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N-Bromosuccinimide Mediated the Reaction of 2-Hydroxyaryl
Aldehydes with Meldrum’s Acid for Synthesis of

Coumarin-3-carboxylic Acids
Ruan, Hongli" Zhang, Jingyuan“
Zhu, Xiaolei” Lii, Chengwei™“
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Abstract A N-bromosuccinimide (NBS) promoted procedure for the synthesis of coumarin-3-carboxylic acids via
Knoevenagel-intramolecular cyclization cascade reaction of Meldrum’s acid with various 2-hydroxyarylaldehydes has been
developed. Using the mixture of water and ethanol as solvent, employing inexpensive NBS as the catalyst, and reacted at room
temperature are found to highly applicable to get a satisfactory outcome. This approach expands the method for the preparation
of coumarin-3-carboxylic acids and also provides other features such as mild reaction conditions, tolerant the substrates with
diverse functional groups, simple workup procedure and easy isolation.

Keywords N-bromosuccinimide; coumarin-33-carboxylic acids; synthetic methods; room temperature; green chemistry
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22428290 e R F K W 5 A 3 TR T FR R 1 22 R
K Knoevenagal #6701 WML B2 S 1 11 7
iz —, ATUUE RO A R R -3 R AR
W iZ 7 I 9T S ot 22 iR L A AR I AT
FITR), RIET 22 PRI slms 1 AL A 312 S N
HEFSIN T e R TAR, 7E FeCLEY, Yb(OTR,.
NaN;™L S A WoK Ik g e R, 2R
EKAH SRS T R AR R R -3-RIR.
GITEAEE— DRSS TAGERE R . P m ™
YN 7/ BN N A R R R F N o
[0 B AT R A 2 A 3 5 T R F T AR T 0B ik
JRUSAN A A SE G S B T AR RO FERE B, 1 URIE B
NBS A, KA R B FI( S BE R 5 BIE ), 12
BEK R S 2 IRERAE IR 451 N R AE IR LG 3 &% -
3-RIR(Eq. 1), BRI R, MRENS LA AL B A S 2l

CHO k NBS CO,H
| AN O><H20:EtOH (V:V=2:1) @\/I 2(1)
+
// OH o stirring at r.t. for 10 h // o X0
R 0 R
1 2

3

1 ZR51He
1.1 RNEHTHE

ERE B A S MR, FATEL 0.5 mmol /KAZEE AN
0.5 mmol & [KFER 1) e B AL . NBS AL, itk
N, SR 1. BUNZKA ) S SR I CEEAE N

B R T LA S IR A FH Al v R B, B DLERAT
15 FH KRN L BE TR A AR a9, i e — 3 1 e A3 0
B0 S IR (F 1, Entries 1~6).

FEKARHZ N R AT T0%HIUCR, 247K ZEER B
By 201, WHIEEN 1.5 mL BEREREERE 1,
Entry 5). 3411 X % %2 7 ] LAAE N 40 5% B {4k 550 1)
PEG-400+ 5 Z BEAR LA R0 TR IR g e B 790 1) A
LR 1, Entries 7~~9). SR ] DUFE & NI, H
IKAN 2 IR A TR E IS VB B . W AL R 1
FAB R I 26 0F T R e 3k 80% MR, TMif#
FA T 6 0 A R AR A7) () 65 S 5 AN faf P 40 7 A 24,
UER N-YRART R i S R e e IR B REAT (R 1,
Entries 10, 11). 7% 24k} LA & B N2 (R 1 FH &
£ 0.55 mmol, F*HIEEE] 94%(F 1, Entryl2), A K
Ml I FH 7= R B (R 1, Entry13). 42 FRBATH
AT P B AT IR T, S ) R R 15
mol%Hf, FERIEFIREGR 1, Entry 14), 4880/ 0L
FUH B X S AR 1, Entry 15). 5, B TR
N7 5 P RIS (R % &5 SR K52 (3R 1, Entries 16~18). @5&
1 fis, THE R SRFER] 40 C, FPREAH AR, 1%
SN P B R, 7 A R B ) F 10 h A] LA ) [H]
FE 97%IMr= %, 2 EATE, FRATERELL 1.0 mL /K1 0.5
mL ZFE A RN VEF, 15 mol%H NBS b7, Kighs
MZFZRRLL 12 1.1 M BIE =R &M T M 10 h 1A
R B A

TERAER MM T, ATRGMHELE T AR
KM 2 RIR 46 & bE, S5 1A FK 2 o, nTLUE

=3 WEIVE S Nipr

Table 1 The screening of reaction conditions

Entry” Catalyst (mol%) Solvent Temp./C Time/h Yield®/%
1 NBS (20) H,0/C,HsOH 1.5/0.5 30 7 77
2 NBS (20) H,0/C,HsOH 1.3/0.7 30 7 81
3 NBS (20) H,0/C,HsOH 1.0/1.0 30 7 69
4 NBS (20) H,0/C,HsOH 0.7/0.3 30 7 88
5 NBS (20) H,0/C,HsOH 1.0/0.5 30 7 90
6 NBS (20) H,0 2 30 7 70
7 NBS (20) H,0/CH;0H 1.0/0.5 30 7 85
8 NBS (20) H,0/CH;COCH; 1.0/0.5 30 7 76
9 NBS (20) H,O/PEG-400 1.0/0.5 30 7 82
10 Succinimide H,0/C,HsOH 1.0/0.5 30 7 81
11° — H,0/C,HsOH 1.0/0.5 30 7 80
12¢ NBS (20) H,0/C,HsOH 1.0/0.5 30 7 94
13°¢ NBS (20) H,0/C,HsOH 1.0/0.5 30 7 90
14¢ NBS (15) H,0/C,HsOH 1.0/0.5 30 7 97
15¢ NBS (10) H,0/C,HsOH 1.0/0.5 30 7 91
16¢ NBS (15) H,0/C,HsOH 1.0/0.5 40 7 97
174 NBS (15) H,0/C,HsOH 1.0/0.5 r.t. 7 92
18¢ NBS (15) H,0/C,HsOH 1.0/0.5 r.t. 10 97

0.5 mmol /KB 0.5 mmol # [RER RS * 20 BIURCER. © AL, ¢ 22 IS 0.55 mmol. € /K478 0.55 mmol.
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Table 2  Substrate scope for the synthesis of products 3 R T AT R, DG 7 1 i 22 8 %45 31 B K= 1.

Chinese Journal of Organic Chemistry

Entry" Product Yield'/% A e FHUCIEGE 2, Entries 7~9)R185 4 b FHUL
[ijfiwﬁ (£ 2, Entries 3, 4) /K REES 15 AR BUR 1K by s 545
1 0o 97 (45 M. 2T LAy 9 v USRS, 5
3a AN EUR T BB T U 1 K 45 6 (3% 2, Bntries 2, 5,
owiiiflww 6), S REHI =R 77 5 L R AR B KA IS WA IS, 32
2 06 92 SEEUR K RS R MRS 22, AT M0 S 2 Wi 28 (%
3b 2, Entries 10, 11). ZERM7KMIE(2-F2 FE-1-25 FH ) e 1o
Br N COH WEPERAR, TH RS IR I AE K R I 1] 345 rh 2
3 mo 98 FEWCER (R 2, Entry 12). FUA RS 45 95 #5A
30 B AT AR AR, FR BRI 0.5 mL
cl ~COH £ 20%[f) ZREFFLE 100 C R HEFF 10 min 7] LUAFI %K
4 TiI;IO 05 4 2 R AL AU L1, 7650 ¥ 10 Jersp B oy 34t 14
3d (9 B RRAL A, e ORIl i 468 5 47
o co AR S0 A5 (O B A SCRRARE, JRA T B 7T
\(;Ifi (RSB, 1 Scheme 2 iR, — 7 NBS ZEFH
5 oo 90 P BrY, WTLAIEAL KRS RS2 B T
3e KN TT DA 3 25 FmR I WAk, TR SR 973 71,
y o 25 5 0 1R e K R JS ZE R Knoevenagal 4 & 7= 4.
T;Iﬁl 2 NBS [ARETT LA 3Tk 2 [RER IO B3, R340 F I FR AL R
6 0o 92 REIHEAT, 55 J5 28R T-RER R T — L I 47 B8 T 46
“ TR .
MemCOQH 2 &g
7 0" 96 NBS 1 AL FI7E K Hals 5% FC BRI Knoevenagal
o ¢ o G5 T P B Al EF T S I8 25 B, S 5 O e e 7
TiIfI ? HORIIE ST, RSN d R T W T-& B 5 B HTEY
8 0o 93 HOME AL AR, 525 5206 5 (O BT TR MTEL, SELT
3h TESIRAM T A WE T E-3-1W. 09 T & e
l:IﬁIwﬂ . 1R T BRI R, T % TE R T BT
9 MeO oo 98 FIA LA, A 4B AL, SR SISE R G A e
3i S 11 J A T R AR T LA 7 7 2R AR 0 1 KR A,
mTilfiww E TR BN A — R M R
10 oo 91 .
3
o 3 WS
11 Homo 90 3.1 EEHEHF
3k X-5 BUHUFAE A (R AR 2% 1F); Bruker TENSOR
O 27 BILTHMEIEAL, KBr JE 7 ; Bruker Avance 500 MHz %Y
b O N\ 73 WRE3ER CDCl, 5% DMSO-d, J97A71, TMS A7,
oo S e £ 0 /K M S SL R AR B 2R L RS
3l SIHFRA, B T4 T4 B2 7 B B

0.5 mmol /K #5555 0.55 mmol 3 KR 25 ik S RE; ° 43 BS U .
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Scheme 2 Possible reaction mechanism

3.2 BirikEY 3a~3I AR

[ 10 mL KMNEFIIAN 0.5 mmol /KiZEE. NBS
0.0133 g (0.075 mmol). 7K ImL FIZ [ 0.5 mL, =iE i
$£: 3~15 min JE A Z KER 0.0793 g (0.55 mmol), k4
e 10 h. RN RAAEZRFIMA 0.5 mL 20% L,
100 ‘C FHtHE 10 min, A EIJEiE3e £ 55 C FHiHE
10 min), F&EEA I 20%LBEMTE. P YA T AT
WA AL T IS B2l L &9, 454 IR,
'H NMR Al *C NMR il 5E.

FHR-3- AR Ba): AR, mp. 189~193 C
(CCHRE™ 188~190 C); 'H NMR (500 MHz, CDCl;) &
12.18 (s, 1H), 8.96 (s, 1H), 7.81~7.77 (m, 2H), 7.52~
7.48 (m, 2H); “C NMR (125 MHz, CDCl;) 0: 163.5,
161.8, 154.1, 150.9, 135.2, 130.0, 125.7, 118.0, 116.7,
114.5; IR (KBr) v: 3062, 1751, 1681, 1612, 1427, 1218,
1041 cm .

6-TH T 5K -3- M (3b): FH A, mp. 233~
235 ‘COCHREM 231~233 “C); '"H NMR (500 MHz,
CDCly) 8: 9.02 (s, 1H), 8.69 (s, 1H), 8.62 (d, J=9.1 Hz,
1H), 7.66 (d, J=9.1 Hz, 1H); *C NMR (125 MHz, CDCl5)
5: 161.9, 160.4, 156.8, 149.5, 144.6, 129.1, 125.4, 118.1,
117.8, 116.8; IR (KBr) v: 3286, 3070, 1735, 1612, 1527,
1350, 1234, 1018, 802, 740 cm .

6-TR T 5K -3-FRB(3c): AMFEE, mp. 194~
196 CCCHRME™ 201~203 C); '"H NMR (500 MHz,
CDCls) d: 12.06 (s, 1H), 8.86 (s, 1H), 7.89 (s, 1H), 7.86 (d,
J=9.1 Hz, 1H), 7.39 (d, J=8.8Hz, 1H); >C NMR (125
MHz, CDCl;) 0: 162.9, 161.2, 152.8, 149.5, 137.9, 131.9,
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119.3, 118.5, 118.4, 115.5; IR (KBr) v: 3047, 1759, 1674,
1604, 1558, 1365, 1211, 1026, 810 cm .

6- B B K -3-RRABd): A&, mp. 190~
192 “COCHREM 158~160 ‘C); '"H NMR (500 MHz,
CDCl3) 6: 12.08 (s, 1H), 8.88 (s, 1H), 7.73 (d, J=9.8 Hz,
2H), 7.46 (d, J=8.6 Hz, 1H); *C NMR (125 MHz, CDCl5)
5: 162.9, 161.2, 152.3, 149.6, 135.0, 131.3, 128.8, 118.9,
118.1, 115.6; IR (KBr) v: 3042, 1748, 1688, 1555, 1471,
1345, 1248, 1008, 947, 803 cm ™.

6,8- IR K -3-FRIR (3e): IR A M, mup.
223~225 ‘C(CCEAE™ 217~219 C); 'H NMR (500
MHz, CDCl3) 6: 11.86 (s, 1H), 8.82 (s, 1H), 8.10 (s, 1H),
7.83 (s, 1H); *C NMR (125 MHz, CDCl) 6: 162.0, 160.7,
149.8, 149.2, 140.4, 131.0, 120.0, 118.4, 116.2, 111.4; IR
(KBr) v: 3062, 1766, 1612, 1550, 1434, 1234, 987 cm .

6,8- ~HAEH T ER-3-ARIAGH: A A, mp.
207~209 CCCHEREM 201~203 C); '"H NMR (500
MHz, CDCl;) 6: 8.86 (s, 1H), 7.81 (s, 1H), 7.67(s, 1H); *C
NMR (125 MHz, CDCly) d: 161.9, 160.7, 149.3, 148.3,
134.8, 131.1, 127.3, 123.0, 119.6, 116.3; IR (KBr) v: 3062,
1751, 1620, 1450, 1386, 1242, 1064, 1010, 956 cm .

6-F 3 EFH R-3-RK3eg): AHEREEK, mp. 165~
167 CCCERES 164~166 C); '"H NMR (500 MHz,
CDCl3) 6: 12.29 (s, 1H), 8.89 (s, 1H), 7.58 (d, J=8.4 Hz,
1H), 7.52(s, 1H), 7.38 (d, J=8.5 Hz, 1H), 2.48 (s, 3H); "°C
NMR (125 MHz, CDCl3) d: 163.8, 162.0, 152.3, 150.9,
136.4, 135.8, 129.5, 117.8, 116.4, 114.2, 20.2; IR (KBr) v:
3062, 1743, 1674, 1604, 1573, 1373, 1218, 1157, 1026,
817 cm ™.

Chin. J. Org. Chem. 2017, 37, 2139~2144
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6-HAILEE F R-3-FRIRGBh): FEEA, mp. 206~
208 ‘CCHREMY 192~194 C); '"H NMR (500 MHz,
CDCLy) &: 12.34 (s, 1H), 8.90 (s, 1H), 7.42 (d, J=9.1 Hz,
1H), 7.36 (d, J=9.2 Hz, 1H), 7.13 (s, 1H), 3.91(s, 3H); 1*C
NMR (125 MHz, CDCly) §: 163.6, 162.0, 156.7, 150.6,
148.7, 123.9, 118.4, 117.8, 114.5, 110.5, 55.5; IR (KBr) v:
3055, 1759, 1674, 1573, 1496, 1404, 1234, 1026, 802

le

7-HEIEE G R-3-REGI): HOEE, mp. 192~
194 COCHREM™ 194~196 C); '"H NMR (500 MHz,
DMSO-dy) 6: 12.93 (s, 1H), 8.71 (s, 1H), 7.82 (d, J=8.6
Hz, 1H), 7.02 (s, 1H), 7.00 (d, J=8.8 Hz, 1H), 3.88(s, 3H);
C NMR (125 MHz, DMSO-d,) 0: 164.6, 164.1, 157.2,
156.8, 149.0, 131.5, 113.8, 113.2, 111.6, 100.2, 56.2; IR
(KBr) v: 3047, 1728, 1612, 1504, 1380, 1218, 1018, 810
-1

6-FIHFEK-3-RRE)): HWOEAE, mp. >

300 C(3CHREBY 200 C); '"H NMR (500 MHz,
DMSO-d) 6: 13.11 (s, 1H), 9.84 (s, 1H), 8.64 (s, 1H), 7.28
(d, J=8.8 Hz, 1H), 7.19 (s, 1H), 7.14 (dd, J=8.8, 1.9Hz,
1H); C NMR (125 MHz, DMSO-dy) J: 164.1, 157.2,
153.9, 148.1, 147.8, 122.4, 118.5, 118.3, 117.0, 113.7; IR
(KBr) v: 3417, 3178, 1728, 1573, 1496, 1380, 1249, 1049,
825 cm L.

T-BRFER-3-RMREGK): HOEEK, mp. 277~
279 ‘CCCHREM 268~270 ‘C); '"H NMR (500 MHz,
DMSO-ds) d: 12.80 (s, 1H), 11.07 (s, 1H), 8.67 (s, 1H),
7.73 (d, J=8.6 Hz, 1H), 6.84 (dd, J=8.6, 2.0 Hz, 1H),
6.73 (d, J=1.9 Hz, 1H); °C NMR (125 MHz, DMSO-d;)
5: 164.2, 163.9, 157.6, 156.9, 149.4, 131.9, 113.9, 112.4,
110.6, 101.8; IR (KBr) v: 3139, 1712, 1615, 1559, 1490,
1371, 1260, 1218, 1120, 1056, 910, 856 cm .

3-S5 AR-3H-2R T LI -2- R R (3D): AR (L&, mup.
240~242 C(CTHEAEM 235~237 C); '"H NMR (500
MHz, CDCl3) §: 12.31 (s, 1H), 9.71(s, 1H), 8.45 (d, J=8.4
Hz, 1H), 8.25 (d, J=9.0 Hz, 1H), 8.00 (d, /=8.1 Hz, 1H),
7.84 (t, J=7.7 Hz, 1H), 7.71 (t, J=7.5 Hz, 1H), 7.59 (d,
J=9.1 Hz, 1H); *C NMR (125 MHz, DMSO-d;) 6: 164.2,
156.7, 154.9, 143.6, 135.7, 129.7, 128.9, 128.8, 126.3,
1222, 117.0, 116.4, 111.9; IR (KBr) v: 3062, 1743, 1697,
1566, 1504, 1326, 1226, 1026, 956 cm .

cm

45 BT EH (Supporting Information) {L&4) 3a~31 [
W2 GV . 3X e L AT DL 4 9 AR T I 3 (hittp://sioc-
journal.cn/) . N #,
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