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Microwave Assisted Solvent-Free Synthesis of
3-(Trifluoroacetyl)coumarins

Yang, Guoyu Wang, Caixia Fan, Sufang Xie, Puhui Jin, Qiu Xu, Cuilian™

(College of Sciences, Henan Agricultural University, Zhengzhou 450002)

Abstract A series of 3-(trifluoroacetyl)coumarins were synthesized by recyclization of ethyl-2-hydroxy-2-trifluoromethyl-
2H-chromene-3-carboxylates under microwave assisted solvent-free conditions. This method has the advantages of short reac-
tion time, high yields (73%~88%), easy operation and environmental friendliness. The synthesized compounds were charac-

terized by IR, NMR, HRMS and X-ray studies.

Keywords microwave; 3-(trifluoroacetyl)coumarins; recyclization; solvent-free
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Ju U230 b P B A AR R LKA B AN A0S
R H R A N E R Knoevenagel [ & #% F ok
FH3 ALBREEE SR, B KN OB O LB
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P =5 2 5N BIA HLAG S Wb 2 38 hn 4 i B 1)
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1 &R51TR

H 7K ¥ [ F1 1k 1R 186 9 R RN AT LUR 25 5 i 7E
TR AL T i@t Knoevenagel [ v & % 3- LB A 5%
1), SRT, H“BATCKGEER =5 Lt R LR N JFR
TENRNE (AL N IR A 3-= R OB & 5 KT K Ak
I, HERCT BAREE 3 (Scheme 1), 3 ZJF KN =5 H
S (1) 5 L A7 A AT T R B Tk ) P v TR R, W Rk
T TR SR T AN 3 0 e B ik SR 1

CHO

(@] O
'\ )J\/”\
R T RC OFt
OH
O

XX
(XN )
2

OH
CF3

=)

B 1 AR 3 IE AL
Scheme 1 Synthesis of esters 3
Chizhov Z5HRER T TERRMEAL T WS 3 7ESURSE
TRl PR IR SN AR 2 AR, A TR
A 76 2 ) G IR I R AT T ARE IR R PY, R
b VTS AR A IR, 1 R B AR R A AR rh e

FEBENER. S THEAS AR, F A
SR T R TR RN, 45 R W DURE I N AR T
T FNEAT T AT DURREAT, X H R Y 51N
AT LANE A A S

NT PR B, WA LR AREE 3a A
JERE, M e A AR 2a IR R, 4550
®1NE 1 ATRUEH, YRAERERA BT
150 CHEFEHF RN 4 h, HEAAWRION 13%; 24k
FRE A, [RS8 T ROV AR TR AL 2 0TIk 99%,
XU A R AT SRR I 3 A A IR RIS, AN R R A 1)
a2t PR WRER N AR M B, X AT 2 T RERAN
(AL IAA T, 1T H LR TS Hp 1) 55 B P X gl ARG 1)
TRECEACVE . ARV AR B, Sk f s B R R HE T
RN, 1E 280 W IHR MR M 6 min, A
HIFALAR TR 98%, Pl KINE, FARES 1238 m
AU, L2 DRI P e v 1 5 350 i S AR R R A B
RRAE.

TEBHEMR MR, BT — &5 3- =5 LW
EERIMEY 2a~2j (3 2). PPYIEEHIZL "H NMR Al
HRMS #HTHIE. 204N '"H NMR FIRAE S R, 1F
FE i 2 M R G AR, JUF = A ]
LEH. HRMS [FERAE BG4 4505 5% B FH (3 57
NHEERS, R FARE 5 R IR AFAE, IR Ul
BT =R I R A, SRS =R B A PRI

K1 R TFR XS 3a Bl 2 R0

Table 1 Effect of microwave power and time on the conversion of compound 3a

M Q
(0] N FO3H solvent-free o o
3a 2a
Entry Supporter Temp./C Microwave power/W Time/min Conv./% Sel./%

14 — 150 — 240 13 92
2¢ Neutral Al,O; 150 — 240 64 70
3¢ Acid AL,O; 150 — 240 95 60
4¢ Acid exchange resin 150 — 240 96 46
5¢ Silica sand 150 — 240 22 91
6 Silica gel H 150 — 240 99 96
7 Silica gel H 120 — 240 87 100
8 Silica gel H 100 — 240 73 100
9° Silica gel H — 140 6 46 97
10 Silica gel H — 140 10 83 96
11° Silica gel H — 140 15 96 96
12° Silica gel H — 210 6 85 96
13? Silica gel H — 280 5 98 93
14? Silica gel H — 350 4 98 94
15° Silica gel H — 420 3 100 91

“pgE gy, SARES 3a (1.00 mmol), Hifk(1 g); Pius o m#t, HARHEE 3a (1.00 mmol), FER(1 g); < ARHES 3a (HE AL ZR A GUARHE R £ 24t HPLC #i 2.
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Table 2 The synthesis of 3-(trifluoroacetyl)coumarins under microwave assisted solvent-free conditions
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AEHIER, 25 5KMEELEER T RAEMB N, A%
T I E= 4.

NTH—HE 3-ZRmOMEFERIMLEYN
ghK, DL OTR SN ERA TIE I s A SR8 R R IR
HALEY) 2b [, FEAE A S AT SO HaE AT I e,
CCDC 4967231, 455 unpE 1 fME 2 fros. B 1ERW, 5
2 2b KAV SR, X ULBTE B B R R R,
2b R OB R IR EE 5K A T IR B, A 2 7]
PLUE H, 2b 7K &Y AEAE > N A5 118 O+ H A .

B 1 a9 2b A
Figure 1 Crystal structure of hydrate compound 2b

B2 &Y 2b AR R
Figure 2 Hydrogen bonds in hydrate compound 2b

FATTSHE R A0 T B B A0 AR R AT T LB HE I
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ETREK, MAEY 2 fERERE T &K, Fit, a7l
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SRR . NI R P T AR B PR AE — e g%
PR ] LA AR BSR4, X R R AE A AL
AP ARE L. TESARES 1 SR N R, R A A
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Scheme 2 Proposed mechanism for the synthesis of 3-(trifluo-
roacetyl) coumarin in the presence of silica gel
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(TMS NN FR, CDC1; NiE7); HRMS H waters Q-Tof
Micro TM & 73 G 0 /& ; AR 45 /4 f8 F Rigaku
RAXIAS-IV 2 X 26 B AT S E ;i K F A% 2=
fE[GT0F20CN3P-ZS (WO Z H b, #ARES 3 MR4E
SCHR[25] ], R BT AR5 B o A 4t

32 3-ZRICHMEFTIREUEYNERK

B RARES 1 (3 mmol) FRERR (2 o) 7ERTER A 78 73 B
(BIF & B o] N> B ), TR A AR BIN  NIR , 7E
280 W RGP IN#R A [ B 58 45 (HPLC  BRER), 4R
CLPEAERL(20 mL X 3), A FFFHGH, Tezs HyEm, %2
I [ 14 R SR RUEPERE(V - V=1 @ 10)E 4513 3-
CROBEFERIMNEY 2.

- O HEA S R Qa): A A, mp. 116~
117 COCEME™: 117~118 C); "H NMR (CDCls, 400
MHz) o: 7.41~7.45 (m, 2H, Ar-H), 7.71~7.80 (m, 2H,
Ar-H), 8.54 (s, 1H, C=CH); HRMS (ESI) calcd for
C11HsO5F; [M+H]" 243.0191, found 243.0266.

6-F-3- =M LW EF F ZQ2b): RE G K. mp.
106~107 °C; '"H NMR (CDCls, 400 MHz) ¢: 7.36 (d, J=
8.4 Hz, 1H, Ar-H), 7.67~7.69 (m, 2H, Ar-H), 8.39 (s, 1H,
C=CH); *C NMR (100 MHz, DMSO-dq) 6: 115.6 (q, J=
289.0 Hz), 118.3, 118.6, 120.5, 129.4, 133.6, 136.0, 149.5,
153.9, 155.3, 178.4 (q, J=39.0 Hz); IR (KBr) v: 1769,
1694, 1628, 1568 cm '; HRMS (ESI) caled for C;HsCl-
O;F;[M+H]" 276.9879, found 276.9876.

6-1R-3- = L WEHE A T3 (20): RF AR K. mop.
109~110 ‘C; '"H NMR (CDCl;, 400 Mz) &: 7.26~7.30
(m, 1H, Ar-H), 7.83~7.72 (m, 2H, Ar-H), 8.38 (s, 1H,
C=CH); *C NMR (100 MHz, DMSO-dq) 0: 115.6 (q, J=
288.0 Hz), 118.1, 118.7, 118.9, 120.4, 132.5, 138.8, 149.4,
154.4, 155.3, 178.3 (q, J=38.0 Hz); IR (KBr) v: 1765,
1698, 1612, 1565 cm'; HRMS (ESI) caled for C,;HsBr-
O;F;[M+H]" 320.9374, found 320.9375.

8-FHAE-3- = OB R T K (2d): FH O AK. mp.
160~161 °C; "H NMR (CDCls, 400 MHz) d: 4.00 (s, 3H,
CH3), 7.25~7.33 (m, 3H, Ar-H), 8.45 (s, 1H, C=CH); "*C
NMR (100 MHz, DMSO-d) 6: 56.5, 115.8 (q, J=288.0
Hz), 117.5,117.9, 119.6, 121.5, 125.4, 145.4, 147.3, 151.1,
155.4, 178.6 (q, J=38.0 Hz); IR (KBr) v: 1747, 1708,
1605, 1567 cm ' ; HRMS (ESI) caled for C,HgO4F;[M+
H]" 273.0375, found 273.0379.

6,8- ~H-3- I L E A TR (2e): IR AR OK.
m.p. 136~137 ‘C; '"H NMR (CDCls;, 400 MHz) &: 7.59
(d, J=2.0 Hz, 1H, Ar-H), 7.77 (d, J=2.0 Hz, 1H, Ar-H),
8.36 (s, 1H, C=CH); >C NMR (100 MHz, DMSO-dj) o:
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115.5 (q, J=289.0 Hz), 119.0, 121.2, 123.3, 127.9, 130.7,
135.6, 149.0, 149.8, 154.2, 1782 (q, J=39.0 Hz); IR
(KBr) v: 1750, 1697, 1632, 1564 cm™'; HRMS (ESI) calcd
for C;;HsCLOsF; [M+H]" 310.9489, found 310.9486.

6,8- ~IR-3- =G LWt A R (2f): R E AR oK.
m.p. 147~149 C; '"H NMR (CDCls, 400 MHz) ¢: 7.77
(d, J=2.0 Hz, 1H, Ar-H), 8.07 (d, J=2.0 Hz, 1H, Ar-H),
8.33 (s, 1H, C=CH); "C NMR (100 MHz, DMSO-d;) ¢:
111.8, 115.5 (q, J=288.0 Hz), 118.0, 119.4, 121.1, 131.7,
141.2.9, 148.9, 151.4, 154.3, 178.2 (q, J=39.0 Hz); IR
(KBr) v: 1774, 1698, 1630, 1556 cm™'; HRMS (ESI) calcd
for C;,HsBr,05F; [M+H]" 398.8479, found 398.8481.

8-LAHE-3- = AW A B R (2g): B AR, mp.
147~148 °C; '"H NMR (CDCls, 400 MHz) ¢: 1.51 (t, J=
8.0 Hz, 3H, CH;), 422 (q, J=4.0 Hz, 2H, CH3), 7.15~
7.30 (m, 3H, Ar-H), 8.44 (s, IH, C=CH); *C NMR (100
MHz, DMSO-dg) 0: 14.6, 65.3, 115.8 (q, J=288.0 Hz),
118.0, 118.8, 119.4, 121.5, 125.4, 145.5, 146.7, 151.3,
155.6, 178.6 (q, J=38.0 Hz); IR (KBr) v: 1750, 1669,
1612, 1580 cm ™ '; HRMS (ESI) calcd for Ci3H,(O4F; [M+
H]" 287.0531, found 287.0522.

6-fH JE-3- = LW I & 5 & (2h): FHEM K. mp.
112~114 C(CEAMET: 1155~116 C); 'H NMR
(CDCl;, 400 MHz) 6: 7.58 (d, J=8.8 Hz, 1H, Ar-H),
8.59~8.61 (m, 2H, Ar-H), 8.66 (d, J=2.4 Hz)lH, C=
CH); HRMS (ESI) calcd for C;;HsNOsF; [M—|—H]+
288.0120, found 288.0116.

S OB R R IR G R QI): HEB KA. mp.
191~192 °C; 'H NMR (CDCls, 400 MHz) §: 7.50 (d, J=
8.8 Hz, 1H, Ar-H), 7.67 (td, J=7.6, 0.8 Hz, 1H, Ar-H),
7.82 (td, J=17.6, 0.8 Hz, 1H, Ar-H), 7.96 (t, J=8.0 Hz,
1H, Ar-H), 8.21 (d, J=9.2 Hz, 1H, Ar-H), 8.32 (t, J=8.8
Hz, 1H, Ar-H), 9.32 (s, 1H, C=CH); *C NMR (100 MHz,
DMSO-dg) d: 112.2, 116.0 (q, J=288.0 Hz), 116.7, 117.4,
127.2, 129.5, 129.6, 130.0, 130.3, 138.5, 146.8, 156.0,
157.3, 178.7 (q, J=38.0 Hz); IR (KBr) v: 1729, 1685,
1597, 1557 cm™'; HRMS (ESI) caled for CysHgOsF5 [M+
H]" 293.0426, found 293.0423.

7-HAHE-3- = O B R (2)): E O R, mp.
161~162 °C; "H NMR (CDCls, 400 MHz) d: 3.96 (s, 3H,
CH;), 6.85 (d, J=2.0 Hz, 1H, Ar-H), 6.96 (dd, J/=8.8, 2.4
Hz, 1H, Ar-H), 7.60 (d, J=8.0 Hz, 1H, Ar-H), 8.51 (s, 1H,
C=CH); *C NMR (100 MHz, DMSO-d,) d: 56.2, 100.5,
114.6, 114.8, 117.1, 122.7 (q, J=287.1 Hz), 132.0, 151.1,
166.9, 164.3, 162.5, 178.0 (q, J=37.2 Hz); IR (KBr) v:

http://sioc-journal.cn/ 1177
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1744, 1691, 1614, 1579 cm™'; HRMS (ESI) caled for
C1,HsO.F; [M+H]™ 273.0375, found 273.0374.

%4 Bh #4 &} (Supporting Information)

2a~2j 1) IR,

HRMS, 'H NMR 1 C NMR i &, i £eh181 0] DL 4 3% M
A W 3k (http://sioc-journal.cn/) . %K.
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