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Abstract-Jn addition to the known odorosides, the ~-~~gi~osi~ and ~-~~ucosyl~l --+ 4~~-~~~~oside of 
uxarigenin were isolated from the root bark of N&urn ~~ Odoroside 3 was obtained in remarkably high 
yield among the digitoxigenin and uzarigenin glycosides. With the aid of polyamide column chromatography, olean- 
drigenin ~-g~tiobiosyl-(1 -+ 4~~-~dig~~os~de { = 
genin giycosides. 

16-~-a~ty~~~tos~) was isolated along with other oleandri- 

WTRODUCYlON RESULTS 

Reichstein and his associates [l] surveyed cardiac glyco- 
sides in the stem bark of opium ~~~ grown in India, 
and found many glycosides including odoroside A, B, 
D, G, H, K, bioside K, graciloside, and a mixture of 
16-(f-acetyl- and l~~y~o~~~~urn verum (Table 1). 
Present authors previously reported on ~ioph~un~ 
r-21, pregnenolone glucosides [J], and pregnane IpI in the 
root bark, and cardiac glycosides in oven-dried [5j and 
air-dried leaves&]. This paper deals with the cardiac 
glycosides including three new uxarigenin and oleandri- 
genin glycosides in the root bark, and the comparison 
of the digitoxigenin and uzarigenin glycosides with thase 
from the stem bark. 

* Part 6 in the series “Nerium”. For Part 5 see[6J, 
t [M& values of a- and p-methyl ~i~~~ide were re- 

ported as f243” and -5”, respectively by Kheiner et al. [l]. 

The methanol percolate of powdered root bark was 
diluted with water and petitions with hexane, benzen% 
CHC&, and with BuOH, successively. The CHC13 layer 
was again treated with xr;/,-MeOH and fractionated to 
CHCl, (C-l) and aqueous (C-2) layers. A part of each 
fraction was submit~d to silica gei (Si) column chromato- 
graphy, using benzene-acetone or the lower layer of 
CHCls-MeOH-water as ehnmt. From these fractions 
two new gly~si~~ 1 and 2 were isolated, in addition 
to the known digitoxigenin and uxarigenin glycosides, 
odoroside A, B, G, H, K, and bioside K (Tables 1, 2). 

Compound 1, C30H460s, isolated from benzene and 
C-l fractions, was hy~ol~d to uxarigenin and digita- 
lose. The aviation of the liige of digitalose to 
uxarigenin was shown as j$ by the coupling constant of 
anomeric proton (d, J = 8 Hz), and by [M-J, difference 
thnn, = + 753 of 1 and ~~~~. Con@. 1 afforded 
two monoacetates IA-1 (mp 234O) and lA-II (mp ZOO”), 

Table 1. Cardiac glycosides of the root bark of Nertunt &ram 

Aglycones 

sugars 

~Q-~~noside Odoroside A* Nerigosidet 
#?-D-Dig&t1OSide Od H’ Neritalosidep 
~D-GIucoS~~- Glucosyl- 

~-~~i~noside Od. D* Bioside K* nerigosides 
,&D-GIucosy~-(l -* 4)- Glucosyl- 

8-BDigit&side (Bioside G)$ Compd. 2 neritalosid~* 
~-G~tiob~~yl- 

/?-MXginoside - Od. K* - 
Compd. 3 

/I-Gentiobiosyl-(1 -+ 4). (16-O-acetyl- 
#&&&italoside Od. G* - neogitostin) 

* Obtained from stem bark[l]* t Obtained from m&s [7]. $ Obtained by enzymatic 
hydrolysis of Od. G El]. 8 Obtained from air-dried leaves [6]. 

12;5 
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Table 2. Yields of the di~toxiS~in and uzarigenin glycosides (%) 

Digitoxigenin glycosides Uzarigenin glycosides 

Biosid. 
Od A Od. II Od. G Od. B I K 2 Od K 

Root bark 0.070 0.043 0.040 0.450 0.054 0.049 0.021 0.079 
Stem bark 0.072 0.115 O.tO8 0.130 0.020 0.001 0.016 0.091 

on limited acetylation or on mild ~~n~~tion of l-dia- 
c&ate, and in or&r to verify the position of a&y1 resi- 
due, each monoac&ate was compared with odoroside H 
monoacetate on NMR spectroscopy (Table 3). For odor- 
aside H monoacetate, doubledoublet signals at 6 5.16 
(J = 8 and 10 Hz) and at 6 3.92 (J = 1 and 4 Hz) were 
a&gned respectively to 2’ and 4’ protons according to 
their coupling constants and the spin decoupling pro- 
cedure of l’, 2’, 3’ (6 3.34, dd: J = 4 and 8 Hz), and 4’ 
protons. A similar double-doublet resonance with small 
coupling (like that at S 3.92) was given in IA-1 at 6 3.68 
rather than in ILA-II, whose corresponding proton was 
obsrved at 6 5.02 with a downfield shift by acetylation 
of the hydfoxyl, and another dd line at 3.56 with a split- 
ting of 6 and 1OH.z. lA-I and lA-Il were thus assigned 
as the 2’-O- and #-O-acetate, respectively. 

Compound 2, Cs&56013, was obtained from C-2 
and BuOH fractions and, on acid hydrolysis, afforded 
uzarigenin, D-digitalose and &glucose. Al~ou~ partial 
hydroly~s of 24 was u~s~s~~, MS spectroscopy of 
Zpentaacetate exhibited a peak at mfe 331, ascribable 
to tbe terminal acetylated glucose residue. Thus, glucose 
is linked to digitalose. The pen&acetate was saponified 
to give a rnonoa~~~. Since a doubl~oublet of the 
it-monoacetate at 6 5.82 coincided with those of bioside 
G monoacetate (&X84) and of odoroside H monoacetate 
(S 5.89) (Table 3), their acetyl residues were at 2’-OH, 
and consequently the glucose of 2, as well as that of 
bioside G, was attached to 4’-OH of digitalose. The 

~~o~~ration of glucose residue was supported by 
[n/r7o difference of 2 and 1 (A.& = -61”). Henoe, the 
structure of 2 was deduced to be uzarigertin /?-D-glucosyl- 
(1-t 4)++digitaloside. 

In order to compare the cardiac glycosides of the bark 
in aerial and underground parts, the major glycosides 
were isolated from the stem bark by the same promdure 
as used for the root bark (Table 2). 

When polyamide (PO) column ~romato~aph~ was 
carried out prior to Si column chromatography, the 
oleandrigenin glycosides in each fraction (nerigoside, 
neritaloside, ~u~syl~erigoside or glu~syl-nearside) 
were eluted before digitoxig~ and uzarigenin glyco- 
sides. In addition to the known oleandrigenin glycosides, 
Compd. 3, showing the same fluorescence as the olean- 
drigenin glycosides with the SbC13 reagent under UV 
light, was isolated from BuOH fraction, along with glu- 
cosylneritaloside, On enzymatic hydrolysis, 3 furnished 
d~i~urn verum and its monoa~~te, whose aglycone 
was confirmed as olean~ig~n on hydrolysis. Com- 
pound 3 appeared to be composed of oleandrigenin, 
D-digitalose and possibly two moles of ~-glucose. The 
acetyl residue of 3 was removed by alkali to provide 
a more polar non~~~l~ glycoside which was further 
hydrolyzed to digitalinum verum. Gentiobiose a-acetate 
was obtained on acetolysis of 5acetate. These results 
suggest that 3 is oleandrigenin @-gentiobiosyl-(l--,4)-@- 
D-digitaloside (= 16-O-acetylneogitostin) and, in fact, the 
physical constants of ?I-acetate are in good agreement with 

Table 3. NMR of the acetylated ~~t~osides and ~u~syl~gi~osides of ~~tox~enin and uzarigenin (ppm) 

Giycosides Solvent* I’-H 7-I-I 4’-H 22-H 

Uzarigenin digitaloside 
2’-O-acetate (IA-I) 

Uzarigenin digltaloside 
4’-O-acetate (lA-II) 

Uzarigenin digitaloside 
a’,$-diacetate 

Odoroside H 
2’-O-acetate 

Odoroside H 
Z,4-diacetate 

uzarigenin ~u~syl 
digitaloside monoacetate 
@MA) 

Odorobioside G 
Monoacetate 

C-M 4.21 
(d, J= 8Hz) 

C-M 4.16 
(cf, J = 8 Hz) 

C 4.48 
(d, J = 8 Hz) 

C 4.21 

P (& J4;: Hz) 
(d, f h 8 Hz) 

c 
(d, J4Ly Hz) 

C-M 

P 

P 

4.6 - 4.9$ 

3.56 
(dd, J = 6, 10 Hz) 

5.01 
(dd, J = 8, 10 Hz) 

5.16 
(dd, J = 8, 10 Hz) 

5.89 
(dd, J = 8, 1OHX) 

5.10 
(dd, J = 8, 10 Hz) 

5.82 
(dd, J = 8, 10 Hz) 

5.84 
(dd, J = 8, 10 Hz) 

3.68 
(dd, J- 1,3Erz) 

5.02 
(&J, J = 1, 3 Hz) 

5.32 
(dd, J= 1,4Hz) 

3.92 
(dd, f = 1, 4 Hz) 

4.15 
(&, J = 1, 4 Hz) 

5.37 
(dd, J = f , 4 Hz) 

3.96 
(dd,J= 1,4Hz) 

5.60 

5.59 

5.89 

5.98 

6.20 

5.92 

5.60 

6.13 

6.24 

* C: CD% M: Cl&&I& C-M: 1:l mixture of C and M, P: CsDsN. t In order to measure the anomeric proton, triffuoro- 
acetic acid was added [S]. $ Overlapped with 21-rn~tbyl~e s&t&. 



the data akeady reported on mmgitostin nunaacetat~ by 
Ukano [9]* 

The digitioside (I) and ~~~~~~~~~~~~~ (2) of 
uwigenin W~F@ obtaiued from @I@ stem bark of thy 
plants we exmineb, whereas neithw of these two &co+ 
side-s were present in the stem ba.& of N, oaks gown 
ifi fndia[lj. opf the other hanlt, the latter contained 
graciloside which was not fomd in the Japmese p&mt. 
This is obviously yet rmothe~ exampIe of chemical race% 
Curapatisan of the d~~~t~xj~en~n and uzarig&zz @yco-. 
sides in the root and stem barks showed the pre- 
dominancy of migenin glycosides, especially, odoroside 
13 in the former. 

The sugar mokti:~ of o>dor~biaside G and graciloside 
were believed respe&veIy as ghxosy~-(~ -44) and 
-(I -+ I?)-digitalose, but no positive proof has beexx given. 
En this study9 the 1 -4 h&age of glucose to digitalose: 
in both 2 and biosidt: G were con%med by the aid of 
NMR spectroscopy, 

*aration of the cardenotides having same sugar 
moietiq such as g~t~obiosy~~~os~~ of oleamki- 
g&n and of d~~jto~ig~~, or ~u#sy~~~~os~de of 
oleandrigenia and of umigeuin have been not corn- 
pletely successful using Si c&m chromatogmphy. We 
have shown that if the crude mixture is fim passed 
through polyamide column, okandrigenin gtycosides cm 
be eMed out with water prior to those of ~~tu~~~~ 
or umrigenin, and each of the minor okanbrigenk gIy- 
cosides cau then be isolated satisfactory w&h the aid of 
5% cohmm ~o~ato~~~hy_ 

Ab~mktiorr, Fotkknj~ abbreviations were UP&; odoro- 
sides A, B, .-.. K : A, 3, + K, bioside K : BK, nerigoside; Ng, 
Reritaloside: Nt, strospetide: SS, glucosylnerigodde: GN& 
glucosylneritafoside ( = 160-acetyl d&itiinum verum): GN$ 
pregReRofone #Lglucosy&(f. -+ 2~~-~~cos~de~ F3, pregR&Ro- 
lone #?-glucosyl-(1 --r) 6)+glucoside: P2, pregReR&Re his-& 
ghxosyll-(I + 2, I-+ 6)-&$sxcoside: PI, y&uw pigments: Y9 
aad Y6. 

G@zPreraf ~~~~e~~~~ Mp’s were measured on K.&zr block 
aRd uncorr. Uptica? rotations and W absorptlons were 
measured in MeUH at 2Oq and at room temp., respectively. 
TLC and PC were con&&d princip& in the same manner 
described in the preceding paper f&J 

Extiutbn an& fi~c~io~atiix Root bark (10 kg) was pow- 
dered and percolated with MeUH and the concentrate of pes- 
colates diluted with H&I (1: 1). The mixture was partitioned 
virith bexane> CSHS (ext. l5Og), CHCX, (227 g), and B&K 
(162 g), successively. Txae CHQ exxt, was again dissolved in 
CHcf3, back extracted with SOo/,-MeUH, and both c=NC& 
(C-1) and aq (C-2) layers were coRceRtra&d (lOOg and 1 iQ 8j 
respectively). Each fraction was subjected to Si column chro- 
~t~~aphy with C6H6-Me&U (for C6H, &action) or 
CHCL,-MeUH-H,O (7:2:1.2 + 0.7, 7:3:1.2 - 0.7) and the 
fractions cantaining each glycoside were crystallized tcr a@ord 
pm sampk The bark of stem was worked up in the same 
way. The overait yields wt3f”e listed in Table 2. 

(C QXQ, (C, 64.4; H, 3.1. C3&&10+H2U requires C, 54.1; 
H, 3.2%). Monoacetat~: of f (IAd) and flA-ZE) were skakd 
by partial acetylatidn of 1 with eq A@ in C,H5N (lA-1) 
or saponification of the diacetace with KHCOJ, followed by 
Separation of the products by Si column chrumatagraphy, 
IA-f. mp 233~234*, [ce&, + 35.0” fc O+XI). f&II mp 19%2Q0°, 
@&V”-g.u” (c a.15>* UR r&8x of f (SSQmg) with 20ml of 
0.1 N-HzSUa-5QQ/, EtUH far 3 hr, anhydrouzarigtin (mp 
270-274”) and uzarigeRin (mp 248-251”) were obtained aRd 
identi&.d by direct c~rn~~~~R with authentic sampIes (mmp~ 
XR). r&&&xe was detected frum H2Q layer af the hydro- 
&ate (PC: RJ Oa39 in. to&ne-3uUH (3 ~9) satd, dtb H,U; 
specimen D-di&Ksse 0.69; *di&~ose 0*39, D-glucose 0.07: IQ 
0.49 in. Bush-AcUH-H,U (4:1:5); o-digitdose 0.48, .~-@a- 
wse 0.16). 

Usarigerzin ~-o_82ucasy~~l --) 4)+D-digita~oside (Compd. 2). 
C-l and C-2 fractions were chromatographed on Si column 
with CHCl,-MeOH-HJI (7:2:1) and the fractions containing 
2 were crystal&d from MeUH to give prisms, mp 31~325”, 
[a&j -f2W (cO.Q8r, ffh&-8W; @4-&&~~.$ = -61°X 
IN &- 21gRm (E 17900x, (Found: C, 60.2; H, 8.1. 
C3,jHSdUbJ -HZ0 requires C, 50.5; W, 8.2~). Compd. 2 g?ennta- 
ac&~ak, mp 27Q-274*$ [#lD-- 10.9” (c U.llX (Found: C, BQ.7; 
H, 7.2. C4SH66U16 requires c, 60.9; H, 7.3%). MS: m/e 331 
(peracetylated term&+$ hexose residue). Con++ 2 mmace~~~? 
@MA), Z&IA was prepared by saponllicatiun of the penta- 
acetate with KHC&, followed by crysta~lj~t~on from MeUH 
to give needles mp 2%2&I”, [&Jo--13,6” (c 0.11). Compd. 2 
(300 mg) was reflexed with 0.X N-H&$-500/, EtUH for 2 hr 
to give a small amount of uzarigenin (mp 241-245”) identified 
by direct comparison with authentic sample (mmp, XR). D-dig& 
t&se and ~-gh~cose (PC: rp, T&B 0.39, 0.07; BAW? 0.49, 
UJ7) were detected from the water layer of hydrofpte. 

fmhrbn of GM &tm&lri$t*rin glycclsides wing prrlytsmid~ 
~&enn. C6Hd and Gl extracts were mixed with CeIite respect- 
ively aRd placed on a top of polyamide column (~~y~~d~~ 
SO x wt of sampte) and &ted with H,U and then with 
MeUH-&U. G2 and BuUH extracts were dissolvexl in H2U, 
passed thruugh c&mm atnd ehited titb H&I. C&C6 fractioR 
(15 g) was fractionated to f-l (U.2 g; Nt, Ng). f-2 (0+8 g; H, 
I, Ng), f-3 (0.9 g; H, 1, A, B) and f-4 (5.5 g; A, B). C-X (18 g) 
was fractionated to f-2’ (3.7g; Pl, K, GNt, GNg, SS, Nt), 
f-2’ (1.3 g; Pl, K, 2, BK, w, NtX f-3’ (1.3 g; Pl, P2, 1, pi) 
and f-4’ (1.7 g; PI, P2, 1). C-2 (27 g) was fractionated to f-l” 
(2.5 g; suga& f-2” 2.2 gr sugars, 3, GNt3, f-3” (a,5 g; 3, G), 
f-4” (10.7g; G, K, PI, P2, P3), f-5” (3.2g; P2, P3, u(a) and 
f-B” (3.0 g; F3, Y9, Y6)? BUUH fraction (30g) was fractionated 
to f-d’” (3.i g; sugass), f-2”’ (3.1 g; sugars, 3, GNt), f-3’“’ (3.4 g; 
G, K), f-4”’ (4.1 g; PI, m P3) and f-5”’ (0.8 g; E$ Y6). UQ 
Si colrunn chromatography of f-l’, followed hy crystallization 
from d.ioxane-Et,0-hexa~~ Ng was obtained as xxee&ez+ mp 
16~1674 [orfD -15.0” (c: 0.10) (yield from the bark: 0.003~$. 
Nt was obtained as solid from f-f and f-l’ @BX&I~) and 
saponified to SS (mp 253-256”). SS was isolated from f-l’ and 
crystallized from MeOH to give needles, mp 256-258’, [a]~ -I- 
20.0” (c O,ll) (O.ooZ~& GNg was obtained from f-l’, mp 174- 
17gq Car&, + 31.3” (e Q12) (0,003%) GNt was obtained from 
f-F-l’, f-2’ and from f-2”’ as solid ~~.~5~~ 

~~~-~e~~~~~~~@~ mp 1&I--a90* - 205-2153 [a-&J -20.F (c 
0.06). GNt gave digital&urn verum, mp 240-2433 OR KHCUs 
sap9n%cation, and ~l~an~~~i~ (mp 230-233”) on acid hy- 
dru&sis, 

O~t%z?Idrig@?& &@?&0&&sy&(~ I-+ 4~~-~~~~~~~~ (- 16 
0+styI ~f@b~stin) 13). f-2”’ and f-2” were chrumatographed 
on si +th CH@I&feOH-HzU (7:2:0.8 w 0.6) and then with 
EtUAc-MeUH (10: 1 m 7.5: 1) and 3 was obtained as homo- 
geneous soli4 70 mg Cumpd~ 3 n5narrcetate. mp I%--PB”, Ecl]~ 
-27.0” (C 0.37) (R@ogitoStiR aC&kte [9] : mp 1%197”, [Or]B 
-32.5”). uv L, 218 nm (6 ZQOOO), (Found: C, 57.1; H, 6.8, 
C6,H,,Uas requires C, 57.5; H, 6.8%). 

C!ompd, 3 ~~~~~~~~~~ On saponificztt;ion of 3nonaa&ate 
with KHCU3 foIIowed by cqstdiiza%lon from MeOH, n&es 
were &u&d, mp 253-257°, [LX& - 16.0”) (c 0.10) (neo@tosdn 
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monoacetate: mp 249-252”. [a],, - 14.2” in MeOH). Compd. 
3 (100 mg) was dissolved in water and treated with /I-glucosi- 
dase to give digitalinum verum (10 mg, mp 245-248”) and its 
acetate (10 mg). the latter of which was superimposable on 
TLC with GNt, and hydrolyzed under the Mannich’s condi- 
tion followed by pu&ation to give oleandrigenin (mp 
230-233”. mmn. IR). o-dieritalose and D-nlucose (PC: R, Tol-B. 
0.38, 0.0;; BAW 0.49. 0161. Compd. 5 nona&xtate’(20mgj 
was heated al 100’ with 2 ml of AczO and trace of ZnClz 
for 30min and poured into ice-water. a-Pentaacetyl glucose 
was isolated on column chromatography and crystallized from 
EtOH as needles (mp 190-194”, mmp). Compd. 3 (140mg) 
was treated with 80 mg of KHCOa in 16ml of 75% EtOH 
for 3 days. The product (80 mg) was hydrolyzed with fi-gluco- 
sidase to give digitalinum verum (mp 235-240”, mmp). 
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