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Research Progress of Organophosphine-Catalyzed Annulation
Reaction of Electron-Deficient Alkynoates or Ynones

Zhang, Jiayong” Abudukeremu, Munira®* Miao, Zhiwei**“”
(“ College of Chemistry and Environmental Sciences, Kashgar University, Kashgar 844006)
(® College of Chemistry, Research Institute of Elemento-Organic Chemistry, Nankai University, Tianjin 300071)

Abstract Organophosphine catalyst is a kind of strong nucleophilic Lewis base. It is widely used in the field of organic syn-
thesis. An active and important zwitterion intermediate can be generated via nucleophilic addition of the tertiary phosphine to
electron-deficient alkynoates or ynones and achieves further transformation, including isomerization, o-, -, y-addition reac-
tions and [2+2], [3+2], [4+2] cycloaddition reactions. Varieties of pharmaceuticals, natural products and other bioactive
moleculars could be efficiently synthesized through organophosphine-catalyzed cycloaddition reaction. The research of organ-
ophosphine-catalyzed cycloaddition reaction of electron-deficient alkynoates or ynones has gained more attention. The recent
development of organophosphine-catalyzed cycloaddition reaction of electron-deficient alkynoates or ynones is summarized.

Keywords tertiary organophosphine-catalyzed reaction; electron-deficient alkynoates (ynones); cycloaddition reaction
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Hbrr=4.

1995 4, [ifi B 8 i R 41 IAE I 72 D6 [3 + 2134 I ik
SN b, FIF 2-T WRER B8 1 55554 W F 12 4]
B o f-ANHLRE IR MG R (E)- T 5 R — ZBR(2) v, 1
10 mol% — T ZEBEM T, LR AEFITER SR T,
FEERAEB 2PN, BL 88%HIICHRAF F 2 Bt
W IRIRAL A 3 (Scheme 4).

1999 4E, Bfi B8 4 IR P HRGE 17 10 mol% = T 3
BEIIMEAL TS, DR NEFI SR AT 2-bREE BRI 4.1
DEE)- TR CBEQ) KRB 2 IR S, B
T3%ICR A BIIR B RS & 5, FIRFEL 1%
HIVCRAFE] TALEY) 4 5L 6 (Scheme 4). 5
SEIAIR, PARRESRIL & 7 FI(E)- T R — LBRQ)N
JEY, 1E 15 mol% =T EEBEHIMEIL T, L 47%H 15
2| trans > cis =5 . 1 FIVUHURIA IR AEY) 8 (Scheme
411,

2003 4F, i B IR AN SRS T =T SRR T bR
BT BR(10) 5 B HANEIRY 9 2 5/[3+2]3 00
BN, PAKT 97 © 3 [ X IUE R A 2 T 30 0 4
SERIHIEIRL A 11a AT 11b (Eq. 1). 2B 45 R ER=
TR A IR N BB (1 X 3 R 1 S S N TR A 43
TEERRIFEMER, E RN =W BT I T RIREG HH &

B R BUT BRI, % 5N X 3800 R M 2 15 21 0 S 4R
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2011 4E, Loh B RIE T PMe; EALIRES 5 T
e HI[3+ 2] BE. R 3-T Wi ie £ 16 (51) 57
A Ts PR E R WA Y) 52 R, 16
20 mol% — F ZEMEAL R, DAH ORI FITE S A& T
SN 2 h, BAT DA = S b i 2 B A kg 53
(Eq. 7). JRRL4E S 7= FI FBUBSHE £ o I8 -5 0 Ji 1 S,
S PRI S AT 2 B I B A v 5 R R SR ) R R
RN IgAR.

Chin. J. Org. Chem. 2017, 37, 2859~2872

© 2017 Chinese Chemical Society & SIOC, CAS

Ts
! CO,Et
N
/\COZEt + 7" PMes (20 mol%) =
R1 ) - e i --ulR2
R toluene, r.t., 2 h N 0
R" \
Ts
51 52 53
R'= Aryl, CO,Et
R2 = Aryl, 2-Furyl

2013 4, HifR A RE T OLT e R R B A
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&% TsCl A H,0 A %724 66 (Scheme 12).
1.3 WBHEERE FHRES [2+ 213Nk & B2

1995 4F, 40 7 i i R ZH P2 RS 1 U AR AL B L T
JRER 2+ 21 PR IR S B, s 7 BAAE BRI Coo AR IE RS
TRlE 67 J9UNIEEY), 16 PCys HIHEAL TS LAH 2 97,
A LR AR 2+ 208 I s B, AR LA A BRI i SR 45 )
(17 DY eI oA PR AR o, B- AR 68. 2 NATL
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\ 4 N
61 R? COR

\
62 R2 63
R'"=Ph, aryl; R? = Ph, 4-Cl, 4-Me; 40% ~ 99% yield
R® = Me, Ph, CF3; R*= Me, Et

R1 COZ R4

R*0,C—= COZR“

\ CO,R*
PPh,

63 N—-N

2 \
0 R®
COZR“ o~ |

¢ PPhs RAOzC]\_ 61
-
.

4
O COR R*0,C PPh3

\\W «© W//
) \—Pph,
COZR“

|\
AN
\
R

R 11 =REBS S5 TR S MFfTE op-A1
AN (4 21D S L J 5 AL

Scheme 11 Triphenylphosphine mediated [4-+2] cycloaddition
reaction of dialkyl acetylenedicarboxylate with pyrazolone de-
rived a, f-unsaturated olefin and reaction mechanism

64 Ts

R'=5-F, 5-CF3, 4-OMe; R? = H, Me, Ph; R®= Me, Ph

Ho s
o {OH o

- L
N7 Ny

66 ~Ts
H

HCI +
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S

@ﬁﬁ

zxgﬁﬁwz%%TM%%ﬁ%ﬁ@@ﬁ%mp+q%mm&&&&mm@

T

B 12

PPhs

H B SBUBE PCys SRS TR 67 A= S A% N RS B
A RRHEE A, RJE B A B, Hafk B 5 EER
Wi Ceo RAZIMBUR B AE B AR C, SR JG R AT N 1)
Michael JH M, L7 PCy; B4, A
24774 68 (Scheme 13).

2 U B eE T ERERER AN AR S R

2.1 BB FRER3 + 2) 3R N AR & 2

A PR A B L A A (3 203 0 o I LB
W1 Scheme 14 Ffrzx. T 5BUBE PR 5 6B & A SEAZ I Rk
RN AER A, R JE & iR A b E A B,
A B 5 a,f- ARG & K A4 1 17] Michael Jil& %
PAE R IER C, SR JE KA 5T NI Michael fHs B
AR A D, 20 1,2-HIER AR R E, e85
PPh; “F 8 J5 1724 F.

2010 4F, Fu BEHPHRE T L7 H#E A
RUEEE (PR B E ) 69 SHIRWIIM 4 F WELE[3+2]/
[3-+F21 M. RMEL 20 mol% =T FEE A7), LA
1 R, RAEMIR T FHNEI[3+2]

Voeum * Vacore=9 -

ININESE,  BL 89% IS 2 A8 Fe FLAT 5 A7 A A0 XUBRE A 34
IR IR SR LA 70 (Scheme 15). [BALEE & B
2 0
Pl\jzz:r\]OrTOI/o) R1:—\ o R®
Pz _
HCI work up N
66
up to 99% yield
O
/J\R o
65 . O
Ph3P/\_)LR d
A NH
o 1,

- Ts
B N

) o
Ph3P/\)L

L 5
PPhg

haw

Scheme 12 Triphenylphosphine catalyzed [2+4] cycloaddition reaction of 2-butynoate with 2-aminobenzaldehyde and reaction mechanism
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& B K4 TF NI Michael IR N A B A D, R
PCys S5 3 — IR R E 5 F N ) Michael % s 4 1% (8] 44 E,
Coo v RHLCOZCCOX . ene BJE2it 12-H i85, 8523 PBus £ 70 (Scheme
o7 15).
R =H, X=0Me
R = MeCH,CH,CH,
R=X=Me /i}
n-BuzP (20 mol%)
RH,C—==—COX . EtO,C V(DCM)/V( AcOEt) 9/1
N COX

PCy3

B3 13 PCy; AL IE IR IR T

21N L I J L HE
Scheme 13 PCyj; catalyzed [2+2] cycloaddition reaction of
alkynoates with [60]fullerene and reaction mechanism
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e J
.
PR3 (0]
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Scheme 14 Reaction mechanism of tertiary phosphine cata-
lyzed [3+2] cycloaddition of ynones
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89% y|e|d

Ph EtOZC
EtOQC

-

PBuj

BU3P
i Et0,C7,

EtOZC E
o PBu
E

+

BU3P
PBU3

EtOQC

Et0,C—
c

B 15 =T IR BRER 77 N AOIESE[3+2)/[3+230
JS N I J AL B
Scheme 15 Tributylphosphine catalyzed intramolecular sequen-
tial [3+2]/[3+2] cycloaddition reaction of ynones and reaction
mechanism

2010 4F, Marinetti BRRRZHHRIE T 74 0 IR G 2K
WA 71 F0 B-ZEIERUARI o, f- LRI 72 Z IR [3+
2NN, Z AT 10 mol% T BUBE(S,S)-Ferro-
PHANE (i, BLREOGUEFITE 120 C&AF T M
24 h, LL95 15 ML FENEA 80% ) S iR 13 2[3+
2RI 73 A 2-NIRIERERR RS0 74, (L&)
73 H ee=90% (Eq. 9).

2013 4, Krishna B2 R BREAZE R 75 5T

THETAE IR A A 76 NIRBIERY, 7E 20 mol%

(p-FCeH,)P MIfiEAL T, LA DCM Va7, 7% T
RAEBAH2PA MU, B 80% I 43 B A 4
BESE M IR LRI 5 77 (Bq. 10).
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==/ +
OO toluene, 120°C, 24 h
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73:74 =955
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NC

CN
o) y/
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R |/ Z~N ° DCM, r.t.

Fg \
75
MOM
1_
R'= H, Me, Et 76

0

) ~ TAr
R CN

/F N
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77 MOM

60% ~ 80% yield

2014 4, TEA R PO RIE T ORUB AL ) Bt H
ol 2 FEFIZRAL AW 78 B =HATAN) o, f- AN AR
79 Z I HI[3+ 2] MBS 8. [ 8 30 mol% PPhs 1
AL, [FIRFEL 30 mol%4s R NALMEALF), L2
BN, R R AR T KB 20 IR B, AR
FLA IR A XU (1) FL G R IR 245 0 B 2R AL &9 80 (Eq.
11).

o]
0 PPhg (30 mol%)
/J\/Rz R _ PhCO,H (30 mol%)
R R® EtOH, r.t.

(e}
78 79
R’I
O
R' = Ph, 4-FCgH,4, 4-MeCgHg4, n-Bu (11)
> R%=H,Me
OR3 R3 = Aryl, 2-furyl, 2-thienyl, 1-naphthyl

80
62% ~ 97% yield

2003 4E, Endo RFRHPRE T =T HBEA > T
WIES[3+2)/[3 + 213N s B, e 2500 8 R 3R DU Sk
WAL A YD BT 7. RBE LA P A A Bk () e
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81 MY, FIH =T HBHE AT, DL THF T,
KPR T NES I3+ 2 IR, DU iR
A LA R R I SR 2B A I RIS 82 (Eq. 12).

2
R! 1 R
N R O
N R® [ Bup = R'=Ph nBu
o & THF L R2=H,Me 2
O H
81 82

41% ~ 73% yield

2012 4, 3 REHPRE T UURERZL &9 83
FIEELT 84 NIEY), LL 10 mol% PPh,Et NfEALF, [FIN7E
30 mol% & I ERAE Nl InfI ) 2640, LASU A7,
TEE &M T RAERBH 2NN, L 94%HIeR 15
B FLCHRFR R IR A S50 A4 85 (Eq. 13).

o o)

PPh,Et (10 mol%)
/J\ . Rz:_\ o _PhCO,H (30 mol%)
Z P

R! \ CHCl3, r.t.

83 84 R®

R']

V. o
o

N R' = aryl, 4-Me, 4-F (13)
R2-— O R2=H,2-Cl, 4-Me, 4-C|

Z N R3= Me, Ac, Bn, allyl

85 R

51% ~ 94% yield

2016 4, BRI PRGE T DB AT R RS
&1 86 5 LIRFLFHZRAAY) 87 AIKH, 1E 30 mol%
PBu; AL, LA DCM RiEH], /£0 C XM 6h, &
RAEB+ 20 RUR B, TR A7 P IR 3R B e 4k
SN, AR R LS A 46 S ) 88 (Eq. 14).

R3

NNHTs o R3
PBuj3 (30 mol%)

1'—\ 11 14
R'5 o+ H o R'-— (14)
Z N DCM, 0 °C,6 h o
\R2 R2
86 87 88

R'=H, 5-F, 5-Me, 5-Cl
R2 = H, Bn, Me, OMe
R®=Me, Ph, aryl

2016 4, Reddy UAZHPOMRIE T ST A4S B & B
T % T A T 1 S 5 A P B 1% S B DA R
89 FIZK I N EEIEAZ 90 N4, LA 20 mol% PPhs {E At
13, BL 20 mol% ZFRAE NI, KA[3+ 21 I pk
SN, BL9SY% IR AN 11:1 () E/Z 3% A5 23R R B I
it A I i B SR S5 M A5 91 (Eq. 15).
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TR AAF T R A XIE B[4+ 21 I s B, LA
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(Eq. 16).

2012 4F, iR P RS T B4 95 AN 2 R A
fif(92)7E 100 mol% DABCO AL T, =ik 1E T LA
THF KA 428U B, B 64%~87%[1IU
RAZ ) H A e L0 0B IR0 R AR S A 96
(Scheme 16). [A4F, iZiR 4R AR F EY, 1E 20
mol% T XUBE L7 DIOP AL R, LL LBk N FI7E

DABCO (100 mol%)

EtO,C
2 ) CN
O | PPh3 (20 mol%)
= + R4 T E——
< N THF, rt.
=
92 93

R'=5-F, 5-Me, 6-Br, 6-Me
R? = Bn, Me, Allyl, Boc

(16)

up to 91% yield

—20 CTF&MN, RAERB+H2M NN, PLEE 62%H]
PR 90% ee fH, 1FEIA R ITIBHMLEY 97
(Scheme 16). 2013 4F, Jtiffif @41 iE T e s 98 fil 2,
Joh L 92 7 20 mol% TP U 44 77 (DHQD),PHAL
FIELL R, L V(Ph,O) M(ELO)=1 : 1 N, f£0 CF
KB 6h, A4+ 2R B, L 99% IS 2 Fl1 94%
ee [H13 2 E AN TR S 99 (Scheme 16).

2016 4F, FRL BB HRIE T LABRER 100 A1
[ STAESRAN A1) 101 R, LA 20 mol% PPh; 7 i
13, BA 20 mol% KB {E s nssl, Lh DCM M, 18
FERAMTRAEB IR, BL 94% FIU Al
20 1 1 [ Z/IE BB B R A 102 (Eq. 17).
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O o
O o
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Z N Et,0, -20°C N
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R 0+= R
Z~N V(Ph,0)/V(Et,0) = 1/1, 0 °C
\ 6h
R2 ) )
98 92 D-diethy tartrate (3 equiv.)
R'=H, 4-CHjs, 4-Cl, 5-F, 5-Cl
R2=Bn, Me

45% ~ 62% yield
66% ~ 90% ee

MeO OMe

81% ~ 99% yield

75% ~ 94% ee (DHQD),PHAL

B 16 3% 5 Wil AL 2- 2Btk H R IR 5 BE 20 KA 8

Scheme 16 Lewis base catalyzed cycloaddition reactions of but-3-yn-2-one with isatin
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Scheme 17 Triphenylphosphine catalyzed domino cycloaddition of ynones dimerization and reaction mechanism
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