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Synthesis of trifluoromethyl substituted 4-styryl coumarin derivatives

LIU Wei, CHEN Fenfen, HAN Xiaoyu, WANG Yongjiang

(School of Biological and Chemical Engineering, Zhejiang University of

Science and Technology, Hangzhou 310023, Zhejiang, China)

Abstract: [Objective] The design and synthesis of coumarin derivatives with novel structure is
beneficial to explore and discover more compounds containing coumarin backbone with
biological activities and application values, so the synthesis method of a trifluoromethyl
substituted styryl coumarin derivative was proposed. [ Method | A series of trifluoromethyl
substituted styryl coumarins were synthesized from substituted 3-cyano-4-methyl-coumarins and
2-trifluoro-1-phenylethane-1-one through a vinylogous-aldol rearrangement reaction under the
DBU (1,8-Diaza-bicyclo[ 5. 4. 0 Jundec-7-ene) catalysis at the room temperature by using ethyl
acetate as the reaction solvent. [ Result] Products are characterized by 'H NMR, “C NMR,

YF NMR, high resolution mass spectrometry ESI-MS and X-ray single crystal diffraction.
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Finally, eight trifluoromethyl substituted 4-styryl coumarins with high E(trans) selectivity are
synthesized with up to 95% yield. [ Conclusion] This provides a preparation method for the
synthesis of fluorobenzene vinyl coumarins.
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1 Vinylogous-aldol = Hf /2 i

Fig. 1 Vinylogous-aldol rearrangement reaction
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Table 1 Test results of catalysts and their loadings

R AL TEAL TR R 43 L/ % S R B A /b PR/ % Z/E
1 i s 10 20.0 <10 —
2 DBU 10 1.5 94 1:39
3 4= H A R 10 20.0 <10 —
4 =20 10 20.0 <10 —
5 W I 10 20.0 <10 —
6 BRI 100 2.5 76 7:3
7 Tt i 4 100 3.0 71 7:3
8 T iR 4t 100 1.5 91 1:8
9 DBU 5 2.0 88 1:16

TE T AL DBU JBE R E 43 H ol 1000 2 T itk — 25 25 42 1 AN [R] 9 500 % 52 17 4 52 000 . 2 g 345 511
AR IR 2 SR LA 2.0t 3R 2 Al DA G e A0 D S0 L 38 50 I s o3l B8 s B T A7 00 7 3R A
GE F S5 A8 e 6 PR 5 T LA 2 R R A S L 0 F 7 3 i ik 94 06 ELIU R S e VE 35 1+ 395 LAAR R
J3t 5~ R0 7R FRY AR Sl LAY IS+ RO AS HEAT 5 HC AL 50 i 6 25 SR SR FRAE . TR 2 RO ) e £ 2R 1
W0 AR S DBU B R 43 L 10900 IR SR LR S SO BE S 0.1 mol/L, T4 il LR 1.5 b
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Table 2 Optimized test results of reaction solvents

W fEAE A sl S s 8] / b FEE/ % Z/E
1 DBU Tk 2.5 67 1:4
2 DBU ZEAW b 0.5 95 1:9
3 DBU =R WL 2.5 78 1:9
4 DBU DU 4, 1 IR 4.0 61 1:16
5 DBU 2R Bk 1.5 94 1+:39
6 DBU S 3.0 83 1:19
7 DBU HH iz — — —

8 DBU 1EC ke 4.0 33 1:4
9 DBU N, N- 2 H 35 H i e 4.0 50 1:4
10 DBU 1, 4-Z5H N 1.5 83 1:4
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Table 3 Universality tests of substrates of trifluoromethyl substituted 4-styrylcoumarins

i UR/EIR] Ar R, R/ N Z/E
1 3a Ph Ph 94 1:39
2 3b 4-CH;Ph Ph 87 1:5.5
3 3¢ 4-BrPh Ph 95 1:5.5
4 3d 4-OCH; Ph Ph 89 1:6
5 3e 5-CIPh Ph 78 1:5.5
6 3f 4,5-NaPh. Ph Ph 89 1:4
7 3g Ph 4-CH; Ph 92 1:11
8 3h Ph 5-BrPh 91 1:14

3a: 1 FE 4 H NMR (500 MHz, CDCl,) 88. 41 (s, 1H),7. 65(dd,J=8.3,1.4 Hz,2H),7. 56 ~
7.50(m,1H),7. 26 ~7.22(m,2H),7. 17~7.12(m,5H),6. 02(s, 1H);"*C NMR (126 MHz, CDCl;)
5163.17,159. 34,154, 32,152. 10, 133. 26,130. 25,130. 08 (q, J =30. 8 Hz),129. 01 (q,J =6. 4 Hz),
128.08,127.88,127. 33,127, 08,122. 01 (q.J =274. 0 Hz),123. 89,116. 35,116. 02,115. 90;"F NMR
(CDCly) :8—66. 6; IS Ci H, F,O,[M+1]" =303. 100 3, 52 =303. 100 7,

3b: [ E {4 ;' H NMR (500 MHz,CDCl,)88. 34 (s, 1H),7.59(dd, J=8.6,1.4 Hz,1H),7.56(d,
J=1.5 Hz,1H),7.52~7.45(m,1H),7.20(d,J=7.7 Hz,2H),6. 96(d,J =8.0 Hz,2H),6.87(d,J =
8.1 Hz,2H),5.87(s,1H),2.12(s,3H) ;"*C NMR(126 MHz,CDCl;)3163. 15,159. 40,154. 56,152, 12,
138.06,133.21,130. 16 (q,J =30. 8 Hz),128.59(q.,J =6.5 Hz),128. 40,128, 09, 127. 73, 127. 26,
127.14,126.89,123.89,122.06(q, J =274. 0 Hz),116. 31,116. 11,115. 88,20. 14;" F NMR(CDCl,) ;
5—67. 2 F (A Coo H, FsNO;[M+1]" =372. 085 3,5zl =372. 086 2,

3c: HEEMA ;' H NMR(500 MHz, CDCl;) 88. 45 (s, 1H) , 7. 61(s, 1H), 7. 59~7. 50(m, 2H), 7. 25
(m,3H),7.21(d,J=3.8 Hz,1H).6.98(d,J=8.3 Hz,2H),5. 81(s,1H);"*C NMR(126 MHz,CDCl,)
5162.97,159.23,153. 94,152. 20,133. 54,130. 93,130. 70,129. 61(q,J =6.2 Hz),129. 48,129. 25(q,
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J=29.8 Hz),129. 15,128. 72, 126. 81, 124. 06, 122. 68,121. 86 (q, J =275. 1 Hz),116. 20, 116. 15,
115. 863 F NMR(CDCl;) :8—66. 2; Bl Cio H B, F;NO; [M+1]" =435. 980 2, 52{ =435. 979 9,

3d: { @K' H NMR (500 MHz, CDCL, ) 88. 44 (s, 1H) ,7. 64(dd, J=8.1,1.4 Hz,1H),7. 60(d,
J=1.5 Hz,1H),7.58~7.53(m,1H),7.32~7.19(m,2H),7. 08(d,J=8.7 Hz,2H).6. 71~6. 60(m,
2H),5.92(s,1H),3. 68(s,3H) ;"*C NMR(126 MHz,CDCl,)5164. 20,160. 46,159. 97,155. 76,153. 21,
134.25,131.08(q,J =31.8 Hz),130. 28,129. 44(q. ] =6.2 Hz),128. 15,124, 91,123. 51,122, 04(q. ] =
274.5 Hz),117.32,116. 95,113. 85,55. 09;'“F NMR(CDCl,) : 5—67. 8; B {8 Cy Hy, FsNO, [M+1]" =
388. 080 2, 5L =388.079 9,

3e: A4 ;' H NMR (500 MHz, CDCl;) 88, 46 (s, 1H), 7. 69(d,J=1.5 Hz,1H),7. 63(d,J =
8.0 Hz,1H),7.59(td, J =8.1,1.5 Hz,1H).7. 30(t,J =8.0 Hz,2H).7. 16 (m.2H),7. 08(t, ] =
7.8 Hz,1H),7.01(d,J=7.7 Hz,1H),5. 96 (s, 1H);"* C NMR (126 MHz, CDCl;) §164. 03, 160. 22,
154.72,153.17,134. 56,134, 31,132, 88,131. 03(q.J =31. 3 Hz),129. 69,129. 51(q, J =6. 1 Hz),
129.39,128.93,127.81,127. 24,125, 10,122. 78(q, J =274. 3 Hz),117. 33,117. 11,116. 90;"° F NMR
(CDCly) :6—66. 9; #E(E Cyy H, CIF;NO,[M+1]" =392, 030 7, 5Zl{§ =1392. 030 2,

3f: 6 [ 4 ' H NMR (500 MHz, CDCy ) 88. 46 (s, 1H), 7. 74(dd, J =5. 5,1. 3 Hz,2H),7. 72~7. 65
(m,3H),7.63(d,J=8.6 Hz,1H),7.52~7.48(m,1H),7.45~7.40(m,2H),7. 26(d, J =14. 6 Hz,
2H),7.20(d,J=8.3 Hz,1H),6. 00(s, 1H) ;" C NMR (126 MHz, CDCl,) §164. 27, 160. 33, 155. 38,
153.16,134.32,133.06,132.65,131. 04(q,J =30.8 Hz),130. 38(q,J =6. 3 Hz),129. 06,128. 73,128. 26,
128.18,128.00,127.57,126. 96,126. 50, 125. 81,124. 95,123. 13(q, J =274. 1 Hz),117. 37,117. 06,
116.99;F NMR(CDCL,) :8—67. 4 i f Cos H, FsNO,[M 417" =408. 085 3, 521l =408. 084 4,

3g: [ E A ;' H NMR (500 MHz, CDCl, ) 88. 44 (s, 1H), 7. 66(d, J=1.5 Hz,1H),7. 40(s,1H),
7.34(dd,J=8.5,1.9 Hz,1H),7.21~7.01(m,6H),5.89(s,1H),2. 37(s,3H) ;" C NMR(126 MHz,
CDCl;)8163. 26,159. 56,154, 25,150. 28,134, 34,133, 62,130. 44,130. 02(q,J =30. 6 Hz),129. 13(q,
J=6.4 Hz),128.05,127. 81,127. 29, 126. 78,121. 69 (q, J] = 275. 2 Hz), 116. 13, 115. 67, 115. 58,
19.95;“F NMR(CDCly) : 8—69. 2; Bl Coo Hi FsNO;[M~+1]" =372.085 3, 52M{ =372. 084 6,

3h: [ {4 H NMR(500 MHz,CDCl;)88. 35(s. 1H) , 7. 63(d, J=1.5 Hz,1H),7. 48(d,J =8. 6 Hz,
1H),7.42(d,J=1.8 Hz,1H),7. 36(dd, J =8.6,1.8 Hz,1H),7. 21~7. 11 (m,5H),6. 07 (s, 1H);
C NMR(126 MHz,CDCIl;)8163. 90,159, 73,154, 80,153. 14,131. 52(q, J =30. 3 Hz),131. 11,129. 62
(q,J=6.2 Hz),129. 33,129. 01,128. 83,128. 79,128. 52,128. 45,123. 1(q.J = 257. 5 Hz),120. 21,
117.48,115. 94;F NMR(CDCLy) : §—68. 63 Bl E Cyp Hy, BrF, NO,[M+17" =435, 980 2, 52l {5 =435. 980 8.,
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Fig.3 Process of vinylogous-aldol rearrangement reaction
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