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Abstract-The structure of phytolaccoside B, one of the major saponin components of the roots of Phyfrducw 
~erica~ has beeri ekkbd as 3~-D-~u~p~nosylj~~o~ acid x)-methyl es&. 

The roots of Phytukzcca americana are reputed in Korean 
medicine to alleviate rheumatism. They were found rich 
in saponins with strong anti-inflammatory activity [l], 
According to earlier work [2,3] hydrolysis of the total 
saponin mixture yielded four sapogenins, jaligonic acid 
(1) [4] and its 30-methylester (2, phytolaccagenin) [SJ, 
and esculentic acid (3) [6] and its 30-methylester (4, 
ph~ol~g~ic acid) [7-j. This paper describes the struc- 
tural elu~~tion of ph~o~~side B, one of the major 
saponins isolated from the roots of this plant. 

Phytolaccoside B (!5), C37H5B012. mp 21%218”, 
[a];’ + 75.8”, on acid hydrolysis, gave jaligonic acid 
30-methylester (2), mp 317-319”, as the genin, which was 
identified by direct comparison with an authentic sample 
(mmp, TLC, IR and MS). Glucose was identified in the 
hydrolysate from the saponin (5) by TLC. The yield of 
the genin in a quantitative hydrolysis experiment showed 
the presence of one sugar unit in the molecule (genin 
found 73%; talc. 76.66%). 

Methylation of 5 with CHIN1 gave m~hylat~ prod- 
uct 6, mp 182-1843 [a];’ + 71.6”. ~~n~~ti~ of 5 
with alkali afforded a new glucoside 7, mp 234-239”, 
[a];’ + 77”, which gave 6 by methylation with CH2N2. 
These results show that the sugar must be present 
in glucosidic linkage with one of the hydroxyl groups 
in ring A of the genin (not in ester linkage with the 
28carboxyl group). 

In a quantitative periodate oxidation experiment 2 
moles of the reagent were consumed. This indicates that 
the sugar is attached to the C-2 or C-3 position of the 
genin. 
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Aatyiation of 5 with acetic anhydride-pyridine on a 
steam bath afforded two compounds, a hexaacetate (IX), 
mp 163-166”, [%I;” + 58.8”, and a pentaacetate (9), mp 
171-174”, [a]lf” + 62.3”, in a 7:3 ratio. When acetyiated 
at 4”, the major product was 9. Saponification of 9 with 
NH, gave the original saponin (5), however a monoace- 
tate (lo), mp 206-210”, [cz]$ + 69.2”, was formed from 
8 under the same conditions, This result suggests that 
the more stericaiiy hindered axial secondary alcohol 
group (i.e. 2/?-OH) of the genin in the saponin (S) is 
free and therefore the sugar is linked to the 3&OH 
group. 

This suggestion was supported by Sarett oxidation 
of 9 followed by hydrolysis to yield 2-oxo-escuientic 
acid 30-methylester (ll), mp 222-224, &,, 204 and 
282 nm (log E 3.67 and 2.63), which was identified by 
direct comparison with a sample prepared by oxidation 
of 3,23-diacetyl jaligonic acid 30-methylester (12), fol- 
lowed by hydrolysis. 

The NMR spectra of 8, 9 and 13, in which the one 
proton doublets were observed at 6 4.52 (J 7Hz), 4.50 
(J 7.5 Hz) and 4.49 (J 6 Hz), respectively, indicated the 
@onfiguration of the glucosidic linkage in 5. This was 
also proved by Kiyne’s rule [S] (Molecular rotation 
difference between 2 and 5 = -84”, fi-methyl-D-giuco- 
pyranoside = -62”). Thus the structure of phytoiacco- 
side B was established as 3/?-D-giucopyranosyijaligonic 
acid 30-methylester. 

EXJTERIMENTAL 

Mp’s are uncorrected. Optical rotations were measured in 
MeOH. IR spectra were recorded in KBr and UV spectra 
in EtOH. NMR spectra were taken in CDCI, using TMS 
as internal reference at 1OOMH.z. 

lsolatioa of phytoluccoslde B (S). The saponin mixture, 
obtained from a MeOH extract of P. atnerieana roots as 
described previously [Z], showed 10 spots on TLC (MeOH- 
CHCl,-NH40H-H,O 30:60:3:4). These were designated 
alphabetically in order of decreasing Rf values. The mixture 
was applied to a Si gel column and eluted with MeOH-CHCI, 
(3:97) to give a fraction which contained only two compounds, 
phytolaccoside A and B. Phytolaccoside B (5) was obtained 
by PLC, mp 215-218; [a];’ + 75.8” (MeOH; c 0.546); IR v 
!% cm- 1 : 3340 (OH), 2900 (Me, CH,), 1725 and 1150 (methyl- 
ester), 1700 (acid), 1000-l 100 (glucoside); (Found; C, 63.89; 
H, 8.68. C,,H,sO,, requires: C, 63.96; H, 8.41%). Lieberman- 
Burchard and Molish tests were positive. 

Hydrolysis. The saponm (1.50 mg) was heated with 5% HCI- 
MeOH under reflux for 2 hr. The product was diluted with 
Hz0 and extracted with Et,O. The-Et,0 extract was crystal- 
lized from MeOH to aive needles of 2 I1 10 me). mn 3 17-3 19”. 
which was identified cy direct comparison with an authentic 
sample. The aq. part was examined by TLC (MeOH-CHCI,- 
Me,CGNH,OH 5:2:3:2) and It showed the presence of 
D-glucose only. 

Methyl&ion. The saponin (50mg) in MeOH (2Oml) was 
treated with CH2N, in the usual manner. The crude prod- 
uct was purified. by PLC (CHCl,-MeOH-NH,OH-HI0 
20:4:1:3) and crystallized from.MeOH to give needles of 6, 
mp 182-184”; [a]d’ + 71.6” (MeOH; c 0.725); IR #&.J 
cm-‘: 1725, 1150 (methylester); (Found: C, 63.95; H, 8.78. 
C,sH,,012 requires: C, 64.39; H, 8.53%). 

Saponification. The saponin (1OOm.g) was heated under 
reflux in 20 ml of 3% NaOH-MeOH for 3 hr. The reaction 
mixture was acidified and extracted with BuOH. The BuOH 
extract was crystallized from MeOH to yield needles of 7, 
mp -239”; [a@ + 77” (MeOH; c 0.5); (Found: C, 63.44; 
H, 8.15. C36H56012 requires: C, 63.51; H, 8.29%). Methylation 
of 7 with CHzNz gave 6. 

HI04 oxidation. A MeOH soln of the saponin (34.8 mg) 
was added to 0.01 M HIO, (2Oml), the volume made up to 
35 ml with MeOH and the soln kept in the dark at 4”. Ali- 
quots (7 ml each) were removed after 2, 4, 5, 28 and 35 hr. 
Estimation of the HI04 with 0.01 M Na&03 in the usual 
way showed the consumption of 1.54, 1.85, 1.95, 1.98 and 
1.98 mol of oxidant, respectively. 

Acetylatbn. The saponin (1oOmg) was heated with Ac,O 
(3 ml) and C,HSN (2 ml) for 3 hr. Pouring onto ice gave solids 
which were chromatographed on Si gel and elution with 
MeOH-CHCl, (1:99) vielded 8 (65 ma) in the earlier fractions. 
mp 163-166”; [i]i4 io8.8” (Me‘0H;Fl.O); NMR; 6 0.74-1.18 
(5 x Me). 2.05-2.13 (6 x MeCO). 3.72 (CH?Oi 4.52 (1H. d. 
J 7.0Hz, anomeric‘ proton); (Found:’ C,- 6i.21; H; 7147: 
C4J&,01s requires: C, 62.14; H, 7.450/,). From the later fiat- 
tions, 9 was obtained, mp 171-174”;[a]~4 + 62.3“ (MeOH; 
c 1.0); NMR: 6 0.71-1.24 (5 x Me) 2.04-2.09 (5 x MeCO), 
3.69 (MeO). 4.50 (IH. d. J 7.5 Hz. anomeric nroton): (Found: 
62.31‘; H, ?58. C;,H,,b,, requiies C, 62.37; H, i.%%). On 
1Ohr treatment 9 was completely acetylated to give 8. Partial 
acetylation of the saponin with Ac20-C5HSN at 4” overnight 
gave predominantly 9. 

Miid hydroiysis if saponin acetates. A sample (50 mg) of 8 
in MeOH (7 ml) and NH&OH (7 ml) was kent at 50” for 12 hr. 
The reactibn dixture was co&en&ted u&r red pres and 
chromatographed on Si gel. Elution with MeOH-CHC13 
(3:97) gave 10, mp 206210”, [a];” + 69.2” (MeOH; c 0.5); 
(Found: C, 63.30; H, 8.22. C,,H600,, requires: C, 63.57; 
H, 8.21%). On deacetylation under the same conditions, 9 
yielded 5. 

Sarett oxidation of the pentaocetate (9). A sample (1GOmg) 
of 9 in C,H,N (3 ml) was added to CrO, 1lOOma\ in C,H.N 
(2 ml) ani l&t &&ight at room temp.- &nce $e ox&&n 
product could not be separated from the unreacted compound, 
the mixture was acetylated to convert 9 into 8 and oxidised 
product (13) was separated by means of PLC (CHCl,-MeOH- 
NHdOH-Hz0 20:4:1:3), mp 155-157”; [a]bS + 39.5” 
(MeOH; c 0.66); NMR: S 0.71-1.18 (5 x Me), 2.062.15 
(5 x CH,CO), 3.69 (CH,O), 4.19 (lH, s, C-3), 4.49 (lH, d, 
J 6Hz, anomeric proton); (Found: C, 62.49; H, 7.33. 
C,,H,,O,, requires:C, 62.51; H, 7.37%). On acid hydrolysis 
13 yielded the nenin. mn 222-224”. which was identical with 
2-oxo-esculenti: acid 3&methylestei (11) prepared as described 
below. 

Synthesis of2-oxo-esculentic acid %mebhylester (11). Partial 
acetylation of 2 with AC&C,HSN at 4” overnight gave 
3,23-diietyl jaligonic acid 3Omethylester (12), mp 170-174”; 
[cl]b* + 100” (MeOH, c 0.496); NMR: 6 0.74-1.33 (5 x Me). 
2.10 (3H, s, h&CO), i.18 (3H; s, MeCO), 3.72 (3H,‘s, MeOj[ 
4.24 (lH, w C-2), 4.49 (lH, d, J 3Hz, C-3) and 5.37 (lH, 
1p1, C-12); (Found: C, 68.02; H, 8.45. &HJ209 requires: C, 
68.16; 8.50%). A sample (70mg) of 12 was oxidized with 
CrO,-C,H,N in the usual way. The reaction product was 
deacetylated by refluxing in 3% HCI-MeOH, and chromato- 
graphed over Si gel. Elution with MeOH-CHCl, (2:98) gave 
11 which was crystallized from Et,0 as flakes, mp 222-224”; 
UV Lmaxnm (log E) 204 (3.67), 282 (2.63); (Found: C. 70.27; 
H, 8.74. C31H4607 requires: C, 70.16: H, 8.74%). 
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We wish to report on the isolation and character- 
ization of N~~-~-~ct~ne C2sWs20s, la, mp 230-232”, 
a minor steroidal constituent of Nicandru phy~l~~e~ 
(~~a~~e~, the only plant known [i, 21 to contain 
steroids with an aromatic D ring. The compound was 
found to be identical with ~,7u:24,~~~x~-5-hy- 
droxy-17~13~18)abeo-5a-ergosta-2,13,15,17-tetraen-l- 
one-26,22-la&one, obtained [33 by oxidation with chro- 
mim trioxide of the lactolic C-26 hydroxyl group in 
Nit-1 (lb), the major steroidal component of N. physa- 
l&&S. 

The Nit constituents may be divided into two groups: 
(a) those with the usual steroid skeleton as encountered 
in Nit-3 @a), Nit-7 (2b) [l] and wit~~n~~ (2e) [4]; 
(b) those with a rearranged skeleton, as found in Nit-1 
{lb) [1,2], ob~in~ by apron of ring D tenth in- 
clusion of the C-13 methyl and subsequent aromatiza- 
lion. Most Nit #nsti~ents c~~~ter~~ so far possess 
an ergostane type side chain which has undergone oxida- 

WA (PM R=O; R’= as in 20 

HO 

2 (2~1 R4; R’= 
H 

tive processes leading to the closure of a six membered 
epoxy-lactol. In several ~rn~unds this side chain has 
gradually Iost most of its carbon atoms, until a two car- 
bon fragment resins as present in Nit-10 (Icf [l]. The 
usual unsaturated six mem~red ring Iactone, character- 
istic for the majority of the wit~nolides 141, is found 
in only one com~und ~tha~~d~n f2c), ~curring in 
this plant 14-j. 

In our o~nion, the ~xy-lactol system present in 
Nit-i-Iactone (la) is formed in Nature by oxidation of 
the lactoiic hydroxyl group present in Nit-1 (lb) and 
not by epoxidation of the A2& double bond of an un- 
saturated lactone such as that present in the side chain 
of ~th~~~n (2e). This a~um~tion is based on the 
fact that all the sohmaceous plants which produce with- 
anohdes, Ni~~erivati~s and physic, possess enzymes 
which can catalyse the epoxidation of isoiated double 
bonds, or double bonds in allyk systems, but which can- 
not epoxidize double bonds in ~~“~~turnt~ carbonyl 
systems. 

N. p~y~lo~es was raised in the nursery of the Volcani 
Center. Ret Dacron. Israel ~~~oduction No. 20-7071. from 
seeds received fcom Pretoria, South Africa (No. M-%-3&4) 
It is ~o~~t~~ to note that ~p~a~ons of plants raised from 
seeds received from India ~on~cherry~ did not eoutain com- 
pound la. 

The isolation was done according to the described pro- 
cedure r41. The first fractions containing Nit-1, obtained by 
chro~~o-~ph~ on a column of Si gel H, were ~n~~nat~ 
by a product possessing a slightly bigber RI value. Separation 
was achieved by PLC on Si gel PF,,, 1 mm thickness, 4Oem 
length, developed with C!&&-EtOAc (t:4). The product pos- 
sessing the higher R, value (accounting for only 5% of the 
total amount of Nit-1) crystallised born Me,CO-hexane, mp 
230-232”, ~d~~~ on admixture with ~,7~:24,25-die~x~ 
S-bydroxy-17(i~18~~-~~~rgosta-2,13,i5,l~-tetmen-~~ne- 
26,~-~act~e [3]. AR physical constants and spectral data were 
su~~rn~~ble. 


