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Ugi Four-Component Reaction Based on the in situ Capture of
Amines and Subsequent Modification Tandem Cyclization
Reaction: "One-Pot" Synthesis of Six- and Seven-
Membered Heterocycles
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Chemical Engineering, China Three Gorges University, Yichang, Hubei 443002)

(* Hubei Key Laboratory of Natural Products Research and Development, College of Biological and
Pharmaceutical Science, China Three Gorges University, Yichang, Hubei 443002)

Abstract The tandem reaction strategy of Ugi four-component reaction and its subsequent modification reaction based on in
situ capture of amines to prepare three types of six- and seven-membered nitrogen-heterocycles are reported. According to this
strategy, amines were synthesized in sifu and immediately worked as the substrate for the Ugi four-component reaction reac-
tion and subsequent modification tandem reaction. Starting from cheap and easily available nitro compounds, the application
scope of substrates has been expanded and the problems of amines of easy oxidation, poor stability and versatility have been
solved. Furthermore, due to the atom economy and versatility, the tandem reaction strategy has become a new approach for the
synthesis of nitrogen-hete- rocycles. In addition, based on a series of conditional control experiments, a plausible mechanism
for the reaction is proposed.

Keywords in situ capture of amines; Ugi four-component reaction /Wittig reaction; Ugi four-component reaction/Stau-
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YRl Horh, Ugi 2 24050 IO SR BORBIARE L& R
BFEL. Ugi W45y ) M (Ugi-4CR)E A2 4153 M —
MBI, HUZ. BEali. ARk &h
JERE, —8RiE R R a- T R L 2R AT A2 ) (Scheme
la)Bl BEJE, BN # Ugi-4CR 5 Wittig < M 85
aza-Wittig N IBGER A T & s B EY). 1
I S W e, il ST A e B S ) AT E IR AN SN 2% A
RS FIE TN Wittig N, 2R C=C 1
— i %0714, 2004 4E, Domling 25510 G L
LR WER a-$RIEWEN R K], £ Ugi-4CR Fl Wittig J M.
() R R SR, e 256 T — R A T TG A S IR A 7S
JC MR AL &Y. B, Ugi-4CR M HH R
A LIRS R FE, B8 % P A R RS VI A ROR
W&, 2015 47, FRATRA LRI . =858k, JeA Dy B
BN Rk, %S Ugi 8¢ Passerini [ W Al 73 1 A
Wittig SRR DRSS, ) i 1 28 2 0% ol A
FFEE A B ZEATAEY) (Scheme b)), ST, FATR I
5 SEE0 IS AR o B A8 F R S R R JERS, A
FEAN T LA R (DR e, 3 5 b 8 AR it
QA —E BT, BT IRATHT I 7, gk
JEAF N R ER i, MEREOIMRET A B R, AR,
Ae LABR I 2 159 A A0 B W E AR, Sesi s T R AL
IR Ugi-4CR K510 1 A3 e I B Sl an Faz sk
WS RT DASEIR, AT DA R e A s I SRk i T M ) —
B i, T EL AT RAE I 2 A5 I s SR ) 2 T S AR
RHEY).

a) Ugi-4CR reaction

R'—NH, R3—COOH
+
R*—NC

0o R?

—_— RSJ\III)\CONHR“

R?—CHO
R1
b) Ugi-4CR and Wittig tandem reaction
COOH o R

.

R'—NH, PPhsBr

+ —_—
R?-COCHO R4—NC

This work

c) Ugi-4CR based on the in situ capture of amines
and post-modification tandem reaction

+ —
PPh,Br o
Rz{i or L+ Ré-NC
OH H

R3—COCHO or R°—COOH

N R
« Environmentally friendly < Non-toxic and tasteless
* One-pot synthesis of six- and seven-membered heterocycles
* Cheap raw materials

ER 1 %4 Ugi-4CR/Wittig 5% aza-Wittig o il £ 5 B 443
&Y

Scheme 1 Sequential Ugi-4CR/Wittig or aza-Wittig reaction
approach to new heterocyclic compounds

» Simple process
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TR EW T BA T2 0 A iE MR AR
MR, BITEAR 2 U8 A T 2 R, Bl 259
W AN REAF I £, b AME M A A 22 FEC A7 A4 2 55 40
WA L. F, BN E RS TS F R
P HAp, —LeiELL R N Diels-Alder. Morgan-
Walls. Heck 1 Smiles-Metathesis < N4 C %) vz F T
B AR B E BRI AP, LAk, il Ugi 8
Passerini [ o JE G B 1RO B R 2% B B A I &
Y7 2 T 2 U0, Sharma FEUE L Ugi A
Buchwald-Hartwig/Michael [ 55 B¢ B DA H 25 38 [ 411
W i 2% 1 T e A B2 [hg] Wk -3,2'- Atk i 1-2,5"- i 34k
G, 2019 4F, FRATERBLAOSTIL T T IR A4 38 5 I
) Passerini J 8 f 5 81 AR K S B SR B, i ik 12 o B
SRR —8E A T — R A6 ASTeA-BIn R
G, AR 2 A5 RN A BRI UR R ) RE 202, A
TR R ZH T A A TS, FRATT S I T R T R A A B e
ff] Ugi-4CR/Wittig Y aza-Wittig S 1) 5 B 5 W 55
(Scheme 1c), PAHIEAGY AR SR T — K55
WERRK . Ik B AR O TR OR SR N T BT
BRI AU,

1 HR5R

N T PRFCZIR LI B SN 2 A, FRAT TR A 2 oK
(1a)s JBE3E 2a. 4-500K OB Ga)FEUT &7 (da)lEN
MEREMI(EE 1), B2, LA MeOH 1E NiEH, E NEt HIfF
EFT 60 CF&MN 24 h, K& H bRk &Y (Entry
1). B2 Rk, K753 3 0 DU AR (THF). — H2
THA(DMSO). H Z(toluene). H:H1, toluene 1 Aa 7
Sa A3 TIRIFHIE, 2B =208 79%; T LA DMSO 1F
NI I8 B A &0 4E S(Entries 2~4). Fifi 5 Xt
BEEAT TR E, S5 SR R M NEt &% N R A I8 IR A
(Entries 5~8). Ak, #RFT TR XS SN 52, 1R
toluene I NEt; FUA7/E N 43 77E 30 ‘CHI190 “C V.24 h,
RIBEACEE 1S Sa =R TN, KM= R 5
(Entries 9~10). £oid 2 X EE SLIOHIE 90 Cai LN
SN

B A IR N AR IS, RFT T RN [R] R
VG, A R BRI & T — R R
AR A 5. SRR IR SR T A N
IRCR, BAMEA VIR S = 2ih B T 88%(#K 2). fifidkk
&Y EEARIE R 28 (R =H, 4-CH; Al 4-C)%f H
FRA BN 77 A 25 5 (Sa, Sb Al Se), THURIE
)25 8] R (R =2-CH; F1 2-COOCH:)f#i 437 Mg A K
F(5c A 5g). & NIBIRA /L. 24 LA ok i i i 5
AP NIRYIES, B R B AR & P4 B(Sh~5i),
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T EE IR RA AW AE I F ) SONL 2% A R A RERCA N T UEMIZ SN BB A, 5K T 1% H BB
ROMIE TR R R R &), X 5225 S0ikEs R — J2 I YE B, kol i 1) R L 4 3R K SE B Ugi-4CR/
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Table 1 Optimization of the reaction conditions

COOH
5 - )QNC ? Q
PPh Br
4a

N O
o —= e ()
e S
COCHO solvent, temp
Cl

1a 3a 5a I
Entry Solvent Base 7/°C Yield*% Entry Solvent Base 7/°C Yield*%
1 MeOH NEts3 60 N.D.c 6 Toluene Na2COs3 60 46
2 THF NEt; 60 33 7 Toluene NaOH 60 31
3 DMSO NEt3 60 N.D.c 8 Toluene DABCO 60 55
4 Toluene NEt; 60 79 9 Toluene NEt3 30 26
5 Toluene Cs2C03 60 52 10 Toluene NEt; 90 83

4Reaction conditions: 1a (1.0 mmol), B,(OH), (5.0 mmol), MeOH (5 mL), 60 C, 10 h, and then 2a (1.1mmol), 3a (1.1 mmol), 4a (1.1 mmol), r.t., 24 h, and then
base (3.3 mmol), solvent (10 mL). ? Yield of isolated product based on 1a. © N.D.=not detected.

K2 23-TE-1H2-FRIF BRI 1- B K R 30 0
Table 2 Substrate scope for 2,3-dihydro-1H-2-benzazepin-1-ones

COOH R
PPhsBr  R°N —
N02 300 C

R1 ‘ AN 2 4 NEt3 N o
‘ R2COCHO toluene, 90 °C
3 —( HN-R®
1 RZ
5
CH, cl

5b,85%  Cl
_CH
o Chs
o)
o)
N

CrL ¢

5f, 60% CHs 59,65%  Cl 5h,N.D.¢ 5i, N.D.c

41 (1.0 mmol), Bo(OH),4 (5.0 mmol), MeOH (5 mL), 60 C, then 2 (1.Immol), 3 (1.1 mmol), 4 (1.1 mmol), r.t., and then NEt; (3.3 mmol), toluene (10 mL), 90 C.
b Yield of isolated product based on 1. N.D.=not detected.
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P IEBHEEAEY) . ABBERTIR . K BB SR
MIGER 3). 45 ERM, KR FEURIEE R =4-C1 1 4-
Br) W8 HL 7~ 2480 H B AL & W B 7 2R B ST
(9a~9b). [FIFEM, &05E %R R b BRI A 2%
F(R?=4-C1 A1 4-Br)Xf H ARG (077 S 2 i A K
(9c~9d). ZRTM, [FIFEH, =4 L3 B3 I 1 e i 2 4L
EYRIEYIN, TSR A MR H PR & YL il (9e~
of). ez, AT T HE T ML (0 IR AL A 3R Ugi-4CR/
Staudinger/aza-Wittig I HR RN, 133 17— RAIHRIE
BAEM RS

F 3  Ugi-4CR/Staudinger/aza-Wittig 5 I [ Jb7 fil] # 2 %
RN A ) o

Table 3 Preparation of benzodiazepines by the Ugi-4CR/Stau-
dinger/aza-Wittig tandem reaction

C[COOH
)
R2 N3 7 xR

NO
h ? 6 PPhs Q)=
N o
R/ 7 R3COCHO + RANC /@6\
1 7 8 R n={ HN-R*
9 R

TSRNES
7, o

9a, 65% 9b, 61%

C.J@& A C.J@f:/ i~

9¢, 60% 9d, 61%
@ % e QL St
9e, N.D.C 9f, N.D.¢

41 (1.0 mmol), B,(OH), (5.0 mmol), MeOH (5 mL), 60 °C, then 6 (1.1 mmol),
7 (1.1 mmol), 8 (1.1 mmol), r.t.,, and then PPh; (1.2 mmol), toluene (10 mL),
r.t. ? Yield of isolated product based on 1. N.D.=not detected.

FESEAR T R IR SRS S, 3 I 2 T SR 4 3
Jiff) Ugi-4CR F1 53 P Wittig Js P 9k s gk — 25
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J& Tz AnE R E HVEE, DIh SRSl 7 — R 1,2-
TR RIS AN 4). 1E toluene AT NEt FITELE T,
4SRN NEWIAE 90 CF BT L S1% iR 15
B H AR AP (13a). i KRR PR B f LT
RB(R! =H A1 4-Cl; R2=H, 4-C1 H1 4-CH;) % 1 5 [ 52 ]
HA R 13b~13e). AEHE, TEVIGMELEGD
(R'=CsHy) AR, RIBEA RIS H &Y 131,
FE— AR T AT A, ROk, T SR A il SR A
1 Ugi-4CR K HE B e IS R BAT JE 3 5 1Y SR A
FIE.
R4 Ugi-4CR/Wittig = B Bl 1,2- 5 5 Wk o

Table 4 Preparation of 1,2-dihydroisoquinolines by Ugi-4CR/
Wittig tandem reaction

CHO
(L bonses
NO, PPh,MeBr

R1_ N 10 NEt;
N R2COOH + R3NC toluene, 90 °C
1 1 12
R3
|
Os_NH N
7R1
N
= R2
13

HN O/©/C| HN O/©/C|
N
} §
13a, 51%

() pg
Lo e

13c, 44%

g b

&g

13e, 48%

13f, N.D.¢

© 2021 Chinese Chemical Society & SIOC, CAS

41 (1.0 mmol), Bo(OH)4 (5.0 mmol), MeOH (5 mL), 60 C, then 10 (1.1
mmol), 11 (1.1 mmol), 12 (1.1 mmol), r.t., and then NEt; (3.3 mmol), toluene
(10 mL), 90 °C.*Yield of isolated product based on 1. °N.D.=not detected.

b5, 3T T — RY6 RS0 DUER R RS L. i
FEIRTE Bo(OH)s AFTE T, 7E MeOH ¥ 7H T 60 CJx
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R, ATLAEL 97%[1) 7 23K K fZ 14a (Scheme 2a). #3K
BIFR 142 5EHE 20, 4- 5 FEREZ ZBQGa) LT
5L 7 i (da) OB AT R4S H AR P2 Sa, FRECH 86%
(Scheme 2b), THEIEA 1a 1E MRS 5 KNI, 5a )
FEERN 83%. IX UL 5 RR B KK 14a 2% RV
HEFREA, HEBUMBERNEDS Y Ug-
4CR K& I B =2 7T 47 1 (Scheme 2c).

R 42 1) S 0% 1) &5 SR AN 226 SCRR[13), $2 4 T AT R
(1) BEHLER (Scheme 3). T 5%, 1E Bo(OH)s 1 MeOH 117
FEF, AHFEZK 1a B VERS 15a F=AE AR 16a. HE]
4 16a EHERL 17a, IR — 7T B(OH)s JE RV A 2
7 18a. BiJ5, 7F Bo(OH)4 Al MeOH [IAA/E T, ALK
18a JERFERE 19a, 1M 5B RN NE 14a. AR R R %
14a W7 B FRIEAT Ugi M. 4-50K CFAE 3a 52Kk
14a K AGiE R STE O E H R4 204, 20a B% 284 25 2a
TG, FR ST BERIEY 4a RSA AR R
21a, TMi/EEAAT Ugi KB4 22a, FE NEtG FI1EH
NA ST A 23a, LA 23a dIT 5> TN Wittig [ R
AR H bR E D) Sa.

2 Zhip

g b TR, ACCHRIE T — R T IR 3R 10
Ugi-4CR FllJ 2 1 o3 B S I8 S W, R R T — i 5% i
AL SRR, — AR IR & A B AL A W 1 3 07 3.
EAh, I — B R S S, SR T — AU
(510 S SIALEE. 1% SRS (0 2 AR 34 7E T IR A 3R Mz,
F RN A3 IR S &, 8 T Ugi-4CR [fRA5E

NO,
2

B2(OH)4

W, ik 7 Ugi-4CR TG H AL RUETE
A FIEZZ (0 . R A TR AR R AR — 2P 3 o
R RIS DI,

3 B
3.1 R 5EH

JIT SB35 45 FH Pl 44214 Schlenk B 7E 25 <R L
HHAT, SNV 38 2 R AR 1 7 53047 TE /K TG S Ak B2 (ffE
FH ) S PR 7 V8 R0 AN 2 R T S B 45 R ). A = T A A
200~300 HEERE, 782 S (TLC )R I FH R ki) 4 1
100~400 HEERH(GF254), 3 HAE 254 nm #4741
k. FrERRHIP=2H "TH NMR F1 BC NMR H1 Varian
Mercury 400 % 5% Varian Mercury 600 7 A% ff LR A3
JEFFEAE, LL CDCly NEF, TMS NP AR, HAhR ik
WA K Ja, oAb B .
3.2 WFHE
3.2.1 fbb-th 5a~ 5g b6,

BT 1 (123 mg, 1.0 mmol), By(OH), (448 mg,
5.0 mmol)Ffl MeOH (5 mL)# %] 25 mL Schlenk &+,
HWRSIREGY T 60 CRIN# 10 h, SR/54 2 (525 mg,
1.1 mmol), 3 (185 mg, 1.1 mmol), 4 (91.3 mg, 1.1 mmol)
1) R BV S I B o, FE =R R T2 OB
24 h. ZJgG, IIABE NEt; (333 mg, 3.3 mmol) Al 2K 5]
F 90 CR4ksE M. TLC Wil % [ b &5 3 s, it A
LA B B &4 5.

N-FUT 3-4-(4-F A H)-1-AMR-2- 2K 5 -2,3- & -

©/NH2

CH40H, 60 °C
1a 14a, 97%
COOH
i - NC
NH, ©:/PPh3Br )
b) ©/ 2a NEts
COCHO toluene, 90 °C
14a /©/ CH3OH, rt.
(¢]]
3a
COOH
+ -
NO @:/PPh;;Br + >LNC
) @ T n NEL O
COCHO toluene, 90 °C
1a /©/ CH30H, r.t.

Cl 3a

B2 s

Scheme 2 Control experiments
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? ?H
N
(,,\?l By(OH), Ph/’\'{\O"H\ - BOCH3(OH), y (’3"' - B(OH); ?  ByOH),
Ph™+0  CHOH  HO—B~g—O-cp, Ph” “OB(OH), Ph”"  CH;OH
HO,J “OH HO™ ]
1a 15a 17a 18a
COOH
+ —
9 PPhyBr
EH B2(OH)4 . H cl Ho) H cl NP 24
Ph™ “H  CH;0H Ph/\z/ O 3a U "Ph 'H
H
19a 14a 0 ol
20a
PPhsBr N “
;_r\ YRS
coo’ &, H \ﬁN
N o)
K PPh3Br
4a
cl
o
H PhsP.
N NEt; KIS
N
Ph O
PPhsBr
22a
B3 WRERI L

Scheme 3 Plausible reaction mechanism

LH-ZEF ] 2%-3-F B % (5a): A bR, 356 mg, P23
83%. m.p. 165~166 C; '"H NMR (600 MHz, CDCl;) ¢:
8.08 (d, J=7.8 Hz, 1H), 7.50 (t, J=7.5 Hz, 1H), 7.44 (t,
J=7.9 Hz, 1H), 7.41~7.29 (m, 10H), 7.10 (s, 1H), 5.65
(s, 1H), 5.10 (s, 1H), 0.95 (s, 9H); *C NMR (151 MHz,
CDCls) d: 167.73, 166.35, 144.45, 142.03, 138.29, 134.55,
134.29, 133.82, 130.36, 129.55, 129.46, 129.34, 129.30,
128.75, 127.49, 127.13, 126.72, 67.13, 66.97, 51.55, 27.74;
HRMS (ESI-TOF) caled for CypHysCIN,O, [M+H]"
445.1677; found 445.1685.

N-BUT F-4-(4-FUORBL)-1- 580K -2- 5% R -2,3-—
A-TH-ZR I [c] A AR-3-H Bt (Sb): E b4, 376 mg,
P2 85%. mp. 178~180 ‘C; 'H NMR (600 MHz,
CDCls) 8: 8.07 (d, J=7.7 Hz, 1H), 7.49 (t, J=7.4 Hz, 1H),
7.43 (t, J=17.5 Hz, 1H), 7.35 (s, 4H), 7.31 (d, J=7.6 Hz,
1H), 7.24 (d, J=8.0 Hz, 2H), 7.19 (d, J=7.9 Hz, 2H), 7.08
(s, 1H), 5.66 (s, 1H), 5.07 (s, 1H), 2.34 (s, 3H), 0.95 (s,
9H); 3C NMR (151 MHz, CDCLy) §: 166.87, 166.28,
143.77, 142.14, 138.31, 135.17, 134.50, 134.20, 133.69,
131.85, 131.07, 130.58, 130.12, 129.28, 128.66, 127.90,
127.57, 126.94, 67.08, 51.52, 27.84, 18.14; HRMS

Chin. J. Org. Chem. 2021, 41, 2374~2383
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(ESI-TOF) caled for CasHasCIN,O, [M+H]" 459.1834;
found 459.1841.

N-$UT Be-4-(4- R HE)-1- A0 2- (R0 R R )-2,3-
S-1H-ZR I [) B AR -3-H B f% (Se): F 1k, 321 mg,
FEE 70%. mop. 227~229 ‘C; 'H NMR (600 MHz,
CDCly) 6: 8.11 (d, J=7.3 Hz, 1H), 7.68 (d, J=7.4 Hz,
1H), 7.51 (d, J=7.3 Hz, 2H), 7.44 (d, J=7.1 Hz, 2H),
7.32~7.29 (m, 5H), 7.21 (s, 1H), 7.12 (s, 1H), 5.63 (s,
1H), 4.96 (s, 1H), 2.07 (s, 3H), 0.95 (s, 9H); 3C NMR
(151 MHz, CDCly) d: 166.87, 166.28, 143.77, 142.14,
138.31, 135.17, 134.50, 134.20, 133.69, 131.85, 131.07,
130.58, 130.12, 129.28, 128.75, 128.66, 127.90, 127.57,
127.10, 126.94, 67.08, 51.52, 27.84, 18.14; HRMS
(ESI-TOF) caled for ChsHasCIN,O, [M—+H]" 459.1834;
found 459.1847.

4-(4-F A FE)-N-FF O - 1- AR 2- 0 H 2R 46 -2,3- —
A-1H-FIF[)RR-3- P WL (5d): A Bl 1k, 427 mg,
88%. m.p. 196~198 ‘C; 'H NMR (600 MHz, CDCls) o:
8.06 (d, J=7.0 Hz, 1H), 7.48~7.29 (m, 8H), 7.24~7.18
(m, 3H), 7.10 (s, 1H), 5.70 (s, 1H), 5.12 (s, 1H), 3.47 (s,
1H), 2.35 (s, 3H), 1.50 (d, J=15.1 Hz, 4H), 1.27 (s, 1H),

http://sioc-journal.cn/ 2379
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1.18 (s, 2H), 1.04 (s, 1H), 0.81 (d, J=10.4 Hz, 1H), 0.63
(d, J=11.0 Hz, 1H); BC NMR (151 MHz, CDCly) ¢:
167.88, 166.46, 141.99, 141.51, 138.45, 137.41, 134.49,
134.08, 133.67, 131.73, 131.08, 130.42, 130.14, 129.29,
128.93, 128.66, 127.14, 126.43, 66.86, 48.44, 32.43, 25.22,
24.51, 21.09; HRMS (ESI-TOF) calcd for C3oH3CIN,O;
[M+H]" 485.1990; found 485.1998.

N-BUT H5-2,4- 00 (4- 5 R HE)-1- 54 -2,3- & -1H-K
Fle]mA-3-H EZ(Se): FIAlE A, 384 mg, /%% 80%.
m.p. 116~118 °C; '"H NMR (600 MHz, CDCl;) ¢: 8.07 (d,
J=7.8 Hz, 1H), 7.52 (t, J=7.4 Hz, 1H), 7.44 (t, J=7.4
Hz, 1H), 7.42~7.27 (m, 9H), 7.12 (s, 1H), 5.55 (s, 1H),
5.04 (s, 1H), 0.93 (s, 9H); '*C NMR (151 MHz, CDCls) 6:
167.63, 166.05, 142.96, 141.51, 137.87, 134.74, 134.02,
133.69, 132.99, 131.89, 131.23, 130.48, 129.54, 129.43,
128.77, 128.70, 128.30, 126.95, 66.85, 51.59, 27.85;
HRMS (ESI-TOF) caled for ChsHsCLN,O, [M+H]"
479.1288; found 479.1295.

2-(3-(RUT BE 2 2 F I 2 )- 1- S AR -4- X Y 2K 3 -1,3-
A -2H-FR I [e]) B AR -2- ) R R R (SD): B A,
290 mg, FEF 60%. m.p. 226~228 ‘C; 'H NMR (600
MHz, CDCLy) d: 8.64 (s, 1H), 7.88~7.84 (m, 2H),
7.51~7.31 (m, 7H), 7.24 (d, J=6.9 Hz, 2H), 6.99 (s,
1H), 6.81 (d, J=7.6 Hz, 1H), 5.33 (s, 1H), 3.99 (s, 3H),
2.41 (s, 3H), 1.03 (s, 9H); 3C NMR (151 MHz, CDCl) ¢:
167.74, 167.51, 166.81, 145.00, 143.15, 137.98, 137.86,
134.25, 134.02, 133.44, 130.76, 130.36, 129.68, 129.56,
128.96, 128.45, 128.07, 127.64, 126.74, 126.57, 126.45,
66.82, 52.71, 51.19, 27.91, 21.30; HRMS (ESI-TOF) calcd
for C30H3N204 [M+H]" 483.2278; found 483.2285.

2-(3-(HUT 3 H k3 )-4-(4- K )-1- A M- LH- 2K 5F
[c] A -2(3H)- %) K F L F i (5g): H AEfE, 327 mg,
FEF 65%. mp. 236~237 C; 'H NMR (600 MHz,
CDCls) o: 8.68 (s, 1H), 7.89 (d, J=7.9 Hz, 1H), 7.86 (d,
J=4.5 Hz, 1H), 7.56 (d, J=6.8 Hz, 2H), 7.47~7.32 (m,
7H), 7.00 (s, 1H), 6.76 (s, 1H), 5.27 (s, 1H), 3.99 (s, 3H),
1.03 (s, 9H); 3C NMR (151 MHz, CDCly) d: 167.58,
167.47, 166.60, 143.98, 143.07, 139.33, 134.05, 133.74,
133.54, 130.89, 130.44, 129.86, 129.86, 129.10, 129.02,
128.06, 127.94, 126.94, 126.40, 120.06, 109.98, 66.79,
52.76, 51.30, 27.8; HRMS (ESI-TOF) calcd for CaoHasCl-
N,O4 [M+H]" 503.1732; found 503.1736.

322 4bA4h 9a—~9d #96A%,

BAEIESE 1 (123 mg, 1.0 mmol), By(OH), (448 mg,

5.0 mmol)fl MeOH (5 mL)JN %] 25 mL Schlenk &, 3
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WRFBOEEYT 60 CTRM#A 10 h. A5G IMAEEE 7
(185 mg, 1.1 mmol)#itF¥, 5 min J5 IIAZEIEFFR 6 (179
mg, 1.1 mmol). 7E=iR T4+ 10 min F IS
i 8 (91 mg, 1.1 mmol). i T 24 h, TLC fif% [ B
S, PR 28 AR DR R R e+, I\ H 2R
(S mL), B = ZRFEEBE(388 mg, 1.48 mmol)¥sNZE]
RNEAA B AT RS TLC Waill e R4 o s, ikt
WA BB B IRIED 9.

N-FUT 3k -2-(4- G K 3k )-5- 5 AR 4- Ik 5k -4,5- & -
3H-Z I [e][1,4]) — % 44 -3- H I i (9a): 1 2 [l 44, 290
mg, 7% 65%. m.p. 184~186 C; 'H NMR (400 MHz,
CDCls) &: 8.03 (d, J=7.7 Hz, 1H), 7.76 (d, J=8.5 Hz,
2H), 7.58 (t, J=7.3 Hz, 1H), 7.49~7.27 (m, 9H), 5.53 (s,
2H), 0.97 (s, 9H); '*C NMR (101 MHz, CDCl3) J: 166.89,
164.36, 163.79, 145.79, 143.16, 137.82, 135.87, 132.36,
130.85, 129.82, 129.21, 128.97, 128.04, 127.07, 126.84,
126.55, 126.36, 63.74, 51.89, 28.01; HRMS (ESI-TOF)
caled for CyHysCIN3O, [M + H]©  446.1630; found
446.1635.

2-(4-JR A FE)-N-FUT 2 -5- A 4-FKFE-4,5- & -
3H-ZR FF[e][1,4] — & 4=-3- F BE fze (9b): A il 44, 300
mg, & 61%. m.p. 205~206 ‘C; 'H NMR (400 MHz,
CDCl;) d: 8.03 (d, J=9.1 Hz, 1H), 7.69 (d, J=8.6 Hz,
2H), 7.58 (t, J=9.5 Hz, 3H), 7.45 (t, J=7.4 Hz, 3H),
7.39~7.27 (m, 4H), 5.52 (d, J=4.1 Hz, 2H), 0.97 (s, 9H);
3C NMR (101 MHz, CDCls) &: 166.88, 164.35, 163.92,
145.79, 143.15, 136.32, 132.37, 132.18, 130.86, 129.82,
129.14, 128.05, 127.06, 126.87, 126.54, 126.36, 63.70,
51.89, 28.00; HRMS (ESI-TOF) calced for CasHasBrN;O,
[M+H]" 490.1125; found 490.1133.

2-(4-TE R HE)-N-FUT He-8-G-5- A MR -4- 2K H4,5-—
H3H-RI[e][1,4] — & A=-3-F Wi f%(9¢e): F 4k, 315
mg, 7% 60%. m.p. 104~105 C; '"H NMR (400 MHz,
CDCl;) &: 7.97 (d, J=8.4 Hz, 1H), 7.68 (d, J=8.2 Hz,
2H), 7.58 (d, J=8.1 Hz, 2H), 7.50~7.28 (m, 7H), 5.52 (s,
1H), 5.46 (s, 1H), 1.01 (s, 9H); 3C NMR (101 MHz,
CDCl;) J: 166.18, 164.96, 164.06, 146.80, 143.04, 138.31,
135.80, 132.46, 132.38, 129.95, 129.29, 128.27, 127.04,
126.99, 126.70, 126.42, 125.18, 63.63, 52.19, 28.11;
HRMS (ESI-TOF) caled for CysH»4BrCIN;O, [M+H]"
524.0735; found 524.0747.

N-BUT Fe-8-5-2-(4- A IE)-5- 5 R -4- K F45- —
SH-3H-ZEHF[e][1,4]) R 4:-3-H Bh(9d): At fE Ak, 295
mg, 5% 61%. m.p. 98~99 ‘C; 'H NMR (400 MHz,
CDCl;) d: 7.97 (d, J=8.5 Hz, 1H), 7.68 (d, J=8.7 Hz,
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2H), 7.58 (d, J=8.7 Hz, 2H), 7.47~7.43 (m, 3H), 7.39~
7.29 (m, 4H), 5.52 (s, 1H), 5.46 (s, 1H), 1.01 (s, 9H); 1*C
NMR (101 MHz, CDCl) 6: 166.11, 164.90, 164.00,
146.73, 142.98, 138.25, 135.74, 132.39, 132.31, 129.88,
129.22, 128.20, 126.97, 126.92, 126.64, 126.36, 125.12,
63.57, 52.12, 28.04; HRMS (ESI-TOF) calcd for
Ca6H24CLN;0, [M+H]" 480.1240; found 480.1252.

3.2.3 a4 13a~13e 4946,

B AEFEEZ 1 (123 mg, 1.0 mmol), Bo(OH), (448 mg,
5.0 mmol)fl MeOH (5 mL)JN %] 25 mL Schlenk &, FF
HRFEET 60 C RN 10 h. 2854 10 (439 mg,
1.1 mmol), 11 (134 mg, 1.1 mmol), 12 (91 mg, 1.1 mmol)
(1 BB AP R BAR R, FEEIR T T2 S0k RN
24 h. ZJ&, MK NEt; (333 mg, 3.3 mmol)Fl H Z& 47
F 90 CR4ks: M. TLC Wil & e Bigh o Jm, itk
AT 2 B AR RIS 13.

N-BUT 8- -2-(4-F R AL )-3- R k-1 2- — A Rk
Wh-1-FF k% (13a): K, 213 mg, 72% 51%. m.p.
188-189 °C; 'H NMR (600 MHz, CDCls) d: 7.53 (d, J=
7.7 Hz, 2H), 7.33~7.27 (m, 4H), 7.25~7.20 (m, 3H), 7.06
(d, J=8.5 Hz, 2H), 6.93 (d, J=8.6 Hz, 2H), 6.54 (s, 1H),
6.14 (s, 1H), 5.27 (s, 1H), 1.23 (s, 9H); *C NMR (151
MHz, CDCls) 6: 170.00, 145.46, 140.43, 136.24, 131.25,
128.72, 128.51, 128.45, 127.78, 127.65, 127.25, 127.18,
124.42, 123.79, 123.59, 111.54, 95.18, 68.79, 51.32, 28.43;
HRMS (ESI-TOF) caled for CayHasCIN,O [M + H]"
417.1728; found 417.1737.

N-FUT 3-2,3- X0 (4- 5 K FE)-1,2- 57 W k- 1 - F 7
iz (13b): [ 4K, 226 mg, F5F 51%. mp. 178~
179 ‘C; 'H NMR (600 MHz, CDCL3) 6: 7.49 (d, J=8.1
Hz, 2H), 7.32 (t, J=7.3 Hz, 1H), 7.28~7.19 (m, 5H), 7.06
(d, J=8.3 Hz, 2H), 6.93 (d, J=8.4 Hz, 2H), 6.49 (s, 1H),
5.86 (s, 1H), 5.27 (s, 1H), 1.22 (s, 9H); 3C NMR (151
MHz, CDCls) 6: 169.92, 145.12, 139.75, 134.89, 134.03,
131.26, 128.81, 128.66, 128.58, 127.96, 127.52, 127.20,
124.73, 124.56, 123.84, 123.66, 111.47, 68.58, 51.36,
28.39; HRMS (ESI-TOF) caled for CasHpsCLN,O  [M+
H]" 451.1338; found 451.1350.

2-(4-F R I )-N-FF L3 -3- 2K FE-1,2- & 7 Ik -1-
HEE(13¢): AERETE, 195 mg, 725 44%. m.p. 173~
174 “C; '"H NMR (600 MHz, CDCl;) §: 7.54 (d, J=7.2
Hz, 2H), 7.34~7.20 (m, 7H), 7.05 (d, J=8.5 Hz, 2H),
6.93 (d, J=8.5 Hz, 2H), 6.48 (s, 1H), 5.98 (s, 1H), 5.33 (s,
1H), 3.74 (s, 1H), 1.75 (d, J=16.3 Hz, 2H), 1.53~0.95
(m, 8H); 3C NMR (151 MHz, CDCls) §: 170.04, 145.45,
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140.89, 136.35, 131.56, 128.68, 128.63, 128.54, 128.50,
127.77, 127.46, 127.42, 127.38, 124.61, 123.88, 123.77,
111.14, 68.26, 48.17, 32.62, 25.30, 24.31; HRMS (ESI-
TOF) caled for CosHpsCIN,O [M+H]" 443.1885; found
443.1893.

N-AUT 36-2,3- oK e -1,2- — & 57 k- 1- HR ik
(13d): AfEA, 191 mg, =% 44%. m.p. 188~190 C;
'H NMR (600 MHz, CDCl3) é: 7.55 (d, J=7.4 Hz, 2H),
7.29~7.22 (m, 7H), 7.11 (t, J=7.5 Hz, 2H), 6.97 (d, J=
7.7 Hz, 2H), 6.89 (t, J=7.1 Hz, 1H), 6.57 (s, 1H), 6.42 (s,
1H), 5.33 (s, 1H), 1.26 (s, 9H); 3C NMR (151 MHz,
CDCls) d: 170.31, 146.95, 140.40, 136.52, 131.20, 128.74,
128.59, 128.56, 128.37, 128.20, 127.93, 127.06, 124.39,
122.61, 122.43, 111.56, 103.23, 69.00, 51.25, 28.48;
HRMS (ESI-TOF) caled for CxHyN,O [M + H] '
383.2118; found 383.2130.

N-FUT HE-2-(4- G AR )30 FOR 3 -1,2- &
Wk-1-HBERZ(13e): A ALK, 207 mg, 7% 48%. m.p.
212~214 °C; 'H NMR (600 MHz, CDCl3) 6: 7.41 (d, J=
7.7 Hz, 2H), 7.32~7.21 (m, 4H), 7.09 (d, J=7.8 Hz, 2H),
7.06 (d, J=8.6 Hz, 2H), 6.92 (d, J=8.4 Hz, 2H), 6.51 (s,
1H), 6.20 (s, 1H), 5.25 (s, 1H), 2.30 (s, 3H), 1.23 (s, 9H);
13C NMR (151 MHz, CDCls) &: 170.06, 145.59, 140.35,
138.31, 133.36, 131.34, 129.39, 129.19, 128.72, 128.55,
127.66, 127.13, 127.02, 123.80, 123.60, 111.02, 95.18,
68.88, 51.30, 28.55, 21.13; HRMS (ESI-TOF) calcd for
Ca7H2sCIN,O [M+H]" 431.1885; found 431.1897.

HBh# Rl (Supporting Information) 1454 5a~5g.
9a~9d 1 13a~13e (1] 'H NMR #1 13C NMR #&]. x4k
FHEFAT B4 2 AT X35 (http:/sioc-journal.cn/) b N #K.
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