R1
R? R? R?
up to 98% yield up to 67% yield
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RLOH Ag R O_//; -Ag*
N, 8 TS g f'OPh - R!
- ol R Fomh
R" 1 OH oFh W ) o) OPh ho
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BIZX 69 AR AL A BRI A BB IBCHA AL S
Scheme 69 Silver-catalyzed cascade cyclization reaction of propargyl alcohol
R! R3 R!
(0] 1 (0)
R2 p-TsOH (5 mol%) / N\ ROH I, (1.2 equiv.) R?
R3 MeOH, 70 °C _ T R2 MeCN, r.t. R3 = |
(6]
up to 99% yield up to 98% yield

OH p-TsOH

MeCN MeOH
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HIO(H,0) o

I
OH H

Y
\91»
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(0]

e r o
[ 1 (H0) &O
| | H
Meyer-Schuster H*
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o

L C
= - .. 0- X
o ro g oo
! H OH
OH I*(H*) HO

B 70 p-TsOH AL B S 5 AR A IR O H3 RIS S

Scheme 70 p-TsOH-catalyzed or iodine-mediated cascade cyclization reaction of propargyl alcohol

BRI ] % Fft 2H- ) B 4- iR ) e R AL 1ZRONE i i HAT B I B AT, 776 I T abr s b o
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T AP 2H-CRRAEEYI(Scheme 71). fELEFALIE
FEFR, SR E AE A 00 ARE AT =0k R34 BAT R
Uf (AT 52 1. %R SR PO KB 5o 2. 1A
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Scheme 71 Copper-catalyzed cascade cyclization reaction of propargyl alcohol and diarylphosphine oxide
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