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Abstract

3-cyano-7-hydroxy-coumarin is an important intermediate of coumarin, which is widely used in
pharmaceutical synthesis, construction of fluorescent dye skeleton and so on. In this paper, two
synthesis methods of 3-cyano-7-hydroxy-coumarin were studied. The starting material was 2,4-di-
hydroxybenzaldehyde, and the other reactant was malonitrile and cyanoacetate, respectively, to
construct benzopyranone ring parent nucleus. Based on the evaluation criteria of yield, synthesis
economy and difficulty of “three wastes” treatment, a better method was obtained. The catalyst, sol-
vent and reaction time of this method were optimized, and the target products were analyzed by
infrared spectroscopy (IR), NMR and HPLC. The experimental results showed that the yield of the
product was 86%, the structure of the product is correct, and the purity was 295%. This synthesis
method could realize the efficient preparation of 3-cyano-7-hydroxycoumarin.
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1. 518

S FIE-T-RIEF T RN S-FEQIE ., -FHEPTLAENEE, B—MEZENEGREGAEY, LR
HRB-o- ML S5 40, X —FRNI RO I S50, FonT FAERR . RS 4E0 % 5 5405 0 i S [ 1] -[3]
Fihb 3-FEE-T- R EEHE TR WA RIEEM, TR T AW, buEt i 2Rk, P
ZippAsiE e, DAE SR ISIOR YR [4]-[8]

H A SCRRAROE ) 3-FE-7- 855 O R A T VA £ =R (1) Perkin v[9], LIRS A A
TER, RIEFEEVKGES CREF, B IME R TR B, SRIGRE F-OH BRI TR
AR, RN EFZ, 7R BAR; (2) Vilsmeier-Haack %:[1015& LLK I N B, 1 1 R
YEF TR A NN-Z H S B R 1 B S0 I SR AZ s R NS IR, Hl & B B2, A ER AT
PR R T =& R, BA B, XPEEN RS R E S (3) Knoevenagel 4 £5i7:, 2020 4F Molnar
M SE[11)H 2-FR LA SR T — % — 2l N R, NON- IR Rl A7), 78 = AL IAL T & K,
KRNI VR TR PRV RS B R, A FIME LG df, BB, R, SR SRR e
& BRI HLRESEILK Bl 4 1 3-FE-T- BRI/ E RGOk, AR CLL 2,4- RN E R
A 3 HE-T- R A R, I I R A P PR TR B (1 ) — S B B FR N AR, AR B 5 s Rl
#% 3-FI-T-RIFEE R E M.

2. SRS A5k
2.1, AHISYEE

24- R HEE, AR, LiBERSERAREIMARAR: WM. KO, ZHITEM, AR, K
AN ARERAAIRAT; FIECROEE. WREAM . BUE 2/, B2, AR, KETRIE AL AFE
PRA ] .

W TR, TE214S, JbBE 2RI AR AR A RAAR 2 A) - 42561, TENSORII,
A G AT ZESHRBGE{X, AVANCE IIIHD, 400 MHz, HitAig&wAs.

22.3-BH 7 REBFTESR

221 ABEEL

£ 100 mL =1 B3¢ BIRFETE. 1E R S HAA BEE . I\ 2.50 g (18 mmol) 2,4- 3 LR HE |
1.20 g (18 mmol) A —fiE M1 50 mL NaHCOs /K #3(0.05 mol-L™Y), i s N E7E 25°C~30°C, itHk [ .
F# 2 IS (TLC)BREF I, 20 2,4- R FOR BT 2. Bl RN oM 10 mL R ERIR, 2212
NN, FFEs], S8 TS 100°C, 4kskxpiahfa, ZRxp, AHEER, BE 4CAB2h,
e, JEURHV KBRS 2 IR, TEIFRE, ZERA M AT 1.
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Figure 1. 2,4-dihydroxybenzaldehyde and malonitrile synthesis reaction
124-ZREXPRER _BERRHEN

222 BMFBE2

7 100 mL = B2 FIE AT R RR A6, I 2.50 g (18 mmol) 2,4- LI FE
2.04 g (18 mmol)&EHE LK 1A 0.45 g (1.4 mmol)MiE — 2., SN 50 mL —HIBEH(DMSO), In#kz
80°C, LI 2h, W HTGEIE A AR R, H TLC WG 2,4- AR FRERE i, 4k82R 8 1h,
SRR 20 ml KK AR, BERE3857, F6F 4°CHAE L h JaiE, JEDFRB /KRS 2 1k, 60°CHET IR E,
SR E 2.

CHO N
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Figure 2. 2,4-dihydroxybenzaldehyde and cyanoacetate synthesis reaction

E 2 24-—EXRRESEECBRESHMR NN

2.3. BRI ENN

FE EIRSCIG LR b, DA AT W BREE S R bRiE, e 1. 2 PR 2k,
FEIZ AT R A NIRRT, AL AL FIRN IS . AT L P70 5 S S ] S5 26 1R, JF A — il
2T w7 %

3. R5118
3.1. ERAEREE

EREELE 1 9 K3 Knoevenagel 4i 6 LK. BRfb =FP e . SRR REEe, HiRssnt =
ANERE, HAIKMEAMEG, SRR N RANRIR, e SRR . TEA RIR I T RIS,
FEYIA AT RES R, AT AR REUABRRICREBRME R, 5% 2 P ILE 1 ARUEL 2 WK
Knoevenagel 44 BEACHPI Rl SN, LS LR A TIE KRR, I REARSS i o . A& R et b i 56 1,
T2k 2 Fodeim, R XA TR BRI A RIRYE, HbfiiEiksk 2, HRTAHRHEATIIER =2
TR o, FURM AR, BRIRT& sk 2k 2 3074k

Table 1. Comparison of synthetic routes

=1 BREREZHIEEE

7k SN TEALF) J52 o i [ g
B 2K 1 WE TR IR SN 8h 76.40%
E R 2 YN YA Wk — 2. 4h 81.53%

3.2. BREEER 2 BtEAL

3.2.1. fEMSIFAERT R MAIF I
MEFRHLEEE RS, Fadt AR AR, <P B FH ik B, AL T B AP S, PR %
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T Z O LWERR . MEREAIRIEHEAT BB I T Ol = OERE, ACEREUR, HEEIRE
RS AL BRI RE s 240 T L nE SORIERT, Yy mlas 3] 75% L b, ] LI O REAL I, S ™
FN 76.20%, LEWRBEAR, AFEAIT SRR IR 2. REIRIEVE AR AR oy, (IR
WE J& T 2 W FE A BOEIE S, BRI BRIEROR, AR S AL BT, 1T LI BRI LRk s, Rk
F L-HABNMEAN, vt —DhemileR, Suliid o a2 =miliceR .

Table 2. Product yield with different catalysts
= 2. FEMELFIEL TR~ RS

P fEAL TP E HEALTH B /eq SIS [E]/h W 2/%
1 U 0.10 3 41.70
2 =L 0.10 3 52.63
3 L-fH R 0.10 3 76.20
4 M 0.10 3 75.56
5 WRBE 0.10 3 81.39

3.2.2. EUFIAEN R AT

W - R AL, i LR IR S 2,4- R IEIE R R B e T RN, RN 4
5P R R WA 3. WRFFTLAEH, L-ZEER A5 0.05eq #ME] 0.20 eq B, 7= Sl A
57.09%1 N % 84.76%, WCRIANME, (HIGINF] 0.40 eq I, 72 S8 in20AR /b, Jesh 6 B 1.21%,
XULIZ S R LR RCR TR ) T fefE, BT R oo i 2 S N R, AN e AR fh 2
ST, HEDIAE 0.20 eq HEALFIIMA BRI, BUE CAIE R S PHRIRA, DR 4k S8 in i A7) FH ot
WM N, MRRAS I R e, L-Fi 2 8 FH = ¢ 0.20 eqs

Table 3. Effect of catalyst dosage on product yield
7= 3. LTI E 3 RIERNE N

s fHEALTT ] B feq S L 1 °C JR S TE] R 1%
1 0.05 80 2 57.09
2 0.10 80 2 76.20
3 0.20 80 2 84.76
4 0.40 80 2 85.40
5 0.80 80 2 85.95

3.2.3. F&tlxt R Ry R

M 0.20 eq ) L-FHEBRIHEALTT, ELEAN R SN FRIFE R, S R A RIS AR Va7, I iede 1
—PRRAEAR BT, SKIRES R I 4. DK SRR, 7 iR ATIA 86.03% N, B RIE T
ANTTH: (1) XSRS DL BEREHEAL AR GF A2 5 B Bih, WO B 8 A A 31 RGO RUR s
() EAIMEECE HRZMET, RBBEE SRR R O . AT e, O, LReih R B,
R A SR NIHEAT B IR s AR AR, RIS SR, 2Rni R MO RE T AR &, M
TR H IR Dy 7Y R SR G i, WKBEIE 17X —ad i kAR ia AR AR SR A, wTRE
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FE AR, Ty B B R T e B TR R BON N, 2R BIEFRIK SRR RS -

Table 4. Effects of different solvents on product yield
= 4. REIBFI = @R 220

5 T SR ENC S SLI (] /h 1%
1 T HEEER 78 3 70.49
2 R 78 3 73.42
3 S 78 3 86.03
4 WG 78 3 84.50
5 7K 78 3 69.11

3.2.4. BfE)*} R B2 HIS N

T 0.20 eq ) L-FHZARR AT, BLICK QBRI BB A0 3-FE-7- 2 A R R
UM, SERUWNGR S, BEAE SN R AE N, PO RAEEL BT, RN TEDY 15 h i, eRIA B ek
86.03%, < Ji B S ML 8] N, W LT 2200, I RN BERES, DI 1.5 h J5 N ik 3]
P BEA SOSI EIE N, R NS, RN SONAR R R A T AR, X MR A T
PP ERTBVR Y, B OB AR 1.5 he

Table 5. Effect of different reaction time on yield

5. TR R BB iE] YL R B #2A

5 S S [l /D sl S SER ETC 1%
1 0.5 ToK LB 78 59.00
2 1.0 ToK LB 78 84.76
3 15 Tk LB 78 86.03
4 2.0 Tk LB 78 86.30
5 3.0 oK T 78 86.14

3.25. BEMFHRILNER

Gt G ARG, BRI 2 R T2 UL LR VAT, JRERRA R R
n(2,4- “FIEEFEE): n (LR LE): n (L-IWERR) = 1:1:0.2, IR BN, RN 80°C, Hidk
SR 15 h, Al 3-F3E-7 BIE TR RIE B RAL

33. FmEGHRIESHE S

ZLAMGTE: il 3 Frws, 3220 emt PREAL WSO IE g 2k O-H A4 SR U i, eIy B 1) B Y
Wil 3040 cmt AW LI Ay 75 FR | C-H AR AR IR BN IS s 2230 em L IR USC I A C=N S R 4 R 50 I
W, 1750 em L PR LA C=0 4 HI4iPRSh: 1613 cm™t, 1570 cm™L 1 1495 cmt Jy I E 2R 4 4R
&) 1270 cm AL Hg I ICIE g C-O B e 4R S -

i g : 'H NMR (400 MHz, DMSO) 6 11.38 (s, 1H), 8.78 (s, 1H), 7.65 (d, J = 8.6 Hz, 1H), 6.90 (dd, J
= 8.6, 2.2 Hz, 1H), 6.79 (d, J = 2.0 Hz, 1H); *C NMR (101 MHz, DMSO) § 164.86 (s), 157.61 (s), 156.68 (s),
153.33 (s), 131.87 (s), 115.26 (s), 114.64 (s), 110.35 (s), 102.53 (s), 96.11 (s).
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Figure 3. Infrared spectrum of 3-cyano-7-hydroxycoumarin

E 3. 3-8 & -7T-BREFTERLIIINE

3.4. FREAESH

HPLC 43 #7: X 25005-254630 C18 il #:(250 mm x 4.6 mm), iy KA 361 nm, FzhH: 25
0.1% B /KIEW = 3:7, WE A 1.0 mL-min™t, #SEEFEE 5 uL, &R0 Gk sill, RIS E 7.046
min N BARE A, 2.941 AR CNAR TEAIRNR 2,4- " FFEIE FPREE), HUEmH A —fhikBoRg BNk 6
B, Horh 3-FUE-7- R F TR ORI T Ay 98.50%, X U B #1% 4 T RIS S Al i e, Ol
FHEEE, ik 4 Fs.

Table 6. Chromatographic peak of 3-cyano-7-hydroxycoumarin products

6. 3-BE-7-REAFEETmEIEIEER

Fr5 TR B [E]/min I A /mAU X U [T AR/ %
1 2.941 6.413 1.50
2 7.046 165.510 98.50
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Figure 4. Liquid chromatogram of 3-cyano-7-hydroxycoumarin
B 4. 3-8 8- 7-BEB T RRERIZE
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4, 4Eip

NTaH . WA E R 3-HEE-7 A B, AL 2,4- R AIR RO AR IRORE, 0 FH A Rl
RN N Wk ORBEZ 5 RN, 2R R % RV O ABE, OB R
R E. PR B, RO R n (2,4- R EERHEE) n (LR ZHE) = 1.1, TKLEA
W7, LL0.2eq L-IEBRAELL, AR#AIEIAL 1.5h, AT LUE ™ fISERIEE] 86%, 4EE>95%. % TR
i, AU ED, RN R, RAERL . RO 3T B TR A A IR R A

E&WE

2021 fEIM FI AR S U E HUF SR A 5 S2 R I H (N0.2021SIGLX227Y), ¥ B 2B 15 A RHIT £ 4 35 H
(N0.2023ZX063).
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