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Recent Advances for the Construction of Seven-Membered Ring
Catalyzed by N-Heterocyclic Carbenes

Yao, Ting Li, Jiayan Wang, Jiaming Zhao, Changgui*
(Key Laboratory of Radiopharmaceuticals, Ministry of Education, College of Chemistry,
Beijing Normal University, Beijing 100875)

Abstract The seven-membered rings represent an important structural motif and have found wide presence in natural
products, biologically active molecules and drugs. In contrast to the five- and six-membered rings, the construction of seven-
membered ring remains challenging. Thus, the developing efficient strategies for the synthesis of seven-membered rings is
very desirable. N-Heterocyclic carbene (NHC) organocatalysis has been recognized as a powerful and unique tool for the quick
construction of complex molecular architectures. Nevertheless, whereas significant advances have been made using NHC as
catalysis. However, most of these works concentrated on the assembly of five or six-membered rings. This review highlights
the developments and new advances for the construction of seven-membered rings catalyzed by NHC. The aim of this review
is to provide an overview of this area and inspire synthetic chemists to develop more efficient and novel strategies for the

construction of seven-membered rings.

Keywords N-heterocyclic carbenes; seven-membered ring; asymmetric synthesis; organocatalysis
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(A) Natural products with seven membered ring

Me O>_//_Ph
H

\ ‘\O

Englerin A

(B) Drugs with seven membered ring

Clonazepam

Lotensin

OH

op

Azelastine

B S-LouIRE R R AR AN 24 %

Figure 1 Selected examples of natural products and drugs containing seven-membered ring

B R ENHOEA— R EE AT, 7E
RERJUHERER T POE R, HA R
P32 o 30T M G5 M 3R 4L T Ry R D). ARHE NHC
AL R AN S SR, A AR A 20K B Ml
DU ()X ORI I S 2, (2) AR S M ) AR A AR R 1
FEMVERR AL SRR, (3) Lewis B4k, (@)IEILmtL. i
FtaET, RERZEZFE NHC AL T A
TR, FE T AZAR AT TT. 0 S Th S I G
F Breslow P [AJRSZEL T SHE AL XUEERY Stetter SN,
J& T NHC AL SN KA, Ny 5 SR mf 70 B8 58 1 3,
AN SEPTR I NHC 5 M6 ER 2R & Gttt — 25
iR 7 NHC HfEfbid =, B 2010 4 Studer PR
2 005 Hh I S A A S 20, DA SO R ) NHC
F PR A gl B, R Ttk S g Toe-10d1 — o)
RIET NHC F-IEmEIEm A, Ao T it
S FRE FEE W, JF A 7 AT E B 7T I B R
R PL NHC A7 AT LAAESLAN 872 X FH A Bronsted
B AL — RGUAKEIRIEHEIN R L. hAb, MR B2
IR 4K 4538 T R NHC AL S T &
WORES, JFHh TIZSUINT AT R, R E T NHC
AR R R B B S T 7T

HEE NHC SUsk w7k 8L, H R K& s
FHIFAL ANTCREER. JEAER, FIF NHC 13 B
TGS S LR — e B, AL T ik %
U AT, I NHC A S eH gt &
FRARHE [ 4E, B TE 8 RN SEAR AR A b 2 R K
JE T 2 R A G TC IR B SRS . S TS e s R B
filt, ASCEM LR IIAN T T8 25—, NHC ik
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P FRA-CTTHA A (R, 55— NHC HEALRIHA
REICH AR 55 = NHC M2 Lo 44
0. NHC b 5 & mAL v R A s 5B
LR,

1 NHC 4R ATELEN

BB ME N EE WSR2 T 20
TETERIRF= RGN 1, KIS B B E S5 M)
JriE R EEE X 2013 4, Siddiqui A4 HRE T
NHC EALII[4+ 3P SRIEA S 1,3- R EH L. M
fRT B DY 1S o - NAIEE 1. N-ZKFE R/ IR 2 F1O5 7
3 ok, BL 18- A& ROA[5.4.01F—1%-7-/(DBU) N
B, CH.CL ¥, w] PAs 243 20 2 FpoAs [R HUAR (1)
13- R ARERNEY 4, IR AR TFE5EMD
WAV, B NIRYIEFERE) 2. Ry,
T S EURIE K o B- AU 2 75 7 % fig LA
W ORI R0 P2, nTRE A BT R T S A AR e RE
BT WU (1 PR 55 B, R AT SR AZ I RS FR B R 5 R AR
(Scheme 1).

I B FLER AN Figure 2 flfs: 56, NHC X a.f-
AU 1 NS4S 2] Breslow HE1fE 5, §E )54 1%
BARmIEEE R A 6. S — 5T, RIEM/EIIR 2 555
FlE 3 AR R a4 7. Bk SR Ak 6 5
WHE 7 RAEZINEZ NAF R Rk 8. B )E, SidW
Tk & A B T NHC A 7715 2 i & 774 4.

2014 4F, Glorius PRAHISHRIE T NHC {104+
P RBE AT 1,2- R AR E L. MR, R
B9 RGN RAAAERBERGRE, t—25
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A1 (10 mol%) H X
o) JXL O DBU (10 mol%) Ara, N~¢
N N-Ph
R/\)\H HoN” “NHPh HJ\Ar CH,Cl, R&
1 2 3 4 O
X=0,8 65% ~ 91% yield
Mo
Mes’N\&N\Mes
A1

Selected examples

N—¢ N~
N-Ph N=Ph
RS N
O °

77% yield 91% vyield
MeO H O
N~
N-Ph
N
(0]
Me
68% vyield

B 1 NHC G 13- ZRUR L

Scheme 1 Synthesis of 1,3-diazepine structure catalyzed by
NHC

ouf-ANANEE 1R L[4+ 3PN, DL IR BT IR AT
X WO R EAS 2 B AR 10, BEFERM], BRI ORI HE0T
S 2 BEVE ISR AT BRI, Boe T4 HE R A1
E oy W R R0 R, A AT RO HEAT . B R,
NHC #EALF7IK EE?AU“ AN BSR4 42 R M B
K, HETZ R ) X AE P, A7) NHC i
I, AN H T 1A R TR B, T AR R
Breslow H a4k, H S5REUGIE K AE Stetter S %45 3
[4+ 1AL F=E 24k 54 11 (Scheme 2).

A2 (10 mol%)

e} K,CO3 (2.5 equiv.)
,\)j\ + Cl HE R 2 3 ( q
R "H K(
R2
1 9

o

-@
"N\7N“Mes
©
Cl
A2

B2 13- RARER AL

Figure 2 Mechanism for the synthesis of 1,3-diazepine

ZRMNIHLEE U Figure 3 Fizn: —J5TH, NHC X}
af-NEAIRE 1 RSB Ed R b a4k 12, 53— D71,
FRRA G 9 75 KoCOs A T IRALTE UB RUR K2 13, &
JlE (a4 12 FEE B E - 5 N SR EUR I 13 KA
ILHEIN AT B A 15, B S 20T A BRI AL SO 1 )
P10, FEREINHC fEAL .

2014 4F, kST IR HRIE T NHC #EALHI[4+
3PAMESEIS BT 1,2- R L5 K. £ NHC LT, B
MBS R I 16 FUGEE 17 AIERY, KoCOs N,
CH.ClL, 5UERKIE(THF) ARG, 1531867 6244
FEM 1,2- R AR E RGN 18, RBLEWIXS T2 Fho5 ik
Bk 7 R URIE S SR RAT, T £ A R AR A P Pt
Wi FEPE RS AT PRAR. (B A B AR, %R n] SERL
RALIEHIBN JJ 547y, AT RA e o tade #3642 [ml W 45 3801

10 major

40% ~ 73% yield
93% ~ 99% ee

70% yield, 99% ee  60% yield, 99% ee

60% yield, 99% ee

3 QI T
//

61% yield, 99% ee

BX 2 NHC AR 1,2- R A L5
Scheme 2 Synthesis of 1,2-diazepine structure catalyzed by NHC
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BH=E
A3 (20 mol%)
DQ (120 mol%)
1 o K,CO; (4.0 equiv.)
—_—
N @ \ CH,CI,/THF
\_R1
Ph O Mes o OH Mes (
®
N 2 / ‘N Ph = /N\

Ph N ©
Ph A “ " K,CO.
H N\/>J it
Mes” N Ph
14 13

B3 1,2- R A L

Figure 3 Mechanism for the synthesis of 1,2-diazepine
AR ET I 16, 517N FTRIE 3 J1 %55 0 AR
&, 1ZSREEH SONAL I RS NHC AR teak, 1,2-—
BIREIH) 18 WAl 21 P9 IE TR N RUR BB E
JiR S NS B e B A Wi 1 1 45 44 (Scheme 3).

12 B ALER AN Figure 4 Frzs: NHC X o, 8- AL
1 17 inpeA3 2 Breslow HE {4 19, #E—HH]H 3,3,5,5'
VURUT JE-4,4- B ORBR(DQ)H HAAAM A o f- AN AN
MR A 20, FEBRIE SRR T, Hh IR 20 1y ALBR 2T
1S BIMEES —ImEE R AR 21, BEJS, —MEEEARAA 21
MHEFNZ 16 I0sfS 2] E ik 22, 54 N Bt I0#S 2]
A=) 1,2- 8 A ERAAEY) 18 HRE NHC fEA57).

2016 4F, Enders PREZH 48 | NHC 4L 1[4 +3]
Ak S W ) SR R ER 25 R R R R R R A . R
NHC A, LL N-(RB5 ) 75 Btk 24 58E4047

1 Mw_,

base =N

Mes
21

17
G f}w +
Rz\s \_R1

52% 75% yleld
87% ~ 99% ee

@)

Selected examples

- gﬁ g?

72% vyield, 94% ee 73% yield, 96% ee 75% yield, 91% ee

B3 NHC LG 1,2- AL
Scheme 3 Synthesis of 1,2-diazepine structure catalyzed by
NHC

A NE 23 NI, Cs:COs N, LR LBRNIETT, REfS
DA S5 A 5 T ey oF TR I 35 1 45 8155 MR 45 ) FR) A O
IRERWEY 25 [EARERAIZ, SRV RN T iK%
JE5 s BB A A, e A2 SRR AR AT 2RI
REERERY) 24 BELLmARXT B FEAEAS R, JR 2

B4 1,2-Z85AErE AL

Figure 4 Mechanism for the synthesis of 1,2-diazepine
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WOLBACEE RIAFAERIIN T M B ie e fieda. B, DA T 2 EETTARY); S o- Sl RN AT
R ey 26 NN, FRERTRAZEBURRUGRE, IRt SRR 2- M EORESAL &), O T LR

— B 5AEE 23 R[4+ 31U B, DLW EE B o it N VG (Scheme 4).

WHNEARRIR-1,2- R ER G 27, RBEYE M 2018 4, AR RARASHRIE T R[4+ 310 L 5
VO AR LTz, B R A R A BEL R e 8 A WY S W% g SRR AR - R T B 2% B2 4544 (Scheme 5). R NHC

o)
[ A4 (10 mol%)
T R
N / H HNS Cs,CO;3 (1.5 equiv.)
21 +
RO ¢ EtOAc
\ 0
R1 ~ ‘>\
23 24 N \E
=N 49% ~ 75% yield
o 9CFs g000~991er
BF, A4 3:1~>20:1dr

Selected examples

68% yield, 94:6 er 73% yield, 94.5:5.5 er 58% yield, 90:10 er
4:1 dr 51 dr >20:1 dr
o) o
/ (H Ts A5 (10 mol%) }’NN
N . N,NH TMEDA (1.25 equiv.) Rz/\ N | ,
RZ.—/ o} Mg cCly L R
N R3 N N (6}
R’ " N-CoF !
23 26 Nv® é 5 R' 27
N BF, 51% ~ 86% yield
OTBDPS 89.5:10.5 ~ 97.5:2.5 er
A5

B 4 NHC LS R I RIR 4
Scheme 4 Synthesis of benzoazepine structure catalyzed by NHC

Ts, / ( A6 (10 mol%) e}
KOAc (20 mol%)

/ + RZ'—\ 0 _ >
Z=0 A R' GN R4 =0
- N
28 23 N__N-

A 1
Ph7§ \?® Ph R’ 29
PH OTMS BF@ 41% ~ 99% yield
A6 CF4 80% ~99% ee, > 20:1 dr

99% vyield, 93% ee 89% vyield, 93% ee 95% yield, 94% ee

B 5 NHC AL Ui MR IR 2 R ks 2 2k 5

Scheme 5 Synthesis of spirocyclic oxindole-benzofurazinone catalyzed by NHC
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AT, PL o, B-ANHIRINE i 28 FNEELLATA M1 23 1
KL, KOAc s, CHCL RIET, 15 20| beig A28
MR 2 2% BE 2R EE M 29, IS B A S (056 Al 3
AT BRIEFEVE, P24 B v BT E A s e S B FH
ff. 5 iR Enders SR ) SRBSAH L, 12 SR BE JECP0VE [
BN, HEHARZ AR RN RIS At AE DA i
RAFBA L=, WA 5 B b AR A A7 AE AR 2
B, H T2 1A BE O 5 M £ 5 350 = 0t WO B R R
BEAR. WbAh, 125 B R DAY KR4 FH 1 A 5 1 = 4 0
RMATRIEREME, FETE T LSRN N

2019 4, Wang U @4 OVF) 95 B 72 ok BR A H A
(DFT)XF IR NALERREAT 7 4l 50 #r. W Figure 5 Al
7R, RNGET NHC X 23 HISERINER, 40t m 75

TBDPSO

4—(_( o

Ph
R’ =N,
TBDPSO N-Ts
& )
® 2

N

23
N “CeFs \
OTBDPS
X

T4 B Breslow HaI{A 30, 75—, FERib&4 26 76
BRAIAE R R A A B B R 31, B 5 Bk )ik
30 RAEE/RINE R AR B Ak 32, HE—B &y
TR TR BIBEEE M b A 33, 545 T W BEZ
WAS 2= 27 HFEBUH NHC fEAH).

2019 4F, Mfa Bl ZHPOHRIE T g NHC {161
[4 -+ 3134k 55 B ) 5002 Wk g 50 2% 2 45 4 (Scheme 6).
ML o f-AEAEE 34 5 af- BRI 28 NI,
KOAc J9bil, CHoCL Y 1,4- — % S HONEF, LA R IF Rk
RO S (1) 37 AR 398 55 14 43 380 AR L 1) 288 1o el 2 4 2
&9 35, BA-—HURAN p- B AR 5 1038 H T b e
WEG T BB~ HUAR A R T 23 B RS 4 48 T () )
Mt S5 P, ) S B IE B T R T S R 2 W T R

/N~
N-CgF5
TBDPSO— \ OH
R
30
/ TS
N’/N base 26
-
N N‘CBFS Ph/&
31
B E R A LR

K5 81,2

Figure 5 Mechanism for the synthesis of spiro-1,2-diazepine

A7 (10 mol%)
KOAc (20 mol%)

fir@

43% ~ 97% yield
97% ~ 99% ee
0~>20:1adr

CH20I2

97% yield, 99% ee
>20:1dr

83% yield, 99% ee
>20:1 dr

74% yield, 99% ee
>20:1dr

65% yield, 99% ee
>20:1dr

B 6 NHC LG R Ik &% 5
Scheme 6 Synthesis of benzofurazepine catalyzed by NHC
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NHC AR B S D oG8, & mT LAl e
B 0T A R TR R S, AT 3 s I DA e J T
SN A 4T

LTRSS HLEE A Figure 6 Fizn: NHC X o, 8- AN
I 34 hnpfs 2 EmnE a4 36. FlJ5, e b ]
1436 5 o,f- AR % 28 A8 S5 AZ 0 Rl s 215 21 Hh ]
14 38, IEA 37 1, WK B4R F5 NHC 4655 5=
BB AR T R R AL B A, iRk 38 4
I e L AL R NHC (4655 3453 2174 35.

35 OZN 34
N

/ Ar—x N
A o
Ar' OH N

~ 'N-Ph
o
N_N@ 2 ®
Arﬁ\OH J~OH

Bl6 FIFIRIHEA FEH) & L
Figure 6 Mechanism for the synthesis of benzofurazepine

2018 4, FmIREHERIE 7 NHC HEALHI AR
[4+ 3RS I 1,5-280F R E45 . /£ Tk
NHC (LT, PASKIE % 39 5 a—?ﬁﬁ%@% 40 YA,
NaOAc 1 CHoCla 73 Al BRI, 0 M $E AG
T LI EARERNEY) 41 SETAR RS B
AR, I 5 8 LA AT DR A 5 1 U 1 5 A T A SR AR
7, R T R SRR T ORI AR, W E R
TIREFAL, @MACEER LM N BURKIATAEY. Bk,
FHE NHC FfE 3 % 1 S N EL R I A T 1™ 1 b
e, TRIE T af-ANEANBEREME AR B AL S N1
WO SN, o VR IR (0 S AR 2700 e W3 A AR K S,
AT IR 3 P S A A PR, A TR0 S R IR AR
B (R AR U RS T 20 R B fIR(Scheme 7a).

JUF- I, FERLER AL 2HRGE T R[4+ 33AME
SN, SRR, VEE IR T T AR, RN
[FIFELASRIE % 39 55 a-IRARTE 40 Sk}, FI R AIERE
NV, KsPOs T, LAy SO A ey o W 6 1 43 21 7
W0 15-F0F “RIRE R 41, HERIS RS ET X
LS AR AN, S BRI B A R S TR AR
WG T SRAZ R Tt N—H BT, RS SRR
AL %N R OAREE TG VS B E Nz, X
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ENIE P & C R R R E e SRS Y o
(Scheme 7b).

(a)
NH2
NH, B
39

(10 mol%)
NaOAc (2.0 equw

CQ

48% ~ 99% yleld
90% ~ 99% ee

CHQC|2

Selected examples

H Ph
N H H Cl
N N
L) " X
N
H O N N
H O H O

96% yield, 97% ee 89% yield, 96% ee 97% yield, 97% ee

(b) A8 (5 mol%)
NH2 KsPO4 (1.1 equiv)
R1:— /\HJ\
NH, Br PhOMe
_N
39

Mes
K(N\/@ © 88%~ 99% yield

BF; 90% ~ 99% ee
Bn A8

B 7 NHC AR 1,5- 9 5F ZRUR B
Scheme 7 Synthesis of 1,5-benzodiazepine structure catalyzed
by NHC

I B FIALER A Figure 7 Frzr: NHC AL o-5
Ji T 40 1A 2 Breslow HIAI{A 42. A fA 42 20 1.
2R S Ay SRR TS BRI REAF B o, 8- ANt 5 e v 7] A
43. BEJ5, WK ML 39 MRS EREETAEE 43
BRI AU T [T RGBT, EEXT o, - AN R
FEMEIN AT B A 44, J5 20 HAR SR AT i AL
PRI NHC AL AR 274 41.

B 7 1559 R E A L

Figure 7 Mechanism for the synthesis of 1,5-benzodiazepine
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2019 4, 4EREAPHRIE T NHC 1L 1[4+3]
IRk SRS AL AR G 4% £ 45 K (VY MR IR PN IR e F2mal . s 7 DA
tlig 45 5 op-AHAEE 1 HRY), 4-HEHELE
(DMAP) AU, THF AV RIS T, OB L S &
Xof W P15 BIWRIE N R 46. (ESFE IR, 1R
R A R R R e AR R g4, R s [l B
(19 N BRI R A =P B A 5 A i ek, [RIRT
A AN [ B 1 R 2 TR A L HDCA 358 1 s T JE A7 0 1 P e .
FEYTE R EEAE T IR, B S5 208 R AR AT 75 31 2
gl S AN IR 47, s T RCR M N A
(Scheme 8).

(@) NHTs A9 (20 mol%)
DMAP (2.0 equiv.)
R'.=— O  DQ (1.2 equiv.)
N [
N 0 R
R

s @ J
23% ~ 95% yield

G) X '® 90% ~ > 99% ee
A ¢ 3:1~13:1dr
Mes

Bn Et
95% vyield, >99% ee 82% vyield, >99% ee
4.6:1 dr 7.6:1 dr

v, A\
'Pr Pr

88% vyield, >99% ee 95% vyield, 93% ee
10:1 dr 8.3:1 dr
OH
R2
MeONa/MeOH
then LiAIH4/THF, 0 °C N,
N Ts
R
47
80% ~ 90% yield
>99% ee

Bz 8 NHC HEAL G URFh A Bt el e
Scheme 8 Synthesis of spiro-lactam hydroxyindole catalyzed
by NHC

I R FIHLER AN Figure 8 ffiz: NHC X o8- A AN
% 1 kA3 Breslow a1k 49, [l 54 i1 ##15
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B o, f-ANVURI T W e B 44 50, 55— 7T, i 45 7ERR
PESAE R IR PR IR 48, B)S, Bk 48
A1 50 2833 v /K MR B AR R A 51, R4 T
T Fe A S5 T SN IR Y B R R a1k 46, RS NHC

TEALT].
O
46 ¥N 1
/ N\”/N\Mesk\
TSNG) Br R2
X II\/Ies
N
Br HO N
i
O
49
NN~ /
\N i@/l\ies
=
lbase NHTs o R2
Br 50
A\ O@
N
48 R

Bl 8 HRIR A BRI G AL IR
Figure 8 Mechanism for the synthesis of spiro-lactam hydrox-
yindole

2019 4F, bk SHRELAPHRIE T NHC AR LA#R
AL [4+ 31 SRS A HUEUAR[1,2-0]-M5 R SRAL &
W), M NCNSFIE) Rauhut-Currier M. M o-TR G EE
40 R JE Z AN 52 Hi K, BL Cs,COs 11 9Bk, CHCs
NG, BeW LA SLAR G FEPEAS B B8 ([1,2-a]- 1] WS
G 53, WEFERM, SN A 2 s R B P R AL,
P EER], kP TR NHC sl A
7 T DL AR, S SR b A R SR B AL AN 2
X o3-SV R e o ()44 R A Tk, AT %977 LAt
BETERL, PRIE T R BLEME, H NHC FIZR AR 25
TR B Bt B 12 2000 BTSSR Y 40 A1 52, &
BTN T R LREIR B A — Pl SR SRR AL, BV
P HL 0 S HEAT AN KRR B BT THT R AURS A FH (Scheme
9).

S ALEE AN Figure 9 Fizs: & 56, NHC #AFIXT a-
RIS 40 InpkfS 2] Breslow HHAlK 54, 23l i F##
TH BRI R TR A AT B o, f- AR T ] (55,
[FJIF, SRS #h (i AT S IR R IR 52 N pieds 31
[l fAc 56. Fifi 5 L3k s 1A 55 1 56 A T8 5 /) N A 21l
TR 57, 5 4N LI AL T BRI S 15 2071 53, [
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ISR TR R £6 A1 NHC AL 7).

A9 (20 mol%)

o]
= /N0, PhSO,H (30 mol%)
| RN H cen o
A Cs,CO3 (2.0 equiv.)
R r

CHCl,

AN LZT

52

\R!

0o &7
\

~ N

K

RN ¥ NO,
53

55% ~ 76% yield
96:4 ~ 99:1 er

Selected examples

Q Q OMe
A~ o, A~ No,

70% vyield, 98:2 er 72% yield, 99:1 er

OMe
o ©/OAC
n\
QD
2 ~7"no,
76% yield, 99:1 er
EX 9 NHC FIZWAHIR 2h AL & R A% 1,2-a]-M5] e

Scheme 9 Synthesis of aza[l,2-a]-indole by cooperative NHC
and benzenesulfinate

(¢]
=N
R
o Mes\@

Ph NO, N-N Br X Br
52 o Mes
O'® Y N Ho” AN,
Ph Br N
N\S

O
bj
Br Mes @ O
N-

N
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Figure 9 Mechanism for the synthesis of aza [1,2-a]-indole

A4, BT IR PNRE T NHC L[4 43]
LRI SRR [1,2-a]-51 . LA 3-FY g - 2- F 5k
P —FRBE(58) 5 a- TR IATE 40 9 JE R, EuN A6 &% CHoCl,
DN, DL R LR R e xof sk B 45 217 ) Uk
[1,2-a]-M51% 59. e B BAT B i i 4, (H T
o VRN b AR 7 1) oz BELGS S SR AT RS, e
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B A e B A QA L IR WY S PR i R 4 s
KR H, Y 58 RS L LR A EE A
W, FREA et b N T A i FE (Scheme

10).
R! A2 (10 mol%)
KN oHo Q EtsN (1.54 equiv.)
— \ 2 + RZX H D ———
” CO,Me Br CH,Cl,
58 40

12% ~ 94% yield
76% ~ > 99% ee

Selected examples
CHO
\

N CO,Me
CO,Me

Ph

(e}

Br

88% yield, 98% ee 89% yield, 91% ee

Br
91% vyield, 96% ee

B 10 NHC AL & sRER[1,2-0]-15]
Scheme 10 Synthesis of aza [1,2-a]-indole catalyzed by NHC

SHLER LN Figure 10 fi7n: NHC X} a-BUdE R 40 N
%453 Breslow FE{E 60, F4IRIEFHESEE o,f-4
YANRE I ] A 61, TEBRMESEAT T, IKY) 58 5 ap-
ANEANEEFEE PR A 61 AR 10 5 ZR- I pAS B A o 1)
1 62, JRAJITHH . HAR AR N IR RZ A4S 217 1)
59, [AIRECE NHC AL

2 NHC M BRE Tl

SRS, E 2 CIuI g N B 45
MR ICRIRE S Z AT 2 PG tE R R =M 245 0 1,
R v R B AR A L G PR S5 M 1 v B B R (20,
2009 4F, B EE REHPHGE T NHC L0 SR
IR B N BESAE & Y0(Scheme 11). KM LL a,f-ANHLAN
15 4- T AHFE 2K 64 N)EY), DBU AW, THF A7,
DA R SRS 8] 4- AR NEERLEY 65. EHA
HREMZ, BT E RSN, 28
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B 10 &2&[1,2-a]-MIR A LR

Figure 10 Mechanism for the synthesis of aza [1,2-a]-indole

0 NO

A10 (20 mol%) 0
_DBU (20 mol%) o

CH3

1
_N
&/\/& 45% ~ 81% yield

Selected examples

o o e

68% yield

45% yield

65% yield

B 11 NHC G R 4-E A% N
Scheme 11 Synthesis of 4-azalactone catalyzed by NHC

G} Stetter [N AR B35S 2], (HBA SRR
FRE A S Y B TR R PR T i, oA
BIA NI =Y, T B LAFE E Bamberger
R R IR BT, GRS B, ) SL s 2R B
AL F B F= i 2 f . ek, o B-ANTELRHE 5%
b B AR L AR B A R T S N AT

I S FIHLER N Figure 11 ATz : NHC X o, - A1 AN
% 1 N3 2 Breslow HAI1k 66, 4 H T #5519 3 =)
BErh a4 67. BEJS, PiafAk 67 Xf 4-MEAHIEHIZK 64 ik
159 Bt FLme R[] 4 68, £t 7+ NS 2 1ot 7
WL 69 FFRE NHC AL, S lEmekeli 69 22177 1,2-
Bamberger B = -3 2| A4 70, 54507 AMACHIE
AR A1 24 65.
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2010 4F, Zeitler PRAZHPHRIE T NHC LTI 75T
A A R R BRI SR A ORI B ).
N UL B B AL S 72 NI, EGN N, THF N7, LA
ERAEAMNF, T AR A R YR I AR O
B2 & 73, 2 N RS YGRS T & A
BT LG TRY), MR DL RGP S 5 RO,
HIRY = RACKIE =21 70 — W Btk (B =)
&, PEHISZIGAERT 7 MEME NHC HE 4773 s S ) B B4
FFHERR AT e R AE ) 2 e A A/ N R R, IeAh, FE
i 7K TV A AN B 25 75 1K) FeClse6H,O0 1 IR 25 5 1
SRS E R LE A, JEoR T UL 5 &
U (Scheme 12).
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Figure 11 Mechanism for the synthesis of 4-azalactone

A11 (5 mol%)

0 EtsN (8 mol%)
|
N PhN=NPh(1.0 equiv.)
| + PhHN—NHPh
) ~_-OH l / ¢}
R O

72

Me ,g\ s CIO 74% ~ 95%y|eld

A11

Selected examples

Se oL e

94% vyield 95% yield 74% yield

B 12 NHC &R I R Ol

Scheme 12 Synthesis of benzodioxepinone catalyzed by NHC

I NI HLER AN Figure 12 Ffzs: NHC {4k 57% 55
HE 72 AR AR 74, T )515 3] Breslow
A& 75, 5B R AR AT B BE A Rk 76, Bn
23d 7y 7 W BRI RRAS 2L 73 FER T NHC
AL

2013 4F, MR PREEAPHRIE T NHC {/E{JLE’J[4+3]
UK e- N EREEAE. BN o f-ANHLANEE 1 K
R FHAEAE) 77 Mk, BL1,4- SN ONETH, mm
KOAc = DBU B, DAl frotf Wik #4521
YIZEITE e-NBERAL B 78, p-T5 FEMGREAN p-fi S 45 1 1)
EHI TS, R Bt A AR el g TR LA B 4
AR e B, T I P R A L A A R 2 3 B0
Vi FEERIBRAC. AT R, KRR NHC fi#
AT A FH DA B s R i A rh S B O A7 AE R A Breslow H1
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// ’N \
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é I
O\/\OH

76

thN_Nﬁ &j /

PhN=NPh
75 OH
B 12 J0F AR CEI A L

Figure 12 Mechanism for the synthesis of benzodioxepinone
[ 4 0] T P TR B AL RTINS 2B AE B, HERR 142
J8& o0, B-ANVEL R A v ] 425 1) 5 B 38247 (Scheme 13).

ISR I HLER U Figure 13 Fizs: NHC X o8- A1
% 1 N pif3 3] Breslow Hrlal{4 79, B f& %21 ER &AL )
77 INEAT R P A A 80, J52 A BRI R[4+ 3L
78 FHR I NHC AL

2013 4F, Scheidt PRAIZICOHRIE 1AL NHC fiEf
TSR e- AR A R TR SRS . JHG IS IR FH B 52 BT CsF Bt B
TEREORI L, SR AL WERRA Y, P 5 SRy
Hh R AR BTN O F el I BRAGAR 2[4+ 31061
e-PIlE 83, LBk z s AT Ja A A 3R HE
ISR, WS B[4-+ 2300 P 84. X T
Y 82 i ERGHUREE, HE R 7 B B T B
FEHE AR T B, R W R 7 B £ B Iy 28 47
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A12 (10 mol%) 0P
KOAc (10 mol%) <0
_ >
1,4-dioxane o
R1

R2
1 77 FsC 78 R
O \,$N 79% ~ 97% yield
FsC N\ =N 81% ~ 98% ee
OH ~ ®Ar  3:1~>20:1dr

CF; BF4
A12

Ar = 2-PrCgHy

Selected examples

o) 0 0
<Z <Z)g°§‘ <2
PMP O cl PMP O OMe PMP O

92% yield, 86% ee
3:1dr

92% vyield, 89% ee
3:1dr

92% vyield, 82% ee
3:1dr

B 13 NHC A FIHRIE e- A B
Scheme 13  Synthesis of benzo-e-lactone catalyzed by NHC

B3 I e- N ERR& L EE

Figure 13 Mechanism for the synthesis of benzo-¢-lactone

BT R AR ) E A R, AT PR L R B AR, 1%
T3 AR AT DL T 2R R R AR B R A A W ) & B (Scheme
14a).

B Je, B8 BRI 15 R 4 0321 4y Sl 4R T A
NHC {64+ 3RS IR e- N BRES R 77, 5%
TR R RO (1) SRS, TEEK S WTERAEAE N, RN
A 25 3 M s e e ) A ) AR o 2 A BB — ot A
SE, 24 NHC #ALF] A3 F77ERF, OB T4 - Fi kb
1FEN[4+ 3R 1 - N BRI A1 86, 448 FH NHC 1
17 A14 BF, SR TR bR A B [3 2]k
V) 87, [ERERME, BT WA I M2 R AE
F, e-PIBE =485 DA AR i S AG A T B IF 7 26 A,
BB BRI a p- AR, Y EA R

936 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

T B R B B 2 AR IR S AR AR 1) 0 7 Ik ik ]
B, EH T 23 ) HE R 2808 2 5 350 1 S ) B 3g 4
(Scheme 14b).

T P A R 80 2 B2V 0 R FH 55 6 i 9 8 22k 1) X T g
NHC 465, @it [44+3M b SRS e- W BREEHA, %
N o B- ANV ANEE 1 5557 88 Hik, LA KOAc NI, 1,4-
TEOSHOREER, DLREFRICE. RIS Mg B
TR R LI B PR A A B ) R FERR B S 1 e- N R 2R
&Y 89, HiBt % T [34+ 2= MIAER. 5 B ket
IGEEAA LG, B 07 B IS B B8 4 1 = ) A R B B,
PN R A AL P SE e R B, 1% RS )[4+ 3]
WA= LES 71% AR, M HAERTIRE NHC 4L
FUEE, 7] UK H 7% AR #0150 R [3 + 21846 7= 1)
(Scheme 14c).

I N FIHLER DN Figure 14 FioR: RBEET NHC %}
o f-AUAEE 1 BN = 153 Breslow H a4k 90, &
5P 88 K AR 1L S IR N AR R4 S i P AS 91 153 E ) Hh ]
A 92, Forr SR I AEAE AT LAY a8 e BV 42 I R 1,
TR E AR 92 kA=A -4k, 133030715 EAFI
[4-+ 31 1L =) 89 FHREA NHC AL,

2016 4F, MHRA R BZH B3 AR IE T LR XU T g
NHC #EAHI[4+ 3L R A B e- N BRLE ). N a,B-A
MOFNEE 1 AN S-3EERRER 93 %, Ll KOAc N, 1,4-
RN, BRE DL R K AR O B PR AGS
W P15 B EM AR A 1) - B 94, BFFUR A, %M
JERAE TGz, e EA s, R
BELER I Z f R e R SR 5 NHC w95 JE A 3 27 |

Chin. J. Org. Chem. 2022, 42, 925~944



Chinese Journal of Organic Chemistry

REVIEW

()

A13 (20 mol%)
OTBS n-BuyNAc (0.3 equiv.)
0] CsF (2.0 equiv.)

Br/\© + R/\)]\H

18-crown-6, THF

150700

82 1 O/»=N 83, major
N _N- 56% ~ 85% yield
oA 87:13~99:1 er
o
A13  BFs
Ar = 2,6-EtQCGH3
®) o A3 (20 mol%)
TI(O'Pr)s (10 mol%) ©\)§<j
+
©\//$=\ DBU (30 mol%) '/R \
X Ar toluene F
85, X =0, NH A4 N 86 major
Bn “Ph 61% ~ 85% yield
@ 83% ~ 95% ee, 86:87 = 5:1 ~ 15:1
BF,
() 0
o A12 (10 mol%)

. o KOAc (15 mol%) o}
—_—
— RNy 1,4-dioxane N\ IR
) Ar -,

O ar
89
60% ~ 96% yield
99% ~ > 99% ee, 4:1 ~>20:1 dr

B 14 NHC AL 13 RL e B
Scheme 14  Synthesis of ¢-lactone structure catalyzed by NHC

89
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N‘Ar
Ar OH &
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& 5
OH
Ar" /]‘O l

Art OH

B 14 o ABEME L

Figure 14 Mechanism for the synthesis of e-lactone
(175 (B AL RH, DAt e e ) e TE 2. 5 2w 7
AL, R HE S I RE NHC A, 7T LUK e- N Big
VAL IEIR[3+ 21346 7 ) (Scheme 15).

I S I RLER AN Figure 15 Fizn: 4%, NHC X a.f-
AN FNEE 1 N5 45 %) Breslow H a4k 95, [ifi 5 i [a]14 95
55 5-J g MR 93 AR v KNk, I i YA 96 15

FhaEk 97. &5, LT NEREARRELTY) 94

FERECH NHC fE4b7.
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N© A12 (10 mol%) N_O 0o
Ar‘—</ O KOAc (15 mol%) Ar‘—</ |
+ e
ST R/\)L H 14-dioxane S
Ar Ar R
93 1 94

64% ~ 90% yield
97% ~ 99% ee

Selected examples o o
o N © N ©
N0 Ph—</S| Ph— |
p S
Ph— | "py "Pr
S
n
Ph Pr
Me F

86% vyield, >99% ee

Bz 15 NHC il & MR & 1 - iR
Scheme 15 Synthesis of thiazole fused e-lactone catalyzed by
NHC

[FI4E, BEEREABNRIE T T NHC 585 HiR
Ti(O'Pr)s ILHEAL AL S AL MR SNBSS K.
Lo - IR 1 52K FRERT 4240 98 D)), DBU i,
NV, Ao k328 6 14 28 R B 2P MR IR © A R
99, [AIFIEAF B AWis MR B P A R IR R &Y
100, 73 FoftJE& 490 10 AR 68 Pl AP 2 52 0 S 2 9% 1 B K T

82% yield, >99% ee 79% yield, 99% ee
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o ) <N FEYNZ TR FEVE, ABANSE IR SEARIE R, WO AR
el N FATRIT BRI AR, 4 T BURBEA A T30 R0
o \ PRI AR, MY, VSR IR U R A 1%
N o OZN HFEIEEMEBCR, 2L CHCL NI HIREY 50 C
Clgsm X NN RECEEPY 100 464 NaOH ) THE RSLE
nos r NUSNIUNN NN y N 2
> Hed = o A oH J/\'[OH MeONa f)FH IR, 7= ARIER L PAY B T 4 40 Aot o
o . ° | AEDUEHERG W, 54 R T IR R (Scheme
9’ Ar _/\ 16).
/ U BRI EE A0 Figure 16 Fizs: NHC LTS o, b-
AR 1 A B AR A 101, 5 —J7 1, K
4 N N , N . N
Ph—( jg W 98 Hh R BRI AL AR 2 P E A 102, iz AR b
A g TR R (A4 101 & AR SRAZIN B S5 31 5 SR E A2 Y
. e BEMTE 1 103, i) 72 5 A B A T e A 8 2 i A piedie
o Al 1S PEMERIE T oS L BB AR 104, 3 F RIS T 193 AR I
igure 15 Mechanism for the synthesis of thiazole fused e- ) o . . X
lactone FER 105, a4t WERLIE FERE NHC {16 7]
X\ A2 (10 mol%)
X Ti(O'Pr)4 (100 mol%)
—/ ©Ho . o] PrOH (100 mol%) )L Ar?
- Ar«\)LH DBU (20 mol%) %
Ar? benzene
(0]
98 1 99, major
28% ~ 78% yield, 99% ~ > 99% ee
Selected examples
0 Ac (e} (e}
Q0 /0 Q0
e
(6] o} o
60% yield, 99% ee 60% vyield, >99% ee 64% vyield, 99% ee
BR 16 NHC 53 5 Wi Ti(O'Pr)s SLAEAL & HUAr IR C A i
Scheme 16 Synthesis of bridged caprolactone through cooperative catalysis of NHC and lewis acid Ti(O'Pr)4
99 [ 1
)/, ol %)
HO P'\/rl]es\@, \ N/ Mes Ph
. N\ \>_\ N Mes
N O '
(Proymio” Y N,
o © Nj/
Q.
Dy
y T n{%
X
N OTI(OPr),
H\‘ h Mes
~ | H -<—— 98
0 ~_Ph
Ph 103 102 O
B 16 M ABRNS BB
Figure 16 Mechanism for the synthesis of bridged caprolactone
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HAF BB & 77 99,

2018 4F, ZEM5 RIS BWRIE T FE NHC f#1b 1)
(44 31 AL AL BUME IR I S AR WA A5 4. ABELLAT A4
i 106 FI14T 258 2R L B R 0 i AR 24 20 (p-QM) 107 4
J&Y), BN, 12-— & L FE(DCE) N, PLR 4
WA 6 R v o 3 3 PR RT 0 i B PR 1R B — R A1k
S BRI A AL B 108, RIS H Y
IS0z, p-QM P ARER IR AL b ) BB X T r 1 2k
RN H TR REIE F, LIRS = ISR A 5

OH
107

A15 (10 mol%)
NaOAc 1.0 equw)

CGFS
Cr\/@ 108

e Sl A LR R A sl TR A E R A A R ot ] B
FEOH, AT O A XURER P L) R 06F [ 4+ 313 ol s B AN
IR FBA M. RIS T AR E Y p-QM AR
W), SEILT S R OB IR N AR S R (Scheme 17).

LU S LB U Figure 17 Fizs: B 5%, NHC X BE4L
RIS 106 I1%A5 2] Breslow FIAI{A 109, J54H
RS AL N BRI R AR 110, BEJG, i A ) ik
110 5 p-QM 107 KA 1,6-I0Rk A3 240 b a4k 111,
BT, 7T BRI NHC AL 7 [F I 75 2 724 108.

HO

Y

70% ~ 89% yield

B
Ph;/\oms 4 0% ~ >99% ee, > 20:1 dr

A15

Selected examples

78% yield, 96% ee

77% yield, 96% ee

75% yield, 97% ee

B3 17 NHC i & IR T AR
Scheme 17 Synthesis of spiro-benzoxanone catalyzed by NHC
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Figure 17 Mechanism for the synthesis of spiro-benzoxanone
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3 NHC &5zt iregi

2018 4, MHAAEREABHRIE T NHC fEALI[4+3]
L RIS IR AP A B, R LA o- 1R
40 5 1,2-78 ZHilE 112 A, Rb,COs A, HA i
I, e USSR A3 B 7 A K FR[1,5]- B 44 28 B I -2- P
13, N JRYIE VI 2, ¥Rl MR a-IR)EE
DL RG22, BA- — IR IA I R I R 4. [
REEMIR, ) SLIS S 77 =0 70 3R B B[4+ 3130k
FEVI - AL S AN [F) T LA OB 7, R B ) 235
FEBR A F R I s fS B[4 -+ 2130k =4, B )58 NHC
LI IR 13 2[4+ 3L = H(Scheme 18).

Br

112 40 BF

N 4
\/@ Ph 64% ~ 87% yield
A16

A16 (20 mol%)

2
©:SH R® O RbZCO3 (1.2 equiv.)
o
SH R J\HLH toluene

Selected examples

79% yield 83% yield 78% yield

B 18 NHC AL & A I [1,5] B A3 B fie-2-id
Scheme 18 Synthesis of benzo[1,5]dithiepin-2-one catalyzed by
NHC

I B I RLER AN Figure 18 FTan: B 2% 1,2-78 Bl
112 5 o0 40 K AL SO /RMNB & 51 Sn2 Bt
RS R[4+ 202 114, BEJS, NHC #4675 114
AR 3] Breslow FAA 115, 545 1415 30
& 116, BHJG C—S MRS BB R 4K 117, &5
Z 0T NI N BRI FEAR B[4+ 318679 113 FERE
T NHC L7

4 NHC EH5STEEREMEELRBANL
TLIEH

IR, W& @M S AL 1 IR SRR 15
B 7R R, NHC A HUAE S 0% 48 D[R] A SR
/T NHC A, AL siiedt 7
RGBT, 2016 4, Glorius HEA1BPSHRIE T NHC
AR AL R A R [4 4 31 3R AL SREME K SR 2K T R Ak 2
SER. RN AR FERERE R 118 F1 o - AN HIFNEE 1
HR, Cs,CO; ABK, THF N, LA R GF U AT it
WOk VS B 2 MR R E A E R A 119, RAERE
WAFAE N T, SEHLERT AL, 1E3 R BB 5 L Ee A %
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©i l”\<— 40 + 112

OH Ph

L
@ g R

\ @ESl‘h\fNﬁ /

|
N/
s Pd
116

B 18 ZRIF[1,5] B 23R B -2 (1) & Jl A L 2
Figure 18 Mechanism for the synthesis of benzo [1,5] dithi-
epin-2-one
JIH) = IR BT S PR AL I RE 5 NHC AL TR AC AL
T OB (¥ F M [PAONHC)(PPha) L & 70 FF R B OB,
HA&F LT TEE. FEml iR, RIFNERR I £
Wk (R AEAE X BN B A L B, AT REIE R Dy 4
WX S 5 1M P9 - OB TP R AR R R 1 B
BABG ey v, BA — RN HE, —Ax
PR NHC SAEILMEAL S R i) R MRk e, o3RG T
PESRIF R R A MIIENE T4 B (Scheme 19).

VY
Z A3 (15 mol%) :_/ R
O Pd(PPhy), (5 mol%
o , /\)L (PPh3)s ( o)
NAO R H Cs,CO; (1.0 equiv.) N
g THF " o
Ts
118 1 119

42% ~ 98% yield
84% ~ 99% ee, 1.8:1 ~ 20:1 dr

Selected examples

86% yield, 99% ee
12:1 dr 20:1 dr

93% yield, 99% ee 98% yield, 91% ee

20:1 dr

BIX 19 NHCAE PR & R IF R F 45
Scheme 19 Synthesis of benzazepine catalyzed by cooperative
NHC/palladium

I B A LER AN Figure 19 Firzs: B %6, Mtk ZE9F
WEWLER 118 SAMMEALTIECAL, 205 B FR T R8s H 0 TR
FeE R Ak 121, 55— J5 1, NHC X} o, - AN AIES 1 3F

Chin. J. Org. Chem. 2022, 42, 925~944



Chinese Journal of Organic Chemistry

REVIEW

TN 3w d e b (aA 1200 fEEBEN T, mims
HEAR 120 5 FOR AT T B IR s TR B4R )4k 121 &
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Figure 19 Mechanism for the synthesis of benzazepine

2018 4F, Glorius VR BI7E IR 5T HOFER B4Rk
17 NHC 5 @B AP R HEAL R[5 + 2 SR
M e- N BREE M. LA o, B-AEFNEE 1 F1 208 HE ik
W23V 2.1 124 J9JEA), N-FRELDRNE(NMP) ARG, HAH
A, PAE BRIEFEIEAR B 2 Bl e- NI 125, fEZ
AT T b, ISR ORE . NHC S4B AL, 1M
[PA(NHC)(PPhs) | B & W3 LM M) 124 K AETIR, RIS
IR NHC K& B, Bt A. TfE
Wb S B2 H, E T A TG A V) SRS A2 AR A, AT ARE Lk
NHC St A BC A, —J7 i NHC 72 %4
JEAAAE NAIR AT AORFFREAG IS 1, 53— J7 T SARAIE T J
PR AMEEAL FR 8 TR RIRR 1, Fo VRS AN FR 7 i
A7 R A T A 1B B0 R B 5 BT VR T . B4R,
FEBERCAARAN T NHC A4 R PL RS B0 23 5 mi = i
AU B FEE, 4B ATUAC 2 3 B PR 50 ek £
P 1) T % (Scheme 20).

SRBHLERG Figure 20 Fis: B e M EEBRIR . &
e 124 FEARAEAE T IERIE BEOR M I FE AL T R4 128.
I, NHC 5 o, 8-SR 1 058452 Breslow A a4
126, Wit A He 15 2 m e P Al 127, 7ESUBE
TERAF N, S BE (AR 127 S bl Js 5 k-4 v )
& 128 SRAZINEAT B AA 130, # e @t 1L

002 118
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A13 (10 mol%)

oo Pdy(dba)s (2 mol%) o
ot ba O (R)-BINAP (6 mol%) o
o +
R/\)LH NMPi (30 mol%)
\ toluene R R
124 1 125

30% ~ 97% yield
94% ~ > 99% ee

Selected examples
o

(0] o 0
N Ph /@m
e Ph
\ Br

0
79% vyield, > 99% ee

O/ono‘
SN
\O Ph

86% yield, > 99% ee

79% vyield, > 99% ee

B 20 NHCAL DM FAME AR e- C P B
Scheme 20 Synthesis of ¢-caprolactone catalyzed by coopera-
tive NHC/Pd
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Ph/g T = T) Jp
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K20 e CABRI A RRALE
Figure 20 Mechanism for the synthesis of e-caprolactone
3201 125 FFREIENT B8 NHC AL AL A4 571
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133
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Scheme 21 Synthesis of 2,3-benzodiazepines structure cata-
lyzed by cooperative NHC/Pd
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Figure 21 Mechanism for the synthesis of 2,3-benzodiazepines
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