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Domino Synthesis of Novel Chromene-Indanedione Derivatives
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Abstract A simple method for the synthesis of novel chromene-indanedione derivatives (3) has been developed by the reac-

tion of 2-hydroxychalcones (1) with 1,3-indanedione (2) in reflux toluene under catalyst-free conditions. All the compounds
were characterized by means of "H NMR, "3C NMR, IR and HRMS. This reaction probably underwent a domino Michael ad-
dition/cyclization/oxidation process. The UV-Vis spectroscopy indicated that the maximum absorption wavelengths of the

products 3a~3h were at the range of 464~482 nm.

Keywords chromene; 1,3-indanedione; 2-hydroxychalcones; domino reaction

L3-Bi ZE & 1 NG IR T B A AN 2
PR EREE, HHEA 1 DMREER S R AmEE Mk, &
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A IXA G BT SR SCRR R, (s -E s A
WDIR A SCER R IE . AL R —Fh DL 2-FR R A R
AU 200K S TEFROR A 1,3- R (B 25 Wy /BUAR 2K ) 1 ST
PRIEFEVERL G R 2,8- 8 A PR [3.3.1] - e 1) i 5 V2%,
%N G G — AN I 5 R0 SR AR B e o 3ot R 2,
VEZ TAERIAR I, ASCHGE T BL 2-F A /R AN 1,3-
Efi HA DN ERE, TG AT S5 A T I8 4 TR e 2R
TR/ 53T A B AR /A8 AR O, B B o B 11 (e ) — e —
[EE A A=

1 ZR5HIE

e, AT, 2- R A /REH(1a, 0.5 mmol)Fl
13- Z (2, 0.5 mmol)fEAZA IS T B, KN
TEH R IR R N 12 h 5 S ERNE 2%, 43 B33 14
[ 2-(2- 8 JE 2R FE Ik IR -4- T 2% )- 1 H-Bfi-1,3(2H)-
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—Hi3a), FPEN 67%(FE 1), HEMEE T 'H NMR,
C NMR, IR fil HRMS FJZEAE. '"H NMR &R &4 3a
1E 6 9.35 AbA —/ B, ))& vl 3k b 30 &+
ZIRE R AR R EE R, WTREEH TAEES T
W C—H--0 S8 EAEH, MR M
AR HAL BC NMR i BoRb B # 4 BIE o
192.6 F1 190.0 A /N ERIE 5, VS J9efi R - i /Ny
TERIERIE, HILIRISS7E 0 192.6 RS T AT
BiHE. 3 A R IIAE H R R BRI e iR P 2 5 0 2R (1 B
BN, fEHE BRI MeCN, 1,2- 5 £ %i(DCE),
DMF, DMSO, n-BuOH, #~BuOH, n-PrOH, i-PrOH, EtOH
F1 MeOH H B, 74 3a A LA 35%~54%H] 7% 545 5.
1% NAE U A4 22 Hh DL R RV IR AT S BT, =
V) 3a U AT LA R & 70%.
1 A EALEY) 3a FIR N ZA IR

Table 1 Optimization of the reaction conditions for the synthe-

sis of 3a
(0]
S (@) (0]
O O + Solvent, Temp.
OH 12h
1a 2
Entry Solvent Temperature/'C  Yield®/%
1 Toluene Reflux 67
2 Toluene 80 36
3 MeCN Reflux 50
4 DCE Reflux 40
5 DMF 110 51
6 DMSO 110 50
7 n-BuOH Reflux 54
8 t-BuOH Reflux 45
9 n-PrOH Reflux 50
10 i-PrOH Reflux 38
11 EtOH Reflux 42
12 MeOH Reflux 35
13 Toluene Reflux 70¢

“ All reactions were performed with 2-hydroxychalcone (1a, 0.5 mmol) and
1,3-indanedione (2, 0.5 mmol) in an appropriate solvent (6 mL) for 12 h.
®Tsolated yield. In an open reaction system.

NT HRIRYVEHE, FATCAA R 2- 525 AR
M 5 1,3-2 i S BoR 8Ri% T VAR EE, o 2-#%
BRI S 2% S0k i A P70 W Eq. 1 TR, H4EY
17 RUNER T, RNZEIR 2 v T B3 F A,
S NEAT MR MR AT, FH53 70 BA 66%F1 63% ™ Za 4 1,
IR FIF=9) 3b A 3¢, BATHE A KL = R T 1)
HARF=40, KR J5 Al DL 28 8 i 48 B S By it — 25
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HIFEON B EEATAEY. AR 2RI LA T
HL - B SR RS I, AHRZ =4 3d A 3e 43 i LA
T2%H 67% 17 243 B A3 2. ZE A A (VR R 2 g
Wy IR IR A& A XA RBE, FELL 60%~66% 77 242 B
FHN B 210 [ AR 72 4) 3f~3h. £5EY T R AZIL, R 7
BN AL IS . S-OTERE TR S AR T, AR
W) 3i~3k A LA 68%~T71%HI7= K155, HErr=4)3a~
3k P E H-3 AR TSR 6 9.10~9.47,
PIANERIE (AL A B Bt 3k 2 s

o.__R?
X

0 Rt L |

O O H
. X X R2+ toluene, reflux )
= OH 12 h, air o o
1 2
3

3a: R' = H, R? = CgHs, 70%

3b: R' = H, R? = 4-MeOCgH,, 66%
3c¢: R' = H, R? = 3,4-(Me0),CgH3, 63%
3d: R' = H, R? = 4-CICgH,, 72%
3e: R' = H, R? = 4-FCgH,, 67%

3f: R" = H, R? = 2-Naph, 62%

3g: R' = H, R? = 2-Furyl, 60%

3h: R' = H, R? = 2-Thienyl, 62%
3i: R! = 4-OMe, R? = CgHg, 68%
3j: R! = 5-Br, R? = CgHs, 70%

3k: R' = 5-Cl, R? = CgHs5, 71%

R 2 AW 3a~3k FHEA A RRE AR R &K
Table 2 Characteristic chemical shift and A, of compounds
3a~3k.

Compd. Chemical shift (0) o m
H-3  C=O0 (H-bond) Cc=0 e
3a 9.35 192.6 190.0 464
3b 9.25 192.7 190.1 476
3¢ 9.24 192.7 190.1 482
3d 9.29 192.6 189.9 466
3e 9.33 192.7 189.9 464
3f 9.47 192.7 190.0 474
3g 9.10 192.4 189.9 474
3h 9.16 192.5 189.9 480
3i 9.23 192.5 190.0 —
3j 9.39 192.6 189.9 —
3k 9.38 192.6 189.9 —

© 2015 Chinese Chemical Society & SIOC, CAS

1% N AT BENLER LN Scheme 1 s, B %%, ETCHE
RN, 2-F A2 R (1a)F0 1,3-20 i (2)i8
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RSy T I R ER AR OB AR F AT e 1) 21 48 1 T 2 )
1P, R 5 o T4 X /K B E 38 T, 4 76 28 SUR
B AR PR AR i S S8 R T N AR L BE S5 1) 3a.
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Scheme 1 The possible reaction mechanism

RATHEFAE Y 3a~3h SR FTIX Le 47 (0 [ 4K 1)
JEREVERR. AN AT WG BRI e S 1.0X 1077
mol/L ] N,N-—" Ff 3 F [ Jii (DMF) ¥ 905 H 1) e R IR AL 8
KAE 464~482 nm. 5WEY) 3a L, LAY 3b, 3¢
3F A RSO K U B 12~ 18 nm HIZLH%, XAl AgIH A
T H LRI ZE IR B RN IR E . 28 R
JE - 0 3605 s AN B S5 B 4 B 0 1 o KR I i
K. WU AIBERY BR P24 3g A1 3h (942 40 e K A K AR
ELE T 3a A TN, T gE R K& F e 438 ok ik
XF p- R SRR DU 2 [RIAFAEFLHE RN, SR, 830k
() 23X A0 B W AE TR 2SR 3] 245 1 #10 S5 7 1R 53 11 5% ke
(B 1).

2 Zhig

ASCARIE T —FPAE AT S5 AF T A Rt & B
-2 A 3 Tk, ERUFE RS AN 2-5
FEATREAAD 1,3-8f A JFEORHE 2R ER A ). R
SCHTE BRI RPN AR 5 T3 R I SC kAR, s i
7 'HNMR, “C NMR, IR 1 HRMS JiFsz. XB4E4
(R F A A R AE W B K Ys, R\ HAFAE T
WIS TEH C—H--0 S, Z Nl BEIHLE A 2 F
)30 58 SR N/ 431 P R A48 A ) R B A 40 0 [
3a~3h AN R KNTE 464~482 nm 2 [1],
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Absorbance

400 500 600
Wavelength/nm

B 1 3a~3h £ DMF {540 AT WG & (1.0 X 10> mol/L)
Figure 1 UV-Vis spectroscopy for 3a~3h in DMF (1.0X107°
mol/L)

FEAT HLGLRIATUEAT T 1L (1 2 A6

3 LIRS
31 E5EHA

& PR 2R 50 X4 B0 R AU s G e, iR
FERAMIE; "H NMR Al *C NMR K Bruker AV 300
RIS ARAN 52, CDCl; AT, TMS AW Fx; IR SR
Nicolet 5700 %4 £L 4053565t B A € (KBr K Jv); HRMS
KF Waters GCT Premier (ESI)5% Bruker UltrafleXtreme
MALDI TOF/TOF[ VL - 5E-4-F2 3 R (HCCA) A 2
JR 1B 5 23 3 T4 5 ; UV-Vis 3% FH Hitachi U-3010 %4
a3 HEHEE T

BRI o al, Kidt—Baifh. FiAAE
BLEA R LE A% T #2483 T o 28 T 4l
32 ZLWHE

HARLAEY) 3 G R TE: ¥ 2- R R BRI RS
(1, 0.5 mmol) A1 1,3-2fi (2, 0.5 mmol) IN A HeA7 Bl
AEE T 25 mL B, FEm A in A TG K K (6 mL),
TEMUOT R NAR R B . MR R (12 h, B TLC
WSO, KR AYIAEI B =R . AR5 LA BN 208 2.8
REE AR 30 0 1~100 : 1), @ EEREAE
Moy B33 Hhrfb &9 3a~3k, HPEHEa T

2-(2- % FH - 22 I M IR -4- V. 35 )-1 H- Bfi-1,3(2H)- —- T
(3a): ZLEAEA 123 mg, % 70%. m.p. 205~207 C;
'H NMR (300 MHz, CDCl3) 6: 9.35 (s, 1H), 8.80 (dd, J=
1.4, 8.4 Hz, 1H), 8.12~8.09 (m, 2H), 7.88~7.86 (m, 2H),
7.78~7.67 (m, 3H), 7.61~7.55 (m, 4H), 7.51~7.45 (m,
1H); *C NMR (75 MHz, CDCLy) 6: 192.6, 190.0, 160.1,
154.9, 151.3, 140.4, 140.3, 134.3, 133.7, 133.6, 132.3,
131.9, 131.5, 129.1, 126.7, 124.4, 122.0, 121.6, 119.3,
117.7, 114.7, 106.2; IR (KBr) v: 2359, 2026, 1652, 1611,

http://sioc-journal.cn/ 721
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1501, 1448, 1386, 1289, 1101, 1002, 731, 616 cm';
HRMS caled for C,4H;sO5 [M+H]" 351.1016, found
351.1026.

2-[2-(4- FF A 25 O )= 2R I it e -4- I ik -1 H- i -
1,3Q2H)- M (3b): ZLt[E A 126 mg, % 66%. m.p.
227~229 °C; "H NMR (300 MHz, CDCl;) d: 9.25 (s, 1H),
8.78 (dd, J=1.4, 8.3 Hz, 1H), 8.08~8.05 (m, 2H), 7.86~
7.84 (m, 2H), 7.76~7.65 (m, 3H), 7.59~7.56 (m, 1H),
7.49~7.43 (m, 1H), 7.07~7.03 (m, 1H), 3.92 (s, 3H); "*C
NMR (75 MHz, CDCly) 6: 192.7, 190.0, 162.8, 160.5,
154.8, 151.8, 140.3, 134.1, 133.5, 133.4, 132.3, 128.6,
124.4, 123.7, 121.8, 121.4, 119.4, 117.6, 114.6, 113.8,
105.3, 55.6; IR (KBr) v: 2026, 1645, 1602, 1560, 1487,
1446, 1388, 1310, 1256, 1177, 1140, 1010, 1014, 828, 732,
607 cm”'; HRMS caled for CosH,,04 [M+H]™ 381.1121,
found 381.1123.

2-[2-(3,4- - FHAR FE 2R 30— IR I I -4- IV 3 ]- 1 H-fi-
1,32H)- B (3c): £LEAlEK 129 mg, =% 63%. m.p.
229~231 ‘C; 'HNMR (300 MHz, CDCl;) d: 9.24 (s, 1H),
8.76 (dd, J=1.3, 8.4 Hz, 1H), 7.87~7.84 (m, 2H), 7.77~
7.66 (m, 4H), 7.60~7.54 (m, 2H), 7.49~7.44 (m, 1H),
7.02~6.99 (m, 1H), 4.05 (s, 3H), 3.99 (s, 3H); °C NMR
(75 MHz, CDCly) &: 192.7, 190.1, 160.4, 154.7, 152.6,
151.6, 149.3, 140.3, 134.1, 133.5, 132.3, 124.4, 124.0,
121.9, 121.4, 120.9, 119.3, 117.6, 113.9, 111.2, 108.9,
105.6, 56.2, 56.1; IR (KBr) v: 2026, 1647, 1603, 1502,
1452, 1388, 1334, 1265, 1140, 1026, 863, 733, 612 cm ™ ';
HRMS calcd for C,6H9Os5 [M—i—H]+ 411.1227, found
411.1224.

2-[2-(4- G HE )~ 2R IR -4- 7 3 -1 H-fi-1,3(2H)-
W 3d): Ak 138 mg, FEE 72%. mp. 215~
217 °“C; '"H NMR (300 MHz, CDCl;) d: 9.33 (s, 1H), 8.79
(dd, J=14, 8.3 Hz, 1H), 8.04~8.01 (m, 2H), 7.88~
7.86 (m, 2H), 7.78~7.68 (m, 3H), 7.59~7.45 (m, 4H);
C NMR (75 MHz, CDCL3) d: 192.7, 189.9, 158.7, 154.8,
150.9, 140.4, 140.3, 138.1, 134.4, 133.9, 133.7, 132.3,
130.0, 129.4, 127.8, 124.6, 122.1, 121.7, 119.2, 117.6,
115.0, 106.1; IR (KBr) v: 3076, 1655, 1605, 1499, 1304,
1093, 1002, 825, 730, 602 cm '; HRMS caled for
CoH14CI0;  [M+H]" 385.0626, found 385.0620.

2-[2-(4- K )~ 4 IRk IR -4- 7 2 - 1H-21-1,3(2H)-
T (3e): A AR 123 mg, FEE 67%. mp. 212~
215 °C; 'H NMR (300 MHz, CDCl;) 6: 9.29 (s, 1H), 8.79
(dd, J=14, 8.3 Hz, 1H), 8.12~8.06 (m, 2H), 7.89~
7.84 (m, 2H), 7.78~7.66 (m, 3H), 7.59~7.57 (m, 1H),

722 http://sioc-journal.cn/
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7.50~7.45 (m, 1H), 7.24~7.21 (m, 1H); °C NMR (75
MHz, CDCL3) 0: 192.6, 189.9, 164.9 (d, Jo—=252.6 Hz),
158.9, 154.7, 151.0, 140.3 (d, Jo—=2.8 Hz), 134.3, 133.8,
133.7, 132.3, 128.9 (d, Jo—=8.9 Hz), 127.8, 127.7, 124.5,
122.0, 121.6, 119.2, 117.6, 116.4 (d, Jo—r=21.9 Hz),
114.8, 105.7; IR (KBr) v: 2025, 1656, 1609, 1512, 1455,
1286, 1224, 1102, 1003, 833, 730, 609 cm™'; HRMS calcd
for Co,,H,FO;  [M+H]" 369.0921, found 369.0927.
2-[2-(2-Z5 )~ K FF ML R -4- W 3L -1 H-Bfi-1,3(2H)- —
(36): L ER 124 mg, 7% 62%. m.p. 221~223 C;
'H NMR (300 MHz, CDCl;) §: 9.47 (s, 1H), 8.80 (dd, J=
1.3, 8.3 Hz, 1H), 8.62 (s, 1H), 8.15~8.11 (m, 1H), 8.04~
7.97 (m, 2H), 7.92~7.85 (m, 3H), 7.80~7.56 (m, 6H),
7.52~7.46 (m, 1H); *C NMR (75 MHz, CDCl3) 6: 192.7,
190.0, 160.1, 154.9, 151.3, 140.4, 140.3, 134.8, 134.3,
133.7, 133.6, 133.0, 132.3, 129.2, 129.0, 128.6, 128.2,
127.8, 127.4, 127.1, 124.5, 122.8, 122.0, 121.6, 119.3,
117.7, 114.7, 106.6; IR (KBr) v: 3057, 1655, 1604, 1502,
1456, 1300, 1131, 1003, 861, 732, 609 cm™'; HRMS calcd
for CosH1,05 [M+H]" 401.1172, found 401.1176.
2-[2-(2- PR I FE )~ 2 F L i -4- 3V 3 1- 1 H-B(i-1,3(2H)-
i @3g): AEE 102 mg, FEE 60%. m.p. 209~
211 °C; '"H NMR (300 MHz, CDCl3) 6: 9.10 (s, 1H), 8.72
(dd, J=14, 8.3 Hz, 1H), 7.88~7.85 (m, 2H), 7.75~
7.67 (m, 4H), 7.53~7.42 (m, 2H), 7.23~7.21 (m, 1H),
6.65~6.64 (m, 1H); *C NMR (75 MHz, CDCl3) 6: 192.3,
189.9, 154.1, 151.8, 150.6, 146.8, 146.4, 140.5, 140.4,
1342, 133.7, 133.6, 132.4, 124.4, 122.0, 121.7, 119.3,
117.5, 114.9, 114.0, 112.9, 105.0; IR (KBr) v: 1660, 1626,
1515, 1461, 1287, 1137, 1095, 1005, 871, 753, 609 cm ';
HRMS caled for Cp,H;;0, [M+H]" 341.0808, found
341.0809.
2-[2-(2-ME Wy Fik )~ % I L g -4- 30 FE -1 H-Bfi-1,3(2H)-
T EA@Bh): fEA 110 mg, PR 62%. mp. 205~
208 ‘C; 'H NMR (300 MHz, CDCl;) 6: 9.16 (s, 1H), 8.74
(dd, J=14, 8.3 Hz, 1H), 7.90~7.85 (m, 3H), 7.76~
7.62 (m, 4H), 7.56~7.53 (m, 1H), 7.49~7.43 (m, 1H),
7.24~7.21 (m, 1H); *C NMR (75 MHz, CDCl3) 6: 192.5,
189.9, 156.0, 154.4, 150.9, 140.4, 140.3, 135.5, 134.2,
133.7, 133.6, 1323, 131.2, 129.3,128.8, 124.5, 122.0,
121.6, 119.3, 117.5, 114.4, 105.5; IR (KBr) v: 1653, 1602,
1494, 1296, 1113, 1001, 865, 756, 706, 605 cm™'; HRMS
calcd for C5,H,505S [M+H]" 357.0580, found 357.0574.
2-(7- F 48 ik -2- 2% — 2R I i PR -4- 7 R )- 1 H- B -
1L,3Q2H)- Wi (3i): ik 129 mg, 7%% 68%. m.p.

Chin. J. Org. Chem. 2015, 35, 719~723
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210~211 “C; '"HNMR (300 MHz, CDCl;) 0: 9.23 (s, 1H),
8.75 (d, J=9.2 Hz, 1H), 8.09~8.06 (m, 2H), 7.85~7.82
(m, 2H), 7.68~7.65 (m, 2H), 7.55~7.53 (m, 3H), 7.08~
7.01 (m, 2H), 3.98 (s, 3H); *C NMR (75 MHz, CDCl) 6:
192.5, 190.0, 164.6, 159.5, 156.9, 151.1, 140.2, 133.7,
133.3, 133.2, 131.6, 131.3, 128.9, 126.4, 121.7, 121.3,
113.7, 113.2, 113.1, 105.8, 100.0, 55.9; IR (KBr) v: 2356,
1657, 1620, 1498, 1447, 1345, 1305, 1236, 1031, 824, 612
em”'; HRMS caled for CpsH;04 [M+H]" 381.1121,
found 381.1121.

2-(6- 18R -2- 7% F— 2K IR ML G -4- 3 356 )- 1 H- Bi-1,3(2H)-
T @3j): AfalEik 150 mg, FEE 70%. mp. 280~
282 °C; '"H NMR (300 MHz, CDCl3) 6: 9.39 (s, 1H), 9.13
(d, J=2.3 Hz, 1H), 8.08~8.05 (m, 2H), 7.93~7.80 (m,
3H), 7.72~7.69 (m, 2H), 7.56~7.54 (m, 3H), 7.49~7.46
(m, 1H); *C NMR (75 MHz, CDCl;) J: 192.6, 189.9,
159.9, 153.7, 149.4, 140.4, 136.9, 134.6, 134.0, 133.9,
132.0, 131.3, 129.2, 126.6, 122.4, 121.8, 120.8, 119.3,
117.4, 115.4, 105.9; IR (KBr) v: 3071, 1657, 1609, 1509,
1450, 1353, 1293, 1227, 1011, 732 cm™'; HRMS calcd for
C,H,4,BrO; [M+H]" 429.0121, found 429.0111.

2-(6-F-2- 2K - K I itk W -4- 7 -1 H- (i -1,3(2H)-
T WEGK): AR 137 mg, FEE 71%. mop. 281~
283 °C; '"H NMR (300 MHz, CDCl;) d: 9.38 (s, 1H), 8.97
(d, J=2.4 Hz, 1H), 8.08~8.05 (m, 2H), 7.92~7.84 (m,
2H), 7.73~7.66 (m, 3H), 7.56~7.51 (m, 4H); *C NMR
(75 MHz, CDCl;) d: 192.6, 189.9, 160.0, 153.3, 149.6,
140.4, 134.1, 134.0, 133.9, 132.0, 131.5, 131.3, 129.9,
129.2, 126.6, 122.4, 121.8, 120.4, 119.1, 115.3, 105.8; IR
(KBr) v: 3068, 1656, 1607, 1509, 1448, 1350, 1291, 1008,
722 cmfl; HRMS caled for C,H4ClO; [M—l—H]+
385.0626, found 385.0623.

¥Bh# &L (Supporting Information) {L54%) 3a~3k
WG IE R E S R M LRI 1 . X LA b mT BL G 28 A
ASF W 3k (http://sioc-journal.cn/) . %K.
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