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Synthesis of Quinoline-2,4-diones from Cyanoacetanilide
Derivatives

Zhong, Shuaishuai Huang, Peng*

Wang, Xingyue
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(College of Chemistry, Liaoning University, Shenyang 110036)

Abstract Quinoline-2,4-dione unit is present in many natural products and synthetic compounds along with a broad range of
bioactivities. Herein, a new approach to the synthesis of quinoline-2,4-diones is developed based on a methyl triflate
(TfOMe)-promoted intramolecular Houben-Hoesch reaction of a,a-dialkyl substituted cyanoacetanilides. The broad substrate
scope, simple operation and mild reaction conditions make this synthetic method very attractive.

Keywords quinolinone; nitrile; methylation; cyclization
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TR RIS, HAE RN R Rl e R R AL
TIELL T A BN S AR AN O N 31 5 i A PR
FANME, it — P IR T R N E YL B, Rk
15 A1 1 2401 Houben-Hoesch 2 3. 26 14 341 g i FYE
FARH LK. 2010 4, Kobayashi Z5PHRIE T &L 2./t
F5 WA B IITE =T S BRI (TFAA)/N,N-— H1 35 F it fiz
(DMF){& &9 [1153F- N Houben-Hoesch . EiZAA R
o, B LB e R A o- = QAL [ S AR A
Pt b B4, 25 HL I I BV A0 U T A 15 ]
RTERAN P S N R BN 3- =50 LB 5E-
4-$2 IR -2-Bi 21k A W) (Scheme 1), Ffif5, A1t —
S5 FH 45 B 2 S A UL 1 SRR R J T UL B T
HEAb A PITE = 58 F R T (TF,0)/DMF 14 & (1953 F 1
Houben-Hoesch W, Ak 3-FEEI:-4-F2 50 Mpk-2-
B AU, SR, SRS AL I UL 2T e fiT A=
¥, TFAA/DMF } Tf,0/DMF 14 % #8x DLl 5 & A=
Houben-Hoesch [ 8. ik, 0Bk SEIRZB I OB
25 CAOR AN SCHRIGE AN 2. FEFRAT TS 4H A A 7 T
VER AL MY, 4508 — 1) DL =48 P e R B (TfOMEe)
REEFIN a,0- — BT BT Fetb &9 55 1 I
Houben-Hoesch M. 1% N A JRMITERITEZ . 724
R AL s, MU R T Houben-Hoesch SN B
Yo, oA R R-2,4- SR A ER A TR R

B,
- _H
NS ‘N\\\r\o‘)
R IPAA DML I
~ rt,24h R
N"So N"So
R? R?

BxR1 =HOBAE T IE 2 4B 1) Houben-Hoesch X
L\L

Scheme 1 Trifluoroacetylation-induced Houben-Hoesch reac-
tion of cyanoacetanilides

1 ZER51He
1.1 REFHHMTKT

BATLLA A HICH I EEE 2B 5 e (1a) R [
NAAFHEAT T AL, FERSEIGAE RN 1 fios. 240
Je/K DMF Y7, TFAA. THO B =% Leh s B g

(TfOMe) AEREFINT, 1a A KA Bi(3 1, Entries 1~3).
BUH TR R KN, 1.2 equiv. fi) TFOMe JAE 25

1200 http://sioc-journal.cn/

i, [RBIFE 100 °C 264 T AT 2 h b BUBR]HL L 78% 1)
S AR F TR a2, 4- — P4 2a(3 1, Entry 4). K
NEAE S VRN 2. 28R g m i & o kerh
WA AT, eI RCRE A LK &R OFE(R 1,
Entries 5~7). {HAERNZ, ELBERINEKMET, RN
PImT L 68% IR IRTG B AR~ 2a. BATHEE TR
FEXT SN FEMR, R IR B PR 80 CHY, JBiHS
[ A K H 74 2a W T BR(K 1, Entry 9), 171 247+ &
FEZ 120 CHF, RMBRTELF(R 1, Entry 10). P40k
FLi 226 W] 1.2 equiv.if] TIOMe Xf 2 B JEH & &, 14
fin TfOMe FIFH &S] 1.3 equiv. NEERR & 2Y) 22 IR
(# 1, Entry 11), {HF#{K TFOMe (¥ F 238 2a (KU
& RPE(F 1, Entry 12).
#* 1 1a ) Houben-Hoesch [z M 45 F AL @

Table 1 Optimization of the reaction conditions for the Hou-
ben-Hoesch reaction of 1a

(0]
@li? Additive @f@
N ) Solvent, T N 0O
| |
1a 2a
Entry Solvent Addl.twe Time/h 7/°C Yield/%
(equiv.)

1 DMF TFAA (1.2) 10 100 0°
2 DMF T£,0 (1.2) 10 100 0°
3 DMF TfOMe (1.2) 10 100 07
4 CICH,CH,CI TfOMe (1.2) 2 100 78
5 Toluene TfOMe (1.2) 20 100 46
6 CH;CO,C,Hs  TfOMe (1.2) 8 100 60
7 CICH,CH,CI° TfOMe (1.2) 2 100 75
8 —/ TfOMe (1.2) 2 100 68
9 CICH,CH,Cl TfOMe (1.2) 5 80 53
10 CICH,CH,Cl1 TfOMe (1.2) 1 120 80
11 CICH,CH,CI1 TfOMe (1.3) 1 120 79
12 CICH,CH,CI TfOMe (1.1) 2 120 71

© 2018 Chinese Chemical Society & SIOC, CAS

“Unless otherwise noted, all the reactions were conducted in anhydrous sol-
vent (2.0 mL) with 1.0 mmol of 1a, and the yields were calculated based on the
weight of the isolated products. ®92% of 1a was recovered. ©93% of 1a was
recovered. ¢93% of 1a was recovered. ¢ common ClCHZCHZCL/solvem free.

1.2 [RYINAR

TERSL T BER P& G (#R 1, Entry 10), BT
— R BA 2P BB AIA [E] B 7R a,0- — 3k
I LT AL EIAE TIOMe 1ER NI, 45215
TR 2 . LI R, S5 IR F - RARA
2 [A) RURE RS R IR = 26 — € RS . el dn, AHEE T
FE P A R 1a(3R 2, Entry 1), AL 48 FEF A&
B AR EURET, =24 2b F 2¢ (P2 HIEH FREGER 2,
Entries 2, 3), T 245567 BRI & 4 v 72k [ dn R AR 2L B
FRJEIN, S REATY DAASE i R 7= 28 A O B B 724 2d0 A
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2e(3 2, Entries 4, 5). MW EATHRIFLAN, HEA
(123 [ A7 FELASAS 724 2f 17~ AR (GR 2, Entry 6). T
B8] FA L AR FI Y 1g(GR 2, Entry 7), LA 5 @1 HIX
R PR B — X L B R, Hoh R BN
7-H LR -2,4- R (2g), KBSy S-FEE-4-FE i
FEWEIR-2-FE Ak A . T RE R A A1 R 3 AR I 11 A 1)
RN BELAG 10 i v (R BRI K A, Bk, IO AR 57 3 B i
BUE T RPBURIE R, R? N 2L 8 — 5 A5 1Al 67 B
HIF NSRS (3R 2, Entries 8, 9), FERIEH FK, HEH
R NEIR(E 2, Entry 10), HAELL 25% 177 RIR1E 74
2j, H 2 Ak (TLC) MM A A 5 2 HE DL 7 B %5 2 1
B, WA M T TfOMe SRS ML &4 &
RCFE). BT B U I LT e
EWUIL, a,0-— LB, = Z BB (R EURE 2k 55 e
TfOMe 1 H Tt A] LUNGUR b4 10 A S f e npk-2,4- —
BiF=4)(#% 2, Entries 11, 12). R0, 24 TfOMe 4bFE
o0- REFEBAREY 1m B, FrE =933 e
®2 RVEMIKRRE

Table 2  Substrate scope of the reaction

N R\ 0 R ™
R1—/ | iRSI TfOMe (1.2 equiv.) R1_i\/|\HiR3l
XN CICH,CH,CI, 120 °C XN

ll?z N~ Ile

T o

3
Entry 1 R' R> R?(orR*:RY 2 Yield/%
1 1a H Me (CHy), 2a 80
2 1b 4-Cl Me (CH,), 2b 76
3* 1c 4NO, Me (CHy)4 2¢ 75
4 1d 4MeO Me (CHy)4 2d 83
5 1le 4-Me Me (CHy),4 2e 80
6 1f 2-Me  Me (CHy), 2f 71
7 1g 3Me  Me (CHy), 2g+3° 77
8 1h H Et (CHy), 2h 75
9 1i H i-Pr (CHy), 2i 63
10 1j H H (CHy), 2j 25
11 1k H Me Me 2k 78
12 11 H Me Et 21 76

“ Unless otherwise noted, all the reactions were conducted in anhydrous
CICH,CH,Cl (2.0 mL) with 2 (1.0 mmol) and TfOMe (1.2 mmol) at 120 ‘C
for 1~2 h, and the yields were calculated based on the weight of the products.
To the reaction mixture was added 20 mmol of H,0, after 1b/1¢ was con-
sumed as monitored by TLC analysis, and the reaction was carried on for
another 1 h.“n(2g) : n(3)=5 : 1, identified by 'H NMR.
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3,3- R RN -2,4- T, TS 3R A -3 A T e
Mk-2,4- —H(2m) (Eq. 1). W48, JRTIELEIA R
P =3 R e R R (TTOH) IR A T dF — 22 R AR T /K i
&E[IZ].

//
NS
@\ TfOMe (1 2 equiv.)
N0 CICH,CH,CI
|

120°C, 3 h
1m 2m 42%

1.3 REHIBHAZR

1 bR szag &5 By at b, 4546 4 % Houben-
Hoesch MUK ERNAEYE TIOMe S BL[1)SCHRHR
EEOBD AR T a0- R B IR AE Y
7E TfOMe 1EH T HAL NENR-2,4- B2 A Y0 7T RE
MALEE, W1 Scheme 2 fii7R, B 5, a,a- R IE 2
FHEACED) 1 FIRREEE T8 TIOMe FHIEALTE i 65
B A, RJE A RS T NI SR R N
AR R R AR B, B 7KAR1S BIMEIR-2,4- {2510
a2 EREENE, £ LRSS, KY1 5T
PR BURFER 2 AR R, Xt S8 3 7R i iAk A
(T AN R, T R EUR ) HE P 208, B AR X 55 38 1)
o R S BTGP — s s, (H BT 85 & 1 1SR
L, DAl 2 A P 0 Bt BB AR 4 e A o F A
N MR, BUREE R e R A2 AL NHZ &
7 3 PR 5 M) B o B

Me
3.‘ \
_ N\\ R
R1— | R3 TfOMe O\ R3
N '?‘ o
R2
1 A
}H*-
Me
~
(0] N .
R3 | R3 -
R R3 H20 R R3
N0 MeNw, N0
R? R2
2 B
B2 mrRERIRBHLER
Scheme 2 Proposed mechanism
~
Zig

A T — Bl R -2,4- R AN AP R T
LARRGT 2 13 ) a,a- — R 2R IR C 655 At & W 0 SR kL,
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Y22 BAR I R -2,4- —FRALAY. %7k B A E R i
J7y RBLEAHRA PR mEIL A MG T
Houben-Hoesch S 3% (P8 FHYE I, t=F & 7@ IR R
JOF I A4 — 25 AA B R IR -2, 4- — TR J IR 1 & e, m o
BRMIMEEM IR S5 E AR LS5 SR IR 4R 5.

3 XIS
3.1 X5

SEEG BT A TR R TR A AL JEE 4w
iz ) 1) 2% 4 BB SCHR 916 . A JEMT A 200~300 H 7
5, DAA R 2R RN R ITA. 1S RCR A X-4 B0
R (RS R 2L IE)M €. "H NMR(300 MHz 5%, 600
MHz)f1 *C NMR (75 MHz 5% 150 MHz)%H Bruker
Advance 300 ¥ UltraShield 600 A% 3ERACM 2, CDCly
8¢ DMSO-d, A7, TMS A AR, IR K Spectrum One
RULL AN A4 KBr JE F VAN E. e & 9 iRk
PerkineElmer PE-2400 3 #T4%. 43 HEm iR H LTQ
Orbitrp J5i B E .
3.2 LWHE
321 aa-=RRARAETHE T 1la~1j 496 5%

Pl la A ECAE. IR, W50 mL R EE A
A 15 mL DMF. 10 mmol N-FHE- V-7 5 3 7, ok e fr
22 mmol Je7K KoCOs, HiFER M 1 h 5, 19 [R R Be i 22
2300 11 mmol 1,4- R T ¥, 5 min P II5ERE, =il
RSN N ) 20 h, R OGG(TLC) I SN 584
Ja, BRMNMEAYEN 300 mL WA &K, H
CH,CL, (30 mLX3)AHL, &3AHAH, HJ/KMgSO,+
B, BAWRAERE CH.CL Ja, M7 i &1 R AT = i
(VA M) @ V(EtOAC)=12 : 1)/ BS4iifh, 15 (1 (5 & 14
) 1a.

1- BB - N-FE L - N- 2R L 3R T FE B iz (1a): (Ll Ak
5 90%. m.p. 58~59 C; 'H NMR (600 MHz,
DMSO-dg) 0: 1.63~1.72 (m, 4H), 1.88 (s, 2H), 2.28 (s,
2H), 3.26 (s, 3H), 7.42 (s, 3H), 7.45~7.48 (t, J=7.2 Hz,
2H); C NMR (150 MHz, CDCl;) d: 24.8, 30.9, 32.4, 39.1,
40.4, 47.4, 121.7, 129.0, 129.6, 142.1, 167.4; IR v: 3061,
2981, 2954, 2877, 2235, 1655, 1593, 1496, 1452, 1421,
1370, 1288, 705, 680 cm™ . Anal. caled for Ci4H4N,O: C
73.66, H 7.06, N 12.27; found C 73.80, H 7.03, N 12.23.

N-(4-F R HE)-1-F - N-H 30 T Bk (1b): 1 6
B, 723 67%. m.p. 60~61 ‘C; 'H NMR (600 MHz,
CDCly) d: 1.79 (s, 4H), 2.04 (s, 2H), 2.32 (s, 2H), 3.31 (s,
3H), 7.28 (s, 2H), 7.42 (d, J=8.4 Hz, 2H); *C NMR (150
MHz, CDCls) d: 24.8, 30.9, 32.5, 38.9, 40.3, 47.2, 121.7,
129.7, 130.4, 134.6, 140.7, 167.2; IR v: 3086, 3057, 2980,

1202 http://sioc-journal.cn/
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2951, 2872, 2234, 1652, 1591, 1490, 1453, 1416, 1366,
1284, 842 cm™ . Anal. caled for Cy4H;sCIN,O: C 64.00, H
5.75,N 10.66; found C 63.92, H 5.77, N 10.70.

N-(4-T 2 283 )- 1 -0 2 - V- FR 2 2R I R It e (Te): ¥R
O, 72F 70%. mp. 67~68 ‘C; 'H NMR (300
MHz, CDCl;) d: 1.82~1.89 (m, 4H), 2.14~2.22 (m, 2H),
2.34~2.46 (m, 2H), 3.47 (s, 3H), 7.48~7.53 (m, 2H),
8.30~8.34 (m, 2H); *C NMR (150 MHz, CDCl;) &: 25.1,
38.8, 39.9, 46.8, 121.4, 124.8, 128.6, 146.8, 148.5, 167.2;
IR v: 3107, 3078, 2978, 2947, 2881, 2234, 1658, 1608,
1592, 1519, 1493, 1371, 1349, 1289, 864 cm™'. Anal. caled
for C4H,5N;05: C 61.53, H 5.53, N 15.38; found C 61.58,
H 5.55,N 15.34.

1-F 2 - N-(4- F 4 22 2R 8 )- V- R 30 X 8 e (1)
FEE A, 2% 78%. mp. 75~76 C; 'H NMR (600
MHz, CDCL3) 8: 1.76 (s, 4H), 1.98 (s, 2H), 2.28 (d, J=4.2
Hz, 2H), 3.27 (s, 3H), 3.84 (s, 3H), 6.94 (d, J=8.4 Hz,
2H), 7.25 (d, J=8.4 Hz, 2H); *C NMR (150 MHz, CDCl5)
5: 24.6, 38.9, 40.5, 47.4, 55.4, 114.5, 121.9, 130.3, 134.5,
159.7, 167.6; IR v: 3068, 2983, 2952, 2873, 2843, 2230,
1650, 1606, 1509, 1454, 1419, 1373, 1300, 1036, 852
cm '. Anal. caled for C;sH;sN,O»: C 69.74, H 7.02, N
10.84, found C 69.80, H 7.00, N 10.88.

1- 5 HE - V- R - N- o) R R R IR I FR Bk i (e): 1 E2
[E4A, 723 75%. m.p. 76~77 ‘C; 'H NMR (600 MHz,
CDCLy) 8: 1.76 (s, 4H), 2.00 (s, 2H), 2.29 (s, 2H), 2.40 (s,
3H), 3.28 (s, 3H), 7.21 (s, 2H), 7.25 (d, J=7.8 Hz, 2H);
BC NMR (150 MHz, CDCLy) 6: 21.1, 24.7, 29.6, 39.0,
40.4, 47.4, 121.8, 128.8, 130.1, 138.9, 139.4, 167.4; IR v:
2982, 2950, 2876, 2232, 1651, 1604, 1510, 1449, 1417,
1373, 1284, 833 c¢cm '. Anal. caled for C;sH;sN,O: C
74.35, H 7.49, N 11.56; found C 74.28, H 7.52, N 11.52.

1-F - N- F - N-AT R R B IR O Bz (1F): 1 o]
A&, 7% 88%. m.p. 33~34 C; If Jylieik mrbik, 1%
KR 5 BRI R %R 52 0 1. 'H NMR (600 MHz,
CDCLy) d: 1.74~1.82 (m, 4.46H), 1.89~1.93 (m, 1.37H),
2.16~2.19 (m, 2.59H), 2.34 (s, 3.35H), 2.47~2.49 (m,
1.41H), 3.21 (s, 3.00H), 3.52 (s, 0.54H), 7.10 (d, J=5.8
Hz, 0.18H), 7.19 (d, J=7.6 Hz, 0.98H), 7.26 (t, J=7.5 Hz,
1.82H), 7.31~7.35 (m, 1.95H); *C NMR (150 MHz,
CDCly) 6: 17.0, 17.8, 24.6, 24.8, 25.3, 37.4, 37.5, 38.4,
39.0, 39.2, 39.9, 45.5, 47.3, 1209, 121.8, 126.4, 126.7,
1272, 127.9, 129.2, 129.4, 131.1, 131.7, 134.7, 137.2,
140.6, 142.6, 166.2, 167.7; IR v: 3060, 3026, 2958, 2876,
2232, 1653, 1603, 1581, 1494, 1455, 1418, 1368, 1275,

Chin. J. Org. Chem. 2018, 38, 1199~1206
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770, 730 cm”'. Anal. caled for C;sH;gN,O: C 74.35, H
7.49, N 11.56; found C 74.41, H 7.52, N 11.52.

1-F0 - V- Y - V-] R R A T B e (1g): 1 B
[k, 723 78%. m.p. 33~34 ‘C; 'H NMR (600 MHz,
CDCly) 8: 1.77 (s, 4H), 2.00 (s, 2H), 2.31 (s, 2H), 2.39 (s,
3H), 3.30 (s, 3H), 7.14 (s, 2H), 7.22 (s, 1H), 7.33 (t, J=7.8
Hz, 1H); *C NMR (150 MHz, CDCL3) ¢: 21.2, 24.7, 30.9,
32.4, 39.0, 40.3, 47.4, 121.8, 125.8, 129.3, 129.5, 139.5,
141.9, 167.3; IR v: 2958, 2876, 2232, 1659, 1607, 1589,
1491, 1453, 1418, 1368, 1293, 794, 707 cm™'. Anal. calcd
for CsH sN,O: C 74.35, H 7.49, N 11.56, found C 74.45,
H 7.45,N 11.52.

1-FHE-N- £ -N-ZK FE 3R T H B % (1h): TG 3 iR
AR, 7% 81%. '"H NMR (600 MHz, CDCls) d: 1.15 (t,
J=7.2 Hz, 3H), 1.78 (d, J=7.2 Hz, 4H), 1.99 (s, 2H), 2.30
(s, 2H), 3.76 (s, 2H), 7.31 (s, 2H), 7.43~7.47 (m, 3H); 1°C
NMR (150 MHz, CDCly) d: 12.4, 24.7, 30.9, 32.4, 39.1,
472, 47.6, 121.8, 128.9, 129.4, 130.0, 140.2, 166.7; IR v:
3063, 3041, 2971, 2876, 2232, 1652, 1596, 1495, 1453,
1394, 1281, 769, 737 cm” . Anal. caled for C;sH;sN,O: C
74.35,H 7.49, N 11.56; found C 74.43, H 7.46, N 11.53.

1- T2 -N- 5 P - V- R R I3 R I Jie (1d): 1
1, P2E 73%. mp. 56~57 C; '"H NMR (300 MHz,
CDCly) &: 1.07 (d, J=6.6 Hz, 6H), 1.74 (s, 4H), 1.92 (d,
J=12.0 Hz, 2H), 2.27 (d, J=12.0 Hz, 2H), 4.87~4.95 (m,
1H), 7.28 (s, 2H), 7.45 (d, J=6.0 Hz, 3H); °C NMR (75
MHz, CDCl;) d: 20.5, 24.6, 39.1, 48.2, 48.8, 122.0, 128.6,
129.3, 132.4, 135.7, 166.6; IR v: 2975, 2875, 2228, 1647,
1592, 1494, 1454, 1394, 1332, 765, 713 cm " '. Anal. caled
for C1gHxoN,O: C 74.97, H 7.86, N 10.93; found C 74.84,
H 7.90, N 10.97.

1- 038 -N- 2R 2R 3R G e (1): 1 R [ A, 7R
89%. m.p. 56~57 ‘C; 'H NMR (300 MHz, CDCl;) o:
1.90~1.99 (m, 4H), 2.26~2.45 (m, 4H), 7.18 (t, J=7.5
Hz, 1H), 7.36 (t, J=7.8 Hz, 2H), 7.53 (d, J=7.8 Hz, 2H),
7.97 (s, 1H); °C NMR (75 MHz, CDCls) o: 25.4, 37.8,
48.6, 120.4, 122.6, 125.1, 128.9, 136.9, 166.2; IR v: 3338,
3059, 2957, 2876, 2234, 1703, 1602, 1547, 1491, 1441,
1314, 1249, 755, 694 cm !, Anal. caled for Ci3sHi41N,O C
72.87,H 6.59, N 13.07; found C 72.99, H 6.56, N 13.02.
322 ao-=BE AL CEFE 1k—~1m 495 %

DLk & N, 3T, 10 50 mL 3R RE i H
A 15 mL DMF. 10 mmol N-FJ&-N-RIEF It £ kg Al
22 mmol To7K K,COs, FFER N 1 h )5, 17 &K H i
B30 mmol ML, WINTEEE S, dRERAEEIR FHiHER

Chin. J. Org. Chem. 2018, 38, 1199~1206

© 2018 Chinese Chemical Society & SIOC, CAS

J%i %20 h, TLC Wil e B 5242 05, 44 S SR A 40181 300
mL MAIE K, A CH,Cl, (30 mLX3)&H, &6
BUAH, HIEK MgSO, T, HAWGFR 2 CHLCL fa, #
I SRR AT ENT[VCR EE) @ V(EtOAc)=30 : 1)4lift,
3 A A=) 1k.

2-FHE-N,2- — H - N- R T I e (1k): ¥k 3 €[]
&, FEE 79%. m.p. 44~45 C; '"H NMR (300 MHz,
CDCLy) d: 1.60 (s, 6H), 3.34 (s, 3H), 7.33 (dd, J=7.2, 2.4
Hz, 2H), 7.44~7.50 (m, 3H); *C NMR (75 MHz, CDCl;)
8: 273, 37.3, 40.8, 1212, 128.6, 129.1, 129.7, 142.4,
168.0; IR v: 3059, 3017, 2985, 2940, 2238, 1651, 1593,
1497, 1464, 1421, 1390, 1371, 1281, 778, 746 cm™'. Anal.
caled for C,H;4N,O: C 71.26, H 6.98, N 13.85, found C
71.34, H 6.97, N 13.80.

2-FHE-2- 2 -N-F B -N-ZR B T e (1): H N-H
B -N-FE I OB S5IR 2k N %, TE IR
&, P#E 27%. "H NMR (300 MHz, CDCl3) 6: 1.06 (t, J=
7.5 Hz, 6H), 1.71~1.83 (m, 2H), 2.04~2.16 (m, 2H), 3.34
(s, 3H), 7.24~7.28 (m, 2H), 7.44~7.47 (m, 3H); "°C
NMR (75 MHz, CDCl3) &: 9.8, 32.5, 40.6, 49.6, 119.2,
128.8, 129.3, 129.7, 142.3, 167.2; IR v: 3064, 3040, 2976,
2940, 2882, 2230, 1639, 1597, 1495, 1463, 1416, 1383,
1277, 774, 731 cm !, Anal. calcd for C4sHgN,O: C 73.01,
H 7.88, N 12.16; found C 72.90, H 7.91, N 12.20.

2- 5 Fk -N- B L - N- A 3 2 ok T -4 TR B R i (1m):
B N-FREE-NREFRE WL S 3-IR R M %, [
EER, 773 73%. m.p. 63~64 C; '"H NMR (300 MHz,
CDCLy) 6: 2.22 (t, J=2.4 Hz, 2H), 2.75 (d, J=16.5 Hz,
2H), 3.00 (dd, J=16.5, 2.4 Hz, 2H), 3.36 (s, 3H), 7.43~
7.48 (m, 5H); °C NMR (75 MHz, CDCly) ¢: 27.4, 41.0,
45.9, 73.3, 77.1, 117.5, 123.6, 127.4, 128.9, 129.5, 129.8,
141.4, 163.8; IR v: 3300, 3250, 3072, 2957, 2239, 1647,
1595, 1497, 1433, 1386, 1271, 700, 664 cm™'. Anal. caled
for C1¢HsN,O: C 76.78, H 5.64, N 11.19;  found C 76.87,
H 5.62,N 11.15.
323 B9k-2,4-ZFR 2 695k

DL 2a G oA, =i, MR 15 mL S RERR
JEIRAIIAN 2 mL oK 1,2- =& %5 1 mmol W) 1a
#11.2 mmol TfOMe, ## 5 FHRZ 120 CHiFE R NL 1
h, TLC Ml 5 B2 56, A5 SRS 294 20 28 2 i Je K I 8
WA 30 mL A 27K F, F CH,LCl, (15 mL X 3)i#E4T
HEL, SIEHHE, FITEK MgSO, T, HA5 k442
CH,CL, J&, /= W & rE A E M V(A ) :
V(EtOAc)=14 © 1)Zlifk, 18K [ G~ 2a.

1'- F 3L 1 H-B 3R R e - 1,3 M IR -2',4'- — i (2a)1"):
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KA E 4K, mp. 51~52 C; '"H NMR (600 MHz,
CDCly) 0: 1.82~1.91 (m, 4H), 2.16~2.23 (m, 4H), 3.47
(s, 3H), 7.17 (t, J=7.8 Hz, 2H), 7.61 (dd, J=6.6, 1.1 Hz,
1H), 7.99 (dd, J=7.8, 1.6 Hz, 1H); *C NMR (150 MHz,
CDCly) 0: 26.9, 29.8, 36.6, 63.5, 114.6, 120.2, 122.6,
127.9, 135.5, 143.2, 174.3, 196.8; IR v: 3046, 3026, 2952,
2865, 1694, 1660, 1603, 1473, 1418, 1354, 1302, 756
cm '; HRMS (ESI) caled for C,H;sNO, [M+H]"
230.1181, found 230.1176.

6'- G -1'- F B -1 H- R [0 e - 1,3"- W K 1-2',4'- — il
(2b): EMEEE, mp. 56~57 ‘C; '"H NMR (300 MHz,
DMSO-dg) 6: 1.67~1.75 (m, 4H), 2.03~2.05 (m, 4H),
3.36 (s, 3H), 7.41 (dd, J=6.9, 2.4 Hz, 1H), 7.74 (dd, J=
6.9, 2.4 Hz, 2H); *C NMR (150 MHz, DMSO-d;) J: 26.8,
30.2, 36.2, 63.4, 118.1, 121.4, 126.3, 127.1, 135.3, 142.4,
173.5, 195.3; IR v: 3116, 3049, 2960, 2867, 1658, 1598,
1485, 1467, 1428, 1382, 1336, 1290, 906, 863, 826 cm ';
HRMS (ESI) caled for C,4H;sCINO, [M+H]" 264.0791,
found 264.0785.

6'- i k- 1'- F - 1 H-WR B [ e - 1,3'- PR IR ]-2",4'- il
(2¢): ERFAE L, mp. 104~105 ‘C; 'H NMR (600
MHz, CDCl;) d: 1.84~1.92 (m, 4H), 2.20~2.23 (m, 4H),
3.56 (s, 3H), 7.34 (d, J=9.1 Hz, 1H), 8.44 (dd, J=9.1, 2.7
Hz, 1H), 8.78 (d, J=2.6 Hz, 1H); C NMR (150 MHz,
CDCly) d: 25.1, 26.8, 30.5, 36.6, 64.1, 115.5, 120.0, 123.8,
130.0, 142.6, 147.6, 174.0, 194.5; IR v: 3123, 3099, 3079,
2965, 2863, 1795, 1672, 1606, 1523, 1486, 1442, 1327,
1310, 876, 835 cm™'; HRMS (ESI) caled for C4H sN,O4
[M+H]" 275.1032, found 275.1028.

6'- A -1 - 1 H-BR A T30 01,3 - bk -2+ 4- —
fii(2d): ¥ O EE, mp. 74~75 ‘C; '"H NMR (300
MHz, DMSO-dg) 6: 1.65~1.80 (m, 4H), 2.02~2.06 (m,
4H), 3.36 (s, 3H), 3.80 (s, 3H), 7.28~7.35 (m, 3H); "°C
NMR (75 MHz, DMSO-d;) d: 26.6, 29.8, 36.1, 55.5, 62.8,
109.6, 117.2, 120.5, 122.8, 137.2, 154.6, 173.0, 196.2; IR
v: 3060, 3040, 2952, 2866, 2838, 1646, 1616, 1590, 1499,
1471, 1433, 1418, 1350, 1303, 1119, 1027, 875, 827 cm ';
HRMS (ESI) caled for CsH;sNO; [M+H]" 260.1287,
found 260.1282.

1,6'- = Ik - 1'H- R [ 34 1 bt -1,3'- W ph ]-2',4'- — il
(2e): EEE, mp. 59~60 C; '"H NMR (300 MHz,
DMSO-dy) 6: 1.65~1.77 (m, 4H), 1.96~2.11 (m, 4H),
2.32 (s, 3H), 3.36 (s, 3H), 7.27 (d, J=8.4 Hz, 1H), 7.51~
7.54 (m, 1H), 7.64 (d, J=1.8 Hz, 1H); °C NMR (75 MHz,
DMSO-ds) 6: 19.9, 26.6, 29.7, 36.0, 63.0, 115.6, 119.6,
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127.0, 131.8, 136.5, 141.0, 173.3, 196.3; IR v: 3126, 3080,
3050, 3018, 2950, 2866, 1644, 1613, 1585, 1503, 1467,
1372, 1348, 1262, 906, 829 cm '; HRMS (ESI) calcd for
CsHsNO, [M+H]" 244.1338, found 244.1332.

1,8'- — F B - 1'H- R [ 34 10 be -1,3'- i ph ]-2',4'- — T
2f): AEAR, mp. 85~86 C; 'H NMR (600 MHz,
DMSO-dg) 6: 1.55~1.60 (m, 2H), 1.63~1.69 (m, 2H),
1.95~1.99 (m, 2H), 2.05~2.09 (m, 2H), 2.46 (s, 3H),
3.31 (s, 3H), 7.16 (t, J=7.5 Hz, 1H), 7.51 (d, J=7.5 Hz,
1H), 7.55 (d, J=7.5 Hz, 1H); “C NMR (150 MHz,
DMSO-dy) 6: 21.5, 26.3, 34.3, 37.0, 63.6, 124.0, 124.7,
127.9, 139.0, 144.3, 173.9, 197.0; IR v: 3080, 2951, 2867,
1698, 1660, 1584, 1488, 1453, 1408, 1380, 1297, 803, 788,
761 cm '; HRMS (ESI) calcd for CsH;sNO, [M—|—H]+
244.1338, found 244.1333.

1,7'- — W B -1 H- MR 20 1 b -1,3"- M Ik ]-2',4"- — i
(2g): '"H NMR (600 MHz, DMSO-ds) d: 1.68~1.76 (m,
4H), 2.00~2.07 (m, 4H), 2.42 (s, 3H), 3.37 (s, 3H), 7.02
(d, J=17.8, 1H), 7.20 (s, 1H), 7.73 (d, J=7.8 Hz, 1H); 13C
NMR (150 MHz, DMSO-d;) d: 22.1, 26.9, 30.0, 36.4, 63.1,
116.1, 117.8, 123.7, 127.4, 143.5, 147.1, 174.0, 196.0;
HRMS (ESI) caled for C;sH;gNO, [M+H]" 244.1338,
found 244.1330.

-2 351" H-S8 R R - 1,3'- ik -2',4'- B (2h): K
F A, mp. 64~65 C; 'H NMR (600 MHz, DMSO-
dg) 0: 1.15 (t, J=7.2 Hz, 3H), 1.58~1.85 (m, 4H), 2.05 (t,
J=6.6 Hz, 4H), 4.03 (q, J=7.2 Hz, 2H), 7.19 (t, J=7.2
Hz, 1H), 7.40 (d, J=8.4 Hz, 1H), 7.70 (t, J=7.8 Hz, 1H),
7.85 (d, J=7.8 Hz, 1H); >C NMR (150 MHz, DMSO-d;)
5: 12.4, 26.8, 36.0, 37.2, 63.3, 115.6, 120.3, 122.7, 127.8,
136.2, 142.3, 173.3, 196.4; IR v: 3115, 3082, 3048, 2961,
2869, 1656, 1602, 1467, 1323, 1259, 753 cm '; HRMS
(ESI) caled for C;sH;sNO, [M+H]" 244.1338, found
230.1329.

1'- 5 P 2 - 1 H-B 34 3 b - 1,3 bk ]-2+,4'- il (2i):
o E 4K, mp. 50~51 C; '"H NMR (600 MHz,
DMSO-d) 6: 1.46 (d, J=6.0 Hz, 6H), 1.65~1.74 (m, 4H),
1.99~2.08 (m, 4H), 4.83~4.93 (m, 1H), 7.18 (t, J=7.8
Hz, 1H), 7.50 (d, J=8.4 Hz, 1H), 7.66~7.69 (m, 1H),
7.83 (dd, J=7.8, 1.7 Hz, 1H); “C NMR (150 MHz,
DMSO-dy) 6: 19.6, 26.7, 35.6, 47.6, 64.1, 116.1, 121.2,
122.5,127.8, 135.8, 142.9, 173.5, 196.5; IR v: 3116, 3073,
3013, 2961, 2938, 2867, 1666, 1602, 1587, 1485, 1455,
1404, 1380, 1344, 1280, 754 cm™'; HRMS (ESI) calcd for
C16H0NO, [M+H]" 258.1494, found 258.1489.
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V'H-SZ[3F TR bE-1,3"- ik ]-2' 4 — i (2j): [ E 1k,
m.p. 170~171 ‘C; 'H NMR (600 MHz, DMSO-d;) 9
1.70~1.77 (m, 4H), 2.00~2.06 (m, 4H), 7.09~7.11 (m,
2H), 7.58 (t, J=7.8 Hz, 1H), 7.75 (d, J=7.2 Hz, 1H);
10.73 (s, 1H); *C NMR (150 MHz, DMSO-d;) 6: 27.0,
36.2, 63.1, 116.5, 118.5, 122.6, 127.2, 136.0, 142.5, 174.9,
197.2; IR v: 3300, 3198, 3120, 3066, 3004, 2958, 2937,
2868, 1662, 1615, 1600, 1508, 1485, 1435, 1321, 1261,
757 ¢cm™'; HRMS (ESI) caled for C,3H;42NO, [M+H]"
216.1025, found 216.1019.

1,3,3- = F R0k -2,4(1 H,3H)- —- B 2K)P: 1 (4[]
&, m.p. 45~46 ‘C; 'H NMR (300 MHz, CDCl5) §: 1.49
(s, 6H), 3.48 (s, 3H), 7.18 (t, J=7.8 Hz, 2H), 7.61~7.66
(m, 1H), 8.01 (dd, J=7.8, 1.2 Hz, 1H); "C NMR (75
MHz, CDCLy) d: 23.9, 29.6, 29.8, 53.1, 114.7, 119.8, 123.0,
128.2, 135.8, 143.0, 174.2, 197.7; IR v: 3087, 2983, 2970,
2936, 2894, 2868, 1698, 1663, 1606, 1589, 1494, 1473,
1416, 1382, 1303, 757 cm '; HRMS (ESI) caled for
C,H;NO, [M+H]" 204.1025, found 204.1019.

1-F 323 3- = 2 Fe M k-2, 4(1H,3H)- R (21): T
HHPIRWK. "TH NMR (300 MHz, CDCLy) d: 0.74 (t, J=7.5
Hz, 6H), 1.94~2.12 (m, 4H), 3.51 (s, 3H), 7.16~7.20 (m,
2H), 7.63 (t, J=7.8 Hz, 1H), 8.04 (d, J/=7.8 Hz, 1H); "*C
NMR (75 MHz, CDCly) o: 9.5, 29.4, 32.5, 63.1, 114.7,
121.2,122.9, 127.5, 136.1, 143.4, 173.3, 197.9; IR v: 3085,
2969, 2937, 2880, 1694, 1660, 1603, 1471, 1417, 1360,
1302, 755 cm”'; HRMS (ESI) caled for C,4H;sNO, [M+
H]" 232.1338, found 232.1331. Anal. calcd for Ci4H;--
NO,: C 72.70, H 7.41, N 6.06; found C 72.77, H 7.38, N
6.08.

1- F 3 -3-(2- S AR 7 8 )-3- Joke 7 ik s bk -2,4(1 H, 3 H) -
ZHA2m): [AEEE, mp. 105~106 ‘C; 'H NMR (300
MHz, CDCl3) 6: 1.91 (t, J=2.6, 1H), 2.13 (s, 3H), 2.59 (d,
J=12 Hz, 2H), 3.50 (s, 3H), 3.57 (d, J=5.1 Hz, 2H),
7.15~7.22 (m, 2H), 7.61~7.67 (m, 1H), 8.02 (dd, J=17.8,
1.2 Hz, 1H); “C NMR (75 MHz, CDCly) ¢: 28.2, 28.8,
29.8, 50.6, 55.4, 72.6, 76.8, 114.8, 120.6, 122.9, 127.8,
136.0, 143.4, 171.7, 194.7, 205.8; IR (KBr) v: 3294, 2997,
2914, 2852, 1692, 1655, 1599, 1494, 1472, 1422, 1395,
1368, 1304, 773 cm™'; HRMS (ESI) calcd for Ci¢H;sNO;
[M+H]" 270.1130, found 270.1128. Anal. calcd for
C1HsNOs: C 71.36, H 5.61, N 5.20; found C 71.27, H
5.63,N 5.22.

11,5'- = R -4 F P flg B - 1 H- M8 [ BRI ot -1,3'-
Wk 1-2'(4'H)- i (3): '"H NMR (600 MHz, DMSO-d;) o:
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1.39~1.63 (m, 5H), 2.09~2.15 (m, 4H), 2.55~2.59 (m,
1H), 3.11 (s, 3H), 3.23 (s, 3H), 7.05 (d, J=7.2 Hz, 1H),
7.07 (d, J=17.8, 1H), 7.38 (t, J=7.8, 1H); *C NMR (150
MHz, DMSO-d;) d: 20.3, 24.8, 25.3, 27.6, 30.5, 35.9, 41.3,
60.8, 113.1, 122.0, 125.0, 130.2, 136.0, 140.0, 165.3,
173.3; HRMS (ESI) caled for C;¢H,;N,O [M—|—H]+
257.1654, found 257.1639.

B4 (Supporting Information) {44 1a~1m,
2a~2m 3 [PARZREILIRVG . 1K Leph kb n] DL 5 2 A
F1 35 (http://sioc-journal.cn/)_I. F %%,
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