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Recent Progress in C—H Bond Activation Reaction with
Vinylene Carbonate
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(Hainan Key Laboratory for Research and Development of Tropical Herbs, School of Pharmacy,
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Abstract Transition metal-catalyzed directed C—H bond activation reactions have emerged as a simple and powerful
strategy for the construction of multifarious organic molecules due to their high atom-economy and regioselectivity. Among
various coupling reagents, vinylene carbonate as a novel and multifunctional coupling reagent has been extensively explored in
the transition-metal-catalyzed C—H bond functionalization. In this paper, the recent progress on the application of vinylidene
carbonate in C—H bond activation reactions is summarized and the prospect of vinylidene carbonate is discussed.
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Scheme 1 Transition metal-catalyzed C—H bond activation
reaction with vinylene carbonate
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Scheme 2 Rh(IIl)-catalyzed [4+2] annulation of benzamides
with vinylene carbonate
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Scheme 3 Proposed reaction mechanism for the Rh(III)- cata-
lyzed [4-+2] annulation of benzamides with vinylene carbonate
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Scheme 4 Rh(IIl)-catalyzed [3-+2] annulation of 3-hydroxy-
benzamides with vinylene carbonate
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Scheme 5 Co(Ill)-catalyzed [4+2] cyclization of benzamide
with vinylene carbonate
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Scheme 6 Total synthesis of 8-oxopseudopalmatine and oxopalmatine
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Scheme 7 Rate-determining step of annulation of benzamides
and vinylene carbonate
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(a) 0 o
[RhCp*Cly], (2.5 mol%) N
NH AgSbFg (10 mol%) P
N/)\© GVL, 130 °C, 24 h N
10

57% ~ 93% yield

9
+
0 [RhCp*Cly], (2.5 mol%) o OR
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0" o
] GVL/ROH (V:V = 1:1) NG
2

130°C, 24 h

1
71% ~ 82% yield
(b) [Ru(p-cymene)Clyl, O OH
(5 mol%)

[ :I N
DCE, 80°C, 12 h N/

AgSbFg, NaOAc

12
33% ~ 92% yield

B 8 BEUDMET AN 2-A8He g Lk 55 R IR . £ 4
B[4+ 2] 3Rk J

Scheme 8 Rh(II)- and Ru(Il)-catalyzed [4+2] cyclization of
2-phenylquinazolinone with vinylene carbonate
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Scheme 9 Ru(I)-catalyzed [4+2] cyclization of 2-phenyl-
quinazolinone with vinylene carbonate
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(Scheme 11).
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Scheme 10 Ru(Il)-catalyzed quinazolinone-directed (hetero)-
arene or alkene C—H bond [4+2] cyclization with vinylene
carbonate
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Scheme 11 Total synthesis of rutaecarpine natural products
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T C3, C4-TCHURIEmREATAEY) 18 (Scheme 12a). 1%
B R FEE 1 mol% [Cp*RhCla] AL TR AE 1 77 R 45 5
Hbrrew. 16 LR sRngSEat b, 1E#IEHE 7RI 19,
il 20 FIBRIR . 2,031 2 = 21 /0 EAE (DAL 7704 A R i
N, &5 R IR IX =R R R g P 45 ik
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0
12 ol e oy
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17 2 18
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+ J\ + 2 — 18
1 O,
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21
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CHj

H3C

)
22 CHs N” >Ph

41% yield, from (+)-Tocopherol
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Scheme 12 Rh(IIT)-catalyzed [4-+2] cyclization of N-arylmeth-
animines with vinylene carbonate
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13): F o N-RIEFERG 17 (30 LS B B (LA 771
T TTABALE) C—H BEAE R A AL Bl S 4 H 28—
RIEfE C—H SIS A5 2 TLc e ik B, Sk
WRIR Y. Al 2 3IE RS 4 A\ 2 ()44 B 1) C—Rh g1, A=
JRAE R TS E - IT A FE AR C AT D. P 22 ik 5t
HERE R E, JFREBUH BT, SEOHELT
XA E ) C—O $ KA S8 A ™ A= P ElA F.

http://sioc-journal.cn/ 3123



BIKE

ik SR

JEIE g BRI 2 COT 1R HARF=4) 18, [FIH B
TR R REALFFHEAT T —MEFE.

Cp*RhX,
f-oxygen elimination ﬁm
*Cp._,.O (0]
B PENS O
o] =
o N Ph N”>Ph
_ 18
N Ph

F

secondary C-H activation
oxidative addition HX

*Cp\
Rh

0._0
o . b )
oL L e

o N
g p  Ph @[ )—Ph
_ N

Cp*Rh!

N Ph 0 K inserti B
E reductive elimination OJ< alene insertion )(.l
6]
o O
Cp*Rh! -Cp* \=/
p /Rh Cp 2
N
(o3 Ph

B 13 st N-F5E W S5 ER Y 2 B[4+ 2130k
FAI R AL

Scheme 13 Proposed reaction mechanism for the Rh(III)-cata-
lyzed [4+2] annulation of N-arylmethanimines with vinylene
carbonate
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Scheme 14 Rh(IIl)-catalyzed [4+2] cyclization of imines and
vinylene carbonate
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2-F BRI FEEMRALAY) 26 (Scheme 15). %
G TSR AT AR S AL R DA R LA R TS 10 B e S S
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HN/© i MnBr(CO)s (20 mol%) HN/©
0,
NH + O 0 K(.)Ac (30 mol%) SN
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25 2 26
33% ~ 76% yield

26a 26b 26¢
55% yield 52% vyield 41% yield

o O
HN HN HN/©
\ pZ _ _

26d 26e 26f

33% yield 53% yield 62% yield

B 15 BRI G 5HRIR T L0 18 B[4+ 21 ME S R
Scheme 15 Mn(I)-catalyzed annulation of imines with vinylene
carbonate
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o O [CPERNClyl, (2.5 mol%) o
AgSbFg (15 mol%)
oH o 0
\—/  DCE, 120°C, 15h =

28

27 2 EtO,C  Me 22% ~ 95% yield

(0]
Oxone, Na,CO O
H , ’ 2 3
2 Pd/C CF5COMe

) (¢}
CHCl3, r.t. EDTA2Na

29 o MeCN, 0 °C 30 (o)
96% yield 71% yield
Br,, FeBrs PhMgBr
CHCI3 30°C THF, -20°C tor.t.

31 Br
82% vyield 73% y|e|d

B 16 BRI AE (LR RS BRIR L LR IE (1[4 + 214
WA
Scheme 16 Rh(III)-catalyzed [4-+2] annulation of benzoic acid
with vinylene carbonate
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FRFFIH C—H BIEAL SR IR EE R[4+ 2L
SSE, A AR BRI A T ORI S A R 28
(Scheme 17). 5 Miura 2 Fi#iE I TAEM AL, %K
RFEEAA 1.5 equiv.ffl Cu(OAc)*H,0 F1 20 mol%FH]
Zn(OAc), 1E B NINFIA BEALAE S BN R A, FEA T %,
RABACH) LR 33 B RIFHE RERIm 2. Br
Bb Ab, ZEFRIUAR A U AR it B 0% 50 e e i 25 1% S

1,4-dioxane, 120 °C, 20 h

40% ~ 88% yield

o [CP*RhCl,], (10 mol%)
AgNTf, (60 mol%)

\ / Cu(OAc)y'H,0 (1.5 equiv.) @ij\/

Zn(OTf), (20 mol%)

28a 28b 28c
78% vyield 77% yield 47% yield
Me O o O 0
00 i
= = %
e
28d 28e 28f
46% vyield 56% vyield 61% yield
B 17 BB AL TR B 28 2K F Wk % 5 R . 2 04 T 1)
[4+ 2130 b R BE

Scheme 17 Rh(II)-catalyzed [4+2] annulation of sulfonyl
benzamide and vinylene carbonate
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%,

RPN TT IR —RE BRI 0T, B X
SFWITEAIRZ AL H, Miura S HATEHPIE
2020 R JE T RQD ALK IR EY) 34 5KERTE £,
Il 2 PABERIA L SO, e 880 15 (5 Ml 46 1 IX IR AR
FIEALEY) 35 (Scheme 18). 7EiZNAK &, 241d
[Cp*RhCL], #AA[Cp*Rh(MeCN)s][SbFe] {F N HEALTII,
RNTCIEAS R BARF=Y). fEE P S REYY &
Fn510g: 36 FntkpkIEmtnE 38 fiz A b, RIIRITFHE
BRIR W )T 2 RAE[AF 21U B, 7= 3R A5 2
1 HARF=) 37 A1 39, BRI R T X TR
M ATIESE. BEAh, & I BT A BRI = B AR =4 it
1T MR AT, 45 SRR L ik G35 B B e
TRCEAEALH) HOMO REZL.

O [Cp*Rh(MeCN),][SbFel,

7 N/\,\ C . o)ko (6.0 mol%)
XN \—/

DCE, 120°C, 24 h

34 2
$ ~O
XN

35

44% ~ 86% yield

o0

N
[Cp*Rh(MeCN);][SbFg], 37
36 (6.0 mol%) 50% ~ 72% yield
or DCE, 120 °C, 24 h or
= —
38 x-N-N
39

80% ~ 90% yield

B 18 BN M AL IR S RRIR V. 206 B8 1AL SR
Scheme 18 Rh(IIl)-catalyzed annulation of imidazopyridine
with vinylene carbonate

2022 4, =50 & S PT7E Miura [ PAPSHRAE (¥ TAF 5%
fith b 33k — 5 R F A B R 2o 98 < s it (LD i AL e K
SR, TR RE e e RE T AR T R & 35
(Scheme 19). Z 7L WK Cp*Co(CO)L fEALT, Tz
MNTE KA, RAELE[Cp*Co(CH3;CN)3][SbFs], HIAFAE R
A BEARNTAMI S K A=A S B A 2 3 S 1 AT A U4 H
TR SRR, EE KBS P C—H B
AT AR X, BRIR Y. L0 2 5 N Co—C #15.3-&
NSRS | B | B RIIIEE NS | 7 | BrEbuRtNERE1E SDVAG
C—O B Ay A I BB s & v AL AA T B X =4
FER.
2022 4, Kapur PR PEHER A T AL g,
FEEMERLAE G R R, SERIRIE ZJATE 2 7EAT(ID/ /N9
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[Cp*Co(MeCN)3][SbFg],
)k (10.0 mol%) @ Q
HFIP, 100°C, 12h S\~

35
53% ~ 89% yield

Q*@

O A
8 o4
Cp, o *Cp-Co O :
Co :
. 7NN Z NN
7 NN NN
Co, Il 1]
- F N’\g@ rrrrrr - or - - or
S (o]
N [e]
[ o »
o Cp Q CoCp
Co
LI 7NN
NN XN

B 19 B () fE AL BRI R A e 5 B 2 T 2046 5 1[4+ 2134

R
Scheme 19  Co(IIl)-catalyzed [4+2] annulation of imidazopyri-
dine with vinylene carbonate

BERRAR AL N R A RIAL RIS C—H B RI[4+ 2]k
N, il & T — R BG5S ZE O BT AE Y 41
(Scheme 20). 1% /597 B A H (1 X 38035k £ PR FIAR 75 1)
JRY)E e 52 . 1E 3 R I I N AR & AR TR
PivOH I, SN FHEE KA, T2 H% A L
FILAL e NS RIML &9 42. 0 B4 EY) 42 £ TsOH
E’Ji’?&?TE%EEW&&f‘#Hﬁ%- TR ZE
FEEEMe 41, @I IEHIESLI I A, fEFH N C—H
TS AR TS AR I B BN IRON I R ) D B

[RuCla(p-cym);

(5 mol%)
Ph AgSbFg (50 mol%)
2o HFIP, 90 °C, 24 ~ 26 h 4
N 0 55% ~ 68% yield
p g '
o 0 | TSOH
= [RuCly(p-cym)], |
40 2 (5 mol%)
AgSbF (50 mol%)

PivOH (50 mol%)
HFIP, 90 °C, 24 ~ 30 h

42
51% ~ 78% yield

B 20 BEUIDGEIL 3-057 5B SRR LA BRI [4+2]

LS
Scheme 20 Rh(II)-catalyzed [4+2] annulation of 3-aryliso-
xazoles with vinylene carbonate

W e ) - e ko — 28 HL A 24 B PR S Ay
e fEBR AU EAA Tz R A AT PL ik, Kim
LGB0 2021 HFEHRIE TR N-J5 LR 43 S5 ER
LIETE 2 RS R LEOCE)EHT,
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RS AR [4+ 20 b s B ARSE ) 45 T — R 41005 WA i g
WRIEHTAEY) 44 (Scheme 21). {EFHHE— P EIRIEUR
BRI . £ AT 45 SRR 43 IR, S5 3K
PAS B P Ah X IR B IR AR =) 46 F1 47, [ T 0]
W 43, N-757 LR 48 BAEE NIRRT T %
2, SRR SRR LIFE 2 KA NAZE] T AN
1 HbRr=4 49.

(6] O

[ I ,< 0 [RhCp*(MeCN)3(SbFg),] @j«
NH N
N + )k N \}

(7.5 mol%)

5: O\_O/ DCE, 100°C, 20 h
2 44

42% ~ 98% vyield

j)\ standard ©EZ<
o o condltlon
Ph
45

33% yleld 11% yleld
o o}
[RhCp*Cl,], (5 mol%)
AgSbFg (20 mol%) NTS
LiOAC (50 mol%) N
\© DCE, 80 °C, 20 h o
49

20% ~ 88% yield

B 21 BBl N-75 305 R 5 5 R Y. L AR TR (4 +-2]
BN AN

Scheme 21 Rh(Il)-catalyzed [4+2] annulation of N-arylin-
dazolones with vinylene carbonate

bt A o S 5 1 )0 SR AL Y C—H B R A
A IS 87 Sy ) S A L e - 4 1 R A 3R AL S P B A
T —FhEME A RS AR, Nk, T B RIBIAE 2022
AR R TR AL N-J5 FERE LR 50 5HRIR Y. &
Jfilie 2 28 PR R 2L S 1R C—H SIRAU RN, BT
IR T 5,6- A HUAR () ntk e [1,2-a] FE MG IR AT 2E 90 51
(Scheme 22). 1%k MEA )2 IRY)IE VG, &R
FE T 2 A RN &5 L 7 2 (A1 0 R AR A7 b 3ife 78 78 1% )R B AR R
. fEF i — 5@ KIE SZI856GF 7 1% C—H # A3
JE& T I N PE A B 2023 4E, T M H AR
18T 5 2 AR SAL 0 7 TAE.

1-F23E-2-ZR W J2 — R B A PN TE IR D R 2 1) B 2L
B, ReREE LT 5 ST AR A R 2k 2 R AR 2R
5B, 2021 4, [E B AEBHRIE T LR 52 5 kR T
LIETE 2 fEREDEAFIMIER T, £H C—H 81
(421 M BN R T 1-F23-2-Z5 e T A4 53 (Scheme
23). WHFEN DRI 2R F O BRI & (T EET (1D)
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//io O  [RhCp*Cly]; (2.5 mol%) / §
N‘N )L Zn(OAc), (0.5 equiv.) N‘N 0
+
O\_O/ HOAc (0.5 equiv.) Z

DCM, 100 °C, 12 h 51
49% ~ 98% yield

F
Jos NS O@(N)N )
%
cl O,N = F =

51a 51b 51c
76% yield 68% vyield 49% yield

51d 51e
52% vyield 58% vyield
E 22 AU N-J7 B MGEER S 5L . L R BRI [4+

2Rk S R
Scheme 22 Rh(IIl)-catalyzed [4+2] annulation of N-arylpyra-
zolidinone with vinylene carbonate

[Cp*RhC|2]2 (5 mol%)

(0]
O AgBF, (20 mol%) oH
| . O)LO HOACc (3 equiv.) CHO
NM \—/ H,0 (10 equiv.)
€2
52 ) DCE, 80 °C, 12 h 53
BnO,C 49% ~ 84% yield
/ L
o} COZBn
(0] 54
OO [Cp"RhC'z]z, CU(OAC)2
DMF, N,, 100 °C
55
65% yield
Ph / Ph
S Ph” 56
[Cp*RhC|2]2, CU(OAC)Z
OO o o-xylene, air, 100 °C
57 N
88% yield (0] (0]
o
SeeT
[Cp*RhCl,],, HOAC
1,4-dioxane, N,, 100 °C
O O
59
81% yield
BN 23 B (L) 18 A I e B 5 B B2 . 2 M TR 1D [4 + 2] 384k

I
Scheme 23 Rh(II)-catalyzed [4-+2] annulation of enaminones
with vinylene carbonate

BRI A EATIE, HERAEA . 5
AN R IAINNIE B 1 Ho0 BRI T RBAR L. R TE
% S NAR RS AN E, W0 N 0K ON FITAR 1 H A
FEW) 83 ol Sk 54 Bk 56 FE LAY 58 i
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PRI G R B C—H BRSO N ) 4% T AH B I 2 R %
L&) 55. 57 A1 59.

W W AR i B BRI Rt . —, A
BRI E DR BRI AED G, WpihR . bud. $i
DA R PO #3910 2022 4, TR BTRIE T
ET (AL N-ZREEBEZ 60 5HKER T 2018 2 (3 +2]%F
B, AERCT 2,3-TEHAR I AT 61 (Scheme
24a). J AT AT AETE — R N AR R S (LDA)
EAE R, ATgk—P 2 S 2R B A oAl BE ) NH 5]
62, G AR S A I B AR 1) B TR R TG
B AR, BN R T T N L
(NHCOR) A1 9t 3£ (CONHR) ) 5 [ € /7 (Scheme 24b),
S5 W R IR B = B AR R DA 2 ) B S e IR R )
65, M FHIEfZ 2L 5 ) 1 FCHME =) 64 & s AEw D,

a

@ [RuCIy(p-cymene)],
N. B o) (5 mol%) @
©/ o O)L o _AgSbFg (20 mol%) N
.
0 \—/  Zn(OAc), (10 mol%) O)\'Bu

0,
DME, 80 °C, 24 h, Ar 61

45% ~ 92% yield

©\/\> LDA (1.1 equiv.)
N

H THF 40°C,4h
62
66% ~ 82% yield

H N._Bu e, ~NH
OﬁI:[ Er 2 BU” 64, < 5% yield
H standard + H ¢
‘Bu/NH condition = N\"/Bu
63 N o)
By~ H

O
65, 60% yield

B 24 ATADMEAL N-FREEMEIE 5 BRIR T SR BRI [3 + 2134k

R
Scheme 24 Ru(Il)-catalyzed [3+2] cyclization of N-phenyl-
pyranamide with vinylene carbonate

ERERER Y 2R ERE N C2 AR TS 5 C—H #
Wb MR R, BT 2GR 2 80y =i eE. —
WEr . =M — L. OB R PR TR BN 4
A3, &I £, 1 AgSbFe. AgOTS Fl AgNTH,
&, ATDVARI TG, TSR SR RS A Ab,
TN I 2 (1) I T 2k B T TR A A R T4 v B
AR 22 H T FE 9 70 2 DL R 2 b R R TN
T %[+ 20 S NI R AE R A R AT, AT
RE SR R i A R T ik DI .
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£k SR

2 WREAT ZHBEE(ER C1 &R F&E5 C—H &
BI[n+1138 6 & B2

IR HE AT A AR S R T RER T AT 2 4E N
C2 IBERFNE C—H B [n+23 b B N, R
FIFHRREE . G EEE A CL & AT 8 ZREE A L
TR AZHERR. FIXH, LFEREFRT 2021 4F
RIE TR RER . CIRERTE N C1 AT, 5 2-tg R
[z 66 K A[5+11Mb B, PR G s 14 Fh 22 Bk
M I [1,2-a] VR E LAY 67 (Scheme 25). %75+
Bz F R 2 FE(NH)AE T 1) B 1A, B Bl B (T
AL C—H BRSSO, A sk 6 A o
RKZHAAEIAT T 2SS, &R RIS
WhoF i 24 4 8 €67 60 BR B R B HE B R IR ), X
HEWE Ty B IR RN 254 R IR T i — 2P R bl 2.
TEFE I PESCIO W AT (R 20l b, (B $E T AT RE MR BLT)
FE, FEW K& NH, SR C—H 8. BRIR I L4
PRGN . IR AR o A i — S8 A DL S 531
AR it 7K PR A B B

{/ \} I\

O [Cp*Rh(MeCN) 3][SbF6]2 N
N )L (5 mol%) |
©/NH2 ’ o\_/—O ProH, 120°C, 15 h

66 2 67
50% ~ 94% yield

B 25 BEIDAEAL 2- ML R 5 BT IR IS + 13Ab
2 R
Scheme 25 Rh(II)-catalyzed [5+ 1] annulation of 2-pyrrolyl-
aniline with vinylene carbonate

2021 4F, B[R AVEF PR RERE T (I HE
e 2-M| IR A% 68 SRRIRIE L MR 2 FI[S+ 114k
2. 1z s C—H SERE . 2T A RITF Al
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HIA R R AE BT ERLGE AR AL A9 69 (Scheme 26),
T AN A2 T 75 P SR 3815 R 4R R [ 1,2-a]E VR IR 67.
HAFE IR, RIS 2 ATiE S TR AR 2
IR AN, 7R 1% 44 2R AP RER . £ Mg 2 AN i 25—
A0 JEF, FFAEDLZ COIT Fl CO,. B J 1R 3 012 e b
P2 AT RE LI (Scheme 26): 2-M5| L2 iz 68 1144 (I1T)
AT B A FIEILMIVEER C—H 8, AN o s
Ak A, BEJEBRERE Z 05108 2 WIER4E N LT fif e
B2 C. T4 HHSEAZ PR NH, JE B0 R W 2. 45 T
MIEE, KA T WAL R NS B E A D. fJ57E
T IAE R B ROR A2 5 3 B K B SR A% A I R A
& HFR =4 69.

W SR MALBER C—H BRI N B
BRI PR A S P I o 7 R B & U AR, fEIX T
[, Kim H{PABIT 2021 K& T E#AUDAHIEEE 70
SR 2R 2 4 H C—H B iI[4+ 11R1[4+2]
AL, 46 T — Z51) C3-52 FE L EUAC A 5] e 71 1 —
SRR 72 (Scheme 27). fEiZMNAK R, A
PR B R TR AR IR B EURIE. MRS
T (EDG)RT, RN FEE R4+ B, 4%
HWHEFFEEWG) I, K3 ER A [4+ 2140 [ B
WFTEN SREE— 25 %00 i S B L EREEAT T 4R J%, RIZIA
S RS [R] 2 AR TE T A A 154 #(Scheme 28). X
TEEHRTFIEER, HEERMNEE T A UES )
& A BRIERR, KA 1PMeA b E s B, JEiE—
VA3 bR L AL s L1113 DT D e 7 =R K -
MR EAA A G F R AE B — AN S oo R A C, B
J& 48 B R s B LA B AR S f 49 1) — S S AR 72.

2022 4F, ZEytIE RS IR RE AR IE TR AL
BEIKE 70 C—H #8 51 R W 2071 2 fI[4+ 11300 b,
NI G BTG W FR SR AL A4 73 (Scheme 28). B 137E
B, EARRN PRI LS 2 i —AMRIE T3
LI ER R A, 5 — MR T EE AR A, XA
5 Kim RIPAPSERTRIE AR 2 Ab. 2R BRI A
IR AR, S B B i X e B, RAE R —
R B AR, MR IEHE— 07 13 1T T &
BB RIS, 43 i Wittig 282 DA K 5 2-F 6 2. /g
B () 406 5 s 75 31975 S B o ms | ey 2E 47 74 075

TERRER Y IR TR1E N CLAREL T2 51 C—H #5
A N7 T, BT fe L ATBAT2IF 2021 B ARIE T
[Cp*RhCL], #EAL % 76 SRR 2 0@E 2 I[5S+113
IR BL, FEIRFI SR AE N S Bt AR B T 4- FF S et
AW 77 (Scheme 29). ZTiEEFMFFIEYEH
P, ST hedE. 5 FE L A AR 1 R S AT e %
BN b 52 I A= RSCAF  F W R IR = 4. A ikt — B
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% (6] [Cp*RACly]; (2.5 mol%) [\

N L AgSbFy (20 mol%) N 5
NH, + 07 0 : N
\—/ NaOAc (2 equiv.) \\<
TFE, 100 °C, 8 h 0
68 2 69

B 26 SEAIDMEAL 2-M| IR S BRIR T L AR BR O[S + 11k SR
Scheme 26 Rh(I1I)-catalyzed [5+ 1] annulation of 2-indolylaniline with vinylene carbonate

/_‘R ~ /@ O [Cp*RhCly], (5 mol%)
N A R: EDG ©/N~‘N O)LO AgOAc (0.8 equiv.)
RT— [4+1] +
A 70 [RhCp*Clz]z (5 mol%)| cyclization HO \—/ TFE, 60 °C, 8 h
+ AgSbF (30 mol%) 71 70 2
o) NaOAc (30 mol%) 45% ~ QGH% ved - 43%~83%yield
DCE, 80°C, 14 h N. Ar PhyP*CHBr
. - 3 3B
Qo R: EWG R+: N vk
2 [4+2] 1,4-dioxane, 70 °C
cyclization
o] Vi
72 74.
34% ~ 54% yield 86% yield
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
[4+1] cycllzatlon _N
NC )
Aowe TN

73 NaOH, MeOH, r.t.
NC—¢/

COOMe

75
[4+2] cyc||zat|on. 90% yield

Ns _Ph N®_ph N. _Ph .
N N @ B 28 SEQI LA S BRI Z BRI [4+ 1 3R (LR
- NS
O"'A9® ¥ @ i
Q= CO,  agOH OH
A O © D

Scheme 28 Rh(IIl)-catalyzed [4-+ 1] annulation of azobenzenes

c H with vinylene carbonate
N\N/Ph
J& 14 TNIFES ks LK KIE 55, 45K C—H
72 0 SRS AL AT REAS P [F) R 25 B T AL (CDM) RIS 2, HAAW]

, G PR A 5 S R e
B 27 #ODEALEER SR OGB4+ 158442
S (HDIFFLIRAR i) BT I CL BT 55 C—H &+

Scheme 27 Rh(Ill)-catalyzed [4+1] or [4+2] annulation of TPRME SRR Z 38 AL D =488, T
azobenzenes with vinylene carbonate I —ME - EMETFEMMEHZ e MAR REEAR TG i
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—/TL ‘ﬁl&%

N__R )L AgOAc (3 equiv.) \\(
©/ T 4+ oo  PVOH (1 equiv)
NH \—=/ NalO, (0.5 equiv.)
76 2 DCM,80°C, 12h, N, 7';"9

33% ~ 78% yield

N\\rPh cl N\\(Ph O
MeO N N

N \\r Ph
~ N
Me
77b, 56% yleld

77a, 39% yield T7c, 33% y|e|d
N \‘A \‘/Q W)<
N
L @
Me
77fF, 75% yleld

77d, 74% yield

B 29 FEUDHEAIERE SRR L LR IR (5 + 11380 S
Scheme 29 Rh(III)-catalyzed [5+ 1] annulation of imines with
vinylene carbonate

A, 38 24 h0 O\ ER A A IR AV E s g, W —
SEFRRE ER R NP AR 1% S N A P 4 F R v 75 b
K%, BIEFHNEE. WE L. ROk S k.
FiAb, RN F I ROV I — A AE 60~120 °C 2 [A]
K.

3 BRERY 7 GEEEIRTES C1&C2 WEREF
25 C—H U R

IR ZJ&Ee 2 HIVE N C1 B C2 AT B 2
T C—H BMIRAb N2, AE R F B ER T 205 i
[FIBEN C1&C2 WA T2 51 C—H #E ReHLm
HAPE M. fEX 5 H, MiTWIfE 2021 F4RiE 7R
FIBRER Y 20T 2 /F N C1&C2 XA AR F, £ =1k
MEALFIAE N 520 19 B4 C—H SR H B3 +2+
IR, PUgt i 7 — RYIEMATAY) 78 (Scheme
30). %N [F) A IS P T 28 e A S e b i, L s R R
RNHPER R RN R — DT R )
78d It E SR R RN, AR R T A IME R
&4 80 A7t 7)§ BODIPY (Scheme 31).

W5| k2,3 -a ] bk B SR 5y 1 — R E R H LT,
O 2N TS LR TR, R fi
@ﬁmmAﬁm%%%%ﬁ%ﬂ“%%a&ﬁ%&%

ST AR, 2022 4F, TS R IREZH S HRGE T A
BRIV 207156 2 VE UM C1L A C2 IR, S5H%CE 70
2 HEE(IDE C—H S R/ IMb N, e
BT 5 R H[2,3-a | EMRT A=) 82 (Scheme 32). {E154H
H A2, 5 RV ET AR SR T8 (1) 7 VAN A, 12 s 5
BT WAAFEZ R LR C—H R EAMb. Y R 5
R, X T4/ BT R R PR R AR AR, A Re DL &

T7e, 78% yield
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NH, © O [Cp*Rh(MeCN);][SbFg],
o (5.0 mol%)
*t0” 0+0" ©
\—/ \__/ TFA (1.0 equiv.)
2 2 PrOH, 140 °C, 15 h
78

27% ~ 79% yield

78a, 64% yield 78b, 65% yield 78c, 32% yield

9% C @
= A
~ ~
N~ "Me N Me

78d, 54% yield 78e, 74% yield 78f, 44% yield

B 30 SNBSS IRIRT LGB 2 - 1130k

I
Scheme 30 Rh(IIT)-catalyzed [3+2+ 1] annulation of phenyl-
amine with vinylene carbonate

‘I
53%

78d 80
PhCOzMe BF3 EtzO
81% 83%

BODIPY

B 31 R A RS
Scheme 31 Synthetic applications of benzoquinoline

P 4

[Cp*RhCly], (5 mol%)
AgOTf (2 equiv.)
H3PO4 (1 equiv.)

\_/ THF, 110 °C, 16 h, air

2
‘o
) O
—~—

82

20% ~ 73% yield

F

E
/N /N Me /N Me
Ry Neoviongs
cl Cl <
82a, 50% 82b, 68% 82c, 72%

C _N, C _N,
§ O § O
EtOOC = * = COOEt

82d:82d" = 1:1.2, 63%
BRI 32 BB B RS BRIR L AR TR 1) R BERIAE S8

Scheme 32 Rh(Ill)-catalyzed cascade annulation of azoben-
zenes with vinylene carbonate
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2 RAUF 7= 2645 B R H bR =4, T AS RR A

BOK, NS A3 B PR X IR B 0 AR = . (R
Lﬁ A %5 B BRII5] IR 32, 3-a M AL & D HEAT Yl 2 bk
RERfF 7T, 45 WBWIX KT 2B HA 53 15RO
PE, NG RGHT B A HLR G SR (OLED) M KL 4 T2
T HHANEER.

BT ) e S 6 DA% T B OE AR DG SCHR, 1R R
H T A N AT BE A S S HLEE (Scheme 33). B4, HZA
70 W EEEMEALFEAL C—H B4 b Rk AL BE S RIS
W 20t 2 JEAS 3R N2 (a4 A 1) Rh—C S ko
[A4R B, ZHAfA B i g-E 0l R, WE—aF CO. 15
Flh(alfe C. Ak C KR A R UL
FSERIME A B AA D, % a4k D S48 fEAL
FIWER, RAES KK C—H Sk E sk E. %
B, WIRWE 207 2 TR E R 48 A\ LA & Rh—N 5§l
AR RRPIER R, R0 p-EUHRR, Bk Cor AT
Hbrr=4) 82.

IR ZIREEE N C1&C2 MEHK T35 C—H #
IS R A 2, AR A8 = AN REAE R AL, 7R 1%
SNEAA B AR = A R = T B R R AR A i R A
RIS FAb, Z N AR R B T B IR (110~
140 C) N AR R A Y.

4 WHERY ZAEE B REMLRATES5 C—H
BMEREACRN

IR ZIFEERR T/E N C1 A C2 5 T35 C—H
BERIIRL N, I8 W AR R — o L i Bk B 34k il 70 2

+H* '/?t‘ O p-oxygen
o ‘Cp O\< elimination
rollover, G o
o4
*Cp. o

D

5 C—H K fEF] M. 2021 4, Miura VR A2 HOHR
FI BRI LG TR AE R L IREEB AR, SEBL T =i
F e S 1Y) C—H L SRR N, T — &
P& N-2R LML 40) 1A &) 84 BUE BRI S
V) 85 (Scheme 34a). J NIAFIRHZ IR S FIIE P K3
FEXREERMEO, Pl 1,2- =S ZE(DCE) NN, Kk
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Scheme 33 Proposed reaction mechanism for the Rh(IlI)-catalyzed cascade annulation of azobenzenes with vinylene carbonate
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acylmethylation of N-arylpyrazole with vinylene carbonate
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