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INTRODUCTION

Pavonia zeylanica (N.O. Malvaceae) is a small tree
found in North India, West Rajasthan, West Penin-
sula, Mauritius, Sind etc. In Zambia the plant is used
as vermifuge and a purgative by Mandingo natives [1].
Since no work seems to have been previously done on
the chemical analysis of Pavonia zeylanica, in spite of
its medicinal properties, we have therefore examined
the stem of this plant in order to provide a detailed
study of its constituents and have isolated a new
ketoester [2] and saponin, pavophylline. This paper
presents the structure of pavophylline.

RESULTS AND DISCUSSION

Pavophylline, C,;H;40+¢, responded to colour reac-
tions characteristic of saponins [3], gave a copious
lather when shaken with water and heomolysed red
blood cells. It was hydrolysed with 7% H,SO, where
upon the sapogenin precipitated out. It was separated
from the hydrolysate by filtration and purified by the
usual potassium salt method [4].

Structure of the sapogenin

The sapogenin was characterized as 3B-hydroxy-
lup-20(29)-en-28-oic acid (betulinic acid) by compari-
son of IR, '"H NMR and MS data of the sapogenin, its
acetyl and methyl derivatives with those reported in
the literature [5-9] and by mmp and co-TLC with an
authentic sample.

Characterization of the sugar moiety

The presence of p-glucose, rL-rhamnose and -
arabinose in the hydrolysate was confirmed by co-PPG
with authentic sugar samples (n-BuOH-HOAc-H,O,
4:1:5; spray—aniline hydrogen phthalate, R, 0.18,
0.20 and 0.37, respectively). Quantitative hydrolysis of
pavophylline indicated the genin content was ca 48%
and the sugar moiety 52%. A quantitative estimation
[10] of the sugar present in the hydrolysate revealed
that the three sugars were present in equimolecular
proportions. Therefore, it was concluded that
pavophylline contained 1 mol each of sapogenin, D-
glucose, L-rhamnose and r-arabinose.

Position of attachment of sugars to the sapogenin

In betulinic acid, only the OH at C-3 and the
COOH at C-17 are available for glycosidic linkage
with sugar residues. From the following observations,
it was concluded that all three sugars were linked as a

trioside unit to the C-3 hydroxyl group of the sapoge-
nin. (i) The saponin was not hydrolysed with 5N
NH,OH, which is a specific reagent [11] for hydrolysis
of sugar esters, without attacking other glycosidic lin-
kages. Thus, sugars were not present in the ester
combination with the COOH group of the sapogenin.
(if) On methylation with CH,N,, the saponin furnished
a methyl ester, C,sH730,6, which on hydrolysis with
7% H,SO, yielded betulinic acid methyl ester but no
betulinic acid and thus indicating that there was a free
COOH group in the genin.
Sequence of sugars in pavophylline

The saponin on partial hydrolysis (see Experimental)
[12] yielded a mixture of two prosapogenins desig-
nated as PS; and PS, which were separated by a
column of Si gel using methanol as solvent. The hyd-
rolysate on paper chiomatographic examination re-
vealed the presence of L-arabinose and rL-rhamnose
(identified by co-PPC with authentic samples).

Study of the prosapogenin PS,

PS, on hydrolysis with 7% H,SO, yielded betulinic
acid and p-glucose. The genin content was found to be
72% indicating that PS, was a monoglucoside and was
formed from 1 mol each of betulinic acid and b-
glucose. Permethylation of PS, followed by hydrolysis
showed the presence of 2,3,4,6-tetra-O-methyl-p-
glucose in the hydrolysate (identified by co-PPC with
an authentic sample) indicating that C-1 of p-glucose
was involved in the formation of a glycosidic linkage
and also suggesting that p-glucose was present as a
pyranoside. Thus PS; may be assigned the structure
lup-20(29)-en-28-o0ic-3-O-B-p-glucopyranoside.
Study of the prosapogenin PS,

PS, on hydrolysis with 7% H,SO, yielded betulinic
acid, p-glucose and r-rhamnose. The genin content
was 59.6% and the ratio of the sugars in PS, was
found to be 1:1 by colorimetric estimation [10] sug-
gesting that PS, was a bioside of betulinic acid and was
formed from 1 mol each of betulinic acid, p-glucose
and r-rhamnose. Permethylation of PS, followed by
hydrolysis and chromatographic examination of the
hydrolysate showed the presence of 2,3,4-tri-O-
methyl-L-rhamnose and 2,3,6-tri-O-methyi-p-glucose.
Since the structure for PS; had already been estab-
lished, the formation of 2,3,6-tri-O-methyl-p-glucose
and 2,3,4-tri-O-methyl-i-rhamnose can only be exp-
lained by assuming that C-4 of the glucose moiety was
involved in the formation of the glycosidic linkage
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with C-1 of L-rhamnose. The formation of 2,3,4-tri-
O-methyl rhamnose further suggested that 1L-
rhamnose was present as a pyranoside. Thus the
glycosidic linkages in PS, were assigned the following
configuration: lup-20(29)-en-28-0ic-3-O-B-p-gluco-
pyranosyl(4 — 1)-O-a-1-thamnopyanoside.

Nature and position of the glycosidic linkages in
pavophylline

Pavophylline, on complete permethylation followed
by hydrolysis formed 2,3,5-tri-O-methyl-L-arabinose,
3,4-di-O-methyl-L-rhamnose and 2,3,6-tri-O-methyl-
p-glucose (identified by co-PPC). The release of 3,4-
di-O-methyl-L-rthamnose and 2,3,5-tri-O-methyl-L-
arabinese indicated that in the saponin molecule C-1
of L-arabinose was linked to C-2 of rL-rhamnose. The
easy elimination of r-arabinose and the release of a
2,3,5-tri-O-methyl-L-arabinose unit from the saponin
revealed the arabinose was present as a furanoside
thus leaving only the anomeric hydroxyl group for
glycosidic linkage with the L-rhamnose unit. Pavophyl-
line on enzymatic hydrolysis with diastase yielded
r-rhamnose and r-arabinose. Therefore, these two
sugars were involved in an a-glycosidic linkage. The
exact configuration of the sugar linkages in the sapo-
nin was established by consideration of the molecular

rotation value in the 11ght of Klyne’s rule [13] and the
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EXPERIMENTAL

Extraction. The defatted powdered plant material (6 kg)
was exhaustively extracted with EtOH. The EtOH extract
(7.51.) was concd (41.) and kept overnight in a refrigerator
when a colourless ppt. was observed. The ppt. was separated
by filtration and identified as methyl-19-tetracosanoate [2].
The filtrate was further coned and the residual amount of
EtOH was removed in vacuo. The residue thus obtained was
successively washed with Et,O, CHCl; and Me,CO, finally
dissolved in MeOH, filtered and the filtrate poured into
excess E1,0 whereby a light brown mass was pptd. The ppt.
was separated by filtration and purified by repeating the
above process of dissolution in MeOH and precipitation with
Et,0. It was recrystallized from MeOH to yield microcrystals
(5.1g) of pavophyliine, mp 230°. The purity of pavophylline
was checked by PPC (BuOH-HOAc-H,O. 4:1:5, spray
25% CCl,.COOH in Et,O: Yellow spot, R; 0.58). (Found: C,
63.12: H, 8.42. C,5H5,0,, requires: C, 62.94: H, 8.48%).

Isolation and study of sapogenin  from  pavo-
phylline. Pavophylline (2.9 g) was hydrolysed by refluxing
with 7% H,S0, (250 ml} for 6hr on a steam both. The
aglycone part was separated from the aqg. hydrolysate and
was purified by the K salt method {4]. It was crystallized from
CHCl, into coloutless crystals, mp 315-316°, [a ]}y +14° (Py).
The purity of the sapogenin was checked by TLC (CiH.~
Me,CO, 1:1, spray SbCl; in CHCl;, R, 0.55). (Found: C

four possible combinations of the sugar linkages are = 78.88, H, 10.54; MW (456 (MS). C3,H,5O; requires: C.
shown in Table 1. 78.94: H, 10.52%). IR »KBrem™1: 3448, 2933, 2850. 1700,
Table 1.
B-D-glucose + a-L-rhamnose + a-L-arabinose —66 —110 —-205=-381
B-D-glucose + a-t-rhamnose + B-L-arabinose —66 -110 -77= -253
B-p-glucose + B-L-rhamnose + a-L-arabinose —66 +168 —-205=-103
B-D-glucose + B-L-rhamnose + B-1L-arabinose ~66 +168 77 = -25
The observed M value [13] for the saponin was 1641, 1460, 1392, 1381, 1370, 1360, 1295, 1274, 885: MS

2100 Tha vals PPy

—J1Z . 111C lle valuc Ul lllC g,cuiu is l\llUWll LU UL
+63.8°. The difference —383° is closed to the first
combination of Table 1. Therefore, the exact config-
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the sugar linkages was bp-glucose-8, -
rhamnose-« and L-arabinose-a. After elucidating the
nature of the glycosidic linkages and position of at-
tachment of all the sugars in the saponin, a complete
structure of pavophylline may be assigned by taking
into consideration the elimination of r-arabinose dur-
ing partial hydrolysis of saponin which indicated the
arabinose was present as a furanoside [14]. Further-
more, release of L-arabinose as 2,3,5-tri-O-methyl-c-
arabinose on hydrolysis of permethylated pavophyi-
line, 2,3,4-tri-O-methyl-i-rhamnose from the hyd-
rolysis of permethylated PS, and 2,3,4,6-tetra-O-
methyi-p-giucose after hydrolysis of permethyiated
PS; clearly suggested that the glucose and 1.-rhamnose
moieties were present as pyranosides and r-arabinose
as a furanoside. The above facts were confirmed by
the periodate oxidation {15] of pavophylline, PS, and
PS,. Hence pavophylline is lup-20(29)-en-28-0ic-3-O-
B-p-glycopyranosylid — 1)-O-a-r-rhamnopyranosyl-
(2 — 1)-O-a-L-arabinofuranoside (1).

PRGN ~Aan

mje: 456 (M™), 441, 438, 423, 411, 248, 220, 219, 207 and
189 (base peak). UV AEOH nam:  250.  Acetate:
CyoH,,0,.0COCH;, mp 290-291°. IR vihoiem™': 2940,
2855, 1739, 1704, 1642, 1240 §85. Methyt ester; Cy HgyOs,
mp 220-222° IR vXBrem™': 3540, 1718, 1641, 1460, 1362,
882; 'H NMR (in CDCl,}): 8 0.75 (SH) 0.77 (3H), 0.90 (3H).
1.00 (3H), 1.15 (3H), 1.75 (3H), 3.62 (3H), 4.70 (ZH}; MS
mfe: 470 (M*), 455, 452, 437 41 1, 262, 233, 220. 207 and
189 (base peak).

Quantitative colorimetric estimation of sugars in saponin
hydrolysate. The ratio of sugars in the saponin was deter-
mined colorimetrically [11] in a Klett-Summerson photo-
electric colorimeter using green filter 470 nm with the help of
standard curves of authentic sugars. Then solns (5, 10, 15~
50 wg in 0.03 ml H,O) of each of three sugars, p-glucose,
L-arabinose and L-rhamnose were applied on Whatman No. ]
filter paper (50 x 55 cm, spot distance 4 ecm). The chromatog-
rams were developed by descending technique with BuOH-
HOAc-H,O (4:1:5) for 24 hr, dried in air, sprayed with
aniline hydrogen phthalate on both the sides, and dried at
110° for 15 min. The coloured spots were cut out in equal
rectangles eluted by immersion in 50% HOAc (10 ml each)
and the colour intensity of each eluate measured.
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Estimation of sugars in saponin hydrolysate. The saponin
(80 mg) was hydrolysed by refluxing with 7% H,SO, (30 ml)
for 6 hr on a steam bath. The reaction mixture was extracted
with CHCl; to yield the sapogenin (36.2 mg). The hydroly-
sate was neutralized with BaCQO;, filtered and concd to a
syrup (2ml). 0.2ml of this syrup was dissolved in 2ml of
H,O and aliquots applied to Whatman No. 1 filter paper.
The chromatograms were developed, sprayed, dried and the
coloured spots were cut out in equal rectangles, eluted sepa-
rately and assayed as described above.

Methyl ester of the pavophylline. Pavophylline (300 mg) in
MeOH was treated with an Et,O soln of CH,N, until a
permanent yellow colour was obtained. The reaction mixture
was kept overnight at 0° and the product isolated and crystal-
lized from CHCl,-MeOH (1:2) into light yellow crystals, mp
145°. (Found C, 62.78; H, 8.34, C, H,,0,, requires: C,
63.28; H, 8.57%).

Hydrolysis of methyl ester of pavophylline. Pavophylline
methyl ester (100 mg) was refluxed with 7% ethanolic H,SO,
(20 ml) on a steam bath for 4 hr. EtOH was removed and the
reaction mixture diluted with H,O. The ppt. was separated
by filtration and crystallized from MeOH, mp 221-222°
(Found: C, 78.88; H, 10.54. C;,H,,0, requires: C, 79.14;
H, 10.64%).

Partial hydrolysis of pavophylline: isolation of PS; and
PS,. Pavophylline (650 mg) was treated with 0.02 N H,SO,
and the reaction mixture was kept at room temp. for 8 days.
It was then extracted with BuOH. The BuOH extract, after
concn, was chromatographed over a column of Si gel. Elution
with MeOH yielded two substances designated as PS;
(190 mg) and PS, (225 mg) which were separately crystallized
from MeOH. The hydrolysate contained L-rhamnose and
L-arabinose (PPC with their authentic samples, BuOH-
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HOAc-H,0, 5:1:4).

Permethylation of pavophylline, PS, and PS, and hydrolysis
of their permethylated derivatives. The glycosides (70 mg
each) were treated with Mel (2 ml) and Ag,O in DMF (4 ml)
separately for 48 hr at room temp. The mixtures were filtered
and the residue washed with a little DMF. The filtrate was
evapd to dryness and the residue taken up in EtOH (25 ml).
The syrup obtained after removal of EtOH was hydrolysed
with Kiliani’s mixture (HOAc-HCI-H,O, 7:3:10) [16] and
the product worked up in the usual way. The hydrolysate
from permethylated PS; contained 2,3,4,6-tetra-O-methyl
glucose (2): permethylated PS, contained 2,3,4-tri-O-
Methyl-L-thamnose (3) and 2,3,6-tri-O-methyl-D-glucose
(4) and permethylated pavophylline contained 2,3,5-tri-O-
methyl-L-arabinose (5), 3,4,-di-O-methyl-L-rhamnose (6)
and 2,3,6-tri-O-methyl-p-glucose (4). (PPC, BuOH-EtOH-
H,0, 5:1:4, R5(2), 1.00; (3) 1.01; (4) 0.83; (5) 0.95; (6)
0.84 [17-19).

Periodate  oxidation of PS,, PS, and pavo-
phylline. Periodate oxidation of PS;, PS, and pavophylline
was carried out separately by the method of ref. [15].
50 mg of each were separately dissolved in 25 ml EtOH and
25ml 0.15M sodium metaperiodate soln were added. The
oxidation was allowed to take place at room temp. for 60 hr.
Aliguots (5 ml) were withdrawn in duplicate from the reac-
tion mixture at different time intervals and analysed for
periodate and formic acid.
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Phenolic acids most frequently occur bound as esters,
glycosides or amides [1-5]. In addition, a
pseudopeptide-type of bonding, in which the carbox-
ylic group of ferulic acid is attached to the amino
function of the N-terminal amino acid of a polypep-
tide chain, has been described. This is N-
feruloylglycyl-i.-phenylalanine which was found as a
terminal sequence of a barley globulin fraction [1].
The same sequence has now also been recognized in
lucerne bulk leaf proteins and this paper describes
briefly its identification from this new source.

EXPERIMENTAL

Lucerne bulk leaf proteins were obtained from R. L. M.
Synge (Norwich, U.K.}. They were extracted with PhOH-
HOAc-H,O (1:1:1) as described [6]. The extract was di-
rectly concd, the phenol removed and the concentrate slur-

ried in water and freeze-dried. Before analysis this undia-
lysed protein fraction was first thoroughly extracted with
Et,0 in order to remove any remaining free phenolic acids.
Thereafter the residue was treated, under N,, with boiling
2N NaOH (2 br). This treatment mainly releases the ester-
bound phenolic acids, which, after acidification and subse-
quent Et,O extraction, were analysed as described [7]. These
analyses showed the presence of 5.40 mg alkali-labile bound
ferulic acid and 1.53 mg alkali-labile bound p-coumaric acid
per g protein material. However, as was shown by pilot
experiments  synthetic ~ N-feruloylglycyl-1.-phenylalanine
(FGP) [8, 9] (2.5 wmol), proved under the same conditions,
to be completely hydrolysed (products formed: N-fer-
uloylglycine (FG) 8. 10](1.25 wmol), ferulic acid (1.25 wmol),
glycine (1.25 pmol) and phenylalanine (2.5umol)}. Thus the

foregoing alkaline treatment may also result in a partial
release of peptide-bound ferulic acid from protein. After
alkaline hydrolysis, the remaining protein material was
further repeatedly treated (x16) for 15min periods with
boiling 4 N HCl in N,. Successive partial hydrolyses are
required because the ferulic acid-containing peptides. which
are formed during hydrolysis, are continuously and rapidly
split by boiling acids. Furthermore, liberated ferulic acd is
also rapidly converted into several decomposition products
[11]. After each hydrolysis, the hydrolysate was cooled and
the released peptides and remaining free phenolic acids were
thoroughly extracted with EtOAc. These extracts were then
pooled from 4 consecutive hydrolyses, washed with H,O and
coned in vacuo to a small vol. The resulting concentrates
were diluted with 2 ml EtOH and chromatographed by PLC
with toluene-HCO,E-HCO,H {5:4:1) on Si gel-cellulose
MN (1: 1) mixtures {7, 12, 13]. The spot corresponding to the
synthetic FGP standard was eluted with EtOH (x6) and then
further purified by means of METC (Multiple elimination
TLC) [1,7, 14, 15]. 0.25% NH,OH. MeOH-H,O (3: 1) (with
steaming), see-BuOH-H,O (4:1} and toluene-HCO, Et-
HCO,H (5:4:1) (with steaming) were used in sequence.
Finally the purified material. showing the same R, and blue
fluorescence (greenish after spraying with 2 N NaOH) as the
standard, was removed from the plate and eluted with (.1 N
NaOH. Comparison of the UV spectra. the excitation and
fluorescence maxima and the R, values in four solvents
proved the identity of the unknown with svnthctic FGP. The
combined extract corresponding with the 3rd-hour hydrolvsis
of lucerne protein contained the highest amount of N-
feruloylglycyl-i.-phenylalanine. Further support for the pres-
ence of amino acid-bound ferulic acid in lucerne proteins was
obtained by the subsequent isolation of N-feruloylglycine



