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Synthesis and Biological Activity
of 4-Methylumbelliferone Derivatives

WANG Qiu-an', QIAO Yan-xin, MAO Yan,LIU Duo
(College of Chemistry and Chemical Engineering, Hunan Univ, Changsha, Hunan 410082, China)

Abstract; 4-Methylumbelliferone (4-methyl-7-hydroxycoumarin, 1) is a coumarins natural product
with important biological activity. Firstly, 4-methylumbelliferone (1) was synthesized from resorcinol and
ethyl acetoacetate by Pechmann reaction. Nine coumarin derivatives (2 ~ 10) were then synthesized
through Mannich reaction, acetylation, Fries rearrangement, O-methylation, Baeyer-Villiger oxidation,
O-prenylation and Claisen rearrangement from 4-methylumbelliferone (1). Their inhibitory activities on
human cervical carcinoma Hela cells were evaluated in vitro. The biological testing results showed that 4-
methyl-5-prenyl-8-hydroxy-7-methoxycoumarin (10, IC50 = 28. 58 pmol/L) displayed stronger activity
than the positive control drug cis-Platin (IC50 = 41. 25 ymol/L), which is worthy of further study.
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TheraphinsA, B fil C /R R & AT Col2, KB
A LNCaP b 20 f 15 PE . 5k PO & g K 7
(Cnidiummonnier) P73 B H B 3 F & 5 X 25
i 958 40 e KBV200 H A B B 09 i 5% /E Y.
Itoigawa ZE M\ C. inophllum W58 H ) 10 Fh 4-3
F 7 5 X b8 i il Epstein-Barr Virus(EBV) A
A

A-HRATE TR (D 2 — R R B KRR EFE LR,
BERT 25 e g A A B A 3 L TR R R — R
RIFIRZ5 . o T e W4y 7 /N A TR R L
AR EE s H A-H ISR TR P R T AT AR R 1 A
GRNEY Bl R AYIEHEMEER,
SUHEAMTAR 2 A MR EN, Bk
R HAEMTAMENFEEZERLEDHN LY

NR'R?

HO.

24

0)

7

TR RO, BN, i R T & (osthol, 7-H
RIS FRERF G ZD R R LW —FMRA
BHR I R EERF TR AT
— ST 4-H BRI N TR AT A W 0 AR W T T
VBT 25 9T K W, AT S LA TR OR i F Lk &
i W M JERL . 4 Pechmann [ A B T 4-F JE 4
TE TR (1) s SR G %F 4-F LT P TR 20E 1 7 485 #4164
314 Mannich I . & Bt 1L | Fries & HE . O-H 3
1k . Baeyer-Villiger & 1k, O-5% & # & 1L Fl Claisen
FEHEER N, FRT —FRH] A-F LT N BT E Y
2~10. FHXF B A LY 4-H 30T R AT AR 9 E AT
TNE S Hela 41 M 0 90 ) 05 v 5L, 4-H L4
TG (D) R Y 2~10 WA R BEmE 1
7.

2 NR'R?=N(CH,CH,CH;),
3 NR'R= N
4 NR'R*>-N o

fo o
HO OH HO 0. _O AcO o_ _O HO o_ _O
0O O 4 . q
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Reagents and conditions: a. Hy;SOy, r.t.; b. 37% HCHOC(aq) , amine, C;H;OH, H™ .,

A1
Fig. 1

1 SKIEHERSY
1.1 XF5iAA

I mAE XRC-1 B9 ffors A B I Il R 3ok
#1E) s NMR A Bruker Am-400 4% g H PR (UM 2
(% CDCL, 85 DMSO-ds » TMS H P #5); MS A
Agilent 1100 #-Fik AL 5 ZAB-HS B & i
SE(EL B30 IR A FD-5DX % (KBr J& B )
SE 3 SO A XH-MC-1 52 55 % S0 & A (b st

microwave(600 W, 80 C); c. Ac;O, DMAP;
d. AICl;, A; e. (CH3)2S0y, acetone, K;COs3; f. Hy0O,; g. prenyl bromine, acetone, K;COs; h. microwave (600 W, 200 C), DEA.

4-9 AT s (1) AR 47 A 4 2~10 # 5 R4

Synthetic routes of 4-methylumbelliferone (1) and its derivatives 2~10

PR R A A BRZA W) 5 2 MURE JZ 4T AR e 2
TR T 7 s T A A 50 S A o 4
Iy, SR TR BT AR 2 2o T R B0y 1 0 BR
IR A 7 Ak P

A-W BT B BOR (D SCHR AT 2R — Wy Al 2
Mk 2R £ Wi A JEURE G i
1.2 4-RET-RESTHE(I-ZERR)IEESR

(2)B /&
Bk 0.8 mL L .0.8 mL —IERA k.5 Bk
TRV T 5 mL 2@, FE TFHHE 10 min, FHK
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BAEE8 1 (200 mg, 1.14 mmol) F 100 mL g
1 W B RS B . K 20 mL JoK ZEEM A H o,
T A5 4 (600 W, 80 C) N J5URE, I 30 min
At RGEEE, T RO, ok, SR LT
A3 Y TCRKGRBR N T LUk, BeZE RN
LR & TR T Bk 45 &, 15 2] 8 6 R K 165 mg,
FEE 50%, m. p. 125~127 C, '"H NMR (400
MHz, CDCl;) 6 7. 24 (d, J = 8.5 Hz, 1H, 5-
H), 6.57 (d, J] = 8.5 Hz, 1H, 6-H), 5. 88 (s,
1H, 3-H), 3.91 (s, 2H, NCH,), 2.41 (t, J =
6.9 Hz, 4H, NCH,), 2. 25 (s, 3H, 4-CH;),
1.46~1.49 (m, 4H, CH;), 0.78 (t, ] = 6.7
Hz, 6H, CH;)." C NMR (100 MHz, CDCL;) ¢
163. 09, 160. 84, 153. 22, 152. 20, 124. 28, 113. 16,
111. 59, 109. 98, 108. 08, 55.47, 50.79, 19.18, 18.55,
11.55. MS (ED, m/z: 289 [M]". Anal. caled for C;;
H,;O,N: C 70.56, H 8.01, N 4. 84;found C 70. 48, H
7.98, N 4. 81.
1.3 4-HE7T-ZE-S-THE(I-MIERE)EZH(3)

B & R

G BT IR R (20 45 B 8 A [ {K 201 mg, j7
68%, m. p. 223~225C, '"H NMR (400 MHz,
CDCly) §13.08 (s, 1H, OH), 7.32 (d, J = 8.7
Hz, 1H, 5-H), 6. 67 (d, J = 8.7 Hz, 1H, 6-
H), 5.97 (s, 1H, 3-H), 4. 10 (s, 2H, NCH,),
2.65 (s, 4H, NCH,), 2. 30 (s, 3H, 4-CH;),
1.81 (s, 4H, CH,)."”C NMR (100 MHz, CDCl;)
o 163. 13, 161. 37, 153. 46, 152. 02, 124. 49, 113. 37,
111. 91, 110. 34, 108. 60, 77.46, 77.14, 76.82, 53. 60,
51.43, 23.70, 18.83. MS (ED, m/z: 259 [M]". A-
nal. caled for C;; H;; O;N: C 69.48, H 9.51, N 7. 77;
found C 69.57, H 9.38, N 7. 83.
1.4 4+HE-T-EESTHEM-BERE)EEER

(4) B9 & B

BT B F] (20 45 3 6 5 K 214 mg, 773
65%, m.p. 150~152 C, '"H NMR (400 MHz,
CDCly) 6 7.39 (d. J = 8.7 Hz. 1H, 5-H), 6.75
(d, J] = 8.7 Hz, 1H, 6-H), 6.05 (s, 1H, 3-H),
4,04 (s, 2H, NCH,), 3.84 (s, 1H, CH(OH)),
2.92 (s, 2H, NCH;), 2. 37 (s, 5H, NCH, and 4-
CH,), 1.95 (s, 2H, CH,), 1.68 (s, 2H, CH,)."C
NMR (100 MHz, CDCl;) ¢ 162. 71, 161. 36, 153. 48,
152. 40, 124. 60, 113.44, 112.16, 110. 49, 107. 72,
53.81, 33. 84, 29.92, 18. 79. MS (ED), m/z: 289
[M]". Anal. caled for CsH,sO,N: C 66.42, H 6. 62,
N 4. 84 ;found C 66.36, H 6.70, N 4. 75.

1.5 4RETZHEERER(S)INEN
HEUEEY 1 (500 mg, 2. 85 mmol), {LER
A-Z W Lk BE T 100 mL [ IR B . A 15
mL ZFRHEF.50 C/N 2 hy RS ILFHR, #ik
SR T TRV s F PR CBRZEIL 3 K, M A& 4k
KR, TR e TR, IR JE W - A0l
L, AHE AR R 497 mg, 7% 800, m. p.
142~144°C, '"H NMR (400 MHz, CDCl;) § 7. 54
(d, J] = 8.4 Hz, 1H, 5-H), 7. 07~6. 98 (m,
2H, 6-H and 8-H), 6.20 (s, 1H, 3-H), 2.36 (s,
3H, 4-CH;). 2. 28 (s, 3H,COCH;)."” C NMR
(100 MHz, CDCl;) & 167. 80, 159. 51, 153.09,
151. 97, 150. 96, 124. 40, 117. 10, 116. 82, 113.47,
109. 44, 20.12, 17.74. MS (ED, m/z: 218 [M]". A-
nal. caled for C, H,, O,: C 66. 05, H 4. 62; found C
65.96, H 4.63.
1.6 4 HESZEHMETREETEEE()HNEK
WEL&% 5 (500 mg, 2. 29 mmol), AICL (1 g,
7.49 mmol) . & NaCl T 100 mL BB A, 7E 140
CRRN; 24 hy Y20, W 102 FdhiR BRI, ik,
T, M CH CLE . U8, fJadEdhim, 153)m 6
B 1A 324 mg. 72 65%. m.p. 166~168°C, 'H NMR
(400 MHz, CDCl;) 6 13.45 (s, 1H, OH), 7.57 (d, J
= 8.9 Hz, 1H, 5-H), 6.79 (d, J = 8.9 Hz, 1H, 6-
H), 6.05 (s, 1H, 3-H), 2.82 (s, 3H, 4—CH;), 2. 33
(s, 3H, COCH;)." C NMR (100 MHz, CDCl;) ¢§
204.32, 166. 56, 159. 31, 155. 06, 153. 07, 131. 28,
115.06, 111. 82, 110. 98, 109. 18, 33. 91, 19.19. MS
(ED, m/z: 218 [M]". Anal. caled for C, H,, O,: C
66.05, H 4.62;found C 66. 10, H 4. 57.
1.7 4 FESZBETREEFER(T)HNEN
B &% 6 (500 mg, 2. 29 mmol), fix Bg &
(1.90 g, 13.74 mmol) Ht T & Ji& & i . Jm A 20
mL R, 40 CR A JEURHE % . 0 2 mL AR
Z W&, 5 b, ERHELT A IR RO, iE T
VRV, TELE &, MR AR 425 mg, PR 8000, m.
p. 95~97°C, '"H NMR (400 MHz, CDCly) § 7. 57
(d, J = 8.9 Hz, 1H, 5-H), 6.89 (d, J = 8.9
Hz. 1H, 6-H), 6. 11 (s, 1H, 3-H). 3. 89 (s,
3H, OCH;), 2. 57 (s, 3H, 4-CH;), 2. 38 (s,
3H, COCH,)." C NMR (100 MHz, CDCl,) §
199. 47, 159. 95, 158. 37, 152. 24, 150. 51, 126. 50,
119. 19, 113. 87, 112. 41, 107. 47, 56. 28, 32. 42,
18.73. MS(ED), m/z: 232 [M]". Anal. caled for
Ci3H;; O, :C 67.23, H 5. 21;found C 67.16, H 5. 25.
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1.8 4+HESEETHEERTZTZ(8)HNERK

WEAAEY 7 (200 mg, 0.86 mmol) F 100 mL
BB . A 15 mL — 4%, 12 mL 4% A
AACBRIE I, 40 Chnd, RN R, UK SRR
¥ 10 mL 3006 B XU K WA, B 3 h
Aita s KRR AT AL pH=1, J5URH s JL
FWA S IR, K, I ZE A 3~4
W WG, WM EKUERAILZ, T8, R
W B AL, 1R EE R 89 mg, PE 500,
m. p. 30~82 C,'H NMR (400 MHz, CDCl;) &
7.12 (d, J = 8.8 Hz, 1H, 5-H), 6.87 (d, J =
8.8 Hz, 1H, 6-H), 6.14 (d, J = 0.9 Hz, 1H, 3-
H), 3.98 (s, 3H, OCH3), 2.39 (d, J = 1.1 Hz,
3H, 4-CH;)."” C NMR (100 MHz, CDCl;) &
160.17, 152. 85, 149. 30, 141. 61, 132. 75,
115. 24, 114. 38, 112. 18, 107. 30, 56. 40, 18. 61.
MS(ED, m/z: 206 [M]". Anal. caled for C;; Hyo
O,: C64.07, H 4.89;found C 64. 11, H 4. 78.
1.9 4RETREESRKAEEEFTER(I)N

a

el & 8 (200 mg, 0. 97 mmol), JG/KIK
g 71 (800 mg, 5. 80 mmol) F 100 mL B IS LEHH H ,
JIA 15 mL PYBER . 40 C . {8 50k A . 3
0.2 mLS AW, RN 4 h 247, 4% 1k Jony s i
UL eFEZERR . T A P - I B A S, TS
B A [E K 226 mg, 748500, m.p. 66~68 C,
"H NMR (400 MHz, CDCl;) 8§ 7.29 (d, J = 8.9
Hz, 1H, 5-H), 6. 87 (d, J = 8.9 Hz, 1H, 6-
H), 6. 13 (s, 1H, 3-H), 5.59 (td, J = 7. 3,
1.3 Hz, 1H, CH), 4.64 (d, J = 7.3 Hz, 2H,
OCH,), 3.94 (s, 3H, OCH;), 2. 38 (s, 3H, 4-
OCH;), 1. 73 (s, 3H, CH;), 1. 69 (s, 3H,
CH,;). " C NMR (100 MHz, CDCl;) ¢ 159. 68,
154. 80, 151. 55, 147. 13, 138. 23, 133. 96,
119.02, 118.43, 113.70, 111. 32, 106. 94, 69. 00,
55.30, 24.80, 17.75, 16.97. MS(ED, m/z: 274
[M]*. Anal. caled for C,s HO,: C 70. 06, H
6.61;found C 70.11, H 6. 55.
1.10 4BESRIGEESEETREERER

(10)BI& B

i &Y 9 (200 mg, 0. 73 mmol) F 100 mL
BB . A 15 mL Je/K N, N-—-Z K% e,
T 451 (600 W, 200 C) Fom#, KM 2 h 247,
SRR SE G IR RN . WETEE R, A 4%
R, &P B 3 K, ZHUS A F1 NaCl
W BAILZ, JoKBRRR N T, W08, HEZERR

A RERAEZMT (Vs * Vegew =61 1, 145
WA E A 70 mg, P 35%,m. p. 123~125C,
'H NMR (400 MHz, CDCl,) & 6. 60 (s, 1H, 6-
H), 6. 04 (s, 1H, 7-H), 5. 99 (s, 1H, CH),
5.06 (s, 1H, OH), 3.87 (s, 3H, OCH;), 3. 56
(d, J] = 5.5 Hz, 2H, CH,), 2.52 (s, 3H, 4-
CH,), 1.62 (s, 3H, CH;),1.75(s,3H,CH;). "C
NMR (100 MHz, CDCl;) § 158. 79, 153. 83,
147.35, 142. 27, 132. 34, 130. 81, 130. 41,
122.29, 112. 66, 111.83, 109. 85, 55. 21, 33.57,
24,54, 23.50, 17.13. MS(ED, m/z: 274 [M]".
Anal. caled for C;sH30,: C 70. 06, H 6. 61;found
C 69.95, H 6.59.
111 A ¥iE i

K HI CCK-8 Bt & A &4 1~10 #4745t
i 98 4 B Hela CEF 25090 4 MO 106 PR 0 . LAID4N
(cis-Platin ) /E Ry BHME XS BE. SCER R F2 a0 - 4% 4
5 0004~ il 28 210 Bt 42 F0 3] 96 FLAR H (B — FLAR 3 /4
5 000/ 20 D) o 1 20 M W BE 2 )5 (—fead sl 12 h)
@2, BIRGZWE 100 pmol/L, 3 %58 4 £ &
HATER R RS, — IR B 8 ANk B Cln - TR B 4 A%
43 3] & 100 pmol/L, 25 pmol/L, 6. 25 pmol/L,
1.56 pmol/L, 0. 39 pmol/L, 0. 097 6 pmol/L,
0.024 4 pmol/L, 0.006 1 pmol/L), 4255 & &
I 48 ho FE R B AR E, A 102 CCK-8 (ki Il £k
S RE5EMEE G, SiG8E, WOt M
1640 FFR (R AP R FR ML T HZ B - Y i, £
AR EAERAYE AR K100 pL, HH 1~2
by A6 K Yl 450 ~490 nm, i3 B 2 A6 D)
(Bio-Rad 680) B A FLOGME (A - 0458 . LA
JE R AL o 20 A 3% 258 N A i 22 o) 40 L A= Kt
2%, WM 5 3% (Reed and Muench ) 3824659
1 1Cs. 1H.

2 HFR5WR

e, LA 2K ) M LB O BR R R RORE, &
FE RGN Pechmann 2 A % 4-H &
DI NTE (D). SR G . 4-F R ARTE N (D 4515 —
1E TR W Jo A A-FR FE R BE 45 3 Bl G ALK A
F S ) T 1k LT R B I (600 W, 80 'CHF
#E4T Mannich 2, &G E 13 8 A EAH T
EERK, BT B RIEMENL, % kA B %
LB AE 9 Mannich 20 - A B 8- Ji FH SR B 1) &
GRMAY 2~4, X 3 F Y0458 o HNMR
TERIE, Horb 8 7 B AR, BT o 2. 41,
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4. TOF 4. 04 Ji B L S0 M i e B 42 0 7). Man-
nich SN E) 0L SCHR R TE . %k AR K 46 JE R R
W], HE =, 77305,

A-H EATE R (D 5 2 R T A i Ak i = kit
e (DMAPYYER T » &4 Bk ik = i 15 B4k & 9 5.
& 5 1E Lewis IR G K AICLAEFLER T, k4
Fries HHE, AIAFA8AL X7 B2 3655 F I 286 &40
ARSI A S o PO 95 B . BAS ) 404 5 HE
7 6. W CS, S SERVE R . 77 R, 1T
BRI A & DR, MEER 4> To/K ALCL T 3
KA PR, FE R F &M, F 140 C
RN 24 hm R E. G 6 1 T4 O-H kb
TERRAL G 7. fLEW 7 1WA K 4 Baeyer-
Villiger /b 15 8- A B BEILMIL A 8. tLEDY 8
5 S R SR AE T K K, CO, TN BR &, 2L
R O-F RS G 9. fbEW 9 % T K
N, N-" 23K (DEA) BRI H . 22 Bm# (600
W, 200 C)&MTF . & Claisen B HES 4-H J-5-
S FE-T- A -8 I R (100, X T A R
() A~ LT o4 R 2 LA AR W R AT T RSB N F
B S A0 M Hela 20 i A% ) 35 M 0% 2% . R Al CCK-8
UYL LUBAA Ccis-Platin) Sy B LR R4 . Hogh 3 00
TILNAERIWAEYEESERITUES, LEY 1,
5,6, 7 F1 10 X Hela 20 i 3% 78 H A7 00l 4E A . I
t Ak A 10(1C;, =28. 58 pmol /L) [ 35 1 & T Bk
Xof BE 25 M W 41 (1C5, = 41. 25 pmol/L) ., 155 T H &k
R GR A- A TE A EE (1G5, = 71.99 pmol/L).

F1 LAY 1~10 Xt Hela 20 B ¥k &Y 3 S0 &) 3 B[ 1Cs, ]
Tab. 1 Half-inhibitory concentration [ICs, ]
of compounds 1~10 on the Hela cells

1Cs0 1Cs0
fes /(pmol « L™1) fea /(umol « L™1)
1 71.99 7 68.68
2 >100 8 >100
3 >100 9 >100
4 >100 10 28.58
5 96. 70 cis-Platin? 41. 25
6 87.08

2used for positive control.

KRB LR AW 5P N4 Mannich [
Bk Ak . Fries E . O-H 3 fk . Baeyer-Villiger 4
1 O-53 5 AL A Claisen BEHESE B - A AL T —
F | A-WHARIE NERT A 2~10. fir & 8009 B br

b4 2 A B i Hela 400 RR A0 400 51 15 4
RIS R E T E 10 1Y IE 2k (1C,, = 28. 58
pmol /L) & F BH A Xk B8 49 i 4 (1C5, = 41. 25 pmol/
L), BA#— BRI LM E.

2% 3k
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