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Diels-Alder type adducts from the fruits of Morus alba L.
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Abstract The fruits of Morus alba L. were extracted with 80 %
aqueous MeOH, and the concentrated extract was partitioned into
EtOAc, n-butyl alcohol, and water fractions. The repeated silica
gel (Si0,) and octadecyl silica gel column chromatographies for
the EtOAc and #n-butyl alcohol fractions led to isolation of two
phenolic compounds. The chemical structures of the compounds
were determined as Diels-Alder type adducts, mulberrofuran E (1)
and chalcomoracin (2) based on spectroscopic data analyses
including nuclear magnetic resonance, mass spectrometry, and
infrared spectrometry. Compounds 1 and 2 were isolated for the
first time from the fruits of M. alba L. in this study.
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LU= BT (Moraceae), B (Morus)oll &3k w57d
S WU (Morus alba L.)2] €ul2, shibolX = 2342t
GT), FEAEE), SAHE), FHE)PeIELE FE20(Park 5,
2014). Z ZolE 1-2.5cmEA] 690 Mo e},

HURE 9, 7KK, BE, En & B2 FES dFHe=
gS HHOE AR S, 1 F oUw el ¥
A2 FHIMERE), AR CERIR), U2 EeRa), AR
3, (), AATAEEE), WEAZ(EEE), g9
HH|(ME )] 250l At d#A AthLee$t Chung
1999). AR bl F2 AMgehs BuFe] okgH-9lE ¥E
AR M (A ), BT Q91 A EEE), Euil 2]
o, BUpFoAE o] & Al 7EAe tisiA T et o s 24
o] ¥ = UTHLee 5, 2004b).

ool g4HZ Fo SRR E Hitsl 2HE, SAIE A
T A 2 WS 3 resveratrold} AAtsl 28-S Fh=
anthocyanin 5°] $ltH(Fontecave 5, 1998; Fremont 5, 1999;
Lee 5, 2004a; Jun %, 2014). 2 Qo= AA7kx] @&7 @
te] ok gFoZe olEy sl AWM, A=, Y
it 9 2% 9me] X8 % o Fo] rk(Andallua T,
2001; Lim %, 2013; Lim 5, 2014; Park 5, 2014).

A efolA HE2¥ sFEZ = resveratrol, flavonoid,
amino acid ¥ AAAE<l anthocyanin 5°] HIEo] 3]
(Kim3} Kim 2003a, b, Du 5, 2008; Dat 5, 2010). A%
H A7k e &x 52 7A7E 9% AFeE ©ol
2JFE Eslar ove AWMe, gl vl Aot miE]
shck. mEbA WER s §50] Beols Bkl Ay
Tlo} Aol vl At vk e RE Add EF
ek, A 2 AR 24E B9l QUE Ve AE ¥
oFF Al 5o &8s BAslaAl B ATE Stk

B Aoa] AMRE QUM albays 20113 890 FH=2)E
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AP AFNOr], SASE Feelet i o}
FA8IYTE FEA E(KHU-NPCL-20110826)= 73| tfghw A
AEs|S4lol| BEe] o)

Column chromatography (c.c.)& silica gel (SiO,)2 Kiesel
gel 60 (Merck, Darmstadt, Germany)<, octadecyl silicagel
(ODS)2 LiChroprep RP-18 (Merck)2 AR8-3193th. Thin layer
chromatograpy (TLC)= Kieselgel 60 Fa5u9F RP-18 Fasyg
(Merck)S AHESIASL Aol o] 83 BE Ao SFARS
AH4-3Fth. Nuclear magnetic resonance (NMR) spectrum-
Varian Inova AS 400 (Palo Alto, CA, USA)SZ Z=43}91L,
Infrared (IR) spectrum= Perkin model 599B (Waltham, MA,
USA)Z =739t} Electrospray ionization mass spectrometry
(ESI/MS):= JEOL HX110/110A (JEOL, Tokyo, Japan)S AR
slo] =435tk UV lampE Spectroline (Model ENF-240 C/
F, Spectronics Corporation, Westbusy, NY, USA)2 ARS8},
&% & Fisher-Johns &% =% 7|(Fisher Scientific, Waltham,
NY, USA)E ARg-ste] S48, nEA s

Ax3 Y] 20kgS 100 % MeOH (22 Ly& o]&3le] 2
o F=3 thy ot dojxl k=S 80 % MeOH (22
Lx2)& thA] 28] ¥HE =330t fofil oods Ibs5et
o] MeOH FZE(1,980 g) ATt dojzl MeOH FEE2
E (3.5L)F ethyl acetate (EtOAc, 3.5L x 3)2 Hul FZ351%
3, Al E3% n-butyl alcohol (#-BuOH, 3L x3)Z Euj F
=39tk S 29553l EtOAc #3(MAE, 38g), n-
BuOH £3(MAB, 202¢g) 2 & EI(MAW, 1740 gy L)

EtOAc E32(MAE, 38 g) 2 2%E SiO, cc. (9.0x15¢cm, n-
hexane-EtOAc=10:1, 20.7 L)E AAl5te] 871e] E(MAE-
1-MAE-8)S Atk 2 FolA MAE-8 #¥[4.5g, elution
volume/total volume (Ve/Vt) 0.656-6791= ODS c.c. (¢ 4.5x8.5cm,
MeOH-water = 1:1-3:1, 2+ 750 mL)a}>] 97fl¢] 3 E(MAE-
8-1-MAE-8-9)% 41t} MAE-8-7 £2)(130.5mg, Ve/Vt 0.847-
0.967)°1 tsld SiO, cc. (¢ 3.5x15cm, CHCl-MeOH = 12:1
—10:1, ZF 850mL)E AAst 14709 EF(MAE-8-7-1-
MAE-8-7-14) 0.2 Wrgler setE 1 (MAE-8-7-5, 7.2 mg,
Ve/Vt 0.253-0.306, SiO, TLC R; 0.58, CHCIl;-MeOH = 7:1)3%}
3}t E 2 (MAE-8-7-11, 13.8mg, Ve/Vt 0.629-0.718, SiO,
TLC Ry 0.46, CHCl;-MeOH = 5:1)& #2313t}

3}5+E 1 (mulberrofuran E): a brown amorphous powder
(in MeOH); [a]p +305° (¢ 0.11, MeOH); ESI/MS m/z 655
[M+Na]’; IR (KBr, v) 3328, 1618, 1513, 1146cm™; 'H-NMR
(400 MHz, CD;OD, &y) 7.30 (1H, d, J=8.8Hz, H-14"),
728 (1H, d, J=8.4Hz, H-4), 709 (H, d, J=8.8Hz, H-
16", 20", 6.83 (IH, d, J=2.0Hz, H-7), 6.79 (IH, s, H-3),
6.67 (1H, dd, J=84, 2.0Hz, H-5), 6.65 (2H, d, J=8.3
Hz, H-17", 19"), 6.63 (2H, s, H-2', 6'), 6.34 (1H, d, J=8.8
Hz, H-13"), 5.66 (1H, s, H-2"), 5.10 (IH, m, H-22"), 4.32
(2H, m, H-3", 4"), 3.62 (IH, br d, J=6.0Hz, H-5"), 3.17
(1H, d, J=72Hz, H-21"), 242 (1H, dd, J=17.2, 6.4 Hz,
H-6"a), 2.20 (IH, dd, J=17.2, 64Hz, H-6"b), 1.85 (3H, s,
H-7"), 1.66 (3H, s, H-24"), 1.57 (3H, s, H-25"); C-NMR
(100 MHz, CD;0OD, 3&c) 206.7 (C-8"), 162.8 (C-10"), 161.9
(C-12"), 156.9 (C-3', 5", 155.7 (C-7a), 1552 (C-18"), 155.1

(C-2), 1547 (C-6), 136.1 (C-15", 133.8 (C-1"), 130.3 (C-
23"), 130.0 (C-1'), 129.5 (C-14"), 127.9 (C-16", 20", 123.0
(C-2"), 1222 (C-22"), 1217 (C-3a), 1204 (C-4), 1148 (C-
4, 1146 (C-17", 19", 1145 (C-11"), 1132 (C-9"), 111.7
(C-5), 106.6 (C-13"), 103.1 (C-2, 6), 100.3 (C-3), 97.0 (C-
7), 482 (C-4"), 39.5 (C-5"), 35.5 (C-6"), 332 (C-3"), 245
(C-25"), 22.3 (C-7"), 21.0 (C-21"), 16.4 (C-24").

3}5HE 2 (chalcomoracin): a brown amorphous powder (in
MeOH); [0, +184.6° (c 0.06, MeOH); m.p. 183; ESUMS
mi 649 [MHH]; IR (KBr, v) 3298, 1620, 1505, 1355,
1144 cm™; 'H-NMR (400 MHz, CD;OD, §;) 831 (IH, d,
J=92Hz, H-14"), 728 (1H, d, J=8.4Hz, H-4), 692 (1H,
d, J=84 Hz, H-20"), 6.81 (1H, d, J=12Hz, H-7), 6.80
(1H, s, H-3), 669 (1H, dd, J=84, 12Hz, H-5), 667 (2H,
br s, H2, 6), 635 (IH, d, J=92Hz, H-13"), 634 (IH,
d, J=2.8Hz, H-17"), 6.22 (1H, dd, J=8.4, 2.8 Hz, H-19"),
571 (1H, br s, H-2"), 5.16 (1H, t, J=72Hz, H-22"), 455
(IH, dd, J=52, 40Hz, H4"), 406 (IH, br s, H3"), 3.62
(1H, d, J=4.0Hz, H-5"), 323 (1H, d, J=72Hz, H-21"),
244 (1H, m, H-6"a), 2.16 (1H, m, H-6"b), 1.86 (3H, s, H-
7, 1.71 (3H, s, H-24"), 159 (3H, s, H-25"); "“C-NMR
(100 MHz, CD;OD, §¢) 2102 (C-8"), 164.6 (C-10"), 163.8
(C-12"), 158.0 (C-3', 5", 157.8 (C-16"), 157.2 (C-18"), 157.1
(C-6), 156.6 (C-7a), 156.1 (C-2), 134.1 (C-1"), 1325 (C-
14", 131.8 (C-23"), 1314 (C-1"), 1289 (C-20"), 1249 (C-
2"), 123.6 (C-22"), 123.1 (C-3a), 122.7 (C-15"), 121.8 (C-4),
117.1 (C-4"), 116.2 (C-11"), 113.7 (C9"), 113.1 (C-5), 108.0
(C-13"), 107.2 (C-19"), 104.9 (C-2', 6", 103.5 (C-17"), 101.8
(C-3), 984 (C-7), 483 (C-4", 37.1 (C-5"), 33.7 (C-3"),
329 (C-6"), 259 (C-25"), 23.8 (C-7"), 224 (C-21"), 179
(C-24").

3} 1 (a brown amorphous powder)= ESI/MSAIA m/z
655 [M+Na]'e] Ex}o]2 peak’} #=E o] EAEHS 6328 2
Atk IR ~HE- o2 RE 441713328 em™), ©|SAE
(1618, 1513 cm™), 2832 &9} Abso]l AgH1146 cm™)o] U
= Aoz FeHdrh 'H-.NMR (400 MHz, CD;OD, &)
spectrum®| Al 1,2,3,4-A} X8+ benzene ring -T2 vicinal
coupling ()2 Hol= 2702l olefin methine proton signal
Oy 730, 1H, d, J=8.8 Hz, H-14"; 634, 1H, d, J=8.8
Hz, H-13"), allylic methylene proton signal (8y 3.17, 1H, d,
J=72 Hz, H-21") 171, olefin methine proton signal (8y
5.10, 1H, m, H-22") 17, allylic methyl proton signal (8y
1.66, 3H, s, H-24"; &y 1.57, 3H, s, H-25") 27/l 2% 24-
dihydroxy-3-isoprenylbenzoyl”17} &A= ALE FH AU
HESE 470¢] olefin methine proton signal (8y 7.09, 2H, d,
J=8.8 Hz, H-16", 20"; &y 6.65, 2H, d, J=8.8 Hz, H-17",
192 53l para-©|X|3F benzene ringS EASIATE L3, 1)
9] olefin methine proton signal (8 5.66, 1H, s, H-2"), 37}
9] methine proton signal (8y 4.32, 2H, m, H-3", 4"; &y
3.62, 1H, d, J=6.0Hz, H-5"} 2702 methylene proton
signal (6y 2.42, 1H, dd, J=17.2, 64 Hz, H-6"a; &y 2.20,
1H, dd, J=17.2, 6.4 Hz, H-6"b), 170¢] allylic methyl proton



J Appl Biol Chem (2016) 59(2), 91-94

93

mulberrofuranE (1): R=H

chalcomoracin  (2) : R=0H

Fig. 1 Chemical structures of Diels-Alder type adducts 1 and 2 from
the fruits of Morus alba L.

signal (8 1.85, 3H, s, H-7"Z%E methylcyclohexene ring®]
SRS ¢ F AUtk Olefin methine proton signal (3y
6.67, 1H, dd, J=84, 2.0Hz, H-5)°] &y 7.28 (1H, d, J=84
Hz, H-4)3} vicinal coupling (J5)3F3L, &y 6.83 (1H, d, J=
2.0 Hz, H-7)Z= long range (J;) couplingS 3lsle] 1,244
2% benzene ring 17171 A=} 00, 199 olefin methine
proton signal (8 6.79, 1H, s, H-3) VIZ2FE eHd 4b7]
7} A%t benzofuran®] EA)7F FRIEATE ESH 2719 olefin
methine proton signal (8y 6.63, 2H, s, H-2', 6')°] singlet>
2 #A=Fo AP 1,2,3,5AF28 benzene ring 1715
=31 tE BC-NMR (100 MHz, CD;0D)I4 % 3972] signal
o] AZHG oW wAie] theks DEPTE Fdhe] ERISHAT
1702]  ketone carbon signal (§c 206.7, C-8"), 871<]
oxygenated olefin quarternary carbon signal (8¢ 162.8, C-
10", 8¢ 161.9, C-12"; &¢ 156.9, C-3', 5" 6c 155.7, C-7a;
Sc 1552, C-18" 8¢ 155.1, C-2; §: 154.7, C-6), 871¢]
olefin quarternary carbon signal (6¢ 136.1, C-15"; &c 133.8,
C-1"; 6¢ 1303, C-23"; 6¢ 130.0, C-1'; 6¢c 121.7, C-3a; ¢
114.8, C-4" 8¢ 114.5, C-11"; §¢ 1132, C-9"), 14719] olefin
methine carbon signal (8¢ 129.5, C-14"; &¢ 1279, C-16",
20", 8¢ 123.0, C-2"; &c 1222, C-22"; o8¢ 1204, C-4; dc
114.6, C-17", 19"; &c 111.7, C-5; &c 106.6, C-13"; &c 103.1,
C-2, 6 8¢ 1003, C-3; 8¢ 97.0, C-7), 3702] methine carbon
signal (8¢ 482, C-4"; &¢ 39.5, C-5"; & 33.2, C-3"), 271¢]
methylene carbon signal (¢ 35.5, C-6"; d¢ 21.0, C-21"), 3
70 €] methyl carbon signal (8¢ 24.5, C-25"; & 223, C-7"
Sc 164, C24m°] FZE Ut $19 datas THH(Cui &
2008) v]wsle] 5HE 12 mulberrofuran E2 7% 78}
Art.

3}3HE 2 (a brown amorphous powder)= ESI/MSAIA m/z

649 [M+H]'e] EAto]2 peak’t AZEo] EARFS 6482 A%
stk g3 13} A0l 16 amu xfe|7t Ue o2 5 E
T & U o EAEE A3 ¢ AR IR ZFHEHS
2ZHE 4273208 cm™), 9)FATH(1620, 1505, 1355 cm™),
T3 eae) Aol AdH(1144 cm™e] EAske Ao Fol
A} 'H-NMR (400 MHz, CD;0D)3} BC-NMR (100 MHz,
CD;0D) spectrume 531 315 1374 of§- vls=gh 729
& &= 9t g EHLS 3709 olefin methine signal [y 6.92,
IH, d, J=84Hz, & 1289, (C-20"); oy 6.34, 1H, d,
J=2.8 Hz, ¢ 103.5 (C-17"); oy 6.22, 1H, dd, J=8.4, 2.8
Hz, 8¢ 107.2 (C-19"}& #5351 Diels-Alder 7718192 E
ringe] 35HE 1914 para-21X13 benzene ringo]y, 3 2
= 1,243A13 benzene ring?] AYS I F ATt ol
EUZ 3}gE 25 chalcomoracin® 2 7% 43It} ©] F
SRE BT QUM = ofde] Ago® Ee 9 5% 3
t}. Mulberrofuran E ()& ¢ &4 (Zhang 5, 2007),
chalcomoracin (2)= Fx=Hel g X5 &4 (Yang &, 2012),
et oA 4 (Sun F, 2011)0] BEe] glow o] F 3}
S BF It (Staphylococcus aureus)Oll TS A E4
(Kim 5, 2012) 7K Jokr EaEo] St}

z =

LU Morus alba L) Z 22004 80% MeOH oz 3
£33 o] 555 EtOAc, n-butyl alcohol, I3 & HEo
E Urodrh EtOAc 2l thate] Sio, B ODS column
chromatographyS WHg AAI8t] 2%9] Diels-Alder 771819+
< 2, HASIT NMR, IR 2 ESI/MS dataZ aj2]&}o],
33HE 13} 25 mulberrofuran E$} chalcomoracin &2 7+t
T2 SIStk T S%E BT QUEREHE o AFddA

AEor Byt

Keywords '} - 2.1 - chalcomoracin - Diels-Alder 71513}
= - mulberrofuran E

A 2 & AT e s/ AEG AN A Yshs QHERE A4 F
7157 Aol {58 9 EESP(FAIM S 311025-03-2-SB010)E 53
B A= A1) ALl PAF =T
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