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Ugi Four-Component Reaction Based on in-situ Capture of
Isocyanide and Post-Modification Tandem Reaction:
One-Pot Synthesis of Nitrogen Heterocycles
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Abstract A novel strategy of Ugi four-component and post-modification tandem reaction based on in-situ capture of isocya-
nide is reported in this paper. According to this reaction strategy, the isocyanide was prepared in situ and immediately captured
to participate in Ugi four-component reaction and the subsequent modification tandem reaction. Compared with the previous
reports, based on in-situ capture of isocyanide was realized in the Ugi four-component reaction and post-modification tandem
reaction, which solved the problems of isocyanide instability, high toxicity and unfriendly to the environment in the reaction.
Mild reaction system conditions and simplified preparation method provide a novel green and pollution-free strategy for the
tandem reaction of Ugi four-component and post modification series reaction with isocyanide.

Keywords in-situ capture of isocyanide; Ugi four-component reaction; post-modification tandem reaction; green isocyanide
chemistry; one-pot synthesis

Z 5y ] BI(MCRs), R E @ e s, il % Rl 22 2 43 [ 8. Passerini [N & =204 [ B,
M-+ ZER5 T AN ZkEN 240 kM DAREFIER . FRER A SIS A R, T — 8l % a-B 4
(MCR) &G LA B —Fh D e K H Ak 2 i T FEMEZB)(Scheme 1a). Ugi N5 Passerini e MAHEE, J5
H, A RSP E ISR T — R ) A 0y B2 —Fhd oy, BT AR R, R YR 2.
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MR IEAE & AR o- B2 EE B 1K) 2 4H 77 [ N4 (Scheme
1b). [FIR}, Ugi/Staudinger/aza-Wittig 55 5 B 5 B A XY
Hi R FH SR A B 22 B IR0, BT DUAE iR P ) S W 2%
PR AF I Z R LRI A 283, IR LG IR 1] e & & LA
R 2 EE L S R OB AR, AR
1 S5 I R, S0 S AR S 140975 T A A AR 5 PR 4 1 i
L6, 2R ZRIR ERAT AN, AR I 2 i PR A
I R EAE R — R, WG B £E RS AR FH ) B 37 e
s BURIRAE I B VAR T P L IRTTRS PR 2UE
AR, DUAH B IR =9 0 By D 7h PR 4%,
M T HAPRM SR S mE A a4 % FMEN—
FIEVERIE R, a0 oA 3 A F 1 22 ith 25 2 A0 FAE R
A5 S DK e 070, SR 26 T S G A P 1 22 2 99 B i
IEZ B NATEARFEIR, SREARAREE. St
T R () AN 045 o) R 32 T 2 B ok, XA AR R
B HR IS AR AN B S A VR e 5 R H.

UTLCAESR, A T TR I A WDAE s S v BT R B AN
JESE R, FHARIRIE TR A — A SRR, R RO
s EACBEAT R AL 3R, JF 5 5 SRAE 1 S B R BRAE SR,
e 2k e o DN e i A 7R BB A N 4 5 L 4R 4l fifAE
LR, O RE TG ST 1 20 il DA K DR R e R B IR B TS
Qe XMy yRah 7 HE A RIA 2R, 2005 £, Whittle
SEOMRIE BT TR AL 3R I A P I 22 20 53 R B S
S EAC ) B = B e ZE A 5 30 S A ) R L P R AL
BT JEAL I 45 T . 2009 4F, Schiltz ZFEPHRIE T 5 A7
] & S T SEIL Ugi OB, S5 28 R
YIHIAT AE AN B AR AR R 0 R TRAL AR . 2013
MF, Kim S50 R s IE SR R E, B NI
B VIR fig JiR o7 b 3 7K AR il S A6 . 2015 4F, Orru

(a) Passerini reaction
R'-NC + R*=COOH + R®*~CHO

(b) Ugi-4CR reaction

R'—NC + R2—COOH + R3—CHO + R*—NH,

FUOR G IR T 5 &P IR B R A 926 12357
ASE R FGREAN A OL N i — B AL & i, JFikiE T
VANE2C DS &8 TR A7/ P e St A EZ ) 15 g AR (i =
Domling 5@ it J5 1) Leuckart-Wallach 172, #
T8 7 PR A = BT 2 FEAG T F IR e T, A T
B R 73 B SLANE B R WA, 2020 4, Song 55
(MR E T A SR Z AL & AR 264 T
B R, SRR LRI 2 5 1,3-dipole FFR
IR, 2019 4, FRATTEREZH 2 AR 4k SEIl 1 45T 5
R R 5 1Y) Passerini )N M H S B0 AR BRI B, M
Bt S VI % — 2 TR IR AE R, TR Z
WEAE R T —RAH N LooaR e, iR %
FRiE, I — ik R AL A O i 1 22 2050 IO AR
AL AN R, (BEET 5 AL 3R Ugi-4CR, U
M5 Staudinger/aza-Wittig ] Ef B S B 5 W& I8 ¥ #
ik, ARSI AL 2 BT TR 103 gD
T a0 R A 5, SEEL TR T R AL AR R R A
Ugi-4CR K¢ JE A1 ISR IRT T g, —Bmis TP AL
T — RN 5-8AR-4,5- A -3H- K I [e][1,4] — A4
ERAEW 1-840-2,3- A 1H-ZE I [c] R A4 2Rk
A WU4(Scheme 1c).

1 GRS

R 1 A48, DABERE 1a BRI, 76— 2K &R
NACKEER R IRALHI BT 2530, HorRIgar S
BAHIR 2a. 4-5 K LR 3a FI3FCHE 4a AR K
A Ugi-4CR Jvi, HETRA LGB R M. &5,
SRS PA R R BRI, S =R E A, EER
R, LL61%M7r= 2R3 E B R4 Sa(# 1, Entry 1).
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o]
0 R
RZJ\N NHR!
Ré O

(c) This work: in-situ capture Isocyanides based Ugi-4CR reaction and
post-modified tandem reaction using water as solvent

o

in-situ

R'-NHCHO

N3
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/ /L?
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l//( OH H rt

]

A,

R3-COCHOor COOH + R*—NH, 0" R

O Green isocyanide chemistry
O New strategy for reaction
Q Wide scope of substrates

B 1

O One-pot synthesis of heterocycles
Q Mild reaction conditions
Q Undecomposed products

T JFEAL I 3R B I 4L 1) Ugi-4CR/Staudinger/aza-Witting 2 N5 i 5 1%

Scheme 1 Reaction strategy of Ugi-4CR/Staudinger/aza-Witting reaction based on in-situ capture of isocyanides
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Table 1 Optimization of the reaction conditions

COOH NH,
O
N3
in-situ 2a 4a
NHCHO ——— NC
(e}
1a
CHO
Q Q cl 3a
PR3 @fLN o
Solvent, temp. N= HN—é

5a

Cl
Entry Solvent PR3 Temp./'C  Yield”/%

1 CH:Cl2 PPhs r.t. 61
2 CH:Cl2 PPhs 45 84
3 CH:Cl2 PPh; 45 67
4 CH:Cl2 PMePh> 45 63
5 Toluene PPh; 45 78
6 THF PPh; 45 45
7 CH3;0OH PPh; 45 29
8 DMSO PPh; 45 0

@ Conditions: 1a (1 mmol), PPh; (1.5 mmol), C,Cls (1.5 mmol), NEt; (3.0
mmol), CH,Cl, (10 mL), r.t., 1 h, and then 2a (1.1 mmol), 3a (1.1 mmol), 4a
(1.1 mmol), solvent (10 mL), r.t., 12 h, and then T, PR3 (1.1 mmol). * Yields
based on 1a.

WEHAERBEAZ 45 C, R UESEH] 84%. A
JE X E WUBEIEAT T 04, RISy PMePh, Al PBus JF
AEEIEEFEH (3R 1, Entries 3~4). B 5% N i 7I3E4T
Tk, RIEAEEFIN & T HE(3 1, Entries 5~38).
TEARA H B A S B2 At I, 2 s B 1) SIS i 52 1k
AT TIRTE, HIh& T — &5 5-848-4,5- -4 -3H-
AIH[e[LA Bl ERMEY 5. HAKM, KYWEZH
B e 8 23 )R H - S0 e 3 A = A B SR I, 1%
SRR AS [F R B A B s AP 2). 24 R2 TR
THHI, #RRE LU R AP RS Bhr=4). 24 R®
BRI O BB, OB RAK IA A N . 23R4T
TRE A, 4 RORITHERS, JhReE =3RS T1%H 7 2.
HFEey, RS R RIE R T 3T R AL
KAHER Ugi-4CR/Staudinger/aza-Wittig 5 5k 5 B 5
HIRTAT Y. A Tt — B3 Rz ks i S S, 7Rk
WS R A b SR T BT R AL IR R S Y Ugi-4CR/
Wittig 53 S N b, &k 1 — RN 1-5848-2,3- 4 -
TH-ZR I []BAE R AW 7. SRR, Fr K%
S N5 BRI S2 (R 3). ATRAE 2, DLZEEEEL 6
RIRH, SMIEIELT G 1E M & R BRI 5, #Re
BN B R A 7. R AR AW 35 [Ad 2
HEE TR, BART=Y T BIPEEREEAREA ORRBS),

R2 BSR4 A BH- I ][ 14 B R ERNEY 5 IR E «
Table 2 Substrate expansion for the synthesis of 5-oxo-4,5- dihydro-3H-benzo[e][1,4]diazepines 5

COOH

N
RZ:—C[ (@] R4
= /
. N3 N o
R1—NHCHo 251 [RLNC} Rz:_(tfL
1 R3—COCHO + R*—NH, y={ HN—R!
3

N

3 4 R
5
Ph

() e 2™ o () g §) %

“ w@f“é“% @%“é*“* @(““éw% @%Néw% @f“éw%
N/ o] N/ 6] N/ 0 N/ (0] N/ 0 N/ 0

Cl Cl Cl Br Br Br

5a, 84% 5b. 71% 5c, 82% 5d, 68% 5e, 80% 5f, 82%

@%ﬁ@&%@i@f@&%ﬁ@&% At

59, 74% 5h, 68% 5i, 63%

Cl

5§, 83% 5k, 79% 51, 88%

4 Conditions: 1 (1 mmol), PPhs (1.5 mmol), C,Clg (1.5 mmol), NEt; (3.0 mmol), CH,Cl, (10 mL), r.t.,, 1 h, and then 2 (1.1 mmol), 3 (1.1 mmol), 4 (1.1 mmol),

CH,Cl, (10 mL), r.t., 12 h, and then 45 °C, PPh; (1.1 mmol). ? Yields based on 1.
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Table 3 Preparation of 1-0x0-2,3-dihydro-1H-benzo[c]azepine 7 by the Ugi-4CR/Wittig tandem reaction

A\ COOH
L_A__PPhsBr
6

in-situ 1
R'—NHCHO —— |R'-NC

R3—COCHO + R*—

NH2

R2
HN R?

7b, 70%

7
/_é

cl
79, 66%

7f, 74% 7h, 72%

~

7d, 68% 7e, 62%
o/ o /\/
saPNvE ‘p
o U
7i, 0% 7j, trace

4 Conditions: 1 (1 mmol), PPh; (1.5 mmol), C,Clg (1.5 mmol), NEt; (3.0 mmol), CH,Cl, (10 mL), r.t.,, 1 h, and then 3 (1.1 mmol), 4 (1.1 mmol), 6 (1.2 mmol),

CH,Cl, (10 mL), t., 12 h, and then 45 C, NEt; (2.4 mmol). * Yields based on 1.
H2 R* MR ECT A RSB, [ AT LTS 3]
FHERISCR ). X AWAUE] TR NSRS T, ANE R
VB RE (A1 1) FE - RS AR 2 R R0 AN 2356 BB = AR KR
SO SR Ik A0 05 B e IS AR B SR i VR v IR 2
5B, WA BERr= 7 A i CE e i 2

R T RZ A SR ZIFAR, 3T T — RS

PPhs, C,Clg, NEt,

S E 45 ) S 00 LAER 78 nT RE IR S B HLEE (Scheme 2). T4,
AT 3 H B (1) 7E PPhs . CoCle LA J NEG IPEF R, LA
CHoCL, AV H, =R TRBIT RN 9a, %N
91%(Scheme 2a); 1M 4 EAZAEHM T HF M 9a 5ALE
ERHIE 2a. 4-F0K L% 3a FIIACU i 4a 4’Ejjfir“ra%
% PL 89%H7r= %3545 1 HAx"#) Sa(Scheme 2b); i

COOH NH,
-7 9
N
2a 8

(a) >LNHCHO >LNC (b) >~/—NC

4a PPhs @fL N P
o = HN—%

CH2C|2, r.t.
1a 9a, 91% 9a N
CHO
cl 3a -
5a, 89%
COOH NH,
or - i
222 4 PPh NP
in-sit a a
(©) >~/—NHCH0 - [ >LNC} 3
O N— HN
1a 9a
CHO
Cl Cl
3a 5a, 84%
B2 &fFEH e
Scheme 2 Condition control experiment
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Ja, PARUT JE H B (1a) AR A, BT 5= 5 5 (9a)
W FEALHE IR 542 2R F R (2a). 4-5K Ll (3a)
FIIR T (4a) SR, TRALL 84%H) 7= %3545 H b5 7™ 4)
Sa(Scheme 2c). iX tH R B, KT = Jif 7 A7 4 38 1)
Ugi-4CR B K e S A £ TR S N — i B IR A 1) 3R
W 2 AT H s 2.

FE T IR KR4 ) S50 1) 45 SRR DL [ SCHR 4R
TE 221200 17 AT B R AL EE (Scheme 3). B %G, —
RIS N RPN A BB 8, BE S 1 fE R E 8
AR FH T I 25— 2 7 = 2R BB SR AL 19 = S 1k 4 9.
BEJG, SR B R AR 2, KM 3 UL % 4 3R R A7 A=
I EIEY 9, KA Ugi-4CR J i AE il — Bk iz v ) {4
10. Hlafk 10 5 =K 2E Staudinger N, FEHUA
R, BB (a4 1. B R Ak 11 B SR
JRF I BORIE, RAEDFWN aza-Wittig M, AR HE bx
&M 12.

2 g
g2 FRTIR, ACSCHE T — R0 L TR A 4 3R 5

Ugi-4CR/Staudinger/aza-Wittig 5 B¢ [z 57 25 W& Al Ugi-
ACR/Wittig FRJ ER IR S I FR R SIS . 23 T SR 1l 3K 2 T
FR) B TR B 2 SR F AT S N S AR AT | TR i 1P o ) A
R BRI T RS P R AR E T T B 23 i
SR ) SR IR AT 1 M 3 SO 0] PR B8 AN A8 )
[ I 3 T 2 SR R F) P AR G T A RS A Uk
MMeE.

3 WES
3.1 EFEHF
—RBORUE, BRAR A U, ORI AR L 2R

WK, TG AR e A ALl R
C,Clg R'—NHCHO Cl HNEt3
1
PPh; Cl,PPh; R'—NC
NEt; OPPh3 9

OPPhs

(0] R2
/
- N o
2
R2I ‘f R
/2_:{1\1 R /(Ng\ SIN-R!
Il
PPh;R
1

(TLC)Wa M je b7, F4d F 100~400 H R k47 H: (o ik 4l
tb. FrERBIFY 'TH NMR (400 MHz)F1 3C (101
MHz)5k 'H NMR (600 MHz)#1 *C NMR 151 MHz)#{H
BRUKER AVANCE 400 5% 600 A% LRI EACRAE, ¥
7/& CDCls. FHXS VU FHERELE(TMS) I H LR A5 (5 0)F
FHX TR ATHIME 56 7.26, HAR).

3.2 XWHE

32,1 R R FEALTEY Sa 696K

B N-RUT 3 H R (1a) (1.0 mmol). NEt; (3.0
mmol). PPh; (1.5 mmol). C,Cls (1.5 mmol)A } CH,Cl,
(10 mLYfEEIRAE TR FE T Schlenk FHiH: R
N, 1 h JE ¥ RS 2 0] FH e i 728 AN B 2 CHLCL, FF57
BI 548 &R 2 F R (2a, 1.1 mmol). 4-5 7 Z il (3a, 1.1
mmol)AI3F C. % (4a, 1.1 mmol)ZE CH,Cl, (10 mL) R =&
TR 12 h, FEII PPhs (1.1 mmol), 7£ CH.Cl, H
FHEZ 45 CHRSE M, # 2 A (TLC) Ml BT FE,
SRS R JE I AT R AR BRI G Y Sa, 1@
- B (GC-MS) FHACER I H e 82 7= 2. HoAth e 34264k
A1 Sb~51 J N F& A S A5 E Y AH ).

N-$UT 3E-2-(4-F K3 )-4- 34 O3 -3 I F RO - -
AM-4,5- T E3H-ZE I [e][1,4] R AL (5a): [ A,
FEF 84%. m.p. 236~240 CCCRAEM m.p. 205.1~
2414 °C); '"H NMR (400 MHz, CDCls) J: 7.98 (d, J=8.0
Hz, 1H, Ar-H), 7.90 (d, J=8.0 Hz, 2H, Ar-H), 7.56~7.49
(m, 3H, Ar-H), 7.41~7.31 (m, 2H, Ar-H), 5.47 (s, 1H,
NH), 5.27 (s, 1H, CH), 4.79~4.75 (m, 1H, CH), 1.68~
0.86 (m, 19H, 5CH,, 3CHs); 3C NMR (101 MHz, CDCls)
5: 166.99, 165.50, 165.06, 145.76, 137.18, 136.79, 131.92,
130.36, 129.08, 129.0, 127.30, 126.69, 126.62, 56.15,
54.73,51.61,32.28, 31.10, 28.02, 25.62, 25.21.

N-BUT F-2-(4-FUR B )-4- R 56 -3 -5 2 HH I 2k -5 -4

N COOH
R2
=
3
R2 Cﬁj\

/ 4
)~ PPhy

RS- COCHO R*-NH,
4
&

Uqi-4CR reaction

&
S
fo"b\
N, <

aza-Wittig reaction

B 3

A RERI A S S

Scheme 3 Proposed possible mechanism
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R-4,5- “E3H-H I [e][1,4] R IR E(Sb): %8 (4,
FEER T1%. mp. 185~186 ‘C(CCHAME!* m.p. 186.1~
186.4 ‘C); '"H NMR (400 MHz, CDCL3) 6: 8.03 (d, J=8.0
Hz, 1H, Ar-H), 7.69 (d, J=8.0 Hz, 2H, Ar-H), 7.58 (t, J=
8.0 Hz, 3H, Ar-H), 7.46~7.26 (m, 7H, Ar-H), 5.52 (s, 2H,
NH, CH), 0.97 (s, 9H, 3CHs); '*C NMR (101 MHz, CDCls)
J5: 166.89, 164.35, 163.93, 145.80, 143.16, 136.32, 132.38,
132.19, 130.91, 130.87, 129.88, 129.83, 129.14, 127.07,
126.87, 126.55, 126.36, 126.31, 63.70, 51.90, 28.01.

N-BUT B -4- 5 B 2-(4- G 2K 38 )-3- 2 22k P Ik 3 -5- 4
R-4,5- & -3H-FE 3 [e][1,4] A I B (5c): vk i ([ A4,
PR 82%. mup. 91~92 °C(SCHAME ) m.p. 90.8~
91.8 ‘C); '"H NMR (400 MHz, CDCL3) d: 8.01 (d, J=8.0
Hz, 1H, Ar-H), 7.71 (d, J=8.0, 2H, Ar-H), 7.52~7.29 (m,
10H, Ar-H), 5.23~5.17 (m, 2H, 0.5CH,, CH), 5.07 (s, 1H,
NH), 4.57 (d, J=12.0 Hz, 1H, 0.5CH,), 0.75 (s, 9H,
3CH;); 3C NMR (101 MHz, CDCly) 6: 167.32, 164.48,
164.08, 146.03, 137.36, 136.46, 136.35, 132.21, 130.49,
129.41, 129.03, 128.97, 128.93, 128.66, 127.28, 126.53,
126.07, 59.75, 52.90, 51.41, 27.78.

N-FUT F-2-(4- IR IR 58 )-4- T8 BE 3 i R 4L -5- 4R
fR-4,5- & 3H-ZK 3 [e][1,4] & 24 (5d): A o[ 44,
FEF 68%. m.p. 205~206 CCCHAMEM m.p. 205.1~
206.2 C); '"H NMR (400 MHz, CDCLl3) 6: 7.97 (d, J=8.0
Hz, 1H, Ar-H), 7.68 (d, J=8.0 Hz, 2H, Ar-H), 7.58 (d, J=
8.0 Hz, 2H, Ar-H), 7.47~7.26 (m, 8H, Ar-H), 5.52 (s, 1H,
NH), 5.46 (s, 1H, CH), 1.01 (s, 9H, 3CH;); '*C NMR (101
MHz, CDCls) 6: 166.18, 164.96, 164.06, 146.80, 143.05,
138.31, 135.81, 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.

N-BUT FE-2-(4-R AL )-4- 28 OV L -3- A PR3- 5-
FMR-4,5- A 3H-ZE I [e][ 1, 4] — B AR E (Se): A {0 [l 44,
PR 80%. m.p. 209~211 CCCHRE!* mp. 172.7~
2152 “C); 'H NMR (400 MHz, CDCls) &: 7.95~7.78 (m,
3H, Ar-H), 7.63 (d, J=8.0 Hz, 1H, Ar-H), 7.53~7.46 (m,
2H, Ar-H), 7.37~7.27 (m, 2H, Ar-H), 5.44 (s, 1H, NH)
5.24 (d, J=4.0 Hz, 1H, CH), 4.74~4.69 (m, 1H, CH),
1.88~1.75 (m, 3H, CH3), 1.43~0.85 (m, 16H, 5CH,,
2CH3); 3C NMR (101 MHz, CDCl;) 6: 167.00, 165.50,
165.49, 165.18, 165.06, 145.76, 137.22, 137.19, 136.78,
132.04, 131.94, 130.36, 129.28, 129.09, 127.30, 126.65,
125.70, 56.09, 54.72, 51.62, 32.28, 31.09, 28.02, 25.60,
25.20.

N-FUT H-2-(4-J5 2R T )-4- S5t TR k-3 e T - 5-
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AA-4,5- A -3H-F I [e][1,4] R AL B (5h): A lE Ak,
A 82%. mp. 176~178 CCCHEAE!* m.p. 137.0~
179.6 °C); '"H NMR (400 MHz, CDCl3) &: 7.95~7.93 (m,
1H, Ar-H), 7.82 (d, J=12.0 Hz, 2H, Ar-H), 7.63 (d, J=8.0
Hz, 2H, Ar-H), 7.53~7.49 (m, 1H, Ar-H), 7.38~7.30 (m,
2H, Ar-H), 5.41 (s, 1H, NH), 5.19 (s, 1H, CH), 5.17~5.10
(m, 1H, CH), 1.28 (d, J=8.0 Hz, 3H, CHs), 0.93 (s, 9H,
3CH3), 0.87 (d, J=8.0 Hz, 3H, CH3); '*C NMR (101 MHz,
CDCls) d: 166.96, 165.38, 165.15, 145.73, 137.09, 132.08,
131.98, 130.30, 129.31, 127.31, 126.70, 126.68, 125.80,
55.28,51.67, 46.54, 28.02, 21.96, 20.27.

N-FUT Fe-2-(4- R A F)-4- 30 O -8- A -3- R A H ik
-5 MR-4,5- ZE-3H- K [e][ 1L 4] — AR H(Sg): HE
B, 723 74%. m.p. 193~196 C (SCHRE M m.p.
172.7~197.5 ‘C); '"H NMR (400 MHz, CDCls) d: 7.90~
7.85 (m, 3H, Ar-H), 7.48 (d, J=8.0 Hz, 2H, Ar-H), 7.39
(d, J=4.0 Hz, 1H, Ar-H), 7.29 (t, J=4.0 Hz, 1H, Ar-H),
5.40 (s, 1H, NH), 5.25 (s, 1H, CH), 4.72~4.67 (m, 1H,
CH), 1.87~1.64 (m, 5H, CH,, CH3), 1.43~0.97 (m, 14H,
4CH,, 2CH3); '3C NMR (100 MHz, CDCly) §: 166.21,
166.06, 165.17, 146.70, 137.78, 137.66, 136.26, 131.92,
129.18, 129.16, 126.95, 126.75, 125.20, 56.02, 54.90,
51.82,32.25,31.10, 28.05, 25.61, 25.57, 25.18.

N-FUT FE-2-(4- G I )-4- 75 3 -8- G -3- 2 2 Y 2
-5-5AR-4,5- A3 H-R I [e][1,4]) R 2L E(5h): A
R, 2% 68%. m.p. 98~99 CCLHRE! m.p. 98.0~
99.4 °C); '"H NMR (400 MHz, CDCl;) &: 8.0 (s, 1H,
Ar-H), 7.63~7.38 (m, 11H, Ar-H), 5.19~5.07 (m, 1H,
NH), 4.57 (s, 1H, CH), 0.7 (s, 9H, 3CH3); *C NMR (101
MHz, CDCls) 0: 167.31, 164.48, 164.22, 146.04, 136.81,
136.45, 132.22, 131.91, 130.50, 129.42, 129.16, 129.04,
128.67, 127.27, 126.55, 126.07, 125.87, 59.72, 52.90,
51.42,27.78.

N-FUT FE-2-(4- 1R I )-4- 2 3 -8- G -3- 2 2t FY i 2
S5-EAR-4,5- A 3H-AR R e][1,4] R A E(5i): A fE
&, P23 63%. mp. 103~106 C (3 HRME ' m.p.
103.4~106.0 ‘C); "H NMR (400 MHz, CDCl3) &: 7.97 (d,
J=8.0 Hz, 1H, Ar-H), 7.69~7.57 (m, 4H, Ar-H), 7.45~
7.27 (m, 7H, Ar-H), 5.52 (s, 1H, NH), 5.46 (s, 1H, CH),
1.01 (s, 9H, 3CHs); '*C NMR (101 MHz, CDCL) o
166.18, 164.96, 164.06, 146.80, 143.04, 138.31, 135.80,
132.38, 129.95, 129.29, 128.27, 128.15, 127.04, 126.99,
126.70, 126.63, 126.42, 125.18, 63.63, 52.19, 28.11.

N-BUT B-4-FR B -2-(4-FUOR B )-8- 5 - 3- 2 Ak FY I k-
5-4HA0-4,5- A -3H-FE I [e][1,4] R 2k (5)): A I

http://sioc-journal.cn/ 843
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H, P2 83%. mp. 232~234 C(SCHERAE 4 m.p.
174.1~235.3 ‘C); 'H NMR (400 MHz, CDCl3) d: 7.95 (d,
J=8.0 Hz, 1H, Ar-H), 7.71 (d, J=8.0 Hz, 2H, Ar-H),
7.39~7.26 (m, 9H, Ar-H), 5.22~5.18 (m, 2H, 0.5CH,,
CH), 5.00 (s, 1H, NH), 4.51 (d, J=16.0 Hz, 1H, 0.5CH,),
0.79 (s, 9H, 3CH;); *C NMR (101 MHz, CDCl) o:
166.50, 165.03, 164.20, 147.00, 138.10, 137.85, 136.29,
136.15, 135.86, 132.01, 129.51, 129.06, 128.79, 126.94,
126.65, 124.59, 59.54, 52.92, 51.59, 27.81.

N-UT Fk-4-9 -2 (4-IROR Jik )-8 - -3 -2 ik P gt 2k -
5-54R-4,5- " E-3H-FHE[e][1,4] R AR E(5k): Al
&, PPE 79%. mp. 151~ 153 °C (3R M) m.p.
101.0~155.2 ‘C); '"H NMR (400 MHz, CDCl3) &: 7.95 (d,
J=8.0 Hz, 1H, Ar-H), 7.64~7.53 (m, 4H, Ar-H), 7.40~
7.30 (m, 7H, Ar-H), 5.20~5.16 (m, 2H, 0.5CH,, CH), 5.01
(s, 1H, NH), 4.52 (d, J=16.0 Hz, 1H, 0.5CH,), 0.79 (s,
9H, 3CH;); '3C NMR (101 MHz, CDCly) d: 166.51,
165.18, 164.19, 146.99, 138.11, 136.28, 136.25, 132.02,
129.51, 129.22, 129.05, 128.76, 126.92, 126.68, 126.39,
124.56, 59.51, 52.92, 51.60, 27.80.

N-RUT HE-2-(4- SR )-4- St T - 3- B ik TP I - 5-
EAR-4,5- A -3H-FE I [e][1,4] ~ R EGD: [0 E kK,
FEE 88%. mup. 172~174 CCCERE) m.p. 171.8~
173.6 ‘C); '"H NMR (400 MHz, CDCls) 6: 7.96~7.80 (m,
3H, Ar-H), 7.63 (d, J=8.0 Hz, 1H, Ar-H), 7.53~7.46 (m,
2H, Ar-H), 7.38~7.27 (m, 2H, Ar-H), 5.41 (s, 1H, NH),
5.20~5.10 (m, 2H, CH), 1.28 (d, J=8.0 Hz, 3H, CH3),
0.93~0.86 (m, 12H, 4CHs); 3C NMR (101 MHz, CDCls)
d: 166.96, 165.40, 165.15, 145.73, 137.30, 136.65, 132.08,
131.98, 130.31, 129.31, 129.13, 127.31, 126.70, 55.28,
51.66, 46.53, 28.02, 21.94, 20.27.

32,1 FRIFRLZELTAY Ta 898K

¥ N-FUT H LR 1a (1.0 mmol) NEt; (3.0 mmol).
PPh; (1.5 mmol). C2Cls (1.5 mmol)PA S CH,Cl, (10 mL)
EZERAASNIZMF N ET Schlenk LR, 1 h &
V4 AR R FH e 28 RAXBR 25 CHoCL, HEOLED S 4-
SOK CHARE 3a (1.1 mmol). 1E A% 4a (1.1 mmol) AR
£ 6a (1.2 mmol)#E HoO (10 mL) & 8 FHtHE M 12 h,
PO NEt; (2.4 mmol), 7E CH.CL H I E 45 CHk4k
R, TLC W NS AR, e B 25 o fe i A 2 AT 43 15
BEAUAEY) Ta, WS- FI(GC-MS)BEFC# I H
KPR, A AR A Tb~Th [ N4 K A
BRI

N-FUT e -4-(4- A FE)-2- T 3 -3- I H i 3 - 1- 4
-2,3- “E-1H-ZRIF[c] B Ak E (Ta): H AR, =2

844 http://sioc-journal.cn/
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77%. m.p. 157~159 CCCHRE!* m.p. 155~158 C);
'H NMR (CDCls, 600 MHz) d: 7.98 (d, J=6.0 Hz, 1H,
Ar-H), 7.47~727 (m, 7H, Ar-H), 6.94 (s, 1H, =CH),
5.64 (s, 1H, NH), 4.72 (s, 1H, CH), 3.91~3.41 (m, 2H,
CH,), 1.50~1.46 (m, 2H, CH,), 0.94 (s, 9H, 3CH3), 0.85
(t, J=6.0 Hz, 3H, CH3); 3C NMR (151 MHz, CDCl;) o:
167.78, 166.69, 142.28, 138.94, 134.20, 134.16, 133.68,
130.95, 130.70, 129.77, 129.02, 128.90, 128.23, 127.26,
64.07,52.33,51.31, 27.80, 21.82, 11.04.

N-FUT e -4-(4- A I )-2- 57 TR 2k -3 2 FT o 2 - 1 -
AR-23- - TH- R [) B4 & (Tb): Ak, 723
70%. m.p. 235~236 ‘C(CCHEREI* m.p. 235~237 C);
'H NMR (CDCls, 600 MHz) d: 7.98 (d, J=6.0 Hz, 1H,
Ar-H), 7.47~7.24 (m, 7H, Ar-H), 6.91 (s, 1H, =CH),
5.64 (s, 1H, NH), 5.14~5.10 (m, 1H, CH), 4.73 (s, 1H,
CH), 1.25 (d, J=6.0 Hz, 3H, CH3), 0.93 (s, 9H, 3CH3),
0.83 (d, J=6.0 Hz, 3H, CH;); 3C NMR (CDCl;, 151
MHz) J: 167.62, 167.29, 143.06, 138.85, 134.58, 134.14,
133.69, 131.14, 130.70, 130.03, 129.12, 128.98, 128.28,
127.36, 57.49, 51.36, 46.23, 27.92, 21.93, 20.00.

N-FUT Fe-4-(4- A FE)-2- 2, -3- G I T i - 1-
R-2,3- & -1H-ZK I [c] B & (Te): Bl &, f= %
71%. m.p. 180~182 CCCHRE! m.p. 181~182 C);
'H NMR (CDCls, 600 MHz) 6: 7.98 (d, J=12.0 Hz, 1H,
Ar-H), 7.47~7.26 (m, 7H, Ar-H), 6.94 (s, 1H, =CH),
5.64 (s, 1H, NH), 4.73 (s, 1H, CH), 3.91~3.58 (m, 2H,
CH,), 1.13 (t, J=6.0 Hz, 3H, CH3), 0.94 (s, 9H, 3CHs);
3C NMR (CDCls, 150 MHz) 6: 167.52, 166.72, 142.41,
138.93, 134.23, 133.71, 130.91, 130.72, 129.70, 129.07,
128.92, 128.54, 128.26, 127.39, 64.02, 51.35, 45.71, 27.85,
13.89.

N-3F O -4-(4- 500K 3 )-2- P9 k-3 3k T - 1- 460
R-2,3- ZEAH- R I [ B AR & (7d): A B, =%
68%. m.p. 109~111 COLERE! m.p. 111~112 C);
'H NMR (CDCls, 600 MHz) d: 7.98 (d, J=6.0 Hz, 1H,
Ar-H), 7.46~7.24 (m, 7H, Ar-H), 6.95 (s, 1H, =CH),
5.69 (d, J=6.0 Hz, 1H, NH), 4.76 (s, 1H, CH), 3.92~
3.43 (m, 2H, CHy), 1.50 (t, J=6.0 Hz, 2H, CH,), 1.40~
0.71 (m, 14H, CH, 5CH,, CH;); '*C NMR (CDCl;, 151
MHz) J: 167.81, 166.57, 141.79, 139.03, 134.22, 133.94,
133.62, 131.14, 130.78, 130.08, 129.07, 129.00, 128.25,
127.25, 63.71, 52.31, 48.25, 32.26, 25.14, 24.53, 21.88,
11.05.

N-BUT 52-2- P B -4- (O Y 2R 8 )-3- B ok R I 2 1- 4
R-2,3-ZE-1H- R FF [) BAR B (Te) 4 AR, F2 3%
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62%. '"H NMR (CDCl3, 600 MHz) 5: 8.00 (d, J=6.0 Hz,
1H, Ar-H), 7.43~7.23 (m, 7H, Ar-H), 6.95 (s, IH, =
CH), 5.61 (s, 1H, NH), 4.78 (s, 1H, CH), 3.86~3.45 (m,
2H, CHy), 2.41 (s, 3H, CH3), 1.52~1.48 (m, 2H, CH,),
0.91~0.83 (m, 12H, 4CHs); '*C NMR (CDCl;, 151 MHz)
J: 167.89, 166.97, 143.13, 138.46, 137.47, 134.45, 134.11,
131.27, 130.58, 129.70, 128.92, 128.68, 128.03, 125.70,
64.25,52.51, 51.30,27.88,21.75,21.18, 11.13.

N-BUT F -2 J -4-(4- 5 2 Tk )-3- 2 i Y g - 1- 2
R-2,3- ZE-TH- R I [ A & (7). A Bk, =%
74%. m.p. 189~190 CCCHRE* m.p. 190~191 C);
'H NMR (CDCls, 600 MHz) J: 8.04 (d, J=7.2 Hz, 1H,
Ar-H), 7.46~7.09 (m, 12H, Ar-H), 6.90 (s, 1H, =CH),
5.35 (s, 1H, NH), 4.96~4.84 (m, 2H, CH,), 4.74 (s, H,
CH), 0.81 (s, 9H, 3CH3); 3C NMR (CDCl;, 151 MHz) ¢:
168.03, 166.49, 142.40, 139.27, 136.81, 133.94, 133.75,
131.88, 131.67, 131.16, 130.91, 129.56, 129.00, 128.85,
128.18, 127.98, 127.48, 122.06, 62.72, 53.44, 51.14, 27.69.

N-FUT e -4-(4- A FE )-2-F 3 3- I I i 2 - 1- 4
-2,3- ZE-1H-RH [c] B A E (Tg): Ak, =2
66%. m.p. 166~168 C(CCHEAE!* m.p. 166~168 C);
'H NMR (CDCls, 600 MHz) J: 8.08 (d, J=6.0 Hz, 1H,
Ar-H), 7.52~7.28 (m, 12H, Ar-H), 7.10 (s, 1H, =CH),
5.65 (s, 1H, NH), 5.10 (s, 1H, CH), 0.95 (s, 9H, 3CH); 1*C
NMR (CDCl,, 151 MHz) 6: 167.72, 166.34, 144.44,
142.02, 138.28, 134.54, 134.29, 133.81, 130.35, 129.54,
129.45, 129.29, 128.83, 128.74, 127.49, 127.12, 126.94,
126.72, 67.13,51.55, 28.11.

N-PA U521 B -4-(4-FUR)-3- 24 2k HH gt - 1 -4 -
2,3- “E-H-RIF[c) B E(Th): HEREE, 725 72%.
m.p. 239~242 COLEAEN m.p. 237~239 C); 'H
NMR (CDCl;, 600 MHz) J: 8.04 (d, J=12.0 Hz, 1H,
Ar-H), 7.46~7.16 (m, 12H, Ar-H), 6.91 (s, 1H, =CH),
5.40 (d, J=12.0 Hz, 1H, NH), 4.97~4.83 (m, 2H, CH,),
4.78 (s, H, CH), 3.3~3.29 (m, 1H, CH), 1.26~0.50 (m,
10H, CH); 3C NMR (CDCls, 151 MHz) 0: 168.15, 166.45,
141.85, 138.84, 136.78, 136.35, 133.96, 133.50, 131.39,
131.05, 129.90, 129.11, 128.92, 128.90, 128.81, 128.25,
128.07, 127.14, 62.31, 53.47, 48.12, 32.26, 25.19, 24.50.

44 BI#1 K (Supporting Information) {L&4) 5a~51
7a~7h [f] 'TH NMR 1 3C NMR # 8. ixsebppba]
i AT W 33 (http://sioc- journal.cn/) b T %K.
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