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Isolation and Identification of Antioxidants from Methanol Extract of
Sword Bean (Canavalia gladiata)
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Abstract The ethyl acetate (EtOAc) layer of Canavalia gladiata (sword bean) methanol extracts showed higher 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity than other layers. Four phenolic compounds were isolated
from the EtOAc layer by silica gel column chromatography and prep-HPLC using a guided DPPH radical-scavenging
assay. The isolated compounds were identified as methyl gallate (1), gallic acid (2), 1,6-di-O-galloyl B-D-glucopyranoside
3), and 1,4,6-tri-O-galloyl B-D-glucopyranoside (4) based on MS and NMR analyses. Among the four compounds, no. 4
was isolated from this plant for the first time. Their DPPH radical-scavenging activities based on SCs, decreased in the
following order: 4 (6.9 uM)>3 (8.3 uM)>2 (10.0 uM)>1 (10.3 uM).

Keywords: Canavalia gladiata, sword bean, 1,4,6-tri-O-galloyl B-D-glucopyranoside, galloyl glucoside, gallic acid derivative
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=
B Ago)| AME-3F 2FEF(Canavalia gladiatayS- 2011d0) 3¢
FoAAlo A AujE 2g # F methanol (Merck, Darmstadt,
Germany)Z F&3te] A3l o]&slgom, £48 gu] 2 7]
B} A12F& analytical gradeZ AME-3l3Th.

Methanol £& U S0{2E

Az"E AEE E37](DA-280 Gold.A. Daesung Artlon. Co.
Ltd,, Seoul, Korea)Z 33t & 3 =A|(Standard testing sieve,
Aperture 850 um, Chung Gye Sang Gong Sa, Seoul, Korea)E
olgdll #HS Axte] AEE AULh FEEY AR IAFT
B2 5kgS 28] methanol (MeOH, 15 Lx2)& 713+ 3 220
A 2477 FESAL A 9 w8 o] FEES FRTQ
LE dg3le] S4¢] o2 8wl n-hexane, chloroform (CHCL),
ethyl acetate (EtOAc), 2|3 n-butanol (BuOH)Z =2} 215
3FAHFig. 1). DX ZF &S vacuum evaporator (Rotavapor
R-II, Biichi, Flawil, Switzerland)E AFH&-3le] 38°Colld 4t 5%
slol Zi7ke] griREES Atk BAES 9] 99 A8
41= Daejung Chemicals & Metals Co., Ltd. (Siheung, Korea)
=8 Feste] AHgatlet.

DPPH radical-scavenging &M 7}

MeOH FZ%&, 8 E 2 24 3IFESY free radical-
scavenging &2 943t radical?! 1,1-diphenyl-2-picrylhydrazyl
(DPPH, Sigma-Aldrich, St. Louis, MO, USA)°l ™3l 935S
B7H23)FHo = AT &, FEE €Eld AE 1 mLe} o
EReo]] =<1 400 uM DPPH &< 1 mLol| ek &u) 2 mLE 3H
7Fele] #HE 4ml7t HE= sl SAIES AlE thal 90%
HEkE 1mLE ¥ Yt Ao 30 vESAIZ] F 517nm
NN FHEE SAA oM, A5 e NEE HUHA &
2 Hxz7o FHEE 122 FAAT=d Bas 7t AR &
=(SCy, 50% Scavenging Concentration)= YERNSITE. oln €4
HlWE 9|3} a-tocopherold positive controlZ ARE-3}A T,

oA, d4tksl &9 sIgkES] Al A o] Bzl 7+ g
o] ksl 24 74-& TLC-DPPHH(24)S o83kt 3, Al
SE TLC plate (silica gel, 0.2 mm, Merck, Dramstadt, Germany)
ol spottinggt ¥, DPPH 84200 uM in ethanol)S TLC plate®]
Rete] BEpdo] Ay FAakslEy o= AT
Silica gel column chromatographyoll 2|8t &titst &M 2
Heo| HH|

EtOAc ZolX dofxl g3 2= silica gel column chro-
matographyS A A5t} Silica gel (Kieselgel 60, 70-230 mesh,
Merck, Darmstadt, Germany)S 100% CHCL, Z°llX 24717+ 3-&
AlZl F, column (3.5%73 cm)ell F%138}aL, CHCIL/EtOAc/MeOH
(10:0:0 (1-8), 82:0 (9-16), 6:4:0 (17-24), 4:6:0 (2532), 2:8:0

Canavalia gladiata (5 kg, dry wt.)

— extracted with MeOH (15 L x 2)

— filtration
— concentration

MeOH extract (281.4 g)

— suspended with H,O (2 L)
— partition with n-haxane (2 L x 3)

| |

n-haxane layer aqueous layer
(74.0 g)

CHCl; layer

719 aqueous layer

EtOAc layer aqueous layer
(15.7g)

BuOH layer H,O layer
(20.0 g) (1425 g)

Fig. 1. Extraction procedure with various solvents of methanol
extract of Canavalia gladiata.

(33-40), 0:10:0 (41-48), 0:8:2 (49-56), 0:6:4 (57-64), 0:4:6 (65-
72), 0:2:8 (73-80), 0:0:10 (81-88), v/v/v) S1jAIE o] &35} step-
wise S&Wol 93l ZF DAEE 300mLY &F - #th
(Fig. 2).

High performance liquid chromatography (HPLC)oll <|gt
|

Silica gel column chromatography 2] &/d&4 <] t]gt HPLC
A A= Zorbax Eclipse XDB-C18 column (9.4x250 mm, 5 pum,
Agilent, Santa Clara, CA, USA)S ©]-83}4 3.0 mL/min2] 52
2 254nme| HEILoIA Ik o542 H,09 MeOHS
ARE-81o] gradient %71 (MeOH:H,0=(10:90)-(30:70))2.2 &% - &
g3l thFig. 2). ¥ A7olA P& HPLCOl o3 A= BT
FTURAL ol &3t

=2| Ehge| 71718y

e 24 S3ES 'HNMRI PC-NMR, 22|32 2D-NMR
spectras FT-NMR 7] 7]("™INOVA 500, Varian, Walunt Creek,
CA, USAYE ©]&sle] A8t em, 4]81l= CD,0D (Acros
Organics, Morris Plains, NJ, USA)E, 12|31 ARg-guje] Ha5
71EH R o) &33r

Liquid Chromatography Electrospray Ionization Mass Spec-
trometry (LC-ESI-MS) #2412 Z 2241 7](Waters Synapt, Milford,
MA, USAE A3t 83192, capillary (kV) 3.10, source
temperature 120, desolvation temperature 1502] ZZoA 3J3}SITh

3}3E 1: white powder; 'H-NMR (500 MHz, CD,0D) §
7.04 (2H, s, H-2, 6), 3.81 (3H, s, -OCH,); ESI-MS (negative)
m/z 183.0 [M-HJ.

3} 2: white needle; 'H-NMR (500 MHz, CD,0OD) & 7.05
(2H, s, H-2, 6); ESI-MS (negative) m/z 169.0 [M-H]".
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Canavalia gladiata (5 kg)

—— extracted with MeOH (room temp., 24 h, 15 L x 2)

MeOH extract (281.4 g)

—— suspended in water and extracted with
n-hexane, CHCl;, EtOAc, and BuOH

n-hexane layer CHCl; layer EtOAc layer BuOH layer H,O layer
(74.0 g) (7.1g) (15.7 g) (20.0 g) (1425 g)
— silica gel column chromatography
(CHCI;/EtOAc/MeOH)
Fraction A Fraction B Fraction C
(7.1g) 6.3 g) (19¢g)
ODS-HPLC —— ODS-HPLC ODS-HPLC
1 2 3 4 3 1
(6,096.6 mg) (2,118.1mg) (1,4559mg) (332.0mg) (1455mg)  (98.6 mg) (87.9 mg)

(tg 10.43 min)

(te 5.84 min) (fg 8.48 min) (g 10.43 min) (t5 11.44 min) (¢4 8.48 min) (¢ 10.43 min)

Fig. 2. The purification procedure of isolated compounds from MeOH extracts of Canavalia gladiata.

Zo o
HEZe| F& ¥ S0i=E

AEF 25 ke, AZ5) MeOH FEE(2814g)°] HO &
oS SmjE25le] phexanez 74.0g, CHCLE 7.1g, EtOAcE

15.7g, BUOHZ 200g ¥ H,0% 1425¢g2 77t AATthFig. 1).

539 MeOH F&E2 Y S0fE&E=2| DPPH radical-
scavenging &4

MeOH FE& ¥ 7} &vEgES U S= DPPH radical-
scavenging &4S W W3 tH(Fig. 3). MeOH F5& % RE &
R EES] B4 dA MY WA v EHUS ¢ F
AR 2 A, o] Bl AFH= MY oA ZF AR
9] 8C,, &S T3 A3, vlaT= AME-3H a-tocopherol?] SCy,
< 79 ug/mLAL™, MeOH FZEE2 23.2 ug/ml, n-hexanes <
32.6 pg/ml, CHCLZS 195pg/ml, EtOAcE-S 2.6 pg/ml,
BuOHZ< 4.5 ug/ml, 283 H,052 48.6 ug/mLith 25722
MeOH FEE2 H|ZTZ ARG A<l X84 Siks} 8139t
E<l artocopherol 2T} 7 v A8 B oL} 1 v £
EE % BtOASH BuOHZ2 o-tocopherolHt} =2 &4hslh
AL Bk ol AFF9 MeOH &9 ¢4 Fo 3t
slE sleHEEe] 2 EtOAcE¥ BuOHZOl| &A1t S
Arsle e BaE 9ot & TLC-DPPHES ©]&dle] 7+ =
of e SF=EEY] A AT B st 2L vwg A7
(data not shown), EtOAcZo] Kt} thst gals) slgtESoe] &
Ashs Ao A=) ool & A E E0AES
o2 sl SFE] 28 - FAE Pt

KN
g
=
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EtOAcES 4O 2 silica gel column chromatographyS 3y 35}
o dojxl FEE F TLC-DPPHHO 23] datst &4 815E
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Fig. 3. DPPH radical-scavenging activity of the MeOH extract of
Canavalia gladiata and its fractions after solvent fractionation.
M, EtOAc layer; 4, BuOH layer; A, o-Tocopherol; @, CHCI,
layer; O, MeOH extract; [, n-hexane layer; A, H,O layer. Values
are mean+SD (n=3).

o] &4 A% vwste] o] AAR e FEEE A
23-33; & B, 34-61; & C, 62-88)2 T Z & Foae]
DPPH radical-scavenging €432 B3} ThHFig. 4). 2+ &
SC, ¥ 7IFoz, ¥2 A 26ugmL) > T2 B (34 pgml)
>EE C (133 pgml)e] 08 =2 A4S BT} o] Ax=z
FE e & 2T 483 sl siHEe] EX7 AAKE
o EAHOE OE 7S U itsl siRtEe] 2EE 9
sttt

A P8 A (7192 WYL E HPLCE 3l 33HE 1 (r,
10.43 min, 6096.6 mg)S & 33Th ©lo] & B (63 9E W
S HPLCE s 2, 459 3FE(fr. B-1 (4, 5.84 min, 3}
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Fig. 4. DPPH radical-scavenging activity of main active fractions

obtained after silica gel column chromatography of EtOAc layer

of Canavalia gladiata MeOH extract. ll, EtOAc-fr. A; A, EtOAc-
fr. B; @, EtOAc-ft. C. Values are mean=SD (n=3).

& 2), 2118.1 mg; fr. B2 (f, 848 min, 3}FE 3), 14559 mg; fr.
B-3 (f, 1043 min, 3}3% 1), 332.0mg; f. B-4 (f, 11.44 min,
33 4), 145.5mg)s ®23ITh 22132 & C (19g) =3
Y 274 HPLCE °©]&3 AAE W3t 2%9] stE(fi
C-1 (t, 848 min, 3}SE 3), 98.6mg; fr. C-2 (1, 10.43 min, 3}t
5 1), 879 mg)y2 w8tk & SFEEe] AAgS Fig 2
o AdEsiglen, £ed 7t SFEE2S 'HNMR, "C-NMR ¥
2D-NMR, 28|32 MS #4& B8 7£x234S sttt

sigtg 19 T=shA
313HE 19] 'H-NMR spectrum (CD,0D, 500 MHz)2. ZHE |
%9 methoxyl proton signal (d 3.81, 3H, s, -OCH,)°l T 3}e]

0
2
HO
~o”
HO 6
OH
1
0
HOL A
7 0H
HO 6
OH
2

2Hel| 3= 159 sp® carbon proton F-29] singlet signal (&
7.04, 2H, H-2, 6)°] &FHATE. 2eiX 5= 12> methyl group
o] gallic acid®} ester AFS 3L U= methyl 3,4,5-trihydroxy-
benzoate (methyl gallate)?] A= A|AFEISI). B1Lo] SgHE 1
9] MS (negative) spectrum®ZFE m/z 183 [M-HJY signal©]
FEE|o] o] Ayt o SFEe] EXE(184) Hes] YA
o] gl 223 o] F3HEe] 'H-NMR spectrums 8-St
(Dimocarpus longan Lour)2] Ao|A E2]$F methyl gallate®] 271
I vt A5, ds XAl FRIFATH2S). 23 = 1
< methyl 3,4,5-trihydroxybenzoate (methyl gallate)Z 57 = Th
(Fig. 5).

ZoyjoA] E2]E methyl gallates EASE )M 2 HE
AEE ATMNELS F¥oE AT =N JHF &
£ gty Hy26yd vk glow, AUFENE ¥ methyl
gallateE 02 MEEd=) Jetebgdel sk Aol o] +
73t Mol S &3l 9 HolE AAlske Tt Uol B
2 1} ATHR27). 2 2Jo%E methyl gallates YR 479](28), H-
E|o}22(29), 2270} U (30) E HIUEG]) SRR EE
iksl B4s wHske SER Y - T8 EHE Stk

SiEhE 29| P=eiiy

332 29 'H-NMR (CD,0D, 500 MHz) spectrum© 2% |
9] sp* carbon proton signal (8 7.05, 2H, s, H-2, 6)%ro] 2+
A}t = 3= 19] 'HNMR spectrum} HlwalaS o, 3kt
E 125 H ZEHJY methoxyl proton signale] HEEA] &
2 9ol w9 FARSE Zeko] #AFATE 2ejA o] sEHE
3,4,5-trihydroxybenzoic acid (gallic acid)d 7FsAJo] 73tAl AlA}
HATh HLo] 33HE 29 MS (negative) spectrum S ZHE] m/z
169 [M-HJo] #Z=o] o stetze] EAF170)% Hs] 4
AgS gelsldnt. 3t 319HE 22 'HANMR spectrums- 594
oA EElE gallic acid®] 2213 Hlw g A3, A5 A4l

flo rlo

Fig. 5. Structure of compounds 1-4 and important HMBC correlations (arrows).
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Table 1. 'H- (500 MHz) and C- (125 MHz) NMR data of Compounds 3 and 4 in CD,0D

Position ’ !
Sy (int., mult., J in Hz) Sc Sy (Int., Mult., J in Hz) Sc

1 5.68 (1H, d, 8.0) 96.1 5.78 (1H, d, 8.0) 96.0

2 3.49-3.53 (1H, m, overlapped with H-3 and 4) 74.2 3.65 (1H, dd, 8.0, 9.0) 74.4

3 3.49-3.53 (1H, m, overlapped with H-2 and 4) 78.1 3.84 (1H, dd, 9.0, 9.0) 76.1

4 3.49-3.53 (1H, m, overlapped with H-2 and 3) 71.3 5.22 (1H, dd, 9.0, 9.0) 72.0

5 3.72 (1H, m) 76.6 4.06 (1H, m) 74.6

6a 4.55 (1H, dd, 12.0, 2.0) 64.6 4.44 (1H, dd, 12.0, 2.0) 63.8

6b 4.40 (1H, dd, 12.0, 5.0) 422 (1H, dd, 12.0, 5.0)

' - 120.7 - 119.5
2,6 7.13 2H, s) 110.7 7.15(2H, s) 110.7
35 - 146.7 - 146.8
4 - 140.6 - 141.0
7 - 167.1 - 167.1
1" - 121.4 - 120.9
2" 6" 7.07 2H, s) 110.3 7.10 (2H, s) 110.5
3" 5" - 146.6 - 146.7
4" - 140.0 - 140.5
7" - 168.5 - 167.6
" - 121.1
2" 6" 7.06 (2H, s) 1104
3, 5" - 146.6
4™ - 140.2

7" - 168.2

I ATH3E2). o], 3= 2= 3,4,5-trihydroxybenzoic acid
(gallic acid)= &8 = ATHFig. 5).

Gallic acid= 27t £ E2ARtolg) B2, wglero 2 HE
¥ gallic acid= AlaUjolA] AFsld] 2E#| 2o €]g DNAS]
48 AIE At 958l Ha33)E v ok ek o]
SIHE2 REZGH)S ARG5S ks 84 SEERE B
e v} glon, Ao g A5 3FEoluh

SIErE 39 T=ofiy

313HE 39] 'H-NMR (CD,OD, 500 MHz) spectrum 2 ZH-E{ 3}
3= 15} 29] 'H-NMR spectral|A] 2= AE A} w9 fA1gH
2%9] gallic acid 21| sp* carbon proton signal=(S 7.13 (2H,
s, H2, 6, 7.07 (2H, s, H2", ¢")°] #Z=Uch E 'HNMR
spectrum®| A1 15-2] anomeric proton signal (8 5.68 (1H, d, J=
8.0 Hz, H-1))7 = ¢ 6He] T proton signals(d 4.55-3.53 (3H,
m, H2~H-6))°] &&= 159 Fo| A7t F7H o2 Aty
ot 2813 & F2:9] proton signalE<] coupling constant (J)
#ol 7.09.0 Hz2 ZHAEHo] o] sl=9] B2 B-dD-glucosed] 7
o2 NI} 2o Hste] shgE 39] PC-NMR (125 MHz,
CD,0D) spectrum© Z5-E 2% 2| gallic aciddll A&EE 2% 9]
carbonyl carbon (§ 167.1 (C-7"), 168.5 (C-7")3} 12%2] sp* car-
bon signalE(S 146.6-1103)°] ZaA= oW, T F o] 659
carbon signalE (8 96.1-64.6)¢] 2= ], 'H-NMR spectrum3
2)/de] ERI=SATHTable 1). ©1/4] ID-NMR spectra= 78 319}
2 32 239 allic acid7} T2 AT tamninA] SHt== A4
HACk SFE 39 1o FEg = FAS $F HSQC ¥
HMBC 5] 2D-NMR #41-& AAJs} ) HSQC spectrum®l| 4]
one-bond®] proton-carbonE  7+9] correlations E1g Th,
HMBC spectrum (Fig. 5, arrows)?ll*] long range proton-carbon

7] correlationg AESA. olE ZAZHE 3 39
E12E 259 glllic acid®} glucoseZ FAEo] o] A=
215l 53] HMBC spectrumlZHE § 568 (H-1)3 §
167.1 (C-7") 7Fell cross peak’} #&=Eo] 159] gallic acide= glu-
cose®] 1919l ester AFEAUSE & F AATE T Fe] 69
proton signal£[8 4.55 (H-6a), 440 (H-6b)]+ & 168.5 (C-7")<]
carbon signals 7holl FAAAE ERlslo] ThE 159 gallic acid
= glucose®] 69190 ester AFEOIUFol A=At 22hA 3}
3HE 32 1,6-di-O-galloyl B-D-glucopyranoside®. 314 =|ITh H%
o] 3}3HE 32 MS (positive) spectrum®A m/z 507 [M+Na]'©]
HzEo] o SIFHES] EAE484) ) s dX|Fhe] EjlE]
Sk =3 39HE 39] 'H-7} PC-NMR spectrar 7&(Ceratonia
siliqua)S 258 E2154%E 1,6-di-O-galloyl B-D-glucopyranoside®
IRAET BgsA ASIATH36). WEkA 3EHE 32 EE8lE
1,6-di-O-galloyl B-D-glucopyranosideZ 5= AthFig. 5). ©| 3}5t
B2 Baseonema acuminatum AN EE|Eo] BiE wl gt}
37).

Jo Az njd

SiEhE 49| P=eiiM

3132 4¢] 'H-NMR (CD,OD, 500 MHz) spectrum (Fig. 6)
gallic acid f21¢] sp* carbon proton signal (§ 7.10, 2H, s, H-
2", 6" 1%°] Y= 3HTE FUHHCR U #AE AL A9
sIgHE 39 3l vl fARKATE 2 BEHE 4 3E9
gallic acid’} glucoseol] ZA3E trigalloyl BIEA] 3}3HEQ A=
A|AFEI AT} B$F BC-NMR (125 MHz, CD,0D) spectrum (Fig.
NezHE FzE 2152 sp? carbon signal=S(d 168.2-110.4)7 &
e 652] carbon signalE(8 96.0-63.8y EFFale] & 2759
carbon signalE°] #2%o] 'H-NMR spectrum® ZHE =€ T
Z2]5} dx)Ago] ERIEITH(Table 1). 2o ©sted 'H-'H COSY
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3« 2
6a 6b
‘J\UMU}M\Q\
LML e e T T T T T
4.4 4.2 4.0 3.8 3.6 ppn
20 gn 27
6 g 6™

i -

OH

OH

LB L L B B L L L B L L B B N L B S N RN e

7.0 6.8 6.6 6.4 6.2 6.0

Fig. 6. "H-NMR (500 MHz) spectra of compound 4 in CD,OD. *: Impurity.

spectrumel|A] 9] H-1~H-69] protonE 7+l A4S cross peakE©]
ZF=o] 1 G protonEe] YR dddo]l ERIFENeH, 1
'H-NMR spectrum® ZFE 225 159 J 34(7.0-9.0 Hz) o 24
B 3%E 49 92 B-p-glucosedlo] HEaA RIS ® 5}
3HE 42] HMBC spectrum (Fig. 59} 6, arrows)©Z5-E proton-
carbon 7F] cross peakES ERITO A IFE 49 FETRE
1%2] glucosedl] 2F9] galloyl”]7} A%< 3IE 39 +2&
Sl lSo] FRIERIe). 29 Tske] HMBC spectrumllA] proton
8 522 (H-4)¢} carbon & 167.6 (C-7"¢] signals 7toll AAAI7}
#AZF ol B2 159 gallic acid’t F7HHLZ glucose] 4%l
ester A4S FAstL ol AU T SghE 49 MS
(positive) spectrum® ZFE] m/z 659 [M+Na]©] =] o) 5}
=0 ERE636)F B X|Fho] RISt waEbA shet
B 4= HFTHOZE 14,6-tri-O-galloyl B-D-glucopyranoside® 573
HAhFig. 5). o] FES FEH A K Rafflesia kerrii) E3} A
FUF(Punica granatum) QA HEEEo] RIE Ho] glon}
(38,39), AFToAAME e £ - THEHAUTH

22538 slgrEe| DPPH radical-scavenging &4

ZAFF MeOH FEE9] EtOACTOERE R 439 35
ES oz A59 Fxo] wE DPPH radical-scavenging &
A5 H71el Alge] =% DPPH radical-scavenging 42
ZRE SC,, g 73 2, SFE 4 (6.9 uM)>SFEE 3 (83
uM)>315HE 2 (10.0 pM)>3FEHE 1 (103 uM) 22 =4 Yet
S THTable 2). 3F3E 1 (methyl gallate)S Y53 H2]H 459
SIS isEARl X843 Akl stEE & 991Xl a-tocopherol
(183uM)ET o =& A4S Bt 53] 2849 322
galloyl groupg zZte= 313HE 33 3EE 47F 1E49] galloyl
groupS zZH= SIS 139} 2R ¥ %2 DPPH radical-scavenging
45 Yehlitt. o]& phenolic aciddl] A%E OH7|Y] 47t %
S5 st o] =2 AIYS HeAny Hiyd HF Az
(40)et X3t ololl, Y FEE 7IEE e W, S
2 3% 4= AFTO st B setE 19 25T U e
radical-scavenging 2785 YEPHS ou|she ZloR AT
ATh I, I EAIE carboxylic acid groupe] -FElEl S 2
7} methyl esters}®l 3}5HE 15T oft O =2 &S BT
ol ' AT oY) carboxylic acid®] F2F7] HESE 1]

Table 2. DPPH radical-scavenging activity of the isolated
compounds from Canavalia gladiata

Compounds SCs, (M)
Methyl 3,4,5-trihydroxybenzoate (1) 10.3
3,4,5-Trihydroxybenzoic acid (2) 10.0
1,6-Di-O-galloyl B-D-glucopyranoside (3) 83
1,4,6-Tri-O-galloyl B-D-glucopyranoside (4) 6.9
o-Tocopherol 18.3
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AT A7t ASolH, IFE 4 (1,4,6-tri-O-galloyl B-D-glucopyr-
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Fig. 7. *C-NMR (125 MHz) spectra of compound 4 in CD,OD. *: Impurity.
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