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Research Progress in Metal-Catalyzed Addition of
Carbon-Hetero Bonds to Alkynes
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Abstract The addition of carbon-hetero bonds to alkynes has become an important apporach for the functionalization of
carbon-carbon triple bonds. It can construct two bonds, namely one carbon-carbon bond and one carbon-hetero bond, in a
single one step. These addition reactions feature high efficiency and high atom-economy. In recent years, metal-catalyzed (Al,
Fe, Ni, Cu, Ga, Ru, Rh, Pd, Hf, Ir, Pt, Au, Bi, efc.) addition of many various kinds of carbon-hetero bonds to alkynes has
achieved lots of important developments. According to the types of carbon-hetero bonds, the addition of 8 different kinds of
carbon-hetero bonds [C—H, C—B, C—N, C—0, C—Si, C—S, C—X (X=Cl, Br, I), C—Se] to alkynes is reviewed in this
paper, and the reaction conditions, reaction selectivities (regioselectivities and stereoselectivities) and reaction mechanisms are
also discussed and summarized.

Keywords metal-catalyzed; carbon-hetero bonds; alkynes; addition reactions
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BE AT LUK AEAE ST, BT DURAEAE YT, IXAKRE
JEM = 70 SRNE FRY AR R RSS2
VL BT B A S, R AL TR S X

R AR 8 S B2 7T L — 20 PO A 8 P 2, B — A
BB B AT — SRR i, 2SO ST R 1 R e

b, T HIEE R BB EAER R, R . T8
Grikm s JRYIE VG R AL AR, AR
IR JE T Z 4 )8t Al Fe, Ni, Cu, Ga, Ru, Rh, Pd, Hf,
Ir, Pt, Au, Bi S50 IR 2 2870 (1) ik — 2 B0T ok Bk (4D A
BT AR SCRR A X e B AT 0 S PR Bl — 2 B (1 2R R 40 Ry
C—H, C—B, C—N, C—0, C—Si, C—S, C—X (X=Cl,
Br, I), C—Se ##iX 8 Z2&— T/ 4H.

Y z
——— Y-z — >><<

Y-Z: H-H, H=X, X=X, H-0OH, H=CN, H=NH,, H—BH,, H-OMe---

Yz cat. [M]

Yz ¢ Y
- . >><< or H
_ . .

[M] = Al, Fe, Ni, Cu, Ga, Ru, Rh, Pd, Hf, Ir, Pt, Au, Bi, etc.

Y,Z=H,B,C,N,O, Si,S,Cl,Br, |, Se

B 1 AL GE T N7y 0 BB R n S 8 BA K 24 AR 45 )
ML BB A BT B 0 T S 8

Scheme 1 Traditional addition of simple molecules to alkynes
and modern metal-catalyzed addition of carbon-hetero bonds to
alkynes

1 BR-ZREXTREERI A

1.1 C—H EXTREBAIM AR

C—H #REREEOR, B S El b it sl B A
—E WPk, AR E SR AT C—H BT
5 J7 B SN RER I IR, 2005 4F, Takemoto idl
PRSI T AREALE) C—H B (B U5 X B 2
T W INE(Scheme 2). 24 DL A KR i) g s B R Ik fie
FAL B 1 NEY), LLRhy(CO) o MEALFIRS, T —H 2K
HRAE 130 “C 10 h Bp ] DU GF iR R 4380 E X H
FRr=¥) 2 (Scheme 2). 1%/ MR RIS F T 2R B2t 2R f 2
JRY) 3, X Mg TEBE 5, LA Rhy(CO) o AL
#, RFBREAEREST 100 C/ 6 h BIAT L & ik
REFNEIRY 4, HILRIRM S5 NI 7 AR E R
IR EZE, E R Z R eI eE 2.4 0 1 3
12.5 © 1 Z 8 (Scheme 2). It v Al it H M HLEE 40
Scheme 3 Fli7r, BEMEALF B S0 5 R FI PV EES & A2 )
FHER AL, SRJEEENT C—H B AT S A 3 N 2B A a4
B1, FifiJ5 Rh—H X Hg A7 n s = sl 32) 43 2
HHEA C1, C1 2Rk ad 53 B B ) 15 210 =) ORI H i
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TR, BEAT T —REAIHEALTEA. Takemoto #IE & BT
FRABRAER R AP R SRR AL G O
i A AL SR AL S SR T T .

R3
R! &
H Rhy(CO)12
N/&O xylene, 130 °C, 10 h
|

R2 36% ~ 74% yield
E stereoisomers only

1

@ﬁ ©E§
3
R 2 B C—H BT 4 T Nk

Scheme 2 Rh-catalyzed intramolecular addition of C—H bond
to alkynes

H
%N © % N/go
\ Rh(0) |
R! R
20r4 % \Q -

Rhy(CO)12

toluene, 100 °C, 6 h

44% ~ 85% yield
E:Zupto24:1~12.5:1

RZ2_ _H Rh(O R2
|
?}:E[Rh(ll) ¥
. s Ay ]\/ /&
:‘1 \ / R /A1
f]%?h(ll)\H
% ITIAO
R1
B1

B3 BEMEAL C—H ST HBR I 71 A IS LT
Scheme 3 Proposed reaction mechanism of Rh-catalyzed in-
tramolecular addition of C—H bond to alkynes

2009 4, Hiyama /NHAPHRIE T Ni(COD), Al Lewis
IR (AlMe; 5% BPhs) L 40 R BERZ R &9 S A
BT HR 6 B9 TN R(EG. 1), 1258 X Sk B A 4,
A FH ARG R, I e (A1 R s 21 67 BELASE /N ke
Tk b RS LA AR B AR b, E DU
IR REE E R o f- A AR 59 7.

4k Hiyama /N TAE 2 J&, Tsuji N L[] Bk
SARIE T PR A Y 8 Hh I ST bR 9 1 43 T[]
TR (Scheme 4). %M LL PACl,(PhCN), J{#EALF,
Xantphos ALK, PhCOCI N, 76 =F 2P F 140
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Ni(COD), R GOOMe  pg(OAc), TOMPP 1 o00c.
0 R*  P(tBu); + AlMe, ' R—=—H + || toluene, 25 °C, 6 h
R L or PCyp; + BPh; RZ/N 0 — |
N"H + I oiene, 35~ 100G H O 15 up to 95% yield N
|2 3 1 - 120 h R? NHBoc NHBoc 'R
R R R4 16 17
5 6 up to 94% yield 7
E/Z up to 100:0 R [Rh(COD)Cll,, PhyP
Ar———H + =

CRRL 20 h BIA] PSR 2] H b= 10. H15—$2
P52, W7 PhCOCI 7 s B H i 4 22 0% 81 L (1) 1 16,
Anl e, XA[REER A PhCOC] 5 H B L) 8 K2E
N EET P24 HCL, HCL 32— 25 54 A7) s B 72 AR
“Pd-H” WFh, 1% “Pd-H” Yy REHES)HE AL A,
Vb2 9 i KR R X SR B I A ST IR BRI S (E
Z=94 : 6~100 : 0). 4 ALK s M RR PRI, OB
JUTF R3] E X290, 48 AR A X FRECER, &
JRAS A 3 B — DX Sl B =, kM2 [ R I Rl 347 BHL
BN, B R18E] E XP=¥)(Scheme 4); 4
R R 12 B, OB AT 3 v 4 0 =4 13
(Scheme 4). IR FIIINET=72 af-AHEFIBERZ AL
&Y, —KEFEN Michael 24K, HE—REEMEH
HL A )44,

0 R? PACI,(PhCN), o H
R J\ Xantphos, PhCOCI R!
N"H | . 5 SNT N RS
| mesitylene, 140 °C, 20 h | )
1 R
R R? up to 95% yield R’
8 9 | EZ=94:6~100:0 10

H  PdCIy(PhCN), o
Xantphos, PhCOCI
=
J\H*'m mesitylene \NJ\’/ + \NJ\/\R“
' R* 140°C,20h I Re '
" 12 13 (major) 14 (minor)

13:14 =81:19 ~ 95:5
13: up to 85% yield

B 4 HLfEA C—H BT B 1 431 A Bk
Scheme 4 Pd-catalyzed intermolecular addition of C—H bond
to alkynes

2011 4F, Trost /NACILL PA(OAC), A7 SZEL T
JR 15 1) C—H BT R ER TS 16 11 28] I (Scheme
5), ZR LR B 1 X I R M R ST AR A S R
DA =0 B (7% A3 21 7 = B E e Bk A e S =4
17, 729 17 0] DL — 25 505 21 2 BUR kg 5k &
. BEJE, Xu ANABBIRIE TSRO0 TR, flAT e
[Rh(COD)CI], AL S T 5 18 H ) C—H S Xk
PR (Fi) 19 BB A iZ 21 ()5 18] I8 (Scheme 5), BA%
— [ DX 3 5 1 N ST AR 2 B M A3 A5 B T I b2
4 20 B 22.
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CH,Cl,, 40 °C, overnight /JVR
Z =
18 19: R= OH. OB LUP 10 95% yield |  Ar ~
21: R = NHTs, NHBoc 20: R = OH, OBn
22: R = NHTs, NHBoc

B 5 sk C—H X HE ) 21 1IN AR
Scheme 5 Pd or Rh-catalyzed intermolecular addition of C—H
bond to alkynes

2014 4, Zhu 297238 T Pdy(dba); AL I 23 Hi1H
C—H xR IZIS RN 24 H15F 810 (Scheme 6), %
SN BAT e — I X IR B, eI O pl B S RUE 1A
HERE L 12O SR R B AR A, LT
R33N EG= 9 25. 2015 4E, Reddy /NAUO R IE
TR O, AT PA(PPhs),Cly AL TFISZEL T bk
26 ) C—H ST BRILIRILBEREY) 27 (14T RNk
(Scheme 6), Ff DA% — [ DX Ik £ 1 R0 ST AR AL 22 e
237 NN 28. Zhu /N AN Reddy /NAMK JE
(K3 7 32 BT B IR P 0 0 2 v B R LA A I R Rk
W, IR 5 KAEZ Gz, 2 +aB e
HLA B [a] 4.

1
Pda(dba)s R
1
R - o/
I+ Aa—= N, ’ ’ —

2 up to 94% yield H  N-R?
E/Z up to > 98:2 Ms/

Pd(PPh),Cl,, TEA
_THF,25°C, 12h _

OH OPh
P4
/}\ [ up to 86% yield] RH\(\
OPh

3
R H R‘I
26 28

B 6 HMEA C—H BB 237 ) Ik
Scheme 6 Pd-catalyzed intermolecular addition of C—H bond
to alkynes

1.2 C—B s REEAI AL

2003 4F, Suginome /NP RARIE T AEERER AL
1] C—B X e 13T W N Ai(Scheme 7), 1% VAR
PR NJEY) 29 A FEEE Pdy(dba);, PA(PPhs), 5K
Ni(COD), N, 7EFKFF 80~110 C M 2~43
h BRI 153 B AR 30. b S B2 AR LT [X 3k Bk An
SEARAL SRR YR (E © Z=100  0) LU R0 sk i 8
B E A TCIHRIAT=H), 1Zr= ] LATEA R 46 0F R itk —
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LA 2 P B B A HLAP AR SR AT s
LT AR A ) C—B BT ) 431 A1 B B (Scheme 7),
2N XSGR BEVEBLE, B R 3 S0 s B AL B AN )
Hebk b, 2R BLE A T — LR ik v, RAF
NN = 4. AT 1 S S F B T A e Jd & i
M7 P-3622M A prh. BEJE, AT 2006 4EL
Ni(COD), JyfEb A SEEL 1 H LN ER BE 2R A 35 1K
C—B X B 1) 73 18] I s (Scheme 7), 1% BLRE LA S
AT 23R 0 X Jide 438 M = 2245 380 ot X S ) A7 22 00 R 7 2
724 37. Suginome /INH R R (1) 77206 BUE Re AL 1 )
FEWIR R RAG S T R R AL
toluene, 80 ~ 110 °C

2~43h ’Tl CN
B~
O CN R u 0, i O
p to 95% yield R
R1M E stereoisomers only R

R 29 [Pd]: Pdy(dba)s, Pd(PPhs),  R?
[Ni]: Ni(COD), 30

[Pd] or [Ni]

/ Ar [CpPd(n*-C3Hs)], PMe;

CN\B_CN o -oxene. 120 oc12h (| Ny~
N \_

up to 97% yield
\ R [33:34=83:17 ~ 99:1 'T‘
31

32 (R = Me, Bu) 33

w-
&2
>
T

5 Ni(COD),, PCy; >?l\ Q ,
- toluene, 80 °C, 1 ~ 14 h B. R

up to 92% yield
cisitrans = 73:27 ~ 99:1

B 7 ALEER AL C—B X Nk
Scheme 7 Pd or Ni-catalyzed addition of C—B bond to alkynes

1.3 C—N SEXIHREEAYINAL

C—N BT U R 0 A s . — B A AL 2 SRATT )
WFFL R, (R 9 IS s B AT DA sy A by S s | W g . B
AFF R A AR 2R B — Sl i, Wi S o, ROV
WCRARES, SR FEE B AR R A BB, X Le s
ﬁ%ﬁ%}}zﬁ SRR, IXAE C—N R 0 e S B A
e 7 1 FEE R R LA TR M| W 2 0 B 40 1) — P L S SRS,

2004 4F, Yamamoto HEREZH S YHRIE T 4L
C—N HEXT B (1) 51 P9 I B(Scheme 8), fAI1R AT 38
RIEAD, LA PtCL AL FIAE R T in#v 22 80 "C R mf
33 C—N BEXT BRI T WIS 39, 1% R BAE
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C—N G o e 30 AT o s 110 [0 ) B I 2 1) 20 1 N
13- %, (HiZ T EAERANAN R Z A — R
PtCl, 14r e, SRR Z. Ky Ry 38 25
SONIE T S HERP= 39 4b, B 215 BB R
Y 40, T HA>S2E 40 S BRI 30%, X PR
RN B FERE L PR T S R S A B Nakamura i3
BAHUIF 2009 £EHE—2BWTE T Yamamoto & JERIMEAL
P RT3 R T 1% 1) 3 F VG Bl (Scheme 8), AT LA
Ptl, AEALFISZIL TR 41 BRI T 1,3-
TR, AT EIR-3-TE R A E Y 42, % SAT SR BE
€ LA R i e Jig B 1 = 43; 2448 PCl, 2% PtCly
AT, AT PAE ROt SEHURY) 44 458 RS 4
TW 1,3-iE%, BRI SRIRERRL A 45, Hilr)
B, R FEAAT I E I R R 724 46 (Scheme 8).

PtCl,, anisole

.
@% 80°C,0.3~24 h
)J\Rz up to 99% yleld

38

R! 2\ v R1

= Ptl4, EA

= 4, H

©§L 100°C,2~48h _ 7N N7

- up to 83% yleld

41

Pr-n

Pr-n RO Pr-n
4 PtCl, or PtCl,, EA H- >N
o] 100°C, 14~16h _ 7 N
LI +
JKOR up to 80% vyield
|
44 45 46 (not detected)

B8 HAfEAL C—N B BB 231 P Ik
Scheme 8 Pt-catalyzed intramolecular addition of C—N bond
to alkynes

Li ST 2012 4508 747 AL Y 47 i
C—N BEXFREER) 7 F W I %(Scheme 9), 1% M GE =
R ER M| -3- R A Y 48, (HIZ S (a4,
HLERAE A e B, 37 5 AN R 07 FE A /)N ) FR It
3, AIBHAH KPR 2 W 4 R S 2 5 I NI I 3
I, IXTTRESE B T 7R A 700 1 e A 3 1k SR T 5 | Ak .
BATREAT 2014 FHOE TAHMEALK C—N BTk
BRI, K 49 RV, A PACL(CH;CN), AL
R AT RS T e 25k i) A B R RE AL R | R SR AL A
50 (Scheme 9). 1%/ ML FE B AMELE FH 467 B A /N
BRI, o A T FHASOR I S 3 . IS, = T
WEdd . REGIEAL . RFEEEE . SR AMERSE. oAb, Bii
. BRI AT AR AT R R R S 5 R N, HS 1R
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IS, RIS 1 o e B o] DU R IE B R A 2 5 02k
R B, BB T BRI 51,
TR ST T BB A ) C—N B bR K i, 1 S v fig
DA iy i 26 45 21 05| Wk -3- B 9 3L 2R AL &4 52 (Scheme 9),
Jang -3 - B I FL AL A W ) i & BRI T TV
e )
30N o

[RuClx(p-cym)],
DCE, reflux, 40 h R3—|\ N\ R

up to 99% vyield Z N\

H

| 2
2 R
47 R 48
1 0] R4
i PdCly(CH3CN),
0,
R2+\ )OL CH4CN, 90°C, 8 h RZ—:\ \_rt
Z N7 OR* | up to 99% yield Z >N
|3 4 \R3
4o X Ri=alkyl anl, COR NHR 50
R’ o P
y PACIy(CH3CN), .
> XY 0 toluene, 110 °C, 4 ~24 h N R
R T R R N_R!
ITIJH( up to 99% yield F N\
Ry O s R

B9 A7l C—N BRI 5 4 I
Scheme 9 Ru or Pd-catalyzed intramolecular addition of C—N
bond to alkynes

Scheme 10 UL B4, &7 BRI C—N BXTFR
B0 RS N TT RE I R VAL, & R AEAIIM]E S
JKH) 53 25 A B R BRI B v A R B I T A R (] A
A2, 'BHAE FUR o0 B AT SRl MU R (Al B2,

MG R

/

/
tos LIS
= N =

_MG
\ " N
54 R3 [ ] R3
[M]: [Pt], [Ru], [Pd] 53
] MG: migrating group M) 1
MIT MG R
=
|

X
%R1 R
Z N = N/MG
R

B 10 4. g7 AL C—N SRR Y 1 A IR B
Bl

Scheme 10 Proposed reaction mechanism of Pt, Ru,
Pd-catalyzed intramolecular addition of C—N bond to alkynes
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RIE TR RIMGY K E TN 13- A A C2,
B PR BR AT R~ 54, AT SN T —5
TEALIETR.

BT 2R TR, RATEMAP 354t
T N-JE BRI BE R IRY) 55, A RM S
(14 JBAR S T C—N 48T S—N SR e (1) e
J(Scheme 11). 4 LA PA(PPhy) A AR, myidh 5
S C—N BT R N, RS I R A D R S
RAEDTH 1,3-35#; 24LL PACL(CH;CN), Jo ik 71,
PR SE I S—N BEGHRBE AN AR, LR R A
NIEREBI R AT 1,3-E8. Wik, 4@ R
Y 55 MM T |-G 2L 30 P 24 1]k (56) Fl 1-
#5579 F2E - 3- TR T i W5 W (S'7) 3K T P | e B 2R AL B 4. 1H.
RN, SEI C—N SR S—N BB il ik 8 1t
TR R AR R IR T HUBALTIAN R 2 Ah, HoAt s B
FAEUET S IR, 2 BT AGE N SO A
FUBLBE L C—N AT S—N B bR % B 1 ik,
X[ fEEH Pd(PPhy), A1 PACL(CH;CN), 1X i FhAS[F 47
25 B AT DR A [ B A AT B T 5 S0 AR A (R 119
N ERAE BT U E II(Scheme  12). ZEANMHT PA(PPhs), B 5G5t
C—N ST AN A B (A4 A3, BHEE TR RIE
F R AE G 10 a4 B3, SR 5 BUR T ARG AL e
BT RIS B TR €3, d5 e I T B A
MR =Y 56, Bt A AL FRHEN T — 5k
TEFR. A58 PACL(CH,CN), B 45 5 W) 55 4546 T i e
RO A IR A b B N T AR il (AR A4, EEEERR T
X IR BRI AT S A% B BUAE AR A B4, AR FE IR R A
ST L3RR A C4, e )n FRE M 7745 21
P 57, AN N — R AL PEER. O VERRTT &
MRS R ER, B R Re AL |

/
Pd(PPhs),
CH3CN, 90 °C, 8 h |/> N\ R
| :
» M
[ NN 56
R |
0=S=0 o=/
&2 PACI,(CHsCN), S~R2
[ X
55 CH4CN, 90 °C, 8 h |// \_gt
\
p to 92% yie R3
<
57
B 11 AT AL C—N B S—N Bkl 3% £ 43 7 9 i
159

Scheme 11 Pd-catalyzed selective intramolecular addition of
C—N and S—N bonds to alkynes
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I P
=
X 30 A
R3'_ \ R1 R ]
~F N ZINNF
§—R? 0=$=0
073 T
56 © Pd(0) R?
55
& v
(\_Pd(ll) Z
R3_| —
RN gt A N/Pd(“)—/_
Z N
\ _R2 0=S=0
=S”
C°3 S RZ A3
R1
\ =4 /
AN +
R Pd(ll)—>>
'Tr
0=S=0
L
B3
R’l
OQS/’ &
\Rz R3|_
R N_R! N ’Tl/\/
N O:?:O
Pd(ll) R2
57\ 55
Pd(l) "
o R? N
Pd(ll) \s\\ ~7
S 9, R~
R4 _ +N/ R = 'Tl/\/
\\\ o:slzo
C4 \ e
) A4
Pd(Il)
X
N_ R
ro
B4
E=R12 AR A4 AL C—N B8R S—N B X e
BTN R R AT ER

Scheme 12 Proposed reaction mechanisms of Pd(0)-catalyzed
intramolecular addition of C — N bond to alkynes and
Pd(II)-catalyzed intramolecular addition of S—N bond to alkynes

W EITRAE T TR AT

2002 4F, Yamamoto 252 Ll Pd(PPhs), AL 771 SR
TG IR IR IR 58 HH C—N Bl B 71 N
I (Scheme 13), E1% MR, 45 A IEAE TR IR K
HFN 13-, M 7 3 A0 v B e
LAY 59. Roy NPT 2011 fE ARG TN I
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R, flAITEL 60 AJEYD, AuCly NAEALTFIE R T 450 5 N
HIR IR RTAY) 61 (Scheme 13). fHS —4RMIZ,
Stevens 2B L AuCly AT TIRY) 62 H1
C—N BT HLBEE ) 737 PN (Scheme  13), 1% S fili
EHIRN R EHA S AL SN, F R T 1-F AR
IR EAAED) 63.

|
si /
. Pd(PPhs),
octane, 100 °C, 1 h N /
AL /
Si—
ITI/\/ 52% yield '
CN CN
58 59
Ph N\
Il Ph
'? AuClj, toluene —
7 N 50°C,075~2h - N-R
_—
o0° > X up to 96% vyield 07 %
60 (X = O, NMe, NE) 61
4
R3__R? R
2
= | AUCl3, CHyCly '§
RY rt,5min~22h R
N—R! ~N-R
up to 99% yield ~
CN CN
62 63

B 13 HEE L C—N BN I 2 P g
Scheme 13 Pd or Au-catalyzed intramolecular addition of C—
N bond to alkynes

2007 4, Nakamura /NH>HR3E T PdBr, 4L C—
N GaEX R 5 R 207 P I (Scheme 14), JRAE B2 5 A
1%, AER B b AR 12 S B HR AR A 7% 25 T s Dy b S
TN 13-308, XFE—0m 7T 5 B R R,
WY KT C—N BT B () Rl S 07 1) FHYE L. 2010
4, Bertrand /NPILL AuCI(CAAC) AEALFSZHL T 2
2R 66 K] C—N BEXT LG (PR, R HbSEE T
FILR 1N 1,3-08, URERPREM®E T 1,2,3-=
J LB G R4 54 67 (Scheme 14). Pozharskii /)
LT 2015 A MARIE T HRBUI R, BL Pdydbas ML
FISZEL T YD 68 H 1) C—N BEXT WREE T 70 F N IRk, M
MR T K I [g]8 %21k 5% 69 (Scheme 14). Bertrand
FH Pozharskii 554K IE 1) M. R B R4 U SEE T R 1Y
SN 13-, T LT[R 2R A S B ) 7 5 (A1 1 2 It
L FREE. BRAgEE. WM ERR], XS NBAZ
i fit SR R 6T A O n e vz 28
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N\

>

R
PdBr,, toluene
80°C, 18 h
N~ "OM

64 65a: R = n-Pr, 33% yield
65b: R = Ph, 33% yield

" AUCI(CAAC), KB(C¢Fs)a
Me CgDs, 160 °C, 20 h \ R
N

up to 90% yield

Me
66 67
Me Ph
\
MeN NMe, PN Pdy(dba)s, cul, Phgp Me2N Py \
OO 7" K,CO4, DMF, 90°C, 3 h Me
20% yield OO
68 69

BR 14 S ML C—N BRI 5T P AR
Scheme 14 Pd or Au-catalyzed intramolecular addition of C—
N bond to alkynes

1.4 C—O BExTHEEAIMAK

1998 4F, Cacchi Z*°1L4 70 JNJE#), PA(PPhs), AL
FISEIL T C—O BEXHREE R 501 IR, BI& R T 2R
FERME 2L A 71 A1 72 (Scheme 15), {H 1% e bk = i%
B, ﬁ%i&rﬁfﬁ?ﬁéu 71 F1 72 WREY, 10 H R

B, IXLeHh S ARRRE T R N SERR R . 2005 4R,
Yamamoto /NHPY T T 4EEESR IR 73, I LA PCL, AR

2 R?

R
1

/ PA(PPha)s, K,COs e low
\\\ o DME, 110°C, 36 h \ n ., OO

O
71 (major)
72 (minor)
PtCl,, COD R? o
©\/ toluene, 30 °C, 1~ 96 h g3
O up to 94% yleld N—r!
O
74

o~
P PtCl,, CO R?
/ toluene, 80 °C, 1 ~ 12 h
\ R1
0 R up to 98% yield o

PtCl,, CO
P
0" "OBn  ioluene, 80 °C 0
=
X 77% yield
77 7g OBn

B 15 HEEHEAL C—O BRI K 43T P I g
Scheme 15 Pd or Pt-catalyzed intramolecular addition of C—O
bond to alkynes

I\
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VS T HEE R R C—O s ik, PAsieR
M7 3-f e AR R R R A& 74
(Scheme 15). Fiirstner /)41 PY[E B 37 iR 8 7 5
Yamamoto /N AU TAE, ABATTH LA PtCl, Ak 77 5
LT IR 75 HH C—O EEXT s Nk, {2 Firstner 56 &
JE A R EY)IE VSR, &Y 75 AT BLZ
i, OTT LR AR LI . R T TR R IR AN R I I
fik, XLERYIHA AT LA Rt 2 5 S LT 15 2R B 1) 2 5
MRS =4 76 (Scheme 15). {H13 —42[1)/2, Fiirstner 5
Hﬁﬁﬁ%?ﬁﬁ’ﬂ%%ﬁi%b) 77 NIRRT & H
SEFHMY) 18 (Scheme 15). A M &,
Yamamoto /NHF Fiirstner /NATE (32 B b 2222 F))
FULCHEYE” MRS R R T AT TAE. Ak,
JPRAE BRI PAT 2007 4E4RIE T AR MELA) C—O Xt
JRLEEE ) 43 F- PO I (Scheme 16), ffATTEL 79 F1 82 A4
AN ER T R IFRRIRATAEY) 80 F1 83, U i s B Al
7 LG T SE R = 40(81 BY 84), (HIL TV A B 24 7
FERR IR RAT AR At 138 Bt 7t LK.
O~ Pdy(dba)sCHCly, PPhs
/\©/\ DMF, 60°C, 9 h

/ \ 81 (minor)
80 (major)
R1
A
O Pd,(dba);-CHCls, PPhj
"0 N DMF, 60 °C, 9 h

83 (major) \

B 16 AL C—O B BRI 47 ANk
Scheme 16 Pd-catalyzed intramolecular addition of C—O bond
to alkynes

2006 4E, Toste /INAPHRIE T G AL I -F kR
85 H1¥) C—O X BB I 431 W D i(Scheme 17), fEi%
RN, R BT BRI RA T TN 1,3-E8,
DARISCR AT T iR 86. AR, 2448 A4
KK 87 B, 1% Rifs B2 BT # 1 4F AU k1T
2 BUREIZE 1) 88 (Scheme 17), X 1] g2 B Ni%
RS T Bk IE B - AR 2Rl jbAh, {8 FHERIR
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A 89 RIS, S SATY BT A& Az, AT A4 2 22 B
RIFF IR 90 (Scheme 17). A —IRHZE, T
PEIRAD 91 (99% ee)Z 5 X NG, T LL 92%[) ™ #4521 5
PEF=W) 92 (95% ee), 1% % BT 1 m] DA 1S B £/ FF
(Scheme 17).

p CF306H4 3PAUC| AgBF4
CH,Cly, rt, 1~24h

up to 99% yleld

R1
oo
R4
OMe

=Ar, alkenyl
MeO OMe (p-CF3CeHa)sPAUCI AgBF,  MeQ
CH,Cly, 0°C O’ COOMe
84% yleld
COOMe gs Me
COOMe
| | (p-CF3CGH4)3PAUC|, AgBF4 COOMe
CH20|2, r.t. Ph OMe
MeO 72% yield
Ph
89 90
—_
3 — p CF306H4 3PAUC| AgBF4 ::
CH,Cly, r.t. O
’ Ph
92% yleld
OMe
(99% ee 92 (95% ee)

B 17 &Ml C—O BT 27 Pk
Scheme 17 Au-catalyzed intramolecular addition of C—O bond
to alkynes

2008 4, Nakamura /NHPYPL PtCL, Jy Al 7S il 7
YRS SRIEY) 93 T C—O BB K 2 T P R
(Scheme 18), Z &N EFE—HXHEFME, RLL
5-exo RINHITT RGBT =), HlBRIZ, %N
fSTARAL 2k B 2 R 3 B R BRI MRS LK,
M RN 2,22- =R HERE, R F L A 77 2

PtCl,, 1,5-hexadiene
toluene, 25°C, 1 ~4h

R' = CH,CCl,
Z-selective

R;<%COOR1
(6]

PtCl,, 1,5-hexadiene
toluene, 35°C,1~48 h

R'=Ph
E-selective

R? R2
R2 OR® R2
— N _

53 Z 7=, 4 RUONZREER, KON E DRI R
FAE2] E X b, hAI7E S SRR T ikt
— 0 R IIAZ SN ASE FH P T A K S A A 2 3 B L AE
B B R B L R A 5 v S 7 22 B A D LR
AT TR I T A

Takaki 2571 2008 4F DA Bi(OTH); MMEALFISZHL T
FREREE RN 98 i) C—O By it 71 M Nk
(Scheme 19), Z& N FEELL 6-endo KN AIFE] R
SIS 7C NSS4 99. Blum /NHPHBIRIE T 46
SRR R R TR S R 2SI 100 HR ) C—O Bt e 1)
I F NN, %N E PPhsAuCl A1 Pdy(dba); fi13%
FEfEAL T, fe Lm0 R & 2258079 101
(Scheme 19). B4k, Miyata PRI P)F 2010 E473E T 5
BERIRY) 102 il C—O B 21 IR N,
ML AuCly ], BL 1,2- =& 25 i), [l
it 2 h BPAT e A5 ) 22 B 1 S E R S AL A4 103
(Scheme 19). 2016 £E, Mino /NI 1 25 3 I 77 3 i
KIEY 104 Z5KH ) C—O T HBE 2 T N sk
(Scheme 19), ZX M. LA Pdy(dba)s o ALFITE B /K E
1A Z rp R A] A g 22 B P 2R R 2R AL &4 105, Ha itk
AT, & BRI C—O BB K in i S o AT AR 2%
T PR A B A S M E B 2R A LRI R L
W B R N A
1.5 C—Si BEXTREEAY AL

Jung /NAMIT 1995 4ELL AICI AL R SE I 14
P = LR 106 H A C—Si BT 4B 107 11 1A]
TRk, % 5 B FL AT AR A 1) ST AR Ak 2 38 B 1 R0 [X ek idk %
P 20 A 2RI 107 H i R BUR IS AL B /N ) 3 4]
W, SRR, = PR 32 B s 2 7 B /N P e
b, WP 3 R A BEL A K s b, i EL DA
) 77 A4S 2 E 25790 (Scheme 20); 2448 FH R RA
REBHEE R HIRFR ) — 3 25 110 I, 7 32 3 DA S 3k,

COOCH,CCl3

o COOCH,CCly o OR3®
94 (major) 95 (minor)

94:95 = 53:47 ~ 100:0, up to 88% yield

96 (major) 97 (minor)

96:97 = 52:48 ~ 100:0, up to 69% yield

B 18  HfiEfl C—O HXTREE 2 7 Nk

Scheme 18 Pt-catalyzed intramolecular addition of C—O bond to alkynes
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Bi(OTf);, DCE
R2 -15 ~ 25°C1~44h |

R2
up to 98% y|eld
R1

99

PPh3;AuCl, AgOTH,
/\/ Pd,(dba)z, CH.Cly, r.t., 24 h
up to 98% yleld
OA AuCl;, DCE J\C\

-
N| reflux 2h
1
R )\
R2
102
Pdy(dba)s, L, NEt3

up to 99% y|eld

R . R2
— 1,4-dioxane/H,0 (V:V = 3:1) /
7 o
e Ar,50°C, 1h
R —_
L~ O PR L Up to 99% yield R3._\ N\ _gt
¥z

o

|
= 7N\ 105
L= <\ /EN N;_>
N-N.  N-N
/N7 '\

B 19 4. &. {0 C—O BXTHEEI T W
Scheme 19 Bi, Au, Pd-catalyzed intramolecular addition of C—
O bond to alkynes

104

Ik 5 g8 Z 20779 111 (Scheme 20). %N
FEER AR (EL S IR S I AT R e o R B D o

B4, Yamamoto /NAILL EtAICL AL SZEL T
LA [ B (Scheme 20), %N 5 Jung /NHIRIER X
B A AR R ) X e B, (2 8 R 15 21 e Ao el
Y, T H R B 2 KR FE R s, IX AT AR 1% B B s
FAFIT 2%, Yamamoto S5 HANs I B F A WL R &
PHIE .

\ / //
|_/ AICl;, benzene —Si
/\/S'\ + R—=——Ph —’24 oc —
106 107 R Ph

108a: R = H, 10 min, 34% yield
108b: R = Me, 25 min, 66% yield
\/
| AlCl3, benzene —Si__ ph
—_— >

sil+ ph Ph
24°C,9h PH

109 110 48% yield 111

EtAIC], TMSCI \/
L 47°C,2h Rl si—

S+ R—=—R? =
up to 95% yield J R2

112 113 (R? = H, Me) 114

B 20 A C—Si BB 4T R Nk
Scheme 20 Al-catalyzed intermolecular addition of C—Si bond
to alkynes
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2k SICEIL I TR SRR JEE S0 R B R N B 2 , Yamamoto
NHIOATI B S T A RE AR BE BRI k. 244
FH S R4 B EH B R IR R 115 1), BL EtAICl,
ot AICL N, MR EL exo KIFHITT R REE] %
SMEF=4 116; 22445 FH B R s S b Ak S5 1 B2 1 JS
Y117 i, PLEtAICL NEARF, R R L edo KT
AR S 2B~ 118, 2448 FH b A0 475 b ek J
FIEREREY 119 K, LL EtAICL AT, SN H P
6-edo FIRAH 77 TR 15 2 ) NN A= 4 120 (Scheme 21).
BEJE, A1 S Sl T R BRI bR B 1IN K, 2418
FH 2R SR BRI o o S AH S ) JEC A 121 B 123 1), 43531
LA HCly B EtAICL AT, [BA L exo RIH A 3
Rama s =Y 122 87 124; 2448 F 2R3

1

R2 R!
— |
= R EtAICI, or AICI; s
!_R! _ o
( )n SI\R1 CH,Cl,, -78 or 25 °C ge
= up to 92% yield

115
( Ty EtAICI,, CH,Cly, 0 °C \
L SiT Z "R
R
17 118a:n=1,R= C3H7, 90% yield
118b: n = 2, R = C3Hy; 35% yield
1
X " EtAICI, mR
/Si\/\( CHxClp, 0~25°C,3h N R?
R2 /7N
119

120a: R' = Ph, R? = H; 92% yield
120b: R" = H, R? = Me; 83% vyield

HfCly, toluene
I

©\/v\ -78~10°C, 1h
si” 74% yield

I ~N
121
=
©\/\/\/ E{AICl,, CH,Cl,
S|< 45% yield
123 124
|
sil . |
((>Ar  HfCly, CH,Cly, 25°C Si
(Qn /Z
% Ar
125

126a: n =1, Ar = Ph; 71% yield
126b: n =1, Ar = p-Tolyl; 57% yield
126¢: n =1, Ar = o-Tolyl; 20% yield
126d: n = 2, Ar = Ph; 15% yield

BR 21 AL C—Si BB 47 4 0k
Scheme 21 Al or Hf-catalyzed intramolecular addition of C—
Si bond to alkynes

Chin. J. Org. Chem. 2017, 37, 284~300



Chinese Journal of Organic Chemistry

REVIEW

BRIk e e SR T AR E R 125 B, [N H BL edo 2RI
77 A B =4 126 (Scheme 21). Yamamoto
NG IR R B 5 ik T DA s B B T T DL AS B 1
Hakﬁ% WP ZRIE Ol FRIEIR P 4L A Bl

FKAEY) . HERIRIG AR O & ), B
i%ﬁ’]ﬁﬁnmﬁ

2008 4, Murakami /NH"SHRIE 7RIS
Y127 F C—Si SRR 1) 2 P9 I (Scheme 22),
ZI LA AuNTE, AEALF, 78 & e T = iR U8
2~9 h RIAT DAAS 5 1A 7= 215 21 3 A7 I PR 2 EDUA R P 2 g
W CREEM =) 128, %72 582 4 AL I e A4
SOMARER, Bk DL 2-( BT S BCR A B . hAh,

— R (LAUNTF,
CH,Cly, 25°C,2~9h {
R
N _
>SiT | up to 97% yield /SI\
127 P(t-Bu), 128

(L)AUNTT,
CH,Cly, 25°C, 9 h

72% yield

| /  (LAUNT,
\SI Si CH20|2 25 OC 9h
~N

__R
= AuNTf2
MR
/s(ﬁ/ CH,Cl, 25°c S,

133 134a:R = H 2 h, 73% yield
134b: R = Bu, 4 h, 44% yield

P(t-Bu),
i-Pr

i-Pr

B 22 Stk C—Si SHHEE K 1 Pk
Scheme 22 Au-catalyzed intramolecular addition of C—Si
bond to alkynes

Chin. J. Org. Chem. 2017, 37, 284~300

© 2017 Chinese Chemical Society & SIOC, CAS

HR=+-Bu)if, RMNAKLE. HBEZ, MAITIELL 129
FIEEA 127 £ A S Hede (R = H) BAL BEL K R B R i s
131 NP5 AR T BRI — ORI g KA &)
130 A1 132 (Scheme 22). ‘B3, A1 it 1 45
BRI 133, FESEL T H AR P C—Si X b
19T PN (Scheme 22), BRI T 3 7@ 3L B
FRIFENE AL A 134, Murakami 251 5 105 58 6 %
I MENE R A YR T B4,

1.6 C—S BExTIRiEAYNN AL

Yamamoto /NHP? T 2004 4 DL PdL, A S I T
RIS EY) 135 i C—S BERHEEE 2T IR
(Scheme 23), ULmr= R 28T 1,3- WA RS
136. 'EHEAMAISSR A AuCl AL IS T R 137
H) C—S BEXTBREE ) 2T P IR (Scheme 23), B
ITFTAEH 2% AuCl AT, DA & NEFIE =
BENAT R, BAREE T ERR R RAE T T
1,3-iL%, (B4 K n FHRYMS 5 KNG, RNFF
PRI AT LTS 3 £,

R1

2
= Pdl,, CH,Cl, SR
30~60°C,2h R
SRZ2 ——~
up to 98% vyield
SR? SR?
135 136
_R" aucipem R
@( 25°C,0.5~120 h @Eg
= —_— \ R1
“SR2 |up to 99% yield S
137 138

B 23 M C—S BB 25 A N Ak
Scheme 23 Pd or Au-catalyzed intramolecular addition of C—S
bond to alkynes

2005 4, Kambe /NHPRIE T PA(PPhs), AL
C—S BT B 1K1 537 P9 I (Scheme 24), % B LA 139
IR, RFEE 5% PA(PPhs), 1E A7, 18 H 2
I 1 h BRI LA 72% 0072 245 BN Rr=), %R EA
B X R BRI AR R B, R3] Z 0o
Bk % B AR P24 140. 2006 4F, Ogawa /40554 1L
Pd(PPhy), FHEATISEIL T B B EREE 141 H111) C—S BEXT
kR 142 143 T8N % (Scheme 24), 1%k M B A L —H)
Ik, FAE R Rk b, %R BOE A
BRI SR IR PR, A BN Y 143,
2% LB 0 Ry HbHE s S AR R 23l 5O B ke i ik
(WG, MR AR 1 = B E e EIAL I B ALER AR auB-
ARG R &9
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SR SR

PPh3)4

PhS/j;‘

72% (E/Z = 0/100)

PhS \

toluene reflux, 1 h

139 140
Pd(PPh3)4, benzene
120 °C, 66 h R~
PhSCN + R—= ——————————> CN
142 up to 84% yield PhS
141 ZIE = 42:58 ~ 100:0 143

B 24 AL C—S BT BRI AR
Scheme 24 Pd-catalyzed addition of C—S bond to alkynes

2006 4, Nakamura PREZH PO T fe b 3k 2R
TEESSEY) 144 TH) C—S BRI 20 1 9 I ak
(Scheme 25), %KM LA AuCl AMEALF, LU 3 Y7A 7]
FEZE IR 2 h BIA] == 2845 B R Iy 724 145, £
R, R T R R R T TN 1,3-1E
. MHAR MR, 1ZRBFIREE F T R R S i ik 2
A 146 AN I HE R BB BE R KY) 148 (Scheme 25),
Nakamura /N KR B AR G RYIEHEET, A
A BUE BE TG 2,3- BRI 2R gy R A e it T
G 7.

1
R AuCl, toluene

25°C,2h

OR? |up to 99% yleld

Ph
Z AuCl, toluene
_ 25°C,2h
N
S/\©\ 98% yleld . Ph

B 25 Sl C—S BT 5T I
Scheme 25 Au-catalyzed intramolecular addition of C—S bond
to alkynes

2012 4F, Willis /NHPSZIIL T 420 4 1t 25 558 PP AR
fik 150 ) C—S B8 X bk 151 #43F 1Al & (Eq. 2), 1%
SR L — R X S B, R RO a B A s ok
WL, ZR R B L — LR B, A5
SOMBRF=4) 152, Z7HA RPN PR E. R
3T FH VO B AR A, R e SO R S R T P 0
Fiba s,

S m%’a\\\

Ph AuCl, toluene
25 °C,2h

A~ 3% yleId

148
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[Rh(DPEphos)(nbd)][BArF,]
130 °C, o-xylene, 1 h

SMe © or [Rh(DPEphos)(o-xylene)J[BArF,]
X R2 3 60 °C, o-xylene, 4 ~ 24 h
R/ & 151 up to 98% yield
150
R3
MeS™ X O
= | R2 (2)
;
R" 152

1.7 C—X (X=ClI, Br, B2 AN %
1.7.1  C(sp)—Br 4& x} 4 44 2 5%,

2010 4F, Feng /NHAPHRIE T HrILIRZEY) 153 F1)
C(sp)—Br BXTH 154 (15T 1A N (Scheme 26), %%
FELA PA(OAc), HIENF], 1EZEH T 30 CRP8 h R
A LA s e AR BN o= 4 155, 4 A2 3R
RIS, s B A X 358128 98 1 A2 o JER A7 P AR B R i ¢
K. 2011 4E, Ohe /NHHRIE T GaCl; AL AIIRILIE 156
H ) C(sp)—Br BEEX B 1) 73 [ N B (Scheme  26), 1%
SRS IX 3 i P PR AR e, A RN R 30 BHLASE /0N R B sk
b, ERNSTARAL EE R AR A, 3B DU R

G R Z K= 158 (Z 0 E>90 : 10). %N HT)
HbZE BRI B I P i 3 ) LN T RO, AT 2R T
FE B BRI B-1R-a p- ARG LA .

Pd(OAc),, MeCN R2
R'——Br + R=—=—=—R® 30°C, 8h R1‘\§7

155
GaCls, CICH,CH,CI

Ar, R
o}
Br—CN + Ar—— R 80°C, 20 h _
; Br CN
156 = " up to 72% yield
R=H Mo nBu | "ZE > 9010 158

B 26 ML C(sp)—Br SRR 827 A0,

Scheme 26 Pd or Ga-catalyzed intermolecular addition of
C(sp)—Br bond to alkynes
1.7.2  C(sp?)—X (X=CI, Br, 1)4# 3} bk 4 &9 A0 p%,

1998 4, Tanaka /NH" gy YR SEHIL T 4 R R H G 159
Hf) C(sp®)—Cl BTk 160 F) %7 F] i (Scheme
27), %M LL RhCI(COD)(PPhs) NAEALT, 7 F 2T
110 CRIRTNRIEAT, 2 B X Sk #E A 4, S5 1
PUMACENAE AR S etk b 2SS ARAL 2k e R
U, EELURAMER R E] Z 57 161 (Z: E=
94 : 6~100 : 0). Fifi 5 {11 438 T Rh(acac)(CO)-
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(AsPhs) LI ZERS 162 H 1) C(sp®)—Cl Xt i bk
163 11143 T 1Al i (Scheme 27), LAKH A ) X d5isk ek
BAR TR 164 (Z 0 E=53 1 47~100 : 0).
Tanaka /N & J (1) 77 3 AT AR S T v 2050 hth ) S v
REAL I B-F-ou B- AN BANEEHN B-F-a B- A EFNEHAL A
W, B EERSAMME.

RhCI(COD)(PPhj3)
0O 0
)J\ + R—— toluene, 110 °C, 10 h R _ OMe
CI” "OMe up to 91% yield & 0
159 160 Z:E =94:6 ~ 100:0 161
Rh(acac)(CO)(AsPhg)
(0] toluene, 110°C,14h R
— =
J o+ = s F
Cl up to 98% yield Cl O
162 163 |z.E = 53:47 ~ 100:0 164

BR 27 BEHEAL C(sp®)—Cl HRT B () 43 150 o0
Scheme 27 Rh-catalyzed intermolecular addition of C(sp>)—Cl
bond to alkynes

2000 4E, Grigg /NI PA(OAC), NHEALFISZEL T
JEH) 165 (1) C(sp?)—Cl X BBk i pk, M= B
WAL B B S A NEIEH 166 K4 Stille fHIEE, RP
A PR AL S A % P AR A TS R SR AL S ) 167
(Scheme 28). 4% N LA 168 AR, 1] LA—ER s
- Is A BEIZ A4 170 (Scheme 28).

Pd(OAc),, ligand

o toluene or THF, r.t. ~50°C
i ¢ 5min ~48 h T
i A K+ BugsnR! P

e 'Il O e

166 up to 88% yield

Bn
165

=  Pd(OAc);,
©jh — tris(2-furyl)phosphine
+ QS
N\H/CI toluene, 50 °C, 5 min
168 O SnBus 879 yield

169

170

B 28 HUHEAL C(sp®)—ClHERT B 431 14 0k
Scheme 28 Pd-catalyzed intramolecular addition of C(sp?)—Cl
bond to alkynes

2009 4, Tsuji BEALIILL 1rC1(COD)(IPr) A AL
SEHL T BEEURY) 171 F C(sp”)—Cl BEXT ikk 172 B9 F
[B] 1 fi(Scheme 29). 125 R X ik FEMERR AT, Rk
2B B X SN B, S R S AR S B B A
i, JLT RA RN = 173, A2, S
WHIMIELAAA K RuPhos J&, 1% &R — 51—
AALBRTAE = 174, BEAL, MATTIERA 175 F1 176
NI BRI T 2,5- AR IR AL &4 177
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(Scheme 29). Tsuji /NI & B T7 LR T AH [BEPILEA
[F AT T A2 AN [E] 2540 1 BRI PR b =4, 2B 1S
8 5 1) L SR AR I PR 22 R A2 5 P SRS Y1),

IrCI(COD)(IPr) O ¢cCl
toluene, 90°C, 201 RJ\%RZ
. H
R1J\CI+H — R2— 173
[IrCI(COD)]»/RuPhos Cl
71 172 [tohene, 110°6. 200 R\ A\ e

up to 88% yield H

174

IrCI(COD)(IPr)
(0] toluene or o-xylene

—=— 110 ~120°C,20~48h
R*Jl\m +H 2 R1/@\R2
to 80% yield
up to o yie 177

B 29 HkMHEAL C(sp?)—Cl HEA BB 1 47 1) I
Scheme 29 Ir-catalyzed intermolecular addition of C(sp?)—Cl
bond to alkynes

2015 4, Lautens WARZHHRIE T AL T Bi2ktk
AW 178 HH) C(sp”)—X (X=CI, Br, D)X F A i ot
(153§ M I (Scheme 30). MR MHREHN 50 CH, &
N B3 B AR B 0 B LT IR R cis-179
(Scheme 30), ABHIZ, M MNEEASE 100 CHY,

175 176

R! X 1
Pd(Q-Phos),, toluene / R
xw 50 °C, 15 min ~ 26 h N

: L/ *
up to 93% yield Y
cisitrans = 73:27 ~ 95:5 | R2
cis selective cis-179 (major)

R! X=Cl, Br, I;Y =0, CHy, NTs

| X
/A~y

R2

trans-180 (minor)

R! X
- R!
Pd(Q-Phos),, toluene p
~ xm 100°C, 18 h N .
// up to 87% yield // Y
R2 trans.cis = 68:32 ~ 95:5| R2
178 trans selective cis-179 (minor)
R! X=Br,I;Y=0,NTs
X
/
| X
A~y
RZ

trans-180 (major)

ER30 AL C(spP)—X (X=CI, Br, D5 bt 5940 T A
4

Scheme 30 Pd-catalyzed intramolecular addition of C(sp*)—X
(X=Cl, Br, I) bond to alkynes
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3518 T w1 o /0 I D W [ s ot ] o P AR 2
RS B R SN ) FL 70 IR F2 ) trans-180 (Scheme
30), fnit, g ) SR I B AT A B A5 3 A S
SRR, BE SN (1) S N T FE P AR A R C—X B
TEACIN C—Pd BEXTBREEE )73 P I RSORI A A A4 )
(3 JE T Bk =20, SRIMAR AL DG C—X B S AN
— A S AR T H AN AT I, gl i S A
LTI ArPd"X A9 1038 SR A2 JE % B Pkl i
[#1°°). Lautens %5 IE A& 7E XX A PR, I FH AL BH AR 48 £k
FUANKALBH ARSI T 4R AL TN ArPd"™X B A
R R, AT SEELS s AP C—X B e
(5T N INER, A Bk T 28 SRR SL 8 F 0 28 i 2
AR,
1.7.3  C(sp’)—X (X=CI, Br, 1)t b4 6% 2 5%,
2009 4E, Liu MR8 7% kb 54 181 F
ff] C(sp’)—X (X=CI, Br)gxtH 182 15 181 ik
(Scheme 31), Z M BEZ #5311 FeCly»6H,0 ML
A, £ R LR 50 Ch M 12 h BIA] DU i 2 R 3
BRI N 183, %N B IR S IR AL
C(sp*)—X (X=CI, Br)fxt s 14> T mnm. s,
Hu /NHTF 2015 4E4RIE T Cu(OTH, ALK C—T it
Hk (731 1 I i (Scheme 31), $i3E o AL RIS H —

R FeCly' 6H,0, CH,Cl, R A
Ar1)\x v R AR 50°C, 12 h AN X
182 up to 98% yield R?
181 (X =Cl, Br) E/Z =1:1~10:1 183

Cu(OTf),, PyBOX

G Kl, CS,CO3 R2
R1J\Br + — ge toluene, 100°C, 24 h _
184 185 up to 81% yield G R I
cis:trans > 52:48
G = ketone, amide 186
| X
e} N/ O
I \J
N N—/
PyBOX /\
CuBr, L, MeCN
% reflux, 10 h X
1)< 2 = RO ————— -
R R 188 up to 88% yield| G R3
187 trans.cis > 94.6 R' R2

G = COOEY, Ac, CN, NO, 189

X=Cl,Br, |
- ﬁ’]l/\
/N\

/N\

ER 31 ZREfEL C(sp’)—X (X=CI, Br, DX B 5 T
(p/1)57

Scheme 31 Fe or Cu-catalyzed intermolecular addition of
C(sp®)—X (X=Cl, Br, I) bond to alkynes
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AN B O BRI BB R ) 184 65 KI RAEKRE
o [ DA R o TR R R, 12 ) 44 45 ) v )
C—1 it —IBAE Cu(OTH), AL T bk 185 KA hAL
JNE. Z RN IX S B v, AR - R B AR i ke
B L, AHAZ N ST AL 2 i PR B R B R, Hu /NI
RIITTENE K Boy-/N RN A X PR AL A R 1t
TERMERR, AT IT R 7R T HE A X Ok
AL BN HF)(E)-trichostatin A FI& . 4% Hu/NA K T
VEZ )5, Zhu A S5 08 7 CuBr L& 6 —
ANZERR ORI RY 187 HHF C(sp®)—X (X=CI, Br)#xt
Uik 188 73T 1A I (Scheme 31), (EAER A, i
MERFIINT 1~2 ANsai &P Tim
C(sp))—X . 1% X0 F MR AT, 5 R T o
FEHE R S by 12 OB A ST AR Ak S e R TR 4T
M H5 Hu /AN FTHRIE 75 B ST AR 2 B e AR
JUT- R34 189 (trans : cis=94 . 6).
2011 4F, Zhu L PA(OAC), MMM SZIL T
IR 190 F1 C(sp))—X (X=CI, Br)§xHedi xi
191 5> FI N (Scheme 32), 1% N ANH $AF fi 5.
HIE@EAa ) r=&m, i H X suk s sm sy
BT, LT R PR 5 2 E 7
192. [FIFEMAT] XARIE T PACL AL 95 TR 3L 40 193 1K)

R?  Pd(OAc), CHCl, ARt
Rl ; 23°C,0.5h X
SN X + | |
190 o |wotnyied| g2 X
ElIZ >98:2 192 (X', X2 =CI, Br)
191 cis selective
Ar PAC, THF Ar
Ro_Cl+ || _850°C1=10h "o A\ OF
193 OEt |Uupto87% yield 195 CI
194 cis selective

Cu(OTf),, KF
1,10-phenanthroline Br

DMF, air, 120°C, 2 h
BrCF,COLEt + m Ar/g

196 up to 88% yield CF,CO,Et
197 |E/Z = 41:59 ~ 89:11 198

FeBl'z, C52003

1,4-dioxane, 60 °C, 18 ~24h |
Rl + R:X—==

200 up to 88% vyield RZ R!
199 E/Z =4.7:1 ~ E only 201

Rl = CF3l, CoF 1], ICF,COLEL

B 32 . . B Csp®)—X (X=CI, Br, )i bedgt i)
e 101157

Scheme 32 Pd, Cu, Fe-catalyzed intermolecular addition of
C(sp®)—X (X=Cl, Br, I) bond to alkynes
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C(sp’)—Cl X}t 2 Fe Mk 194 (11537 [N (Scheme
32)7H DU MR 3 AR B T O N B 195.
2014 4E, Poisson /N HRIE T Cu(OTH), AL Z A
JEM IR LR 2,185 196 i) C(sp”)—Br 5Bk 197 11
Iy F 1A N B (Scheme  32), 1% [ B ST AR AY 2 3% $5 1
RAE, HA2 T — &0 R 5N BT s L
5 —HE102, Hu N FE S 33RIE T FeBr, 1L £
SR IBUAREEE 199 1) C—T BT Bk 37 18] in
Hi(Scheme 32) 5 Poisson /NHIRIE M EL, 1%
SR B, B R L FARH S
Yy 201. DL B J7 A RT DA R g T A T A8 SR s B
(I 258 X — F L A i, JCHOE Hu NARIER
T3 950 A 22 AR I 0 3 T B 4 T s e R T
B,

1.8 C—Se HEXTHREEHI MM

2005 4F, Kambe WAIAPHRIE T Pd(PPhs), AL
TACHEE 202 H C—Se BEXT 1-F M 7T Ik, R
AT X 334 3 1 0 S A e 3 e v O =X ) RO AR 55, L
P RSAS R — B0 BARS=Y) 204, 1% SA] LLSEELXT
BRI 1) 9 i A AT R R o - AS VR B i R AL &
(Scheme 33). fAiTIE—2B W1 T4 205 k#%%E C—Se
T REE ) 2T IR AT BE T, SIREGAIE B C—Se BT
BB IR 23 F N 0 R FTRE AT AT, 2% 5 R AN X ek 32 456 12
L, T H SRR B L(E © Z=11 1 89~0 : 100), E %
A% Z SR DY 76 P BEE =) 206 (Scheme 33). 43 i
FIEFNEUR 7 2 AR MR 3 54 B, BTSSR
AT LABAREAT, RAR Z AL /N e ek-B oo N LG ™
YI(Scheme 33): HHRMZ, A HEE T FEZERDA
[ BE K B R PR AR A &4 209 NIRRT, [
P se A= B Y o P IR =4 210 T EZS 0 N BERZ =4 211
(Scheme 33). Kambe PR ZH I HEM 1 bk S B 0T B 1 s B
HLEE(Scheme 34), 5—1r . WM& JE AL TIZERL
SNANR], SRR BT BRI & Pd XF C—Se B RS ALID
A Pd SHE o P IECAZ, Pd Bt C—Se it
TR ERE B A AS T 53 o d e o7 A2 Bl e
[ {& BS, 58 Pd %c 543k o f FEAL AR B Al AS
5 C—Se BT AMMARAE KA A11A BS, S8/ Pd-Se
T s AT N AR R AR €S, B R AT IE TR H
BRAS 21724 206 FHR I H L 7).

2 BR-ZSEXTREAMA R EESRRATY
IR A

Vibsanol (213)7& MY Viburnum awabuki 453 5515
B B A g o S Ak 1 F 3 1k ) R AR = 7T
H % S58978 2,3,5,7 AL VU BRI 2R e, T H 454
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o) Pd(PPhs), n-Hex
)]\ n-Hex toluene, reflux, 14 h  \ —
Phse” N~ + e Y SePh
I f 40% yield /o
202 203 204
R2 R2
\ Pd(PPhs),
A toluene, reflux, 1 ~20h PhSe™\{
PhSe N
}/-—N\ up to 88% yield 7 N
O i |EZ=11:89~0:100 206
205
X
Pd(PPha)s Phsem)
PhS —_—
e}_,g )” toluene, reflux o N=
fe) \_/— K/\
208a:n=1,1h,
207 75% (E/Z = 0/100)
208b: n =2, 12 h,
74% (EIZ = 0/100)
PhSe
\ Pd(PPhy)s /ir—\
B — e N +
_
Phse%N toluene, reflux, 1 h © N=
o —==

50% (E/Z = 5/95)
209 210

PhSe/jj
\
89)

10% (E/Z = 11/
211

B 33 A C—Se BEXT BB TN
Scheme 33 Pd-catalyzed addition of C—Se bond to alkynes

2 —
>=§N~R1 N—R'
Phsé PA(0) PhSe—(

0 0
206 205
2
Phse. _R? R
.Pd
\
| \\\
P;_ PhSe—Pd or PhSe
\

PhSe—Pd B
N
0 \R1

B5

Bl 34 AL C—Se XS BB R n A s JS2 AL 2R
Scheme 34 Proposed reaction mechanism of Pd-catalyzed addi-
tion of C—Se bond to alkynes

LR 4 DRER I, BER R BRI EY
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A'.

212 /& A Vibsanol 1) 3¢5 {4 (Eq. 3). 2005 4F,
Yamamoto /NP T Y 216 FER ALK C—
O BRI 3T P 0 R . — 2 v RO R 32 T 6 ik
Vibsanol A4 FISCHERTIR 217, 52 B SCRRRIER &
X Vibsanol [RICBERT R 7 VA EL, %k G T F2 4
MR R SRS, 46058 T BB, $m T B IeR
(Scheme 35).

OPG o—

PGO = deprotection
Lo e
0]

OPG
PG = protecting group
212 Vibsanol precursor

OH o—
=
LA o
(0]
OH

213 Vibsanol

|
o~ ! Refs. [76, 77] EEO = a,b
P —— —_—
OH OH

O OEE
214 215 (EE = 1-ethoxyethyl)
~o

! OEE
= C
=z .
EEO” O
0" >0Bn
OEE

216

OBn o—
EEO =
CIos
o
OEE

217

Reagent and conditions: (a) BOMCI, NaH, THF, 0 “C, quantitative
yield; (b) [4-(1-ethoxyethyl)-3-methoxyphenyl]acetylene, Pd(PPhs)s,
Cul, Et3N, THF, r.t., 64%; (c) 20 mol% PtCl,, 80 mol% COD, tolu-
ene, 30 C, 76%.

Bl 35 Vibsanol JH2 B 1A 175 A8
Scheme 35 Synthesis of the key precursor of Vibsanol

3 Hit5RE

WEE A BT R E AW R R, GHULERNTRET
ZFh4: )@, 1 Al Fe, Ni, Cu, Ga, Ru, Rh, Pd, Hf, Ir, Pt,
Au, Bi SV 22 L B - 2 B B R s B,
TR S N LR R T A% G D T BRL /IS 3 ) b 1)
O3 T RN RS L e, AR & T I RSN, [ P e
HI0 R T 0 s S FA oL F S L R 408 e e B3R 47 I B
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TR-A a9 258 5y C—H, C—B, C—N, C—0, C—Si,
C—S, C—X (X=Cl, Br, I), C—Se ##ix 8 Z53F-xt &2
PR SE ) I 2 A S e 43 P (DX 480 88 1 N ST A Ak
IR R AR AT T e AR, IR TR
B BOTIELERIRF= W6 B R F .

TR 4 J A A 10— 2 B X SR B ) ol s B AT 4
SRERAS T SRR, SR AT 7T AT SR A7 A2V %2 Bk
a%. 0 B AT 0 2 4 e AL AT A AN AR B B
Ru, Rh, Pd, Ni, Ir, Pt, Au S&407, 110 H H #THaE v
2 R T — A B R 0 D kS AR PR 43 N T
ABEEH T T 18], BLAMETG V2 2R R - % B Xof ok
TR BR R L A SEI. FRATTAAE TE A AR SR AE 40
B TR 2 R Bk R, (61 4 A Ak 1 B A R
SRR PRI T i 52 IS B A %o ke E AT B T A T — P
Femg, FAEA WG AR R AT I E R .
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