% 4”) {t % DOI: 10.6023/cjoc202006040

Chinese Journal of Organic Chemistry

ZHSERRN—IRERSHEER 1.5-FH _AREUED
F OB MEkF O KIK

(AL R 22 2 SR RRL A 2R AL A HLEREY T RSk

>
s

FAFE 050024)

WE  DIPCHIAE Z 1,3- 30 Rk 1,3-PF QL l(5,5-— -1, 3- M i) 2,3- B AR, oK
BEEH, 0 ORI S AL T, 28 2~5 h SRIRIRN —HA & B 43 MO 1,5-F0F “RUREM G, MR Em ik
95%. ZSNLFE A S PR ISR I K S SRR, T8 1031 N I S s Jie 4 ke s v e ) i, 85 B2 7
P RITRBR R I B - T A A, ARSI 1,5-280F 8RS HAne &9, SEil 78— D RNAR R PR R —
RTINS F A (PID C—N, — A C=C, — C—0O). ZITiFRIERI R, RNVERE, XIEAF, 7%
i, N LSRR RS AR PR AR, R R A U B

KEEE  1,5-F0F TR ERN G, BB AR PLE

One-Pot Synthesis of 1,5-Benzodiazepine Compounds by
Three-Component Tadem Reaction

Li, Jing Hao, Zhenfang Zhang, Kaiyue Wang, Lanzhi*
(Key Laboratory of Organic Functional Molecules of Hebei Province, College of Chemistry & Material Science,
Hebei Normal University, Shijiazhuang, Hebei 050024)

Abstract 43 novel 1,5-benzodiazepine compounds were obtained via one-pot multicomponent and tadem reactions for 2~5
h and the yield of the target compounds is up to 95%. These reactions were achieved by reacting substituted 1,2-phenylene-
diamines, 1,3-cyclopentanedione or 1,3-cyclohexanedione (5,5-dimethyl-1,3-cyclohexanedione), 2,3-dicarbonyl compounds
with p-toluenesulfonic acid as catalyst in EtOH. The active intermediates with the imine and enamine structures in the mole-
cule were formed by two nucleophilic addition-dehydration processes and then 1,5-benzodiazepine compounds were obtained
via carbon-carbon coupling cyclization and proton transfer processes, which realized the construction of one new seven-
membered ring and four new chemical bonds (two C—N, one C=C, one C—C) in one-pot. It provides a green, environmen-

ARTICLE

tally friendly, efficient and simple synthetic thought for the synthesis of 1,5-benzodiazepine compounds.

Keywords

1,5-benzodiazepine compound; tadem reaction; green synthesis; mechanism
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FIEM T 0T GEE RIS T C RN
PLALE B 250 FE I B 27 ).
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FEAZHAIES R T E, K B 2R
SERI) LSRR E R A B R E A E R
TRTTRE A0 2 ZHRE 258 CF NI PR A U1, G 4 N5
7F #J7& Raboisson. Fader A1 Konvalinka = A\ 5% J5 fRiE
ZUPEN 1,5-K9F B R E R E, e 30w
B (HIV-1) 22 A B A0 75 24 5 0% 28 (HCV) I 3R & i
(NS5B) B A s it i 4 U2 iz Rk B s 7 1
AN R I EZ S T RE. BT 2R R 1,5-K
HoRRE RN EENH, A TR
GG BT EATI A, HRRIIF R T —F =4
SRR RN — R SR G TV, G RCT 43 PP
IR 77 By IRA0 B3R P RUIE J5E 1) = R B DY 2R 8 6 1)
1,5- R R IR ER WA

DL 2R T8 R (PTSA) A7, DAEUAR 48 2K —
W&\ 1,3-38 i 2,3- I A YN = 21 55 [ B R R,
CBERER, 1E =T %R E RNJF AR 2~5 h,
BT 43 PR E A A DT BRAR A PR I £ B
PG 1,5- I 2B A E R A (Scheme 1). FHAFH
T RLZEAEXT H AR =YD R0, 5 % H B BN 2R,
P A R SN, %A RO ERAE . G4k
fiivE . SRR, HATG M 1,5- R F a sk s
Y EA BN AEYEEMZ ANE, KBRS EE—P
AT IE PRI ST T 2 A,

R NH2 ° ° i PTSA
IiI * I )Hﬁ-——*
R2 NH2 RS R4 o EtOH,rt

1a~1h 2a~2c 3a~3b

n:O,R3=H’R4=H R:CH3,Ph
n=1,R*=H,R*=H
n=1,R%=CHsz R*=CH,

0

H R

R2 N )n
H Ré

5aaa ~ 5gcb RS

R2=H, R' = OCHj, CHg, H, CI, Br

R? = CHj, R" = CH;,

R?=COOEt, R'=H

R2=NO,, R'=H
BR1 =HoRBRFARERHER 1L,5- R AN
=X/
=

Scheme 1 Synthesis of 1,5-benzodiazepine compounds with
polycyclic ring by three-component tadem reaction

1 &HR5WTE
1.1 REFIHRR

59T AR, SSOLA ORISR G, ¥R
TSR, B R R BB R B
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g, T BHL R, PLARR . 1,3-
M 1-2R5E-1,2-T i )R RO AL ROBE, 7 S mol %
AR EAAE T, CEERER], B ER =T S
BRI REEN 10101 BRI BB 47
N, SR g R IR, 2N IR BITUHE 1,5-89F =
BEREHWNHAY) Sach, T /EER 2-FHE-3- RN
Wk 6 (Scheme 2, a), FLJFEEE HT402K % 1a HIHA
RHEW TS 2,3-ZIENAEY) 3b IR RS
Wi 7K [ 8L, AR RS i AR E IR I N etk &4 2-
FROL-3 IR BRI 6, MITIAEAR A — R 1,3-FF =
fii 2¢ Toi%5 5P

STk, N T RIFALE S 2,3- HRIE AV 3b
BN A AN LB 2-H R3O R IR,
K = BB B — 8B %, BIAE SRR,
X R Rl IR A e A TR ) S AR B, 1 A DAAR IR )k
(12)5 13- lQe)iZ YISy 101 KR
20 B Wt 7K s N 10 T B v TR A dae, T2 0
(TLC) Il 28 J2 B2 58 4, A7y B e Ak, FRAE /e B4k
A IINEY R 2,3- 33 A& Y 3b, Z2FUCE
B2 - 7K -3 6 55 R 5 RS DD & R H ARk &)
5acb (Scheme 2, b).
12 RMFHMHK

NT IS R EH AR A 5 B IO 2 A, T
REIARZE e (1a)s 1,3-FF 2 —Hd(2¢). 2,3- T —-ff(3a)
1) R I S MO S B, B8R T AT SRR AR
FUSE S LR, 453 1 R,

B, A T AN SOSLS2IR (3R 1, Entries 1~
6), WAL, JCMEAFIME T, SN Z S, 7= 5L
N 30%. FERRIEMEALT BN I4E T, RSARMEREAT,
AREA CE AR S, B I R RLAE R S R AN RES
7. SUWFFC T BR MM A 00T 22 S5 7 (R B4R, 78 A ) 461
LT IR (PMA). CeClyy X FH KR ER (PTSA)-
Jr RIS SN RN, b IR R PR AL A 5 R N AT —
SE MIMEAGPE . v, St R R R X 12 A B S B EL A B
SEIVEEAGIE F, HI A RS R AR, 72 2 A 90%.

SRJG, 25827 SN FE S E B B RS (R 1,
Entries 6~9). WAL, %5 5N e S B i N
FEifm, Fil NRBRIER, PEEIE 90%. i E Ry E
TEERS, SN (R 4E 5, SONE R, 5 iRk
PR, BARFEPIRF= RN 64%. MiEN 0 CR
0 CLAFH, MR A, RMNASES:.

ANF R, St MR B A R AR (R 1,
Entries 6, 10~12). BRI, 11175 5 el it )
RLHEAT. CAHEE, CLBERVERIN, RS AE, =285
B N TR S R B R Sk ks, BATEK A
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(a) Three-component one-pot reaction
NH,
1a

(b) Three-component tadem reaction

(e}
H H
NH, O 0 N 0 3bO N 0
CL - — 0
NH, NH, N
1a 2c 4ac

+©”

(0}
(0] 0}
+ + — 5acb
(0}
2c 3b

N
N
L
N
6

5acb

B2 =40 RGOSR T

Scheme 2 Research on one-pot synthesis via three-component reaction

1B

Table 1 Optimizatin of tadem reaction conditions

O
H
(e}
NH N
@[ 2 OUO )H( Catalyst @[ o
+ + —_—
NH, o Solvent N
H
1a 2c 3a

5aca

Entry Solvent Temp./'C Catalyst” Time/h  Yield /%
1 EtOH r.t. Free 9 30

2 EtOH rt.  Et;N? — —
3 EtOH r.t. CeCly 6 65
4 EtOH r.t. PMA 5 60
5 EtOH r.t. Mandelic acid 4 75
6 EtOH r.t. PTSA 3 90
7 EtOH —10 PTSA 24 53
8 EtOH 0 PTSA 17 57
9 EtOH  Reflux PTSA 2 64
10 MeOH r.t. PTSA 3 90
11 PhMe r.t. PTSA 4.5 73
12 MeCN r.t. PTSA 4 70

“Reaction conditions: 1a (1 mmol), 2¢ (1 mmol), 3a (1 mmol), solvent (2 mL).
b Catalyst (5 mol%). “ Isolated yield. ¢ EtsN (0.05mL).

S ST HEAT SN

i bpTR, BRI 1,5- R0 TR ES R
R AERIR T, LALRENE, Xt IR L
7.
1.3 REKIER

FE B SRS A (R BEA b, 0122 HR BB S R R i
BEATVERRTL. W3k 2 o, B it — RAIBURHIAN
RGBT RN, BEFURI AN R BRI AR E
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WA 5 Mg, BFFRRE, SRR AR E TR R
W ¥ 3£ [#1(Cl, Br, NO,, COOEY), ik /& %5 1 3
(CH;, OCH3), % BE S A RE R HE4T. 5 AR EUARH)
SRk AR L, A 2 T A A AR R g DA = e
RBBMBL E b= 5, IF BN, ek
W5 W T R A AR 2 R BTk B2 ) H bR AL A
PR RAG. X & T4 W SE G 0 T R IATE T,
Perm TR Z R SR R BLTE AT 3 I B i3t
17.

SRJE, XHRSIERYD 2 BiE VST TR e
W T 5,5- - H3E-1,3-3F 2 —fil(2a). 1,3-34 /% —{d(2b)-
1,3-FF Ol (2¢)~ 2,4- %l (2d) i [ REvE M. Ji i SEG
KI, 2d HEKR T 1a RVE R 2,4-— I 1 H-Z85F
[b][1,4] % 44 (7) (Scheme 3), 1AL &) 7 ANfedks: 5
2,3-THRIEAL A 3 N, 2a. 2b F 2¢ BJ0T R RS H
B 5, o 2a 5 2b 161% [ON FR SE PE R,

BR3 a7 Ha s
Scheme 3 Synthesis route of compound 7
WA, XF2,3-ZIRIAED 3 SR NS PEREAT AT AT
LIS, 2,3-T ZH(3a)5 1-7%E-1,2-14 —Ed(3b)HfE
KA, I H 3a BURBEEVE R T 3b R BETE.
FEJRHGE 3b ORI FRAR T IREEBR A IE s, ART
R BORIERR, W10 S L R FEAR.
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R2 PRRPA BRI AR ERNEY S BIRYER ¢

Table 2 Scope of substrates for the tandem synthesis of benzodiazepines 5

(0]
n )-R
R! NH, O O le) R! N 0]
r _PTSA
+ Yoo+ T 5
2 NH, n EtOH,rt. R N )n
R¥ R* (o} H R

R
3a~3b 5aaa ~ 5gcb R3

1a~1h 2a~2c

o) o) o) o) o}
H H H H H
N 0 ch\@(N 0 H3c:©[N 0 HSCO\@[N o} C|\®[N 0
N H,C N N
H : N H H

N
H
5eaa, 3 h, 74%

5aaa, 2 h, 90% 5baa, 2 h, 92% 5caa, 1.5 h, 90% 5daa, 2 h, 86%

q q g 0
N N H
"L OO O o ot
o (X X
N EtOOC N 2 N H H

5bab, 3 h, 90%

ZIo

5haa, 4 h, 80% 5aab, 3 h, 90%

5faa ,3 h, 80% 5gaa, 4 h, 70%
o L) o AJ o AJ o AJ o A
H H H H H
H3C:©N o} H3CO\©N 0 C|\©[N 0 Br\E:[N 0 J@[N 0
HsC N O N O N 0 N O EtOOC N O
H H H H H
5fab, 3.5 h, 77% 5gab, 4 h, 72%

5dab, 4 h, 88% 5eab, 3 h, 80%

5cab, 2 h, 90%
o} o} o} o} o
§ § § o
o H,C o H,C o HiCO o HN
CI\©\
N N HsC N N
H H H H

ZT

Iz

5eba, 2 h, 83%

5aba, 2 h, 90%
0

o o g g
§ ¥ q
Br
\@[ ’ J@[ ? N 0 HsC N o HC
N Et0OC N @[ \C[ :C[
H H c H HsC

5cbb, 3 h, 90%

5bba, 1.5 h, 92% 5cba, 1.5 h, 95% 5dba, 3 h, 88%

I= Io
= ZIo

5fba, 2 h, 86% 5gba, 4 h, 77% 5abb, 1.5 h, 88% 5bbb, 2.5 h, 90%

g g
O ®) H
H o H H N 0
H4CO 0 HN Br 0 o
(I ;
N O N N O EtOOC N c H
H H H H

5aca, 3 h, 90%

O
O

pzd
=z

5dbb, 3 h, 82% 5ebb, 2.5 h, 78% 5fbb, 3 h, 80% 5gbb, 5 h, 75%
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Bl HRIEX
g3k
o) o) o) o o)
H H H H H
H30\®[N 0 H3CI:[N 0 H3Co\©N 0 CI\©iN 0 Br\E:[N 0
N HsC N N N N
H H H H H

Sbca, 2 h, 92%

O,
H
JOPS
EtOOC N {
H

5gca, 4.5 h, 80%

T

5ecb, 3.5 h, 83%

5cca, 2 h, 90%

g

5acb, 3 h, 88%

5fcb, 3 h, 83%

Sdca, 3 h, 88%

o A
H
HsC N 0
L &
H

Sbcb, 3 h, 88%

5eca, 3.5 h, 81%

o A o AJ
H H

chN 0 H3CO\®[N 0
H H

5ccb, 2 h, 90%

5fca, 3 h, 86%

5dcb, 3.5 h, 83%

ve ve
H H
Br N 0 N o}
G e LS
H H

5gcb, 5 h, 80%

“Reaction conditions: 1 (1 mmol), 2 (1 mmol), 3 (1 mmol), solvent (2 mL), PTSA (5 mol%).

1.4 RIZHLIE

FE IR B R b, $2 7RI AR S S EE, G
Scheme 4 . B9, BURBIAER & 1 Mgtk S
1,3-3R % WA 5k 1,3-FF & —fd(5,5- ~FH H-1,3-3F 2
)2 A — A 5 s i A S AN B T 5 H 1) 7 ) U
[l 4. SRJE, HhIEAER 4 1) 0 — AN SRR 2,3- kIR
G 3 i 5 R EMERBRIER, KA SEAZIN R BE Y
TR A AL AR A R AE ST R SON 15 BT
thE AR B, PRI F A B TR AR E H AR ) 8.

2 #ig
RIE T —Fh e 5 R AR R, BURARE —

-

; .~ 0 o
+ ) —_—
n
R? NH,
1 2

. o
R! NH/\
IiI L )%ﬁ —
—_—
R? N *
Hd)z
4 R

Je s 1,3-3R 2 B Ek 1,3-3F & i (5,5- ~H #-1,3- 2
M) 5 2,3- A BV = H 5 — MR B SON, BT
43 Fh B AL TR & 05 2 IR A0 B3 P R 326 1 22 A A
B 1L5-FFE R ERAA Y. B NIRRT .
L BIEFN AL T 1,5- K9 W E R AW
) P 2 ) %, AR EE T A% R IR SN () SR ML B, % T Tk
FAFIA, SREMR, RBGRE, BEIERE, %k
ENSRBE T — PR SOAMR I B B T

3 SCIEES

3.1 5
REHESEAR L WA (500 MHz), AR 3 5 3 5 A

R® R* ©
R3 3
SN O R O R
;
R! Nx Rl N o |H*shift R N 2
O | | )
A ( 2 n
R2 N 2 )n R N 4
H{zh TN O
R 3
A R® R 5

R4 1,5- KBS EY 5 TR A EE L

Scheme 4 A plausible mechanism for the formation of 1,5-benzodiazepines 5
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(AB SCIESX), Thermo SCIENTIFIC ! {# BLIH-£T #h it
43 M4 (Thermo), V arioELII B! 5t & M (£ E), RY-1
AU SONE AT TR A IR THEA ), 84-B HY
S A SRR (L ARSI A S B RADCE R A ), IR —
RO 3 A (i SRR IR A W), 3R i fE B4
EAETEERIKEAAR) ), HZF B RSP (Ra M A SR
FAXEEA IR A A]). AWKl 4-HEAR %, 4,5-—H
SRR %, 4-FARHR %, 4-URARIR %, 4-F A EAR
KN, 34-E KR LT, 4-iH3EA0 K %, 1,3-38
O, 1,3-F8 0, 2,4- 0, 5,5-—H3#-1,3-%2
TR, 2,3- T R, 1-2REE-1,2-P8 T, 2,4-5% i, o
RMEER, Jo/K CBE. Fi ARG o i, sl
Bk =4l

32 WK

3.2.1 444 Saaa~Sgab #= Saba~Sgeb 494 A%

F] T8 19 50 mL ¥ ER 1 [BEFEE A 1 mmol 26
%, 1 mmol 1,3-3% —EHE 1,3-¥F 2 —f(5,5- —
F-1,3- 2 ), 2 mL /K LEE, 5 mol%X} F 2R R,
EER FHHE0.5~2h, FrRZMEFIIA 1 mmol 2,3-
TR A, EEE TN 0.5~3 h 45K, EidHsE
I OB G 3~4 KGR, KA OEEE 4 6
33 B x4

11- 2Bk 2E-3,3,11- = F 5£-2,3,4,5,10,11- /N & -1H-—
7K I [bel[1,4] — % 44 -1-f (Saaa): % 75 ([ &, 7= K
90%. m.p. 242~244 °C; '"H NMR (400 MHz, DMSO-dq)
5: 1.01 (s, 3H), 1.07 (s, 3H), 1.11 (s, 3H), 1.90 (s, 3H),
2.07 (s, 2H), 2.55 (d, J=4.1 Hz, 2H), 5.12 (s, 1H), 6.77~
6.85 (m, 2H), 6.98 (d, J=9.0 Hz, 1H), 7.07 (d, J=9.1 Hz,
1H), 8.97 (s, 1H); *C NMR (100 MHz, DMSO-d) J: 24.6,
25.0,27.6, 28.6, 31.7, 45.2, 49.8, 66.7, 113.0, 120.6, 121.3,
122.1, 123.7, 132.1, 137.9, 154.3, 193.2, 203.5; IR (KBr)
v: 3337, 3285, 1692, 1603, 1519 cm™'; MS m/z: 299 [M+
H]". Anal. caled for C;sH»N,O,: C 72.46, H 7.43, N 9.39;
found C 72.49, H 7.46, N 9.32.

11- 2 Bt %:-3,3,8,11- DY 1 3£-2,3,4,5,10,11- 7N & -1 H-
TR I [bye][1,4] & A4 -1- (Sbaa): [ &, K
92%. m.p. 240~242 C; '"H NMR (400 MHz, DMSO-d;)
5: 1.00 (s, 3H), 1.06 (s, 3H), 1.11 (s, 3H), 1.89 (s, 3H),
2.06 (s, 2H), 2.15 (s, 3H), 2.53 (d, J=2.0 Hz, 2H), 4.99 (s,
1H), 6.62 (d, J=8.8 Hz, 1H), 6.77 (s, 1H), 6.95 (d, J=8.0
Hz, 1H), 8.92 (s, 1H); *C NMR (100 MHz, DMSO-dy) o:
20.7, 25.0, 27.4, 28.5, 31.6, 45.1, 49.8, 66.7, 112.6, 120.5,
122.1, 122.3, 129.6, 132.6, 137.7, 154.3, 192.9, 203.6; IR
(KBr) v: 3325, 3247, 1711, 1627, 1533 cm™'; MS m/z: 313
[M+H]". Anal. calcd for CoH,,N,0,: C 73.05, H 7.74, N
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8.97; found C 73.01, H 7.72, N 9.02.

11- 2.1 %5-3,3,7,8,11- 1 1 £-2,3,4,5,10,11- /N & -1 H-
TR IE[bel[1,4] A% -1-1 (Scaa): [ ELE A, 7K
90%. m.p. 246~248 ‘C; '"H NMR (400 MHz, DMSO-d;)
8: 0.99 (s, 3H), 1.06 (s, 3H), 1.09 (s, 3H), 1.88 (s, 3H),
2.05 (s, 2H), 2.07 (s, 3H), 2.09 (s, 3H), 2.51 (s, 2H), 4.81
(s, 1H), 6.73 (s, 1H), 6.83 (s, 1H), 8.85 (s, 1H); *C NMR
(100 MHz, DMSO-d) d: 19.1, 24.5, 25.0, 27.6, 28.5, 31.7,
45.1,49.8, 66.9, 112.8, 121.5, 123.1, 128.6, 129.7, 131.3,
135.5, 154.4, 192.9, 203.7; IR (KBr) v: 3350, 3299, 1705,
1641, 1578 cm™'; MS m/z: 327 [M~+H]". Anal. calcd for
CoH6N,0,: C 73.59, H 8.03, N 8.58; found C 73.61, H
8.06, N 8.55.

11- 2 F-8- FH A 3 -3,3,11- = 1 3£-2,3,4,5,10,11-/5
S-1H- " K 3 [be][1,4] & 4%-1-Hi (5daa): {7 & 14,
FEE 86%. m.p. 205~207 ‘C; '"H NMR (400 MHz,
DMSO-dg) 6: 1.00 (s, 3H), 1.06 (s, 3H), 1.13 (s, 3H) , 1.89
(s, 3H), 2.05 (s, 2H), 2.49~2.50 (m, 2H), 3.65 (s, 3H),
5.07 (s, 1H), 6.37~6.46 (m, 1H), 6.62 (s, 1H), 6.98 (d, J=
8.8 Hz, 1H), 8.87 (s, 1H); *C NMR (100 MHz, DMSO-d)
5:24.6, 25.0, 27.6, 28.6, 31.7, 45.2, 49.9, 55.4, 66.9, 106.9,
112.1, 121.5, 125.5, 139.1, 154.2, 156.0, 192.7, 203.5; IR
(KBr) v: 3293, 2955, 1616, 1584, 1533 cm™'; MS m/z: 329
[M+H]". Anal. calcd for C;oH,4N,05: C 64.49, H 7.37, N
8.53; found C 64.44, H 7.39, N 8.48.

11- 2,1 JE-8-4(-3,3,11- = A 3£-2,3,4,5,10,11- /N & -
1H-— 2K 35 [b,e][1,4] — B 2-1-Fil(Seaa): HRF A AE, 7~
# 74%. m.p. 245~247 ‘C; '"H NMR (400 MHz, DMSO-
dg) 0: 1.01 (s, 3H), 1.07 (s, 3H), 1.13 (s, 3H), 1.90 (s, 3H),
2.08 (s, 2H), 2.54 (d, J=2.9 Hz, 2H), 5.40 (s, 1H), 6.84
(dd, J=8.5, 2.1 Hz, 1H), 7.08 (d, J=8.8 Hz, 2H), 9.05 (s,
1H); *C NMR (100 MHz, DMSO-d;) ¢: 20.9, 25.0, 27.7,
28.6, 31.7, 49.8, 66.7, 112.7, 120.5, 122.2, 122.4, 129.6,
132.6, 137.7, 154.3, 192.9, 203.6; IR (KBr) v: 3280, 3223,
1711, 1590, 1533 cm™'; MS m/z: 333 [M+H]". Anal
calcd for C;sH,;CIN,O,: C 64.96, H 6.36, N 8.42; found C
65.01, H 6.39, N 8.38.

11- 2, P 5 -8-91-3,3,11- = A 3£ -2,3,4,5,10,11- /N & -
1H-— 2K [b,e][1,4] % 2%-1-F (5faa): AAEA, =%
80%. m.p. 243~245 “C; '"H NMR (400 MHz, DMSO-d)
d: 1.00 (s, 3H), 1.06 (s, 3H), 1.12 (s, 3H), 1.89 (s, 3H),
2.07 (s, 2H), 2.54 (d, J=3.3 Hz, 2H), 5.40 (s, 1H), 6.96
(dd, J=8.5, 1.9 Hz, 1H), 7.01 (d, J=8.6 Hz, 1H), 7.19 (d,
J=1.8 Hz, 1H), 9.04 (s, 1H); “C NMR (100 MHz,
DMSO-d) 0: 24.1, 25.3, 25.6, 27.9, 31.7, 45.1, 49.8, 66.7,
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113.1, 114.9, 121.4, 122.9, 124.6, 131.5, 139.5, 153.9,
193.5, 203.1; IR (KBr) v: 3312, 3261, 1717, 1661, 1622
em s MS m/z: 378 [M+H]". Anal. caled for C,sH,,Br-
N,O,: C 57.30, H 5.61, N, 7.43; found C 57.27, H 5.66, N
7.36.

11- Bk 3E-3,3,11- = F 5E-1-54%-2,3,4,5,10,11- /N & -
LH- 2R3 [be][1,4] — R 4-7- R L TE(Sgaa): 7R 3
AR, 723 70%. m.p. 235~237 “C; '"H NMR (400 MHz,
DMSO-dq) 6: 1.01 (s, 3H), 1.07 (s, 3H), 1.15 (s, 3H), 1.30
(t, J=7.1 Hz, 3H), 1.90 (s, 3H), 2.04~2.14 (m, 2H), 2.56
(s, 2H), 4.27 (q, J=7.1 Hz, 2H), 5.81 (s, 1H), 7.07 (d, J=
8.3 Hz, 1H), 7.42 (d, J=8.3 Hz, 1H), 7.80 (s, 1H), 9.19 (s,
1H); *C NMR (100 MHz, DMSO-d;) 0: 14.8, 24.9, 27.8,
28.3, 31.8, 45.0, 49.8, 60.7, 66.8, 112.8, 121.5, 122.0,
124.7, 131.0, 142.4, 154.2, 165.9, 193.5, 202.7; IR (KBr)
v: 3325, 2961, 1717, 1597, 1538 cm™'; MS m/z: 371 [M+
H]". Anal. calcd for C,;HyN,O4: C 68.09, H 7.07, N, 7.56;
found C 68.20, H 7.12, N 7.48.

11- 2B 3E-3,3,11- = H 3E-7-hi95-2,3,4,5,10,11- /N & -
1H-" 23 [be][1,4] & 2&-1-Hf(5haa): # 0 [E A, 775
80%. m.p. 261~263 C; 'H NMR (400 MHz, DMSO-d)
5: 1.01 (s, 3H), 1.08 (s, 3H), 1.20 (s, 3H), 1.91 (s, 3H),
2.11 (t, J=13.0 Hz, 2H), 2.58 (s, 2H), 6.41 (s, 1H), 7.15
(d, J=8.9 Hz, 1H), 7.67~7.80 (m, 1H), 8.10 (d, J=2.5
Hz, 1H), 9.33 (s, 1H); *C NMR (100 MHz, DMSO-d;) o:
25.0,27.9, 28.1, 31.8, 45.0, 49.8, 66.9, 113.0, 116.2, 119.1,
130.5, 140.4, 144.5, 153.9, 193.9, 202.2; IR (KBr) v: 3318,
3242, 1705, 1628, 1557 cm'; MS m/z: 344 [M-+H]".
Anal. calcd for C;gH, N304 C 62.96, H 6.16, N, 12.24;
found C 62.90, H6.26, N 12.35.

11-2K F g -3,3,11- = H1 3£-2,3,4,5,10,11- /N & -1 H-
TORIE[be][1,4) A AR -1-H (Saab): ¥ A K, oA
90%. m.p. 228~230 ‘C; '"H NMR (400 MHz, DMSO-d;)
5:0.79 (s, 3H), 0.93 (s, 3H), 1.22 (s, 3H), 1.65 (d, J=16.0
Hz, 1H), 1.90 (d, J=16.0 Hz, 1H), 2.47 (s, 1H), 2.59 (d,
J=16.3 Hz, 1H), 5.50 (s, 1H), 6.83 (t, J=6.4 Hz, 2H),
7.05 (d, J=3.6 Hz, 1H), 7.12~7.17 (m, 1H), 7.31 (t, J=
7.5 Hz, 2H), 7.40 (t, J=7.3 Hz, 1H), 8.02 (d, J=7.3 Hz,
2H), 9.07 (s, 1H); *C NMR (100 MHz, DMSO-d) J: 26.2,
27.1, 29.1, 31.6, 45.2, 49.5, 65.4, 114.2, 120.8, 121.3,
121.7, 122.0, 123.5, 127.8, 129.0, 129.7, 131.4, 132.0,
137.2, 137.7, 152.5, 192.5, 195.6; IR (KBr) v: 3323, 3299,
1689, 1582, 1538 cm™'; MS m/z: 361 [M+H]". Anal
calcd for Cp3HyuN,O,: C 76.64, H 6.71, N, 7.77; found C
76.62, H 6.72, N 7.79.
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11- 2 G 35 -3,3,8,11- PO FH 3-2,3,4,5,10,11- 75 & -
1H-" 23 [be][1,4] ~ & I4-1-Ff(5bab): 3% (& {4, 7~
E 90%. m.p. 230~232 C; 'H NMR (400 MHz,
DMSO-d) d: 0.77 (s, 3H), 0.92 (s, 3H), 1.22 (s, 3H), 1.63
(d, J=16.0 Hz, 1H), 1.89 (d, J=16.0 Hz, 1H), 2.15 (s,
3H), 2.46 (d, J=16.6 Hz, 1H), 2.56 (d, J=16.3 Hz, 1H),
5.36 (s, 1H), 6.64 (d, J=9.3 Hz, 1H), 6.86 (s, 1H), 7.02 (d,
J=8.1 Hz, 1H), 7.30 (t, J=7.5 Hz, 2H), 7.40 (t, J=7.3
Hz, 1H), 8.01 (d, J=7.2 Hz, 2H), 9.00 (s, 1H); >C NMR
(100 MHz, DMSO-dj) d: 21.0, 26.2, 27.3, 29.3, 31.5, 45.1,
49.5, 65.4,120.6, 122.1, 127.8, 129.1, 129.8, 131.4, 132.4,
137.3, 137.5, 152.5, 192.2, 195.7; IR (KBr) v: 3330, 3285,
1683, 1589, 1531 ecm '; MS m/z: 375 [M+H]". Anal.
calced for CysHy6N,O,: C 76.98, H 7.00, N 7.48; found C
76.94, H 6.96, N 7.43.

11-7 Bk 2E-3,3,7,8,11- 1 A 9:-2,3,4,5,10,11- /N A& -
1H-— 2K [be][1,4] & Z&-1-Hi(5cab): i aE A, 7=
# 90%. m.p. 236~238 ‘C; '"H NMR (400 MHz, DMSO-
dg) 0: 0.77 (s, 3H), 0.91 (s, 3H), 1.21 (s, 3H), 1.62 (d, J=
15.7 Hz, 1H), 1.88 (d, J=16.0 Hz, 1H), 2.07 (s, 3H), 2.11
(s, 3H), 5.19 (s, 1H), 6.86 (d, J=33.6 Hz, 2H), 7.24~7.42
(m, 3H), 8.01 (d, J=6.5 Hz, 2H), 8.94 (s, 1H); *C NMR
(100 MHz, DMSO-dq) 6: 19.2, 26.2, 27.3, 29.1, 31.5, 45.2,
49.6, 65.5, 113.9, 121.5, 123.0, 127.7, 128.5, 129.5, 131.2,
135.4, 137.4, 152.6, 192.2, 195.9; IR (KBr) v: 3336, 3285,
1683, 1589, 1527 cm '; MS m/z: 389 [M+H]". Anal.
caled for C,5sHyN,O,: C 77.29, H 7.26, N 7.21; found C
77.22,H7.32,N 7.17.

11-7 H ph R -8- H 48 FE-3,3,11- = 1 %£-2,3.4,5,10,11-
INE-1H-— 2K I [b,e][1,4] ~ & J%-1-F(5dab): 7% 5 €[]
&, P7E 88%. m.p. 240~242 ‘C; 'H NMR (400 MHz,
DMSO-d) d: 0.78 (s, 3H), 0.94 (s, 3H), 1.25 (s, 3H), 1.63
(d, J=16.0 Hz, 1H), 1.88 (d, J=16.0 Hz, 1H), 2.45 (d, J=
16.3 Hz, 1H), 2.55 (d, J=16.3 Hz, 1H), 3.64 (s, 3H), 5.45
(s, 1H), 6.44 (dd, J=8.7, 2.6 Hz, 1H), 6.71 (d, J=2.6 Hz,
1H), 7.05 (d, J=8.8 Hz, 1H), 7.30 (t, J=7.6 Hz, 2H), 7.40
(d, J=7.2 Hz, 1H), 8.01 (d, J=7.6 Hz, 2H), 8.97 (s, 1H);
C NMR (100 MHz, DMSO-d) J: 14.8, 26.5, 27.4, 28.9,
31.7, 45.1, 49.6, 60.7, 65.3, 114.1, 121.4, 122.1, 124.4,
127.9, 129.2, 131.0, 131.6, 137.0, 142.1, 152.4, 166.0,
192.7, 194.8; IR (KBr) v: 3312, 3025, 1609, 1533, 1494
cm s MS m/z: 391 [M+H]". Anal. calcd for C,4H,eN,O5:
C 73.82,H6.71, N 7.17; found C 73.76, H 6.62, N 7.29.

11-7% F R -8-4(-3,3,11- = F1 3£-2,3.4,5,10,11- /N A -
1H-— 2K [be][1,4] % Z%-1-i(Seab): [k, =%

Chin. J. Org. Chem. 2021, 41, 806~818



Chinese Journal of Organic Chemistry

ARTICLE

80%. m.p. 240~242 °C; 'H NMR (400 MHz, DMSO-d;)
8: 0.79 (s, 3H), 0.93 (s, 3H), 1.24 (s, 3H), 1.67 (d, J=14.6
Hz, 1H), 1.91 (d, J=16.0 Hz, 1H), 2.40~2.49 (m, 1H),
2.59 (d, J=16.3 Hz, 1H), 5.81 (s, 1H), 6.87 (s, 1H), 7.15
(s, 2H), 7.37 (d, J=35.8 Hz, 3H), 7.99 (s, 2H), 9.16 (s,
1H); *C NMR (100 MHz, DMSO-dy) &: 26.2, 26.4, 27.1,
27.3, 29.2. 31.6, 45.1, 49.5, 653, 114.3, 120.3, 122.1,
122.8, 126.8, 127.9, 129.3, 131.1, 131.5, 137.0, 138.9,
152.2, 192.7, 195.2; IR (KBr) v: 3330, 3299, 1689, 1602,
1531 cm '; MS m/z: 395 [M+H] . Anal. caled for
Ca3Hx;CIN,O,: C 62.88, H 5.28, N 6.38; found C 62.86, H
5.34,N 6.29.

11-25 I 3 -8-2-3,3, 1 1- = H1 %£-2,3,4,5,10, 1 1- /N & -
1H-" 2K 3 [b,e][1,4] ~ & Z&-1-Ff(5fab): [k, 775
77%. m.p. 239~241 ‘C; "H NMR (400 MHz, DMSO-dq)
8: 0.79 (s, 3H), 0.92 (s, 3H), 1.23 (s, 3H), 1.67 (d, J=16.0
Hz, 1H), 1.91 (d, J=16.0 Hz, 1H), 2.46 (s, 1H), 2.59 (d,
J=16.5 Hz, 1H), 5.79 (s, 1H), 6.98 (dd, J=8.5, 2.1 Hz,
1H), 7.09 (d, J=8.6 Hz, 1H), 7.26~7.36 (m, 3H), 7.41 (t,
J=17.3 Hz, 1H), 7.98 (d, J=7.3 Hz, 2H), 9.15 (s, 1H); "*C
NMR (100 MHz, DMSO-dq) d: 26.2, 27.1, 29.0, 31.6, 49.5,
65.3, 114.4, 114.8, 122.3, 123.5, 127.9, 129.3, 1314,
137.0, 139.2, 152.2, 192.7, 195.1; IR (KBr) v: 3330, 3304,
1683, 1602, 1527 cm '; MS m/z: 440 [M+H]". Anal.
caled for Co3HyBrN,O,: C 62.88, H 5.28, N 6.38; found C
62.86, H 5.34, N 6.35.

112 R 2L -3,3,11- — FH k- 1-5604X-2,3,4,5,10,11- 78
A-1H-Z 2K 3 [be][1,4] A AR-T-R R L (5gab): H
AR, 723 72%. m.p. 233~235 ‘C; '"H NMR (400 MHz,
DMSO-dg) d: 0.82 (s, 3H), 0.93 (s, 3H), 1.25 (s, 3H), 1.31
(t, J=7.1 Hz, 3H), 1.70 (d, J=16.0 Hz, 1H), 1.92 (dd, J=
16.0, 7.3 Hz, 1H), 2.51~2.56 (m, 1H), 2.61 (dd, J=16.5,
7.8 Hz, 1H), 4.28 (q, J=7.1 Hz, 2H), 6.21 (s, 1H), 7.14 (d,
J=8.4 Hz, 1H), 7.33 (t, J=7.6 Hz, 2H), 7.39~7.44 (m,
2H), 7.88 (d, J=1.8 Hz, 1H), 7.97 (dd, J=9.8, 2.6 Hz,
2H), 9.30 (s, 1H); *C NMR (100 MHz, DMSO-d;) J: 14.8,
26.2,27.3, 29.1, 31.6, 45.2, 49.6, 55.4, 60.7, 65.5, 106.8,
107.0, 113.4, 121.5, 125.5, 127.8, 129.4, 129.4, 131.3,
137.3, 138.9, 152.4, 155.9, 165.9, 191.9, 195.7; IR (KBr)
v: 3337,2942, 1711, 1692, 1527 cm ™ '; MS m/z: 433 [M+
H]". Anal. caled for CoqHasN,O,: C 72.20, H 6.53, N 6.48;
found C 72.28, H 6.44, N 6.40.

10- 2 Fik 3 -10- 3£ -3,4,9,10- VU & 2K 5F [p] 3£ %
[e][1,4] ~ & 4%-12H)-Ff (5aba): H @A, 725 90%.
m.p. 230~232 ‘C; 'H NMR (400 MHz, DMSO-d;) o
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1.41 (s, 3H), 1.92 (s, 3H), 2.28 (d, J=10.5 Hz, 2H), 2.70
(d, J=15.0 Hz, 2H), 5.48 (s, 1H), 6.78~6.85 (m, 2H),
7.01 (dd, J=16.3, 8.2 Hz, 2H), 9.78 (s, 1H); *C NMR
(100 MHz, DMSO-ds) d: 23.4, 25.3, 27.4, 33.5, 66.4,
114.4, 120.0, 121.1, 122.6, 123.4, 131.2, 137.3, 166.6,
200.2, 206.1; IR (KBr) v: 3325, 3266, 1711, 1609, 1565
em s MS m/z: 257 [M+H]". Anal. caled for CisH;¢N,O»:
C 70.29, H 6.29, N 10.93; found C 70.25, H 6.25, N 10.89.

10- 2,k %£-7,10- — H 3£-3,4,9,10- P & 2K I [b1 34 TR
[e][1,4] ~ & 2%-1(2H)-Hl(5bba): FREGEE, 7F 92%.
m.p. 251~253 “C; '"H NMR (400 MHz, DMSO-d;) o
1.39 (s, 3H), 1.91 (s, 3H), 2.16 (s, 3H), 2.25 (dd, J=6.3,
4.0 Hz, 2H), 2.67 (dd, J=10.2, 4.6 Hz, 2H), 5.37 (s, 1H),
6.61 (d, J=8.0 Hz, 1H), 6.78 (s, 1H), 6.91 (d, J=8.0 Hz,
1H), 9.71 (s, 1H); *C NMR (100 MHz, DMSO-d) d: 20.9,
23.6, 25.4, 27.3, 33.5, 66.3, 114.0, 120.0, 121.8, 122.8,
128.8, 132.3, 137.1, 166.5, 200.0, 206.1; IR (KBr) v: 3292,
3203, 1709, 1596, 1551 cm™'; MS m/z: 271 [M+H]".
Anal. caled for C¢HsN,O,: C 71.09, H 6.71, N 10.36;
found C 70.99, H 6.61, N 10.26.

10- 2Tk 3£-6,7,10- = F1 %£-3,4,9,10- VU S A 5 [)F 1R,
[e][1,4] & Z%-12H)-Ff(5cba): i AFEAE, F2F 95%.
m.p. 254~256 ‘C; '"H NMR (400 MHz, DMSO-d;) o
1.38 (s, 3H), 1.90 (s, 3H), 2.07 (s, 3H), 2.09 (s, 3H),
2.21~228 (m, 2H), 2.61~2.70 (m, 2H), 5.22 (s, 1H),
6.76 (d, J=12.3 Hz, 2H), 9.64 (s, 1H); *C NMR (100
MHz, DMSO-ds) d: 19.1, 23.4, 25.4, 33.4, 66.4, 114.3,
120.9, 123.6, 128.6, 128.9, 131.0, 134.9, 166.6, 200.0,
206.3; IR (KBr) v: 3280, 3076, 1635, 1578, 1514 cm
MS m/z: 285 [M+H]". Anal. caled for C;;H5N,0,: C
71.81, H 7.09, N 9.85; found C 71.79, H 7.11, N 9.78.

10- 2Bt J5-7- F A L -10- F 55-3,4,9,10- DU A R I [4]
K [e][1,4]) — & 24 -12H)- i (S5dba): [ ([ 1k, 7= %
88%. m.p. 245~247 “C; '"H NMR (400 MHz, DMSO-d)
5: 1.41 (s, 3H), 1.91 (s, 3H), 2.21~2.33 (m, 2H), 2.67 (d,
J=5.6 Hz, 2H), 3.66 (s, 3H), 5.45 (s, 1H), 6.42 (dd, J=
8.6, 2.3 Hz, 1H), 6.61 (d, J=2.0 Hz, 1H), 6.94 (d, J=8.7
Hz, 1H), 9.67 (s, 1H); *C NMR (100 MHz, DMSO-dj) J:
23.45, 2535, 27.27, 33.51, 55.45, 66.44, 106.85, 107.34,
113.39, 120.95, 124.76, 138.48, 155.67, 166.29, 199.79,
206.06; IR (KBr) v: 3331, 2961, 1698, 1686, 1628 cm ™ ;
MS m/z: 287 [M+H]". Anal. caled for C;;H,,N,0;: C
67.53, H 7.33, N 9.26; found C 67.63, H 7.22, N 9.28.

10- 2,k 2L -7-50-10- FH 5-3,4,9,10- TU & 2K I [b] 31 %
[e][1,4] & Z&-12H)-fil(5eba): K ALK, F2F 83%.
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m.p. 278~280 ‘C; 'H NMR (400 MHz, DMSO-d;) o
1.45 (s, 3H), 1.95 (s, 3H), 2.29 (d, J=3.5 Hz, 2H), 2.71 (d,
J=5.6 Hz, 2H), 5.75 (s, 1H), 6.84 (dd, J=8.5, 2.3 Hz,
1H), 7.06 (dd, J=18.7, 5.4 Hz, 2H), 9.91 (s, 1H); "°C
NMR (100 MHz, DMSO-dq) d: 22.7, 23.9, 24.8, 25.9, 66.4,
114.1, 120.6, 122.3, 126.7, 130.0, 138.8, 166.3, 200.4,
206.0; IR (KBr) v: 3336, 3254, 1709, 1614, 1564 cm ';
MS m/z: 291 [M+H]". Anal. caled for CsH;sCIN,O,: C
61.97, H 5.20, N 9.64; found C 61.95, H 5.22, N 9.68.

10- 2,k 3E-7-1R-10- F 5£-3,4,9,10- DU & K FE [b] 31 %
[e][1,4] — % 2% -12H)- i (5fba): A [E A, 72% 86%.
m.p. 292~294 C; '"H NMR (400 MHz, DMSO-d,) ¢
1.45 (s, 3H), 1.95 (s, 3H), 2.29 (d, J=3.5 Hz, 2H), 2.71 (d,
J=5.6 Hz, 2H), 5.75 (s, 1H), 6.84 (d, J/=10.8 Hz, 1H),
7.01~7.11 (m, 2H), 9.91 (s, 1H); *C NMR (100 MHz,
DMSO-dg) J: 23.3, 25.4, 27.3, 33.5, 66.5, 114.2, 114.6,
121.7, 123.4, 124.3, 130.4, 139.1, 166.3, 200.4, 206.0; IR
(KBr) v: 3274, 3069, 1711, 1628, 1571 cm™'; MS m/z: 336
[M+H]+. Anal. calcd for C;sH;sBrN,O,: C 53.75, H 4.51,
N 8.36; found C 53.69, H 4.54, N 8.33.

10- LBk - 10-F 3E-1-4618-1,2,3,4,9,10- /S A 2K 1 [ ]
K [e][1,4] R IL-6-FRIR LG (Sgba): ki (& 4k, 7~
K 77%. mp. 283 ~285 C; 'H NMR (400 MHz,
DMSO-dg) : 1.30 (t, J=7.1 Hz, 3H), 1.50 (s, 3H), 1.90 (s,
3H), 2.30 (d, J=6.3 Hz, 2H), 2.71 (d, J=6.4 Hz, 2H), 4.27
(q, J=7.0 Hz, 2H), 6.15 (s, 1H), 7.08 (d, J=8.4 Hz, 1H),
7.43 (d, J=8.3 Hz, 1H), 7.76 (s, 1H), 10.03 (s, 1H); "*C
NMR (100 MHz, DMSO-d;) J: 14.8, 23.2, 25.2, 27.3, 33.6,
60.6, 66.5, 113.2, 121.5, 121.8, 124.3, 129.3, 141.9, 165.9,
166.1, 200.5, 205.4; IR (KBr) v: 3325, 3062, 1724, 1635,
1584 c¢cm™'; MS m/z: 329 [M+H] . Anal. caled for
CisHxoN,O4: C 65.84, H 6.14, N 8.53; found C 65.93, H
6.14, N 8.38.

10- 7% FF B 25 -10- H %5 -3,4,9,10- PO & 2K I [p] 34 TR
[e][1,4] ~ % 4%-1(2H)-H{ (5abb): T [EH A, 7235 88%.
m.p. 219~221 C; 'H NMR (400 MHz, DMSO-d,) J:
1.31 (s, 3H), 1.94 (dt, J=17.5, 5.3 Hz, 1H), 2.13 (dt, J=
17.6, 5.2 Hz, 1H), 2.69 (t, J=5.3 Hz, 2H), 5.73 (s, 1H),
6.80~6.90 (m, 2H), 7.03~7.07 (m, 1H), 7.09~7.15 (m,
1H), 7.35 (t, J=7.7 Hz, 2H), 7.46 (t, J=7.3 Hz, 1H), 8.04
(d, J=7.3 Hz, 2H), 9.93 (s, 1H); *C NMR (100 MHz,
DMSO-dg) J: 26.4, 27.4, 32.9, 49.1, 64.3, 117.6, 120.3,
1212, 123.2, 127.9, 129.6, 131.5, 132.23, 135.9, 137.3,
164.6, 196.6, 199.2; IR (KBr) v: 3331, 3285, 1679, 1609,
1538 cm ™ '; MS m/z: 319 [M+H]". Anal. caled for
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CaoH sN>O,: C 75.45, H 5.70, N 8.80; found C 75.42, H
5.72,N 8.76.

10- 2K FH P 5 -7,10- — H1 J%-3,4,9,10- PY & 2K I [b] 3
1% [e][1,4] — & 4% -1(2H)- i (Sbbb): K [ o [H &, 7= &
90%. m.p. 235~237 ‘C; "H NMR (400 MHz, DMSO-dq)
8: 1.30 (s, 3H), 1.91 (dt, J=17.4, 5.2 Hz, 1H), 2.05~2.13
(m, 1H), 2.15 (s, 3H), 2.65 (t, J=5.2 Hz, 2H), 5.59 (s, 1H),
6.66 (d, J=8.0 Hz, 1H), 6.84 (s, 1H), 6.99 (d, J=8.0 Hz,
1H), 7.33 (t, J=7.6 Hz, 2H), 7.45 (t, J=7.3 Hz, 1H), 8.02
(d, J=8.1 Hz, 2H), 9.85 (s, 1H); *C NMR (100 MHz,
DMSO-dy) 6: 20.7, 26.4, 32.9, 56.5, 64.3, 117.2, 120.3,
121.9, 123.2, 127.9, 129.1, 129.6, 132.4, 136.0, 137.1,
164.7, 196.7, 199.0; IR (KBr) v: 3325, 3299, 1660, 1609,
1557 cm '; MS m/z: 333 [M+H] . Anal. caled for
CaH0N,0,: C 75.88, H 6.06, N 8.43; found C 75.82, H
6.09, N 8.46.

10- 7K Bt 5E-6,7,10- = FH 3£-3,4,9,10- DU 2K I [b] 34
1% [e][1,4] — & 2% -1(2H)-T{ (Sebb): K [ 0 [ A, 7= %
90%. m.p. 262~264 ‘C; "H NMR (400 MHz, DMSO-dq)
8: 1.27 (s, 3H), 1.86~1.94 (m, 1H), 2.07 (d, J=7.8 Hz,
4H), 2.12 (s, 3H), 2.64 (t, J=5.4 Hz, 2H), 5.43 (s, 1H),
6.81 (s, 1H), 6.86 (s, 1H), 7.33 (t, J=7.6 Hz, 2H), 7.44 (t,
J=17.3 Hz, 1H), 8.02 (d, J=7.2 Hz, 2H), 9.77 (s, 1H); *C
NMR (100 MHz, DMSO-d;) d: 19.1, 26.1, 27.4, 32.9, 56.6,
64.3, 117.3, 121.2, 123.9, 127.9, 128.7, 129.1, 129.6,
131.0, 132.0, 134.9, 136.0, 164.7, 196.8, 199.0; IR (KBr)
v: 3325, 3285, 1692, 1622, 1571 cm™'; MS m/z: 347 [M+
H]+. Anal. calcd for C,,H,,N,O,: C 76.28, H 6.40, N 8.09;
found C 76.22, H 6.42, N 8.05.

10-4 HH P 3o -7- H 480 3 -10- Y 3£-3,4,9,10- DU & 4 )
[P K [e][1,4] % 2%-1(2H)-Ff (5dbb): K [ & {4, 7=
#E 82%. mp. 279~281 C; 'H NMR (400 MHz,
DMSO-dy) d: 2.10 (d, J=18.9 Hz, 4H), 2.40 (s, 1H), 2.65
(s, 1H), 2.78 (s, 1H), 3.64 (s, 3H), 5.67 (s, 1H), 6.52 (d,
J=48.9 Hz, 1H), 6.67 (s, 1H), 7.11 (s, 3H), 7.39 (d, J=
55.1 Hz, 2H), 8.01 (s, 1H), 9.75 (s, 1H); *C NMR (100
MHz, DMSO-dy) d: 26.2, 27.4, 28.9, 31.7, 49.6, 60.6,
115.8, 120.4, 121.4, 122.1, 124.4, 128.0, 129.2, 131.0,
131.5, 136.4, 137.2, 142.1, 152.0, 166.0, 193.1, 195.0; IR
(KBr) v: 3304, 3012, 1717, 1647, 1628 cm ™ '; MS m/z: 365
[M+H]+. Anal. calcd for C,Hy4N,O5: C 72.51, H 6.64, N
7.69; found C 72.56, H 6.59, N 7.75.

10-7% e 45 -7- S-10- FH 2:-3,4,9,10- DU SR FE [p] 34
1% [e][1,4] — & Z%-1(2H)-T{ (Sebb): K [ 0 [ A, 7= &
78%. m.p. 253~255 ‘C; "H NMR (400 MHz, DMSO-dq)
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8: 1.31 (s, 3H), 1.91~2.00 (m, 1H), 2.12 (dd, J=13.6, 9.4
Hz, 1H), 2.69 (t, J=5.3 Hz, 2H), 5.98 (s, 1H), 6.89 (dd,
J=8.6, 2.3 Hz, 1H), 7.09~7.13 (m, 2H), 7.35 (t, J=17.7
Hz, 2H), 7.47 (t, J=7.3 Hz, 1H), 7.98 (d, J=8.3 Hz, 2H),
10.03 (s, 1H); *C NMR (100 MHz, DMSO-d;) 6: 26.4,
27.4, 329, 49.1, 64.3, 117.6, 120.3, 121.2, 123.2, 127.9,
129.7, 131.5, 1323, 135.9, 137.3, 164.7, 196.6, 199.2;
IR(KBr) v: 3331, 3280, 1679, 1635, 1552 cm™'; MS m/z:
353 [M+H]+. Anal. calcd for C,,H;;CIN,O,: C 68.09, H
4.86, N 7.94; found C 68.05, H 4.82, N 7.99.

10-7 FH 5L -7- 310~ FH 3£-3,4,9,10- DU UK 5 [p] 34
¥ [e][1,4] — % 24 -12H)- Bl (56bb): K (A il 1k, 7= %
80%. m.p. 243~245 °C; '"H NMR (400 MHz, DMSO-d;)
5: 1.31 (s, 3H), 1.90~2.02 (m, 1H), 2.08~2.20 (m, 1H),
2.69 (t, J=5.3 Hz, 2H), 5.98 (s, 1H), 6.89 (dd, J=8.6, 2.3
Hz, 1H), 7.09~7.13 (m, 2H), 7.35 (t, J=7.7 Hz, 2H), 7.47
(t, J=7.3 Hz, 1H), 7.98 (d, J=7.3 Hz, 2H), 10.03 (s, 1H);
3C NMR (100 MHz, DMSO-dg) d: 20.7, 26.2, 32.9, 56.5,
64.3, 117.2, 120.3, 121.9, 123.2, 127.9, 129.1, 129.6,
132.3, 136.0, 137.1, 164.6, 196.7, 199.0; IR (KBr) v: 3331,
3285, 1711, 1628, 1546 cm™'; MS m/z: 398 [M+H]" .
Anal. caled for C,yH;7;BrN,O,: C 60.47, H 4.31, N 7.05;
found C 60.50, H 4.41, N 7.03.

10-28 A I Jk-10- 5 -1-404K-1,2,3,4,9,10- N E R IF
[PIA[e][1,4] — R -6-FR TR L BiE (Sgbb): 5% 5 0 i 4,
A 75%. mp. 251~253 C; 'H NMR (400 MHz,
DMSO-dy) 6: 1.32 (t, J=7.1 Hz, 3H), 1.36 (s, 3H), 2.00
(dt, J=10.7, 5.0 Hz, 1H), 2.17 (dt, J=10.3, 4.9 Hz, 1H),
2.71 (t, J=5.3 Hz, 2H), 4.28 (q, J=7.1 Hz, 2H), 6.45 (s,
1H), 7.12 (d, J=8.4 Hz, 1H), 7.35 (t, J=7.6 Hz, 2H),
7.41~7.51 (m, 2H), 7.85 (d, J=1.3 Hz, 1H), 7.95 (d, J=
7.6 Hz, 2H), 10.15 (s, 1H); *C NMR (100 MHz, DMSO-
de) 5: 14.8, 19.0, 26.5, 27.4, 33.0, 56.5, 60.7, 64.2, 116.9,
121.8, 122.2, 124.3, 1282, 129.4, 130.0, 132.4, 135.8,
136.9, 141.6, 164.3, 165.9, 196.2, 199.4; IR (KBr) v: 3304,
3082, 1717, 1679, 1616 cm'; MS m/z: 391 [M—+H]".
Anal. caled for Cy3HnN,O4 C 70.75, H 5.68, N 7.18;
found C 70.58, H 5.61, N 7.13.

11- 2Bk 3 -11- 91 %£-2,3.4,5,10,11- /N & - 1H- — 2K 5
[b,e][1,4] & J%-1-Fi(5aca): FEE A, =% 90%. m.p.
228~230 ‘C; '"H NMR (400 MHz, DMSO-d;) d: 1.14 (s,
3H), 1.85 (d, J=12.4 Hz, 2H), 1.89 (s, 3H), 2.16 (d, J=
17.6 Hz, 2H), 2.65 (d, J=10.9 Hz, 2H), 5.07 (s, 1H), 6.82
(d, J=18.7 Hz, 2H), 6.96 (d, J=9.3 Hz, 1H), 7.05 (d, J=
9.3 Hz, 1H), 9.01 (s, 1H); *C NMR (100 MHz, DMSO-d;)
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5:21.2,24.7,31.9, 36.6, 66.9, 114.1, 120.5, 121.3, 122.1,
123.6, 132.2, 137.9, 156.1, 193.8, 203.9; IR (KBr) v: 3323,
3299, 1703, 1607, 1527 cm'; MS m/z: 271 [M+H]".
Anal. calcd for C;sH;sN,O,: C 71.09, H 6.71, N 10.36;
found C 71.12, H 6.72, N 10.32.

11-2. P 3-8,11- — H1 32,3 4,5,10,1 1- /N & -1H- "%
I [b,e][1,4] & Z-1-Fi(5bea): REOEE, 77F 92%.
m.p. 235~237 ‘C; 'H NMR (400 MHz, DMSO-d;) §:
1.17 (s, 3H), 1.87 (d, J=12.4 Hz, 2H), 1.91 (s, 3H), 2.15
(s, 1H), 2.18 (s, 3H), 2.21 (s, 1H), 2.66 (d, J=12.6 Hz,
2H), 4.97 (s, 1H), 6.65 (d, J=8.0 Hz, 1H), 6.79 (s, 1H),
6.97 (d, J=8.0 Hz, 1H), 8.98 (s, 1H); *C NMR (100 MHz,
DMSO-dg) 6: 20.8, 21.0, 21.2, 24.8, 31.9, 36.6, 66.9,
113.8, 120.5, 122.2, 129.8, 132.6, 137.8, 156.1, 193.6,
203.9; IR (KBr) v: 3292, 3116, 1709, 1582, 1520 cm ;
MS m/z: 285 [M+H]". Anal. caled for C;;H5N,0,: C
71.81, H 7.09, N 9.85; found C 71.76, H 7.06, N 9.88.

11- LBk 3-7,8,11- = 1 3£-2.3,4,5,10,11- /N & -1H-—
2K I [b,e][1,4] — & A4 -1-T (Seea): & ¥ (0 [ 44, 7= %K
90%. m.p. 248~250 ‘C; '"H NMR (400 MHz, DMSO-d;)
8: 1.17 (s, 3H), 1.88 (d, J=6.2 Hz, 2H), 1.91 (s, 3H),
2.14~2.23 (m, 8H), 2.66 (d, J=2.8 Hz, 2H), 4.97 (s, 1H),
6.65 (d, J=7.9 Hz, 1H), 6.97 (d, J=8.0 Hz, 1H), 8.98 (s,
1H); *C NMR (100 MHz, DMSO-d;) ¢: 20.8, 24.6, 25.0,
27.5, 28.5, 31.7, 66.7, 112.7, 120.6, 122.2, 122.4, 129.6,
132.6, 137.7, 154.3, 192.9, 203.6; IR (KBr) v: 3318, 3133,
1667, 1597, 1519 ecm '; MS m/z: 299 [M+H]". Anal.
calced for C;sH,N,0,: C 72.46, H 7.43, N 9.39; found C
72.43, H 7.40, N 9.42.

11- 2, 5 -8- F 4 2 -11- 9 -2,3,4,5,10,11- /N & -
1H-— 2K [be][1,4] —EZ&-1-Hi(5dca): i GaE A, 7=
# 88%. m.p. 237~239 ‘C; 'H NMR (400 MHz, DMSO-
dg) 0: 1.16 (s, 3H), 1.81~1.86 (m, 2H), 1.89 (s, 3H),
2.10~2.20 (m, 2H), 2.62 (d, J=3.2 Hz, 2H), 3.65 (s, 3H),
5.02 (s, 1H), 6.42 (dd, J=8.7, 2.7 Hz, 1H), 6.61 (d, J=2.6
Hz, 1H), 6.97 (d, J=8.7 Hz, 1H), 8.91 (s, 1H); *C NMR
(100 MHz, DMSO-dq) 6: 21.3, 24.7, 32.0, 36.6, 55.4, 67.1,
107.0, 113.2, 121.5, 125.7, 129.1, 132.6, 139.3, 156.0,
193.3, 203.9; IR (KBr) v: 3331, 2949, 1711, 1679, 1628
cm s MS m/z: 318 [M+H]". Anal. calcd for CisH,4N,O5:
C 68.33, H 7.65, N 8.85; found C 68.20, H 7.64, N 8.76.

11- .19 3 -8- & -11-F 3£-2,3,4,5,10,11- 7N & - 1H- —
K H[b,e][1,4] B A=-1-H{(5eca): HEEE, F=% 81%.
m.p. 250~252 ‘C; 'H NMR (400 MHz, DMSO-dy) §:
1.16 (s, 3H), 1.86 (d, J=12.2 Hz, 2H), 1.90 (s, 3H), 2.15
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(d, J=11.5 Hz, 2H), 2.64 (d, J=11.3 Hz, 2H), 5.37 (s,
1H), 6.85 (d, J=10.7 Hz, 1H), 7.06 (d, J=8.4 Hz, 2H),
9.09 (s, 1H); “C NMR (100 MHz, DMSO-dy) J: 21.1,
24.8, 31.9, 36.5, 66.9, 114.1, 120.9, 121.8, 126.9, 131.2,
139.3, 155.8, 194.0, 203.4; IR (KBr) v: 3317, 3285, 1703,
1607, 1531 cm ™ '; MS m/z: 305 [M+H]". Anal. calcd for
C16H,,CIN,0,: C 63.06, H 5.62, N 9.19; found C 63.10, H
5.64,N 9.14.

11- £ P9 2 -8- YR -11-F 3£-2,3,4,5,10,11- 7N & - 1H-
HIF[b,e][1,4] B IL-1-Hi(5fca): A, F2F 86%.
m.p. 247~249 ‘C; '"H NMR (400 MHz, DMSO-d;) o:
1.18 (s, 3H), 1.82~1.90 (m, 2H), 1.91 (s, 3H), 2.11~2.24
(m, 2H), 2.66 (t, J=5.7 Hz, 2H), 5.38 (s, 1H), 6.91~7.08
(m, 2H), 7.20 (d, J=1.8 Hz, 1H), 9.11 (s, 1H); *C NMR
(100 MHz, DMSO-dg) 6: 21.1, 24.1, 25.2, 31.9, 36.5, 66.9,
1142, 1149, 122.2, 123.8, 131.6, 139.6, 155.8, 194.0,
203.4; IR (KBr) v: 3317, 3299, 1703, 1614, 1551 cm ';
MS m/z: 350 [M+H]". Anal. calcd for C;¢H;,BrN,O,: C
55.03, H4.91, N 8.02; found C 55.07, H 4.92, N 7.99.

11- 2 55 -11- 2 - 1- 504K -2,3,4,5,10, 1 1- N & -1 H-
TIORFE[be][1,4] AR -T- R IR L TE (Sgea): L[] 44k,
FEE 80%. m.p. 218~220 C; 'H NMR (400 MHz,
DMSO-dg) : 1.18 (s, 3H), 1.30 (t, J=7.1 Hz, 3H), 1.86 (d,
J=6.3 Hz, 2H), 1.89 (s, 3H), 2.18 (dd, J=12.1, 6.2 Hz,
2H), 2.66 (t, J=5.9 Hz, 2H), 4.26 (q, J=7.1 Hz, 2H), 5.76
(s, 1H), 7.05 (d, J=8.3 Hz, 1H), 7.42 (d, J=6.5 Hz, 1H),
7.78 (s, 1H), 9.21 (s, 1H); *C NMR (100 MHz, DMSO-d;)
5: 14.8, 21.2, 24.8, 24.9, 31.9, 36.6, 60.7, 66.9, 113.9,
121.5, 121.9, 122.2, 124.7, 131.2, 142.5, 156.0, 165.9,
194.0, 203.1; IR (KBr) v: 3285, 2968, 1698, 1616, 1571
em s MS m/z: 343 [M+H]". Anal. calcd for CoHy,N,Oy:
C 66.65, H 6.48, N 8.18; found C 66.72, H 6.42, N 8.07.

11- R E-11-F 3£-2,3,4,5,10,11- /N & -1 H- —#9F
[b,e][1,4] — & Z%-1-FH (Sacb): ¥ 85 (o[l 44, =% 88%.
m.p. 219~221 ‘C; 'H NMR (400 MHz, DMSO-d;) o
1.24 (s, 3H), 1.54 (d, J=11.1 Hz, 1H), 1.71 (d, J=18.6
Hz, 2H), 1.96 (dd, J=19.6, 7.9 Hz, 1H), 2.65 (s, 2H), 5.41
(s, 1H), 6.80~6.87 (m, 2H), 7.05 (d, J=3.8 Hz, 1H), 7.13
(d, J=4.6 Hz, 1H), 7.33 (t, J=7.4 Hz, 2H), 7.42 (t, J=7.0
Hz, 1H), 8.00 (d, J=7.6 Hz, 2H), 9.14 (s, 1H); *C NMR
(100 MHz, DMSO-dy) &: 21.1, 26.1, 32.0, 36.4, 65.6,
115.5, 120.7, 120.8, 121.3, 121.8, 123.5, 127.7, 129.4,
131.5, 132.2, 136.7, 138.1, 154.2, 192.9, 195.8; IR (KBr)
v: 3588, 3310, 1678, 1596, 1538 cm'; MS m/z: 333 [M+
H]". Anal. caled for CyHyN,0,: C 75.88, H 6.06, N 8.43;
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found C 75.82, H 6.03, N 8.47.

11-2% AL JE-8,11- — 1 9£-2,3,4,5,10,11- /N & -1H-—
7K I [boel[1,4] %24 -1-Hd (Sbeb): ¥ o5 8 [ 4, 7= %
88%. m.p. 240~242 °C; 1H NMR (400 MHz, DMSO-d)
8: 1.26 (s, 3H), 1.46~1.58 (m, 1H), 1.71 (t, J=16.8 Hz,
2H), 1.95 (dd, J=19.4, 7.7 Hz, 1H), 2.16 (s, 3H), 2.63 (d,
J=5.1 Hz, 2H), 5.28 (s, 1H), 6.66 (d, J=7.9 Hz, 1H), 6.87
(s, 1H), 7.02 (d, J=8.0 Hz, 1H), 7.32 (t, J=7.5 Hz, 2H),
741 (t, J=7.2 Hz, 1H), 8.01 (d, J=7.4 Hz, 2H), 9.10 (s,
1H); *C NMR (100 MHz, DMSO-d;) ¢: 20.8, 26.2, 27.3,
29.3, 49.5, 65.4, 113.9, 120.6, 121.9, 127.8, 129.3, 129.6,
131.4, 132.4, 137.3, 137.5, 152.5, 192.2, 195.7; IR(KBr) v:
3310, 2976, 1678, 1607, 1531 cm™'; MS m/z: 347 [M—+
H]+. Anal. calcd for C,,H,,N,O,: C 76.28, H 6.40, N 8.09;
found C 76.22, H 6.44, N 8.02.

11-2 A Bt L -7,8,11- — i 5£-2,3,4,5,10,11- /N & -1 H-
TR IE[be][1,4] & A% -1-H (Seeb): [ EE AR, 7R
90%. m.p. 249~251 ‘C; '"H NMR (400 MHz, DMSO-d;)
8: 1.26 (s, 3H), 1.53 (d, J=9.6 Hz, 1H), 1.72 (s, 2H), 1.96
(t, J=11.8 Hz, 1H), 2.18 (d, J=18.9 Hz, 6H), 2.63 (d, J=
5.1 Hz, 2H), 5.28 (s, 1H), 6.67 (s, 1H), 7.02 (d, J=8.0 Hz,
1H), 7.32 (s, 2H), 7.41 (s, 1H), 8.02 (s, 2H), 9.10 (s, 1H);
C NMR (100 MHz, DMSO-dg) d: 19.2, 26.1, 27.3, 29.2,
31.6, 49.6, 65.5, 113.9, 121.6, 123.1, 127.7, 128.5, 129.5,
131.2, 135.4, 137.4, 152.6, 192.2, 195.9; IR (KBr) v: 3317,
2951, 1683, 1589, 1531 cm'; MS m/z: 361 [M+H]".
Anal. caled for Cp3HyN,O,: C 76.64, H 6.71, N 7.77;
found C 76.62, H 6.72, N 7.76.

11- 7K H ik ke -8- FH AR - 11-FH %£-2,3.4,5,10,11- /8N & -
LH- "R [b,e][1,4] & 4%-1-BH(5dcb): H ¥t E 1k, 7=
% 83%. mp. 231 ~233 C; 'H NMR (400 MHz,
DMSO-dg) 6: 1.28 (s, 3H), 1.52 (d, J=3.9 Hz, 1H), 1.69
(d, J=17.7 Hz, 2H), 1.95 (t, J=13.7 Hz, 1H), 2.62 (d, J=
4.6 Hz, 2H), 3.65 (s, 3H), 5.36 (s, 1H), 6.46 (dd, J=8.7,
2.4 Hz, 1H), 6.72 (d, J=2.3 Hz, 1H), 7.05 (d, J=8.7 Hz,
1H), 7.32 (t, J=7.5 Hz, 2H), 7.41 (t, J=7.2 Hz, 1H), 8.00
(d, J=7.4 Hz, 2H), 9.05 (s, 1H); >C NMR (100 MHz,
DMSO-dg) d: 21.1, 26.1, 32.0, 36.4, 55.4, 65.8, 107.1,
114.6, 121.6, 125.7, 127.6, 129.3, 131.5, 136.8, 139.3,
154.1, 155.9, 192.5, 195.9; IR (KBr) v: 3236, 3057, 1679,
1660, 1519 cm™'; MS m/z: 363 [M—+H]". Anal. calcd for
C»,H»N,05: C 7291, H 6.12, N 7.73; found C 72.85, H
6.18, N 7.65.

11-2% R L -8- - 11- F %£-2,3,4,5,10,11- /N & - 1H-
TR IF [be][1,4] A A% -1-T (Secb): [t [ 44, E AR
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83%. m.p. 209~211 ‘C; "H NMR (400 MHz, DMSO-d;)
5: 1.25 (s, 3H), 1.49~1.61 (m, 1H), 1.72 (d, J=17.2 Hz,
2H), 1.97 (t, J=13.7 Hz, 1H), 2.65 (s, 2H), 5.72 (s, 1H),
7.00 (d, J=8.2 Hz, 1H), 7.09 (d, J=8.5 Hz, 1H), 7.28 (s,
1H), 7.34 (t, J=7.4 Hz, 2H), 7.43 (t, J=7.2 Hz, 1H), 7.97
(d, J=7.6 Hz, 2H), 9.24 (s, 1H); *C NMR (100 MHz,
DMSO-dy) 6: 21.1, 26.2, 31.9, 36.3, 65.5, 114.9, 115.6,
122.3, 123.9, 127.8, 129.3, 131.7, 136.5, 139.6, 153.9,
193.2, 195.3; IR (KBr) v: 3318, 3063, 1673, 1597, 1557
cm 'y MS m/z: 367 [M~+H]". Anal. caled for CyH;oCl-
N,O,: C 68.76, H 5.22, N 7.64; found C 68.72, H 5.32, N
7.60.

11-2K F R -8- - 11- 1 9£-2,3,4,5,10,11- /N & -1H-
T I [boe][1,4] & 44 -1- (5feb): [ U Ak, 7R R
83%. m.p. 241~243 °C; '"H NMR (400 MHz, DMSO-d;)
5: 1.25 (s, 3H), 1.49~1.61 (m, 1H), 1.72 (d, J=17.2 Hz,
2H), 1.97 (t, J=13.7 Hz, 1H), 2.65 (s, 2H), 5.72 (s, 1H),
7.00 (d, J=8.2 Hz, 1H), 7.09 (d, J=8.5 Hz, 1H), 7.28 (s,
1H), 7.34 (t, J=7.4 Hz, 2H), 7.43 (t, J=7.2 Hz, 1H), 7.97
(d, J=7.6 Hz, 2H), 9.24 (s, 1H); *C NMR (100 MHz,
DMSO-dy) 6: 21.1, 26.2, 31.9, 36.3, 65.5, 114.9, 115.6,
122.3, 123.9, 127.8, 129.3, 131.7, 136.5, 139.6, 153.9,
193.2, 195.3; IR (KBr) v: 3310, 3052, 1678, 1607, 1520
cm 'y MS m/z: 412 [M+H]". Anal. calcd for C,H,oBr-
N,O,: C 61.33, H 4.66, N 6.81; found C 61.30, H 4.70, N
6.78.

11- 2 F B JE - 11- F 6 -1- 48018 -2,3,4,5,10,11- N & -
1H- 2K 3 [be][1,4] ~H 2:-7-R IR L TiH (Sgeb): 5 0[#]
A, 722 80%. m.p. 263~265 C; '"H NMR (400 MHz,
DMSO-ds) 6: 1.24 (s, 3H), 1.29 (t, J=7.1 Hz, 3H), 1.54~
1.64 (m, 1H), 1.71~1.83 (m, 2H), 1.99 (dd, J=19.6, 7.9
Hz, 1H), 2.65~2.72 (m, 2H), 4.24 (q, J=7.1 Hz, 2H),
5.84 (s, 1H), 7.23 (d, J=8.4 Hz, 1H), 7.34 (t, J=7.5 Hz,
2H), 7.41~7.50 (m, 2H), 7.76 (s, 1H), 7.98 (d, J=7.6 Hz,
2H), 9.38 (s, 1H); *C NMR (100 MHz, DMSO-d;) J: 14.7,
21.1, 26.2, 31.9, 36.4, 60.7, 65.4, 117.0, 120.4, 122.6,
123.2, 124.5, 127.8, 129.3, 131.7, 136.7, 137.6, 153.70,
166.0, 193.5, 195.2; IR (KBr) v: 3337, 3088, 1698, 1597,
1538 cmfl; MS m/z: 405 [M+H]+. Anal. calcd for CoyHys-
N,O4: C 71.27, H 5.98, N 6.93; found C 71.30, H 5.90, N
6.98.

3-((2- R IR I ) B I K -2- M5 - 1-1 (4ab): R I
AR, 722 95%. m.p. 221~223 °C; '"H NMR (400 MHz,
DMSO-d) d: 2.22 (s, 2H), 2.69 (s, 2H), 4.75 (s, 1H), 5.00
(s, 2H), 6.56 (t, J=7.5 Hz, 1H), 6.75 (d, J=7.9 Hz, 1H),
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6.90~7.03 (m, 2H), 8.76 (s, 1H); *C NMR (100 MHz,
DMSO-dg) 0: 21.7, 31.1, 108.8, 120.3, 120.8, 123.2, 131.0,
138.9, 157.2, 193.3; IR (KBr) v: 3204, 2987, 1673, 1609,
1514 cm '; MS m/z: 221 [M+H]". Anal. caled for
C1HoN,0O: C 70.19, H 6.43, N 14.88; found C 70.26, H
6.54, N 14.76.

2- L 3- T IL R Ik (6): B OE A, PP F 88%.
m.p. 79~81 “C; '"H NMR (400 MHz, DMSO-d;) o: 1.22
(s, 3H), 6.78~6.89 (m, 2H), 7.05 (d, J=5.8 Hz, 1H), 7.15
(d, J=5.9 Hz, 1H), 7.36 (dt, J=15.1, 7.3 Hz, 3H), 8.02 (d,
J=17.3 Hz, 2H); C NMR (100 MHz, DMSO-d;) J: 24.7,
128.8, 128.9, 129.0, 129.1, 129.6, 130.5, 131.2, 138.8,
140.0, 140.3, 142.7, 142.9, 154.4, 155.3, 156.1, 156.7; IR
(KBr) v: 3044, 2917, 1641, 1565, 1481 cm™'; MS m/z: 221
[M+H]+. Anal. caled for C;sH;)N,: C 81.79, H 5.49, N
12.72; found C 81.70, H 5.54, N 12.76.

2,4- T FIE 1 H-ZE IR [B][1,4] R AR (T): L OE A,
A 82%. mp. 208~210 ‘C; '"H NMR (400 MHz,
DMSO-dg) 0: 1.74 (s, 3H), 2.28 (s, 3H), 4.15 (s, 1H),
6.44~6.46 (m, 1H), 6.85~6.87 (m, 1H), 7.12 (d, J=8.0
Hz, 1H), 7.48 (d, J=8.0 Hz, 1H), 9.65 (s, 1H); IR (KBr) v:
3062, 2980, 1641, 1597, 1508 cm'; MS m/z: 173 [M+
H]". Anal. caled for C;H,N,: C 76.71, H 7.02, N 16.27;
found C 76.62, H 7.06, N 16.32.

#H B #1 &l (Supporting Information) 1t &%) 5aaa~
Sgch. 4ab. 6. 7 9 '"H NMR A1 C NMR 1% [&]. iXLett
FREAT PA A B MAS T W4 33t (http://sioc-journal.cn/) | N %K.
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