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Development of Biologically Active Compounds from Edible Plant Sources
-XX. Isolation of Lipids from the Roots of Brassica campestris ssp rapa
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The roots of Brassica campestris ssp rapa were extracted with 80% aqueous MeOH, and the con-
centrated extract was partitioned with EtOAc, n-BuOH and H,0O. From the EtOAc and n-BuOH
fractions, five compounds were isolated through the repeated silica gel column chromatographies.
From the result of spectroscopic data including NMR and MS, the chemical structures of the com-
pounds were determined as palmitic acid methyl ester (1), linolenic acid methyl ester (2), linoleic
acid methyl ester (3), Ssitosterol (4) and daucosterol (5).

Key words: Brassica campestris ssp rapa, linolenic acid methyl ester, linoleic acid methyl ester, palmitic acid
methyl ester, fsitosterol, daucosterol
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AleF & 717]. Column chromatography&- silica gel Kiesel
gel 60(Merck, Darmstadt, Germany)< octadecyl silica(ODS)
gel2 LiChroprep RP-18(Merck, Darmstadt, Germany)S AR
3l99 ). Thin layer chromatography(®]dl TLCE3L Fhe
Kieselgel 60 Fy5,&F RP-18 FoguS ARRSIAIL, Aol o] &3
RE Aok S55A9RS ARSIt

NMR ZHEZHL Varian Inova AS 400(Varian, Califormia,
USA)C.2 2438k, IR spectrume Perkin model 599B
(Perkin-Elmer, Massachusetts, USA)Z =3ttt 55842
Fisher-John’s Melting Point Apparatus(Fisher Scientific, Miami,
USA)E ZH 3921, EIMSe FAB/MSE JMS-700(JEOL,
Tokyo, Japan)o. 2 3439 th. GC= GC-14B(Shimadzu,
Tokyo Japan)Z, GC/MS+< IMS-700(JEOL, Tokyo, Japan)<

2 243199, UV lamp= Spectroline(Model ENF-240 C/
F, Spectronics Corporation, New York, USAyS ARE-3}%19
H] A4 == Polarimeter P-1020(JASCO, Tokyo, Japan)S /\]-%
ste] ZA4sISl

EtOAc EJo=2RE FAHEZFY I, ¢F(Brassica
campestris ssp rapa) SEFE A T 100kgS A & H
Bg TR HGsle] SIRESkYS MeOH 80% 8]
(181X5)0 2 I 2l A4 F53 § AR AFE 513
. Gojzl AR 45°CollA A EF[Id MeOH FEES AU
t}. €olxl MeOH FZE-S EtOAC( /X2)/H,0(3 )& 4] 3
go}ML UAl HO5S »- BuOH(3 [X2)/H,0(32 HZ &) 3

st 7k 32 AEE3Id EtOAc(15 g), n-BuOH(A4S g)
2 HO #3& A3tk

EtOAcEE] t3te] silica gel column chromatography(c.c.)
(05X22cm, n-hexane-EtOAc=10:1-55:1-53:1>1:1>
CHCL-MeOH= 10:1>57:1-55:133:1>2:1>1: )&
2Arsle] 187112] #5E(BRE-1~BRE-18)& Uit} o] FollA
BRE-5(1.1g) Yol dldte] silica gel cc(p4X13em, n-
hexane-EtOAc=7: )& AAst, 9719 & -d%(BREs 1~
BRE5-9)2 A%tk 1 % BRES-3(125mg) £3< silica gel
c.c.(2.5X 14 cm, n-hexane-EtOAc=15: 1)& ngﬂ 3l BRES-3-
I[EHE= 1, 23mg, TLC(Kieselgel 60 Fas) R=0.65, n-
hexane-EtOAc=5: 1)]& 2] 3}tk 3k BRES-5(482 mg)
£35S 0ODS c.c.(3.5X9cm, acetone-acetonitrile=3: 1)Z &
A&kl BRES-5-4[(313HE 4, 32mg, TLC(RP-18 Fas) R, =
0.45, acetone-acetonitrile=5:1)2 %2 3} . BRE7(400
mg) ol sl silica gel c.c(p4.5X12cm, n-hexane-
EtOAc=3:1)Z ZgAste] BRE7-7[(3}EE 2, 52mg, TLC
(Kieselgel 60 Fas,) R =0.55, n-hexane-EtOAc=1:1)}& &
3t th. BRE10Q218 mg) 8ol tlste] silica gel c.c.(p2.5X
10 cm, n-hexane-EtOAc=10:1)Z “gA|st BRE10-1(3}3H&
3, 609mg, TLC(Kieselgel 60 F,s;) R~0.5, n-hexane-EtOAc
=3:1)}& &2 sk

n-BuOH 23O 2HH sterol & 2], n-BuOH +2|(48 g)©
ZHH silica gel c.c(pl0X 11 cm, CHCL-MeOH=7:1-5:
1-53:1>1:D)E AAsld 23193, o] £9<8 TLCE &
olate] §AKSE A7)e] ®o} 16712] £2)(BRB-1~-BRB-16)0.&

Rtk 2 Fol4 BRB-5 £3(61 mg)yS ODS c.c(p3X 10
cm, MeOH-H,0=2:1)E& 4A|3dte] BRB-5-7(3E 5, 41
mg, TLC(RP-18 F,y)) R, =0.55, MeOH-H,0=3: )] +&]
SRt

3}3HE 1(palmitic acid methyl ester): colorless oil, EI/MS
m/z: 270 [M]"; 'H-NMR(400 MHz, CDCl;, &): 3.63(3H, s,
OCH3), 2.26(2H, t, J=10.0Hz), 1.98~1.22 [(CH)n, m], 0.84
BH, t, J=7.6Hz, terminal methyl); "“C-NMR(100 MHz,
CDCl;, 8¢): 170.5(ester), 51.5(OCH;), 34.7, 34.1, 29.6, 29.5,
29.3(X3), 27.7(X2), 26.63, 2601, 254, 255, 234
(methylene), 14.1(terminal methyl).

3}5HE  2(linolenic acid methyl ester): Yellow oil, EI/MS
m/z 292 [M]; 'HANMR(400 MHz, CDCL, 8,): 521(6H, m,
olefinic-H), 3.633H, s, OCH,), 2.80Q2H, dd, J—6.4Hz), 2.78
QH, dd, J=66, 64Hz), 230QH, t, J=84Hz), 2.07CH,
m), 2.03QH, d, J=66, 6.7), 1412H, m), 136(2H, m),
1302H, m), 1.29Q2H, m), 1.27QH, m), 0.94(3H, t, J=78
Hz, terminal methyl); “C-NMR(100 MHz, CDCl;, &c): 174.9
(ester), 131.6, 130.6, 128.7, 128.6, 127.2, 126.4(olefinic-C),
51.5(0CH3), 349, 29.5, 29.4, 294, 293, 274, 256, 25.5,
24.9, 20.7(methylene), 14.4(terminal methyl).

3}9HE 3(linoleic acid methyl ester): Colorless oil, EI/MS
m/z 294 [M]; 'H-NMR(400 MHz, CDCl,, 8,): 531(4H, m,
olefinic-H), 3.54(3H, s, OCHy), 2.75QH, dd, J=6.8, 6.4 Hz),
228(2H, t, J=8.6Hz), 2.052H, m), 2.022H, dt, J=68, 6.5
Hz), 2012H, dt, J=6.5, 6.8 Hz), 137(2H, m), 1.36(2H, m),
131(2H, m), 128QH, m), 125 (H, m), 1.24(2H, m), 1.23
(2H, m), 1.22(2H, m), 0.88(3H, t, J=7.0 Hz, terminal methyl);
BC-NMR(100 MHz, CDCl;, &¢): 173.7(ester), 129.7, 129.6,
127.8, 127.6(olefinic-C), 51.2(0OCH;), 34.1, 31.6, 29.9, 29.8,
29.5, 294, 293, 27.6, 255, 253, 249, 22.7(methylene),
14.1(terminal methyl).

3}3HE 4(Bsitosterol): white powder(n-hexane-CHCl;); m.p.
140-142°C; [al, —28.7°C(c=0.2, CHCL); EI/MS m/z: 414
[M]; TR (KBr, v) 3400, 1640, 1050, 845, 802, 830cm™;
'H-NMR(400 MHz, CDCl, §,) 532(1H, br. d, J=4.8Hz, H-
6), 347(1H, m, H-3), 0.943H, s, H-19), 0.90GH, d, J—64
Hz, H-21), 0.87(3H, t, J=74Hz, H-29), 0.86(3H, d, J=7.4
Hz, H-26), 0.77GH, d, J=68Hz, H-27), 0.643H, s, H-18);
3C-NMR(100 MHz, CDCly, 8¢) 140.7(C-5), 121.7(C-6), 71.8
(C-3), 56.7(C-14), 56.1(C-17), 50.4(C-9), 45.19(C-24), 42.3(C-
4), 41.9(C-13), 39.7(C-12), 37.2(C-1), 36.5(C-10), 36.1(C-20),
33.8(C-22), 31.6(C-2), 31.9(C-7), 31.8(C-8), 29.1(C-25), 283
(C-16), 252(C-23), 24.3(C-15), 23.1(C-28), 21.1(C-11), 19.8
(C-19), 19.4(C-26), 19.1(C-27), 18.9(C-21), 12.1(C-29), 11.9
(C-18).

3}3+E  5(daucosterol): colorless  crystals(pyridine-MeOH-
H,0); m.p. 282-288°C; [a]p —29.0°C(c=0.8, pyridine); pos.
FABMS m/4: 577 [M+H]; IR(KBr, v) 3318, 3020, 2937,
1640 cm™; 'H-NMR(400 MHz, CsD:N, &) 52I(1H, br. d,
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linoleic acid methyl ester (3)

R=H [-sitosterol (4)

R=Glec daucosterol (5)

Fig. 1. Chemical structures of lipids and sterol from the Brassica campestris ssp rapa.

J=48Hz, H-6), 5.04(1H, d, J=7.6Hz, H-1', 3.42(1H, m,
H-3), 0.98(3H, d, J=68Hz, H-21), 0.93(3H, s, H-19), 0.83
(3H, d, J=7.6Hz, H-26), 0.883H, d, J=72Hz, H-=27),
0.84(3H, t, J=72Hz, H-29), 0.64(3H, s, H-18); “C-NMR
(100MHz, CsDyN, &) 140.9(C-5), 121.6 (C-6), 102.6(C-1",
78.7(C-3), 78.3(C-5"), 78.2(C-3), 75.4(C-2), 71.5(C-4), 619
(C-6), 56.5(C-14), 56.4(C-17), 50.5(C-9), 45.4(C-24), 42.4(C-
13), 40.1(C-4), 39.4(C-12), 38.3(C-1), 37.1(C-10), 36.5(C-20),
34.4(C22), 32.3(C-7), 32.2(C-8), 30.4(C-2), 29.7(C-25), 28.7
(C-16), 25.6(C-23), 24.5(C-15), 22.9(C-28), 21.4(C-11), 202
(C-27), 19.4(C-19), 193(C-26), 19.2(C-21), 123(C-29), 122
(C-18).

RE 1, 2 2 39 GC/MS #4. A& BRES-3-1E%E
1, 1 mg/l m/), BRE7-7(3}3H%E 2, 1 mg/l m/) 2 BREI0-1(3}3
5 3, ImgIl mHEFE 7 3uE FHskd, FID7F AXE GC
(GC-14B, Shimadzu, Tokyo, Japan)2] 70l Wi, E2A1A
A1) 2498 A DB-5(30 mX0.32 mm DX 0.25 pum,
J & W, Folsom, California, USA)S AF&&tloH, GC2
injector &=+ 300°C, oven &%+ A& 3% 5<% 150°CE
FABAL, 5L HEZ 7°C/minlE dlo] HFLE7} 300°C
7t HEE g § 587 3000CE FABHES SISl A%k 3
& 1, 2 E 39 Retension time(min)} 2}t 9.72(1), 10.84
(), 13.553)2= velyitt. 4% sigteS 48] f18kd,
GC(Agilent technologies, California, USA)?} AZAE mass
spectrometer(JMS-700, JEOL, Tokyo, Japan)s ARSI, &
Agog ARR3 AH(HP-5 30mX0.32mm IDX0.25 um,
USA) °]9le] BE ¥4 242 GC 247 $YsIith GC=

B8 7t peake] HFA AN GC-MS library H41&
ulgto 2 Selsiic),

Zn 3 1@

Kl

et Ay B4 9 8% R Al st
o, F-(Brassica campestris ssp rapayfg] AES AAS &
HE 48keS 80% MeOHENOF ALojy 317 FoF F&35)
715 2¥ HEESISIT). &) S/39] ztolo| wet AlE +¥ &
o] M7 23 Z EtOAc. n-BuOH 2 H,0%3EL Art.
EtOAcH-8 7} n-BuOHEFol| tisled TLCE ©]&3skd 4
B FAs1H0oH, silica gelt ODS column chromatography
£ nhEste] 350 AFsigHEdt 259 sterolshdt=S Wl dt
k.

5}9H= 1(colorless oily> TLCO Z/MAIA #&st A3} uv
F7F AL, 10% FARS W, % 3§ wAgh Ay A
o g wAEQ)th 'H-NMR(400 MHz, CDCL;) spectrumei|A]
8y 3.63(3H, s)°14] methoxy proton®] ZHZE| L, §,; 2.26(2H,
t, J=10.0 Hz)°lA] allyl methylene proton} §,, 1.22~1.98 A}
ololl 4] T2l methylene proton signale] ZZE| ST} LSk §,
0.84(3H, t, J=7.6 Hz)oIA terminal methyl proton®] #= ¥
oz AW FFER FF5 HATE PC-NMR(100 MHz,
CDCLy) spectrumol| 4] 177]2] €A signalo]l #HSH L, §¢
170.59114 carbonyl carbon} &. 51.5914 methoxy”]7} #Z5]
ATt 8¢ 34.737 §¢ 23.4 AlelollA 1471€] methylene signalZ}
8¢ 14.19141 terminal methyl signale] Eel=ic}. ulehr A
gk 72 TS $I8kd GCMSE olgsle] BAs A 5% 3
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ZoA &Y peak7t #HZEHASW, o] HHEC] EI/MS
spectrumOl|A] M* ©] peak’} m/z 270914 HZE|o] 27002
A7 3N, )AL library$} BlwalE A3} palmitic acid
methyl ester?} Y] ST,

39HE 2(Yellow oilye TLCO AAWAIA #23 A3 UV
S7F Q1L 10% s B, Ax @ F 2As A9 A9
7o g dAlEQth, 'H-NMR(400 MHz, CDCL;) spectrumol| 4]
Sy 521(6H, m)Q] signalZF-E olefinic methine proton 677}
ZANES ERISKAAL, &y 3.64(3H, s)°] signalZH-E methoxy2]
A2 gl sttt §, 2.80Q2H, dd, J=6.4Hz), &, 2.78(2H,
dd, J=6.6, 64Hz), &; 2302H, t, J=8.4Hz), oy 2.07(2H,
m) 2 & 2.03QH, dt, J=66, 6.7)2 signalZ5E allyl 93]
9] methylene®] #ZEO0H, & 1.41~127 AllollA] ti4<]
methylene proton signal®} &, 0.983H, t, J=7.8 Hz)ol|lA]
triplete] @ methyl proton signale] #ZESt). wEhA o] 3}
=2 Al o] o]z A4S ZEaL Q)= aliphatic chain FE<]
sletE® A= AT BC-NMR(100 MHz, CDCl;) spectrumel]
A 19719 ©FA signalo] FZEATH 8 17499041 esteric
carbon?}, 131.6, 130.6, 128.7, 128.6, 1272, 126.4°14 671<2]
olefinic carbon ZZ8]3 §. 51.5914 methoxy”]7} HSE ATt
8¢ 34.9~20.7 AlololAl  methylene signal®} & 14.401A]
terminal methyl signalo] 21 E ATt wlElAd IIFE 2&
octadecatrienoic acid methyl ester® TZZ TFHaFS k. Eg
GCMSE ol-gslo] 43 A3} 5t 20%04 @ peak’} &
SHAeH, o] s3] EIMS spectrumolX] M* 0] peakZt
m/z 292004 BZEL). o] AAE ENZ libraryE HH S 7
3} 3}3HE 2E linolenic acid®] methyl esterZ 5733} TEY

53 3(Colorless oily> TLCO Z/MAIA 2 A3 Uv
FT7F 1AL, 10% AR B, dx 3 5 Ae A A
2o 7 BRI} 'H-NMR(400 MHz, CDCl;) spectrum©i}A]
8y 531(4H, m)] signalZ2FE] olefinic methine proton 477}
EATS FEINL, &y 3.54(3H, sl YeERS 4 379
methoxy”19} &, 2.75(2H, dd, J=6.8, 6.4 Hz), &, 2.28Q2H, t,
J=8.6Hz), &; 2.022H, dt, /=6.8, 6.5Hz), &; 2.01(2H, dt,
J=6.5, 6.8Hz)°IA allyl $1*19] methylene signal®] %S}
o, §; 137~1.229014 th2] methylene®] 223l §,; 0.88
(H, t, J=7.0Hz)°llA triplet?] U methyl proton signalZ4-
H AWAE 249E 5T & Atk P"C-NMR(100 MHz,
CDCly) spectrumol|A] B-27F 19719925 carbonylol| A H]&
31 e @e 173.7)9F 470] olefinic methine EFA(Sc
129.7, 129.6, 127.8, 127.6) 223 §. 51.2914 methoxy” |}
12719] methylene Bt27F 8¢ 34.13F 8¢ 22.7 ARl &A=
RAom, 8. 144904 terminal methyl §r47} #AZ=E|o] Bhhgs
18719 linoleic acidll methyl”7]7} ester FENZ AgE 22
S & F UATE ES GOMSE o83t #A%E A} 5%
1304 @ peak7t #HZ5EJom, o] FHetE2] EUMS
spectrum®lA] M* O] peak7} m/z 2949014 FZEQT) o] A
H5 EQE AN A% 3= 3S linoleic acid®] methyl
ester= 578 3FATEY

S}3HE 4(white powdery> TLCOl A7H3aL, 10% BAHS &
i, 2z g g An F2o® wlERIth 'TH-NMR
~HAEDA &, 532(1H, br. d, J=4.8 Hz, H-6) signals el
1719] olefinic methine2 A3}IA L, &, 347(1H, m, H-3)
signal Z5F-E] oxygenated methine2 &A3IATh HEI §,
2.32~1.00 AtolollA tl=2] methyleneZ} methine proton signal
S #= A0, 5y 0.643H, s), &y 0.94(3H, s)olA 2719
singlet, 8, 0.77GH, d, J=68Hz), &, 086(H, d, J=7.4
Hz) 2 &, 090GH, d, J—6.4HzlA 370¢] doublet 2]
&y 0.87 (3H, t, J=74Hz)olA 171€] triplet methyl proton
signal2- 21 31T}t BC-NMR spectrumol|X] 437} 297 0]
methyl carbon®] 67 & HOZHE sterolstFEA A
oItk 8 140.7, & 121.7 signal2HE 17]9] o5 2
o] &A= A 8. 71.82F ] oxygenated methine carbon
glol al9ick. w3k & 19.8, 8¢ 194, 8 19.1, 8. 18.9, &¢
1, 8 1192014 6712] methyl carbong E1&NT} 02 F
tel Bt A3 shekE 42 oy 7] AEelA gl §
F=o] Q= sterold! stigmast-5-en-3 Bol( Bsitosterol)Z 575}
ATES?

5}4HE 5(colorless crystalsye= TLCOl A1, 10% 32+
B, Az g & S An pos wEInh 'H- 2
PC-NMR ZFEHO2RE, s19hE 49F fARE 249 sterol
S ol w, 3E e IR Gy F
AR signalEe] #ASEANCH, o] AATFOEN H-39
signal®] &, 3.429014 YER)= ASE KO} glycosidation shift
7F QA=A A4S signal®] chemical shifts ESH A3},
8y 5.04014 #ZH anomeric proton(d, J=7.6 Hz)2| #oZ2F
B o] sitosterolol] FARSEIAL A= AL BRI o, BC-
NMR ZHE-HA o signalE-2] chemical shift [8. 102.6(C-
1), 8 787(C-3), 8¢ T83(C-5), 8¢ T5.4(C-2), & T1.5(C-4),
3¢ 61.9(C-6"[2HE TdF2 D-glucopyranosed= & 4= AU
o}, wlgbA, 3E 5= Bsitosterol?] C-32] hydroxylZ]ol D-
glucopyranose”} PATSIL = 3HEQ] Bsitosterol-3-0-AD-
glucopyranoside(daucosterol) & -3 A7 3} thd)

TR 2eE AE EES £ 2B 2 A9 A
g &do] e ZoF Tl Uk Palmitic acid, linolenic
acid £ 32kl 4o =& Aoz YERGon D linoleic
acid1?2 &t &0 &2 ZoF eIt S sterol 313
E % Psitosterol, daucosterol> B2 A& EAlshs E30|
A9 tiekslk o] deA ot E3o) o3P, Asitosterol©]
Ao FEA|3F= acid phosphate TS FHZA O ZA
uterotrophic 77} 55 WALl om, uloleazkg, 3¢
S M2 Uehlle Zles Bisia o g
daucosterok A3 teE AESAFZE Y A E A3
e 24 FPTase Aeias® 9 AFasel ddd 43
BI7F BAEo)R] vl Uk weba] skl A AuiE s 9L
= o] A, FA7, RSl BEstet e Ve
4 AFE 2 OJREOEA] §& TFsAdo] I US Ao
AlE ot

5 o o dlo k

0

O
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P

2
=

o FEERE 244 E4E Y F
MeOH 8402 FZ31L oF o3, 749 5319 MeOH
FEES AUh ©]E EtOACHE], n-BuOHEE, HOEZoR
o, EtOAcHEEF n-BuOHEZ] thall silica gel 2
ODS column chromatographyS AA|510] 559] slghE-S H2]
AA 5T 'THNMR, "C-NMR, DEPT spectrum % Mass
spectrum 52 F5}4] palmitic acid methyl ester(1), linolenic
acid methyl ester(2), linoleic acid methyl ester(3), [sitosterol
(4), daucosterol(5)>.2 Fx& A3t

ol
Q‘L
N
)
%
[e2e]
<
N

Key words: Brassica campestris ssp rapa, palmitic acid
methyl ester, linolenic acid methyl ester, linoleic acid methyl
ester, [sitosterol, daucosterol.
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