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Ferric Chloride Catalyzed Synthesis of 2,3-Dihydro-
benzo[flchromen-1-one

Ding, Xiaoyou  Xu, Fan*
(College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)

Abstract Aromatic-fused pyran-4-one skeleton exists in many natural and synthetic biologically active materials. An effi-
cient method for the transformation of naphthyl 3-methylcrotonate to 2,3-dihydro-benzo[f]lchromen-1-one catalyzed by ferric
chloride is described, which provides a practical process to afford this type of biologically important compounds in good yields
using commercially available and inexpensive catalyst. A two-step mechanism involving Fries rearrangement and intramolec-

ular hydroalkoxylation is proposed.
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3,3- "Ik 2,3- AR [ AR -1-l 1k & ) Bk R 58
BT AR AR, W RO ) B A O N SN
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Table 1  Optimization of reaction conditions

le)
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" 0
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Entry Catalyst Loading/mol% Solvent Solvent amount/mL Temp./C Yield®/%

1 FeCls 10 DCE 15 65 60
2 ZnCl, 10 DCE 15 65 16
3 YbCl; 10 DCE 15 65 Trace
4 AICl; 10 DCE 15 65 Trace
5 Fe(OTf); 10 DCE 15 65 37
6 FeBr; 10 DCE 15 65 36
7 FeCl, 10 DCE 15 65 Trace
8 FeCl3+6H,0 10 DCE 15 65 23
9 FeCls 10 PhCI 15 65 36
10 FeCls 10 CHCl, 15 65 28
11 FeCls 10 CH3NO, 15 65 46
12 FeCls 10 Toluene 15 65 24
13 FeCls 10 DME 15 65 1
14 FeCls 10 Tetrahydrofuran 15 65 0
15 FeCls 10 1,4-Dioxane 15 65 7
16 FeCls 10 DMF 15 65 0
17 FeCls 10 DCE 1.0 65 77
18 FeCls 10 DCE 0.5 65 80
19 FeCls 10 DCE 0.2 65 82
20 FeCls 10 DCE 0.2 Reflux 94
21 FeCls 5 DCE 0.2 Reflux 93
22 FeCls 2 DCE 0.2 Reflux 86
23 FeCly 0 DCE 0.2 Reflux 0

2 Reaction conditions: 0.5 mmol of naphthalen-2-yl 3-methylbut-2-enoat, 24 h. ® Determined through GC analysis using n-hexadecane as internal standard.
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2 Reaction conditions: 0.5 mmol of naphthyl 3-methylbut-2-enoat, 5 mol% FeCls, 0.2 mL DCE, reflux, 24 h. ® 1-(1-Hydroxy-6-methoxynaphthalen-2-y)-
3-methylbut-2-en-1-one was obtained in 37% yield. ® Isolated yield.
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32 ZWHE

BT 1 S LB AE Gl RS S5 A AT, I RSO
U 3- 2 B2 7 % 75 34 55(0.5 mmol) FeCly(4 mg, 5
mol%)#l 0.2 mL DCE, #ii+, [FliM 24 h. ¥IREY)
BNAYIRSFF, N 10 mL K, 7R AL
2, KIZR O OBEZER 3 IR, BR10 mL. AIHFTEH
BUZ, PLGKBRBR AT 18, e AR bR O R )5,
B = ) 2R A JE AT [Be 5 V(R CBR) - V(A
TEK) =1 : 10]133] 2,3- A A It R FAL S 4.

3,3- " H -2 3- A -1H- R [ 2K FE L R - 1- i (2a):
B, mp. 76~77 COCEkEP: 78~80 C); *H
NMR (400 MHz, CDCls) 8: 9.34 (d, J=8.8 Hz, 1H), 7.74
(d, J=9.2 Hz, 1H), 7.58 (d, J=8.0 Hz, 1H), 7.49 (t, J=7.2
Hz, 1H), 7.26 (t, J=7.2 Hz, 1H), 6.91 (d, J=8.8 Hz, 1H),
2.69 (s, 2H), 1.38 (s, 6H); *C NMR (100 MHz, CDCl5) §:
193.6, 162.0, 137.4, 131.3, 129.5, 128.8, 128.3, 125.6,
124.5, 119.4, 111.5, 79.4, 50.1, 26.3; IR v: 2970, 1727,
1391, 1269, 1044, 831, 765, 738 cm™; HRMS (ClI) calcd
for C1sH1s0, (IM—+H]") 227.1067, found 227.1074.

8- F 4 9L -3,3- — W1 3 -2,3- — A -1H- 2 J[f] 26 Ik
W-1-8d (2b): A @ E K, mp. 123~124 C; 'H NMR
(400 MHz, CDCl,) 8: 9.25 (d, J=9.6 Hz, 1H), 7.66 (d, J=
9.2 Hz, 1H), 7.17~7.14 (m, 1H), 6.94~6.90 (m, 2H), 3.76
(s, 3H), 2.68 (s, 2H), 1.38 (s, 6H); *C NMR (100 MHz,
CDCls) 6: 193.8, 160.4, 156.4, 136.2, 130.1, 127.1, 126.1,
120.7, 119.8, 111.7, 107.5, 79.2, 55.2, 50.1, 26.3; IR v:
2975, 1390, 1239, 1121, 1030, 840, 812, 765 cm *; HRMS
(CI) calcd for CieH;1705 ([M+H]+) 257.1172, found
257.1185.

- F 4 % -3,3- — W 3£ -2,3- A -1H- 28 I [f] 25 HF ik
WH-1-Fr(2c): A, mp. 42~43 C; *H NMR (400
MHz, CDCls) d: 8.89 (d, J=2.4 Hz, 1H), 7.66 (d, J=9.2
Hz, 1H), 7.46 (d, J=8.8 Hz, 1H), 6.91 (dd, J=8.8, 2.4 Hz,
1H), 6.76 (d, J=9.2 Hz, 1H), 3.85 (s, 3H), 2.68 (s, 2H),
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1.38 (s, 6H); *C NMR (100 MHz, CDCl,) d: 193.8, 162.6,
161.1, 137.1, 133.1, 129.7, 124.0, 116.5, 116.4, 110.9,
104.9, 79.2, 55.4, 50.2, 26.3; IR v: 2969, 1731, 1387, 1232,
1123, 1052, 857, 822, 768 cm *; HRMS (CI) calcd for
CiH1705 (M—+H]") 257.1172, found 257.1177.

8-7i-3,3- - F 3E-2,3- A -1H-ZK IR [F] 2 Ik ieg - 1-
(2d): @ E Ak, mp. 127~128 C; 'H NMR (400
MHz, CDCl,) d: 9.30 (d, J=9.2 Hz, 1H), 7.81 (d, J=2.4
Hz, 1H), 7.74 (d, J=9.2 Hz, 1H), 7.63 (dd, J=9.2, 2.0 Hz,
1H), 7.04 (d, J=9.2 Hz, 1H), 2.80 (s, 2H), 1.50 (s, 6H);
3C NMR (100 MHz, CDCls) §: 193.4, 162.0, 136.1, 132.4,
130.1, 129.8, 127.4, 120.7, 118.3, 111.4, 79.7, 50.0, 26.3;
IR v: 2957, 1730, 1371, 1245, 1074, 1035, 858, 838, 759
cm ™% HRMS (CI) caled for CisHiBrO, ([M+H]")
305.0172, found 305.0174.

9-JR-3,3- - F 3E-2,3- A -1H-ZR IR [ 2 Ik ieg - 1-
(2e): PR, mp. 111~112 ‘C; 'H NMR (400 MHz,
CDCly) 6: 9.66 (d, J=2.0 Hz, 1H), 7.81 (d, J=9.2 Hz,
1H), 7.54 (d, J=8.8 Hz, 1H), 7.46 (dd, J=8.4, 2.0 Hz,
1H), 7.04 (d, J=8.8 Hz, 1H), 2.80 (s, 2H), 1.50 (s, 6H);
3C NMR (100 MHz, CDCls) §: 193.2, 162.5, 137.0, 132.4,
129.7, 128.0, 128.0, 127.3, 124.7, 119.9, 110.6, 79.8, 50.0,
26.4; IR v: 2971, 1383, 1242, 1071, 1037, 843, 822, 755
cm ™% HRMS (CI) caled for CisHiBrO, ([M+H]")
305.0172, found 305.0180.

5-7R-3,3- - F -2, 3- A -1H-ZR IR [F] 2 I eg - 1-
(2f): [k, mp. 117~119 C; '*H NMR (400 MHz,
CDCly) &: 9.37 (d, J=8.4 Hz, 1H), 8.19 (s, 1H), 7.62~
7.58 (m, 2H), 7.39 (t, J=7.6 Hz, 1H), 2.85 (s, 2H), 1.55 (s,
6H): *C NMR (100 MHz, CDCly) §: 193.4, 157.7, 139.8,
130.5, 130.0, 129.2, 1275, 125.6, 125.3, 113.2, 112.7,
80.7, 49.9, 26.3; IR v: 2978, 1386, 1243, 1047, 1025, 856,
768, 745 cm '; HRMS (CI) calcd for CysH14BrO, ([M+
H]") 305.0172, found 305.0176.

2,2- " F3E-2, 3- A -AH- R FF [N R IRk iR -4- B (29):
W% Ak, mp. 75~76 C(CCEkE": 76 C); H
NMR (400 MHz, CDCly) §: 8.29 (d, J=8.0 Hz, 1H), 7.84
(d, J=8.8 Hz, 1H), 7.73 (d, J=8.0 Hz, 1H), 7.56 (t, J=7.6
Hz, 1H), 7.48 (t, J=7.6 Hz, 1H), 7.33 (d, J=8.8 Hz, 1H),
2.79 (s, 2H), 1.54 (s, 6H); °C NMR (100 MHz, CDCls) 6:
192.0, 158.1, 137.7, 129.4, 127.8, 126.0, 125.3, 123.7,
121.5, 120.3, 114.4, 80.3, 48.3, 26.6; IR v: 2975, 1384,
1250, 1065, 809, 751 cm % HRMS (CI) calcd for
CisH1s0, ((M—+H] ") 227.1067, found 227.1077.

6- FF 480 ik -2,2- — I 3 -2 3- A -4H- 2K I [h] 2K i
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WG -4- i (2h): # [ 44, m.p. 128~129 “C (SCikfE
120.5~121.5 C); *H NMR (400 MHz, CDCls) 6: 8.25 (d
J=8.0 Hz, 1H), 8.18 (d, J=8.4 Hz, 1H), 7.59 (t, J=8.0
Hz, 1H), 7.51 (t, J=8.0 Hz, 1H), 7.10 (s, 1H), 3.96 (s, 3H),
2.78 (s, 2H), 1.53 (s, 6H); *C NMR (100 MHz, CDCls) §:
192.1, 152.9, 149.2, 130.3, 129.0, 126.6, 126.2, 123.5,
122.3,113.8, 97.2, 79.9, 55.7, 48.4, 26.6; IR v: 2965, 1384
1263, 1100, 1064, 872, 845, 822, 764, 747 cm *; HRMS
(Cl) caled for CyH7O5 ([M+H] ") 257.1172, found
257.1177.

6-5-2,2- - F 56 -2,3- A -AH- 2K I [h] 2K JF i g -4-
fii(2i): ¥ GE A, mp. 109~110 C; 'H NMR (400
MHz, CDCls) §: 8.32 (d, J=8.0 Hz, 1H), 8.17 (d, J=8.4
Hz, 1H), 7.91 (s, 1H), 7.70 (t, J=8.0 Hz, 1H), 7.56 (t, J=
8.0 Hz, 1H), 2.80 (s, 2H), 1.56 (s, 6H); *C NMR (100
MHz, CDCls) d: 190.9, 157.0, 134.5, 130.4, 126.8, 126.6,
124.8, 124.1, 124.0, 121.2, 114.4, 80.9, 48.2, 26.6; IR v:
2975, 1368, 1263, 1067, 1030, 892, 863, 804, 761 cm *;
HRMS (CI) calcd for CisHi,CIO, (M+H]") 261.0677,
found 261.0683.

6-VR-2,2- — Fi k-2,3- A -4H- 2K I [h] 2K Jf: Mt g -4-
fif(2)): FH A A, mp. 121~123 'C; 'H NMR (400
MHz, CDCls) §: 8.21 (d, J=8.4 Hz, 1H), 8.05~8.02 (m,
2H), 7.59 (t, J=8.0 Hz, 1H), 7.45 (t, J=8.0 Hz, 1H), 2.69
(s, 2H), 1.46 (s, 6H); *C NMR (100 MHz, CDCl,) o:
190.8, 157.6, 135.6, 130.7, 127.4, 126.8, 126.7, 125.0,
124.1, 115.0, 114.1, 80.9, 48.2, 26.6; IR v: 2973, 1735,
1388, 1262, 1066, 1028, 885, 861, 812, 760 cm *; HRMS
(CI) caled for CisH.14BrO, ([M+H]") 305.0172, found
305.0183.

8- F 48 FE-2,2- = 4£-2,3- — A -4H- 2K IF [h] 2K FF ik
W -4- B (2k): # @ E AR, mp. 119~121 C; 'H NMR
(400 MHz, CDCls) 6: 8.20 (d, J=9.2 Hz, 1H), 7.81 (d, J=
8.8 Hz, 1H), 7.24 (d, J=8.8 Hz, 1H), 7.13 (dd, J=9.2, 2.8
Hz, 1H), 7.06 (d, J=2.4 Hz, 1H), 3.92 (s, 3H), 2.79 (s,
2H), 1.55 (s, 6H); *C NMR (100 MHz, CDCly) §: 191.9,
160.7, 158.4, 139.9, 125.6, 122.5, 120.1, 119.4, 118.1,
113.3, 106.6, 80.3, 55.5, 48.4, 26.8; IR v: 2982, 1387,
1256, 1122, 1069, 866, 820, 763 cm ™ *; HRMS (CI) calcd
for C1H1703 ((M+H]") 257.1172, found 257.1176.
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