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Abstract - The plant Rubus species (Rosaceae) mainly contains 190-hydroxyurane-type triterpenoids (19a-HUT) as bioactive
components. Available functional food includes blackberry (the fruit of thornless Rubus sp.), red raspberry (R. idaeus) and black
raspberry (R. occidentalis). However, the fruit of R. coreanus, which is used in Korea as a functional food, substitutes black
raspberry. Rubi Fructus, which has been traditionally used as an oriental medicinal drug, designates only unripe fruit of R. coreanus
but not its ripe fruit, which indicates that it needs high content of 19a-HUT as a crude drug. Throughout our experiment, we found
that ripe fruits contain very little amount of 19a-HUT when compared to unripe fruits. In addition, various and rich 190-HUT has
been reported from Rubus species. The most common structure of 19¢-HUT of Rubus species, euscaphic acid or tormentic acid
with 3a-OH or 3p-OH, respectively, can be glycosylated or oxidized to produce a number of 190-HUTS as euscaphic acid and tor-
mentic acid derivatives and even esterified to form dimeric triterpenoids. In this review, the bioactivity and biosynthetic pathway
and chemical characterization of 19a-HUTS found in Rubus species are discussed.
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A AREY E3E-8 XA sl 1 TR 2 E5E 0 3lE R
=] JrHKim, 2003).

Rubus; 2lEelle 547, AF7], A7), £27), 5271
A7) T BRI St Hodd A8k ItiKo et al,
2003). - oPE A7 1571 71573 ARE 0 0853 Q= 54
7} 3lE B ot ERAPET |9} 332 Z12 @A E7 1ol Al A
F31E]] Q= Aot ARREL ]9 & Rubussy 21E2] Ade]
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oisk 2ol gigle s, TalA 31aks 8 A7 Rubuss 2]
-

I3 2 Rubus £ A1E-9] triterpencid ] 31812 S =) Ale) &
2ol et F S A= Flo] 0]2) o] 84, S AEaTly o] g, 4
F7VER o), FRSFEA o] &, Aokl 38-S S5k dlo] v

2o} atoic,

=AY bR )R] N

wEo| 21802 A== B strawberry (Fragaria ana —
nassa D.)2¥a sl E@l|E] (blackberry) 2137 8R= 712 71AI18)
= Rubus sp.= o]|2= Aola} 3}, red raspberrydkil sh= A2
Rubus idaeus LZ X331, 2 22Hg] (black raspberry) &
Rubus occindentaliss 7381 $TH(Wang et al, 2000). $HH
Ono 59 BRI R allegheniensisZ E-@elel slo Busl9l
THOno et al,, 2003). 18] 11 3512 B2AH7] (black raspberry)
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£ R coreanuss 2n|3itt. $HH, Shold= BA Ay )elar b
Aloke] opge] Rubusss AlkE 2usHAIR B8l R cratae —
grfolius®) BuE Y], I, o= BERRIET (R coreanus) 7}
o] 7 Gt AF o= e ot w7l Alsia Sl
Zoll Itk 22 $k=1e] ZiR| oA Btzfe] ofe] E5o] A= 9l
O} ZEA 07 FF2 Ajololt). o]g) o] Fhaolli= 280 W )E
Aged T2 BRAFE7 |2 AR 7L HEE I ok & 4 Qlrh
ABE719] ¢)2- HjolA|R ERAFR7 = 715 Y 0 F TR
3 IR Fof Fe] Hufi=Abtabx 2] o] Z3sict. He7 AR
T 5730] 7|-dES 0% gEn Al AAle Haxer) UAyst
o, YA = Ay 33| g RIF iR A7 Qe o) v
ZHKo et al, 2003). o] 019 F=AL] AP [ Fe AL
VR buerger)), SE1E (R corchorifolius), 27 27|(R
phoenicolasius), WG N(R, parvifolius), WEE (R idaeus
var. microphyllus), 7WWEEAHER shizostylus), FE71(R hir—
sutus), BEE7| (R longisepalus), €27 (R pungensvar. old—
harm) 5°] Ak,

TR

opd3k= Rubusss 2155 AM7|Rehs 0|2 $Ysl 71&3t
1A} gt} AFR7)7e] 52X AuifE A8 Hextd o 24
o851, Y17kl GullE AAkA, 7FEdA), kRl 54, et 5ol
2RIt} R o8- AR WL, 314, AR,
A, =2 g Sk 280 E wolsd & thKim, 1996).

A& (Choi et al, 2003) ©]v] Rubusss A& 2] spigl &
EAFR77L daRe-S /Rt Baslglom, 1 fakdEe
niga—ichigoside F1 ¥ 23—hydroxytormentic acidE ¥ 15}9itk
Niero et al (1999) & Be}2At Rubus imperialis A& 32 Vet
U= niga—ichigoside F;°] A% abdominal constriction®]] T
¥ IDso7} 3. 1mg/kg, ip oA Vebttha B sl o|gA &
8] 735t 284G 7 IE ER= niga—ichigoside Fy 3 1 v]%
|91 23—hydroxytormentic acid”} EtOH+sodium salicylate =
FER A%s 73] JAES 23t vb JokWNam er al,
2006). o3t A= BE WY, A3E ol A s A8AE
o] A7 E-G| W& NS Yo7 HE 7RIE w] HHkE R o)
AEHE AE 5~ Jloze) Hold B ohje}, o]zt AgkAle] tigt
7188 gt 7|ohE 712 = ik BEgk AR ol thaii Cao ef
al.(1996)°] 11 ¢ 3259 FFEES, Lee er al (2000)
apoptosis FE Z-&f &8t AYEIE B it $hH AR
Aoz S {aldsH Rosa rugosa) el ¥} ol euscaphic
acid(3), tormentic acid (5}, rosamuiltin(6), kaji—ichigoside F; (4)
< BBl olE0] 3 Y RS TEAY F gk vk it
(Jung et al,, 2004).

23—hydroxytormentic acid®l* 23—OH7} $}= tormentic

acidell diside oo AEj@Ade] ¢eld lol Banno er al
(2004) ©] Perilla frutescens®\M &8]$+ 1052 triterpene 5
tormentic acid7} 7F¢ A TPA #& A ¥ JAl6Iida st
1 TPAZR §5% Epstein—Barr virus early antigen(EBV—
EA) 8] @43}E oAglt)ar s19t) o] 3= tormentic acid7}
3l 9 antitumor —promoting effectE 7RIth= ARE oJw)st
th Villar er al(1986) 3} Ivorra et al(1988)-2 tormentic
acid7} Q=@ Felol| oJgt AstaHE 7RIvh= APE Barst
ot Gy 22 Adle| folst RuEA Jouad(2002) 7F
Rubus fructicosis?} streptozotocin® 2 F59 29 g5
712 74X ZI0kL S5t Wang et al (2006) 2 E87)(R, par—
vifolius) 2] F3A 80| 8F 2] cerebral ischemics = &
2 7S Barsgith

o] o]2)ef| = Wang et /. (2000)-2 E&H|2], d=zi1 g, B2}
2Hig], ~EZHE]2] I 2 Hrjjo] ghislakgo] AliA] 9 A=
ule} 2o i3l o, ofegt SAksIRRE-2 JFEAlO R Se) =l
o) ¢Jt)ar 315337, Morimoto ef 4l (2005)2-red raspberry (& idaeus)
9] raspberry ketone {4—(4—hydroxyphenyl) butan—2—one}©] &t
HRERRE-S- VERATET 31970, Liu et al (2006) & 58 gpiHle]
&E°] anglogenesisE 7RItk H0E $H QI

A7) Fe] &

Rubus; 218elid= 8] Ad8-(Klesk et al, 2004; Robertson et
al, 1995), ¥id 4¥-(Hussein ef al, 2003; Tanaka ef al, 1993),
0| = A3 (Gudej 2003), B ¥ =19} pregnane HHEA]
(Chen et al, 2001), long—chain epoxide A1%(Gaydou et al,
1995), te|E# Ad¥-(Tanaka ef al, 1995; Chou er al, 1987,
Ohtani et al, 1992), EZEZ8 A& Fo| T2 €&A Sltk Klesk
et al (2004)&-red raspberry (R, idaeus) 56 7138 2,5-di—
methyl—4—hydroxy—3— (2H) —furanone 5 7552 gas chroma —
tography—mass spectrometryell 2J&l TE31ITh Diterpenoid
2 R suavissimusZ5-E] suavioside 2+ A7V3S YERN = rubuso —
sideE 72 1] v A3e] €A ArHChou et al, 1987).

Sl BRAR R coreanus®) P& S ARRS| gkom 2
wlemba) AES 1ast H oYt itk Rubus coreanus(Ohtani et
al., 1990) ¢lIM 19 ¢ ~HUT 0| F2 R ¥ 1 903 7 LRl A
eI} WEH £5F s ©] 19 —HUT AlY 3HEe] 5
£ 7154 22192 U4A Fok Hiral ef g/ (2000) 2 strawberry 2]
vl Ao AU C musae®] conidia® &8 IR Aol
PR T 81, 7 94 A euscaphic acid(3), tormentic
acid(5), myrianthic acid(11) & &3t v} Itk ©] F myrianthic
acid(1D) & 3 ugol C musae) 855 AASIT 3 33, eu—
scaphic acid(8) &} tormentic acid(5) & 100 xgold] HAEHE
HelYjolA] n|&a} el £ o] tripterpene$] 19 « —HUT”}phy ~
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RubusZ; A2 Ak 19 ¢ —Hydroxyursane—type Triterpenoid?] £411} o]&-

9

H

Cormp. R'(C-2) R¥(C-3) R*(C—23) R*(C—24) R’ C-28) Common name
1@ H £—0H Me Me H Pomolic acid

2 @ H 8—0H Me Me Glc -

3® OH a—0H Me Me H Euscaphic acid

4 () OH a—0OH Me Me Glc Kaji—ichigoside Fy
5@ OH 8—0OH Me Me H Tormentic acid

6 OH 8—0OH Me Me Glc Rosamultin

7 @® OH B—-0H CH,OH Me H 23—Hydroxytormentic acid
8@ OH B—0OH CH.OH Me Glc Niga—ichigoside Fy
9 OH B—0OH Me CH,OH H 24—Hydroxytormentic acid
10 (@) OH 8—-0OH Me CH,OH Glc 4—epi—nigaichigoside Fy
11 (@ OH a—0H CH,OH Me H Myrianthic acid

12 () OH a—0OH CH.OH Me Gle Niga—ichigoside F
13 @ OH a—0OH Me CH20OH H -

14 (v OoH a—0OH Me CH,OH Glc Pruvuloside B

15 ® OH B—0OH CH>OH CHxOH H -

16 ) OH B—OH CHOH CH;OH Gle -

17 ) OH B—0OH COOH Me H -

18 () OH B8—-0OH COOH Me Glc Suavissimoside F;
19 (@) OH a~0OH Me COCH Glc Trachelosperosde A—1
20 () OH £ —0H Me COOH H Corosin

21 OH B8—0H Me COOH Glec Trachelosperoside A—1
22 (a) OH £ —0OH COOH CH,OH Glc Trachelosperoside C—1
23 (v OH o —0OH CH20H COOH H -

24 (r) OH B —OH COCH Me 6'—0—MeGlc -

25 (r) OH B—0OH COOH Me 6’ —0—MeGlc -

26 (r) OH 5 —0OH Me Me 3—0—MeGlc -

27 OH 8—0H CHO Me H Pinfaensic acid

28 (r) OH B—0CH CHO Me Glc -

29 (r) OH a—0H Me CHO Glc -

30 OAc £ —0H CH.OH Me Gle Niga—ichigoside Fs

Fig. 1. Structure of typical 19 @ ~hydroxyursane—type triterpenoids (19 « —HUT) from Rubus species.
(a) the compounds isolated from the plants other than Rubus species. () the compounds isolated from Rubus species.

- 565 -



&S5 Korean J. Plant Res. 19(5) : 563~572(2006)

toalexin® |2k HAsiSict. o] B35 3|, AT ulA] 942 FA
of| HF% 3HA] 9k 732 o] phytoalexins AR =tz A}
A& oIt SRR Xu er al. (1996)2- Geum japonicurX ¥-2]3+
19 ¢ —HUT7} Fujo]ed 2 285 VRS B sigich

o|efgt AR AR}E0] o|u] A3 2] AREAM B g FHS B
Z Rubus% AE52] 19 ¢ —HUT7}Rubus % A1 E-2) 184 852
g0z AR - Qlek AREL) AEA Ao g E s
ez o= 19 —HUTE A9 $F3kA %L visaiilel] o
SHTETh= AP S EokS W ope), Q) £7] Sl AlRdel 733t
Al 19 ¢ —HUT7} o} 8hi- A& FAISE2AL 319l 2 Foll A
¥ 19 o —HUT7} flopzivhs AP s doll o] 5o Awsl
7)ol vl QPgs 3l3HE TS AR W ol Ao TRE £
A, o] EHN U} £V o5 P 7S ST 4 3tk

Fig. 1= Rubus% A&ollM A veh ks 432119 o —HUT
£ Vel Aolt) 19 o —HUTEA 71 7t 7122 313HE-2 3
a,19 e —dihydroxyurs—28—ocic acid®] %% 7F+= pomolic
acido] . 7 v 3)8HE<] 2% B 1 TH(Cheng ef al, 1992).
T2, 29) F 3RE-S @AWR] Rubus% 2122 RE Q) 87}
By Ao| 9ot 13y, 2,3,19—trihydroxyurs—28—oic acid®]
TZ2 7= FER euscaphic acid®} tormentic acid”} &3]
Rubusgs 215 Fol Vet Fig. 1o JeERISISE] Rubus:9)
192 —HUTE= &5 2%9%)°ll @ —configurations 7Fx]7] wj&ol]
3—OH7} a—vieit g vl ool et 2711]9) o1 dxll7} 7hsstar
28 Aol F=ge] EA ol et o|2jsh w5 SIEEA 471

31 R=Gle
32 R =H (pinafenoic acid)

33 R=Gle

A7} 44 ek &, euscaphic acid (3), tormentic acid(5), ka—
ji—ichigoside F; (@) #} rosamultin (6) ©] A3,

¥HA niga—ichigoside F1& 2¢,34,19 @,23—tetrahydrox —
yurs—28—oic acid—28—0— 3 —-D—glucopyranosyl ester?] 75
279 o)5 FE5HL 25 8/ 7keshd, ofell sidshe e
So] B%F BuEt}t &, 2-0H9} 19-OHE o —miE 1A=L,
C3—OH 2 C,—CH:0HS] w9 2! 2] EA) el whet 3l 7- 14
2] 871X7} ek o]t ElRle] SFEZA Rubusss & FollM &
# A0 F niga—ichigoside Fi ©12]o= 23—hydroxytormentic
acid(7), 24—hydroxytormentic acid(9), 4—epi—nigaichigoside
F1(10), myrianthic acid(11), niga—ichigoside F2(12) 2 pruvu—
loside B(14) 7} #2)¥ v} 9low], o] 0])]€] niga—ichigoside F1¢]
SEAL Rubuss 022 218 Folx] Eefd v itk T2 20,3
B,19 @,23,24—pentahydroxyurs—28—oic acid—28—-0—8-D—
glucopyranosy! ester?} 57 3715 7FR= trachelosperoside
B-1(16)°] ¥a¥ v} gl.ox 1 HIPAIE 7 LeiRrHAbe et al,
1987a; Abe ef al, 1987b).

C—4°l COOH1E 7Hs= 382 313HE 19 - 2569} 22 A0
t} 3}ekE 24 - 268 6'—O—methyl— 8 —D—glucopyrancseE &
o7 7N E 33HE0| R pileatusz € ¥-2)E vl Qi Wang ef
al, 2003). pinfaensic acid(27)= CHOE 7= 31224 R
pinfaensisolX] #-2l¥ 0w 71 vlgA) 28, (Durham et al, 1994)
831 71 oPgA) 29 T 2 Ao YHB|=r1E 2k SREEA
BUHATHL et al, 1998). R microphyilus 21 ==2 5] 2—ace —

35

34 R = H (isopinafenoic acid)

36 (Rubitic acid)

37 (Rubinic acid)

38 (Fupenjic acid)

Fig. 2. Structure of ursane—type triterpenoids that are not typically found in Rubus species.
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R' R? Common name
39 Glc Glc Coreanoside F;
40 H H Coreagenoic acid

41 6'—0—MeGlc Glc
42 3—0—MeGlc Glc

Rubupungenoside
Rubupungenoside

Fig. 3. Structure of dimeric triterpenoids from Rubus
species.

toxy” 15 7FA+= 19 @ —HUTY! niga—ichigoside F; 3}320] #a)
B 8k QIeH(Seto er al, 1984).

A1 AFFE 212 Rubuss Aol A Yelll= 19a
—HUTHA) 3}3Hzo| A9 Fig. 2¢]] LERA 31 - 382) s3E-2 154
Q! 19e-HUTE of2= mE vehigich si3tE 313 332
19-OH7H erslo] B2 SER Vet o ofso tish 4
3l W2 AR 1 @A) pinfaenoic acid(32) 9} isopinfaenoic
acid(33) o] ¢EAFHDurham er al, 1996). Durham ef al-& 317}
329] 3l3E0] 52 HgolM Bepoh 22 HIskE AR AgE e
7Fs7dE vliAlekA] 2¥et (Durham e al, 1996).

R xanthocarpus®\¥= 352 3gMaEs} o] 1 3—0H7 15 714
= 3E0| B vk Q) (L ef al, 1988) Rubitic acid$] 367
B—OH71E 7K (Sakar et al, 1978) 37 3—oxo 7%= 715
O™ (Ohtani ef al, 1990) fupenjic acid(38) 2 diosphenyl moi—
etyE 7HE SEC T Hattori ef al, 1988).

opdellr A&sHE0] Rubusolrd Yeh-H= 52 19 ¢ —HUT
9] §40] 2 —-OH71E 7™ C-3¢lk= @ =2 p 8 P18 7
A, C—4°l carbinol(CH:OH) 718 7HKEA] £ 7[282407]
(COOH) & 7H71%2 shth= Fot}. Rubus% 2lEelx] Xl
C—3¢]) vl At 19 o —HUTE= LeiAIA] 882} Tormentic
acid B=d3} 23—hydroxytormentic acid 2530 Z}z} 47), 87
7} 42y EARKE R o] 127K 9] 8i3E] 7P Al VR 8%
=olefar & 4 Qks Alojok

Fig. 3ol Yehdl Rubus coreanus®) Qo4 coreanoside Fr 2] &
FHE-2 dimeric triterpenoidel] €31 o] ol ~El| 2 Ak HallslA
suavissimoside F1(18) 3 #8kE 23& AH3ITE |51 cor—
eanoside Fio] si3ME 187} 23°0% o]FolA] Q&S Snjsich

Rubus%: 218 E2)8F= 19 @ —Hydroxyursane—type Triterpenoid®] £33} o] &

Coreanoside & Ew8l3le] 1 n]dA9} coreagenoic acid
(4Q)°] LHEHTHOhtani et al, 1990). Coreanoside F12) 3t 74
19¢—-HUTR! 3}31E 239] dehs C~OHs o~ (axia) &
&b slshE 182 24—COOH 1% @ —Hil¥) (equatorial) = gk
A Wang et al, (2000)-2 Rubus pungenseVA rubupungeno —
side A(41) 9} B(42) = 223 ©}=% dimeric triterpenoidell gk
t} 412 6 —O—methy— 8 —D—glucopyranosyl 2] G& 71247
2 5731= 2 triterpene®l AE3}1 UE triterpeneli= glucose
T 7 ol ZulEth olef] nlgl) SRME 42¢ 419+ EE] ¥
—O—methyl— 8 —D—glucopyranosyl 2] -5 7IZIc}, o dei|x] A4
351 39 - 429] dimeric triterpencid®] 754 EAJ0 R FEH o7
coreagenoic acidE B|FAIE slat )= Holt) Coreagencic acid
3135 189} 239 triterpeneS monomerE T3 ¥ AT

EICPERS

Ursolic acid9} 2+-2-triterpene 5 squalene 0 ZHE A5
=21 2ok k. 723, Rubussy A&l BAE= 190
—HUTol| thet o d=li= A A=E Fig. 30 ArJsIsich Snl=
£ 7L JlexZ: 21 5o X 2] 19 o —HU T2 Ho] B 739
g (Arimoto et al., 1993a; Arimoto et af, 1993b), ©1 & E5 38
~OH71E 7Hu 3 a —OHE 7HA1A] 9=tk o]l ¥Isl RubusZs 4]
Eold= 190 -HUT7} 3¢—O0H 3 38-0HE 7= 19«
—HUT7} 25 275)7] ghZol 3—oxo—19 « —~HUTE 7= 7|
7721 pomonoic acidolA] AEdE AHeltl. Fig. 3ol 2ol ur—
sane7A2] thiEAR) triterpencid?! ursolic acid7t =2H)319] po—
molic acid”} =17, o714 AFskEled carbonyl” 15 7FAE pomonic
acidE AA 19 ¢ —"HUTE AAAE 3lo] ell&Hrk <, Rubus$ 19
a—HUT7} 2, 3—dihydroxy” & 7FA 2% pomolic acid(1) €] enol
tautomer?] 7|2 ol ATl HO A A7l euscaphic
acid®} tormentic acid7t %3 otk 715 viedA|gh(glyco—
sylation), AFsHEgo| #ofdle] o)F euscaphic acid(3) 2} tor —
mentic acid(5) 2] F5A1E2] A/do] 7Fed Aotk fel=H0 ¥
zte] 7led] oJal A H 2 @ ~0HS A Bl YAz <8l
gzl AN 7EAE 2 o' sttt AR o F B kg2 A
shik2o] o2} 7Mksoltt Coreanoside Fi(39) 2 22 di—
meric triterpenoidelA] 1 o|2~H 2 Agke- B R—OHE Fofsh=
triterpene acid2] monomer”} axial W92 3—-OHE A3t
R—COOHZ Al#sl= monomer+= equatorial® Hi¢sh= 23—
COOHE AlF3sh). @A Rubus 2}EelM LR dimeric
triterpecid®] monomer3Fe] AE2-0]2 ek A 0 2 AdH Flo]3)
o} 78U Liu ef al (2004) ©] 384 0 2 59%~NaOHE ¥Hg-A1#
.2 YAE 20| equatorial WY L) 2—OH7} o AE| 2 Agle}e] A
A slghEo] BV | sk
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Ursolic acid

Hydroxylation B
ou

HO'

Pomolic acid (1)

Pomonic acid (37)
(keto form)

Ilexsaponin series
with no 2-OH

Euscaphic acid (3)

Intermediate
(enol form)

OH;

Tormentic acid (5)

Hydroxylation .
and/or oni
oxidation 3 A

l Glycosyation

COOGIe
HO,
HOn ---- .
HOH,C"™ ™ coOoH
24
CH;
CH;
o0 -\S
oc
H | H

39 (Coreanoside F;)

Fig. 4. Proposed pathway for biosynthesis of 19 @« —HUTsSs.

19 2 -HUT<] Rubus < 21522} *C-NMR assignment

Rubus® 2&E FolA Hud sRIEES AEHEE 12350
Table 1o VFERch gtk 5227} njsaiadel Aw 7 wisaba
of triterpenoid& BAEAE SF31, AT 0 o|& TN &
= o) v15=0], Table 18] AF2AFR= F-2 3HA0] opd Qoup
S ARSI Al 0 F Holn]2]89] Q=) BiE]o triterpe —
noid7} v - Ao S531h

A5 Yehhs 3RS 72 B2 st PC-NMReW
C-2, 3, 19, 23, 24, 28] &ld3h= chemical shift& Table 2] .}
BRI, 015 o1 g3t AR P20 Alddt e U R
of thgo] g Folet Utk

H Y

A7 E SujellA sk 218 U 7|5 dAE 0 R AMKE L Q)
o}, =] AuiElE Bl ol elel ks eiiHE], S kg, E= 2
2Hlg] 53} o) Moo E F Q31| ATtEe] g1 wiel] S oF
A A7 el BN % 1 58-S Thslslof & Aotk Ak R<]
Ao o]gjef| = A7} &7 5ol S el deh= triterpenoid7t
g LA QLo B R o o] 83) ITE FABle] Ve AE e R
WAAA W lop & Aol o] A9 A& 0B REH 78 5219
a—HUTS £89 Azriee Fa g Aot Bae Je{d A&
3la1A} 3h= AFAREA R} E71E vl
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Table 1. Distribution of 19 « —HUT in Rubus species

Plant name Part Compounds Reference
R. pileatus Aerial 19, 14, 25, 26 Wang et al,, 2003
Durham et al, 1996
R. pinfaensis Root 3,5,6,7, 27, 28,31, 33 Durham et al, 1994
Richards ef al,, 1994
R xanthocarpus Aerial 5,11, 14, 20, 21, 29, 35 Li et al., 1988
R fruticosus Whole 36, 37 Sakar et al., 1978; Mukherjee et al, 1984
R. coreanus Leaf 8, 12,18, 39 Ohtani et a/, 1990
R. pungens Aerial 5,17, 18, 23, 24, 41, 42 Wang et al,, 2000
R. chingii Fruit or leaf 38 ’?IZ;EE; Z[t Z‘il 112@?1
R microphyllus Leaf 8,11, 30 Tanaka et al, 1984
R, suavissimus Root 7.8,18 Gao et al, 1985
R accuminatus Leaf 8,10, 15, 16, 18 Durham et a/., 1996

Table 2. *C~NMR data at six carbons (C-2, 3, 19, 23, 24, and 28) of 19 ¢ —HUT typically found in Rubus species

Comp. C-2 C-3 C-19 C-23 C-24 C-28 Ref.
17 28.1 78.2 72.6 28.8 16.5 78.4 Inanda et al., 1987
2 28.0 79.1 72.5 28.7 17.3 176.8 Cheng et al, 1992
3 66.1 79.4 72.7 29.3 22.3 180.7 Durham et al., 1996
4 66.0 79.0 T2.7 29.0 22.2 176.8 Seto et al, 1989
5 68.9 83.8 73.1 29.0 17.0 179.0 Durham et al, 1996
6 68.6 83.8 72.6 29.5 16.8 176.9 Durham ef af,, 1996
7 68.8 78.2 72.6 656.6 14.3 180.7 Seto et al, 1984
8 68.9 78.2 72.6 66.5 14.3 177.0 Durham et al., 1994
9 67.7 84.2 71.9 22.9 64.2 180.7 Houghton ef al.,, 1986
10 68.7 85.8 72.7 24.4 65.7 177.0 Houghton ef al., 1986
11 66.2 78.8 2.7 71.2 16.8 180.6 Li et al, 1988
12 66.3 78.8 72.6 71.3 16.7 177.0 Seto et al, 1984
14 66.3 79.0 72.8 23.7 65.3 177.0 Li et al, 1998
16 69.1 79.8 72.6 64.3 62.9 176.9 Abe et al., 1987a
17 68.5 80.9 72.7 178.0 13.4 180.6 Ohtani et a/, 1990
18 68.6 80.9 72.6 180.0 13.3 176.8 Gao et al, 1985
21 68.7 84.4 72.7 25.3 180.1 177.0 Gao et al,, 1985
22 68.6 82.2 72.7 179.1 63.0 176.9 Abe et al, 1987
23 66.2 70.4 72.7 67.0 178.5 180.4 Ohtani et al, 1990
27 68.1 77.1 72.7 206.5 10.7 180.7 Durham et al., 1994
28 68.1 77.1 72.6 206.5 10.7 177.0 Durham et al, 1996
29 72.6 78.9 72.7 246 205.4 176.9 Li et al, 1998
30 74.0 74.0 72.6 65.6 14.3 176.9 Seto et al, 1984

l)Methyl ester of compound 1 was measured in NMR spectrometer.
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