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2% : g o8 FH29 monoterpenes, limonoids, flavonoids¥ coumarins 52 F+AAES
2 o]Folx gt} ®WAte FA HuEF 7*ZﬂEPE‘%/‘]—:r’-U} = N gA2 FAAE AT SAY
o AXes 7k 24tk aglal 7- Zﬂﬂ”i"]—:r"”} 2 oyl A a9ES Uit &
A oAtk B AT ®Bake] A8 ES xﬂa}ﬂ%/\]?{—ﬂah} ol &9 ot

o agln F9Fd 3 FdE B S oty Yl dFE fusle QaEEa oA
cytokineS 4% A¥eE 6-AgtdSA Tt Y o] Ao]ETIRIQI JIEF21-67F 1u MEEellA
68.9% &, 10uMoll A 726% <] AsizaE el

FAO] + )AL, AR SAFe, FdS, F=A, Aol 2R

Abstract : Trifoliate orange components consist of several kinds, such as monoterpenes,
limonoids, flavonoids, and coumarins. Coumarin derivatives were shown to possess valuable
pharmacological properties such as anti-inflammatory and dietary effect. Among them,
7-geranyloxycoumarin 6 is a promising chemopreventive agent againist skin, tongue, oesophaqus
and colon carcinogenesis in rodents. Seven new coumarin derivatives structurally related to
7-geranyloxycoumarin were synthesised in good yields by CsyCOs/acetonitrile condition. We
investigated the effect of anti-inflammatory activity on interleukin-6 for synthesised
geranyloxycoumarin derivatives. 6-Geranyoxycoumarin 9 (68.9% / 1uM ; 72.6% / 10uM) of the
anti-inflammatory activity is far higher than 7-Geranyloxycoumarin 5 (40.1% / 1uM ; 61.1% /
10uM) and their other derivatives.

Keywords - trifoliate orange, geranyloxXycoumarin, anti-inflammatory, coumarin derivatives,
cytokine.
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(Ficosanoid) = 9%
AEE st A dAME R F8EHA A
o] Qlt} o] BE AR FAldE ol
HAZE o, daHZ8EX ke ofg7]E
b A EZ S A AVA (cyclooxygenase), €%
A AU A (lipoxygenase) F= Alo]Ed®m
o| Z A Al Al (epoxygenase) sl 23] FA] o
AL deojdr. wEkA, 71 FAFAE A
A 2E|Zo]EG T} H|~HZo|EA JAFTAZ
Uiral, o] Aol B3 XsAe 7hzhe] %
|4 Adsts odd in vitro AW A
wEo] Qloju, dAAls 2 GAFHEE 4
st GS A=A el #g AFE FYsta
Aok gy, FAAdE  AFESAAUA
-1(cyclooxy genase-1 ; COX-1)3} A|E&ELA
AYA-2 (cycloosygenase-2 ; COX-2)ol th
AedE aEeA @il ATFEHYe, HE
Aol COX-1 E+= COX-2¢] W3k A==
Aggargol st dFet gEY oE Jx
ste COX-2¢l tigh M8 220 A3dAE 7

= w4 o] St

o] AFtelAe= EHA FAFA NSt
H3lA, B dAdEFTAA ok 725 7HA
= dFEY AEEel % AYSLS vE
W ok 53 #Aele oy FRe
monoterpenes, limonoids, flavonoids @}
coumarins 59 TFAHEOR o]FoA Stk
[1]. ®AFe] 74 A EFol 7-AdSAFvtd
= 79 gAm A ARdSA7e AA}
&< 71 EHolr},

o] Bao] oshd, 7-Algd S A Fetd 2
oy oFelHQl &3 =, < (anticancer)[2]/3
9k (anticarcino genic)[3], gdF
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(anti-inflammatory)[4], gadlg] 7k
(antihelicobacter)[5], BTl =
(antigenotoxic)[6]% A7 H&  (neuroprotec
tive)l71 225 dEdtn g Qv =
3l Koji Nagao 5[8]& 7-AlgbdSAFrteA
o] HepG2 3|3 EALe] E(HepG2 hepatocytes)
1A Adolds AdsA7lE 237 vk,

ol EE fEE 4 JdE diolzgtn =2
sttt olohe dH B
14 Fuld(coumarin)e] F4E& zZHe 3
So] AT AR ofe} dI-I|REFA
( a —chymotrypsin)[9]%} 1t &+ g2 Elo}
A(HLE ; human leukocyte elastase)[10]o 4=
A gde vErdtt T Baska 9tk o] €]
T i ®BA 5o FEAETol TS
ZHRvkn del aE A dri1-14].

2 AFgAME o7l Adg dolEE F4
S =E[15] BARe] AR T-ARd S A TR
d7} o]59] thds FEAE TSI AF
g3t F93 255 dolRy] Hste dES
fFatete d4E A 4 oAl cytokined =43

Bokth

ox @

2
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2. 89

2.1, A2t & 717]

tpekal 3] = A Fukd (hydroxycoumarin)
W 27} & FLvl 3 (mercaptocoumarin) T
98-99% A Ee] +EE 2z Aldrich, Fluka &
o] ZAAES AMESHA A, dAIGAE SlE
sl EUE e 95%2] HE 342 (geranyl
bromide, Aldrich)S A}Mg-stith Eg w59
AolA AREE A7](base)2AE  NaOH,
KoCOs, EF A e-&olW1(TEA), CsOH, Cs:CO3
& AMESIETE 2 9 Svle o AEYEZ,
Aol AH o] E, n-3Ak olAE, oet&S Al
stgth, el BAVVRAE AT RS
224 7)1(FT-NMR spectrometer ; Bruker-AC
300MHz, Zug, Swiss)Z A8t at, ojwjo] A}
5= s R EFEAQ HEgHEA
Z(TMS ; tetramethylsilane)®} CDCl;, CDsOD
2 A shEY 2Hg71dd sk Ao
BEFRA 0 Nicolt Megna FT-IR 550 A&]=
I 2="EZWE(Thermo Nicollet, USA)E A}
4319 KBral @l(KBr pellets)S o]-&3fe]
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289E sk 2, x4 FAL g
7 2987 sl 2EAE FHsa U f
EAd Pyor 2xd RASH] Fi 54

2.2, 302l LEXES| JIAIE0IEIT|-
Z2HEMI|(GC-MS) 24
e E IFEEY EAFEAL Jtaaza)
By -d =27 (HP6R0GC + HP 5973
MSD ; USA)& Table 13} Z& o2 A3
skt 72+ shetE e T4 72 ¥ Ao vEhd

AEEe 9 84 stz dholEd (v,
ol A EAD S nlalste] FAF FEe] ~HE

oo
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e
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W S EEAIFE-I(1 mmol)
SMHNEYEZ fujjo] YWu 583
& BRAEAME(cesium carbonate
mmol) ¥} H E3kA 24 (1.3 mmol, 95 %)
nfdo] gaE wFSEo] YWu Ao 5
Ekek thg 1A13F 1083 BRI &
bk 3 2wl B 23 (TLC) Aol A
3% g5, MSES Ho=w Yyt
5|4 ARsHIIZE SulE AASIL,
of fEZZHEE 7tste] 5&7F wikgk
g H(glass filter) & o a}lar A2 3}
2 AAg FEHste FHAES AQTH
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o)% A AyAzrhEAYE o §3tol
gajolQl slab/lEz s, 44v) £
g2 shetel olel spde] Aebd STk
¢ pEedn aPw, g4 o Fuld
fEAEe BAAREL et . ool
AR5 ol e FHow 48 e 7
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1. (BE)-4-(3,7-dimethylocta—2, 6-dienyloxy) -
2H-chromen-2-one 3

A4, IRKBr, cm): v 1722(>C=0);
"H-NMR(@300 MHz, CDCly): & 1.63(s, 3H,
CHj), 1.70(s, 3H, CHjy), 1.78(s, 3H, CHpy),
211-2.19(m, 4H, -CH.CHy-), 472(d, J =
6.80Hz, 2H, -CH,-), 509-5.12(m, 1H),
550-554(m, 1H), 6.69 (s, 1H), 7.25-7.33(m,
2H), 752-757(m, 1H), 7.83-7.86(m, 1H);
BC-NMR(75 MHz, CDCly): 6 16.82, 17.74,

25,68, 26.21, 3951, 66.27, 90.67, 11594, 116.73,
117.10, 123.18, 123.47, 123.80, 132.10, 132.27,
143.71, 153.38, 163.02, 16556 ; MS m/z = 298
(M+); CHN analysis(CigH»O3) ©]&%] ; C,
76.48; H, 7.43. 2&A ; C, 76.37; H, 741.

2. (E) -3 - ((Z) -3/7 - dimethylocta -2,6-
dienyloxy) -3- (2= ((E)-3,7- dimethylocta
-2,6- dienyloxy)phenyl) acrylic acid( 4 )

a4, IRKBr, cm'): v 1634(>C=0);
'"H-NMR(300MHz, CDCly): & 1.63(s, 3H,
CHjy), 1.70(s, 3H, CHs), 1.78(s, 3H, CHy),

Table 1. GC-MS Analysis Condition of Coumarin Derivatives

Column

Ultra 2(Ultra 2 ; 5% phenyl methyl siloxane,
50m*0.2mm, film thickness 0.33um)

Carrier gas

Helium, 53.2m¢/%

split ratio None

The initial temperature ; 50C

The initial time : 5 minutes

Temperature programming and

Speed; 7 C / minute

Heated zone conditions

The final temperature; 300 C

The final time 5 minutes

Injection port temperature 250°C

Ionization voltage 70eV
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2.11-219(m, 4H, -CH.CH:-), 4.72(d, J =
6.80Hz, 2H, -CH,-), 5.09-512(m, 1H),
5.50-554(m, 1H), 6.69 (s, 1H), 7.25-7.33(m,
2H), 752-757(m, 1H), 7.83-7.86(m, 1H);
BC-NMR(75 MHz, CDCly): & 16.82, 17.74,
25.68, 26.21, 39.51, 66.27, 90.67, 11594, 116.73,
117.10, 123.18, 123.47, 123.80, 132.10, 132.27,
143.71, 153.38, 163.02, 16556; MS m/z = 293
(M+); CHN analysis(CioH203) ©]&% C,
7648, H, 7.43. A& A ; C, 76.37; H, 7.41.

3. (E)-7-(3,7-dimethylocta-2,
-2H-chromen-2-one( 5 )

6-dienyloxy)

oA, IR(KBr, en'): v 1726 (>C=0), 1122
(C-0); 'TH-NMR (300 MHz, CDCly):: § 1.60(s,
3H, CHs), 1.66(s, 3H, CH3), 1.70(s, 3H, CHy),
2.16(m, 4H, -CH,CHy-), 460(d, J = 6.53Hz,
2H, -CH,-), 5.06-5.09(m, 1H), 5.46(t, J = 6.50
Hz, 1H), 6.22(dd, J = 291, 947 Hz, 1H),
6.80-6.86(m, 2H), 7.34(d, J = 847 Hz, 1H),
7.34(d, J = 947 Hz, 1H); “C-NMR(75 MHz,
CDCl): & 1672, 1766, 2560, 26.24, 39.49,
6550, 101.63, 11243, 112.94, 113.18 11850,
12362, 12865, 131.88, 142.24, 143.36, 155.88,
161.16, 16216 ; MS m/z = 298 (M+); CHN
analysis(CigH»03) ©1 &3] ; C, 76.48; H, 7.43.
A#A ; C, 76.37; H, 741.

4. (£)-7-(3,7-dimethylocta-2,6-dienyloxy)
-4-methyl-2H-chromen-2-one ( 6 )

34, IR(KBr, em ) v 1724(>C=0), 1121
(C-0); 'H-NMR(300 MHz, CDCly): & 1.60(s,
3H, CHs), 1.67(s, 3H, CHs), 1.76(s, 3H, CHs),
2.07-2.16(m, 4H, -CH.CH,-), 2.39(d, J =
0.82Hz, 3H, CHs), 460(d, J = 652 Hz, 2H,
-CHy-), 5.06-5.09(m, 1H), 547(t, J = 6.51Hz,
1H), 6.12(d, J = 0.63 Hz, 1H), 6.81-6.88(m,
2H), 748(d, J = 874 Hz, 1H); “C-NMR(75
MHz, CDCls): & 16.73, 17.66, 1858, 25.60,
26.25, 3950, 6546, 101.66, 111.66, 112.89,
113.47, 11854, 123.63, 12540, 131.89, 142.21,
152.46, 155.29, 161.27, 161.98 ; MS m/z = 312
(M+);  CHN analysis(CioH»03) o] & 4] C,
76.89; H, 7.74. A3 A ; C, 76.87; H, 7.72.

T LR

5. (E)-7-(3,7-dimethylocta-2,
2H-chromen—2-one( 7 )

6-dienylthio)-

2, IR(KBr, cm!): v 1718 (>C=0);
"H-NMR (300 MHz, CDCly): 6 1.58(s, 3H,
CHy), 165 (s, 3H, CHy), 1.72 (s, 3H, CHy),
2.01-2.12 (m, 4H, -CH.CH,-), 2.39(d, J =
1.03Hz, CHj), 5.02-5.05(m, 1H), 531 (t, J =
748Hz 1H), 620 (d, J = 1.02 Hz, 1H),
7.13-7.17 (m, 2H), 7.43 (d, J = 830 Hz, 1H);
BC-NMR(75 MHz, CDCly): & 16.32, 17.66,
18.49, 2559, 26.36, 30.70, 39.50, 113.83, 114.53,
117.09, 117.99, 12327, 123.68, 124.34, 131.78,
141.20, 143.81, 152.08, 153.84, 16059 ; MS
m/z = 328 (M+); CHN analysis(CigH»0.S) ©]
24 ; C, 7313, H, 7.36. 2¥A] ; C, 73.12; H,
7.31.

6. (E)-7-(3,7-dimethylocta-2,6-dienyloxy)-4-
(trifluoromethyl)-2H-chromen-2-one( 8 )

2#, IR(KBr, cm): v 1732(>C=0);
'"H-NMR(@300 MHz, CDCly): 6§ 1.60(s, 3H,
CHs), 166(s, 3H, CHjy), 1.77 (s, 3H, CHjy),
2.08-2.16(m, 4H, -CH:CHy-), 463(d, J =
653Hz 2H, -CHy), 5.05-509(m, 1H),
5.44-548(m, 1H), 6.60(s, 1H), 6.87-6.94 (m,
2H), 759(m, 1H); “C-NMR(75 MHz, CDCly):
6 1675, 1766, 2559, 26.22, 3948, 65.69,
102.18, 106.91, 112.03, 113.96, 11814, 123.%4,
126.21, 131.97, 142.71, 156.35, 15941, 162.89 ;
MS m/z = 366 (M+); CHN
analysis(ConmFgOg) o|2Xx C, 6557, H,
578. A& ; C, 6556; H, 5.75.

7. (E)-6-(3,7-dimethylocta-2,6-dienyloxy)-
2H-chromen-2-one( 9 )

24, IR(KBr, cm): v 1728(>C=0), 1120
(C-0); 'TH-NMR(300 MHz, CDCly): § 1.60(s,
3H, CHa), 1.67(s, 3H, CHy), 1.75(s, 3H, CHy),
207-2.16(m, 4H, -CH,CH,-), 456(d, J =
647Hz 2H, -CHy-), 5.07-511(m, 1H), 548(t,
J = 610 Hz, 1H), 6.39 (dd, J = 952 Hz, 1H),
692 (d, J = 277 Hz, 1H), 7.09-7.13(m, 1H),
723 (d, J = 9.02 Hz, 1H), 7.63(d, J = 954Hz,

- 613 -
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1H) ; PC-NMR(75 MHz, CDCly): & 1668,
1766, 2562, 26.27, 39.50, 65.61, 111.19, 116.98,
117.75, 11899, 119.14, 120.12, 123.66, 131.84,
141.80, 143.18, 155.36, 160.91 ; MS m/z = 293
(M+); CHN analysis(Ci9H»03) o|&x C,
76.48, H, 7.43. A& A ; C, 76.36; H, 7.42.

8. (E)-3-(3,7-dimethylocta-2,6-dienyloxy)-2H
—chromen—2-one( 10 )

oA, IR(KBr, cm'): v 1728(>C=0), 1118
(C-0); 'H-NMR(300 MHz, CDCly): § 1.59(s,
3H, CHy), 1.64 (s, 3H, CHy), 1.76(s, 3H, CHz),
2.06-2.16(m, 4H, -CH;CH,-), 462(d, J =
6.53Hz, 2H, -CHy-), 5.03-5.08(m, 1H), 550(t,
J = 649 Hz, 1H), 6.82(s, 1H), 7.21-7.29(m,

2H), 7.34-7.39(m, 2H); "“C-NMR(75 MHz,
CDCly): & 16.76, 1766, 2559, 26.18, 39.48,
66.26, 113.81, 116.23, 118.04, 119.82, 123.59,

124.58, 12635, 12828, 131.92, 14245, 143.70,
14958, 157.66. MS my/z = 312 (M+); CHN
analysis(CigH»O03) o224 ; C, 76.48; H, 7.43.
AFA ; C, 76.47; H, 7.42.

2.5, YMSIEIA AH| cytokine &H QIE|IFZI
| e

g¢ MEF2 RAW

Az G/ AL A
264.75x 10°7W)ell A|&& xe]sbaL, 30&7F u)
%(incubation)gr ¥, ALTIFADPS
lipopolysaccharide, 1 pg/m)= A g]sle], 244
7t < 37 C, 5 % olitsteba wlS71(CO,
incubator)ol| A Wl FAIHTE WY & FTAES
FAsIg o, ArZzolo]  Fd®E  <lEFEZ]

-6(IL-6)2] %2 JA AW (enzyme linked
immunosorbent assay : ELISA)S o] &3lo] =
Qe = Eelol=-we  vlozza

(plate-bottom micro welD)ol H4 -2+ A}
o] E7}el(goat anti-human cytokine) 12} 3]
(2 pg/m)E ¥ F Al (coating buffer)(0.1 M
NaHCOs;, pH 8.2)°l 4]ste] 50 pl/A= 5
star, 4CelA s5RE £ b, AAE-89(0.05
% EL 20/PBS)o.= xﬂ%—io} Atk A E wlol

AZLL 10 % FEHEHFBS : fetal bovine
serum) ©] 71 12k &% A (PBS ;

phosphate buffered salines)® 7 #](blocking)
ANAoH, A ANFg g FsAE A9

qet & 7 A(welDoll 531

Ao Al WAl AT 1 the H] 2 ¥ (biotin)©]
229 221 &A1 ug/ml) 100 /AT g A
AlZL F, opu] -3 SA| tholA]

(avidin- peroxidase)(25 ug/ml) 100 wl/ LS #

Zbetel wiAgte R 7] H (22 -oFA] -H] 2
(2,2'-azino-bis), 0.IM Ak (citric  acid),
HO0& #7Fste] A7 A 5E wfo]anE

HolE T=7|(micro-plate reader)E ©]-&35}o]
405 moll A FHE=ES A3t =43 QE
A4S o]&ste] FAkekad

, ZA FEe] AAE 0.1 M |2t

3.1, x|gtE Fofl
Massimo Curini

FEXES =
T4l A A Fek
FEA digt FAFETHE Ay B A7, A
A& 7*11]ﬂ%%*]$ﬂ}ﬂ(luM/cm2)ﬁr 8-o}
AIEA| Zﬂa}%%"]?“j}a(luM/cmz) 5ol Qo
gul A 50 % X AATE oy gk Ao
et FREgAA gk *ﬂ—‘?—x—i?l A7 9L
= AAoltt o] AFolA BAlAA EEH 7-
Zﬂﬂ%‘%"];ﬁ'u}%“)ﬂ ek ohFst ok A 1A
5 wol, Brh 8 A2 Algd S A Fat
a(geranyloxycoumarm) =AE FAsEA, o]

;

5o YBYEL WA WA, 4l
SAFIAS FPe7] fshe] 43 =B A Tt
Ui nEsASUe d9d 97 (NOH,
KyCOs, E o gr-&ol1(TEA), CsOH, Cs:COs,

KF/ALOy)St oPEUEZD §u) oA chest

weel zAstld  wsaar. 1 A,
Cs:COy/CH,CN  ZZstoll A 2435 A2
A

St IFE 38 MY =2 FEE A
Rqov,  FIF EZHsME C-gEIE
(C-alkylation)el <3+ 3}3+-&

dojxeh ol#igt HA9 4-3|=FEAFnlHo]
7]} wh-g-3he] ol (ambient ion)S A
st B EsiAlgtd T X 3ste] C-<4Zstet O-
& 3} (o-alkylation)9] 3}gt&Ee] FAHAHES &<

sk,
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<}
- o - o.Geranyl
- ©\/il\ /\)\/\/k D
B B 7 = —
9y oo Prl 070
? LA 2 ] 3
T, -
oo B (0] ] (0]
1 i e/w Geranyl
> Br7) —
O "o [OXe]
- B 2 - 11
Q
- O/—\ _ O.Geranyl
b [ O0), ik = C1)
o~o °f oo
»/ S
L A 2 _ 3 \,—OH
i) Weak base like Na,CO3, K,CO;, Cs,CO35, ¢

TEA, Pyridine in acetonirtile, room temperature
ii) Weak base like Na,COs, K,CO;, Cs,COs,
TEA, Pyridine in acetonirtile, reflux
iii) Strong base like NaOH, KOH, CsOH in

acetonirtile, reflux

Fig. 1. Synthetic route to

selective reaction.

I 1o yERd upe} o] 4-3| =F Al
A 1o] Azstel e v wgEd A
$-9] FA7F O-5°](0O-anion ; A type)©l
ot 3ty o] Bt dol s O-¢Z3td 3}

2 30] AujHor A AV SdFxAs
oA WSS wl Fuidel FIHA7E dost
How A UAEH(dketo type ; B
type)o] A Fo] C-4Z3d IFE 1171 &
dert e, S|EEA] o]2g Zte 7]
(NaOH, KOH, CsOH, etc)”} 33& 13 §ks
T AQoe FulAFxo ZTZo] dU I
shetE 47F AujHeR Aok WAl Z Al
oldd QAo FEEAIE ZtE 43 E=EA| TR}
A 1= 2 S =ZA7[(0H7])7F FetddE4
9] 56,78H Aol U& A, EFAFrH
(o, 6-3=2AFut)3} BE3HAehd, eibAl

#, cHIELED AN FeolM e
A3, dwrEel O-2Askd HEG6789,10)

S F2 FEE A4S F AU a8y 99
A9k o] g #Fde] SRS we
ARAES] F&o U Wbt FdMe 1
HES A 7o A 50% A 9] &=, SF2AdA
S ANTES 0% AR =2 F89 O-
ddsty AdES 4& F Ao 27 29
e mpe} o], ol o thekst g

% X
GeranylsO XN0H

4-hydroxycoumarin located

cE2ATu Yy BEFgATE 7he] Wigo=
ot o} Zo] Mrg Futd FEAES AU

)\/\/k/\%i
NS \o\o
3

4
CH3
)\/\/k/\ /@\/\l >
X X (0) o N0 WO oo
S 6

CHj CFs3

TSN <o SN ¢ !

X s o~o X ~"0 0~o
7 8

WOm Y\/Y\,Om
9 (o)) 10O o

Fig. 2. Synthesized geranyloxy coumarin
derivatives.
3.2, ROl SEHe| cytokine XSt ClEIE

71-62] A Hshs
Fds B2 Yol 913
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Table 2. Cytokine Measurements Inhibits
Under Nitric Oxide

Inhibition(%)
Treatment
1pM 10pM

Contrast(+) - 42.9

5 40.1 61.1

6 35.6 43.7

7 65.8 66.2

8 60.8 50.1

9 68.9 72.6

10 60.5 62.1
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