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Recent Progress on the Application of Sulfoxonium Ylides in
C—H Activation
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(“ Department of Chemistry, Zhejiang University, Hangzhou 310027)

(* State Key Laboratory of Applied Organic Chemistry, Lanzhou University, Lanzhou 730000)

Hong, Chao®

Abstract Transition-metal-catalyzed chelation-assisted C—H functionalization has been increasingly explored as an efficient
and atom-economical strategy for construction of C—C bonds. In particular, employing the carbene synthons as a coupling
partner in C—H activation has been significantly developed. Compared with the traditional carbene precursors such as diazo
compounds, sulfoxonium ylides are easier to synthesize and safer in reaction, which can be employed as practical alternatives
in metal-carbene reactions. Recently, the coupling reactions of sulfoxonium ylides with organometallic intermediates, generat-
ed via C—H bond activation, have been reported. They have served as privileged synthetic skeletons to access ortho-C—H
acylmethylated or cyclized compounds. The recent progress on the application of sulfoxonium ylides in C—H activation is
summarized and the future research direction is prospect.
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Scheme 1 Mechanism of C—H functionalization using sulfox-
onium ylides as carbene precursors
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{[Cp*RhCLy],} AMEALF, 7E75 5B IR HE (A gSbFe) M 2
EH(NaOAC) 3L [FIE I R T8 R i 14 B8 v R B8 52 & M AL
A, FAEMERE N S T 58 SO 2- 2R Ltk g 1 47
C—H #EMTEA, DAL S5 Z [T (7= 2645 S 40 0 fok H 2%
=y 3. [HAFE R ISR, RS T R EE (HFIP)7E {2
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(Scheme 2).

N X
| [CP*RCl], 2 mol%) || N
~N , 9 0 AgSbFg (10 mol%)
H RJLV7§\ NaOAc (1.0 equiv.) R
HFIP (0.13 mol/L), 60 °C, 17 h S
1 2 3

B 2 =efiinn 2- 23RBS AR 3L A8 SRR I

I

Scheme 2 Rhodium(Ill)-catalyzed cross-coupling reaction of

2-phenylpyridines with sulfoxonium ylides
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AL FT)(Scheme 3).
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Scheme 3 Mechanism of C—H activation and cyclization of
2-phenylpyridines
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Scheme 4 Rh(III)-catalyzed C—H acylmethylation of arenes
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Scheme 5 Rhodium-catalyzed annulation of 2-aryl-1H-benzo-
[d]imidazoles and sulfoxonium ylides
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Scheme 6 Rhodium(IIl)-catalyzed C—H activation/annulation
reaction of N-azoloimines
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Scheme 7 Rhodium(IIl)-catalyzed C—H functionalization of
C-alkenyl azoles with sulfoxonium ylides
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Scheme 8 Three-component coupling of aminopyrazoles, al-
dehydes and sulfoxonium ylides via C—H activation
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Scheme 9 Rh(Ill)-catalyzed C—H functionalization of 2-
arylindoles with sulfoxonium ylides
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Scheme 10 Rhodium(II)-catalyzed intermolecular cyclization
of N-phenylpyridin-2-amines with sulfoxonium ylides
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Scheme 11 Water-mediated C—H activation of arenes with
sulfoxonium ylides
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Scheme 12 Rhodium(Ill)-catalyzed regioselective C(3)—H
acylmethylation reaction

2019 47, VEFHRIREA"FH 2- R HAEM 51 5

892 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

WA ALAE 52 (BRI E R T R E SR EAMAEY 53.
SSE A CLAE = A B A 1Y) 2- R BERE LR 51 4R A7
C—H G A SO0 M 1SR AZ N R A K PR A i3t )
KM — R FE DR, BARBRARR RS SR
53. ZJ7VERAE T, JF HAR L R A X 0
(Scheme 13).
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Scheme 13 Rh(IIl)-catalyzed annulation reaction between 2-
phenyl-oxazolines and sulfoxonium ylides
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Scheme 14  Rh(Ill)-catalyzed C—H annulation reaction of
N-aryl-7-azaindoles with sulfoxonium ylides
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Scheme 15 Rh(Ill)-catalyzed C—H annulation reaction of
2-arylquinazolin-4(3 H)-ones with sulfoxonium ylides
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Scheme 16 Rh(IIl)-catalyzed C—H acylmethylation of 6-aryl-
purines with sulfoxonium ylides
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Scheme 17 Rhodium(IIl)-catalyzed annulative coupling be-
tween arenes and sulfoxonium ylides
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Scheme 18 Dual ortho-C—H functionalization and dual cy-
clization between ethylbenzimidates and sulfoxonium ylides
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(Scheme 20).
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Scheme 19 Mechanism of dual C—H functionalization and dual cyclization between ethylbenzimidates and sulfoxonium ylides

[RhCp*Cly], (5 mol%) A s
R2 AgSbFg (20 mol%) R
S=NH NaOAc (20equiv) R | H_g2
HN H R DCE, Ar, 80 °C, 24 h Z~N

[4+1] annulation H

o .
</\;+€:— 84

[RhCp*Cly], (5 mol%) O R
AgSbFg (20 mol%)
. AN ~N
CuF,(2.0 equ!v.) R1+ )\
CsOAc(1.0 equiv.) = N/ R2

DCE, O,, 80 °C, 24 h 85
[5+1] annulation

=|= _§=0
R /
82 83

BRI 20 A IsrUzl i) N-75 2R RS AR 248 A FEE C—
H S AL

Scheme 20 Additive-controlled selective C—H activation/
annulation of N-arylamidines and sulfoxonium ylides

1.1.13 HEECANEARAFOWEBELERATZEAL
4 C—H ELR

2018 4F, Z=M4AHZEPR] A N- R AR 2R LI 86 1
Ak, SIS 87 FERRYE AT T R AL,
MR E R T B E 5 %K 88 iR EWRER 89 P A [T
Y. BT N-FRAE R R (] R] N6 S A RS Ao A,
T2 SR TE 2 1) FH K A7 A5 5 7 3% 1 1) 22 1) 1 45 21 7
FHASE =40 (Scheme 21).

2018 4F, Kim 158820 PSRN i VTR R 20 202 JE i T
Rh(IIDEAL AR K 90 5 AR STAE 91 (1[4 + 113ME %
N, BT — R 3-BEEE-QH)-T MR A& 92. P
SN 26 AR AR ARARRL, (AR R M2, Ml
VENEATIST pR AL ) T EEAER. EHE T
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0
[CP*RhCl,), (4 mol%)
o X
o o CsOAc (30 mol%) R 0]
0 JJ\//g PivOH, DCE NG R2
O NH R? ™ 100°C, 18 h 48
87
= ‘ H o)
</ [Cp*Rh(MeCN)3](SbFe), 0
R/ (5 mol%) R1—'\ N
86 LA R?
Zn(OTf), (50 mol%), DCE
100°C, 15 h 89

B 21 Rh(UDHEAL N- AR H I 4R C—H AL/ 24
S5 B
Scheme 21 Rh(III)-catalyzed C—H activation/annulation reac-
tion of N-methoxybenzamides
TAE, ERYMREZE 90 1] LARI i H T PR el At
FREBER, PR IR ER e 08 DArh 45 2 R A7 77 5
B =) 92, TR T A FRAR AR 2 5 AL
N, HAT 20 LT B IR IA L B B L T R RIS
A C—H Ak, JF BN 2 [R5 2 P AN [F] 73 4 4
HIRATF=Y). Bhah, ST IO o1, 5 FEHU AL
FHUR R, #RRRIRIFHh 2 5 304k [ B (Scheme 22).
2019 4, 5 R IR R A PR FRAT TR A A P ) R
T =M AR 95 E 93 5 AR SR 94 IR IKIAL
SN, ﬂﬂq’ﬁ%%ﬁ@rﬁlﬁ 1- 58 FE-2- AR g I 407 2
W 95. IS LEEUR I, PILE IR #R 2 AR S AL TR A M S
P REHT, ATE R 1,2- &R ZKE(DCEMER A, JE#
KIS R VEVA T, LA &2 RAFRCRSE T H
Frr=¥)(Scheme 23).
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Kim's group
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e Nog X Cu(OAc), (50 mol%)
N H RZJ\/ CuCO3: Cu(OH), (100 mol%)
DCE, 110 °C, 24 h, air
90 91
L AN —
R‘\ — N N4 )
R
2
g R
92
Cheng's group

[RhCp*Cl,], (4 mol%)
Nay . 2:0 AgSbFg (16 mol%)
5=0 Cu(OAc), (30 mol%)
H ~7~" DCE, 100°C, 24 h
90 o 92
B 22 = R S A S A (4 + 1 PR RS

Scheme 22 Rhodium(IIl)-catalyzed [4+ 1] annulation of azo-
benzenes with sulfoxonium ylides

Xie's group
R! r2 RhCp*(OAC),- H,0 (10 mol%) R!
X I Zn(OAc), (30 mol%) mRZ
+ N
N NH, ;S//o DCE, 100 °C, 16 h N
H o lHAG NHAc
93 94 95
Zhang's group
. R!
R 0 o [RhCP*Chly(5mol%) R
|\\ NHNHAr L AgSbFG (20 mol%) N P D
2 —_—_—
¥z H +R \ NaOAc (1.0 equiv.) ’\{
THF, 100 °C, Ny, 20 h NHAc
93 94 95

B 23 =AeefiEdb o7 IS LA SL A AL S 8
Scheme 23 Rhodium(IIl)-catalyzed annulation of arylhydra-
zines with sulfoxonium ylides

2020 4F, RIFHEEBAPIRIE T =M N-
WEAHHE IR 96 55 LRI LA 97 (1 “—Havk” HRIR A,
JRINAFE] 3-MLAEHEENG ) 98, It — B4R T
NG| R SRAL S DI & BRGNP T C—H BRI
FEAL A =9 LR (TFAY T ML R I L RS ARG 55— R T

SRR, B, N-IERHFEAE 96 H P EIEH], BE
A 3 ) 2 A R AR A7, BRI A8 S 2 AT AR v
115 T2 55 14 (Scheme 24).

BT, 3 E A AP ORH N-A RS 99 5T
BRI SZAE 100 7E =M BEHEA /R F T 4 Ha e Y AL /A E
B BR, RS B T BRI N-EA Y2871 101.
HRMCRH T 5 R IR R A PR R, PR
JS2 P A FE AR A N IO IR S I EE S 5 OB, Fr AR
&, 1N SEIE “ E e I AR B
FAL W, B S CERE R AR A AL R AL R N R AR
ISR SN, B 245 2R B4 101 (Scheme 25).
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RZ
,l,\ 0 O, __ [RhCp*Cly], (5 mol%) ‘1'
©/ N ST Ag,COs (20 mol%)
[z ¥ } HFIP 20°C oh LN
R’ R followed by TFA (2.5 equiv.) h

97 4h R3
98

B 24 =ANEEAEAL N-IEASEE R e 5 TR ST AR PR PR A SR
Scheme 24 Rhodium(III)-catalyzed cyclization of N-nitrosoani-
lines with sulfoxonium ylides

RZ

R? O O Cp*Rh(OAC);* H,0 (10 mol%)
BN N\N,,O N _ S\\ Cu(OAc); (0.5 equiv.)
RT + R3—./ Ag,0 (1.0 equiv.)
H TFE (2.0 mL), 100 °C, 10 h

99 100

BR 25 = BEfiktl N-TEAHEE KL 5 AR S48 B FF 3 1k

A B
Scheme 25 Rhodium(III)-catalyzed acylmethylation/cyclization
of N-nitrosoanilines with sulfoxonium ylides

1.12 &2 A AAF Gl BNt &S5 T
K56 C—H FA R

FET N FrkE, O SRR, R
WA W NT—O # . BRILFEL IS

2018 4F, 55 R HRIE T = ek i fh g k-
N-E4690 102 5 AN 37458 103 (1) C—H B RE L B,
SR N —O B PN T B e 2 SR B Rt T BAIX
WRFEEHAR R C(8)—H BEF ALY 104, iZ 775
BT ZEYE Ve, 1 E R T AR AT A
(Scheme 26).

O+
71~ [RhCp*Cll, (5 mol%)
X 0 AgNTF, (20 mol%)
N NaOAc (1.0 equiv.)
H O HFIP, 120 °C, 12 h
102 103
B 26  =INEEfk AL k- N-5 10 5 AR S48 C(8)—H
Tk H Ak R B

Scheme 26 Rh(Ill)-catalyzed selective C(8)—H acylmethyla-
tion of quinoline N-oxides with sulfoxonium ylides

2019 47, FAUERBAPHRE T =M AR I
B 105 5 IEAR I 748 106 R 4F AL C—H 8IS LA L,
DA 85 2 RAF I 245 2 1 2 BRI 225 2579 107.
LR R, 1ZRNHEIEER 105 [FINE 2T AR
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AL H X A FH (Scheme 27). Yu's group
o o (1) [RhCp*Cly], (2.5 mol%) 0
6 o  [CoRNCl], (5 mol%) Ny 0ssT esOAe0feqn)
| L AgSbFg (20 mol%) R + O _DCE100°C.6h  pill |
b e S : Aoy O (2) H,SO,/HOAC Z o7 R2
H NMe HOACc (5.0 equiv.) 2 M
, 5.0 eq (VIV =0.01)
DCE, air, 90 °C 112 113 . 14
105 106 | 100°C,3h
Yao's group
OH o)
CHO o o [RhCp*Clo] (3 mol%)
QO W - UL ermeomns
Ph OH R \ PivOH (3.0 equiv.), THF
‘o7 Ar, 100 °C, 7 h

BIR 27 =R d AL e 5 UM S ) C—H 5L/ AL
i

Scheme 27 Rhodium-catalyzed C—H activation/cyclization of
enaminones with sulfoxonium ylides

2019 4F, #EEIRBHPHRE T =B AL T
748 109 57K 108 FIEER C—H G4 R M. 525
RIN, SFEACHI K EE 108 F1EAR 742 109 #AEIR
U I 3 R s B 2R A, DA A B R ) 7 2645 B AH B 1
B 110, M TSR C(spd)—H HITEILAEE &
FEARIIIE NP B I8, ek, N A 45 31 ) A8 B
FEVIAR SR R B AR EE, I KRG — Bk AT LA
53— R 524054 111 (Scheme 28).

0
O  [RhCp*Cly, (2.5 mol%)

(0}
X H 1 .
R : . Ph)l\7s\\ NaOAc (2.0 equiv.)

OH DCE, 90 °C, 24 h
108 109
(0} O
H,S0O4 (2 mol/L)
T Ph 90°C,24h X
R~ _ —— " R P |
OH 0" "Ph

110 111

B 28 =eefifbimst C—H BRIt M
Scheme 28 Rh(III)-catalyzed aldehydic C—H functionalization
reaction

4, iy % I R A A B 5 gk R R R 20 5 B 4
8 7R T, WA =K 112 511
BRI SZ A8 113 NA A T 2R S 114, G L
R, W SRR HEAL I E F T s A B R S Bt T
MERR I SEAE A AR ER Y, TR T WML KRR S
AR AR, M TAERZERE b, BhRaR e
ARSI I Pt 2 12K 5l 1) 114 3647 CR)ALH) C—H
BHREBIMLIR N, SNAFE] T — RV Z RN 2,3-
IR 115, BE— ¥ RE 1208 1) & BN H]
75 [l (Scheme 29).
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O R (6) R
115
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B 29 =Mk miE S WM A= ¥ C—H iEi/ b
S
Scheme 29 Rh(Ill)-catalyzed C—H activation/annulation of
salicyl aldehydes with sulfoxonium ylides
1.13 &AL T A5 m e s L Bk vt 2 (& AF 1R IR
TA 58 C—H FHA R

bR EIRERBIHIS N S O KT w2k [ 41, 2-
PRI RSO A TR T B IR AT DLAE 42 B B 1)
AL R 5 ST R AR C—H TGRS, B HEIR
W HEF LS Rh Bofz, SEMEH 05 34867 C—H
T AR EE TR IRIAA, 1555 F S SR LA AT ) ¢
FR S

2018 4F, ZEMHRMAPTRE T = MR
Ik 2.1 116 5 AR 248 117 Jd 5 32 ) AR AN R AR
H R 25 AL IR P WD ) B RO . FE 1% 5K
R, SRR SZAEAE D Co BT S IR T L O R ONAR
B 1-25W) 118 8 “ZZEIF[1,8-be] LG 119. T ZER
e, FA BIRYEH L CE B — AL & BRI,
ARercA 1-ZEm ey us, B, R A%
[1,8-bc]MLIE 119, %= =3 e B A7 AE T mJ LAl
o AR D BUKAS BIZEIF[1,8-be] ML 120. 2%
F[1,8-be] ML B S8 R ZAFAE T &M RR = Yh, R
H 2 B AR ARG FBLE R, %5V AT DA R PR
R E Y, It HBA T Z 1R & (Scheme
30).

b5, 2R IRMIALTVR B T = M0 B A AL TR
SR 122 5 ON-(FE A A 121 (5 +2)3 b
S, FETRANSEAT T m RO A e B T S BT
IR =G 5 123, XL oig e A B
HE AR 3, b, [N IR e AR b B T TT
B G =30 E %) 124 (Scheme 31).
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R'" OH
R' = H, alkyl, OMe, halo CN
R' O R?
CN T Cp*Rh(OAC); * H,0 (8 mol%) 18 R2
. RzJ\¢S\
’ \ H,0 (1.0 equiv.), DCE o
16 "7 80 °C,12 h N N
—_—
one-pot OO
R2
119 120

Bz 30 Rh(II)AEA FEE 255 T 748 1 s M

Scheme 30 Rh(III)-catalyzed reaction of benzoylacetonitriles with sulfoxonium ylides

e

121 122

DCE, 80 °C, 12 h

Cp*Rh(OAG),"H,0 (8 mol%) ? N
©f> o o LiOAC (25 mol%) N
B/\ Cop oS t-AmOH P
CH,CN (
123

major) (minor)

N CH,CONH,
+ \
Bz
124

B3 31 Rh(UDfEAL N-(RUEE L) — &0 W 5 AR S8 1Y C—H W& ik 3

Scheme 31 Rh(II)-catalyzed C—H activation reaction of N-cyanoacetylindolines with sulfoxonium ylides

JUF RIS, R 58 A NIRRT Rh(I) A fr 2
Bk 2.1 125 A0S BRI ST 126 FEEE AL SR, R4
BT O3-BURMZEm Y 127, b, B IR B
ROKAEA I, FEAR T RS FE, RIS 4R T B SR [R],
SRS BNME— =) 1280 127, &t —2
ST AR R 250 0422 (AT AR, AT LA Al 926
FH[1,8-be] ML 55 B ZL (1) 28 AL 5P (Scheme 32).

o o 0
I
LN CN N /s\\ [RhCp*Cly], (4 mol%)
R 2
T y * R CsOAGc (2 equiv.), DCE
s 126 50°C,6h
OH
LN CN
R-,/
X
| R
=
127

Bz 32 Rh(UfEAH I BE 25 5 AR S48 S R 5 i 1-2%
iy

Scheme 32 Rhodium(IIl)-catalyzed reaction of benzoylacetoni-
triles and sulfoxonium ylides to 1-naphthols

2018 4F, RRIT IR R 5 25 H L 206 A
T7 IR 3-H LS 2501k 128 4351 5 AR IH- 37 75 129
MEZED 130 AT, LSS RIFH PR
G T — R Z BRI G 131 F1 132, FREE
B, JKY) 3-H B 20V 128 765 AR 7 48
129 J b 75 EES AR, T S ERMAAY 130 RE
S NI )55 EEAE 55 PR 25 R R A BE AR U Mt 4T (Scheme
33).
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o CN HO CN
R [RhCp*Cl,], (5 mol%)

Q O NaOAc (20 mol%) O R

N _S=0 THF, N, \

H H

h 100 °C, 12 h
128 129 131
o)
CN HO CN
O [RhCP*Clyl, (5 mol%) 1
N—h +R1J\WR2 HOAG (20 mol%) O R
N THF, N O
N » N2 2
H 2 400°C, 12h N R
128 130 132

B 33 3-HIBEIE 2 i 05l Wk 55 0 R 57 4wl AL A P Y
C—H HREHIML

Scheme 33 C—H functionalization of 3-formylacetonitrile
indoles with sulfoxonium ylides or diazo compounds

1.2 §THECTENM I EEBE TS5 C—HIERRM

2018 4F, AR OR) ) -2 3 AR % 133 55
ME A ST 134 7F SO R S N R 3 BT R Ak
{[RuCly(p-cymene) ], Mt I SR ERAEH T B, P&
BT — R 1,2- R IR RAT A 135, XREWRT
DU I it — AT B 4-BUR I 1,2-2K R HERE 42 136.
2SN FH AR S RSN H S7 A A R ST AR, A ROk
T MR SR BARE R AR B E AR S A
F(Scheme 34).

2018 4F, Ackermann P EEZHU HRIE T A AT HEAL
FR 137 5PN 3745 138 22 1 551 O B AL SEE A C—
H/O—H GRS, R AR T — R 755
EKATAEY 139, SZIG R IL, BRI N SN ) A S 3]

http://sioc-journal.cn/ 897



BILILE SFR5HRE
OR? o OR?
R! 9 2 [RuCl,(p-cymene)], (10 mol%) [RuCl,(p-cymene)], (5 mol%)
\\ S\\,NRH |O 9 AgSbFg (20 mol%) | A NH+ 8:0 Mesitylenic acid (50 mol%) XN
It + RsJ\78\\ PiVOH (100 mol%) // H }3:0 EOH/TFE (v:v =1:1) LA A
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133 134 140 141 142
2 > Ly = Y
, RT_OGR B 36— T AL 0 R 2. 56 5 S R S (R
R' O R downstream X N v
X S?N transformation | A (LA
— cheme uthenium(Il)-catalyzed coupling/cyclization o
|/ AT /= R® Sch 36  Ruthenium(II) lyzed ling/cyclizati f
R? R benzimidates and sulfoxonium ylides
R =Brand NO,
135
136 Y [RUCI,(p-cymene)l, (5 mol%)
A fer i . X . ) @ m . j)Jv(:'s)' AgSbFg (10 mol%)
B 34 0T SR TR I 5 US4 ) (AN, T PR T gnoney (10 e
A R a3 144 DCE, 100 °C, Ny, 12 h
Scheme 34 Ru(Il)-catalyzed coupling-cyclization of S-phenyl
sulfoximines with sulfoxonium ylides 7\ p 2
R1/\ N \NFR
TR, W DRI, RN T B =L,
R
145

B A B B BU(BIES)” B9 C—H iEALIE AR, I HAE
BH DU A7 o ) A4 7 S R R A TR e PEVE . A R b 2,
S0 A A P T A7 BT 67 AR PR S AR - 3742 L 3% 3 54
SR RIS, [ R 22 DA S = 2243 BX C—H H e
FALIF=4. M F ESCA AT C—H i1k
R CUR B, AL BIAEAR 2215 0L 75 B 5 A A
SRIE N JEFS 2 FoA A AT DURR]SCE C—H SIS
1k, T Ru(IV/TV)fE A AR 22 00T DU B T 5 a0/ 55 1)
FRIRIEY), WK KAR R T 5 MR- 718 5 o7 F 55 I8 Jee
W 11)3& F 36l (Scheme 35).

% o o [RuCl,(p-cymene)], (2.5 mol%)
LY o g AgSbFg (10 mol%)
R'=— P 9y + R2 Z \\

Et3N (2.0 equiv.)

137 138 DCE, 100 °C, 16 h
o
R1-L S o
NS R
139

B 35 i 55 1 AR AL KT AVIV) REAL ) C—H Vi AL M
Scheme 35 Ruthenium(Il/IV)-catalyzed C—H activation by
weak O-coordination

2018 4, - VA M FY AR T R Ak R T i
T .18 140 5 PR 3748 141 34T C—H BB/ FR K 8,
DA AR RAFHIF= A 3] 7 R MR G 142, %Kk
RRH T BRAN A HLER (E R 3R, BT ZiR Ak
A BEANAR L, X R 1% TV R EUBTTE (Scheme 36).

B JE, AR R SRS T AT D -
2-FFEMNE 143 5WAH LA 144 (K5 T I3RL SON,
PUR G T — RIS ZFEEIRATAY) 145, RV
JESZIG R, %077 HA i DX B A R T
Ve pe At 52 P (Scheme 37).
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BR37  Er A N-J5 B-2- S BRI S5 AR AL 1 45 T
AL s

Scheme 37 Ruthenium(Il)-catalyzed intermolecular annulation
of N-aryl-2-aminopyridines and sulfoxonium ylides

2019 4F, MILLRMA R 8 T 57 50k 146 ALK H
ST 147 1 AT AR R IR RIS A 5T S4B, C—
H 885 R A, FFIE KT — 251 3-Br 305k
FAEY 148, ZRMCR F, JEHRIME BRI ERE
B sz, S4h, WEFRIL 3-BREEMIRATAEY) 148 & —
FHA RV BB TR, % NS PR A Rk

MR B T — 2 R 12 (Scheme 38).
- 0,
N N__R? o o [RUilzg; Eyr?;)n;)g 055) mol%)
R1_i \ﬂ/ + 3JJ\¢S\ 9 6 (J
Z e R \ Zn(OAc), (20 mol%)
146 147 EtOH, 90 °C, N,
x—N
! 2
R1_| P Y/ R
COR3
148

B 38 ANET AL DT BE R S AR S (R A
Scheme 38 Ruthenium(Il)-catalyzed annulation reaction of
arylamidines and sulfoxonium ylides

B G, %R SRS T A T A AR
R TTH 149 73005 o- FAREH 150 F1EHAR 248 151
PRI B, DA &2 AT P2 286 i 1 — FR 50 F 2
=) 152, 1% RS T RS B BT AL IR 2 T
"Rk ER, I HRET 2 ARG E A R
RE TN 521, [RIRS, 25 B il 2% ot H Ak = i B it
T —FIH 2T FE M (Scheme 39).
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R'—rHet| + or - — O
= NaHCO; (1.5 equiv.), HFIP Het
140 O O 90°C,Np20h RIN_
R3 = S\\ 152
151

R2/R3 = Aryl, Alkyl, Heterocycle

B39 ANET AL DT () BRI F kAL SR
Scheme 39  Ruthenium(Il)-catalyzed C—H acylmethylation
reaction of (hetero)arenes

2019 4F, FVLUIRAAINRIE T 04T AL 2-J ke
M 153 5K LA 154 R[S+ 1M RN, B &
TSN 2 R 2-B B e SR 54 155, Z3RI% IS
R B S B (NH) PR B AR ) O IR 3 1) B, 72 R 5T i
WHRIVERTS, IR SEEE T Mk C—H SRS 53k
KB FiAh, 52 ATARIE ) N AN R 2, AR S A4
FEZS B Ry C) BT IAE C, B2 5 R,
M — D40 7 AR SR C—H 354k OB H 1 B
FH(Scheme 40).

[F4E, Sakhuja PRAUZHIYRIF — AT 4L N-75 56K
WE-1,4- W 156 S5ZHNH L4 157 il 486 C—H B E
(AL S S T AEE - S VR /B L RREASING et V) 1=K Ea
A, JEHBEATZ RS Y. SR T AR ) g

EtOH, 80 °C, Ny, 12 h

o ¢

o)
\+R2 R)J\?S\\ \I_RZ
RSN 157 RIS N —
NTHE |
LAUNH H [RuCly(p-cymene)], (5 mol%) NH O
KPFg (50 mol%) 5 R
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| 180°C 12h

R? R3 o [RuCly(p-cymene)],
Y L (5 mol%)
| —_—
R 7 20 _KzCO (20 mol%)
NH; /\ THF,120°C, air, 12 h
153 154

B 40 W Er il 2-0 IR S IR ST R[S+ 11374k
SN

Scheme 40 Ruthenium(Il)-catalyzed [5+ 1] annulation reaction
of 2-alkenylanilines and sulfoxonium ylides

FEA ) 158 48 F 57 ARl R Bl = AL S K AL B, W]
DA — 245 31 W MPAS [5] (R R IR A & M IR AT AR 4 159 1
160 (Scheme 41).
2020 4F, MILLHAAHRGE T AT AL 2-niknE
il 161 5 EAKIH T8 162 RIS . %7, TR
M8 162 RN RERIMAS 5 N, W LAEEEER F] 2-
MHLIE PR ) C(6) At H Bk ™ 163, N I H R 471
XS FEE. b ] WL, 1R LR AL T — ek ) £ it
WE BEAT AP RE R G (Scheme 42).
1.3 HECTRMHIZEERK TS5 C—H EURK
2017 4, Hopmann 248 7 — ﬁl‘%f’éﬂcﬂﬁﬂﬂfi

1 164 Z 511 C—H B REFIML V. 1% 43 3R F 2R
Jlé 165 AN % 166 55 AN 3778 164 76 XU (1,5-38 2 . J)
SULAR ) = BB AR {[Ir(COD)CI], } FI 5% F ZE T R (p-TSA) K

Lawesson's
reagent

e \

HsC™ “CHa

B 41 T AL N-DF R BRI 1,4- 5 LA SZAE ) C—H Bt YRR AL SR
Scheme 41 Ruthenium(II)-catalyzed C—H acylmethylation of N-arylphthalazine-1,4-diones with sulfoxonium ylides

3e3

[RuCly(p-cymene)l, (5 mol%) ©

O)lv/

161

AgSbFg (10 mol%)
HFIP, 60 °C, Ar, 24 h

163

Bz 42 AT AL 2-MEnE i S K SLAE ) C—H I HY R0 S BT
Scheme 42 Ruthenium(II)-catalyzed C—H acylmethylation of 2-pyridones with sulfoxonium ylides
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AT, 22 R AR ORI R 715 167 AR 168
SR EE T L. 1% A AR LA A —Fh
TR EATMAZ S 8 B AL SN ) — AR BT 19 S
(Scheme 43).

H
X x —
== Z > NH, Z N 7R’

H
7

\_/ 165  [I(COD)CI]; (2 mol%)
p-TSA (10 mol%)
o t o - or
\ H RIR* Toluene, uW RI/R4
//S:O RS | / \
164 N7 "Me R1M A N” "Me
H ! = R5
166 R3= COOMe
R*= COOEt
168

B 43 I ERME A IR B i 5 AR S48 R BAAE e B
Scheme 43 Iridium(I)-catalyzed cyclization reaction of anilines
or enamines with sulfoxonium ylides

2019 4, B SOVR) F = A B0 A A4 itk ek
169 5 A 248 170 K AE C—H WAL RS, &k
T R VIMEMEIF[1,2-a]WIRATEY) 171, KR —KEA
AE TE AN G BE T & ARSI T, IR EON IR
EIr) & R B 1 —Fog i L (Scheme 44).
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N-N O AgSbFg (0.2 equiv.)

+Q - n
= _$=0 Zn(OTN; @3 equiv) L, NN
N / TsOH (1.0 equiv.) L N A
R TFE, air, 120 °C R
169 170 171

[Cp*IrCly, (5 mol%) o K

R3

B 44 =Sk AE A it I bk 5 S XU S A ) C—H SES L/
A=

Scheme 44 Iridium(Ill)-catalyzed C—H activation/annulation
of pyrazolones and sulfoxonium ylides

2019 4, frfL iR Y 5 5 55 iR R 2R A
AR) C—H JEALSRRE, 2RI N-(2-IbnE k) K% 172
A N-Q2-MEnE ) K E 173 PFh S IR, 75 =Mkl
FIEVER R 5 174 KA+ 2P30MB B,
FIG LT 2-Fe M| MR =1 175, B2 S ER R =
BRAEMALT, 75 R, HRERRIES BR IX 9 Fh s 7
REAATEGERE. b, BB A T P AR
SEEG, K TR N-(2-WEE 55)-2- ke 3 W= 175
BUT BERR/ AR AR B, T DLAS F) B s e R ) PR
N-H W REATAY), IR T Gk 2- B g ok 18 77 2
(Scheme 45).

Bellt, Miura U508 T =k L I 176
(1) C(ADLIEFE ML FF SRk SN, 12 S N TE RS | A 176
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Yu' group
H o o [CPIChLL (Emol%)
SLNPEN 0 AgOAG (20 mol%)
R | + 2J\%S\ .
LN, N~ R \~ HOAc (1.0 equiv.), DCE
17'; 174 Ar, 100 °C, 12 h
R2
N NN
R1\/\ J | =
175
Wu' group
B o o [Cp*IrCly], (5 mol%)
R1@ N j .\ J\¢§ AgNTf, (20 mol%)
il , -
N g NF R N\ EtOH/MHOAc (V/V = 3/1)
173 Ar, 100°C, 24 h

174 R2
- \W NS
175
BK 45 —=MRAEAH) C—H B RERBIML SR & A 2- AN e

Scheme 45 Synthesis of 2-substituted indoles by iridium(III)-
catalyzed C—H functionalization

H GBI 1 2, AT MR G 5 AR S8 177 e
AR, [ R B R AF R AR . BeAh,
Y178 IR IE T [F) 56 25 5 JB B O w] DAt — D et et
B LI ALITCIA ) 22 S5 AT ZE Y (Scheme 46).

H ; [CPpIrCl, 2.5mol%) 9
SR o o NaOAc (3.0 equiv.) R2 ]
S o A PivOH (3.0 equiv.) SR
N \ HFIP (1.0 mL)
Me 100°C, 36 h N
176 177 178 Ve

B 46 Bl 0 P51 e C(4) ot 51 Ak S B Bt Y 2 A S
Scheme 46  Thioether-directed C(4)-selective C—H acyl-
methylation of indoles
1.4 HBESBHECIENMIZEEBKFESS C—HIE
R R

2018 4F, FAH AR PIHGE 7R =0
2-ZRFEMENE 179 5 LA 248 180 FOMEIE SN, AHEL T
PIME R BN S ST SR AL IR &, 12 BLAS FH SE D By
PELHEAL T, I HAS 75 ZEAT AT N 77k e DA R 77 26
93 Wt F AL 4 181, T B A BRI E Re i
5214 (Scheme 47).

o [Cp*Co(CH3CN)3](SbFg)2
I (10 mol%)

= S\ RZ
\UDCE, 120°C, 120 1P |
N
179 180 181

BR 47 =B I7 R C—H I R AL SO
Scheme 47 Co(Ill)-catalyzed C—H acylmethylation of arenes
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2019 45, TT MU 8 2H B3VR) i — A0 40 4R A 25 D9 945
182 5AIH- 375 183 KA/ A C(sp’)—H i IL B,
BRI T R R S 184, Z TV N kA
WA, BAA T Z 0 R R AR R X0k B
(Scheme 48).

R o o Pd(OAc), (10 mol%)
\ »Z i DMBQ, PPh; (20 mol%)
» )JVS
+ ~
| A} R? ZX anhydrous DMSO
65°C,24 h
182 183
o}

R1
\ X A N R2
| Ar
Z 184

B 48 AT AL S B S7 A% A S AR TR A S
Scheme 48 Palladium(II)-catalyzed oxidative allylation of sul-
foxonium ylides

[F4E, MR gIECME T M AN S VBRI
KR 185 HHAMH /15 186 FI[4+ 113N B, PLik
BT — RANZ BRI SRR A 187, 1%
K BEAN 55 159 10 T TR AR VR R AL ), SR T I M
C(sp))—H B [i& Ak, T FLE BA RCGE R 25 5 3005 1
VETTAE LU )32 (A3 F 2648 21 (Scheme 49).

Ts
N NH
| e LE’ Cu(OAc)," H,0 (2.0 equiv.)
N + R3 /3\\ PivOH (2.0 equiv.)
- Toluene, 100 °C, air, 4 h
185 186
/Ts
N-N
! o
R1_' =
| R2 R3

187

B 49 WA S0 N-TE IR RS AR S A 4+ 1]

IS B
Scheme 49 Copper(Il)-mediated [4+ 1] cycloaddition reaction
of N-sulfonylhydrazones and sulfoxonium ylides

2 THRMMYEESEESS C—HELRN

AR S AR — Mo R B TR S AR 2 5 C—
H G AL OB, AT DA Ja] B S 39 5 1 — 3 25 A XU A
FHEL T MR L AR NI T 2 5 RN, SRV 2
AR SR BRI O 5 Jm ML R A S RC AL AR
I SEELR) C—H &AL, RS AL 2 55 2 1A
WALAERARA, C—H . HT, &g m i
LKL 7 LRI ST AR 1 2R A1 C—H i
2, B RN SR AR AR 2, Bt ml WL, SRR 57
BN RIS 5 C—H IR R BEEA 5 Tt —
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21 RECTNHIEESEESS C—HELRN

2017 4E, ZEXH A PIHRGE T WA LA AR 58
SRESES C—H iGN, XS — IOk R L
N HE C—H SN2 H. FEZR B, 8 =
BERMEAL, AR fE 188 5 b 189 KA [4+2]3F 1L
S, BRI R]— R4 3,4- T HUC-1-ZEE AT 190.
HAAERNE, KM ERIMNERBEMAR, mH, %Kk
NEA T Z YNGR, & T 2 BURZE T8 22 1A i
(Scheme 50).

o s~ R "
7N . HO O R
>>j + ||/ [RNCE"(MCN))SbF); (8 molt%)
H Zn(OAc), (10 mol%), DCE
R 80°C, 16 h, N,
188 189 190

Bz 50 —ANEEME AL IR SL AR R QAL C—H I AR SR
Scheme 50 Rhodium(IIl)-catalyzed ortho-C—H activation/
cyclization of sulfoxonium ylides

AR A R IR S RIATLER B S AR R S A
188 (1) kE O J5i 1 5 8 A AL A7 His A B B 4R AL
C—H %, B2 =4 M o e B8 rh )4k 2 1R R 5 bk
189 Fifr, 753k 191, BEEERBEEHITRAAA
C(sp’)—Rh 8, 132|-LICHEEF a1k 192 71193, SR )5 TH
Fx DMSO J5 B R Rt Lou 8 R =Y R 194, &
Rh—C(sp?) i F8 4 N\ 15 52 04043 21 Joe I 4 o (] 44 195,
B 195 &R TR 2 B AR =4 1-Z5%) 190, [A]i 7T
A B8 {# AL 7)(Scheme 51).

188 + 189

130 Cp*RhX,
. HX
HX X = SbFg or OAC\ v

o ‘Cp* &
RhX [ ©
9@ 0 X
Ph e Rh~cp~
195 Ph xPh
( 191 )
\/
o S0
Cp*
b =0 o
Ph/ " o % =
194 ~ PH
cp* 192
A Rh/_xp_-"/
DMSO = ph
PH
193
B 51 =M WO SLAE AR C—H WS A6/ R

HLEE
Scheme 51 Mechanism of rhodium(Il)-catalyzed ortho-C—H
activation/cyclization of sulfoxonium ylides
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2019 4, USRS F T s ORI A
AR SFEmE, S fa s Bl 7 R LA S48 196 5 JUFFAS[H
[ S AL A 197 F1 198 J5 o7 4 3 45 44 22 1 () 25 i 3
BRI S48 199, 200 DL 201, 3X & —Ff A OB ERR
AR LA R 77V, O AR RS A SR B AR 57
%196 5 a- FEEHFA AW 197 B0, T A i 8 A
RIS VAR S S8, AP 2] 7 AR B
ZEEAV R ST 199 F1 200, A A EEE, 1%k
AL T — B 2 o- R 5 - BT R S A 1R
Jiik, BeAb, ZRONE T A R 2R R R ik ] LA — 25
Al N — RAHA EWE M I ZEATAE Y. VLS Fr
KF W77 R A A RAF 0 Xk B, w50 N A TE ]
& 7 ZEE A LA 201 3L B, SO DB AL
B3 T X2 BRI ZEEMATEY 202, WIHIEH T 1%
T AE N AN B (Scheme 52).

Fan's group e}
COR® o
2 Rzik[( COR?
N, 197 R? o o
S\
[Co*RCI], , AGSbFg i S ¢\
0 9 toluene, Ny, 80 °C, 24 h N R2
S\
R i 199 COR®
|
~H 0O O
1 I
96 (R?=aryl) 197 N /S\\
1
[CP*RNClyl,, AgSbFg R ,
TFE, Np, 100 °C, 24 h R
COR®
Wang's group 200
1
R0 g o o [CP*RhCl,], (5 mol%)
Z3~ AgSbFg (20 mol%
(0T el fosriim
H N Zn(OAc);, (30 mol%)
2 DCE, rt, 12 h
196 198
R'" = alkyl, halogen R? = alkyl, aryl
R3 = alky
Rl 0 O R' OH
1 4
S— R
O‘ \ Transformation OO
_—
R2 R?
201 COOR? 202 COOR’

B 52 =M L8 S o- F AL GV SRR I B
Scheme 52 Rh(III)-catalyzed cascade reaction of sulfoxonium
ylides with a-diazocarbonyl compounds

2019 4, FRITIRAAPYRIE T =M a8 40
SLAE 203 HREmE N 204 FI[4+ 130N, PLRZEE
RIUFMF=Z2E /T 10H-M51WE[1,2-a]] Wk-10- B A7 A4
205. [ 32 sl i W AR ST A R O S (AR C—H
Jfk . N—Rh 836 N £ =AM FARSE — R FRE, ARk
AN 2- FE IR OR | W, B fe i i R AL 1
TSR, 15 2 5 2 15| W I 05| R B AR 7= 4.
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SR SRR C— 8k SR TS C—N
BA—A C=C #, XAEGMEREIAAEYIMt T
Fhr L% (Scheme 53).

o)
g [RhCp*Cl,], (2.5 mol%)
ZR AgSbFg (10 mol%) -
AcOH (1.0 equiv.) @ N Q
203

DCE, 110 °C, 2 h, N,
205

Bz 53 = R4 AR 578 5 e T A E R[4+ 13AME R

I
Scheme 53 Rhodium(IIl)-catalyzed [4+ 1] annulation reaction
of sulfoxonium ylides and anthranils

A4, 2R IR R R T = O R Ak I A
LAE 206 5 7-0 25BN IR IFFREUK R 4 207 AL SR
RUARIR SN, I8 I 5038 e S 4k A AT A 53 ) S BT AR A 37
TS 1) I [4 2 AT C—H BB e384k [ vy, HARHL
U, EIL R NAR R, AR 378 78 24 5E AL e 257
B2, i IR ™= 208 FAE Rk TAE ket
etk Z A, KRR I 5 N TR T A 1 Ok B B UK A 44 2%
E BRI SR~ 209, RN, X FP B AR AR
AL AR S5 SR T T, IR EART REY
S FElL 312 e AT DA BRI A e 45 1 kb A 2 V22 3
G BOTEARMEIRIF 1) 40 B 48, Rk, 23R ns A BN H
T HE LG R FA B A S 1 (Scheme 54).

X 4r2
H o o

L/ Comso 208

\ 207 (X=NTsor0O)
H
Rh(lll) cat.
206 Ak O 0
PivOH | &
| PvOH —
(Di)Alkylation \
Alk
o 209

Alk = ;@

B 54 =B AL S R OO I 5 T ST A A f 2

I RABIR s 5
Scheme 54 Rhodium(III)-catalyzed chemo-divergent coupling
of oxa/azabicyclic olefins with sulfoxonium ylides

Prabhu $RAEHHRIE T = AN EE AL IE AR S48 210
5 452 R 0- iR R 211 MU RN, R N2 C—H
WAL DRI A B L 55— R P ESL AR, 4
J T R AR ) 1- 2RI AR 212 0 213, bR
WU EMATEMR A RO, SAh, SRR
7, RNERE R 7 RV 2 (Scheme 55).

Chin. J. Org. Chem. 2021, 41, 888~906



Chinese Journal of Organic Chemistry

REVIEW

o o EtooC [CP*RNCIL; (5 mol%)
& AgNTf, (20 mol%)
1S g S\\ N\ CICH,COOH (1.0 equiv.)
R +
7 OH EtOAc
R2 R® Ar, 80 °C, 16 h
OH
3 (0]
o R R21—0
© (major ) RS ('minor)
213

B 55 =M A SL A (1) C—H JE /AT N TRk
3
Scheme 55 Rh(IIl)-catalyzed C—H activation/annulation and
lactonization of sulfoxonium ylides

2019 4F, AR IEHIRBALHGE T R 8 214 5
2,3-T ZHGIRNER 215 £ =W sEMEAL/E T AL SR
17}§J“'43Eﬁﬂﬂ+11ﬁ1ﬁﬁﬂﬂﬁﬁéI%?ﬁfﬁ'ﬁwﬁﬁﬁ Cy
G TR C—H WA P e IR 2L AR, i
FE R T — RIS H A0 H) 2H- R K [b]25-2-
FKWEY 216, ZITIERES U “—Haik” ELH
BT A C—C B, AR ARG A AR X i a7 A ik
BEE b, Prfs BRI AT AE YL AT LUR 2 5 HuAE
TR M 2% A TN T A g R AT VA 8L A 8 A0 e ) 4
HUE AT, 2 B A — AR RAF R A & 28 I BT A= )
A RI& 1% (Scheme 56).

o [RhCp*Cl,], (4 mol%)

o]
_S— R? AgSbFs (16 mol%)
X
RIS A %\ PivOH (40 mol%)
N == “COOR3 .
H CsOPiv (10 mol%)

214 215 DCE, 110 °C, N, 12 h

R2
COOR®
216

Bz 56 —Aee AL AR 748 b SR T R R A AL A

5 i

Scheme 56 Rhodium(Ill)-catalyzed annulative coupling of
sulfoxonium ylides and allenoates

2020 4, Chatani Z5°V5 & 7 =i s¥ M AL I AR H ST
15217 5 G TR R 218 SN il 2 e AT A= 42) 219 (1) L.
T2 28 A5 FH S A N7 7 5 T 9 R LR E N IR SRR,
75 ARG 570 28K D B AR A R 3 T DA PR T A A0 T 4 A SR
AN C—C B, FFUAR AR A R0 7= R AR A B 2 BUR )
EEAZRATAEY), BEAh, [N TR IR TS 218 ] Lk
PR WS T e, [RIRE ] AR AR 2 A8 AR 47
47 [ ¥ (Scheme 57).
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o)
N\
S [RhCp*Cly, (2 mol%) R! o
. | LAGSbF (5 moi%) |\\
_ 2 NaOAc (2.0 equiv.) =
Ry REoOC HFIP, 100 °C COOR?
217 218 -DMsO 219

B 57 SO (LI AR S 5 R (L
Scheme 57 Rh(IIl)-catalyzed annulation reaction of sulfoxo-
nium ylides and alkenes

BtiJi5, Prabhu ZEHRIE T 5 Chatani Z5CHEH AR
I TAE. 5 Chatani %61 TAEAHLL, 7E Prabhu &5/ B
H, JRVIIGERIE 221 BR 1R DARRER 2 0@ 4k, iR EL
PRI B AR, fe 2 SRR 77 ZE R i (Scheme 58).

Q (|S? [RhCp*Cl,], (5 mol%)
X 2\ AgBF (20 mol%)
R N+ CooR? ,
Pz H AcOH (1 equiv.), TFE
Ar, 100 °C, 16 h
220 221 _DMSO
(0]
X
R
=
COOR?
222

B3 58 e M AL BT 728 T SR R T F A AL S 2
Scheme 58 Rhodium(IIl)-catalyzed annulation of sulfoxonium
ylides with acrylates

T, T U2 VR i AR ST A 223 5 KR
224 {E=MNMEEMELL TS, PREER T — RS 2-52H-—
2K I [b,d] MR -6-BR AT A 225, J 37 A I AR ST 48 1
C(0)—C #ERAWR, JFHIRIEMENEA TR, sk
L5 R4 AL C—H #G AL B eSS — RV FE. BhAh,
%7 R B RO I Ak ok B R R RE i 2 1
(Scheme 59).

g [Cp*RhCly], (5 mol%), AgBF, (20 mol%)
‘\)JV| . 1R Zn(OAc); (1.5 equiv.), HOAc (2 equiv.)
acetone, Ny, 100 °C, 12 h
224
(0}

O
7~
——R

X
225 (OH

B 59 =Ml manr S7A8 5 AR MR ) (R BXFA L S 8
Scheme 59 Rhodium(III)-catalyzed coupling and annulation of
sulfoxonium ylides with quinones
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2019 4E47], ZE DA IR CHRAE T =M A AL
(155 K AR C—H BEBERGEAL B, 128K FH 55 5 17 1)
MEAA S A8 226 SRR 1,4,2- ZREME-5-{ 227 7F
BRI AN ) R SR SR S A N AT RIS, DIh SRR
PR AR T 2R EY 228, RIVIE)F124H
PRSI R, J5 R RL A = A T e 2 T T
SRS C—H 8BS, JIENERLLL TS
R C(sp’)—Rh TR IEN TR AL — R &S
K122 3% (Scheme 60).

o o
” Cp*Co(CO)l, (10 mol%) 38
_8 AgSbFg (20 mol%) @ 7
>_N Zn(OAc); (30 mol%) NHC-R
DCE, 60 °C, Ar, 12 h A
226 -CO, 228

Bz 60  —ANEh AL I BT SLAE R QAL C—H B AL SR
Scheme 60 Cobalt(Ill)-catalyzed ortho-C—H amidation of
sulfoxonium ylides

2019 4F, EE AR B GTE B =0
TR S AE 229 SRR &9 230 kA& C—H &
W/ S B, PG R T 20 2,3- U 1-ZE BT AR
V) 231, % ERAE T BB R A R X s R
I TTARY K 7R TG 12 S B[R] I 3 A T
(A0 B BRI I RS AL 1 P O A bk, I HLAE 23 U5
HRORL AT DUR G AT OB, i — B T 1-ZE AT
1A K% (Scheme 61).

o]
g R? Cp*Co(CO)l, (10 mol%) oH
R A Z \\+ H AgOTf (25 mol%) N
ANy , _KOAG (20 mol%) L K3
R® DCE, 140 °C, air, 12 h ,
R
229 230 231

= 61 =i AT 378 5 Hu i) C—H IS AL AT AL
S
Scheme 61 Co(lll)-catalyzed C—H activation and cyclization

of sulfoxonium ylides with alkynes

3 TEMMIfER SRR RN

2017 4E, 28445 1 2 VR AR R A A0 T AU 37 7
55 1R ML R 2 R B, SR B SRR SEEL
PRk — il A Lk G AR S A R B S AR A R R
N, RR SRR N7 AR A B i i e e g T B AT AE N
[7) 35 SR LA AR RT3 5 OB

2019 4, ZEEE R OS2 R ARAE T AR ST 7 232
TE A ET A I R BT DU AR B B 1 B 5 A B
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e bE, N BES R A B — R 3-BUR R E S
FATAY) 233, HAAFEERZ, R HA 3778 B2
555 M3 SR ABBEA T, IOk, LR R S A
LI R A A 35 AR A F (Scheme 62).

o ('s)' [RuCly(p-cymene)], (5 mol%)
R {\:\HV \~  AgSbFg (20 mol%) R
! 0
N AcOH, TFE, 100 °C g
N, 12 h
232 233

B 62  —HrEr AL AL AR ST
SIS N

Scheme 62 Ruthenium(Il)-catalyzed homocoupling of sulfoxo-
nium ylides via C—H activation/annulation

SOSHLERR B, PR S AE 232 EREE O JR 1 e 5
BT BCAT 2B B T HVET Hh (8144 234, 55— 4> F- AR 57
232 5 234 i hir, 434 a-ERB DMSO J& Rk
BEAT R R 236, BfiF Ru—C(sp)fT #49l A\ F 5%,
FEAESTUIAET AR 237, RV R A PR
TE R FR AR 238, ZRI AL IERAL . IR EEA
5T PR SE S0 IR, R R S48 240
(Corey’s ylide), [F]Wf 143 &M 7 &F K™Y 233
(Scheme 63).

25 i C—H v/ B

(0]
+ —g/
OH 11 240
(0] 9 S\\ Corey's ylide
S +
73> _H, | . 233
R”™ "OH
239

236 DMSO
B 63 AT AL AR ST A 1 B AR 1B i S AL

Scheme 63 Proposed reaction mechanism of ruthenium(Il)-
catalyzed homocoupling of sulfoxonium ylides
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2020 4F, F2E AR BN IRE T A
A EAR S22 241 1 H SRR, 3] T 3-HUt
FE LRI 242, AUER RIS TR0 SR (1) A0
FEANTATEER ), R T 5 A — PR LA B
BELIA LI 1842 (Scheme 64).

Ri\/ [RuCly(p-cymene)], (5 mol%)
N l 0 NazPO, (0.75 equiv.)
H MesCOOH (0.75 equiv.)

Ng?C  HFIP, air, 110 °C, 24 h
241

Bz 64 AT AL TR S
WAEER

Scheme 64 Ruthenium(II)-catalyzed synthesis of isocoumarins
via dual C—H/C—C activation of sulfoxonium ylides

4 EZRERE
L PTE, IR ST

122 W EH C—H/C—C G &

TEAE NI A
H GBI S =7 R4 47 T A C—H i b
oh BT R T 0 R, i s R IR, BRI ST AR A Ry —
P MR ERIMAS S C—H RN, CEREN—Fh
53 )AL SRR B SR T B SR S

BT, REWRH L ES 51 C—H iE RN E4
S 7 B3 MR, (A ST AR 7 48 1 B A AT A7
VFEAR LM, 55—, RNHEMN C—H #iEik
KIE%@%CMU—H%,Wﬁ%cmﬂ—H%mﬁ%
SRR — MR KRR, 26 =, WA LA (E R =T
I 8 R R BN . 47 BRANAR 2 57 4B I
1k, BRI &8 AR R AR, 5B =, &E ML
C—H VG SEFTES B (1) ST AR ST A4S )36 el 0 = 2 )
BT o- BRI AR S X — AR T B9, Xk IR
H7 B A ATIRIE B N AR E N, Rk, WIS
FREEA TR K Z R R LAY S 5 C—H s R
Vi, mmﬂﬁﬁkmﬁ%m%;%ﬂ o= P FE AR ST
TR & R AR AT T a2 i o kA
H S AP E R B, MTTAF] T 32 R EET, B,
it BARAIA B A RL Y SRR B R AR R B E, WA
B R FEPE R LS R S 5 C—H TR R
N, I H S — e B R &, svraT DAk —
5 ¥ F2 A 748 Y 1 E 8 AN .
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