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Abstract — Two coumarinolignans, cleomiscosins C (1) and D (2) were isolated from the heartwood of Acer mono, together
with four compounds, 5-O-methyl-(E)-resveratrol-3-O-B-D-glucopyranoside (3), 5-O-methyl-(E)-resveratrol-3-O-3-D-apio-
furanosyl-(1—6)-p-D-glucopyranoside (4), scopoletin (5), and (E)-resveratrol-3-O-B-D-glucopyranoside (6). Of them, cleo-
miscosins C (1) and D (2) were applied to preparing inclusion complex molecules with -cyclodextrin (-CD) to improve the
very poor solubility in cell media. The CD complexes of 1 and 2 exhibited an enhancement of water solubility which is feasible
to measure their cytotoxicity using a spectrophotometer in a cell-based assay. Anti-proliferative activity of these complex mol-
ecules was successfully estimated on HCT116 human colon cancer cells, and cleomiscosin D (2) showed anti-proliferative
effects at the concentration of 1.95~31.2 pg/mL in a dose-dependent manner.
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9 (E)-resveratrol-3-O-B-D-glucopyranoside(6), 22|32 1%
9] coumarin =221 scopoletin(5)°] 4= AT},

SHH, T 22U Aol F2315HE coumarinolignan A
13 29] HHIE FSAA| B5E A EXFE o8t H
7V &, 7 SFeEe] MauiRoA] SR i AE
e o] HAFULE. o= A @UkE) BiA g eA
T e SER w2 gaiAo] sid Aeede] At
5ol Feli7k | B R AFHA oW, o] F&A
coumarinolignan 3}3t= 1 2 29 71&3tE 93 p-
cyclodextring ©]-8-3te] SRS A|xsk, o] 2Hs)
TS AlEol HEete] SAEF2] JAETE SHA
t}. B-Cyclodextrin(B-CD) 77H<] D-glucopyranose’} o
(1->4)-glycosidic bondE B/J3t] THE01%l SHIERIK) &
YAFORA WSl LFA @ikt F4ER)H 95
o XA EUKIE)]l e 7171 vl EE Y B (cylinder)
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7171 & Al - 1D ¥ 2DE 23 NMR &2 EHLS
VarianAF2] INOVA 500 MHz NMR('H: 499.998 MHz)¥}
VNMRS 600 MHz NMR spectrometer(lH: 600.006 MHz)
= o]g3lo] =3}t MSE Varian 320-MS TQ mass
spectrometerS  ©]-8-3}] negative electrospray ion(ESI)
modedlA] 2431910 CD(circular dichroism) 2~ZE#H-LS-
JASCO J-810 spectrometerE ©]-8-3}% T}, HPLCE= DAD
(diode array detector)’} 32+l AgilentAke] HP1100 series
£ 0] 83892, column® 2 WatersAk2] SunFire™ C18
(4.6x150 mm, 5pum) 2 SunFire™ Prep C18 OBD(5 pm,
19x150 mm)E  ©]-8-3}% k. Column chromatography+=
MerckAF] silica gel 60(70-230 mesh)S 2-8-31%1t}.

F& 9 B3| — 722 AA) 430 kg 2A e}
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134.0 g¢] FEES IS5 o] FE=8 SHT &
15l & p-hexane, EtOAc, n-BuOHZ o]&, &35 o= &
g3t 747} n-hexane(8.02 g), EtOAc(17.06 g), n-BuOH
(27.58 g) B E-S AU} 4A EtOAc H-8E UHZE silica
gel 60 chromatography®ll #!-83}3. CHCL,-MeOH(0.5%
formic acid $H+) AL E FA4S S)(24:1-520:1-15:1
—10:156:1-3:1->1:1, 100% MeOHWZHA 8&3)] F
12%2] #8(F01-12)2 853tk siete EeldAE 9
3 HFHoz 7t F8of tste] semi-preparative HPLCE
28819, 1 A3, MeCN-0.1% formic acid $Hfr H,0&
o1&, 13:87—50: 50 271X 50 B -8=3t] 5] FO3
oA e 13} 52, 8 Fo4ollM 3HE 22, F09oll A
3= 38 53516, #3 F10 (MeCN-0.1% formic
acid -7 H,0 271, 13:87-40:60, 50%)014 31 62,
FI1 &% (MeCN-0.1% formic acid & H,0 &71, 20:80
—25:75, 4004 St 45 & 5SSt

Cleomiscosin C(1): UV A, (in HPLC solvent) 232
(sh), 327 nm; 'H-NMR (500 MHz, DMSO-d,) &: 7.97
(1H, d, J=9.5 Hz, H-4), 692 (1H, s, H-5), 6.75 (2H, s,
H-2/6"), 635 (1H, d, J=9.5 Hz, H-3), 4.96 (1H, d, J= 8.0
Hz, H-7"), 437 (1H, ddd, J=8.0, 4.3, 2.0 Hz, H-8'), 3.79
(BH, s, 6-OCHs,), 3.77 (6H, s, 3'/5'-OCH,), 3.66 (1H, dd,
J=12.5, 2.0 Hz, H-9'a), 3.39 (I1H, dd, J/~12.5, 4.3 Hz, H-
9b); "C-NMR (125 MHz, DMSO-d,) &: 160.08 (C-2),
147.98 (C-3'5'), 145.30 (C-6), 144.88 (C-4), 138.04 (C-9),
137.06 (C-7), 13620 (C-4'), 131.72 (C-8), 125.72 (C-1),
113.28 (C-3), 11130 (C-10), 105.62 (C-2/6"), 100.76 (C-
5), 77.76 (C-8), 76.62 (C-7'), 59.87 (C-9), 56.13 (3/5'-
OCH,), 55.84 (6-OCH,).

Cleomiscosin D(2): UV A, (in HPLC solvent) 232
(sh), 327 nm; 'H-NMR (600 MHz, DMSO-d,) &: 7.95
(1H, d, J=9.6 Hz, H-4), 694 (1H, s, H-5), 6.77 (H, s,
H-2'6"), 6.32 (1H, d, /9.6 Hz, H-3), 496 (1H, d, /7.8
Hz, H-7"), 436 (1H, ddd, /=78, 42, 2.0 Hz, H-8'), 3.84
(3H, s, 6-OCH,), 3.77 (6H, s, 3'/5'-OCH,), 3.62 (1H, dd,
J=12.3, 2.0 Hz, H-9'a), 3.36 (IH, dd, /~=12.3, 4.2 Hz, H-
9b); "C-NMR (150 MHz, DMSO-d,) &: 160.05 (C-2),
148.00 (C-3'5'), 14528 (C-6), 144.87 (C-4), 138.06 (C-9),
136.93 (C-7), 136.23 (C-4"), 131.97 (C-8), 125.70 (C-1"),
113.19 (C-3), 111.11 (C-10), 105.59 (C-26"), 100.97 (C-
5), 7822 (C-8), 76.27 (C-7), 59.91 (C-9), 56.12 (3/5-
OCHj,), 55.86 (6-OCH,).

5-O-methyl-(E)-resveratrol-3-O-3-D-glucopyranoside
(3): UV A, (in HPLC solvent) 306, 320 nm; 'H-NMR
(500 MHz, CD,0OD) &: 739 (2H, d, J=8.5 Hz, H-2/6"),
707 (1H, d, J~16.0 Hz, H-B), 691 (1H, brs, H-2), 6.90
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(1H, d, J~16.0 Hz, H-o), 6.77 (2H, d, /8.5 Hz, H-3/5"),
6.74 (IH, brs, H-6), 6.58 (IH, t, J=2.0 Hz, H-4), 4.94
(1H, d, /<73 Hz, H-1"), 3.94 (I1H, dd, /<123, 2.0 Hz ,
H-6"), 3.80 (3H, s, 5-OCH,), 3.70 (1H, dd, /=123, 6.5
Hz, H-6"), 3.45~3.48 (3H, m, H-3", 4", 5"), 3.38 (1H, m,
H-2"); ESI-MS m/z 403 [M-HT.
5-O-methyl-(E)-resveratrol-3-O-3-D-apiofuranosyl-
(1—-6)-B-D-glucopyranoside(4): UV A, (in HPLC solvent)
215, 307, 320 nm; 'H-NMR (500 MHz, CD,0OD) &: 7.39
(H, d, J=9.0 Hz, H-2/6"), 7.06 (1H, d, J~16.3 Hz, H-p),
690 (1H, d, /<163 Hz, H-0), 6.84 (1H, brs, H-2), 6.78
(H, d, J=9.0 Hz, H-3/5"), 6.76 (1H, brs, H-6), 6.59 (1H,
t, /2.0 Hz, H-4), 498 (IH, d, /2.5 Hz, H-1"), 4.90
(1H, d, J~7.5 Hz, H-1"), 4.05 (1H, m, H-6"), 3.97 (1H, d,
J=10.0 Hz, H-4"), 3.89 (I1H, d, /2.5 Hz, H-2"), 3.81
(3H, s, 5-OCH,), 3.75 (IH, d, J~10.0 Hz, H-4"), 3.61
(1H, m, H-5"), 3.61 (IH, m, H-6"), 3.54 (2H, s, H-5"),
346 (IH, m, H-3"), 346 (1H, m, H2"), 3.37 (IH, brt,
J=8.5 Hz, H-4"); "C-NMR (125 MHz, CD,0OD) &: 1624
(C-5), 160.5 (C-3), 158.7 (C-4'), 141.5 (C-1), 130.4 (C-B),
1303 (C-1", 129.2 (C-2/6"), 126.7 (C-or), 116.7 (C-3/5",
111.1 (C-1"), 108.6 (C-2), 106.8 (C-6), 1032 (C-4), 102.6
(C-1"), 80.7 (C-3"), 78.3 (C-2"), 78.1 (C-3"), 77.0 (C-5",
752 (C-4M), 75.1 (C-2"), 71.7 (C-4"), 68.9 (C-6"), 659
(C-5"), 56.0 (5-OCH,); ESI-MS m/z 535 [M-HJ.
Scopoletin(5): UV A, (in HPLC solvent) 230, 296,
341 nm; 'H-NMR (500 MHz, CD,OD) &: 7.85 (IH, d,
J=9.0 Hz, H-4), 7.09 (1H, s, H-5), 6.76 (1H, s, H-8), 6.20
(1H, d, J/=9.0 Hz, H-3), 3.90 (3H, s, 6-OCH,); "C-NMR
(125 MHz, CD,0D) &: 164.3 (C-2), 153.1 (C-8a), 151.5
(C-7), 147.2 (C-6), 1463 (C-4), 112.7 (C-3), 112.7 (C-4a),
110.0 (C-5), 104.1 (C-8), 56.9 (6-OCH,).
(E)-Resveratrol-3-O-B-D-glucopyranoside(6, frans-piceid):
UV A, (in HPLC solvent) 210, 310, 321 nm; 'H-NMR
(500 MHz, CD,0OD) &: 737 (2H, d, J=8.5 Hz, H-2'6"),
7.02 (1H, d, /~16.3 Hz, H-p), 6.85 (1H, d, J/~16.3 Hz, H-
a), 679 (1H, brs, H-2), 6.77 (2H, d, /8.5 Hz, H-3/5"),
6.62 (I1H, brs, H-6), 645 (IH, t, J=2.0 Hz, H-4) 4.90
(1H, d, 7.5 Hz, H-1"), 3.94 (1H, dd, J~12.0, 2.0 Hz, H-
6"), 3.72 (1H, dd, J~12.0, 6.0 Hz, H-6"), 3.50 (1H, m, H-
5™, 347 (1H, m, H-3"), 3.45 (1H, m, H-2"), 3.38 (IH, d,
J=9.0 Hz, H-4"); "C-NMR (125 MHz, CD,0OD) &: 160.6
(C-3), 159.7 (C-5), 158.6 (C-4'), 141.6 (C-1), 130.4 (C-P),
130.1 (C-1), 129.1 (C-276"), 126.8 (C-at), 116.6 (C-3/5"),
1084 (C-6), 107.1 (C-2), 1042 (C-4), 102.5 (C-1"), 78.4
(C-5"), 782 (C-3"), 75.1 (C-2"), 71.6 (C-4"), 62.7 (C-6";
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ESI-MS m/z 389 [M-HJ.

B-Cyclodextrin(B-CD)& 0| &8t Cleomiscosin ZF&
glE M= - Cleomiscosin C(1) ¥ cleomiscosin D)7} 2
FE CD Weirhs 255 R 7| (RhddREhEiTH, high-
speed vibration milling system)ol| 4] 33|23 WF-8-(solid-state
reaction)2 3 TFEo]¥ tH(Retsch Co. Ltd., MM 200). Z}
cleomiscosin 33H&E 3 CD= F 7112 2H 122 mixing
ballsz} 7] ZE|912]2~ 29 capsule St HolZl -, A
20 HzollA 603 &<t AZsHA v = et 225315 mk
£ 53 42 E48 FFT ImgmL FEE Fo|,
8000 goll Al 104 &<t A4+l (Hanil Science Industrial,
MICRO 17TR)3}e] EHEA] &L free cleomiscosine A
Azt o] HAFE F7F vhEste] Aeds st &
7 7Azx38199 20 (Samwon Engineering, SFDSM12), #| %%
AR 2F} HASHE SEM 2 ELS-Z9] zeta-potential
Reox ZbzF SAste] Ikt YAke] hydrodynamic
sizeE AALel7] flste] 4 [AxE AEE = Fo|3L
ultra-sonication2- 13 5+ AA](Sonics and Materials Inc.,
Model VC 750)3+ ¥ ELS-ZE ©]-&3}o] DLS (dynamic
light scattering) =04 78It AAE EHEG A o
2] cleomiscosin 3F3E2] F31&-(loading efficiency)> UV-
Vis spectroscopy(Hitachi spectrometer U-2000)E 53l &1
= AT

LAMESA AN "It - A2 S22 2 AESE
MTTHell ofaf B7F= ATt Al frefl HCT116 oAl
(HCT116 colon cancer cells)2} 913 2504 3 (cancer-
associated fibroblasts)Z 10% FBS2} 1% penicillin/strepto-
mycin®] 37k DMEM #jj#|o]] £F31aL 37°CE FAE =
5% CO, ¥ ¥7] WellA FAstdth 2 & 7+ Al X5 96
well plated]] U3 B5=5132(6x10° cells/well), 24717+ 5
oF w3ttt oo 71E9] culture medias A AL
serum-free media= WA g+ ¥ cleomiscosin} B-CD X7
EAE I TEE 7hete] 48A17F Bt vkttt Al
F 9] B4 = (cell viability %)= =4 317] 98] 3-4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide(MTT)
SA(1 mgmL)S 7Fskal 3417k &<t B wieFsiitt. 45
AL A AT T AAE formazanS DMSO 200 uLE =]
W 32 microplate reader(BioRad, Versamax) 540 nmol|A] &
BEE ST AE2 33 vbE A ste] gk
(means+SD)S 13519127, DMSO 9] 353k 7]
TOZ A FTAEES vt

& rlo
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LI wpE 358 Al 35te] p-hexane, EtOAc, #-
BuOH 3! H,0 5 45¢] 8=5 g53IH. ©lo] EtOAc
EZE silica gel chromatography, HPLC 52 4-83}]
% 659 =S s th(Fig. 1). &4 A
< Q& 7+ 3+§HE-2] HPLC profile?t UV spectra’} DAD
(diode array detector)S IR Z 190-400 nmol| A 27035}
o & 1Q041:]. 3lstE 1,2 2 59 UV ~HEHL dolst
Az}, o] SIFHEEL 330 nm AN et FYAE B
oAF3er, o= Y sH=5°] coumarin WJ_xﬂOLO— A
Atskaint. 53] ﬁ}ﬂ“ 13} 25 5Y% UV &5 =4 EY
< VRS Et] = T Sl FRAOE o gAIUdS
oAt SEE 3, 4 2 6 3 AR A UV 55
?ﬁlﬂ%a HolFom, 307 2 320 anHH el 94

F9 A= o] FEEC] stilbene F=A Y-S AR
E}(Flg 2).

s 13} 2 5 WA e] 9o JEE HEelE Ak
35 19] 'HANMR 2ZEHL 5, 635 2 7.97(2 1H, d,
J=9.5 Hz)# &, 6.92(1H, s)ollA] coumarin E8}ol| ajg-al=
proton signals3} T&°] §,; 6.752H, s)ollA F 7H¢]
aromatic protons<, &, 4.96(1H, d, /8.0 Hz)¥} &,
437(1H, ddd, J=8.0, 4.3, 2.0 Hz)lX % 7H2] oxymethine

715 el ar, §y 3.66(1H, dd, J~12.5, 2.0 Hz)3} &
3.39(1H, dd, J=12.5, 4.3 Hz)°|A] hydroxymethylene”] &,
8y 3.79(3H, s) & & 3.77(6H, s)IA1 Al 7§ <] methoxyl”]
& BHoF) o] 3FgEe "CNMR ~FHEH T3

=

3 R1= CH3, R2= H
4 R;=CHj;, R,= B-D-apiose

6 R1= H, R2= H

Fig. 1. Chemical structures of compounds 1-6.
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coumarin®] 48421 o,B-unsaturated lactoneS 5. 160.08
(C=0), 113.28(CH), 144.88(CH)°l| 4], ZL2] 3L aromatic ring
S . 100.76(CH), 14530(C), 137.06(C), 131.72(C),
138.04(C), 8 111.30(C)] YERHAS™, phenylpropanoid
o] 4 84291 1,3,4,5-tetrasubstituted aromatic ring®] 8.
125.72(C), 105.62(2xCH), 147.9802xC), 8 136.20(C)%lI A1,
oxygenated aliphatic carbonsoll 3'd3t= 5. 76.62(CH),
77.76(CH) 2 8, 59.87(CH,)3+ 3 B2=|0c}. 271491
2D NMR #4132 3|, o]/de] dlolHE 7|&&3le] B
g o} W wasle]'™ o] & TxE
C(aquillochin)y & &<lst 4= A}

313HE 22] NMR H°]El+= cleomiscosin C(1)2} o} -
AFSHAl YERE oW, C-7% C-8€] chemical shiftgtol 4] =}
ol YERITE e 13 ¥ W), SijHE 2= C-79]

7% 8¢ 76.27(-0.35 ppm)= upfileld shift= 2= om,
C-8' carbon®] 73-F- downfield shift= 8. 78.22(+0.46 ppm)
oAl TE= AT o] A= 7|E B Fd3 HaE Y
om ' o)2 B2 F3HE 29] TE7} cleomiscosin DY
< 3918k 4= Atk F coumarinolignan &3-S circular
dichroism spectroscopyoﬂ*i FrNEE VERA ettt
% HPLC Z2WEZR] oA B3l 7+ gite] EFJ%EH,
=, retention time(#x)2] o] (cleomiscosin C > cleomiscosin
D)7} ©lE¢] congeners?] cleomiscosin A$} Be] A3}
(cleomiscosin A > cleomiscosin B)2} FA 3t 202 e}
go] gelxgiey >

H3CO e AL
7 2
0" Y, 0" o

cleomiscosin
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SRRME 3, 49} 62 NMR spectrumel|X] 25 (E)-resveratrol
aglycone®ll 3l B3t 1,3,5-trisubstituted aromatic ring=}
1,4-disubstituted aromatic ring, Z2] 2L frans-olefinic bond
(/~~16 Hz)®| signalse HoAF1om, FAo Gl o-s
ah= H8Al 'H- 2 "C-NMR 3|22 UeRfe] 3% mE
HIRHA] SFElS AAR T o] F shE 39 4=
&t 7H2] methoxyl”] (5, ~3.80)7F =A% =W, L

A
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AAIAI= (E)-resveratrol aglycone®] C-53< HMBCE &
3 gl 4= ATk =3 7} aglyconeol] A9 B F
79} 913 2D NMR#} #a|wE 53 o] Roiged),”
skt 33 60l SAlehs 32 3R+l B-D-glucopyranose®
TFEENeH, 3IHE 40= o]FFQ! B-D-apiofuranosyl-
(1-6)-B-D-glucopyranose’} =A1&S & = AUt 74 &
o] A$IA= HMBC 2= EZo||A] Z] anomeric proton

UV 340 nm

NEEEEEER

. 8 8 88§ @t
. 8 § 8 § ¥

NEEEEEERR

Y S £ £ o P o ERRE™ E) ED E3

E)

» 6 » - Y E) o £ o P £y EREE™

Fig. 2. HPLC profile and UV spectra for compounds 1-6. Analytic HPLC was performed by a gradient solvent system of MeCN-
H,0 (0.1% HCOOH) (13:87—50:50) with a Waters SunF ire™ (4.6x150 mm, 5 uM) for 50 min followed by an isocratic elution
with 100% MeCN for 10 min. (A) HPLC chromatograms of 1-6 in the EtOAc fraction from heartwood of 4. mono; 1 (t; 26.24
min), 2 (#z 25.08 min), 3 (¢; 22.93 min), 4 (z; 20.70 min), 5 (#z 13.90 min), 6 (¢; 13.04 min). (B) UV spectra of 1-6 obtained by

diode array detector.
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Fig. 3. Anti-proliferation activities of cleomiscosins with B-cyclodextrin inclusion (CD) complexes. They displayed in vitro cyto-
toxicity of both cleomiscosin C-CD (black bar) and cleomiscosin D-CD (gray bar) nanoparticles in HCT116 colon cancer cells (A),
and cancer-associated fibroblasts (B). Each dose (nug/mL) in the lower line corresponds the amount of cleomiscosin that is loaded in

the cleomiscosin-CD nanoparticle described in the upper line.
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I} aglycone?] carbon Aolol UYENGE= correlation 3] A&
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