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Aniline-Promoted Synthesis of Isobenzofuranone Derivatives
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Abstract Isobenzofuranone derivatives are widely found in nature and have shown diverse biological activities. In this work,
the aniline-promoted synthesis of isobenzofuranone derivatives starting from 2-carboxybenzaldehyde and substituted aceto-
phenones under mild reaction conditions is reported. This method has broad substrate scope, high yields, and is operationally
convenient, and therefore could serve as an attractive strategy for practical synthesis of isobenzofuranone derivatives.
Keywords isobenzofuranone derivatives; aniline; cascade reactions

RART= W0 IR LA A (R 7 B SR 249 T R A AL
BB FIAR B T Tz N, T B A R
FJRTTRI S, Wik bi, 2055 3R 5 B2 DR AUk 1Y
ZERYRF AN 2 P BRAE R IR A 25 5 A — T 2
P, RE R DASE AR R A AR 1 A R R A5 )
LA RAG BRI 2 B T 1 OER, Il 1 R, B
A 5 IF IR S5 4 AL S A TR 24

MIRE N R, A B E DCFH-DA, FIH A
BN, 4N M N R B iR 5 i — 2D AT DAAE R
JeW5 DCF BIREE, #7372 N 40 4 35 14 4(ROS)
A FASIS, LA (NBPYE A — i TR T i
SUPEBR PR A R ) BT 250, BT DLE A BREIA .
B (X BEVE, I AR kLR R e g AE TR,

ERANMSUAE AR 7= 2 B2 T 5% 2R S iR v,

Chin. J. Org. Chem. 2018, 38, 3009~3015

* Corresponding authors. E-mail: zzuyubin@hotmail.com; livhm@zzu.edu.cn
Received June 21, 2018; revised July 16, 2018; published online July 24, 2018.
Project supported by the National Natural Science Foundation of China (Nos. 81430085, 81773562, 81703326), the National Key Research Program of Pro-
teins (No. 2016YFA0501800), the Scientific Program of Henan Province (No. 182102310123), the China Postdoctoral Science Foundation (No.
2018M630840), the Open Project of Guangdong Provincial Key Laboratory of New Drug Screening (No. GDKLNDS-20180F006), the Key Research Pro-
gram of Higher Education of Henan Province (No. 18B350009), and the Undergraduate Innovation and Entrepreneurship Training Program of Zhengzhou
University (No. 201810459101).
[l 5% A SR} 2 5 4 (Nos. 81430085, 81773562, 81703326) [ 5K & s K 11Kl (No. 2016 YFA0501800) i B 24 BHEL KT H (No. 182102310123), H1EH
T4 5T B R4 (No. 2018M630840) . [~ 7R 44 #7 2 i ik L A 52 56 = JF /B0 8 (No. GDKLNDS-20180F006) 1] 74 44 i 55 2 1 A5 B I H (No.
18B350009)F1 K5 M K2 K2 £ QT Gk Il 2k it R (No. 201810459101) B BT H .

A ©2018 Chinese Chemical Society & SIOC, CAS  ttp://sioc-journal.cn/ 3009



BIKE

MR

N
[ oH OMe \—0 ;
B HO.
(0] 0 0
MeO
0 o) oH ©O
Senkyunolide E Vermistatin Matteucen D

B EA SR A R A
Figure 1 Compounds with isobenzofuranone skeleton
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Table 1 Reaction optimization for the synthesis of isobenzo-
furanone derivatives
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Aniline Q Q

OH+ .

H Solvent, T O
O

1a 2a 3a

. . Aniline/ Isolated
Entry 7/°C Time/h (equiv.) yield/%
1 r.t. 3.0 1.0 trace
2 60 3.0 1.0 34
3 100 3.0 1.0 86
4 100 6.0 1.0 87
5 100 3.0 0.5 23
6 100 3.0 1.5 62

© 2018 Chinese Chemical Society & SIOC, CAS

“Unless otherwise noted, all the reactions were conducted in AcOH (2.0 mL)
with 1a (1 mmol) and 2a (1 mmol).
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Table 2 Synthesis of isobenzofuranone derivatives
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“Unless otherwise noted, all the reactions were conducted in AcOH (2.0 mL) with 1a (I mmol) and 2 (1 mmol) at 100 ‘C for 3 h.
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'H NMR il “C NMR {§i 5 #t Bruker 2 7]
AVANCE 111-400 B4 SAZREILIRACN 2, TMS AW bx;
15143 HF 5 115 FH 52 [E Waters-Micromass A &) Q-TofMicro
153 3R VY O =R AT I T B B BT 1 A o . S5 i FH 3K
AT 3A WA, FrHrad.

3.2 ZLWAHE
3.2.1 HARLA4 3a~30 694 A%

] 100 mL BIG RBE HIIN 2 mL Bifg, )5
B ABER L S 1a (1.5 mmol). BUEE 2.0 2a~20 (1.5
mmol) FIZKi%(1.5 mmol) N A & R NEH, B IHET
100 CIyB4R i EE SN 3 h. 2 (O3 (TLC) R S 5
TN, BARBIANE 50 mL B, gk EEA
PIEE RV, N F A K & AR AT e, Hhig, S
=R, B TEG, 1S A GEE~Y) 3a~
3o0.

3-(2-FAR-2-FK B £ Hk ) 7 2R IR R R -1(3H)- i (3a):
H O EAR R, 775 86%. mp. 146~147 ‘C; 'H NMR
(400 MHz, CDCL3) 8: 7.96 (d, J=7.3 Hz, 2H), 7.91 (d, J=
7.6 Hz, 1H), 7.66 (t, J=7.5 Hz, 1H), 7.57 (dq, J=15.1, 7.4
Hz, 3H), 7.48 (t, J=7.7 Hz, 2H), 6.18 (t, J=6.5 Hz, 1H),
3.78 (dd, J=17.7, 5.8 Hz, 1H), 3.40 (dd, J=17.7, 7.3 Hz,
1H); “C NMR (100 MHz, CDCl;) 6: 196.05, 170.16,
149.75, 136.17, 134.30, 133.88, 129.45, 128.85, 128.17,
125.89, 125.75, 122.82, 77.20, 43.69.; HRMS calcd for
Ci6H 1205 [M—H]™ 251.0703, found 251.0708.

3-[2-(4- T AR FE )-2- 5 AR 2 FE ] 57 2 I K R - 1 (3 H)- il
(3b): AFEAEHER, P2F 81%. mp. 135~136 C; 'H
NMR (400 MHz, CDCL3) d: 8.05~7.93 (m, 2H), 7.90 (d,
J=17.6 Hz, 1H), 7.66 (t, J=7.0 Hz, 1H), 7.58~7.50 (m,
2H), 7.15 (t, J=8.6 Hz, 2H), 6.15 (t, J=6.5 Hz, 1H), 3.73
(dd, J=17.5, 6.0 Hz, 1H), 3.37 (dd, J=17.5, 7.0 Hz, 1H);
C NMR (100 MHz, CDCly) 6: 194.42, 170.07, 167.43,
164.89, 149.60, 134.33, 132.68, 132.65, 130.96, 130.87,
129.51, 125.88, 125.79, 122.74, 116.14, 115.92, 77.09,
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43.59; HRMS caled for C;H,;FO; [M—H]  269.0608,
found 269.0614.

3-[2-(4- R A I )-2- AR 23 ) 5 4 I kIR - 1. (3 H) - il
(3e): AMEAEN AR, #F 83%. mp. 149~150 C; 'H
NMR (400 MHz, CDCl;) 6: 7.90 (dd, J=17.3, 5.3 Hz, 3H),
7.67 (dd, J=17.6, 6.4 Hz, 1H), 7.55 (t, J=17.7 Hz, 2H), 7.46
(d, J=8.7 Hz, 2H), 6.15 (t, J=6.5 Hz, 1H), 3.72 (dd, J=
17.6, 6.1 Hz, 1H), 3.38 (dd, J=17.6, 6.9 Hz, 1H); "°C
NMR (100 MHz, CDCly) &: 194.82, 170.04, 149.53,
140.41, 134.50, 134.35, 129.60, 129.53, 129.18, 125.87,
125.79, 122.71, 77.00, 43.62; HRMS calcd for C;¢H,;,CIO5
[M—H]™ 285.0313, found 285.0317.

3-[2-(4- 1R FFE)-2- AR 2.3 ) 57 4 I WK IR - 1 (3 H) - T
(3d): AEGEAEFE, FF 84%. mp. 150~151 C; 'H
NMR (400 MHz, CDCLy) 6: 7.85 (d, J=8.2 Hz, 1H), 7.75
(d, J=8.7 Hz, 2H), 7.60 (t, J=7.5 Hz, 1H), 7.56 (dd, J=
8.8, 2.1 Hz, 2H), 7.52~7.44 (m, 2H), 6.08 (t, J=6.5 Hz,
1H), 3.65 (dd, J=17.6, 6.0 Hz, 1H), 3.30 (dd, J=17.6, 7.0
Hz, 1H); *C NMR (100 MHz, CDCl;) d: 195.03, 170.03,
149.52, 134.89, 134.34, 132.20, 129.66, 129.54, 129.22,
125.89, 125.83, 122.71, 76.98, 43.63; HRMS calcd for
CigH; BrOs [M—H]~ 328.9808, found 328.9813.

3-[2-(3- IR A I )-2-BE AR 2 3 ) 57 4 I kIR - 1. (3 H) - il
(3e): AMEANAER, #F 82%. mp. 128~129 C; 'H
NMR (400 MHz, CDCly) 6: 8.09 (t, J=1.7 Hz, 1H),
7.99~7.89 (m, 1H), 7.90~7.82 (m, 1H), 7.73 (ddd, J=
8.0, 1.9, 0.9 Hz, 1H), 7.70~7.65 (m, 1H), 7.63~7.51 (m,
2H), 7.37 (t, J=7.9 Hz, 1H), 6.15 (t, J=6.4 Hz, 1H), 3.72
(dd, J=17.7, 6.0 Hz, 1H), 3.39 (dd, J=17.7, 6.9 Hz, 1H);
C NMR (100 MHz, CDCly) 6: 194.71, 170.01, 149.46,
137.83, 136.70, 134.37, 131.20, 130.45, 129.56, 126.74,
125.88, 125.82, 123.21, 122.68, 76.87, 43.74; HRMS calcd
for C,¢H;;BrO; [M—H]~ 328.9808, found 328.9812.

3-[2-5AR-2-Ch 2 3t ) 2,3 9 A FE R - 1 (3 H) -
3h: ABEERE, F 91%. mp. 125~126 C; 'H
NMR (400 MHz, CDCl;) 6: 7.83 (d, J=7.6 Hz, 1H), 7.78
(d, J=8.2 Hz, 2H), 7.58 (t, J=7.0 Hz, 1H), 7.47 (dd, J=
15.8, 7.6 Hz, 2H), 7.20 (d, J=8.0 Hz, 2H), 6.17~6.03 (m,
1H), 3.67 (dd, J=17.6, 5.8 Hz, 1H), 3.29 (dd, J=17.6, 7.4
Hz, 1H), 2.34 (s, 3H); >C NMR (100 MHz, CDCl;) ¢:
195.65, 170.20, 149.86, 144.88, 134.26, 133.78, 129.52,
129.41, 128.30, 125.91, 125.73, 122.88, 77.35, 43.59,
21.72; HRMS caled for C;H;;05 [M—H]  265.0859,
found 265.0865.

3-[2-(4-FR HE IR L) 2- AR R S R IR -1(BH)-

http://sioc-journal.cn/ 3013
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fil(3g): AGREAN K, 75 79%. mp. 179~180 C;'H
NMR (400 MHz, DMSO-dg) d: 10.46 (s, 1H), 7.90 (d, J
=8.8 Hz, 2H), 7.86 (d, J=7.6 Hz, 1H), 7.83~7.76 (m,
1H), 7.73 (d, J=7.2 Hz, 1H), 7.61 (t, J=7.3 Hz, 1H), 6.86
(d, J=8.8 Hz, 2H), 6.11 (dd, J=7.6, 4.6 Hz, 1H), 3.70 (dd,
J=17.7, 4.6 Hz, 1H), 3.62 (dd, J=17.7, 7.8 Hz, 1H); "*C
NMR (100 MHz, DMSO-ds) d: 194.33, 169.78, 162.41,
150.05, 134.25, 130.78, 129.20, 127.87, 125.46, 124.85,
122.84, 115.26, 77.38, 42.19; HRMS calcd for C;sH;,04
[M—H]™ 267.0652, found 267.0658.

3-[2-(4-HiF e OR R )-2- S AR R ) 7 2R IR IR -1 (B H)-
fi(3h): AEEER A, 7% 75%. mp. 198~199 C;
'H NMR (400 MHz, DMSO-ds) J: 8.35 (d, J=8.9 Hz,
2H), 8.24 (d, J=9.0 Hz, 2H), 7.87 (d, J=7.6 Hz, 1H), 7.81
(t, J=6.9 Hz, 1H), 7.76 (d, J=7.0 Hz, 1H), 7.63 (t, J=7.4
Hz, 1H), 6.14 (dd, J=8.0, 3.9 Hz, 1H), 3.99 (dd, J=18.3,
3.9 Hz, 1H), 3.84 (dd, J=18.3, 8.1 Hz, 1H); "C NMR
(100 MHz, DMSO-dg) 0: 195.75, 169.70, 150.12, 149.64,
140.63, 134.32, 129.57, 129.33, 125.46, 124.90, 123.85,
122.86, 76.77, 43.29; HRMS calcd for C,sH;;NOs [M—H]
~ 296.0553, found 296.0557.

3- {2- 52 [4- (U T ) R IR £ 38} 57 2R g -
1GH)-F3i): B EE AR R, 2% 80 %. mp. 145~
146 “C; '"H NMR (400 MHz, CDCl;) d: 8.07 (d, J=8.3
Hz, 2H), 7.92 (d, J=8.1 Hz, 1H), 7.76 (d, J=8.3 Hz, 2H),
7.69 (t, J=7.5 Hz, 1H), 7.62~7.51 (m, 2H), 6.17 (t, J=
6.4 Hz, 1H), 3.78 (dd, J =17.7, 6.1 Hz, 1H), 3.45 (dd, J=
17.7, 6.7 Hz, 1H); *C NMR (100 MHz, CDCl;) §: 195.13,
169.96, 149.36, 138.74, 134.40, 129.61, 128.56, 125.99,
125.96, 125.92, 125.88, 122.63, 76.80, 43.94; HRMS calcd
for C;H;F;05 [M—H]~ 319.0557, found 319.0581.

3-(2-([1,1'- Bk 2K 1-4- J5 )-2- S AR 20 5 ) 57 2 FF 1k g -
13H)-H (3j): A BE AR, % 92%. mp. 170~
171 “C; '"H NMR (400 MHz, CDCly) d: 8.02 (d, J=8.5
Hz, 2H), 7.92 (d, J=7.7 Hz, 1H), 7.73~7.68 (m, 2H),
7.66 (d, J=7.3 Hz, 1H), 7.63~7.57 (m, 3H), 7.54 (t, J=
7.4 Hz, 1H), 7.51~7.44 (m, 2H), 7.43~7.36 (m, 1H), 6.19
(t, J=6.5 Hz, 1H), 3.79 (dd, J=17.5, 5.8 Hz, 1H), 3.42
(dd, J=17.5, 7.3 Hz, 1H); >C NMR (100 MHz, CDCl;) ¢:
195.64, 170.20, 149.80, 146.57, 139.57, 134.87, 134.32,
129.47, 129.03, 128.81, 128.48, 127.45, 127.29, 125.92,
125.78, 122.86, 77.28, 43.73; HRMS calcd for Cp,H;¢O5
[M—H] ™ 327.1016, found 327.1019.

3-[2-( 25 -2-3k)-2- S AL 2 FE ) 7 2K I R I - 1 (3 H) - il
(Bk): AMGEAEN A, 7% 91%. mp. 149~150 C; 'H

3014 http://sioc-journal.cn/
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NMR (400 MHz, CDCl;) J: 8.43 (s, 1H), 8.03 (dd, J=8.6,
1.8 Hz, 1H), 7.96~7.83 (m, 4H), 7.72~7.64 (m, 1H),
7.64~7.58 (m, 2H), 7.58~7.49 (m, 2H), 6.23 (t, J=6.5
Hz, 1H), 3.90 (dd, J=17.5, 5.9 Hz, 1H), 3.53 (dd, J=17.5,
7.2 Hz, 1H); “C NMR (100 MHz, CDCl;) §: 195.95,
170.22, 149.81, 135.87, 134.32, 133.52, 132.40, 130.26,
129.66, 129.47, 128.96, 128.78, 127.85, 127.08, 125.93,
125.76, 123.48, 122.86, 77.32, 43.75; HRMS calcd for
CaoH 405 [M—H]™ 301.0859, found 301.0863.

3-[2-(3- AP AR R R )-2- AR 4 ] S O O R g -
1GH)-FI@EY: B EEER R, =% 92 %. mp. 105~
106 “C; '"H NMR (400 MHz, CDCly) d: 7.92 (d, J=7.6
Hz, 1H), 7.72~7.62 (m, 1H), 7.61~7.54 (m, 2H), 7.54~
7.47 (m, 2H), 7.38 (dd, J=11.8, 4.5 Hz, 1H), 7.20~7.11
(m, 1H), 6.24~6.11 (m, 1H), 3.87 (s, 3H), 3.76 (dd, J=
17.6, 5.8 Hz, 1H), 3.39 (dd, J=17.6, 7.3 Hz, 1H); °C
NMR (100 MHz, CDCly) d: 195.87, 170.15, 159.99,
149.73, 137.52, 134.29, 129.85, 129.46, 125.92, 125.78,
122.80, 120.82, 120.42, 112.29, 77.20, 55.51, 43.82;
HRMS caled for Ci;H1404 [M—H] 281.0808, found
281.0814.

3-[2-(3,4- A BE IR 3 )-2- S AR 20 38 ) 53 2 Ik iRg -
1GH)-Fi(3m): B AR R, % 93%. mp. 149~
150 “C; '"H NMR (400 MHz, CDCly) d: 7.90 (d, J=7.6
Hz, 1H), 7.73~7.62 (m, 1H), 7.62~7.49 (m, 4H), 6.89 (d,
J=8.9 Hz, 1H), 6.16 (t, J=6.5 Hz, 1H), 3.95 (s, 3H), 3.94
(s, 3H), 3.73 (dd, J=17.3, 5.9 Hz, 1H), 3.37 (dd, J=17.3,
7.2 Hz, 1H); C NMR (100 MHz, CDCl3) J: 194.48,
170.18, 153.91, 149.84, 149.18, 134.24, 129.44, 129.37,
125.86, 125.66, 123.14, 122.83, 110.14, 109.99, 77.46,
56.14, 56.00, 43.14; HRMS calcd for CsH;c0s [M+H]"
313.1076, found 313.1063.

3-[2-FAAK-2-(3,4,5- = A L R IR ) 2 FR ) e ORIk
-13H)-B(3n): HEGEEBR AR, F=% 94%. mp. 166~
167 °C; 'H NMR (400 MHz, CDCl3) & 7.92 (d, J=7.6 Hz,
1H), 7.73~7.63 (m, 1H), 7.62~7.50 (m, 2H), 7.21 (s,
2H), 6.16 (t, J=6.5 Hz, 1H), 3.92 (s, 3H), 3.91 (s, 6H),
3.76 (dd, J=17.5, 5.8 Hz, 1H), 3.38 (dd, J=17.4, 7.3 Hz,
1H); *C NMR (100 MHz, CDCl;) o: 194.80, 170.14,
153.18, 149.73, 143.27, 134.31, 131.35, 129.47, 125.87,
125.75, 122.86, 105.70, 77.33, 60.99, 56.33, 43.52; HRMS
caled for C1oH 506 [M—H]™ 341.1020, found 341.1022.

3-[2-(2,4- - F AR FE IR L )-2- AR 2 3 ) S AR I I g -
1(3H)-Hi(30): A EARM AR, =% 91%. mp. 150~
151 C; 'H NMR (400 MHz, CDCL3) d: 7.96 (d, J=8.8
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Hz, 1H), 7.89 (d, J=7.6 Hz, 1H), 7.70~7.61 (m, 1H),
7.58 (d, J=7.0 Hz, 1H), 7.52 (t, J=7.4 Hz, 1H), 6.57 (dd,
J=8.8,2.3 Hz, 1H), 6.44 (d, J=2.2 Hz, 1H), 6.16 (dd, J=
7.7, 5.6 Hz, 1H), 3.87 (s, 3H), 3.85 (s, 3H), 3.77 (dd, J=
18.1, 5.5 Hz, 1H), 3.37 (dd, J=18.1, 7.8 Hz, 1H); "*C
NMR (100 MHz, CDCly) &: 195.17, 170.58, 165.28,
161.30, 150.51, 134.10, 132.97, 129.12, 125.93, 125.53,
123.06, 119.86, 105.64, 98.24, 77.92, 55.62, 55.49, 48.82;
HRMS caled for C;sH;0s [M + H] " 313.1076, found
313.1059.

¥ Bh# &lL(Supporting Information) {L54%) 3a~30 [
'HNMR ."°C NMR I HRMS [, X phRl ] DL % 3%
MASFI) 353 (http://sioc-journal.cn/)_ %K.
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