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ARTICLE

6,7-—_FNK-4-FREFTREMZIT. GRS FRHEMR

TEH MO AT HFEH
(CHRACAN R AR RS ME/REE 150030)
CRERFTTEEMAHAFE SRS K% 116622)

(¢ R ERL B EAGE YRR SR 20 EIRIE R . KIE 116023)

B - - IR (COMT)BEHIHIFIZE IR TT I & A0 i 2 E ZAE . @i X A COMT Bl FI+E = JiAn
BIFE S SIEER R0, HER&A LR S M E TR AT e BB ER COMT NSNS, K it
BT —RFRN 6,7- FAM-A-F M EER, W BT, T T IR AT COMT BEfibvaE e, 45 REM, &
10 Fh 6,7- 5 R-4-T5 e 5 R 5 COMT BERIRHE R R 358y, Fooh BAT FR AU B R 0 LR B 45 3 1L 54 6,7-
T2-(FFEEE) L -4-CRIB)E 5 3 (6b4) R 6,7- . [2-( AR U -4-[(3- LHREE) KK 4 5 3 (6b5) 5 COMT R H25%
RRAEE.

KEgiE  F G E; COMT B, e I SAR; 4R

Design, Synthesis and Molecular Docking Study of
6,7-Dioxo-4-aryl-aminocoumarin

Wang, Ailing®” Tao, Bo™* Ai, Chunzhi® Zheng, Xuefang™*”
(“ College of Agronomy, Northeast Agricultural University, Harbin 150030)
(® Liaoning Key Laboratory of Bio-organic Chemistry, Dalian University, Dalian 116622)
(¢ Laboratory of Pharmaceutical Resource Discovery, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Dalian 116023)

Abstract Catechol-O-methyltransferase (COMT) inhibitors play an important role in the treatment of Parkinson’s disecase
(PD). On the basis of the structure-activity relation (SAR) analysis of existing COMT inhibitors, entacapone and tolcapone, it
has been derived that coumarin compounds containing catechol structures may have inhibitory bioactivities on COMT. Thus,
the novel COMT inhibitors, 6,7-dioxo-4-arylaminocoumarin compounds, were designed, and their inhibitory bioactivities on
COMT were investigated by theoretical calculation. The results show that ten 6,7-dioxo-4-aryl-aminocoumarin compounds
exhibit good docking effect, especially 6,7-bis(2-methoxyethoxy)-4-phenylamino-2H-chromen-2-one (6b4) and 4-(3-ethynyl-
phenyl)amino-6,7-bis(2-methoxyethoxy)-2H-chromen-2-one (6b5) which have the structure of catechol protected by methoxy
ethyl group.

Keywords coumarin; COMT inhibitor; L-dopa; SAR; Parkinson’s disease

WY < AR 3 2 4k i 7 1 RO S B KA IR AT
Mgt o R N SRR E RTIRER b 5T R
TRIT W0 o e % B (L-dopa). /2 e % i NAR P 5 2
B )L 7% By — 48 Az — Y 5 3% #% i (Catechol-O-Methyltrans-
ferase, COMT) £ 2 i #2 ¥ (dopa-decarboxylase, DD)[%
g i A5 FL AR R FH FE RRAR. COMIT B 32 70 A T AL 30
WAL FE M IAFEAE R, il Sy2 PRIEHLE], B
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AEHEACAINE SR R 2 R (AdoMet) b ) F RE #5453
JUERmY A Ry e BB, AT T E e 2 L2530 A
THRE A Z ORI L, AL 2% R as 251 )
I 75 E2 4599 Ak COMT Big Al DD B, LA G /e
Jite 2 ELAE 125 1oL L0 7 o K 7 A B B A R,
REA EIEARTT %) COMT A1 DD il 77 2 A7 &
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COMT g7 o & H 1T C 284k T 58 =B Bl
PR A% B B, Soares-da-Silva B 5T /) 2H © 1E 78 %
opicapone(F &5 WK 1)t AT HIFe AR P4, Rt 2L
TR, AR TR RS/ COMT Bl
#1055 —4L ) Pyrogallol, tropolone 1 gallic acid %
AT R T HL 2 B AR 9 S p UL SRR ROk &R
(SAR)f#8 5 R 1989~1990 4E, 3 AN [E] IR 55 /N
H oy BN R T BFE K Ff (entacpone) . #T A (tolcapone)
A CGP 28014 8555 254, Ilm PRI TR WL R A
FEAR AT DL2e A s b AL B, I 0T DA A2
W2 IR, FTRIBS IR, Ao B4
RAAECHIRIR EME—RT Y COMT B4R, BRItk
JHALF R TR/, R ORI ) 2 e 3 A OK J9.(0.3 h),
ST RCBE 55, R, VF 2 B 5T B A B0 T6 7 208
SR HRRA EREEMETE SR, BRI BEARAET COMT fl

7).

2 SAR ZrH RN, & LR SR RHE E AR
f¥] COMT Bl B AT s A= i ke B e BAT 3L 1A
IR BT LA I (46 1), HIRAEFRIEM AR XA (46
IR D) EAWHE T, dnfg ik o k25 258 — A
COMT B FIFER AR RS A — IR 2
R 5-H 2 )Lk B, (2T ) LRy S f R AR A
MEARATEE, S8 TR, BEREAONASIEY, N
MARKEL T 25052 BRAR T AR R, TR AT
BB MERIE RS B LR S5 AL 51, A
AL, [FIRE B4 COMT BgHlslETERE 1, Sk, 25
P 1 B 1 LA 5 A ) b R B A A AR O A A R
P, B MR R, AR,
I 3 0 &0 monS 2 35 A R R T BT LR By KA &
YITENA 2 COMT FBHIMGIFIIC O EE. BT

F1 UL COMT R 45#)
Table 1 The structure of COMT inhibitors

JELLAFR 12k X i 4 eS|
OH
Pyrogallol HO\©/OH Benzene-1,2,3-triol FE—AR
OH
Tropolone @ZO 2-Hydroxycyclohepta-2,4,6-trienone FA
OH
HO OH
Gallic acid 3,4,5-Trihydroxybenzoic acid A
COOH
O,N
HO
Tolcapone @ O (3,4-Dihydroxy-5-nitrophenyl)(p-tolyl)methanone AR
HO
(0]
NO,
HO cN
Entacpone o AN (E)-2-Cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-diethylacrylamide 2 X
Il
(0]
CGP28014 HO I N NN (E)-N'-(6-Hydroxypyridin-2-y1)-N,N-dipropylformimidamide AR
Z
o
o}
/rlr cl L
Opicpone/ | 0 2,5-Dichloro-3-(5-(3,4-dihydroxy-5-nitrophenyl)-1,2,4- e,
BIA9-1067 Yy | N»,QOH oxadiazol-3-yl)-4,6-dimethylpyridine 1-oxide -
N-0
OH
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PIESRRUEMEMIEFRFE L B AR ER. &5
KRS OTE QIR F R AT, FrE A 1) LA
SERE AT AL AT VEER) COMT BEHMAIEERY. R,
PARES S, IR BN RS R a Y2
] LU I 7 4 v e 2 s A B BEAS 5 R o T 1 4
&, DMEREK 2GS IR m AR . i, A
SCWTELL 3,5- AR LA AN IR, K E R 6,7- 4
R-4-75 A5 G R R B YINHEAE COMT BTG 14 2 s v,
T BELAS 5 A0 73 T (2 BB (M &5 &, TN Ly 7E i AR
Vg e, SRR, WA RE B s A s,
H 1k &4 6b4 1 6b5 1] COMT E i iG it fe . 7EHE
WItHEIES T, MHkEr 6,7- —AR-4- 5 iEE T ER
AWk AT 4 6 7T, DA SR ER N WIaR JER], )R
Thiele xW.. Fries FEHE. Bith. & . FALAETEAL

AT AT 10 Mg 6,7- —E-4-FF I FE R,

1 ERSiIR

BirML & D F I IEM R

N T AR P T AR, e SRS K R T
RS ARSI 7). 3,5- i 2k ) L% B3(3,5-Dinitrocatechol) X
B # COMT BEMIWmM2Edh (- 1), 4R 8 R
Hammerhead Score 48 fix f= 44 % AT AR &7 Hb 25 5 &
e PRI %, ORI Mg 5T, Baals
GLU199. LYS144 LK ASN170 FERE e, 1 WU 3E 7y
TS K T (H,0424 A1 H0442) U S, B3k
AT 2 AT E ).

1.1

A/ CYS173
Af PROLTA

A/ PHE197

A/ LEU198
A/HOH 424

A/ GLU19Y

\

TECEA b, BT & R E E R IBATEY) 6al~
6asS 1 6b1~6b5 755 EE] COMT BEIfG 12 1 o,
FF IR B2 A Hammerhead 7 43 2S00 FoAH B AE F3E471F
i, HE2ZRED S COMT ByfsEA1EFH, M fim
FLBTER COMT ER G 1E. LA 6bS 5 COMT BEfIX}
BRI 2) 8, 45 R EIRE AL R 1R
Fg i Mg> BT, B A H,0424 F1 H,0483 JE Rk & 1)
S, LM SR E B RN 2-60) R IE AR T
A Mg BT, H SRR LYS144 Him L NH,
SUR TRk e R, SRR . X IIFT 4 B3
K 2.

K2 HIMLEWRI TR 4R

Table 2 Molecular docking results of target compounds

W Hammerhead e Hammerhead

Score Score
6al 4.6093 6b1 5.5785
6a2 5.7015 6b2 6.9639
6a3 5.2663 6b3 4.1032
6a4 4.9840 6b4 7.2020
6a5 5.8650 6b5 7.4277

3,5-Dinitrocatechol 5.6375

FREL ORI B R EUAREE, B — b o J B R AR
1, Bl 6a R%I, 5 _FOAKEEH AL 2R, Bl 6b
RA). MK 2 WATHERE, ARV AT S
COMT [ [r)sr&1EHREJIAHLL, 6b R 51(Fk 6b3 4T
6a R4, EAW 7SN EE T ISP 6al,
6b1, 6a3, 6b3 5 3,5- _fi§Fk JL7%M(3,5-Dinitrocatechol)

A/ GLY175
AJVALIT1

Af ASP145

A/ ASN 170 A/LYS144

A/HOHA42

A7 n5E 188

A/ TRP143

- A/HI15142

A/ HOHASB

A/ ALAIS Af ASN141 Af SAN3OL

B 1 3,5-Dinitrocatechol 5 COMT R [a] (¥)AH H.{E FH
Figure 1 The interaction between 3,5-dinitrocatechol with COMT
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A/ CYS173
AS|

—

A[PHE197

\

A/ LEU198

AfHOH 47 & St

A GLU199 «
A/TYR200 ;

A/ ALA39 A/ ASN141

A/ ASN 170

A/ GLY175

AfNAL1T1
N 170

AJASP1AS

A/LYS144
A/ HOH 442
A/ ASF 188
A/ TRP143

A/ HOH441
_A/H 15142

A/ HOHA58

A/ SAN301

B2 {1 6b5 (2.2)5 COMT M I AH HAE
Figure 2 The interaction between compound 6b5 with COMT enzymatic

ML, SEAMENEZE. FAMRITNASHEREREL L
BRI LRI S G TR 6bS (7.4277), HiX
N 6b4 (7.2020), ZEE T XTI 3,5- A 5L ) LA 1)
5.6375. BARME G AT 70 5 s i S COMT
A P 735 P 2 i DL T B AR, AH B85 A J1 558, 6b R A1)
A5 28 Il ik R 25 4 I AR N B0 38 5 T X R 6a
%, SREEMGEY T A EWEE TN A K,
W T 5k R HOH AR 1, Mg &
WaaE, SRR R, M 2 FTLLEMWTE H 6b5s 455
stk RIE AR 3 N RR A, TN b 6bs g b5
COMT g 23 s (ARG W1, A7 00 7t B4l b 1 90 i
i, AN TN A P LE () COMT B il v .
1.2 BfRFEYIRNE K

B 6,7- EHM-A4-F B R 6a~6b 5 L
I Scheme 1. DA IRER AR AR, 1E LEREFFT 98%3K
BRERTEFH 4 Thiele ) N A E 1,2,4-= 2SR )M,
& 1 75T K =S AAE Lewis BEHHEAL 2612 R K 4 Fries
RN, B3] 24,5-ZREE QP WEAHN
60.0%. k25 [ B B AE T2 il K R SRR 1 &, 75 U
ORI, &9 2 73 ) SRR — H R AN 1-1R-2- F 4
LR, T KRR BB S5 1E R, R A BRAL N,
B3 2-F2 54,5~ H ALK L (3a) 2 A0 1-(2-F3E-4,5-
Q- LR EIL) T (3b); B AL A B
IR 5] P42 1) L3RRI 3a A1 3b HOUSCES, 754 —F2 Ak
TRyF =R B R R P AR R BRIR — 255 3a/3b
KRB, VLS A BEEFRIRT RN, 4 FE .
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g, Kk, EhERAYY pH £ 3.0~4.0, T, T, &
W L5, 28] 6,7- AR -4-RIEE T K 4a)P
6,7-—(2- A L 5)-4-F2 H A T R (4b). 4a 5L 4b F1 =
LIENRFEE A B (TEBAYE B R R P 4218 M N =&
AR, RAESHRNAS 6,7- — HEH-4-5F T &K 5a)
M 6,7- (- A 2. 5)-4-E & T K (5b). HAR“9
6al~6ad fll6b1~6b4 73 7| AL &4 5a K 5b NIEY), 5
AH L 75 B B AE il 26 A0 R I REAF 2, T H bR =4
6a5 1 6b5 NWAIE . AUt ) @, o0& Rz, @
XA A 4a AT 4b 1) 4 7L IR, BRI R
Je B A AEE . MOs P R 2RI SO &4 4 it
ITHEIEAL, 540 OB IR E A, BRI R 451
1) HARF=4) 6as F1 6bS. (H Pl 77 iEERAFLE = SR A R
£, HRRWTRE N N JEY) Sa, Sb K 7a, 7b HH i 4 75
SR/ R S SR A FAR L, BBk
PEEPEARAR. 0T — R MRV R RGAT A, BR
PO H 7 FA R IR L, e Rk RE IR 55, FrbAsE H
PR = = 2R 8K

2 i

T2, W ER R AYIOE, KB B AR
F| COMT Bis Pz i vr, F Hammerhead $7 49 b8 B0EAT
175, LL 3,5- A3 LM 94T 70 45 B I, 45258
W TR BRI A WIE BB T B4
R, HFLEY) 6b4a 1 6bs KNS A, BT 3,5-
TREIE LAY XRS5y, ULRH 6bd A 6b5S T REFEAE K
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0 OAc o) o
i i HO i R'O v
. e > =
3a, 3b
m m - R‘Ijﬁl
4a, 4b
) 5a, 5b 6a, 6b
R'O
R = Me (a), C,H,OCHj (b) 7a, 7b

R2 =2-Cl (1), 4-CHs (2), 4-CI (3), H (4), 3-C=CH (5)

Reagents and conditions: (i) Ac,O, H,SO,, 40.0~50.0 ‘C, 86.0%; (ii) AICIs-PhCI, 80.0~90.0 C; 0.5 h, 60.0%; (iii) 3a, (CH3),S04, K,COs,
Acetone, reflux, 1 h, 66.4%; (3b) MeOC,HsBr, K;COs3, CH3CN, reflux, 6 h, 73.4%; (iv) CO(OC,Hs),, Na, reflux, Xylene, 72.4% (4a), 70.8% (4b);
(v) POCIs, TEBA, 90 C 1 h, 55.5% (5a), 54.0% (5b); (vi) Ethylene glycol, 160.0~180.0 C, 2 h, 46.4%~56.8%; (vii) TsCl, N(C.Hs)3, 20 C,
97.6% (7a), 98.1% (7b); (viii) 3-Ethynylaniline, K,COs, Ethanol, reflux, 10.0% (6a5), 8.6% (6b5).

B 1 i 6,7- A M-4-T5 LA E R 6a~6b 115 Lk
Scheme 1 Synthesis of 6,7-dioxo-4-aryl-aminocoumarins 6a~6b

UFf) COMT REMEtE. Hk, DO ZRER N R, @it
Thiele RFLL 86%MIHREAR] T 1,2,4- = LBEEIER,
SRJETETC/K AICL AL SR A T HEAT Fries EHER N, 15
BT 2,4,5-=FRHK AW, SofEmid iR — FERAT 1-1R-
2-HEIE 2L . BRIR 2RI A . A E Ak
28 5%f F ORI S LRI A S T 10 ASET Y 6,7-
A4 EE SR EY.

3 SKEERS

3.1 AFISE

¥ 3L 3R 1Y (BRUKER ADVANCE 400 MHz), =34
AR (o — 5 3 B¢ H 4% (Shimadzu LC-MS-2010EV, H#ZA
B, SUBUBEH A (HP6890/5793, 2[H Hewlett-Packard
AT, X-4 B BoR BAE S0 E GRS 746
AT, AL AR e 2T A A (32 B & T, 550),
RE-52C Jig#% 28 KA (PL ST JEs T 464X 2% ), DF-101S
RSN EN LYY AR e = ORI T S Y E T
WA T A st TR & — S 4.
3.2 BEMRUAEYNS FEETUN COMT BHIFIE MR
TR

KA Sybyl Bl Sur-flexdock ik, & #F
COMT i) iR L5 #9(PDB code: 3BWM), S i A4 f7
SR BGOE T RE, DO BT B A & a2 2
TP Y M R R EAME YRR 20 PR A,
% Hammerhead 7 73 sREO0 Hdb AT 43, B HF 3
—HIREMAMGR. N TG IR R IE R AR
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bR 1E Sybyl 27 H ) Tripos /737 (Sybyl7.3 Tripos Inc.)
HEATI, R Powell BEG 1A BEBHIEAE 0.001 keal/mol (1)
WSIORBE T IEATTHEE, REERBA BE1520A 0.05 keal/moleA DA
KRB E R, JRF oM KH Gasteiger-Huckel 777k
THHR IR

3.3 SCIGHiE

331 124-ZCTEBAAFKN)® SR

HY 150.0 mL ZFRMETAT 4.0 mL 98% ¥ ik T- 40.0~
50.0 'CF, /A 50.0 g (0.46 mol)Xf Mg, 174k
hnselE, PR 1.5 h A EIZE 250 C, I 600.0 mL 7K
o, RIZUSERE, IR AT B AR, 2R A A A L
2 11100.0 g, W% 86.0%. m.p. 97.0~98.0 “C(CCHME
[11: 96.5~97.0 “C); '"H NMR (CDCl;, 400 MHz) J: 2.28
(s, 9 H), 7.00~7.04 (m, 2H), 7.18 (d, /=8 Hz, 1H).

332 245-=ZERTEQR)H &%

B 53.0 g (0.4 mol)TE/K =& Ab4EA1 70.0 mL &K,
{R¥F 30.0~40.0 'CF, ZMEHIA 25.0 g (0.10 mol) 1,2,4-
= LA FETR ) 80.0 mL SRR, MEEEEFE
80.0~90.0 C, f#i% 0.5 h, AHMEEE. KMNBEAN
200.0 g VKA1 50.0 mL K ERFRH, HidE 1.0 h fFakyg, et
TR QL &, 13 10.0 g Wk B mERIRE A& 221, Ui
% 60.0%. m.p. 209.0~210.0 C(SCHEREPY: 204.0~
206.0 ‘C). "H NMR (DMSO-dg, 400 MHz) 6: 2.45 (s, 3H),
6.28 (s, 1H), 7.15 (s, 1H), 12.23 (s, 1H).

333 2-#K-45=F ALK TE(3a)89 &%

HY 8.0 g (47.60 mmol) 2,4,5- = FIKLEH. 19.7 g

http://sioc-journal.cn/ 847
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(142.73 mmol) LK BLR#H A 70.0 mL A EH, FHi&%
60.0 °C, N 13.2 g (104.67 mmol)FiER — FIfE, In5e)a
SN 1.0 h, WEIZER, I8, IR 25
T E g, CREELS S, BEEGRE A 3% 6.2 ¢, IF
66.4%. mp. 114.0 ~ 116.0 °C (3 #k 1 *: 114.0 ~
116.0 "C); '"H NMR (CDCls, 400 MHz) 6: 2.57 (s, 3H),
3.87 (s, 3H), 3.92 (s, 3H), 6.46 (s, 1H), 7.06 (s, 1H)

334 1-[2-K-45-=Q-F AL T A)RK|TE3D)
EORESHY

Y 8.4 g (0.05 mol) 2,4,5- =2 FK 4. 20.7 g (0.15
mol) TE/KBRER R AN 80.0 mL Z.JiE, FHEZE 85.0 C, %18
W0 12.0 mL 1-38-2-F 45 5 2 6E 1 10.0 mL R VR &
T, WnsEfE M 6.0 h. W, WL, 4B
GRURE, IR T, Ao BEVCAME) - 2R L
fig)=5:1], 13 104 g AGEMEAE, KX 73.4%. mp.
51.0~52.0 ‘C; 'H NMR (CDCls, 400 MHz) : 2.51 (s,
3H), 3.43 (s, 6H), 3.71 (t, J=4 Hz, 2H), 3.77 (t, J=4 Hz,
2H), 4.09 (t, J=4 Hz, 2H), 4.15 (t, J=4 Hz, 2H), 6.41 (s,
1H), 7.25 (s, 1H), 12.56 (s, 1H); *C NMR (CDCls, 100
MHz) 6: 26.50, 59.31, 59.38, 68.37, 70.64, 70.93, 71.51,
101.69, 112.36, 118.18, 141.07, 157.59, 160.72, 202.40; IR
(KBr) v: 2925, 1621, 1511, 1376, 1258, 1119, 812 cm ™ ';
GC-MS (EI, 70 eV) m/z: 284 [M]", 226, 207, 194, 179,
167, 153, 137, 124, 109, 95, 73, 59, 43, 29.

33,5 6,7-=F & H-4-2AF g Hda)f 6,7-=(2-F
A AT R)-4-27 5% 3 F4b) 8 A&

50.0 mL ~HZEHIIA 2.1 g (0.09 mo)&J@4H, Tt
REFEREE, RSB 0.03 mol 3a 8¢ 3b, &N
0.15 mol FIBRIR — LI8, WmssEefE, KM 3.0 h, A%
Z IR, A 200.0 mL A E 0.5 h 5 E . 1IE,
JEDHA N 50.0 mL /KH, ERERI Y pH % 3.0~4.0, i),
Tk, L BEE L.

4a: WE 72.4%. m.p. 266.0~267.0 ‘CCCErE
278.0 C); "H NMR (DMSO-d,, 400 MHz) 0: 3.81 (s, 3H),
3.85 (s, 3H), 5.47 (s, 1H), 7.02 (s, 1H), 7.18 (s, 1H), 12.40
(s, 1H).

4b: YFE 70.8%. m.p. 236.0~237.0 C; 'H NMR
(DMSO-ds, 400 MHz) d: 3.38 (s, 6 H), 3.67~3.70 (m,
4H), 4.12 (t, J=4 Hz, 2H), 4.20 (t, J=4 Hz, 2H), 5.46 (s,
1H), 7.03 (s, 1H), 7.21 (s, 1H), 12.34 (s, 1 H ); *C NMR
(DMSO-ds, 100 MHz) : 58.87, 58.90, 68.96, 69.12, 70.70,
70.92, 89.41, 101.73, 106.39, 108.40, 145.45, 150.08,
153.22, 163.11, 166.55; IR (KBr) v: 2921, 1711, 1617,
1486, 1376, 1315, 1204, 812 cm'; MS (API-ES) m/z:
311.0  M+1]%, 312.0 M+2]".

848 http://sioc-journal.cn/
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33.6 6,7-=F AKX -4-3F 2 & (Sa)fe 6,7-=(2-F &
KT R)-4-2E 2% (5b)ay & mk

HY 4.50 mmol 4a B¢ 4b. = ZF"F IS LI (TEBA)
4.1 g (18.00 mmol) 1 Z.JiF 20.0 mL, FHEZ 40.0 CHif
10.0 min, ZZMEW N 1.9 mL (20.00 mmol)f] = 54 fk,
W InsE UG FRIE B 0.5 h, SRJETHEZE 90.0 C, L
FEMEMR LV, N 20.0 mL /K, R EEBEEE 3.0 b,
WS SE BT H B A, A 43 g A 2,

5a: WE 55.5%. m.p. 173.0~174.0 'C; 'H NMR
(DMSO-dg, 400 MHz) 8: 3.87 (s, 3H), 3.90 (s, 3H), 6.72 (s,
1H), 7.18~7.20 (m, 2H); *C NMR (DMSO-d,, 100 MHz)
8: 56.04, 56.49, 100.42, 105.26, 109.71, 111.89, 146.39,
148.49, 148.51, 153.88, 158.86; IR (KBr) v: 1707, 1618,
1507, 1384, 1278, 837 cm '; GC-MS (EL, 70 eV) m/z:
240.0 [M]".

5b: I F 54.0%. mp. 71.0~73.0 ‘C; '"H NMR
(CDCls, 400 MHz) o: 3.48 (s, 6H), 3.78~3.83 (m, 4H),
420~4.23 (m, 4H), 6.46 (s, 1H), 6.89 (s, 1H), 7.31 (s,
1H); *C NMR (CDCl;, 100 MHz) 8: 59.43, 59.45, 69.13,
69.75, 70.70, 71.09, 101.53, 109.23, 111.02, 112.41,
143.58, 146.39, 149.36, 154.26, 159.87; IR (KBr) v: 1711,
1617, 1486, 1376, 1315, 1204, 812 cm™'; GC-MS (EI, 70
eV) m/z: 328 [M]".

3.3.7 BiRb4 6al~6ad A= 6b1~6b4d 794 A%

5.00 mmol 5. =Z}#%(6.00 mmol). AHN )T 7z
(6.00 mmol)F1 5.0 mL Z —, JHEZ 160.0~180.0 C
RIL2.0 h, BAAAHAEER)E, WA 25.0 mL 7K, $Hid:
10 min, #E F %), ¥, K OREES S, ex
46.4~56.8%.

4-(2- A g 5 )-6,7- — A HE 7 K (6al): LK
54.3%. m.p. 304.0~305.0 ‘C; '"H NMR (DMSO-d, 400
MHz) §: 3.88 (s, 6H), 5.29 (s, 1H), 7.02 (s, 1H), 7.34~
7.39 (m, 2H), 7.45 (s, 1H), 7.50~7.54 (m, 1H), 7.67 (s,
1H), 9.20 (brs, 1H); *C NMR (DMSO-d,, 100 MHz) ¢:
56.07, 56.25, 83.47, 100.42, 104.02, 105.99, 123.23,
124.35, 125.44, 131.09, 133.60, 140.01, 145.48, 149.16,
152.22, 152.61, 161.87; IR (KBr) v: 3290, 1661,
1585,1531, 853 cm™'; MS (API-ES) m/z: 332.2 [M+1]";
HRMS (ESI) caled for Ci;H,sCINO, [M~+H]": 332.0611,
found 332.0693.

4-(4-F IR L 3E)-6,7- — A IE & © R (6a2): IXHK
56.8%. m.p. 289.0~291.0 ‘C;'H NMR (DMSO-d,, 400
MHz) d: 2.35 (s, 3H), 3.86 (s, 3H), 5.07 (s, 1H), 6.98 (s,
1H), 7.23 (d, J=8 Hz, 2H), 7.29 (d, /=8 Hz, 2H), 9.13
(brs, 1H); *C NMR (DMSO-d,, 100 MHz) : 21.54, 56.90,

Chin. J. Org. Chem. 2015, 35, 843~850



Chinese Journal of Organic Chemistry

57.13, 82.86, 101.13, 104.81, 106.80, 125.98, 130.66,
136.03, 136.16, 146.09, 153.09, 153.71, 162.61; IR (KBr)
v: 3276, 1650, 1535, 1511, 1384, 1237, 800 cm '; MS
(API-ES) m/z: 3119 [M]'; HRMS (ESI) caled for
CisH sNO, [M+H]™: 312.1158, found 312.1239.

4-(4- K i B )-6,7- — WA 2 T &K (6a3): L E
49.6%. m.p. 307.0~309.0 ‘C; "H NMR (DMSO-d;, 400
MHz) §: 3.87 (s, 6H), 5.21 (s, 1H), 7.01 (s, 1H), 7.40 (d,
J=8.4 Hz, 2H), 7.54 (d, J=8.4 Hz, 2H), 7.68 (s, 1H), 9.20
(brs, 1H); *C NMR (DMSO-d,, 100 MHz) d: 56.72, 56.94,
83.65, 101.08, 104.78, 106.68, 127.31, 130.12, 130.35,
137.98, 146.15, 149.81, 153.17, 153.27, 162.56; IR (KBr)
v: 3256, 1650, 1531, 1507, 1380 cm™'; MS (API-ES) m/z:
331.9 [M]".

4-FR e H-6,7- WAL F T 3 (6ad): HE 46.4%.
m.p. 184.0~186.0 °‘C; '"H NMR (DMSO-d,, 400 MHz) :
3.87 (s, 6H), 5.17 (s, 1H), 7.00 (s, 1H), 7.31~7.38 (m,
3H), 7.50 (m, 2H), 7.71 (s, 1H), 9.20 (brs, 1H); *C NMR
(DMSO-ds, 100 MHz) §: 56.70, 56.94, 89.09, 101.05,
104.80, 106.75, 125.83, 126.59, 130.16, 138.89, 146.13,
149.80, 153.19, 153.49, 162.65; IR (KBr) v: 3252, 1646,
1544, 1503, 1388, 1237 cm '; MS (API-ES) m/z: 298.1
[M=+1]"; HRMS (ESI) caled for C,;H;(NO, [M+H]":
298.1001, found 298.1082.

4-(2- AR H)-6,7- . (2- A I 2. 58) & 5 & (6b1):
R 52.7%. m.p. 202.0~204.0 ‘C; '"H NMR (DMSO-d;,
400 MHz) &: 3.33 (s, 6H), 3.69~3.72 (m, 4 H), 4.15~
4.22(m, 4H), 5.27 (s, 1H), 7.03 (s, 1H), 7.30~7.51 (m,
4H), 7.68 (s, 1H), 9.19 (brs, 1H); *C NMR (DMSO-d,
100 MHz) §: 58.79, 68.79, 69.18, 70.57, 70.73, 84.06,
102.05, 106.80, 123.67, 124.80, 125.90, 131.57, 134.10,
140.55, 145.16, 149.76, 152.63, 152.71, 162.35; IR (KBr)
v: 3244, 1642, 1531, 1507, 1380, 1262 cm™'; MS (API-ES)
m/z: 441.9 [M+Na]"; HRMS (ESI) calcd for C,HyCl-
NOg [M+H]": 420.1136, found 420.1222.

4-(4- W R HY-6,7- Q- HAE LAV FIE
(6b2): WrFE 51.8%. mp. 193.0~194.0 ‘C; 'H NMR
(DMSO-d, 400 MHz) J: 2.34 (s, 3H), 3.33 (s, 6H), 3.69~
3.72 (m, 4H), 4.21 (m, 4H), 5.09 (s, 1H), 7.00 (s, 1H), 7.23
(d, J=8 Hz, 2H), 7.29 (d, J=8 Hz, 2H), 7.74 (s, 1H), 9.11
(brs, 1H); *C NMR (DMSO-d;, 100 MHz) 0: 21.24, 58.93,
63.44, 68.88, 69.25, 70.88, 82.76, 102.14, 106.79, 106.96,
125.85, 130.60, 135.95, 136.16, 145.26, 149.83, 152.65,
153.59, 162.63; IR (KBr) v: 3293, 1650, 1535, 1511, 1380,
1262, 1127 ecm™'; MS (API-ES) m/z: 400.0 [M+1]";
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HRMS (ESI) caled for C»H,NOg [M+H]": 400.1682,
found 400.1766.

4-(4- S FE e HL)-6,7- —(2-FH A I 2 5) 7 5. &K (6b3):
R 48.1%. m.p. 237.0~239.0 ‘C;'H NMR (DMSO-d;,
400 MHz) 0: 3.35 (s, 6H), 3.50~3.90 (m, 4H), 4.19~4.44
(m, 4H), 5.22 (s, 1H), 7.03 (s, 1H), 7.28~7.52 (m, 5H),
7.72 (s, 1H), 9.16 (brs, 1H); °C NMR (DMSO-ds, 100
MHz) 6: 58.94, 68.90, 69.30, 70.72, 70.88, 83.69, 102.14,
106.88, 127.22, 130.09, 130.30, 137.97, 145.28, 149.88,
152.79, 152.99, 162.51; IR (KBr) v: 3244, 1650, 1535,
1499, 1380, 1262 cm ™ '; MS (API-ES) m/z: 419.9 [M+1]";
HRMS (ESI) caled for C, HiCINOg [M+H]": 420.1136,
found 420.1220.

4-R e -6,7- — (2-F A H: L) H K (6b4): UL
50.4%. m.p. 213.0~215.0 ‘C; '"H NMR (DMSO-d;, 400
MHz) §: 3.34 (s, 6H), 3.71~3.73 (m, 4H), 4.18~4.23 (m,
4H), 5.18 (s, 1H), 7.03 (s, 1H), 7.28~7.52 (m, 5H) 7.75 (s,
1H), 9.18 (s, 1H); *C NMR (DMSO-ds;, 100 MHz) &:
58.94, 68.89, 69.26, 70.73, 70.88, 83.12, 102.14, 106.80,
106.95, 125.75, 126.54, 130.14, 138.87, 145.27, 149.86,
152.71, 153.34, 162.62; IR (KBr) v: 3235, 1650, 1535,
1503, 1388, 1270 cm™'; MS (API-ES) m/z: 386.0 [M+1]".
3.3.8 &4k Ta A= Tb 495 A%

LAY 5.0 mmol (4), 6 mmol = Z &I 10.0 mL
AR, K 6.0 mmol X FZR#EBE S (TsCH A 10.0
mL ) & ki e =8 T, TLC (CHCI; :
CH;OH=1 : 11, V/") IR ol 42 5 15 1k e B, FHAE
PRFR B IR A K IR T e, A WLE S KRR B T
e, TR, BETUEWAS Ta A1 TORY, RiEATEHE— S 4lik,
HEZH T TP R M.

6,7- — F A Jik -4- 50 I R T 0 A5 & 3K (Ta): Ui
97.6%. m.p. 157.0~158.0 ‘C; '"H NMR (CDCl;, 400
MHz) J: 2.46 (s, 3H), 3.86 (s, 3H), 3.96 (s, 3H), 6.10 (s,
1H), 6.79 (s, 1H), 6.91 (s, 1H), 7.38 (d, J=8 Hz, 2H), 7.89
(d, J=8 Hz, 2H); *C NMR (CDCl;, 100 MHz) &: 22.01,
56.54, 56.69, 100.10, 101.51, 103.19, 107.41, 128.62,
130.59, 131.97, 146.74, 147.04, 149.96, 154.21, 158.35,
161.68; IR (KBr) v: 2925, 1736, 1621, 1564, 1507, 1376,
1147, 1000, 927, 816 cm '; MS (ESI) m/z: 377.0 [M—+
HI';

6,7- . (2- AR 3L 2 580)-4- 3 H AR I 2 2 . (Tb): IR
# 98.1%. m.p. 96.0~97.0 ‘C; '"H NMR (CDCl;, 400
MHz) §: 2.46 (s, 3H), 3.45 (s, 3H), 3.47 (s, 3H), 3.78~
3.80 (m, 4H), 4.10 (t, J=4 Hz, 2H), 4.18 (t, J=4 Hz, 2H),
6.14 (s, 1H), 6.83 (s, 1H), 7.02 (s, 1H), 7.38 (d, J=8 Hz,
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2H), 7.88 (d, J=8 Hz, 2H); °C NMR (CDCl;, 100 MHz)
J: 21.59, 59.06, 59.10, 68.73, 69.34, 70.32, 70.67, 101.05,
101.26, 106.48, 107.29, 128.25, 130.18, 131.66, 14591,
146.60, 149.75, 153.97, 157.89, 161.27; IR (KBr) v: 2913,
1728, 1609,1564, 1507, 1384, 1164, 1045, 951, 853, 755,
555 cm™'; MS (ESI) m/z: 465.1 [M+H]";

3.3.9 HARL A4 6a5 = 6b5 49L& A%

2.5 mmol &%) 7, 3.0 mmol 8] Z 5k ZEHE, 5.0 mmol
TEKBRERERAT 10.0 mL Jo/K 48, FHEZ FR, TLC
(VA ER) @ MR B8 =1 1180 2 J5UR 4 4L 58 B
JE A5 I RBE, 980 28 TR AR, A5 B AR B R
JE, Rpfgatips i,

4-(3- LR HE IR i FR)-6,7- — H AR B A 5K (6a5): UL
% 10.0%. m.p. 273.0~275.0 'C; 'H NMR (DMSO-dq,
400 MHz) 6: 3.86 (s, 6H), 4.28 (s, 1H), 5.21 (s, 1H), 7.00
(s, 1H), 7.37~7.44 (m, 4H), 7.66 (s, 1H), 9.20 (brs, 1H);
3C NMR (100 MHz, DMSO-dg) d: 61.09, 61.29, 86.56,
87.75, 88.05, 105.43, 109.11, 111.11, 127.89, 130.53,
132.69, 133.91, 135.01, 143.84, 150.52, 154.19, 157.48,
157.62, 166.97; IR (KBr) v: 3284, 1650, 1535, 1503, 1437,
1225, 800 cm™'; MS (ESI) m/z: 322.1 [M~+H]"; HRMS
(ESI) caled for CpHyNOg [M+H]": 322.1001, found
322.1081.

4-(3- AR FEFE R -6,7- (FEIEZE)FEER
(6b5): T FE 8.6%. m.p. 193.0~195.0 ‘C; 'H NMR
(DMSO-ds, 400 MHz) §: 3.34 (s, 6H) 3.70~3.73 (m, 4H),
4.17~4.20 (m, 2H), 421~4.23 (m, 2H), 4.29 (s, 1H),
523 (s, 1H), 7.04 (s, 1H), 7.37~7.52 (m, 4H), 7.71 (s,
1H), 9.17 (br s, 1H); *C NMR (DMSO-d,, 100 MHz) &:
58.94, 68.93, 69.31, 70.72, 70.88, 82.18, 83.35, 83.78,
102.20, 106.88, 123.53, 126.11, 128.27, 129.55, 130.64,
139.35, 145.31, 149.91, 152.82, 152.96, 162.53; IR (KBr)
v: 3256, 1732, 1646, 1531, 1376, 1270, 1119 cm™'; MS
(ESI) m/z: 410.1 [M+H]".

4 B A1 Bl (Supporting Information)  fT & it & 11
Al PRIEA GC-MS S5 EIHE. X Lehp Ry DL ok
AT 355 (http://sioc-journal.cn/)_E N %K.
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