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Recent Advances in the Construction of Bridged Rings through
Cycloadditions and Cascade Reactions

Wang, Lele” Zhang, Ziying” Han, Huabin“
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(“ College of Chemistry and Chemical Engineering, Henan University, Kaifeng, Henan 475004)

(® Guizhou Medicine Edible Plant Resources Research and Development Center, Guizhou University, Guiyang 550025)

Liu, Xiongli’

Abstract Bridged rings are frequently encountered in natural products and biologically active molecules, which have signif-
icant application in the field of medicinal chemistry, natural product chemistry, synthetic chemistry, material chemistry and life
science. In recent years, with the unremitting efforts of a large number of chemists, a series of new methods have been devel-
oped for the efficient synthesis of bridged compounds. The detailed synthetic methods to access bridged compounds in the past
five years involving cycloadditions and cascade reactions are summarized, and the advantages and problems of the current

methods are briefly analyzed, which would provide useful reference for the researchers engaged in organic synthesis and re-
lated fields.

Keywords bridged ring; cycloaddition; cascade reaction
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Figure 1 Some important natural products and pharmaceuticals containing bridged rings
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Scheme 1  Asymmetric [3+2] cycloaddition of tryptophan deri-
vatives with nitrostyrene
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n-pentyl NO,
5a 5¢c

85% yield, 16:1 dr, 95% ee 83% yield, 14:1 dr, 94% ee 77% yield, 11:1 dr, 90% ee 83% yield, 14:1 dr, 94% ee
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Scheme 3 Bimetallic relay catalysis for the construction of spirotropanyl oxindoles
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Scheme 4 Asymmetric 1,3-dipolar cycloadditions of cyclic azomethine ylides for the synthesis of chiral 8-azabicyclo[3.2.1]octanes
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Scheme 9 Organocatalytic asymmetric synthesis of bridged acetals with spirooxindole skeletons
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C: N/Q\ /
1]

BRIz 11 SE it S R IR S A TR X005 e

Scheme 11 Construction of bridged bisindolines via oxidative coupling cyclization
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Ar
(1) TFA (10 mol%) o
DCM, r.t., 20 h |
NH o J.
(2) HCIO4, r.t. or 80°C, 3 h Ar
52 (3) HCI (2 equiv.), MeOH 48
up to 62% yield reflux, 1.5 h

MeO

SEEN

I?n
N._ SiMe;
49

l TFA

~~—

J
g@

51
up to 85% yield

(1) TFA (10 mol%)

(2) HCIO,4, DCM
I|3n
N

Selected examples

: OMe Cl
N O N O N O N 5
Me ) NH NH

51a, 85% 51b, 59% 51¢, 50% 51d,62% |
. 52a,45% 52b, 49%
Proposed mechanism . Arvo o OH
Bn n \
[ _ TFA [ _ 48 _ Path A
MeO _N._SiMe; — ~ ~ o-Ns Ar/K/N Bh — N
49 MeOSiMe; 50 53 HCIO, 74 "Bn
. c
PathB HCIO,
L |
.
Ar Ar O_}__\+/H OH
HCI AF/K/N
- o po— ‘\J )
NH N)‘) -H* ’TI\B
| n
52 ¢ H F D H
Hzol H*

ol
® ®
SOEgS

N
51

B 12 FFEMAMREA SIS 5 R B

Scheme 12 Cascade annulations of aromatic aldehydes and azomethine ylides

Fos, MR STABFTR 49 5 %65 =R IR I B, A2 BiE.
S48 50, BEJS 505 & 48 KAE[3 21N AR B,
A pEmE ] Ak 53, fER A BRMER T, 53 KESTW
(1) Pictet-Spengler IMbf515 2 7 FEMR 42 D. it koK
K G 8L )4y F N Friedel-Crafts e 3eAb e B, 45314
MM ML G 51, RN TRER R B i
17, BFALLEme A fk F & 4255 F A ) Friedel-Crafts
PR N, R ek b (Rl A G, BEJE IR G KA
KIK M 5rF W Friedel-Crafts Bkt s N 152 H AR =4
51 FREULEIRE, UM E, RN RERM
2 equiv.ZhIR, 33 T 4- 05 BECR VU S Sk 52, 1E#&
WHNATRER A G ERRTERAMF T2 T — 7 FH %
M-S 2.
1.2 [3+3EAMER R NAAEHIMEE

2017 4, ENMAERBAP VR IE T ARREE a p- AN
TR e 54 5 3-mE g B ALk 55 FIA XS FR Michael
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0 B/ 2 4 TR A /48 2% -Pictet-Spengler £ I 2 M (Scheme
13). {E Takemoto AL 57 IMEA T, K&+ 368
PAFRZE K DL B FICR (up to 82% yield). 875 (S Ak %
PE(>20 1 1 dr, up to 99% ee)fFF— R H HAG NG
HIRR IR ME IR A A M 56. #1250 1 Az B 14 DA 2% BH BT
A R EIEIA MR E ARSI W 56 ELAT BH I FR 0 il g 400 e 3
KER. PP R R, [RB5EEIE Michael
Inses - 2 B A AR i R A T, B AERREIVER T,
MEE s R 5 1 R A2 701 N ) Pictet-Spengler R W, B 2445
2| HA5=#) 56 (Scheme 13).

2018 4F, FRATHELA S ASRFR LA /R R 31 &5 3-15]
WREUASE LI 58 Ayt af JFRE, 7E = 960 VRS TR 1) {16
T, SEELT e T8 Michael 1N /46 & /Friedel-Crafts fi3&
RIS, BL 42%~90% I 2R 15 381 05| W AR i (23 B
BRIEIRSE AL NG WE 59 (Scheme 14). J2 B[RS LIk $5
PAEE L, REWAE ZAFrdn, BEA RITERT
21
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BT SR EHR

CF3

R )TOH
Y
O coor?
intermediate |
was isolated

7 on N 57(10mol%)  — '~
o 0N o _TBME (0.1 mollL). ot
7 N\ * AN Tf,NH (20 mol%)
4

toluene (0.1 mol/L), r.t.

OMe
56a, 65%, >20:1 dr, 97% ee  56b, 67%, >20:1 dr, 82% ee 56¢c, 62%, >20:1 dr, 93% ee 56d, 64%, >20:1 dr, 88% ee

B 13 AXHR Michael Jin /246 Bl 1h /48 24 -Pictet-Spengler 55 I St N #4) G BRI 34 48 A6 5] W

Scheme 13 Asymmetric Michael addition/hemiketalization/oxa-Pictet-Spengler cascade for the synthesis of bridged spirooxindoles

TFOH (20 mol%)

—_—
CH,CN, 80 °C
72h

Michael addition-inspired
triple cascade

Friedel-Crafts 59a
alkylation

condensation
B ———————

B 14 TIOH ALY Michael I “ 1755 ” K) HR ERIAAL S B AG I SRR AR 24 S A1 e

Scheme 14 A TfOH-catalyzed Michael addition-inspired cascade annulation for the construction of bridged spirooxindoles
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ghif), (AIRAMUAAT B — D EXT B S f . X2 3-
M| R B AR A 5| A A R AZ AR 28 — AN 7. JLT
IR, XIGEPLIR A PILAL 2 B RS 38 ARk}, 5t
T ZR A FRA. TE A BRI T, 38
5 3-m ARSI B 58 &A= Michael f B/~ 4R AL,
N, BEJETE =S A O BERIER TS, RAES TN
Friedel-Crafts FFEfb N, A B T R0F-TEMEIMA

0 R2 /R (1) Cat. 39 (20 mol%)

03 2R AR IR S LS| ok 59 AT 59, R N AR
Xﬂﬂﬂiﬁiﬁﬁx =1, (ESE I RE DAANES B Mg B 2 H
Frr=#)(Scheme 15).

TR A U A2 OV D A0 2 A A R 1 ULSHG R
TEREMFIME ST TH A — 22 TAE. 2018 4, Al
TFR T — 0 & 1% = L FR(EDDA)HEAL iy 83 % Js o7 32 %
PRI &Y 62 W75 (Scheme 16). AR

\ o-FBA (20 mol%)
RN H THF, -20 °C
+
Z OH (2) BF5-OEt,, CH,Cl,, 0°C

39 (20 mol%)
o-FBA (20 mol%)
THF, -20 °C

BF;-OEt,
CH,Cl,, 0°C

59a, 22% yield, >99% ee 59b, 23% yield, >99% ee  59c¢, 30% yield, >99% ee 59d, 23% yield, 98% ee
§9a’, 61% yield, >99% ee 59b', 54% yield, >99% ee  59c¢', 62% yield, >99% ee 59d', 47% yield, >99% ee 59¢', 49% yield, >99% ee

59e, 25% yield, 99% ee

ER 15 AR REERE S 3-0 RIS 5 A ST BR Michael Jinjs/ 246 1% A4 /Friedel-Crafts K¢ 54k 5 B s o

Scheme 15 Asymmetric Michael addition/hemiacetalization/Friedel-Crafts alkylation sequence of 2-hydroxy cinnamaldehydes and

3-indolyl oxindoles

toluene dioxane
HO

reflux

61 24 examples, 54% ~ 89% yield

Selected examples
OH OH OH

Y0 Y
HO O HO

(6]
62a, 58% yield

62b, 65% yield

62d, 84% yield 62e, 85% yield

I Proposed mechanism

dehydration
Q
/ HO

olefin isomerization
hemiacetalization

: OH
i N —RZ
62c, 75% yield ' @/ ®/

No,  ©H OCH3
HO CH3 cycloaddltlon @(@
OCH;
CoHig CoHig CoH1g

62f, 89% yield

B 16  [3+3PFR B S E Br 3 B R G4
Scheme 16 Synthesis of bridged flavonoid derivatives via [3+3] cycloaddition
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FRILEERE 38 SRR =y 61 Hk, i WU R/
FGEmEb/ K3+ 3PN E AR BB, BL 54% ~89% (1)
WG B — RIS B AL E Y 62. @it
WIS, MEF AN, TEBRTERT, MR AR 38
RAG T PRI SN A R B P R T 2
5L IR, B G TS AR =8y 61 A3+ 31K
SN, B SRR 62. 2020 4E, iZ R4 BI L
FEAEIR LI T RARFEY) Sanctis A F1 Sanctis B 1)
£ 44 Hi(Scheme 17).

2018 4E, B EFREAPIFE T —Fh Cu(HELLIY

2- LI HEN e 63 ANICIRIEHEHE 64 HIARKIFR[3+3134 0
R NE, FH T 15 20K SRS R A T 4 T o 1 S P A ER A 3 A
A 65 (Scheme 18). ZRMNANT “—#. WA” i
2, RIARMEAE Michael JINJ A 5 62 1 #% 5 B BR L1
&A% -Friedel-Crafts ¢34t 5 M.
1.3 [4+2BF R RAZE R I EYD

2016 4, Wi A5 FTIRAAPILL 2,3-FRR XA frg w5 e
67 A N B R e 68 R Rl TE&)E Pd MIEFT, LA
Z(2-PRMGEDBE 70 ECAR, SEILT ZE 4200k

sanctis B

sanctis A

Bl 17 Sanctis A fll Sanctis B {54 4& 1,

Scheme 17 Biomimetic total syntheses of sanctis A and sanctis B

1 \
(1) Cu(OAC),Ho0 (10 mol%) R ' FiC
66 (11 mol%) /7 ‘ = . m

P Et3N (20 mol%) N | N\
: N \ . ﬁ co.R?  Mesitylene, rt, 24 h N COR? N\\_/N
SN ewe ¥ sy 2 R EWG ! me® %

R R (2) BF3-Et,0 (4.0 equiv.) 65 : Ph/TPhOH

63 o4 THF, 40°C, 24 h ;

27 examples, up to 87% yield, up to 99% ee

Selected examples

65a, 66%, 98% ee 65b, 83%, 95% ee

Proposed mechanism

Lo - CO,R?  [3+3] annulation ¢,
N3y + ~ 2 A T e .
N EWG RSN /\

one-pot

\
R

63 64

[Cul/N,O-ligand .
Michael additon |

Not isolated

Cl
O O /\O Me O OO
)
/'}l\ Coue /N\ coe / '}l\ coe /N\ coe me %OzMe
Me NO, I\I/Ie NO, Me NO, Me NO,

65c, 63%, 89% ee

Ph

65d, 71%, 98% ee 65e, 72%, 84% ee

65

CO,R?
Lewis acid

aza-Friedel-Crafts
reaction

B 18 2- Z AN e 5 PR L SLAE 2 5 AR BR[3 4 3130 I e 2

Scheme 18 Asymmetric [3+ 3] annulation of 2-vinylindoles with cyclic azomethine ylides
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JBE, L 49%~99% [ K43 B M 05| kibk 69 (Scheme 2016 4F, B 77 EUR S RIE T = 5 R A
19). Bl JG1E &b 2 7% = B A BRBROA, il ik AR 2,3- IR A A5 ke 72 AR LR IE 73 H[4+
PO TG N WL BEBE O AR, P DASEIRAR 75 ) SZ A ). 21N B (Scheme  20). 7E =5 R ER AR A4 H T,
Pd,dba; (2.5 mol%) (/é
@E@ 0CO;Me 270?135 mol"n;:; Eﬂ% 5 < / o\ j P
B OH dioxane, 50°C N 7
67 18 examples, 49% ~ 99% yields g9 '
Selected examples
@‘Qjé @f& ©f§< Cﬁ?{ J§
eea 74% 69b, 63% 69c, 95% 69d, 60% 69e 67%

Asymmetric ver3|on

o0 e _Sped

\\\\

(-)- 69a 61%  (+)- 69c 74% (+)-69d, 99% (+)-69f, 78% (-)- 699 73%
94% ee 92% ee 94% ee 80% ee 90% ee
from 71b from 71c from 71a from 71a from 71b
Chiral ligands

B 19 2,3- XA 550 A SR B AR B 2 5 1[4+ 2190 I AR s 2
Scheme 19 Formal [4+2] cycloaddition of 2,3-disubstituted indoles with functionalized allylic carbonates

) Ar
R /y = 4
SLN X\ 4 R
In(OTf)3 (10 mol% ! ) —R
S ‘ R“C(%H S, AL AL a
T DCE, 4AMS NTN
N 50°C, 24 h L) 77\
R R R® R3—N Ar
73 28 examples, 49% ~ 97% yields 74 aza-oQMs

Selected examples

a a 4

74a, 78% 74b, 66% 74c, 63%

74f, 80% 749, 73% 74h, 96%

B 20 2,3- XA M 55 AR BRI 2 55 (4 + 210 RS 2
Scheme 20 [4-+2] cycloaddition of 2,3-disubstituted indoles with o-aminobenzyl alcohols
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iR SR

AR FETTEE 73 B A A i S L P PR 28 A AT I FE
R P (A, Bl 5 5 B W A AR [4 4 20 3R s R B, BA
49% ~ 97% I Y 2 15 3] DU 1 0g Wk I v 24 5] Mk gk 74
(Scheme 20). %/ NI ERAE FE ELEE™, 5 FEEUAR AR
G R RRINA 2 5 ] B, REFE 3 AFHFO,
HSZAAY A5 31— AL A4 44 (74, 96%).

2018 4, FATHEMAPHRIE T FeCls AL 05| AN
2 equiv. AR IE AR 2 5 1) — 4 7 B BEIRL N, DA
A1%~85% IS A5G B | S5 K 5 2% I B A (i e g | W

SRR G 76, (RIS I AT BE A ] 1 R =)
77 A R(Scheme 21). # ik 42 fil SE 56 A1 1 20 HE R 1S 20 A
RINARERFETLT KA 31a 78 FeCly FVEF R, KAETE Aldol
N, AR B EE RN 2R B, KA R RIS Wk 75b v A
FEI =Y 7T, 12K LR ARG 75b & E Friedel-Crafts
BEIAb SONE, AR 30 G e rp B A A R R A RIS
— > FARR IR REA 31a KAES TR R[4+ 2] N U
N, AR B BEJE, B KRS K T 1,4-00
B NE, 5 445 B I W Wk S5 M AL 54 T6b.

FeC|3 6H20
q\)l\ @ 20 mol%
\ CH3CN, 35°C
12h
76 R?
15 examples, 41% ~ 85% vyields, >20:1 dr 77

Selected examples

Proposed mechanism

CHO

o) OH

©\/\)J\Ph FeCly
OH retro-Aldol

alkylation

T o gl ek

0
N
\

75b BN

— O N0

o N
m B o

[4+2] cycloaddition
(0]
Bn B” Ph/\
B
[B+Na]*
(m/z = 556.2224 )

A
[A+H]
(miz = 310.1056)

l [C]

Re-face attack
Ph

" Ho
1 /4-addition (/ O

0
B” Ph/\

Cc

B 21 W5[WRISRFRIE 2R B 2 5 10 2 4150 R IBOAME SR,

Scheme 21 A multicomponent cascade reaction of indoles and ortho-hydroxychalcones
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2-ME IR — 2RI 4C A RCT, AT RME AU
15 Michael SZARAN o, - ANHLFIE | o, B-AN VORI 2 45 12
AR S Pk 0 e 45 2 A [4+ 20 R B s BT (B, 3
BTSSR s, S EURNIE AR, TR R
(1 s i R AR R AT — 2 Bkik. 2017 4, £&F
VLRSI & 7 3-F2dk-2-nt R 78 5 “WE Tk #F
IS i 79 25 1 LA AT FR Diels-Alder [V,

o 0
HO o re 81 (5mol%)

| _ + RR——————
R1

R? o

78 79

26 examples, 43% ~

For selected examples

(@) o O o) O [e)
HO o) HO o)

80a
85% yield, 94% ee

80b
86% yield, 92% ee

TE & XS gk AT 2R 1) 2 A B BUR R IR 81 fEH R,
43% ~ 91% WL 2 FAR 75 1 SL AR 45 I (>20 @ 1 dr,
80%~96% ee)fF & A HATF LM 2 307724
80 (Scheme 22).

2020 4E, Snyder ZEHRE T A BERERE 84 L)
2-MLI R 78 A1 o f-ANHIFIEE 82 2 5IAKRR[4+21%%
N B (Scheme 23, a). % ST FEEREfE R, XS

CH,Cly, -20 °C R1M@ I

91% yields, >20:1 dr, 80% ~

96% ee

O, 0 O o. e}
HO o N\ Meyd o

80c
67% yield, 93% ee

80d
85% yield, 94% ee

BR 22 3-7FILNLRE 5GBS 5 AR Diels-Alder [ M

Scheme 22 Asymmetric Diels-Alder reaction of 3-hydroxypyrones with cyclopentendiones

(a) Snyder's work

o} 0.0 .
X CHO R2 EWG !
| o . | 84 (5 mol%) R / ; Ar
% R o ! EHAr
I8 Et,0, 23°C, 24 h X I
EWG OHC” ¢, CH
78 82 23 examples, 46% ~ 96% yields 5 84

Selected examples

OHC

83a, 50% 83b, 76%
3.1:1 dr, 94% ee 8.7:1 dr, 97% ee
(b) Albrecht's work Ph
N Ph ]
EWG R? H oms R
0/7\ 39 (20 mol%)
JD+ anoo EETL
o = Etgo, r.t. Rz\w‘
78 82 24~72h

Selected examples

O O (O] O O
COo,Me CO,Me CO,Me CO,Me
/ / //
OHC OHC OHC

83c, 75%
2.3:1 dr, 59% ee

83d, 47%
>20:1 dr, 21% ee

CO,Me ~CO,Me
85 (2 equiv.)
Et,0, CH,Cl,
rt,3h

r2"

0]
CO,Me CO,Me iPr Et
/
CO,M
P | 2ne
COZMe COgMe CO,Me
86a, 92% 86b, 85% 86¢c, 83% 86d, 85%
20:3:1.5:1 dr, 88% ee 13:1.1:1 dr, 84% ee 4:1:0:0 dr, 99% ee 2:1.dr, 14%/20% ee

B 23 MEEA o f- AR S5 AR KRR I [4+2138 0 AR B

Scheme 23 Asymmetric [4+2] cycloadditions of pyrones and a.f-unsaturated aldehydes
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BUK AR, BRI, AT E S mol %
WFIE E RS T RIAT R AT, PAAES 45 SR8 3 F
PE[2.2.2] AN G 83, SR 521 LLEAE, o, - AN
R 82, TR RFRIRM, IRZIRE, H 2R RIRM,
WA 5N, [F4E, Albrecht 4O 1E T 251
(1) 2-NEE G AR 78 FNEEAR o p- B ANEE 82 2 5 I AKTFRI
(421N B, & a8 Wittig OV, 88 DAAEE
(45 AT B F-1E[2.2.2] 3 A TiE 86 (Scheme 23, b).

2018 4, Reddy RN R FH:WE ERTIR 90
1AL 3-M5|WEFR-2- 2 FRTE 87 53K /7 FH 88 1) Robinson
B, A i T B AE S F 0 i+
PEMFZEMIERTAEY) 89 (Scheme 24). 1% M 4 JJi Michael
TR/ %3 F W Aldol BRI AR, HA LTS R ek £
AR U BT WX MR PEPE(>20 11 dr, 74%~98%
ee). RBHRIE, ZNVA R T30 A 88, 2R
I I T Bl B IR 1 B3R 200 S R AR R R I, AN AR B
Michael &I P24, Ja 820 Aldol S B TCikiEAT. T4k,
W5\ AT 87 [ Fx =t A REma, Gn 3-Ms| W 1 2K B
Py RS, AN AF E] Michael JIE =4 89e.

R’I
COMe + 90 10 mol%)
2 Ttoluene, 55°C, 5d

12 examples 60% ~ 80% vyields, 74% ~

Selected examples

oe

. , COzMe

| _ COMe . COZMe

89a, 75% 96% ee  89b, 72% 91% ee

89 :
98% ee, dr >20:1

89c, 80% 95% ee

1.4 [4+3FFMR R MAEFITEED

I 2 PH B 1 5 IR IR i (4 313R 0 S 8 A2 il %
B RO ER. 2017 4F, Harmata 15850 4H )8
T ON-Bidt S5-I G 91 SR TE 92 1[4+3]
WU B, LA 46%~99% MWL G T &1 T-B 4
FR[4.3.1]1%8 %58 (Scheme 25). XFF 1-BUHT 1,2-XUHUAR )
1,3- T 20, B PAIX & —HhAE % 93, 5FF 2-Hut
B 1,3-T 0, ORI I DX 3% B PEAR Ak s b Ak,
ﬁfirjﬁTuﬂthﬂm R N-CRIF2E BB NG, K

9 F P[4+ 3138 00 Bl B (Scheme 25). % BEiZ bR
(DFT)EEM/}%%:%HH, PRI RS S 8 28 3 W TRl AL

2017 4E, Vicario BEZH“ ARG BEIZ 96 Ak 97
NAEELE R, 7E T Bronsted B2 99 1 — I R it 4L R
(DMDO)IEH T, %ﬂ?:%ﬁ@ﬂﬁﬁmmﬂ]ﬂ
T p R R S N (Scheme 26). 1% & X SR 18 F T &% Fih B
AR AR, BB Y 52, LA 45%~87%
FIBER AT 72%~ >99% X ik B MEAS 3] 8-5 24 XA
3 2113 %5t 98. W1 Scheme 26 A7, BEIAMERE 96 1 —H

I A AR & AR B AT R AE R 2 I S E T T

Ol arg S,

N 002M N cone

89d, 91%, 64% ee 89e, 90%, 63% ee

B 24 AXFFR Robinson IR Jso b il 8 T+ 1 A e R AT 2E 4

Scheme 24 Asymmetric Robinson annulation for the construction of chiral bridged tricyclic hydrocarbazoles

NEt3 (3.0 equiv.)
_—

S)
oTf MeCN, sealed tube
85°C,6h

95 1:1.9 95
endo exo

B 25  N-Fedk e bntne & 5 308 AR I [4+ 3130 A L
Scheme 25 [4-+3] cycloaddition of N-alkyl oxidopyridinium ions with conjugated dienes
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SRR, B T S50 97 KAE[4+ 3 IR
NAZE] 8- XWIR[3.2.113E % 98. 1 MiTFEAF, FiE
TR L SV e A A 77 99 18 ik 43T [R) & B8 AN 25 %o AH B

2018 4, Lautens iRARZH U HRAE 1 % fivi fisk 2 1AL 1)
ERELAE 100 5JRAAE S AARE FEEER 101 251
[44+ 31BN, BL 30%~81% ISR Sl T A 2 MF

RGN R T B IR B 1 TN, AT SE I FPER 2. FRLEREIEE 102 1) AEXF WLk P & i(Scheme 27). 1% [ M
R’ !
I 0 . Proposed mechanism
_R! O 99(5mol%) g2-N, !
2 + y 3 '
RN §4/7 _ompo R 2w Moo o
=\ 4 EtOAc, -78 °C AN > o O~p..
R® R : Me” ™0 | , &o/ XH
i : —— gL
96 97 RY og | o] R 'T'/L\\/R ~0 ",
_____________ 25 examples, 45% ~ 87% yields, 72% ~>99% ee | R3 re |
Selected examples ' alkylideneoxirane
Boc Boc Boc : N
evp-N, [ pup-N, NP : .0 0
%, % ~N, ' - / -| i
PMP~%, : . x-R ring-opening O\P\\ H-bonding
! o O\— X O-
HRL AR o + RO
Et Ph3SiO 98d VN - "+N\/§/R3
98a 98b T Tgge 64%, 0% ee | RZ I palring o~
71%, 82% ee 66:/?)36‘%; €€ 68%. 90% ee ' oxyallyl cation
o R : RZ\N/R1 i
OO ' o}
O. ’/o E QI} =
TN , R4 (6]
0) XH ' 143 X R3
' ( ) R4
i bifunctional .
98e R i 8-oxabicyclo[3.2.1]octane
catalysis scaffold

70%, 96% ee

99: R = SiPh3, X = NTf

B 26 A IABERL AR Z 5 AR FREAL/[4+ 3R AR 8

Scheme 26 Asymmetric oxidative [4+ 3] cycloadditions between allenamides and furans
(0]
OH OH
J\HJ\ (+)-CSA (20 mol%)
" DCE.rt,10n (\/k
=12 - /; 20 examples, 30% ~ 81% yields
100 101

single diastereomer

Selected examples

CF3

. QO QO .~ QO QO

102a, 78% yield 102b, 49% yield 102c, 81% yield 102d, 56% yield
Proposed mechanism 1)
o o 90 HO._Ar
+)-CSA (20 mol%
'J\IM + HO . (+) ( 0) N d Ar
(Y% .- N, N DCE,r.t,10h ( -
n n=1,2 o n 9]

Chin. J. Org. Chem. 2021, 41, 12~

100

BX 27 BTSSR A4+ 3R R
Scheme 27 Metal-free [4+3] cycloaddition of ortho-quinone methides
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SNE, e AT e 1 b A AR S R R L IR 102,
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ER R, BB % 103 54674k 1,3- 8 W 7
isomiinchnones, Zn(OTf), {E i 7 il it a,p- A AN
PR 104, MIMAEIE[4+ 31 PR AR S IEAT. TR AEfL
MR, EARANE I ) SN STARAE 2, RIS 21 0
RS IVER. BEJE, Schneider WL YRS T 44 F1F
PEBERR U R AL HI [4 -+ 3L OB %R N2 T 4 I
A JER AT A= S 4D 9 35 e S A R e ol R A A iR A7 1) %

Zn(OTf),/106
(1.1:1, 10 mol%)
Rh,Piv,, (0.5 mol%)

O O O o .
R)IJJ\N)J\[(U\*'R:s/\)S(OR
R2 N, o

103

104

DCE, 30°C, 8 h

GBI R 2 5 A RR[4+ 31 It 78, DAk
96% IS A R 4 IS AR IEFE M (up to 94% ee, up to>
20 1 1dr)& T RANVE A 109 (Scheme 29).

2019 4, Reddy BAHMSIF K TN AL 2-75 %
BKME[1,2-a] b RE 111 S35 CAREE 88 A AL S B
(Scheme 30). % MR & M LU, 2- 05 Bk
[1,2-a]kRE 111 [ 2-A7 2 BUAROR IR 2R BRIy BRI, S
REFREIAN A, FE LA L S AR R A iy Xk
EEMEA R T RYIMFERMENEEfTAEY) 112, (H2, X
2-F5 FEBRME[1,2-a]EIE 111 [ 2-B0 A2 FFR I EUAC A,
S 14D~ 112f, T S2ihas 1, MR R

H T R BER I MR 42, 0 Scheme 30 Fiw, B4G, MM
2 IR (U AL ) 75 FE4AR AL C—H B 538 QUG A 88 2 5
B 1,4-h0%, AR E R D, B 5 R A5 F NI Friedel-
Crafts Fed& bR B, 4455 112a.

o 1
o] :
RZ R® ! O
N 0L W@ @ 0
(o) I %1\\\‘ N N
: PO g N
R1)(o % . R/N\H,O@ O?H, R
OR*
o | R =2,6-Ety-4-(1-admantan)CgH,
105 | 106

25 examples, 51% ~ 90% yields, 85% ~ 99% ee

Selected examples

o} o} o} o} 0 o}
o) o) o) o} o} o)
0
~ ~ ~ ~ ~N
el T T e T Ll T (e e e
0+ 0+ 0+ o} 04 Ph o4
OMe OMe OMe OMe OMe OMe
0 0 0 o} o} 0

105a, 83%, 98% ee 105b, 81%, 99% ee

"’_\NJﬁfR
’\\‘/&/' .

o o haPiV4
3
,)J\NJ\WR
N,
R=H, Ac
103 Qo Ac

SN R3

105¢c, 68%, 99% ee

N O
o Rh g N //SLR
Rhodium t~ /k\o
Catalytic ¥
Cycle Isomiinchnones

N,N-dioxide-zinc

105d, N.D. 105e, 51%, 94% ee  105f, 58%, 94% ee

Lewis acid
Catalytic
Cycle

O

N

5 Py [4+3]

O
4
105 CO.R

R

R*0,C

30

B 28 XeJ® “H 17 MEAL[4+ 310 IS BAG i Tk S A VE MR AR AL B 1

Scheme 28 Asymmetric synthesis of oxa-bridged oxazocines through a bimetallic relay [4+3] cycloaddition reaction
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112¢, 92% yield )

RhCp*Cl B
s A

. R
199
110 (10 mol%) . 0 o
NG Rh(OAC), (5 mol%) ; O\Pi’ o
o R4 CHCI (0.03 molll) e ” | OO
. H
R OH 26 examples, up to 96% yield o ! R
up to 94% ee, up to >20:1 dr R . 110
107 109 ' R=2,3456-MesCg
Selected examples
MeO MeO MeO
CO,Et
COZEt CO,Et 2
O
(@)
109a 109¢ 109e
... 96%,20:1dr, 92% ee | 92%,>20:1 dr, 94% 60 83%, 6:1dr,82% e 85%, 10:1dr 82%ee 5%, ND__
Proposed mechanism CO,Et
PMP Noy—
trapped by mol sisves 02
OH H,0 )
OH
VP LR CosEt Ph
108a P AR oW, 107a
- O\ [Rhy(OAc),]
phosphoric \Q """" transition
o o acid ; Ph metal
€ Sp? _H [4+3] cycle
o “OH 0. ° CO,Et
O
O 0" 'ph
109a
BIZK 29 Bk i 7 A 55 40 7 PR AR AN SR [4 4 3Tk fse B2
Scheme 29 Asymmetric [4+3] cycloaddition of carbonyl ylides with ortho-quinone methides
_ . Proposed mechanism
[RhCp*Cly], (5 mol%) @T ;
AgSbF (30 mol%) _ :
"DCE, 12h,100°C  HO >~% 7\
" 1 up to 94% yield ~ ! [RhCp*Clyl, N—
12 : 112a i N
Selected examples I
| Intramolecular F—C [RhCp*Cly]
E alkylatlon AzngFe
E Cr KAQCI
i ® O OMe
| [RhCp*Cl,] SbFg 111a
: (or)
; RhCp*(ll)
Me NN s |
<N ! HSbFg HSbFg
T3 | Meo Q /D M O/Q__C'@
~ E NT~\F € /N =

112e, 94% yield 112f, 95% yield B

B 30 FEAD AL 2-55 FEDKIE[1,2-a]PHE 55 28 CLUUR R 1 R EEER A i L
Scheme 30 Rh(II)-Catalyzed tandem bicyclization of 2-arylimidazo[1,2-a]pyridines with cyclohexanone
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2019 4F, AR IR a- AR RIGR 113 5
0 N 114 R as Rk, ERIGER T, 13 dek ki —
S FIRAEE AR T R BB 1, BE S5 5 & N EF
114 ZE[A+3PA IR R B, 52 B 30%~99% ISR &
BT #5022 BUARR R RS 115 (Scheme 31). 1%
TELFE SR, A KRR AR N 80K =
i ARZ R ERMYR T o-IRAR R RG IR, 2R o-1R
REERZET, N TCIEREAT, PIReAR BT =R R A 068
FERR IE B TR 1 22 S 8Un O,

2020 4F, Rossi WEAAICHRIE T 2- 245305 Wkl 4H
RIRE[3,2-b]W5| Wk 116 5 a- i ARFH 117 KA HI[44 313000
R B, AR T R BEGE[A)MIM: 118 118'A1 119, 119"
(Scheme 32). a-fCHR 117 FEBRAIVER N, A A 240
WERIES T, WS 116 KAE[4+3PF NS R Hbr

O Q

.
1.5 [4+AERMR R MAEFITEED

2020 4F, ZEHFIR AP RIE 1A 2R 120 5
R o - NAMEAEE R 121 25 010 55 R B
(Scheme 33). A EMZ, v LU 855 I AR
2, EPEMESZIUEIR O0,0-44 1R 122 FIMF3E O0,0-4 1R 123
MR FEE S . B AT SRR, fEF AR &
Je, EERIERR, A8 ZHREEEEE 120 K40 FHIHL
AR AR A, 7E % 5 TR Ni(OTD), IYEF T, AVENE
KGR a,f-ANMAERBERE 121 KA R T 75 R[4+
2RI N, T A B 4ERR 122, 7L Brensted
FRIOVERR, AR AT AR XUGA B, bS5 121 kA
[4+4R M S, T PR 4l 123.

R5
cho3 HFIP, rt. d:gz ,o

24 examples, 30% ~ 99% ylelds

O
RVLN/ORS base | r2 _ORS
1 - “®N
R Br H HBr R’ @
113 Azaoxyallyl cation
‘Selected examples /=
Me OBn Me OBn O

Proposed mechanism

" o K,CO;4 5

e%’LN,OBn o)

Me" g H Me%N,OBn
113a HBr Me

azaoxyallyl cation

Me

-
N _ ;\@ ,OBn Bn
114a J@o
k’N

Me Me
B 115a

RX 31 o-RAFFRNGIR S A TE NS 5 1[4+ 3 son

Scheme 31 [4+3] cycloaddition of a-bromohydroxamates with anthranils

)()i
RO T
' N\ \ R1 E 0
: 3
CO,Et | é{e ) 12 exam :
_______________________ ! ples CO,Et
& o + Br | DIPEA TFE COEL 0% 88% yield 2B
o, Rz v Toluene, r.t. 118 o
' O i RS 5
\ / ; :RS\‘)J\(RG ; I, R
! ! 3
N : ! 1 R 1 H
CO,Et , R* Br | R O 2 R
S = S SR A R® or
N 8 examples N
116 17 COEt  upto95%yield  CO,E
119 119°

B 32 [4+31PR 0B R A B B [ 6] WA
Scheme 32 Construction of cyclohepta[b]indoles through [4+3] cycloadditions
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R2

1
|
S,
0]

R
PhsPAUCH (5 mol%)

Ni(OTf), (20 mol%)
— >

toluene, 4 A MS
50 °C

Ph3PAuUCI (5 mol%)
rac-124 (20 mol%)

toluene, 4 A MS
50 °C

Selected examples

ON;

122a
88% yield, 14:1 dr

122b
76% yield, 12:1 dr

122¢
43% yield, >20:1 dr

122d
71% yield, 11:1 dr

122e
91% yield, 11:6.3:1 dr

2

. Br
123a, 94% yield, 10:1dr  123b, 80% yield, 6:1 dr  123¢, 64% yield, 4:1dr  123d, 76% yield, >20:1 dr

TfO, OTf

Tfo, OTf 2 Ni~.o

Ni~.o A g !

d ! — R o 3 N-Bn
R? R2 N-Bn T ‘J// (/
R1:—\ OH [Au] » | AN o /3 ~_ 3
= 5-exo-di T R® 121 concerted pathway — =122
~ i [4+2]
120 A cycloaddition
isomerization O”/P\O
|
H-
d. 0y
3 N-Bn
R2 7
o~ RS 121
R'—- 0
\ =
B
E 33 LMTIEE 2 HE G BURIR 0,0-45ERFIER 0,0-4F T

Scheme 33 Cocatalyst-controlled diverse synthesis of spiro- and bridged-O,O-ketals

5+ 23 A R R AT &4 [S+2PA IR  BE, st & Bl T & s B Th gL i =
2010 E%%Ti%[ﬁ]%lstﬂT type-1I [5_}_2]%3[]52& %%ﬁﬁé’bﬁ%%*@(&heme 34)[54]. ﬁfiﬁ_‘iﬂﬁfh{iﬁ’ﬂ
RIS, e, 250 SR @ type-1T B4 TP JE B B AN 1 R 2R, HOZ R N IR A A R T
Thorpe-Ingold M (18 — FHIEZLRE). DAL 7 ¥EAF 9 b

1.6
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BT SR EHR

IR, AEESZHL T RIRFY) Ingenol. Cyclocitrinol®), 2016 4F, BRI PIRIE T of- AR 5 g
Cerorubenic acid-IIIPYA Eurifoloid AP )44 F. IR ER RIS FR[S + 2] I e B (Scheme 35). 7EF %A
. R®
Type 1l [5 + 2] cycloaddition o = _ §R4 s
(6] (@) 1 N
O I H
= ' (1.5 equiv.)
Gy O E
\_> ‘ heating
OAc OAc

B 34  Type-Il 4 F W[5+ 213z
Scheme 34 Type-II intramolecular [5+2] cycloadditions

o)

: o)

LN, o 130 (10 moi%) OFt | &l
R1-L Br : =N
AI’MO + LA N M, Ar | &N | Br
@) KOAc (10 equiv)  / N\ N 5 o=N
R? CH,Clp, -20°C  piX= N o BFZ
127 128 23 examples RZ B Br Br
36% ~ 84% yields, 83% ~ 99% ee 129 ! 130
Selected examples T T
o) o) o) o)
S
Ph OEt OEt 9 OEt Ph OEt OHC ph OEt
NW NW Nw Me Nw NW
PMP
120a " 1200 " 120c 7" 120 " 129
67% yield, 93% ee  50% yield, 96% ee 62% yield, 91% ee 56% yield, 94% ee 38% yield, 90% ee
Multi-component one-pot fashion ]
130 (10 mol%) - OFEt
N N Br KOAc
PN+ Lo + EtoH — O
Z CH,Cly, -20 °C N
127a 131 132
1.0 equiv. 129a, 63% yield Ph
93% ee

B3 35 AR E IT A5 + 2030 s S R AL 2 s it e T A2 )

Scheme 35 Asymmetric dearomative [5+2] cycloadditions of isoquinolines to access tropane derivatives
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ZRFE130 AER N, af-ANHUFNEE 127 5 5 5 bk
128 &KX Mannich B, L 36%~84%US#F1 83%~
99% (1) 5% IR i B PE & B T B A DU/ S F MO R
M BERTAEY) 129, FASIIL T SRR ER AN R 25 05 1
b, MEAF U IR, 1% 50t B8 38 L SR AL 3% b S M IR 11
AT, B C—8AL DU B, HRONRCR AT
Pt il 25 I AR AN RZ 5o 35 4 1) 2 56 R0 SR Ao,
EFSEH 7 RN REEATIONLEE. &%, of-AIEAEE
127 75 130 {EHIR, A2 B SR A% A s () e vh (R A A,
SRJG 5 MRS 128 1) C-1 7 KA 55— KX Mannich < .
AR (144 B, B I 555 7% )5 2211 70 N Mannich
RMNAFEIE RS bR LR EE D, D 5 ARER AR
RN, T R =4 129, T 2B I fE 4k 57 NHC
BN T — MG

2020 4, {5/0NBA R ELH POMRGE T AR AN R B R 2
134 5 3G ALV 8 A XS BR B IBCER AL A/ 43 T
(][5 + 2R s B, FEIR AT SN 264, SEBLT —
FRHN(20 A7) EHE i bt i SR MR AR A S AL Wk 135 17
SEARIEREVE S i (up t0>19:1 dr, up to 98% ee). 1%
SIINEE “HE 7 AL RE, RRAR) (A0 0 fg 4
1 S, A B % Jig 2 V6 2 R AR A TR [S + 23R I A=

(n:n=1:1, 10 mol %)

Co(BFy),-6H,0/L-PiMe,

Pd(OAc), (10 mol %)
DCE, -10 °C

RZ
i J
+ 0 X
R N+ Ril 0
= Ar Z N
% Boc
134 8

[ (Scheme 36).
1.7 [543 R MAEFIT UL ED

2017 4E, MPEFREA YRR T 1,4 A4 136
MIZIRIE B4R 137 BI[S+H3TMBRSN, IR E T —
A HERT AR 138 LR (LA BUBT /775 (Scheme 37). %6
M B IE T X Michael I B BEAT I, ToTE
TR HLIAF, LEKH s BRI AT SRS AES i, HL
Je Ab L 7 B, SRR T A ok YR AN 2 B A (o ] 15 B 4l
m. AR AR e 137 BIFRIR /NG S B 385 R A AT R,
M HTH Y BN TCH B LTI, R TR,
1.8 [5+4PRINA R BB IFMLE

RO, YaEAARRA L 2- 55 3051k 139 F1 1,4-F
AR 140 AlRaa R, fEERENELT, 2[5+4]
MR B, M T B MR S5 M 0 2 S &9
(Scheme 38). A= EIE, 1E# T Lol Rz, &
PR SEL C-3 FIN-1 5638, 2R C-3 7 LHUR Y 2-
F5HEW RS, RO C-3 FLRIA SR I 2
SKFH C-3 Sr AR 2- 75 FEMGIWRES, 5 UEE N-1 47 8 FF.
BLER A 78 38 B Z I B 28 D RS A AL 1) C—H B JE b I i 45
It Michael i3 5 B A2,

R
% Oﬁ rtl\/\';l 0]
: N., O RN
BocN’_\\O R2 ArmH H™ A

20 examples, up to 87% yield, up to 98% ee, up to >19:1 dr 135

BocN—\
/\o

Selected examples
BOCN/\\\O COQtBU BOCN/\\O COZtBU

135a, 78% yield
>19:1 dr, 95% ee

135b, 68% yield
>19:1 dr, 96% ee

Proposed mechanism

CO,/Bu

135¢, 83% yield
>19:1 dr, 90% ee

BoocN™X, €0,Bu

135d, 71% yield
93:7 dr, 92% ee

135e, 73% yield
>19:1 dr, 95% ee

Sy Pn ) BuO,C
X o}
_
Fa CC ;
A Ph 8a Boc
Palladium “ Chiral Lewis acid 0
. o catalytic cycle - catalytic cycle O
~ CNm)
Ph ., :
A N Co(llyL-PiMe, BocN X\ 0o,
B
1342 Pd(0A); B PN 0 “F2HY

azomethine ylide 135a

B 36 XW&EJE “H71” MEALKRNE: [5+2150I0 B NG MR PR PR AL e
Scheme 36 Bimetallic relay catalysis: an approach to spiro-tropanyl oxindoles through [5+2] cycloadditions

Chin. J. Org. Chem. 2021, 41, 12~51

© 2021 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 35



BT kSt

—'\O | Selected examples
NH O H,O © A :
2 :
( o =0 ! MeO o [ o
Ar 60°C, 12-30 h \ L ! MeO o 0
NT N < =0 =0
137 i, 10 \ O\ ° \ "lx_i © \ \i-i
136 28 examples, up to 96% yield 138 N N’H N~ N7 N~ N7
Nariedosan LT e : ), ), ),
an's design o ' 138a,n=1,96% yield 138d, n=1,89% yield 138g, n =2, 82% yield
R R10 R? ' 138b, n =2, 92% yield 138e, n = 2, 84% yield
EWG 138c, n = 3, 84% yield 138f, n =3, 78% yield
R LR H,0 O : MeQ O\\N,O
Hetero-Michael [ R'O Regioselective 60°C \ : MeO N
ddition egioselective R N”NH N\
a H Michael addition R' \_,é]) ! N
N n H o) N

N—~Z~EWG
lod

138h, 1 = 2, 83% yield
B 37 R O 45 A A B 206 12 4 (5 + 31 1 =

Scheme 37 A [5+3] cycloaddition of quinone monoketals with heterocyclic ketene aminals

0
R=H o R=H R%0_J[ OR®
[Cp*RNCl,], (5 mol%) g2 R R! [Cp* 0
5 p*RhCl,], (5 mol%)
CsOAc (3.0 equiv.) \\ Q —‘— . CsOAc (3.0 equiv.) R2 “
PNCF;, 140°C  ~ N\ 7 PhCF,, 70°C < Za
17 examples H R30 OR3 22 examples Z H \\R1
31% ~ 69% yields 139 140 27% ~ 88% yields 141
Selected examples
MeQ JL OMe MeOJL OMe MeQ JL OMe MeQ JL OMe MeQ JL OMe
y O %
‘f& (% i Q x ﬂil
141a, 86% yield 141b, 88% yield 141c, 74% yield 141d, 82% yield 141e, 27% yield
\ S
O o "

MeO T( OMe T( OMe T OMe MeO T OMe T OMe

142a, 56% yield 142b, 53% yield 142c, 44% yield 142d, 46% yleld 142e, 31% yield

Proposed mechanism R
O
N Cp*Rh(OAc),
N(1) attack
2 HOAc 139 OMe
2 HOAc
R
R =H
(3) attack

\
OMe MeQ JLOMe
: ‘fﬂ
Me?4 0OaMe 1 42

B3R 38 2-7% LS| Wk b5 2R PR 2 5 1[5+ 4158 sk S B

Scheme 38 [5+4] cycloadditions of 2-arylindoles with quinone monoacetals
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2 BERNMREEFIFMLEY

HRE R N A — P A ML A T RS, H
BARERCE S ARG BRERERA L. PR
SV F 2PN S, R Lol “—87 RV,
SEEEI AT B (1 SR HA R v i R I A 2 AN 2, A
&R E R 2 FEIAaINEY. fTERMNIEFEF, TG
ot o ARHEAT 40 B alifh, P /b e R B AT Se Ak
R MR ST b, R AR B N SR A R R
WAV SZ BN A AR 2 0, IR T AT
SANALE

2015 4, Ohno HEARZICHRIE T 2-H gk N-br g 32K
[z 143 Z 5R A EIERE T R PO B, 5L
59%~94% IS ST T Ar ARG bk 144 11 g 280 %o Bk
prike S ﬁAESZ(Scheme 39). 1% RSB AT 3R H E 1 AR
IR R R, I — R N, AT AR R = AN AR

R1

RS 4 A NuH

R [IPrAuSbF] -MeCN (5 mol%)

VUMb, BN, fERNEERESY, S1FN o IR
TEAGIRY) 143 i S a8, (R RIL S B8 R AL
IS, TR A 147, 147 KA T RN ET# k
N, F3BNECKE 145, B SR, 5E s — M
TEN, XA ZR NP RE IR, WS, SFXIEN o
FRIE IS 145, 52T —/MEIIEIR, @it sir . §-
%%ﬂ%ﬁﬂuﬁi’%ﬁﬁ, R ZAF BT IRNG R Ibk 144.

2016 4, FesKk RO OMRIE T = %0 P R A 1
AR 152 5 2- 203 2K %y 153 58X 154 3R H R
R, VAANES 45 56 i 1 BAT VY JC R 45 7 1) €
FAb B W)(Scheme 40). 1% S & AFHIRAN, TETRATLFAE N
A, JYTEET. BT SCERIRE, (EE R TR R
MALEE: 7E Yb(OTH); 1E A% 5 B IIEH T, AR
152 TERUR N HERR IE B TR A, Bt ELRS8
B; BfiJ5 2- LM FEIEMY 153 5 B R AR NI R H ]
C; H&nTWHIK, B SRS R4 Y) 155.

Selected examples

'ProH, 60°C,1~2h

13 examples, 59% ~ 94% yields

R R
Q.
| R

144a, 89% 144b, 94% 144c, 83%
__________________________________ R PR
Proposed mechanism

\
[A“] | 145

4
147

Cycle A

[Au™], /\/NuH

@(}

(Au’]

||Q4 R?

143 N

|
R* 144

144d, 85% 144e, 0% 144f, 92%

[Au ]

NUH\‘ R2 [AU]
4
tumover R 148 NuH
limiting step N./
149

R4
Cycle B )

[Au] [Au} [Au]
R4 14MNUH Q é NuH
N O _NU R4 151

B 39 2-Bdt N-BRPYEERRE S 5 1) S RIS A MR RIS Wk bk

Scheme 39 Cascade reaction of 2-alkynyl-N-propargylanilines to access bridged indolines
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BHE R SR
OH oH
O O~
Ar'
Ar' R?
A R? p \ OH \ '
Ar R 153 AI”I#%R‘I 154 AI’2 AN
R0 Ar?
Yb(OTf); (15 mol%) 152 Yb(OTf); (15 mol%) RS0
26 examples DCE (2.0 mL) DCE (2.0 mL) o
. 0 [} examples
38% ~ 86% yield 50°C, 10 h 50°C, 10 h 50% ~ 94% yield
Selected examples
Me Me

C O o
290 O T
& & S S

155a, 79% yield 155b, 62% yield, Z/E = 1/1 155¢, 42% yield 155d, 78% yield, Z/E = 1/1

Me

Proposed mechanism OH
OH
O vboTh, A Ar' y o~
Ar jTW =R 2>‘+—+—R1
Ar Ar Ar
152 A B 153
standard
cnditions
OH OH
+
Arl H* (‘
p— <L 1 - 1
Ar? P A~ Rt Ar' R
R Ar? Ar?
155 D C

B 40 BRNEES 2- ZIE R Z 51 S BIE RUN

Scheme 40 A cascade annulation of propargylic alcohols with 2-vinylphenols

2018 4, H4 TR SISz T AgOTS HEAL frykk
i 157 S5 2R A9 158 (19 1,4- IR0 B BN, 15
ROMFIE T R A AR 20O [3.3.11F
%t 159 (up to 96% yield) (Scheme 41). 7£ AgOTf KL
N, BREE 157 JEAT AR RS IR A 3 B R A ) 4
0-AQMs, BHJE 5% 158 407 1,4-IN/6-endo ¥4k/

R1
OH 3
Dk (oom
P Z \© AgOTf
=
oH 158
157

A\

28 examples, up to 96% yield

= /O
R'—
AN
H 1,4-conjugate
) addition
R
in situ formed /O
o-AQMs 1,4-conjugate
addition

2
Fi1\~ oLl gt
9 =4
oA/ !

9 i

R2
— I~

E o (0]
B O o) o
o s s

1,3-F5 5588 /50 T 1 4-D0 e BT 72, &35 B x
PR 159, (HAR—FEIR, R AR 25T SRR M K
2K =5 LFR(TFA) ()-FEfifi R (CSA)~ BF;*OEt,-
FeCly*6H,0 B, fEHZANAFH] 1,4- BRI 159", 1
Je B0 HR B AR S B TR HEA T

i Selected examples

Ph t-Bu
X OJ‘ SO
o O Q o
) t-Bu o
o o B!

159b, 70% yield

6-endo
cyclization 159a, 94% yield

n-Bu t-Bu

159c¢, 78% yield 159d, 44% yield

1,4- 10 075 5 1 B G N AA) B AR AR A A [ 3.3, 1 T 0t

B 41

Scheme 41 Construction of dioxabicyclo[3.3.1]nonanes through 1,4-conjugate addition-inspired cascade reaction
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IR o f- IR IE G, HAEEN 2 E
SNAE BRI a- LR p-Ar FeFRIE), I TG 4 i) Bk
Jirji’ﬁr AT DUREIX 88 fz WA i 78 4 R AR SR, AT A4

SRR HBIIMML A Y. 2018 4E, FAERKEE
éﬂ“%nﬁ?ﬁ MUBEAE AL PB4 CRE B A7 2E 1) Michael 52 14
160 S5HGERNE 161 MIHR IR A, LL 40%~91% MR
B3 E Z4HFIR[3.3.11 %% 162 (Scheme 42). 1EiZ [ viid
b, BUEEREE 161 S5 A HUBER A P 14 55 1 rh | 44
BRI N AT DR, %R R SRR R
CORE” DUEREE, W LMEHE S SR R B EAT .

P(4—MeOC6H5)3

(20 mol%)
COan CH2C|2, r.t.
24 examples
161 40% ~ 91% yields

o (e} o (0}
Cl Cl
L L
S S Cl
162a, 82% yield 162b, 75% yield
CO,Bn CO,Bn
o—+—NTs o—+"0
Cl Me
Co-O O
S S

162c, 40% yield 162d, 57% yield
CO,Bn CO,Bn

oOoO

162, 68% yield
e, 68% yie © 162, 52% yield

B 42 BAEEEATAEY) SRR S 5 1 HR A S8

Scheme 42 Cascade cyclizations of thioaurones and allenoate

4R, BRUEEIREALI LI = 2.0% — I (DABCO) N
WALF], R T K BEE 163 5 2-4048 3-T gl 164
S 5L BB, LL 40%~99%HIISCER 56 R B
B IE AR I ERERATAY) 165 (1) A (Scheme 43). %)%
MR &R, HAEXmug B EIEE i, REr-=y+h
AHAFHER G, (HRARR] AN T4, £
AREHE, WTIRY 164, URT 2-540-3- T bz,
MRA 13- ORI R B, %R N T, BTk
WIS R, EERE T RN RN &%, 7R
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R2 Oy -CO.R*
R3
Rl Sy~ . DABCO (10 mol%)  R®
2ABLO (0 mote)
- .| DCM,rt,250r40°C R2, N
OH R 26 examples
163 40% ~ 99% yields 7\
>19:1dr N0
164 '};5

Selected examples

5 @JG

CO,Et CO,Et
165a, 54% yield 165b, 74% yield

NHPh NHBZ
Seflee

CO,iPr COZIPF
165c, 68% yield 165d, 82% vyield

Proposed mechanism

O

RZ
3
NRgH P R RS
o-quinone methide Z ’é/\‘
formation X0 / / aza-Micheal
2
DABCO =NR3 166 R*0,C Qo
R2 164
~ _R®
= N
R1—\ l
OH
163
ONRgH
NR,
Cﬁ W
H- NR3
R2 RS R4O C\ 2 3
RS 167 ROR .
N G enamine promoted = —g R
R \ O , aromatization R1—\ | |
O (a) step wise OO
168, COR’ ©  CoR
169~ °
(b) concerted path
acetalization
R3 R2 R3
2
R N RS e_N® RS
R1—/ | /(IJJ/ aminalization R | J
NN -~ O—
CO,R* R4026
165 170
B3 43 DABCO A /KEBEERS 2-24 3- T HERER 1 2 %
ER OB S

Scheme 43 DABCO-Catalyzed cascade reactions of salicylhy-
drazones with 2-oxo0-3-butynoates
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FER T, KB 163 F2 RS U 10 H S+ E] 74 166,
166 75 2-%4X 3- T HLERT 164 &4 Michael JNE/JHR -+
R RS, AR R A 168; [ 168 44 e
FRBLE 75 ¥ 10/0,0- 45 B O N-GRTEAL 435 Bk 7,
AR BINE R FHRERATAEY) 165.

2019 4F, MRCfRIREAM I ZE T AT BT IR 174 K
AL, SZEL T AT AE K o f-AEAE 171 5 3-455
ALIEIE 172 2 511 “ 3% ” Michael J1%/4i R 4k/Michael
Bni/Michael JNp 2 BN, PATRIIE 92% B ZE A
98% it Xof il it 4 1 15 31 O,0-4 FRME A M 1 S AL M| Wk 173
(Scheme 44). B 1% NI R A& P LU AE, H2 Xt
—UB P B8 M LU UR, 02 RO R SEBUARI, WieR ATtst
W B R B S (173a vs 173b); 3-H5 A0 % 172 1

o) \R . 8~36h
171 172
Vinylogous

Michael addition

173a, 81%, 80% ee 173b, 26%, 34% ee

27 examples, 26% ~ 92% yields, 14% ~ 98% ee

173c, 91%, 34% ee

N-{RF 506 s B ST ARk B Ml fe b B ik, 24 RY
AR T 48 B (Boe) e g ot FF R AT = (Ts) i, %of Bl a2 43¢
PERE N 14% (173a vs 173d).

2019 4F, XIFEYLIRMALET “ v R g,
SERL T ABFR IR I FERE 38 5 B-AAREE 175 A X FR A Bk
R RBE, i e 1 R 52 R B
FAEM 177, BeA, 2R 176 MRV, KBRS
[F A%, LLEE 97% IR e 645 31 2R (R R AL,
G178, fEEIRE, fERMNMEFEF, T 179 #1180
I ANEAR AN RS, A “BULIE . TR
THA M ZToEA R, TR M- Tt
25 4)(Scheme 45).

Michael addition

173d, 61%, 14% ee

173f, 65%, 81% ee

1739, 54%, 77% ee

173h, 70%, 84% ee

173i, 86%, 66% ee 173j, 59%, 80% ee

K3k 44  Michael I % S H) & BRIR L R RIA 2 O,0-4ii i BEIAHF R S AL 18] e

Scheme 44 Michael addition-triggered cascade annulations for the assembly of bridged O,0-ketal spirooxindoles
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o
(o) R1_
R2
X CHO 179 (20 mol%) OH
- | 180 (20 mol%)

BA (20 mol%)
n
n=1or2 DCE, 0°C R?

178 1 177
N
Rt = H
=
CHO 38 R o
/_\ ’\ | 0
X x o X
176 o )—0
X = CH, or T/\) HO
0 178

Ternary catalytic system

Ar
Lo L2 O
N otms SNTON
H | | Ar
Ar = 3,5-(CF3),CgHs ANSHOH ﬁ o
oMo 6806 I oTMms

Y0H|

179 5
i !
; ’}l ’}l EL::\ B N
_N_H H '

180 . quinary catalyst-substrate complex

B 45 JRDDEEH R IR S BAL R BEIAMFAL S AN
PRLEY)

Scheme 45 Substrate-controlled cascade processes for the con-
struction of spiro-bridged and cagelike bridged polyheterocycles

2019 4, Kontham 25" % 7 = 95 FHEERR L 1L 1)
MR EY 181 5 o f- AT 182 251 Friedel-

R?

N R2 OEt l(g\\?:;dll \éé\/RS E )
/5 R . O Fe(OTf); (20 mol%)*.. s . o 05 i
LA 0 N ——— oo

o SN, DCE,90°C, 4h \// od
P R*— ) >20:1 dr R :
OH n 184 !
181 182 21 examples
up to 87% yield

Crafts ot 210/ 4 10/ P B AL B BRI BL. 1% IR B 45
FAL T S0 2% () 3 1 Y B i R R A B 4 184 14 6 R
BT — AT 2RI T (up to 87% yield, >20 : 1 dr).
V2 W, ST o B- AN R B — B OUBEE A P R
AL E, AT DA R B s A AN TR I e i R A AL
G, UL 183 RIS, DL IR (up to 76%)1% 3]
T R 4L 2 M IR 540 185 (Scheme 46).

2019 4F, RN FZETNRIE T § 4674 1) MBH-BRR
T 186 SiAH LA 20528 g 187 Z 5 B B IAMb
N, TR BN S G R 1 B AR AL T SR R
Tilk RN i 7 AR (Scheme 47). B,
TESGINRATAY) 190 FIFER T, 186 5 187 KA [3+2]
IR N A R 188; BEEE%A: R 191 M/EAT,
188 KA 5T NI Stetter R, B2 LL 46%~94% 1L
RMEIE 98% N ik B B il T R 4 F MR IR HF IR
&) 189. Ak, (EFHIEAT 188a 5HILS 5118
JRHEA SN, BL 45% 2245 3 7 B RIRIRAR R I U
MR 192, #2040 E T 1% 5 LR A HLA B 1 )8 A
(Scheme 47).

BT, Zhao WL HRIE T B BEAL 0T R ER 193 5
W HEHEE 194 2 504K Mannich/Michael finj%/Aldol
G IR M. (Scheme 48). 1 45 XS 4 B AT A= 1)U Bt JIR A1
I BRI AR R, SEE T M PR DU &5 1 IR P AS X6 R
A EAVIIRE, EEIEEAFKMELRIA S, 5L
LT 195 A1 196 1= 8 EXT UG FEVEA B Ak,
SN R E Y LT, YIRE AR S BRI
FIRF5 B ST AR BEPEAS 3] 195 A1 196. 1HZ 24 R? AL

) OEt RZ.. O

PR R .“:'\\t:
e - | O Fe(OTf)s (20 moi%) .
NI 0 DCE, 90°C, 4 h

| 2 R ) >20:1 dr

OH 185
181 183 13 examples
up to 76% yield

185a, 76% yield

185b, 63% yield

185¢, 58% yield 185d, 65% yield

B 46  Fe(IID)-fi 441 Friedel-Crafts hedd A4/ 4l £/ P9 a4 5 56 S SR AT B0 €3 1 AL B )

Scheme 46 Fe(Ill)-catalyzed Friedel-Crafts alkylation/ hemiketalization/lactonization cascade reactions to access bridged chromans
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N (1) 190 (10 mol%), toluene
BocO ’
o M ~co,Bu R: 4AMS,0°C, 14 ~36h
XN
| o + (2) 191 (10 mol%)
/ = N CHO  K,CO04 (0.5 equiv.)
R x rt,18h
Boc one-pot
186 187 17 examples, 46% ~ 94% yields 189 Selected examples
>19:1 dr, 87% ~ 98% ee ' O,N O,N
step 1 CHO E O 6]
[3+2] cycloaddition step 2 |
R e CO,/Bu Stetter reaction
. .
S (0] '
] ! o Yco,iBuMe o YCO,Bu
R R/ N\ E 0 o
Boc ' N\ N\
188 ; Boc Boc
""""""""""""""""""""""""""""""""""""""""""""""""""" H 189a 189b
Synthetic utilization 1 83% yield, 93% ee 83% yield, 94% ee
O,N g,
' 2
Me .
CHO ' Me P OzN 7
O,N (1) CH3NH,, NaBH,4 '
I, MeOH, rt., 4 h !
wNXC > Co,iBu () toluene, 50 °C, 20 h Ny “COBu W YCOo,'Bu W CO,'Bu
0 >19:1 dr N O | 0 0
N for two steps \ . N N
) Boc : \ A
Boc | Boc Boc
188a L, 192 ! 189¢ 189d
93% ee, 15:1 dr 45% yield, 93% ee ! 88%yield, 97% ee  46% yield, 98% ee

ER 47 [3+21 0 InEk/Stetter M ER B FH TR 2 T 1 BB AT 2R SR AL Mg

Scheme 47 A tandem [3+2] cycloaddition/Stetter reaction to construct chiral spiro-bridged oxindoles

R! .
(0] 1
197/199 (10 mol%) HO 1
toluene, r.t., 3 h PMP—p R2
13 examples '
, 56% ~ 90% yields , ;
R CHO PMP. up to 97:3 dr CO.R !
__ R's JN\ _ | 92% ~>99% ee 195 g
H” > CO,R3 R. 5 OMe 198
le) 198/199 (10 mol%) O : 197 Ar = 3 5.(OF CaH
toluene, r.t., 3 h OH ' r=3,5-(CF3),CeHs
193 194 - 1
13 examples PMP~N R2 : D""'CozH
53% ~ 83% yields h N
up to 99:1 dr 3 : H
98% ~ >99% ee COR ; 199
196 ;
Selected examples
Me,

HO
PMP’N)/ HONX
CO,Et MP~ CO,Et
195 CO2Et CO,Et
a 195b _ 195¢ 195f
90%, 94:6 dr, >99% ee 90%, 92:8 dr, 99% ee X =F or Cl 198¢/195d 739, 9010 g, 99% ce 56%, 86:14 dr, 99% ee
cl ND Ve
F
O o 0o
T S
PMP~y
pPmp-N
CO,Et
COEt CO,Et COEt 2
196 198" 02!
a X =F or Cl, 196¢/196d 196e 196f
83%, 99:1 dr, 99% ee 72%, 95:5 dr, 96% ee ND 71%, 93:7 dr, 99% ee  53%, 90:10 dr, >99% ee

B 48 Mannich/Michael Jilljt/aldo] & BE 5z B K ZEMFER DU S 7 ek

Scheme 48 A domino Mannich/Michael addition/aldol reaction for the construction of bridged tetrahydroisoquinones
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AR SR PRI RS, & H b=k, (EEfehn]
A2 B TS A BHRD L RS T 3

2020 4F, Lebeeuf MERHZHF] FH 4 4% -Piancatelli #1
1k/Michael fip AR GO FE SEEIL 1 2R DU &1 5 E MR AN 21
O3 48 202 194 F(Scheme 49). 1Z B “—5A.
W7 R, B0 A 5 IR AL D) R AL IR AT AR
200 FN& A A F BT % 201 A K& 4% -Piancatelli J
R, AR A T, M5 — P RMEHRE, I 2 equiv.
() = Ao, 7T LAMERESE — 22 Michael 1R M )
NGR)& A, B2LL 33%~93% IR S H Frr=4) 202.
1% N B ERE T RIS, RN = bR A R I
M2 5B, AR = BB DY B A Sk k. 2k I
200 ©REIEIRONERIER, OB R EERET, TTLLAR
G R ETHER IR E )

2020 4E, FRATEREAI AP B BN ERR ], TR

T IR 203 5 N-BEEETEAL I RE £ 204 2 5 2 4
MU, A N-RESE G ne & 204 LA OB A
SEAAEH, NI IA Bk me £ s A s s AR . 1%
i3 N2 IR Z R IRIE 205 A AR T P
BRI T, R R, BATIESII T R
ﬂ*m6Mﬂm%wﬂ:w%% UbAbh, SFrEnREE 209
RETh S 5 OB, e A R T LA AR A D e
ZEFIF4) 210 (Scheme 50). 41 Scheme 51 iR, IXLE5
FITRIAAEG “ORB-SRERER” 2R, [
Nﬁﬁﬁ%~%¥%%ﬁﬁmwm Wi 5 XEEAZ ) H
Feli f e 2 oy “—87 BRI, AR BIEA
W E g0 H B 24 F o At ne
205a. WENK 207a/208a FEIENK 210a. 1% 755 K ik HE
FUF T M 2k L Rk R R S A R R T A S R R, SR
T WE%QE%H%AWMEmA& B2, ZJ5ik

R2
\
_N_H
HO R’ s (1) Ca(NTf,), (5 mol%), "BuysNPFg (5 mol%) R®
o) - 2 . R\NH toluene/HFIP (V:V =3:1),20°C,9~17 h
\ » | i k2 (2) EtsN (2.0 equiv), 20°C, 5 min
200 201 34 examples, 33% ~ 93% yields

O/ 4

202a, 75% yield 202b, 66% yield

202c, 81% yield

202d, 87% yield

202e, 88% yield

3, @@ 2, @

P
O/ o}

2029, 76% yield
202f, 63% yield

Proposed pathway

HO. R!

o
Z
?
AN
=
[0)
o

202g, 93% yield

O/ O/

202h, 35% yield 202h', 30% yield

| R?
R
200 201

R2
o) 0=
m Ra\NH aza-Piancatelli cyclization R’ ‘>
+
HN : L NH

R D
! 202

Bl 49  2-FkiE HEE A 2 5 1) & 44 -Piancatelli #F 4K/ Michael fin k& 1 2 57

Scheme 49  Aza-Piancatelli cyclization/Michael addition sequence of 2-furylcarbinols and amines
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O electrophilic site 0 nucleophilic site

B 50 N-pedk Rk 7 e dh SR A e KA R

Scheme 50 Maximization of the reactive sites of N-alkyl activated azaarenes

WA B, T B H & N R A DT R EE, A
N-iEAEE B R TR HUAR, O T BB ey R 5 i, i
TE N 'R AR . R R 2R, H)E T
RS BRAGRE. AT wz ik mReE, BiE, &
AT E T N-J7 B R AL R ms, K T ik 5
FFIERE 210 ARk 212 F0 040k 213 43 51 5 05 B4 214
FFREHR 203 KAERI 2 H 50 20 R EME SN, BLFESE
TR AT IR 2 B Reh, MW TERR T 450 M 3k
&Y 215, 216, 217 A1 218 K BEER Wik FE A Y
(Scheme 52).

T ULEWT, F4E, BATESATE K V-7 /KR
e 3 219, [FEE IS 5RO I 203 kR
Michael Jlli%/Michael J%/%( 2% -Mannich =25 & BX
B, SEELT R RN E 2RI 0T AL, SERR T XM E AL
MHERE 220 1 8RS Bk FEVE G i(Scheme 53). % TAE
R R BN E Eh 8 B A BT, R 3 A AR
TRV &, AMELEEE SRR E5INT — A8
RS, AT REZ BRI, BR5INT —ANEE
PRIE, ATCAHEAT 2R AL, EE PRI A 2T
NIRRT S5, FET S 2 F
O ZH AR XNFEE e,

3 K ERMRBEAEXRAR=YEEMRFHNA

HT TR S WA ER BB S ML AT RO AR i #R AR
R ERISEAHIR AN AR L, CIBHT O8N & B AL &1
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FEEFE, MEHAEE EE AN KR =77
RS2 KR . 2017 4E, Vincent VR ARZHY @ 14 34
hn R R RS BL T R SR FE W) vocalgine A (227)
bipleiophylline (228)f1) 4> Hi(Scheme 54). fEH] )5
W, (EE R, KA 23-“RIEKEFRFE 222 ER
IR, EERMERT, 22218 C—C—0 =4
THRTS 5B RPH, 193] 367 FFEF 4105 ICIR 1)
P 223; SR, AR 222 R ERER], 153 T
IRANFE R BIEE R, B 2R 2,3- R IR FR 224
YRR BRI, 224 fE8 C—C—C—0 WJEFE& /T,
5 VS M R A (42 IR R B, 15 31724 225, BT
X—E BRI, /E&EE 224 5 Pleiocarpamine [1)H iR
£ 226 M[4+203 R B, BL 21% M5 3] T
Vocalgine A (227), 44885 55— 701 226 [ ViR, SKH
T HAZ 2% Bipleiophylline (228)1) 44 k.

2019 4E, B9 NUREHTSR AL [3 238
I sEmg, DABS BRI (PIDA) AL, SEIL T 2,3-3XL
EUARI Wk 229 52K E; 230 (I[3+ 2R IR B, AT
WRIR[3,2-b 1151 Wbk 231 A4S H-BRIRI[2,3-5]75 WEmk 232 1)
A AR TR S A B, B S AE R LA AR R
KA NG B, B )\ P RN SE R T KSR
phalarine (241))4> % (Scheme 55).

2020 4F, FhAEAL IR AT RS T KRR
(+)-tronocarpine (258)[1 /X FR 4 A Bl (Scheme 56). B
%, 1EF 5 TEATAE MR AT 245 MIEATT, &
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(a) Dearomative multifunctionalization of pyridinium salt:

Me
Me

203a Me

sequential Michael/Michael/
Mannich/[2+2] cycloaddition

X N02
+ | @ o
Br

N
Bn
204a

Michael addition

- O,N

TMG (2.0 equiv.), CH3CN, 60 °C, 5 min

O electrophilic site

NO,
N~ © © nucleophilic site

o

|
Bn

Br

Me@o N N/

Br

ZAN]
/~® N—Bn

™~

_— >

Michael addition

Mannich

reaction

[2+2]

cycloaddition

(b) Dearomative tri- and bi-functionalization of quinolinium salt:

AN Br® \ichael
Me ©ON=BN 2 qdition
Me NHy | \— e

206a

203a Me

Mannich
reaction

Aza-Mannich
—_—

Oxa-Mannich
reaction

O
Me -
NH Ny o
Me / N®/ Br
Mannich Br
reaction 209a
—_—
203a Mannich
+ Me reaction
[ e e
/N(? Br
Bn
209a L p Me -

Me
J

B 51 JJSmT RERHLEE

Scheme 51 Plausible reaction mechanism
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@ © o, w
N" N

from isoquinoline

N TMS + o, | .
R—L R "SNH
2 R2 h CsF
214 oTf R
in situ activation 203

of azaarenes

|
CsF

from quinoline 212

0 _R?
ring-opening/ \/ l
closure sequence
- = Me N N
> Me
Me R )
Me N \/\R1
@ 216 217
-

B 52 R JRALE A & 57 R SRS SRR DT e I 2 B REAL

Scheme 52 Multifunctionalization of azaarenes through in situ activation and sequential dearomatization

R‘I_l
Z
O\ /@ _TMG (3.0 equiv.)
N_ Br®

“® CH3CN, 80 °C / N
Cl NRC
NO,

203 R?

219 24 examples, 43% ~ 89% yields
Selected examples EPIausible pathway
F | (. &
O n O "
\\\\‘\«Ph ‘\\‘\\\(Ph E Br Me Michael addition- N \‘O(
1 Me inspired sequence p> NO;
N (0] N- (0] | :
—1/ "NO; NO; : + /@/N
N 1
h Me
el 0 : o L0
' e
! Me
Me Me : 21ga 203a 220a
220a, 76% yield 220b, 46% yield P Mewsynthon i hael addition \aminal formation
& O [ ot
\m\wph X~ Ph Q Ph
“l NOY N/ NOD S Y
N MeO ' : NS . " ON= 0
H — Michael addition — NO,
‘ : N NH/
0 i o |
5 MeO o] Me@ i o)
220c, 54% yield 220d, 53% yield, 3:1 dr Mé Me Me Me
L A _ L B |

B 53 B N-2E R BRI E 25 K 550 I IR ) e BRIAE f 8

Scheme 53 New chalcone-based pyridinium salts and their cascade annulations with enaminones
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HO
CO,Me | oH OH
OH !
HO. - Ag,0, HCO,H
_ HO CoMe , ~ hco I L CO,H G20, HEBRR.
NH + Ag20, HCO,H O ' CH.Cl,, rt.
CH,Cl, r.t. O ; 62% yield NH
222 38% yield HN ‘ 224 oxidative [4+2] cycloaddition
221 oxidative [3+2] cycloaddition 223 P2 225
OH ©O MeO—/°
OH HO
HO CO,H_Ag0 6 (1.2 equiv.)
+ CH3CN OMe Ag,0, HCO,H OMe
21% yield CH,Cl,
~ 3%yield -
) ) oxidative [4+2] cycloaddition oxidative [3+2] cycloaddition
Pleiocarpamine (226) 224 Vocalgine A (227) Bipleiophylline (228)
Formate salt (Voacanga grandifolia) (Alstonia angustifolia)

Revised structure

B 54 I MTERIAT=H) Vocalgine A Fl Bipleiophylline H 1] 5. F
Scheme 54 Application of cycloaddition in total synthesis of vocalgine A and bipleiophylline

N X PIDA (1.5 equiv.)
R N ) © HBF,4 (20 mol%) R1:_\
Z N HFIP rt., 1 min ¥
EWG

22 examples

Selected examples
OZMe

‘5 : "0 ‘5\‘\©\0Ph ‘5 : “NHAG ‘ : "NHBoc

Bz
231a, 52%; 232a, 46% 231b, 47%; 232b, n.d. 231c, 59%; 232c, 36% 231d, 25%; 232d, n.d.
Synthetic application in the total synthesis of phalarine
{ NHz (1) (CH,0),, AcOH/MeOH { N-CO,Me NaH, BzCl N-CO,Me
B ————
N (2) CICO,Me N DMF, 0 °C ~r.t.
H (80% yield, 2 steps) H 95% yield i
233 234 Bz 235
HO OMe
NO, COzMe COzMe
Br N.O OMe N.O OMe
236 ZBFK P(OEt);
=, aan _— an _—
PIDA, HBF, N NO; Pd(PPhs),, Cs,CO;4 N NO,  210°C
3|'(|)|§/|P,'r.ltc.' Bz Br DME/H,0, 110 °C Bz N 56% yield
b yiel o/ vi
Oxidative [3+2] 237 93% vyield 238
cycloaddition
Me
|
CO,Me N.O OMe
N o OMe Red-Al N OMe CH,=NMe,Cl
toluene _ AcOH N NH
N NH -20°C~r.t. CH.Cly, r.t. Bz
: = 68% yield 68% yield
Bz oy N-Me
Me
239 phalarine (241)

BIR 55 BRIV S R 2 5 (WA A3+ 21 R IR B B ARy SR fe B AP B85 A phalarine
Scheme 55 Oxidative [342] cycloaddition of substituted indoles with phenols and its application as key step in the total synthesis of
phalarine
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R2 R2 '
S ~ . —
o) (1) 245 (20 mol%), ag. KOH (10 equiv) o) ;
N™So R* Et,O/CHCI; (V:V = 1:6), -10°C !
R3 i
R N * \%CHO (2) DMP :
|\\ AN 243 15 examples |
Z~N 32% ~ 69% yields, 82% ~ 99% ee 1

e
0 )
] e} o e} 244e
244a 244b 244c 244d 32% yield, dr ~ 2.4:1
56% yield, 94% ee 55% yield, 95% ee 41% yield, 93% ee 69% yield, 94% ee 90% ee for major isomer
Synthetic application in the total synthesis of tronocarpine
NPhth
NPhth
245 (20 mol%) (1) NoHgH,0
AN aq. KOH o
+ ZCHO ——— MeOH, 70 °C
N sa3a  Et2O/CHCl (2) CICO,Me, aq. NaOH
2 -10°C EtOAc, r.t.
0 (3) DMP, DCM, r.t.
0, 1 0, ) ]
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B 56 XK Michael JlIp/Aldol 8 B & RiAE 9 9520 3R i+ )-tronocarpine

Scheme 56 Asymmetric Michael addition/aldol sequential process as key step to construct (4 )-tronocarpine
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Scheme 57 Aza-pinacol rearrangement for the synthesis of bridged indolines and indolenine
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Scheme 58 Application of aza-pinacol rearrangement in the formal total synthesis of minfiensine
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