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Triterpenoids from Rhaponticum uniflorum

Yong-Hong Zhang ( #E 7k 41 ), Jie-Kai Cheng (2441 ),
Li Yang (% 17 ) and Dong-Liang Cheng* (f225 =)
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Lanzhou 730000, P. R.China

Theisolationandidenti fi cation of twenty-onecom po nents(in cluding four new triterpenoi d sapo ninsand one
new triterpenoid acid) from the root of Rhaponticum uniflorum (L.) DC. (Compositae) are de scribed. Their struc-
tureswere deter mined onthebasisof spectral anal y sisand chemi cal transfor mation. The new com pounds were
identi fied as3-O- z-L -arabinopyranosyl-urs-12,18(19)-dien-28-oic acid [>-D-glucopyranosy! ester, 3[- hy-
droxy urs-12,18(19)-dien-28-oic acid [*-D-glucopyranosyl ester, 3[-hydroxyurs-12,19(29)-dien-28-oic acid
[-D-glucopyranosy! ester, 3- O-z-L -arabinopyranosyl-urs-9(11),12-dien-28-oic acid F-D-glucopyranosyl es-
ter and 21z,3tx,191, 25-tetrahydroxyurs-12-en-23,28-dioic acid.

INTRODUCTION

Rhaponticum uniflorum(L.) DC. (Compositae) is dis-
trib utedin north ern China. Itsroot isaChi nesetradi tional
medi cineand hasbeenusedforintoxi cationandfor thetreat-
ment of fever. Recently, it wasdem on strated that itsethyl ac-
etateex tract in hibitsperoxidation of mem branelipidsand
posseses antiatheroscleroticactivity.? Some lipophilic com-
ponentsof sul fur-contai ning acety lenecom poundshavebeen
isolated from thisplant Many phytoecdysteroids were iso-
lated fromitsrootsand aerial parts.*Wehaveinvesti gatedthe
chemi cal con stit uentsof itsroot, leading totheiso lation of
twenty-onecompo nentsincludingfivetriterpenoidacids,
ninetriterpenoid sapo nins, three phytoecdysteroids, one phe-
nols, onethiophene, oneflavonoid, and one steroid. Of these
com po nents, four triterpenoid sapo ninsand onetriterpenoid
acid arenew com pounds. Inthispaper, wedescribethe struc-
tural eluci dationof isolatedcomponents.

RESULT S AND DISCUSSION

Separation of the methanolic extract of roots of
Rhaponticum uniflorumover sil icagel and Sephadex LH-20
yielded twenty-onecom pounds. Six teen of themwereidenti-
fied as known com pounds, ursolic acid (1),> 3-ox0-19:.- hy-
droxyurs-12-en-28-oic acid (2),° pomolic acid (3),” ziyu
glycoside Il (4),° 28-O-}-D-glucopyranosyl pomolic acid es-
ter (5),° ziyu glycoside | (6),° 2¢t,3tt,19¢i-trihydroxyurs-12-
en-28-oic acid (7),° rosmutin (8),*° sauvissimoside R; (9),**
ecdysterone (15),'? ajugasterone C (16),'2 ajugasterone C-
20,22-monoacetonide (17)," 3,3',4-tri (O-methyl) ellagic

acid (18) *arcticacid (19),® (+)-catechin (20),'® and daw-

costerol (21)*® onthebasisof their NMR and M Sspectra, and

compari sonwithauthenticsamplesandlit er aturedata. Five
of themwereidenti fied asnew com pounds, 3-O-i-L - arab

inopyranosyl-urs-12,18(19)-dien-28-oic acid P-D- gluce

pyranosyl ester (10), 3E-hydroxyurs-12,18(19)-dien-28-oic
acid P-D-glucopyranosyl ester (11), 3p-hydroxyurs-12,19(29)-
dien-28-oic acid [#-D-glucopyranosyl ester (12), 3-O-1z-L-

arabinopyranosyl-urs-9(11),12-dien-28-oic acid 5-D-gluco-
pyranosyl ester (13), and 2,3, 19, 25-tetrahydroxyurs-

12-en-23,28-dioic acid (14) by var i ousNMR tech niques, in
cluding COSY, NOESY, HMQC and HMBC ex peri ments
and chemi cal meth ods. Thesefive com poundsgave posi tive
re sponse to the Liebermann-Burchard test and com pounds
10-13 alsoshowed posi tivecol or ationtomolishtest,indi cat
ing 10-13 to be triterpenoid saponins and 14 to be a tri-
terpene.

Com pound 10 was ob tained asan amor phous pow der,
mp 203-205 =C. The IR spec trum showed the ab sorp tion for
hydroxy! groups (3354 cm'*), ester car bonyl (1727 cm™) and
dou blebond (1640 cm™). Acid hy droly sisof 10 in refluxing
15% HCI ben zene af forded D-glucose and L -arabinose, iden
ti fied by PC. TheHR-FABM Sshowedthemolecularionat
m/z 748.4392, corresponding to the molecular formula
C41HesO12. 10had ul travi oletab sorptionmaxi mumat 238
nm, indi catingtheexistenceof aconjugateddienesystem. Its
1H NMR spec trum (400 MHz, CD;0D) showed the presence
of onevi nyl hy drogen (& 5.37, t, J = 4.0 Hz) and one i nyl-
attached methyl group (& 1.73, s). Thesedatacon cluded com-
pound 10 to be a 12,18(19)-diene ursane type triterpene.'’
The 'H NMR spec trum showed two anomeric pro tons at &
6.20 (d, J=8.1Hz, glc-1) andi 4.26 (d, J=6.9 Hz, ara-1), in-
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dicativeof thepresenceof a B-glucosyl and a r:-arabinosyl 293-295°C, m/z. 454[M]*. Many featuresinits El massspec-
moi ety. Onacidhydrolysis, 10 fur nished an aglycone, mp  trumindi cated that the aglyconewasclosely relatedin struc-
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Table1. *C NMR Spectra Dataof Compounds 10~12
(100 MHz, 10in CDs0D, 11~12 in CsDsN)

C 10 11 12
1 40.23t 39.36t 39.05t
2 2747t 28.15t 28.15t
3 90.66 d 79.08d 79.32d
4 40.35s 3945s 3945 s
5 57.20d 55.96 d 55.96 d
6 19.271 1867t 1867t
7 35.85t 3511t 3511t
8 40.64 s 39.81s 3945 s
9 48.58d 48.32d 48.10d
10 37.82s 3751s 3751s
11 24.23t 2348t 2385t
12 127.70d 126.65d 128.56 d
13 139.54 s 138.75 s 138.75 s
14 45.69 s 4491 s 4280 s
15 29.24t 29.05t 29.05t
16 27.14t 26.74 t 25.77t
17 48.36s 49.90s 49.80 s
18 134.04 s 133.84s 52.23d
19 137.53s 137.51s 153.45d
20 35.63d 34.58d 3740 s
21 31.61t 30.97t 30.63t
22 35.85t 35.31t 37.18t
23 28.66 q 28.79q 28.79q
24 17.14q 16.60q 16.51q
25 16.70q 16.31q 15.77q
26 18.74q 18.56 q 18.68 q
27 22.35q 22.11q 22.11q
28 176.60 s 174.74 s 176.28 s
29 19.79q 19.53q 110.37t
30 18.74q 18.68q 19.38q
Sugar moieties

Glc-28 Glc-28 Glc-28
1 95.77d 95.80d 95.90d
2 74.03d 74.11d 74.05d
3 78.63d 78.87d 78.87d
4 71.26d 71.18d 71.18d
5 78.39d 78.06 d 78.14d
6 62.61t 62.30t 62.30t

Ara3
1 107.09d
2 72.83d
3 74.33d
4 69.47 d
5 66.32

tureto llexolic acid.” Thus 10 wasdeter minedto bellexolic
acid 3-O-ri-L -arabinopyranosyl-28-O-F3-D-glucopyranoside
(3-O-ti-L -arabinopyranosyl-18-dehydro-20-epiursolic acid
28-O-[3-D-glucopyranosyl ester).

Compounds1l and 12 wereisolatedasaninseparable
mix turein aratio of 3:2, based on theinte gration of the
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olefinic protonscor re sponding to the aglyconegroupsinthe
'H NMR spec trum of 11+12. The IR spec trum showed the
presence of hydroxyl groups (3433 cm™), ester carbony!
(1723 cm™) and dou blebond (1631 cm™). Acidhy droly sisof
the mix ture af forded D-glucose as the sole sugar, and HR-
FABMS(n/z616.3969; calc.: 616.3969), in di cated that the
molecular for mulashouldbe CssHssOs. The NMR spec trum
of 11+12 showed that 11 and 12werestructural isomers. The
*H NMR spec trum (400 MHz, pyridine-ds) indi cated that 11
wasclosely relatedto 10, ex cept for theab sence of arabinosyl
moi ety at C-3. The *C NMR spec trum of 11+12exhibited
signalsfor two 4"-doublebond (i 126.65, 138.75; 128.56,
138.75), one A*¥(9-dou ble bond (i 133.84, 137.51) and one
ter mi nal doublebond[& 153.45(s), 5110.37(t)]. Comparison
of the **C NMR and DEPT spec tral dataof 11 and 12 with
those of related com pounds found com pound11 and 12 to
haveacon ju gated A28 and A21°@9fyunctions, respec
tively.® The *H NMR spec trum of 11+12 showed sig nalsfor
two anomeric protonsof glucose (& 6.32, 6.31, d,J = 8.1 Hz),
H-29 (5 1.79, 3H, s, §5.53, 5.18, 2H, br ), H-12 (5 5.75, 1H,
t; § 5.65, 1H, t), and H-3 (i 3.45, 2H, dd, J = 11.1, 4.1 HZ).
Thus, 11 waselu ci dated as Ilexolic acid 28-O--D-gluce
pyranoside (18-dehydro-20-epiursolic acid 28-O-3-D- gluco
pyranosy! ester) and 12 was deduced as 3p-hydroxyurs-
12,19(29)-dien-28-oic acid ;-D-glucopyranosyl ester.
Thecompound 13, platelet crystals, mp 247-249 =C,
hadamolecularformula, C 4:HesO12, based ontheHR- FABMS
(m/z748.4394; calc.: 748.4392). ThelR spectrum (KBr) indi-
cated the pres ence of hydroxyl groups (3437 cm™), ester car-
bonyl (1729 cm®) and dou ble bond (1645 cm?). Acid hy dro-
ly sisof 13af forded D-glucoseand L -arabinose, identi fied by
PC. The'H NMR spec trum of 13 showed the presence of two
trisubstituted dou ble bonds. That these two trisubstituted
dou blebondsform ahomoannular dienesystemwasev i dent
fromitsUV absorptionmaxi mumat 280 nmchar acter isticof
suchasystem.” Thefol low ing"H NMR spec tral dataof 13
(400 MHz, pyridine-ds) sug gested the struc tural featuresof
an urs-9(11),12-dien-28-oic acid bioside triterpene: a broad
singletatf 1.97 (H-18), two olefinic protonsat & 5.70 (d, J=
10.7 Hz, H-11) and & 6.49 (d, J= 10.5 Hz, H-12), which were
con firmed by the cross peaks be tween H-11 and H-12 in the
'H-'H COSY spectrum, andH-29 (& 0.75, d, J = 6.4 Hz, 3H),
H-30 (7 0.97, d, J= 6.7 Hz, 3H) and two anomeric pro tonsatf
6.20 (d, J = 8.1 Hz, glc-1) and @i 4.75 (d,J = 7.0 Hz, ara-1).
The *C NMR spec trum showed four olefinic car bons at &
135.49 (s, C-9), 127.34 (d, C-11) and 125.99 (d, C-12),
138.25 (s, C-13), and acar boxyl car bon atéi 176.58 (s, C-28).
Theassign mentsof the®*C NMR sig nalsof 13 were made by
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Table 2. *H and 3C NMR Spectra Dataof Compound 13 (400 MHz, CsDsN)

No. H C

1 0.97m,1.81m 38.29t
2 1.91m,2.20m 26.54 t
3 3.35dd (118, 4.1) 88.56 d
4 39.64s
5 55.32d
6 26.61t
7 32.82t
8 40.86 s
9 135.49 s
10 36.65s
11 5.70d (10.7) 127.34d
12 6.49d (10.5) 125.99d
13 138.25s
14 4248 s
15 1.67m,2.15m 32.00t
16 1.65m,2.01 m 25.68t
17 47.16s
18 1.97 54.67d
19 27.80d
20 281m 34.67d
21 32.60t
22 2499t
23 1.26s 27.90q
24 0.92s 16.66 g
25 0.86s 18.37q
26 1.14s 17.00q
27 1.00s 21.23q
28 176.58 s
29 0.75d (6.4) 1946 q
30 0.97d (6.7) 16.42q
Ara3

1 4.75d (7.0) 107.47d
2 4.45m 72.88d
3 416 m 74.58d
& 4.32m 69.47 d
5 4.02m, 3.98m 66.70t
Glc-28

1¥ 6.20d (8.1) 96.37 d
2 417m 74.09d
3" 442 m 79.25d
4 437m 71.25d
5 3.83m 78.81d
6" 428m,4.24m 62.36t

Observed connectivitiesin HMBC spectrum

H-2, H-25

H-1

H-1, H-2, Ara1’, H-23, H-24
H-23, H-24

H-24, H-23, H-1

H-26

H-26

H-11, H-18, H-6, H-26, H-27
H-11, H-12, H-18, H-27
H-1, H-2, H-25

H-18

H-18

H-12, H-26, H-27
H-12, H-15, H-26, H-27
H-26, H-27, H-16
H-15, H-27

H-22

H-12

H-29, H-21, H-22
H-19, H-29, H-30

H-30

H-20, H-29

H-3, H-24

H-3, H-23

H-1

H-26
Glc-1", H-22, H-21
H-28

com par i sonwith those of model triterpenes'® and were con-
firmed by theHMQC and HMBC spectral anal y sis(see Table
2). Onthebasisof thesedata, the struc ture of 13 was elucided
as 3-O-ti-L-arabinopyranosyl-urs-9(11),12-dien-28-oic acid
B-D-glucopyranosyl ester.

Thecom pound 14, amor phouspow der, mp 293-295°C,
hasamolecularformula, C 3pH 4505, based on the HR-FABMS
(m/z534.3191; calc.: 534.3189). ThelR spec trum showed the

ab sorptionfor hydroxyl groups(3412 cm™) and a carboxylic
group (1689 cm™). TheEI-MSex hibited signif i cantionsat
m/z 264, 246, 201, 187, and 146, which in di cated the pres
ence of ater tiary hydroxyl func tion on C-19 in the urs-12-
en-28-oic acid skel etonin ac cord withits *C NMR spec-
trum.* The "H NMR spec trum of 14 showed sig nalsfor two
protonsonC-1(i 1.47,2.28, m, 2H) and two geminal protons
on C-25 (& 4.17, 4.22, dd, J = 13.8,1.5 Hz, 2H), which were
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Table 3. *H and *3C NMR Spectra Dataof Compound 14 (400 MHz, CsDsN)

No. H C

1 1.47 m,2.28 m 48.26t
2 423 m 68.69 d
3 4.62 d(8.4) 81.24d
4 54.70s
5 223 m 52.34d
6 21.37t
7 3331t
8 40.44 s
9 48.07d
10 38.54s
11 2.08 m,2.23m 2410t
12 554 m 127.63d
13 140.08 s
14 42.09s
15 1.16 m, 221 m 29.25t
16 202m,3.10m 26.96t
17 48.07 s
18 3.02brs 54.70d
19 72.70s
20 1.30m 42.31d
21 140 m 26.40t
22 204 m 38,54t
23 181.05s
24 168 s 13.73q
25 4.17,4.2 dd (138,15) 64.79t
26 1.06 s 17.31q
27 162s 24.61q
28 181.05s
29 1.39s 27.08q
30 1.08 d(6.6) 16.74q

Observed connectivities in HMBC spectrum

H-1,H-3
H-1, H-24
H-3, H-5, H-24
H-24, H-26
H-5, H-26
H-26

H-26, H-27

H-1, H-25, H-26
H-12, H-27

H-11, H-18

H-18, H-27

H-12, H-18, H-26, H-27
H-27

H-15, H-18
H-11, H-29
H-18, H-29, H-30
H-29, H-30

H-30

H-3, H-5
H-2
H-11
H-30
H-18

con firmed by the cross peaks be tween H-1 and H-25 in the
'H-'H COSY spectrum.” Sincethesig nal of C-4 was shifted
tolower field (& 54.70) than that of 7 (& 38.67),° and wasvery
simi lar to that of the co-occurring known triterpene 9, the

Fig. 1. SelectedHMBCcorrelationsof 14.

car boxyl group was assigned to C-23 on the basisof HMBC
and NOESY dif fer ence spectra(see Table3). Thus, 14 was
eluci dated as 2, 3ii, 190, 25-tetrahydroxyurs-12-en-23,28-
dioicacid.

The abovetwenty-one com pounds con tained seven dif-
fer ent skel etons: fiveursanetypetriterpenoidacids(l, 2, 3, 7,
and 14), nine ursane type triterpenoid sapo nins (4, 5, 6, 8, 9,
10, 11, 12, and 13), three ecdysteroids (15, 16, and 17), one
phenol (18), one thiophene (19), one flavonoid (20), and one
steroid(21). Triterpenoidisan other major prod uct inthis
plant ex cept the phytoecdysones.

EXPERIMENTAL SECTION
General Methods

Melting points were de ter mined on a Kofler micro-
melting point ap paratusand areun cor rected. Opti cal rota
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. HMBC
. NOESY

Fig. 2. KeyHMBC and NOESY cor relationsof 13.

tionswereob tained withaJASCO-20 polarimeter. IR spectra
wererecorded onaBio-Rad FTSspectrom eter and UV spec-

traon an UV-210A spec trom eter. NMR spec trawere per-

formed on aBruker AM-400 using TMSasaninter nal stan-

dard. NMR ex per i mentsin cluded *H-*H COSY, NOESY,

HMQC, and HMBC. HR-FABM Swas mea sured on aBruker

APEX Il, and FABMS and EIMS were mea sured on aV G-

ZAB-HSmassspectrometer.

Plant Material

The roots of Rhaponticum uniflorum (L.) DC. (Com-
positae) werepur chased fromacom pany of Chi nesemedici-
nal materi alsin Gansu Prov ince, China, and wereidenti fied
by Prof. Yin-Shou Zhou, Lanzhou Medical College. A
voucher speci menNo. 98001 wasdepositedintheHer barium
of thePhar macy Depart ment, LanzhouMedi cal Col lege,and
intheLaboratory of Natural Products, Lanzhou Uni ver sity, P.
R. China.

Extraction and Isolation
The roots of Rhaponticum uniflorum (3 kg) were ex-

tracted with MeOH (x:6) at room tem per ature, and con cen

trated to give adark brown syrup (156 g). The MeOH ex tract
wassuspendedinwater and subjectedtosequential ex trac-

tion with petrol, EtOAc and n-BuOH, successively. The
EtOAclayer wascon centrated un der reduced pressureto
leave abrown syrup (41 g) which was sub jected to chro ma-

tography onsil icagel (2.1 Kg, 200-300 mesh) and eluted with
agradi ent of petrol and EtOAc (9:1) to af ford fivefractions.

Fractionll (16 g) under went col umnchromatography onsil-

ica-gel (1.6 Kg, 300-400 mesh) and eluted with n-hexane-

EtOAc(9:1)toobtain19 (25 mg), 1 (10 mg), 2 (14 mg), 3 (56
mg), 7 (41 mg), 14 (46 mg), 18 (65 mg), and 20 (45 mg), suc-

cessively. Fraction |11 was chromatographed on Sephadex

LH-20 and eluted with MeOH or H,O-MeOH toyield 21 (36
mg), 4 (50 mg), 5 (42 mg), 11 and 12 (50 mg). Fraction IV
was purified by repeated chromatography on Sephadex
LH-20and elutedwithagradi ent of H ,O-MeOH to give8 (45
mg), 6 (80 mg), 10 (55 mg), 13 (56 mg), 15 (31 mg), 16 (23
mg) and 17 (25 mg).

Then-BuOH layer was con cen trated un der re duced
pressuretoleaveabrown syrup (36 g) whichwassub jected to
chromatography onsil icagel (1.8 Kg, 200-300 mesh) and
eluted with agradi ent of CHCls and MeOH (8:1) to af ford9
(46 mg).

3-O-ii-L -Arabinopyranosyl-urs-12,18(19)-dien-28-oic acid
E-D-glucopyranosyl ester (10)

Amor phous pow der (MeOH), mp 203-205-C; [t]%
+67.1% (MeOH; ¢ 0.31); UV (MeOH) »max (logs): 238 (3.75)
nm; IR (KBr, cm?): 3354 (OH), 1727 (C=0), 1449, 1386,
1074; *H NMR (400 MHz, CD;0D): i 3.15 (1H, dd,J = 11.1,
4.1 Hz, H-3), 5.37 (1H, t, J = 4.0 Hz, H-12), 1.73 (3H, s,
H-29), 0.99 (3H, d, J = 6.4 Hz, H-30), 0.84, 0.92, 0.98, 1.04,
1.10 (each 3H, s, Me % 5), 4.26 (1H, d, J = 6.9 Hz, H-Aral),
6.20 (1H, d, J = 8.1 Hz, H-Glcl); *C NMR (100 MHz,
CD:OD) dataislistedin Table1; EIMS mvz (rel. Int.): 586
(M-Glc, 2.1), 454 (M-Glc-Ara, 5.3), 437 (5.6), 408 (2.4), 246
(26.6), 208 (3.6), 207 (14.7), 201 (51.6), 190 (54.8), 189
(50.0), 145 (35.0), 119 (48.0); FAB-MS m/z: 771 [M+Na]*,
749 [M+H]"; HR-FABMS m/z 748.4400, calcd for CaiHeaOxz:
748.4392.

3B-Hydroxyurs-12,18(19)-dien-oic acid -D-
glucopyranosyl ester (11) and 3-hydroxyurs-
12,19(29)-dien-28-oic acid P-D-glucopyranosyl ester (12)
Amor phous pow der (MeOH). IR (KBr, cm™): 3433
(OH), 1723 (C=0), 1631 (C=C), 1454, 1387, 1198, 1071; *H
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NMR (400 MHz, CsDsN): & 3.45 (1H, dd, J = 11.0, 4.0 Hz,
H-3), 5.69, 5.53, t, H-12; 1.79 (3H, s, H-29), 5.53, 5.18 (2H,
br s, H-297), 1.00 (3H, d, J = 6.2 Hz, H-30), 0.91, 1.00, 1.08,
1.15,1.21 (each 3H, s,Mex5), 6.31, 6.32 (each 1H, d,J = 8.1
Hz, glc-1); *3C NMR (100 MHz, CsDsN) dataislisted in Ta-
ble 1; EIMS m/z (rel. Int.): 454 (M-Glc, 5.0), 408 (2.9), 246
(27.2), 208 (4.2), 207 (16.0), 201 (53.0), 190 (56.0), 189
(51.0), 145 (34.2), 119 (47.5); FAB-MSm/z: 639 [M+Na]",
617 [M+H]*; HR-FABM S m/z 616.3969, calcd for C 3HzOg:
616.3969.

3-O-ti-L -Arabinopyranosyl-ur s-9(11),12-dien-28-oic acid
E-D-glucopyranosyl ester (13)

Platelet crystals (MeOH), mp 247-249°C; [w]® +21°
(pyridine; ¢ 0.12); IR (KBr, cm™): 3437 (OH), 1729 (C=0),
1645 (C=C), 1468, 1370, 1068; UV (MeOH) Amax (10g £): 280
(3.91) nm; *H NMR, ®C NMR (400 MHz, CsDsN) data is
listedin Table2; FABMSm/z: 771 [M+Na]*, 749 [M+H]",
586 [M-GIc]", 454 [M-Glc-Ard] *; HR-FABMSnvz 748.4394,
calc.: 748.4392.

211,31,190,25-T etr ahydr oxyur s-12-en-23,28-dioic acid
(14

Amor phous pow der (MeOH), mp 293-295=C; []%
+43.67 (pyridine; ¢ 0.21); IR (KBr, cm™): 3412 (OH), 1689
(COOH), 1605 (C=C), 1558, 1461, 1398, 1051; *H NMR, **C
NMR (400 MHz, CsDsN) dataislistedin Table 3. EIMS m/z
517 (M+H-H.0, 100), 498 (M-2H0, 13.0), 264 (3.0), 246
(3.5), 201 (5.0), 187 (2.7), 146 (4.0); FABMSm/z 534 [M] ",
517 [M+H-H,0]*; HR-FABMS n/z 534.3191, calcd for
C3H460g: 534.3189.

Total hydrolysis of compounds 8,9,10,11+12,13

Each com pound (20 mg), 15% HCI (20 mL) and C¢Hs
(20 mL) weremixed and refluxed for 10 hr. Af ter neutral iza-
tion of the aqg. layer, the soln was filtered and concd. D-
Glucoseincompounds8, 9, 10, 11+12, and 13wasidenti fied
by PC using EtOA c-pyridine-H.0(12:5:4) asdevel opingsol-
vent. L-Arabinose in com pounds 10 and 13 wasdetected by
PC.
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