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Abstract

Coumarin is a compound with a specific benzopyrone as its parent nucleus. Since the isolation of
coumarin from Tonka bean in 1820, different coumarins and their derivatives have been investi-
gated and confirmed to possess anticoagulant, antitumor, antiviral, anti-inflammatory, antioxi-
dant, anti-microbial, and enzyme inhibitory effects. In this review, we summarize several classical
synthesis methods of the nuclear structure, summarize the synthesis of coumarins and its deriva-
tives, and discuss the future development of coumarins.
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1. 518

EHEERZIEYR - REERRIMEEY, FERRWINE A YL S0 L A =2
[1] [21% 23R DRI AT AT A A T 2 A, R A B A h R B EE . thoh, Xtk
EYIEZ SEMAERBEMERPFIER, ZH0E%. e a1E UL RS, [3]H 1820 & ER
HREREHR B LREM], XRGATERMEYLEATED O Z A TR iAok SESA
A

IEAESR, RIRFIIMELMI R IR R AR . & 23 (1K 1) R IHAT A& — 2 5 B 28 i
Ry, AT A EEAL, FOYENTREN 5 E MR P I3 R P AL s A AR LA A LA
[5], R — RN LERE, WU, SUB. BIRRIGERNE . PUEE. i, JLEE. HiE
s Ptk DU SEE T (611 4n: WU S 3 (W& DIEIGIR b8 THust i & O 8 2K 4, WFai iRy
AR KGEARAR, RS I AR AR 2K K BRI T AE AP AR b S, RS PEE R, B BIPTERERI 2L
Ko FeH A GR W DIEA—FhBAT fa] 8 G BEZ A S0 D2 2547 W A 3R A S Wi MR FE p
AR, WA NERES R I EERTA . FERBGWERR PRSI, LR
A ZAEEE S, 15 REORIR S R 2 SOOGE BT IT, e T2 AR, EIRMRAE T
PoREHEAT. [7]
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Figure 1. Coumarin and drugs containing coumarin skeletons
E 1l BEEENSEERERNGY

2. BEETENE BT
2.1. Perkin € %

1868 4%, Perkin PL/KAZ%EEF CH;COOCOCH; NJE A}, 7& CH3COONa {4k, 7 180°C FEIM{EA T
GREE R, ks PR RN K. RERE. PR, RN REYLIES] (W 2). thik
WA XL BT RO, BB ER $OR L. SO 077 DL S A Ao 4k Bh &4 v
z,
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Figure 2. Perkin coumarin preparation by synthesis

2. Perkin ERERIEBER

John Kallikat % A [9] 157 7 e BB AN 2-iif 2k LN N JEORE, PR ZEERR IR IT LABRIR T I 9 F = &
HEREAL SNE(IN &L B), E L T — RIS AT, §75K Perkin 45 & SN A& HIVEH
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Figure 3. Triethylamine prepared coumarin derivatives by catalytic Perkin synthesis under solvent

3. ZZRRABFIT L Perkin ERUEH BB ERITEY

Bharathi %5 A[10] AKAZRE RN 2B H R B ISR, TERUB M R AT 3-SRt A TR AT, JF
S HLAHIHEAT T RALNE 4)e SHEGMBIEAILL, 207G P50 RS . RS AU 75 % 10
min. KA EZEMS, BEM 3-SR IE G 5= 1A 807,

Rs o o
Rs cHO o

NaOAc,Ac,0 )J\

NH,CH,COOA¢ =
+ 2 2
MW 220W Rs NH
Ry OH
Ry

Ry

Figure 4. 3-acetaminated coumarin was prepared by Perkin synthesis under microwave conditions

4. WURSFMT Perkin AEUESIE 3-CMEREER

Wang 58 A [111451E 1 FH A BUREE K IEAN 55 2 LN TEURE, RIS BRAM S AL, A5 LRI il
it Perkin e MAS B £ A A (1 REAAT HUREE 1) 3-07 B & RS M(W I 5).
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R | * Sodlurn acetate
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R=5-F R=5-F

Figure 5. Perkin preparation of 3-aryl coumarin compounds by synthesis
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2.2. Knoevenagel & RE%

1894 4, Knoevenagal X} Perkin & 7 i5AF 7 ok, fE5908(= CIEF5)MIEN T, DIEH o-ER 1
AU 2 2 B2 Z a5 ) R S k), K 46 T O LA R B R B4, 2 — b EL AR DL IR
FERIITNE2]s ZRNEH T4 BB K & A FR . J5 80 SR 78 s g8 & 0 T IERE . IR
WE FI AL RE BRSSO AT VR AR, JF HAE SR = & A BRI [13].

Khan %5 A\[14] LUK EERN o-HUR 28R B A S5 RE, = ZIRBIR (PhI(OAC),) AL, 75 LB
AR 3-BURE T RATAEVI(UNE 6). ZITVEX AT ARLF, RNAPFRA, JRYIVEE)T, BRI 52 M
U, FEEE.

CHO
X
(0)
Phl (OAc) X
. X ~ .
EtOH, 35-40°C
OH 0 o o

X=COCHj,,-CN,-COOEt

Figure 6. Knoevenagel 3-substituted coumarins by synthesis
6. Knoevenagel & RESI& 3-UBIKI BT S RAEUEY

Shakil %5 A\[15]CAKZBEFIA 1R — 2B N IR, SEALEE(ZnO) ML), 7E LW+, 7 100°C
MIZPET, R 24 hifil & T &G RBUEDE 7)o ZERIIL AR TE R B T 61451 ZnO AL
ALAVEE ZIRTEAFI, 4T A

R
O~ Zn0 X
———-
EtOH, 100°C

R=-COOEtR o 0

Figure 7. Synthesis of coumarin from salicylaldehyde and diethyl malonate catalyzed by ZnO
& 7. Zn0 EW KB ER B _CERAMEEER

Morris 55 \[16] A 4-(— &% %)ﬂd%@ﬁﬂﬁ%ﬁ B W NJER], it Knoevenagel M4 5155 T 3-
W3E-7- B BB TR, FiE SnCL TR, ERMMESNRIUR, B3 T -BRE-7- o5 hFE
S ERE 8).

CHO
/C[ + EtOOC
EtoN OH
Et,N

Et,N

Figure 8. Knoevenagel preparation of 3-azido-7-diethylaminated coumarin by synthesis
8. Knoevenagel & REHI® - BAE-T-Z 28 EREHR

2.3. Pechmann 45& 3%

Pechmann & B2 i - A E 4L 22 2K HansvonPechmann KL AR, %M EE DRI S B-Hi
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R Bl R TG N SN A, FERRTEY T 0 CFCOOH. AICIy Bk H,SO, JHEAL 261 S 4 & R, 433
FDREFLT] (s 9)o XFPE ITVEMI s R SEIARAE IR . =3B, AR RRIFEYR 2
HEAG s 2 i), sk, BHFT/E# % Pechmann & B iR ANK HEAT E RLBIHT, W7 Rz b
S, B IE R o FA R T VR 2B AL, BR AN sun SR ST % 2 R i 44 5R) PBIrs [18].

OH
X
+  (CHyC00 ——— >
OH o o

Figure 9. Pechmann reaction to synthesize coumarin

9. Pechmann RNEAHEEE

Bandgar 5 A\ [19]7E 35 AU RUEAL R (W R AR = Al -+ EPZ10 A EPZG)IAFAE S, FIH Meldrum’s
FR A R 1 2-Fdkal 2- F AR L BUPC ) 48 FR R R SR (B 14 10),  FEAEGIE RS N 3R1G 1= B R 1 30
HEE,

ko

o) O,
o) Ri
AN EPZ10 or EPZG, MWI, 3-7min
R COOH
+ >< R=11, OMe, Cl, OH XX
R=<_F oR o R;=H, Me
2 Ry=11,Me
o R F o o

Figure 10. Synthesis of substituted coumarin derivatives by Pechmann condensation method
10. Pechmann f5 &2 AR BEE RITEY

Zhang 55 A\ [20] LRI B o JEORE, T — b (0« T 2 52 £6 T AR A AR v FR M P 2803 A JIELRG 28 R
WAEREAL T, 383d Pechmann 4 & S WAL B B R ATAM (K 11).
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Figure 11. Pechmann the thesis of coumarin derivatives
11. Pechmann fE &£ AMBIL RITEY
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Samadizadeh 5 A [21]f % 1l LA PEAR BUR N BAA IR (MNESA) , 45 F A 2 i AL 70 A
FERME M. RN RIS LW R OB ERL, 78 90°C T2 A T I B AR AR A R (n
12) ZMEATI R G0 3 ZAL mE AT R A (AR D AT E R A A L) M 5 T4

MNESA o 0
\
solvent free R |
1

90°C |

Figure 12. Synthesis of coumarin via Pechmann reaction catalyzed by MNESA
12. MNESA 1t Pechmann R AR EE &

2.4. Wittig 3

Wittig ¢ S A2 I B 55 = 28 S B I ST AR A O R AN = 2R S I — SRAL S IO, S SR 7K
MBERATEM 25— /N T AN S G R B R A YI[22] o %8 BRIE R AT IR, — BT
REASTS BRI MI(n A 13).

cHO N~ COOEt
PhyP=CHCOOEt X
s, A
Et,NPh —
EtN OH ELN oH o B

Figure 13. Wittig reaction to synthesize coumarin
13. Wittig R EREE &

Pierre Neveu 55 A [23]F 2,4- 32 FE R I FE B R VA 77 1 5 Brrp [ N45 31 60% 1) 3,5- 1R -2,4- —F2HER
PR, 76 FH ORI ) S it SE AN B BT 3 h L, B8 Ji5 749 31 609%™ 2 1) 3,5- —iRk-2,4- —F2 R PIRERR 2. 1,
HRATEBOCIRS N ARG 5155 6,8- IR-7-F 36 F 5 R (WK 14) . X & Tk & B 2 A= R,
SIS ERAERT B, SN SR AR E AR A

Br CHO
COOEt
Ph3P =CHCOOEt
HO OH toluene,reflux
Br
Figure 14. Wittig to of 6,8-dibromo-7-hydroxycoumarin

14. Wittig & K&K 6,8-—38-7- B EBE T =

HI shii %5 A[24]1H 3,6 — — H ALK S SR LA T NN — 2 REF e b, 8 215°C il 4
R, &M 30min, &&15%)58 — HERFEIER, IPREIL 1% (WK 15).
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Figure 15. Wittig to of 6,8-dibromo-7-hydroxycoumarin
15. Wittig R L& B 6,8-—R-T-REBRE R

25 Hfttam7 %

Chandra 55 A\ [25] L o-/f-Z5 B ARG JERE, T A T 4-BREEIUR IR [h] & 2 3R (13 16) i) — 4 5 i
2N AT BLEA 31%~75% 1R A A R U 4-Brdk BURI RO F B SR o N i AR R TR R, 2%
PHEAT, VIV,

OH

/ \/\ / 0
R, ‘ IBX,DMSO Ph;=CHCO,Et,NaHCO3, DCE
—_— > R;
AN a et, 30min N

40°C, 24-36 h

Ry R,

Figure 16. Coumarin derivatives were synthesized in one pot
16. —REEMBILRTED

Barry M. Trost [26]55 I B A0 P R it i SR AL B S AL BLERAS BI A ELRAT AR, WU R DR 1%
AR FMAEERIEM, 1M Tsugio Kitamura [27]5 AWF7E 45 R AGE 2 M s 1, REAER
WEYNE 17). KPR IERBE SR ATEM SRR SR BA IR T2k, AR L.

o
OH
[
Pd, (OAc) ,/HCOOH
+ R—————COOEt R
NaOAc
MeO OMe
MeO OMe
R4
Ri
0. (o]
o o o
Pd, (OAc) ,
‘ ‘ TFA,CH,Cl, /
R R

Figure 17. Palladium-catalyzed synthesis of coumarin derivatives

E17. ¢REELEREERTED
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Liu &5 A\ [28] CATR K My A &1 R R 9 JERE,  FHBRERES VUK A WE AR, 7ERB RS T & Rl
T 754 HEE G RN 18). N RN LN 12 08, ORGSR IR N 500 W, FEYIFE R B

i ATk 87.5%.
CH3
(0] (0]
HO OH OFEt MW
HO (0) e}

Figure 18. Microwave-assisted synthesis of coumarin derivatives

[ 18. MUKHBIAEEERITEY

oz KRR [29] 558 R A A R B A LB R R R IR AT AE D3R A 4-BURE S AT, %07
FARE MRS EAE, TS B S5 RN Higashida, Suguru [30155 A 75 75 i 4 & W AE AL 46 I 5
Y, TIO ML EAMAE LR ) 26 B SR AT AN, SR R SR NT AR, UL E R e
H) 57 & IR SV B B SR AT (e 19).

AcO OAc
COOH

O~ ) )4 )
E—— o
-IL,0 s

-CO,

Y (]
(¢}
J (¢} o

Figure 19. Preparation of coumarin derivatives by the oxidation addition method

19. SR EFIREETRITESY
3. BERRETEYNESEHRHR

HAT, &R SR LHATEMR 7753 B 5 Pechmann 454, Perkin 3. Knoevenagel 4i# il
WMQ&VO%M&%%ﬁ%éﬁﬁ&ﬁ%ﬁmk%ﬁ&%i@,EELL&&%M\Wﬂw\ﬁE%
WL BAE OB Bh 5 773, R =R, FONE TR EA RIFMZEETE, PHREI]—HERR
W S A A S, (AEATALE, BRIl A s ST AL, @ T 2P R 1 I 1 7 i i R
WARIE
3.1 UKGBARNEMEERTEY

FERF SR AT, KRN IER & i R K IH 20 E 3 I EEE 75 A . H 1868 £E, Perkin
LK N R i R B A5, Hamdi 55 N [BLRIE 1 /K REAN T RS FOPRI2D SR, 8 2 DABRIR S 4
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NI, KBHEESH IEERRRNABWEAREE TR, 25 URER T REME RS TR KGR
FF=y. dhAh, VR @ SRR B T —Fh DU B BRI (TIP) AU AY, /KA L R4 Perkin J V. —
SRR,

Sripathi F1 Logeewari [32]#i& T —Fh4eik 7775, F K,COs7E THF o LUK IS FI 25 2 B & N R AL,
TERBFAEAER T, AU A TEEE 20~30 min Bt LA R 3- KB F &R, R, WHAE KM, SRR
SRS FRA GEFEAEA, IXAE— e FERE b s = 22 (1 S A

3T, Bouissane &5 A [33] 8 (RHRIE : 8 It 7K A7 I AR Bk ng Wk 2 5 1) 5 Bk Kinoevenagel A1 Pinner <
IS R A P W SR R R W R 1) 0. AURNE (AL,  FH B A SRV R K M I R 2505 W3 U 1F, =R T
S8 10 min B W], SRJSTE 80°C N, ik ZBR/KAME S %, wv] LA BIARXS RL= 28 R4 p W A G R . (W
¥l 20) 5 AT LK % 9 JEORHE) Perkin A UCE S AL, 1Z07E IR TR A, ROBIRFE R, PR
REER R, NIRR LKA R A 2314 7Tt i .

CN
cHo < N o 0 —N

@ [ \ 1) Piperridine, EtOH,rt \

+ /N N—__

o K T~ 2)AcOH,80°C PN AN

\ \g¥

CN /\

N

Figure 20. Indazolylcoumarins via tandem Knoevenagel and Pinner reaction
20. Mg|MREZE T Z /Y EX Knoevenagel 1 Pinner i &

0,

32. BMEUSMAMBTERITEY

Elgogary 55 AN4RGE T —Fh =20 & UK & 2 R I JE[34]. 55—, W& RIE B 3-E R TR 418,
RN, RNAERBREEGR, B0, BHEIIMBRESET R, 3-5-2-THIA K,CO3 MARIH
Beeh, ARG, EBRIEA], BJSIELE 70°C NN 2 WL (PPA)BERRME A (3% KOH) A hn#4 R AT f#
P ik ] 3 P R A9 BRI A &7 3% (A 5] 21)

OH OH @) Cl

o) 0
H,S0, N
+ ——-
——
OEt
K,CO;,
OH HO o) o)
OH
PPA/70°C or KOH
o}

Figure 21. Synthesis of furanocoumarins in three steps

21 REERN=HEM
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T, Sun ZE[35] T T H BT, AN RS Z5 8N 10%F1) Wells-Dawson 44 % iR HgP,W 1506, A1
), AT DAVE R, BB R = Me, OMe, OH, NO, [IEyZib-&Y, 1E 90°CHI45 T i
EABRMEEZ R WK 22).

| X o o HePyW 15062,10% | NN
N .
" //i\\v//ﬂ\\ K I
| R 90°C
/ /\O o - =

Figure 22. Wells-Dawson heteropolyacid to catalyse unsubstituted coumarins synthesis
22. Wells-Dawson Z+ & f {1k & BIMIEIZ AR NE S &

33. UL EYEMBTERITEY

Fiorito 5% A\[36] [37]SE5 R I, 1E=MRFC(YD(OTHMFAE T, IRl S N 25 i HE 75 S o AT LA ARt
AR BUARTE () 2-F2 328 Z B30 4T Knoevenagel 454, 70 TWIMLEE R HF T X 3-4M%.

k= fE=TREC(YD(OTR)FATE T, KA IR 2-F2FE 2K C B FIK FQRRAE RO T B, AU TR

B 5 min BB BARTEY; ik TESREIETIR = EREL(YD(OTR)FATE N, KA FHUR IR 2- 583K
CHRRUK FRERAEER A N B, SIAAE 60°C T SR 5~10 min Ji, Sl 758 & 2 R ATAEYI(In K 23).

[0}
O, R
(e}
COOH
i N R X MW.,Yb(OTf);, S min | N X
——
| _h
= oH d or Green solvent,60°C R
(e]

(0] e}

5-10min Z

Figure 23. Knoevenagel condensation under green condition
23. FEEMH TR Knoevenagel 454

2015 4, Yan 5[38]41 Liu 5 [39]1#kiE T a-FHRARIZEEZ 5 & R 3-I B B R RN . B # W 5L
T IR S 2-5-2- K FE CRRAEA RV AL A 26 T IR . S 25A H HSEIR R I, 1E 2
28 AgNO;. 1.5 245 K;S,05 fil MeCN:H,0 = 1:1 N 41 K, B3 T =R e 24).

R
|2 0 Ry [0}
H OH AgNO3,K28208
| X + Re > AN X Ry
R~ MeCN:H,0,60°C A
R1 |
N 5 5-10min - ]
O

Figure 24. Knoevenagel condensation under green condition.
Bl 24. FE %5 T A Knoevenagel 454

34. MBEAFEREERITEMNHR
AR, BMTEAESMEM. mUREARPORMELT, AR Z AL,
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ZW AN GO AL S TG LG S IS BT TIRER . BRI IUESS, XS I A & A 5 R AR
AR ST . Pakdel Z5 A [40)F] FAZ-7EIk FesO,@BoehmiteNH,-Coll REPEGKAELLF, 1 90°C T4
78, @it Pechmann i & v, LAIRIZE By Al 2Bk 28R 216 N R RHG el B R/ T A (i 25). Frfgrs
YIS 38 90%.

X o 0
Fe;04@Boehmite-NH,-CO'NPs
e ! ' M Rz 2 : g | \ \
G O/ Solvent-free,90°C,15min-3h ReRi——

OH
F

(e] o

Figure 25. Pechmann condensation catalyzed by magnetic nanocatalysts

25. HAMARRAELTIEN Pechmann 84 R

Gilanizadeh Fl Zeynizadeh %5 A\ [41]LA Fe;s0,@SiO,@Ni-Zn-Fe-LDH Jytig i/ FLAEAL ], PRI K sk
AR, FER T —MoB SR A BN S RATAEMR (s 26). @il 4-FR5E TR 5 5 FE RN,
B3] 7 NEE BRI, [F— 50N [42) 05 i E AL A B S Zn-Ni-Fe ARG ST
gih, HWRT M ER, B8 THKREEME Fe;0,@G0@Zn-Ni-Fe-LDH. 12 4k 7 fi AL FFI7E
[FIREBLZ AR, 3~40 4380 Pyt AT LA DAIE S BRI US R i D 43 210U S /A4

OH
(o]
X )k Fe;0,@Si0,@Ni-Zn-Fe-LDH
+ H Ar .
H, O, refiux,3-40min
O [¢]

Figure 26. Biscoumarin synthesis under LDH catalysis conditions
26. LDH L ERNEE &R

Valliappan %5 [43]1# FH TiO,SO, 1E A AEIAH EARR ML, LK SR EEEFI(HL0), TEMUE RN T, i@
i 4-REEE G R HEBMIGA G, G T — RINRIREEE CRZATEN. 2R RA RN AR
Al R SIS 97%. [SINFIRNAE L AR A] AR A A A s (] 27) . b4k, Sun S NRIE T 55—
TEPRIE /2 20 R M AN X SO PR I R BURL AL R — B & 2 b 3,4- U E B R TAM[44].

OH OH Ar
N . Ti0,-S0,,H,0 o TN
+ ArCHO [> 10,-50,,H; _ \\/X
o N MW 4-8min o o
H

(o)

Figure 27. Synthesis of benzylamino coumarins under heterogeneous catalysis conditions

27, BB FHTEEEETERNEH

4. BES5RE
B85 & B & 7554 Perkin 5. Knoevenagel 4 &% Pechmann y:25751:, XL EL
PEEC RO T, (HAEAEZ IR TR R RHE R R, AT R Z BEAEE IR D, RS FEwZ, &I
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