1520 Vol. 23 (1975)

Chem. Ph . Bull.y. .
2807 Y50 151 (o UDC 547.597.02 : 581.192

Saponin and Sapogenol. X.U Structures of Jegosapogemn and
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The full detail of the chemical evidence on the structure of jegosapogenin (=21-O-
tigloyl-barringtogenol C (Ia)), which was obtained along with barringtogenol C. (I) and
barringtogenol D (II) by acid hydrolysis of the pericarps saponm (Mjegosapomn) of Stymx
japonica SiEB. et Zucc. (Styracaceae), is described. »

The structure of desacyl-jegosaponin, which is a common desacylated product of the
saponin constituents of jegosaponin, and was prepared in a high yield by alkaline treat-
ment of jegosaponin, has been established as barringtogenol C(3)-[8-p- -glucopyranosyl-
(1giu— 2gir ) 1 [#-L-Thamnopyranosyl (1rnam — 2ga1) -B-D- galactropyranosyl ( 1ga; — 441r ) ] -p-b-
glucuronopyranoside (VIf) on the bdsis of the chemical and.physicochemical evidence. ’

The pericarps of Styrax japonica Stes. et Zucc. (Styracaceae) have long been known asa
rich saponin source. In the early years, several attempts for the chemical elucidation of the
saponin named jegosaponin were made, however no conclusive evidence on the structure of
]egosapomn was provided, but it was clarified that the acid hydrolysis of jegosaponin furnished
jegosapogenin as an aglycone which was further hydrolyzed with alkali to afford jegosapogenol
and tiglicacid. - Afterwards, some chemical investigations on jegosapogenin and jegosapogenol
were reported 4 and it was rather recently when jegosapogenol was determined to be identical
with barringtogenol C (I)® by several independent works.6?

As a continuative chemical study on the naturally occurring saponins, we have been
working on the structure of j Jegosaponin for these years. - As reported in the preliminary com-
munications, we first elucidated the structure of jegosapogenin, which was obtained by acid
‘hydrolysis of jegosaponin, to be 21-O-tigloyl-barringtogenol C (Ia)? and then, after clarifying
that jegosaponin is a mixture of several acylated saponins by virtue of the soil bacterial hydro-
lysis,® we have recently put forward the structure of desacyl-jegosaponin (VIf) which is a
common desacylated product of the saponin constituents of jegosaponin.” In the present
paper, we wish to describe the full accounts of these chemical studies which are consistent

.with the structure a551gnments .of ]egosapogenm (Ia) and desacyl-jegosaponin (VIf),
-respectively. : ' : :
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Jegosapogenin (Ia)?

Acid hydrolysis of jegosaponin, which was isolated from the pericarps of Styrax japonica
as described before,® afforded jegosapogenin (Ia) and two sapogenols being identical with
barringtogenol C (I)® and barringtogenol D (II),% respectively. As elucidated previously,5®
I and II were secondarily formed during the acid hydrolysis of jegosaponin.

Jegosapogenin (Ia), C3H 404, mp 263—265°, shows the hydroxyl (3390 cm™), conjugated
ester carbonyl (1690 cm~1) and double bond (1648 cm~?) absorption bands in its infrared (IR)
spectrum. On alkaline treatment, Ia afforded barringtogenol C(I) and tiglic acid, thus indicating
Ia to be a tigloyl derivative of I. Ordinary acetylation of Ta with acetic anhydride and pyridine
yielded a triacetate (Ib) which preserves free 16o-OH as shown by its IR (3460 cm~1) and
proton magnetic resonance (PMR) spectrum (1H, m, ¢ 4.18: 164-H?), and therefore 160-OH
in Tais not esterified with tiglicacid. On treatment with anhydrous cupric sulfate and acetone,
Ia was converted to a monoacetonide (Ic), which was further acetylated to give a monoacetyl—
monoacetonide (Id) with acetic anhydride and pyridine at room temperature. Here again,
160-OH in Id was not acetylated. Asis apparent from the PMR data given in Table I, 38-OH
in Ic is not acylated (8«-H at ¢ 8.26) whereas 8«-H geminal to an acetoxy function in Id is
observed at 6 4.48 (t-like), thus 3,8 OH being excluded from the p0551b1e location of the tigloyl
moiety in Ia. :

‘ L . II ' barringtogenol D
R R2 R3 Rt .,

RS .
I H H H H H  =barringtogenol C
Ia H tigloyl H H H . =jegosapogenin
Ib Ac tigloyl” Ac Ac H
Ic H tigloyl -C(CHs)e- H CHCL - CHs
Id Ac tigloyl -C(CHs}- H =%y
Ie Ac Ac - Ac Ac H It
If H Me Me. Me Me
Ig Ac Me Me Me Me tigloyl

Qhart 1

- TasLe I. The PMR Data of Ib, Ic, Id, and Te (in”CDCls, 60 MHz) (Chemical
shifts: d; J Values in the parertheses: Hz)® '

. tigloyl
3a-H 166-H Sy S =4 T :
o T B-H B-CH, «-CH,
Ib 4.51 4.18 5.62, 5.43 3.68 6.83 1.0 - 1.83
‘(t-like) (m) (AB q, 11) * (br.s) ' (m) (d, 6) br. s)
Ic 3.26 4.82 5.65 3.59, 3.38 6.84 1.92 1.84
(m) (m) 3.90 (AB q, 11) C(m) . (d,6) (br.s) .
, , (each 4, 11)- ) : , ,
Id 4.48 4.80 5.64 ~ 3.55, 3.35 6.80 - - .1.80 1.82
(t-like) - (m) 3.87 : (AB g, 13) -~ (m) (d, 6) (br. s)
(each d, 11)
Ie 4.50 4.18 5.52, 5.40 3.68
(t-like) (m). (AB q, 11) (br. s).

a) abbreviations: br=broad, d=doublet, m=multiplet, t=triplet, g=quartet
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Since two proton signals ascribable to 21«-H and 224-H in Ic and Id are observed respec-
tively at 6 5.65 & 3.90 and 6 5.64 & 3.87 with J=11 Hz (frans diaxial coupling), it has become
clear that the acetonide linkages in Ic and Id are formed between 17-CH,OH and either 215-OH
or 22¢-OH and consequently that the tigloyl function attaches to either 22«-OH or 214-OH.
As discussed before in case of the sapogenols of Thea sinensis L.1® and 21-O-angeloyl-R,-
barrigenol,!" the ready formation of acetonide linkage and the J values of 21«-H and 228-H
in Ic and Id, the latter assuring the chair conformation of the ring E,»» demonstrate that
" the acetonide linkage in Ic is formed between 17-CH,0H and 22«¢-OH rather than 218-OH
(Fig. 1a). To constitute the latter acetonide, the less favored boat-like or twist-boat confor-
mation of the ring E is required and, the probable dihedral angle between 21«-H and 228-H
would result in about 45° and such a large coupling constant (11 Hz) would not be observed
(Fig. 1b). Moreover, the deshielded chemical shifts of 168-H in Ic and Id (6 4.82 and 4.80)
as compared with those in Ib and Ie support the assignment, because, as shown in Fig. 1a,
164-H in Ic and Id is considered to locate in the pers position toward the 22«- and 28-oxygens
and will suffer the anisotropic effect.

Consequently, the structure of jegosapogenin has been established as 21-O-tigloyl-bar-
ringtogenol C (Ia).

Desacyl-jegosaponin (VIf)®

Although the chemical degradation disclosed that jegosapogenin (Ia) was an aglycone

of jegosaponin, in order to assure its genuineness, the soil bacterial hydrolysis!® of jegosaponin

was undertaken prior to the structure study of jegosaponin. As reported previously,® it
has become apparent that jegosaponin, although it showed a single spot on the thin-layer

10) I. Yosioka, T. Nishimura, A. Matsuda, and 1. Kitagawa, Chem. Phavm. Bull. (Tokyo), 19, 1186 (1971).
11) I. Yosioka, K. Hino, A. Matsuda, and I. Kitagawa, Chem. Pharm. Bull. {Tokyo), 20, 1499 (1972).
12) I. Yosioka, A. Matsuda, K. Imai, T. Nishimura, and I. Kitagawa, Chem. Pharm. Bull. (Tokyo), 19, 1200
(1971).
13) a) I. Yosioka, M. Fujio, M. Osamura, and I. Kitagawa, Tetrahedron Letters, 1966, 6303; ) I. Yosioka,
K. Imai, Y. Morii, and I. Kitagawa, Tetrahedron, 30, 2283 (1974), and the preceding papers of the series
" cited therein. o ’
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chromatogram (TLC), is a mixture of several saponins in which the triterpenoid parts at least
comprise of the several acylated barringtogenol C derivatives. However, since every effort
for the separation of the saponin component has been without success, we have initiated the
structure elucidation of the desacylated derivative of jegosaponin (named desacyl-jego-
saponin'¥), which is obtained by alkaline treatment of jegosaponin as a sole product in a high
yield and is considered to be a common desacylated product of the saponin constituents of
jegosaponin.

Desacyl-jegosaponin (VIf), C;;HggOg5- H,O, mp 248—251°, shows the presence of hydroxyl
(br, 3400 cm~?) and carboxyl (1730 cm~?) in its IR spectrum. Acid hydrolysis of VIf yielded
barringtogenol C (I), p-glucuronic acid (vide infra), p-glucose, p-galactose, and r-rhamnose,
while mild acid treatment of VIf with 1~ H,SO,~EtOH followed by silica gel column chromato-
graphy and TLC separation furnished three prosapogenols designated as DJ-1 (IIIa), DJ-2
(IVa), and DJ-8 (Va) in which barringtogenol C (I) is the common aglycone. It should be
pointed out here that since three monosaccharides of p-series mentioned above are known
to take the Cl form as the preferred conformation, the coupling patterns of the respective
anomeric protons are expected to reveal the mode of the glycoside linkages.

D]J-1 (IITa), mp 199—201°, is an uronide of barringtogenol C as revealed by acid hydrolysis
and possesses an ethoxycarbonyl function as shown by its IR absorption band at 1730 cm™1
and by the proton signals at 6 1.25 (3H, t, J="7 Hz) and ¢ 4.20 (2H, q, /=7 Hz) observed
in the PMR spectrum of its hexaacetate (I1Ib). The ethoxyl group in DJ-1 is considered
to be introduced during the acid treatment in ethanol of desacyl-jegosaponin and the same
group presents also in the other two prosapogenols DJ-2 and DJ-8 (vide infra). In order to
confirm the presence of glucuronide moiety, DJ-1 was treated with NaBH, to give a reduction
product (II1d), which possesses the hydroxyls but lacks the ethoxycarbonyl function as revealed
by its IR spectrum. Acid hydrolysis of ITId afforded barringtogenol C and p-glucose. Methyla-
tion of DJ-1 with CH,I/NaH/dimethyl sulfoxide (DMSO)® furnished an octa-O-methyl deriva-
tive (IIIc), which does not preserve the free hydroxyl as shown by its IR spectrum (CCl,).
The PMR spectrum of IIIc exhibits the signals due to seven methoxyls, one methoxycarbonyl,
and one anomeric proton at 6 4.32 (d, /=8 Hz) which suggests the presence of the f-glucuro-
nopyranoside linkage. In the mass spectrum of IIIc, the prominent fragment ion peaks are
observed at m/e 197 (i-CH,OMe-3MeOH, derived via the reverse Diels-Alder type fragmentation
of ring C516% and at m/e 238 (iii), 201 (iii-MeOH), and 169 (iii-2MeOH) (originated from the
glucuronopyranoside moiety6?).

DJ-2 (IVa) (amorphous) is a glucoside of DJ-1. On acetylation with acetic anhydride
and pyridine, DJ-2 was converted to a crystalline nonaacetate (IVb), mp 159—161°, whose
IR spectrum exhibits the hydroxyl (3610, 3490 cm~! (w)), ethoxycarbonyl and acetoxyl
(1765, 1756 cm~?) absorption bands. The PMR spectrum of IVb shows the signals assignable
to an ethoxycarbonyl (8 1.26, 8H, t, J==8 Hz; ¢ 4.19, 2H, q, /=8 Hz), nine acetoxyls, and
two anomeric protons at 6 4.51 (1H, d, /=8 Hz) and 6 4.69 (1H, d, /="7.5 Hz) being indicative
of the presence of two f-linkages. Complete methylation of DJ-2 with CH,I/NaH/DMSO
furnished an undeca-O-methyl derivative (IVc) (no OH in its IR spectrum), which on sub-
sequent treatment with LiAlH, was converted to a reduction product (IVe) (IR: 3400 cm~*
(w)). The two anomeric proton signals in the PMR spectrum of IVe are observed at 4 4.38
and 6 4.67 (1H each, d, J=7 Hz), which suggests that glucuronic acid and glucose moieties
in DJ-2 are connected with g-linkage.

DJ-3 (Va), mp 257—261°, a galactoside of DJ-2, afforded on ordinary acetylation a
dodecaacetate (Vb), whose PMR spectrum shows the proton signals due to an ethoxycarbonyl

14) I. Kitagawa, M. Yoshikawa, Y. Imakura, and 1. Yosioka, Chem. Pharm. Bull. (Tokyo), 22, 1339 (1974).

15) S. Hakomuori, J. Biockem. (Tokyo), 55, 205 (1964).

16) a) H. Budzikiewicz, C. Djerassi, and D.H. Williams, “‘Structure Elucidation of Natural Products by
Mass Spectrometry,” Vol. 2, Holden-Day Inc., San Francisco, 1964, p. 121; b) Idem, ibid., p. 203.
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IMa : R*=COOEt, R*=R*=H (DJ-1)
b * R*="COOEt, R?=Ac, R*=H

Ilc -R*=COOMe, R*=R3=Me

Ild : R*=CH,O0H, RZ—"RS—H

Rt
OR?
R0 ‘
4
OMe |
OMe " |
CHzO»Me
OMe
" IVa:R'=COOEf, R*=R‘=H /e 338
: R ) )
IVb: R'=COOEt, R?=Ac, R°=H L)
IVe: R'=COOMe, R2=R‘=Me '
IVd: R'=CH,0H, R?=R*=Me AcO
‘ ~ ll m/e 249
- COOMe
O‘g} o N
: OMe
- MeO
, OMe
: R'=COOEt, R%=R*=H  iii m/e 233

(DJ-3) _
: R*=COOEt, R*=Ac, R®*=H
:R'=COO0Me, R*=R*=Me
¢ R*=CH,0H, R*=R®=Me
: R*=COO0H, R?*=R*=H

Chart 2

function as above. On methylatlon with CH3I/NaH/DMSO, DJ-8 afforded a tetradeca-O-
methyl derivative (Vc), which possesses no hydroxyl (IR) and was subjected to LiAlH, reduc-
tion to give a product (Ve) (IR: 3600 cm=! (w)). The PMR spectrum of Ve shows three
anomeric proton signals at § 4.41, 4.88, and 4.96 (1H each, d, ] 7 Hz) bemg indicative of
the presence of three §-linkages in DJ-3. :

Methanolysis of IVe and Ve with 99, HCI-MeOH furmshed as the methylated carbo-
hydrate ingredients, methyl 2,3,4,6-tetra-O-methyl-glucopyranoside and methyl ‘3,4-di-O-
methyl-glucopyranoside from the former and methyl 2,3,4,6-tetra-O-methyl-glucopyranoside,
methyl 2,3,4,6-tetra-O-methyl-galactopyranoside, and methyl 8-O-methyl-glucopyranoside
from the latter. A methylated aglycone (If) commonly obtained from both IVe and Ve was
_ characterized as the monoacetate (Ig), which possesses an acetoxyl (IR: 1737, 1246 cm—1;
PMR: 6 2.04, 3H, s) and four methoxyls (PMR) but no hydroxyl (IR). The location of the
acetoxyl has been determined to be at C-8 on the basis of a characteristic proton signal observed
at ¢ 4.53. (1H, t-like) assignable to 3«-H geminal to 38-OAc.» In addition, the fragment
ion peaks at m/fe 338 (i), 249 (ii), 197 (i-CH,0OMe-3MeOH), and 189 (ii-AcOH) observed in the
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OR?
wn OR2

| NCH,OR?
“OR?

Vie : R*=COOMe, R?=Me
Vle : R'=CH,0H, R2=Me
VIf : R'=COOH, R?=H

=desacyl-jegosaponin

CH-OMe

OMe

OH OMe /#WOMe FN—
- OH- OR | OH

VIla : R=H VIIa : R=H, a-anomer . .  Xa' a-anomer
Vib : R=Tr VIIIb : R=H, B-anomer Xb : B-anomer
IXa: R=CONH- CkH5 .
a-anomer ‘
IXb: R=CONH-C:Hs

B-anomer
Chart 3

mass spectrum of Ig also support the assignment. Therefore, the methylated aglycone has
been determined to be 16,21,22,28-tetra-O-methyl-barringtogenol C (If) and it follows that
the carbohydrate moieties in the above mentloned prosapogenols (DJ-1, DJ -2, and DJ- 3)
are connected at 33-OH of barringtogenol C. o

The accumulated evidence so far has led to the formulations of DJ-1, DJ-2, and DJ-8
as Ila, IVa, and Va, respectively.

Finally, the structure of desacyl-jegosaponin (VIf) has been elucidated on the basis of
the following evidence. Complete methylation of desacyl-jegosaponin as above afforded a
crystalline hexadeca-O-methyl derivative (VIc), mp 219—221°, which exhibits no hydroxyl
but the ester absorption band (1762 cm™) in its IR spectrum (CCly). The PMR spectrum
of VIc (in CDCl;+C¢Dg) shows four anomeric proton signals at ¢ 4.47, 4.96, 5.07 (1H each,
d, J=7 Hz) and 6 5:29 (2H, br.s, overlapped with the signal due to 12-H). Reduction of VIc
with LiAlH, furnished a pentadeca-O-methyl derivative (VIe), mp 210—212° (IR: 85692 cm™!
(w)), whose PMR spectrum (in CDCl;) shows a three-proton doublet at é 1.23 assignable to
the rhamnose-methyl and four anomeric proton signals at ¢ 4.38 (1H, d, /=7 Hz, glucuro-
nopyranoside), 4.59 (1H, d, /=7 Hz, glucopyranoside), 4.96 (1H, d, /=7 Hz, galactopyrano-
side), and 6 5.19 (1H, br.s, thamnopyranoside). Methanolysis of VIe yielded, as the methylated
carbohydrate components, methyl 2,3,4,6-tetra-O-methyl-glucopyranoside, methyl 2,3,4-tri-
O-methyl-rhamnopyranoside, methyl 3,4,6-tri-O-methyl-galactopyranoside (vide infra), and
methyl 3-O-methyl-glucopyranoside, and If as the methylated aglycone which was identified
as its monoacetate (Ig) as described above. The g-linkage of three monosaccharides of p-series
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has been substantiated by the coupling patterns of the respective anomeric protons. On
the other hand, the anomeric configuration of the terminal rhamnopyranoside linkage has
been determined as « by application of the Klyne’s rule'?: [M],(VIf)—[M]p(VE)1®=—120.5°;
[M]p (methyl a-L-thamnopyranoside)==—109°; [M], (methyl p-L-rhamnopyranoside)= -
169°.19

Consequently, the structure of desacyl-jegosaponin has been established as barringtogenol
C(3)-[8-p-glucopyranosyl(14,—>2¢:,) [e-L-thamnopyranosyl(1,4am—>2g.1)-B-P-galactopyranosyl (1,
—4,,,)]-p-D-glucuronopyranoside (VIf).

Since methyl 3,4,6-tri-O-methyl-p-galactopyranoside®” was unavailable for comparison,
we prepared it through the following procedure. Thus, methyl 6-O-trityl-p-galactopyranoside
(VIIb), which was prepared from methyl p-galactopyranoside (VIIa), was treated with 2,2-
dimethoxypropane and p-toluenesulfonic acid to afford two isopropylidene derivative (VIIIa,
b). The one showing the anomeric proton signal at 6 4.63 (d, /=4 Hz) in its PMR spectrum
is assigned as a-anomer (VIIIa), while the other (the anomeric proton at ¢ 4.13, d, /=8 Hz)
as f-anomer (VIIIb). Respective treatment of the both anomers with phenylisocyanate in
pyridine furnished two crystalline phenylcarbamate, IXa, mp 190—191°, and IXb, mp 148—
150°. The IR and PMR spectra of both agree with their formulations: especially, the anomeric
protons being observed at 6 4.80 (2H, br.s, Wy/,=6 Hz, overlapped with the signal due to 2-H)
in IXa and at 6 4.27 (1H, d, /=8 Hz) in IXb (the signal due to 2-H at 64.77,d.d, /=6 & 8 Hz).
Treatment of IXa and IXb with methanolic hydrogen chloride followed by methylation
with CH;I/Ag,O/DMF?V and reduction with LiAlH, resulted in the formation of methyl 3,4,6-
tri-O-methyl-a-pD-galactopyranoside (Xa) and -p-p-galactopyranoside (Xb). The assignment
of the anomeric configurations was based on the anomeric proton signal patterns: ¢ 4.568 (1H, d,
J=4Hz)in Xa and ¢ 4.12 (1H, d, /=8 Hz) in Xb. Xa and Xb thus prepared were identical
respectively with the partially methylated a- and f-p-galactopyranoside specimens obtained
by methanolysis of Ve (vide supra).

Desacyl-jegosaponin (VIf) possesses the glucuronide moiety directly attached to the
aglycone and was already shown to be cleaved on ultraviolet irradiation to afford the
aglycone.1#22  The present structure elucidation provides with the further chemical support
for the previously reported photochemical cleavage of the uronide linkage in saponin.!%23

Experimental?®

Acid Hydrolysis of Jegosaponin A solution of jegosaponin (30 g)® in 10% H,50O,~EtOH (150 mI-150
ml) was refluxed for 4 hr. After cooling, the resulting precipitates were collected by filtration and the filtrate
was concentrated under reduced pressure to remove EtOH and the precipitates were again collected by fil-
tration. The combined precipitates were washed with water and dried in vacuo to give the crude sapogenol

17) W. Klyne, Biochem. J., 47, xli (1950).

18) Prepared by alkaline treatment of DJ-3 (Va) for the comparison of the optical data.

19) H. Okabe and T. Kawasaki, Chem. Pharm. Bull. (Tokyo), 20, 514 (1972).

20) E.B. Rathbone, A.M. Stephen, and K.G.R. Pachler, Carbohyd. Res., 21, 83 (1972).

21) R. Kuhn, H. Trischmann, and I. Low, Angew. Chem., 67, 32 (1955).

22) I. Kitagawa, M. Yoshikawa, Y. Imakura, and I. Yosioka, Chem. & Ind., 1973, 276.

23) I. Kitagawa, M. Yoshikawa, and I. Yosioka, Tetrahedron Letters, 1973, 3997.

24) The following instruments were used for obtaining the physical data. Melting points: Yanagimoto
Micro-meltingpoint Apparatus (a hot-stage type), and recorded uncorrected; Specific rotations: Rex
Photoelectric Polarimeter NEP-2 (1=1 dm); IR spectra: Hitachi IR Spectrometer EPI-S2 or EPI-
G3; PMR spectra (tetramethylsilane as an internal standard): Hitachi R-20A (60 MHz) or R-22 (90
MHz) NMR Spectrometer; Mass spectra: Hitachi RMU-6D Mass Spectrometer (direct inlet, at 70 eV).
For chromatography, silica gel (Merck, 70—230 mesh) or alumina (Merck or, Woelm neutral) was used
for column and silica gel (Camag D-5) for TLC on which detection was made by spraying 1%, Ce(SO,),—
109, H,SO, solution followed by heating. For gas-liquid chromatography (GLC), Hitachi Gas
Chromatograph Model 063 with FID was used, and Toyo Filter Paper No. 50 was used for paper partition
chromatography (PPC).
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(9 g), of which 1 g was chromatographed on alumina (50 g) eluting with CHCl, to afford jegosapogenin (Ia,
408 mg), barringtogenol D (II, 42 mg), and barringtogenol C (I, 54 mg). I and II were identified with the
authentic specimens® by mixed mp, IR (KBr), and TLC. The analytical sample of jegosapogenin (Ia) was
obtained by recrystallization from aq. EtOH as colorless needles of mp 245—247° (mp 263—265° from ace-
tone-benzene), [«]®+10.5° (c=1.0, pyridine). Anal. Calcd. for CysH;406: C, 73.39; H, 9.85. Found: C,
72.82; H, 9.83. IR »£2% cm-1: 3390 (OH), 1690 (tiglate CO), 1648 (C=C), 1265.

Alkaline Treatment of Jegosapogenin (Ia) A mixture of Ia (3 g) in aq. 80% EtOH-KOH (100 ml-6 g)
was heated under reflux for 1 hr and diluted with water. The precipitates collected by filtration were washed
with a small amount ot EtOH and chromatographed on alumina (80 g) as above and crystallized from aq.
EtOH to give colorless needles (450 mg) which were identified with barringtogenol C (I) by mixed mp, IR
(KBr), and TLC. The identity was also assured by preparing the tetraacetate (Ie).» The aqueous filtrate
was extracted with ether and the extractive obtained by evaporation of the solvent was treated with ethereal
diazometharne to give a methyl ester which was identified with methyl tiglate by GLC: 1.5% SE-30 on chro-
mosorb W, 3 mm X 2 m column, temp. 50°, N, 70 ml/min, retention time (tz) 3.2 min.

Jegosapogenin Triacetate (Ib) Acetylation of Ia (120 mg) with Ac,O (3 ml)-pyridine (5 ml) by keeping
at room temperature for three days afforded a product, which, after ordinary work-up, was chromatographed
on silica gel (5 g) eluting with benzene-CHCl, (2:1) to give Ib, colorless needles (85 mg) of mp 280—283° (from
aq. EtOH), [«]#+19.6° (¢=0.8, CHClL;). Anal. Calcd. for CyHg,0,: C, 70.45; H, 8.94. Found: C, 70.23;
H, 9.10. IR »< cm~': 3460 (OH), 1739 (OAc), 1726 (tiglate CO), 1654 (C=C). PMR: as given in Table I.

Jegosapogenin Monoacetonide (Ic) To a solution of Ia (120 mg) in dry acetone (50 ml) was added
anhydrous CuSO, (3 g) and the total mixture was kept stirring for 8 hr at room temperature and left standing
overnight. After removing the precipitates by filtration, the filtrate was evaporated to dryness and the
residue was chromatographed on alumina (5 g) eluting with benzene-CHCI; mixture (7:3—4:6) to give Ic,
colorless plates (47 mg) of mp 175—177° (from aq. EtOH), [«]®+16.6° (¢c=1.0, CHCly). Anal. Calcd. for
CysHyoO4: C, 74.47; H, 9.87. Found: C, 74.50; H, 10.03. IR »{3i cm™: 3550(OH), 1726, 1717 (tiglate CO),
1645(C=C). PMR: as given in Table I.

Acetylation of Ic Treatment of Ic (80 mg) with Ac,O (3 ml) and pyridine (5 ml) at room temperature
for 24 hr followed by usual work-up yielded a product, which was purified by passing through an alumina
column (5 g) with the aid of CHCl;~EtOAc (9:1). The acetate (Id, 61 mg) was obtained by recrystallization
from aq. EtOH as colorless rods of mp 232—234°, [«]5+4-26.8° (¢=0.47, CHCly). Amnal. Calcd. for Cy4oHg,O:
C,73.35; H, 9.54. Found: C, 73.09; H, 9.60. IR »% cm~*: 3510 (OH), 1742 (OAc), 1725 (tiglate CO), 1652
(C=C). PMR: as given in Table I.

Desacyl-jegosaponin (VIf) Recrystallization from aq. EtOH of desacyl-jegosaponin, which was
prepared by alkaline treatment of jegosaponin as described before, ) afforded colorless needles of mp 248—
251°, [a]¥—12.0° (c=1.0, MeOH). Anal. Caled. for Cg5HgO45-H,0: C, 56.14; H, 7.85. Found: C, 56.10;
H, 7.89. IR »%8: cm~1: 3400 (br, OH), 1730 (COOH).

Complete Acid Hydrolysis of Desacyl-jegosaponin (VIf) a) A solution of VIf (30 mg) in 6 N H,SO,~
EtOH (1:1, 10 ml) was heated under reflux for 3 hr and poured into cold water. The precipitates (9 mg)
were collected by filtration, recrystallized from aq. EtOH, and identified with barringtogenol C (I) by mixed
mp, IR (KBr), and TLC. The aqueous filtrate was neutralized with aq. saturated Ba(OH), and the precipi-
tates were removed by a centrifuge. The syrup obtained after concentration of the aqueous layer under
reduced pressure was subjected to PPC developing with iso-PrOH-»-BuOH-water (7:1:2) for 24 hr, The
spots were detected by the naphthoresorcinol-phosphoric acid reagent and identified with glucuronic acid,
glucose, galactose, and rhamnose, respectively. b) In order to examine the optical properties of the monosac-
charide ingredients, VIf (500 mg) was hydrolyzed with acid and the monosaccharides were isolated by pre-
parative PPC (developed as above): r-rthamnose: Rf=0.66, [«]5+21.0° (c=0.8, water, 90 min after making
solution)(authentic specimen: [¢]¥-+17.5°); p-glucose: Rf=0.50, [«]5+39.7° (c=1.3, water, 19 hr after mak-
ing solution)(authentic specimen: [«]8+28.5°); p-galactose: Rf=0.44, [«]®+65.6° (c=0.5, water, 12 hr after
making solution)(authentic specimen: [«]®+55.8°); glucuronic acid: Rf=0.10. Three monosaccharides
were also identified as their trimethylsilyl derivatives by GLC: 3% SE-30 on chromosorb W (80—100 mesh),
3 mm x 2 m column, temp. 220°, carrier gas N, 20 ml/min, ¢z (min): r-rhamnose (2.0, 2.2, 2.8); p-glucose
(3.9, 4.5, 5.1); p-galactose (5.0, 6.5).

Partial Acid Hydrolysis of Desacyl-jegosaponin (VIf) giving DJ-1 (Illa), DJ-2 (IVa), and DJ-3 (Va) A
solution of VIf (5.5 g) in 1 ~ H,SO,~EtOH (1:2, 270 ml) was refluxed for 2 hr and concentrated under reduced
pressure to remove EtOH while neutralizing with aq. 10% NaOH. The resulting aqueous mixture was
extracted several times with #-BuOH saturated with water and the organic layer was taken, washed with
water, and evaporated to dryness i vacuo to give the residue (3.3 g). The residue was then chromatographed
on silica gel (495 g) eluting with CHCl;-MeOH-H,O (50:12:1) to give barringtogenol C (I, 420 mg), DJ-1
(IITa, 146 mg), DJ-2 (IVa, 152 mg), DJ-3 (Va, 289 mg), and the mixtures (combined weight 1.5 g).

DJ-1 (IITa), mp 199—201° (colorless needles from CHCl;-MeOH), [0]3—12.0° (¢=1.0. MeOH). Anal.
Caled. for CygHg,0qq-2H,0: C, 62.44; H, 9.10. Found: C, 62.79; H, 8.67. IR »ii; cm~': 3425 (OH), 1730
(COOEY).

NII-Electronic Library Service



1528 Vol. 23 (1975)

DJ-2 (IVa), white powder (precipitated with ether), [«]9—14.0° (¢=1.0, MeOH), IR »£2t cm—1: 3425
(OH), 1740 (COOEL).

DJ-3 (Va), mp 265-—269° (colorless needles from EtOH), mp 279—282° (from aq. EtOH), [«]¥—4.7°
(¢=1.0, MeOH). Amnal. Caled. for C;oHg,0,,-16H,0: C, 58.42; H, 8.08. Found: C, 58.34; H, 8.14. IR X5
cm~!: 3460—3360 (br, OH), 1736 (COOELt).

Acid Hydrolysis of DJ-1 (IIIa) A solution of ITTa (10 mg) in 1 x H,SO,~EtOH (2:1, 12 ml) was refluxed
for 8 hr, diluted with water, and concentrated under reduced pressure to remove EtOH. The precipitates
collected by filtration were crystallized from MeOH and identified with barringtogenol C (I) by mixed mp,
IR (KBr), and TLC. After treating the aqueous filtrate as in case of the acid hydrolysis of VI{, the residue
was identified with glucuronic acid by PPC (iso-PrOH-#-BuOH-H,0=7:1:2, developed for 24 hr).

Acetylation of DJ-1 (IIla) giving Hexaacetate (IIIb) Acetylation of Illa (40 mg) with Ac,O (2 ml)
and pyridine (2 ml) at 28° for 24 hr followed by usual work-up yielded a product (45 mg) which was purified
by preparative TLC (benzene-EtOAc=1:1, detection with water) to give IIIb (30 mg, amorphous), [«]%
+0.71° (¢=0.56, CHCl;). IR »S cm~1: 3618, 3448 (w, OH), 1766, 1754 (OAc, COOEt). Since the purity
of IIIb was assured by TLC, the PMR analysis was made. PMR (CDCl,, 90 MHz) 6: 0.71 ,0.89 (3H each),
0.92 (6H), 1.03, 1.25, 1.43 (3H each) (all s, CHyx 7), 1.25 (3H, t, J=7 Hz), 4.20 (2H, q, J=T7Hz), (OCH,-
CHy), 2.00, 2.04 (18H, OAcx 6), 3.11 (1H, m, 3¢-H), 4.59 (1H, d, J=8 Hz, anomeric H), 5.37, 5.562 (2H,
ABq, /=10 Hz, 21«-H, 224-H).

NaBH, Reduction of DJ-1 (IIla) giving IIId To a solution of IIIa (50 mg) in EtOH (2 ml) was added
NaBH, (15 mg) in EtOH (1.5 ml) and the total mixture was kept stirring at room temperature for 30 min,
treated with acetone (6 ml), stirred further for 10 min, and treated with EtOH (6 ml). The reaction mixture
was then passed through the columns of Amberlite IRA-400 (OH-)(1 g) and Dowex 50W x 8 (H*+)(1 g) suc-
cessively and concentrated under reduced pressure to give a reaction product (45 mg). Crystallization of
the product from MeOH gave a pure sample of IIId, mp 247—249° (colorless needles), [«]¥—5.5° (¢=1.0,
MeOH). Amnal. Calcd. for CyeHggOy0-4H,0: C, 59.64; H, 9.46. Found: C, 60.18; H, 8.95. IR »X3 cm-1:
3400 (OH), 1625 (C=C).

Acid Hydrolysis of IIYd——A mixture of ITId (10 mg) in 1 x H,SO,~EtOH (2:1, 12 ml) was heated under
reflux for 8 hr, diluted with water, and concentrated under reduced pressure to remove EtOH. The pre-
cipitates collected by filtration were crystallized from MeOH and identified with barringtogenol C (I) by mixed
mp, IR (KBr), and TLC. The aqueous filtrate was passed through a column of Amberlite IR 45 (OH-) (5 g)
and concentrated under reduced pressure to give a residue which was identified with glucose by PPC (detec-
tion by aniline hydrogen phthalate, Rf=0.50) and by GLC (as trimethylsilyl derivative). In order to examine
the optical property, acid hydrolysis of IIId (40 mg) was undertaken and glucose isolated by preparative
PPC showed [«]580.3° (¢=1.14, water), thus being confirmed as p-glucose.

Methylation of DJ-1 (IITa) giving IIc a) DMSO Carbanion: A mixture of NaH (110 mg, commercial
NaH was washed with #-hexane beforehand) in DMSO (2 ml) was heated at 60—65° for 1.5 hr under N, atmos-
phere. b) To a solution of IIIa (40 mg) in DMSO (2 ml) was added the above prepared DMSO carbanion
and the total mixture was kept stirring at room temperature for 1 hr, treated with CH,I (2 ml), kept stirring
for 19 hr in the dark, and poured into ice-water. The aqueous mixture was extracted with CHCl; several
times and the CHCI, extract was washed with aq. 5% Na,S,0, and water successively and treated in the usual
manner.  The product was purified by preparative TLC (benzene-acetone=10:1, detection with I,) and
IIIc (14 mg) was obtained as white powder, [¢]%—6.0° (¢=0.5, CHCl,). Anal. Calcd. for Cy H;,04,:C, 67.83;
H, 9.57. Found: C, 67.59; H, 9.36. IR % cm~1: no OH, 1753 (COOMe). PMR (CDCl, 90 MHz) &: 0.84,
0.87 (3H each), 0.91 (9H), 1.02, 1.31 (3H each) (all s, CHyx 7), 3.27, 3.28 (3H each), 3.50 (6H), 3.56, 3.62, 3.63
(3H each) (all s, OCH; x 7), 3.80 (3H, s, COOCHj), 4.34 (1H, d, J=8 Hz, anomeric H), 5.27 (1H, m, 12-H).
Mass Spectrum m/e(%): 778 (M*, <(2), 746 (M+-MeOH, 3), 714 (M+-2MeOH, 4), 669 (M+-2MeOH-CH,OMe, 5),
306 (i-MeOH, 3), 274 (i-2MeOH, 4), 261 (i-MeOH-CH,OMe, 8), 242 (i-3MeOH, 3), 233 (iii, 4), 229 (i-2MeOH-
CH,OMe, 34), 201 (iii-MeOH, 33), 197 (i~-8MeOH-CH,OMe, 19), 169 (iii-2MeOH, 8), 75 (100).

Acid Hydrolysis of DJ-2 (IVa) A solution of IVa (10 mg) in 1x H,SO,~EtOH (3:1, 8 ml) was heated
under reflux for 5 hr, diluted with water, and concentrated under reduced pressure to remove EtOH. The
precipitates were collected by filtration, crystallized from MeOH, and identified with barringtogenol C (I)
by mixed mp, IR (KBr), and TLC. The aqueous filtrate was neutralized with aq. saturated Ba(OH),,
centrifuged to remove the precipitates, evaporated to dryness in vacuo, and identified with glucuronic acid
(Rf=0.10) and glucose (Rf=0.52) by PPC as above.

Acetylation of DJ-2 (IVa) giving Nonaacetate (IVb) Acetylation of IVa (100 mg) with Ac,0 (5 ml)
and pyridine (4 ml) at 28° for 24 hr followed by usual work-up gave a product (134 mg) which was purified
by preparative TLC (benzene-EtOAc==1:1, detection by spraying water). Crystallization of the product
from MeOH furnished IVb (96 mg) of mp 159—161°, [«]%—4.9° (¢=0.7, CHCl,). Anal. Calcd. for CooHgOss:
C, 60.28; H, 7.34. Found:C, 59.80; H, 7.32. IR cm=1: 3610, 3490 (w, OH), 1765, 1756 (OAc, COOEY).
PMR (CDCl,, 90 MHz) 6: 1.26 (3H, t, J=8 Hz), 4.19 (2H, q, /=8 Hz) (OCH,CH,), 1.98 (6H, s), 2.00 (12H,
s), 2.02, 2.04, 2.10 (3H each, s) (OAcx 9), 8.67 (2H, br. s, Wy,2=6 Hz, 28-H,), 4.51 (1H, d, J=8 Hz), 4.69 (1H,
d, J=7.5 Hz) (anomeric H x 2), 5.38, 5.51 (2H, ABq, /=10 Hz, 21«-H, 225-H).
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Methylation of DJ-2 (giving IVc) followed by LiAIH, Reduction giving IVe A solution of TVa (100 mg)
in DMSO (5 ml) was treated with DMSO carbanion (prepared from 400 mg of NaH and 7 ml of DMSO as
above) at room temperature for 1 hr under N, atmosphere, added with CH,I (8 ml) and kept stirring for fur-
ther 19 hr in the dark. After pouring into ice-water, the total reaction mixture was extracted with CHCl,
and the CHCI, extract was treated as above and subjected to preparative TLC (benzene-acetone=20:2, de-
tection by spraying water) to give IVc (45 mg) which showed no OH absorption band in the IR spectrum. IVc
thus obtained was dissolved in dry ether (20 ml), treated with LiATH, (30 mg), and heated under reflux for
2 hr. The reaction mixture was then treated with aqueous ether, poured into diluted H,SO,, and extracted
with ether. The crude product obtained after usual work-up was purified by preparative TLC (benzene—
acetone=7:1, detection with water) and treated with acetone to give IVe (38 mg, amorphous), [«]}+4.4°
(¢=1.0, CHCl,). Anal. Calcd. for Cy,HyyO,5: C, 65.38; H, 9.49. Found: C, 65.59; H, 9.25. IR »5:cm—1:
3400 (w, OH), no COOMe. PMR (CDCl,, 90 MHz) §: 3.28 (6H, s), 3.36 (3H, s), 3.51, 3.54 (6H each, s), 3.58
(3H, s), 3.63 (6H, s) (OCH,x 10), 4.38 (1H, d, /=7 Hz), 4.67 (1H, d, J=7 Hz) (anomeric H X 2), 5.28 (1H,
m, 12-H)."

Acid Hydrolysis of DJ-3 (Va) A solution of Va (10 mg) in 1 x H,SO,~EtOH (3:1, 8 ml) was refluxed
for 6 hr, diluted with water, concentrated under reduced pressure to remove EtOH. The precipitates were
collected by filtration, crystallized from MeOH, and identified with barringtogenol C (I) by mixed mp, IR
(KBr), and TLC. The aqueous filtrate was treated as above and glucose (Rf=0.51), galactose (Rf=0.40),
and glucuronic acid (Rf=0.10) were identified by PPC.

Acetylation of DJ-3 (Va) giving Dodecaacetate (Vb)——Acetylation of Va (45 mg) with Ac,O (4 ml) and
pyridine (3 ml) at 30° for 45 hr followed by usual work-up gave a product (54 mg) which was purified by pre-
parative TLC (benzene~-EtOAc=1:2, detection with water) to give Vb (34 mg, amorphous), [«]§—22.5° (c=
0.5, CHCL,), IR %% cm~1: 3475 (w, OH), 1750 (br, OAc, COOEt). Although the purity of Vb was secured
by TLC, the crystallization was unsuccessful. PMR (CDCl,, 90 MHz) §: 0.81 (3H, s), 0.88 (6H, s), 0.91 (3H,
s), 1.04 (6H, s), 1.42 (3H, s) (CH, x 7), 1.26 (3H, t, J="17.5 Hz), 4.18 (2H, q, J=7.5 Hz) (OCH,CH,), 1.88 (15H,
s), 1.93 (18H, s), 2.22 (3H, s) (OAcx12), 3.04 (1H, m, 3o-H).

Methylation of DJ-3 (Va) giving Tetradeca-O-methyl Derivative (Vc) A solution of Va (100 mg) in
DMSO (7 ml) was treated with DMSO carbanion (prepared from 500 mg of NaH and 8 ml of DMSO at 60—80°
as above) and kept stirring at room temperature for 1 hr under N, atmosphere. The reaction mixture was
added with CH,I (7 ml), kept stirring in the dark at room temperature for 20 hr, poured into ice-water and
extracted with CHCl;. After treating the CHCI, extract as above, the product was purified by preparative
TLC (benzene-acetone=4:1, detection with water) and treated with acetone to give V¢ (42 mg, amorphous),
[a]} —6.3° (c=1.0, CHCly). Awnal. Calcd. for CgH,040,,: C, 62.71; H, 9.00. Found: C, 62.61; H, 8.99. IR
Vot cm~: no OH, 1755 (COOMe). PMR (CDCl;+C¢Dg==1:1, 90 MHz) 6: 4.50 (1H, d, J=7 Hz) 4.86 (1H
d, /=7 Hz), 4.97 (1H, d, /=7 Hz) (anomeric H x 3), 5.26 (1H, m, 12-H).

LiAlH, Reduction of Vc giving Ve To a solution of Ve (70 mg) in dry ether (12 ml) was added LiAlH,
(40 mg) and the total mixture was heated under reflux for 2 hr and treated as above. The product was puri-
fied by silica gel (6 g) column chromatography eluting with benzene-acetone (6:1) and treated with acetone
to give Ve (54 mg, amorphous), [«]5—5.1° (¢=1.0, CHCl;). Anal. Calcd. for CgH,¢0s0: C, 63.19; H, 9.22.
Found: C, 62.73; H, 9.26. IR %% cm~1: 3600 (w, OH), no COOMe. PMR (CDCl;, 90 MHz) §: 4.43 (1H,
d, /=7 Hz), 4.88 (1H, d, /=7 Hz), 4.96 (1H, d, /=7 Hz) (anomeric H X 3), 5.28 (1H, m, 12-H).

Methanolysis of IVe and Ve and Acetylation of If giving 3-0-Acetyl-16,21,22,28-tetra-0-methyl-bar-
ringtogenol C (Ig) a) A solution of IVe (25 mg) in anhydrous 9% HCI-MeOH (5 ml) was refluxed for 2 hr,
neutralized with Ag,CO,, and filtered. The filtrate was concentrated under reduced pressure to give a pro-
duct, which was subjected to preparative TLC (benzene-acetone==4:1, detection with I,) to give the methylat-
ed aglycone (If) (10 mg), methyl 2,3,4,6-tetra-O-methyl-p-glucopyranoside (1), and methyl 3,4-di-O-methyl-
p-glucopyranoside (2). The methylated monosaccharides were identified by GLC and TLC. If (10 mg) was
acetylated with Ac,O (1 ml) and pyridine (1.5 ml) at 32° for 15 hr, treated as usual, purified by preparative
TLC (benzene-EtOAc=20:1, detection with I,), and treated with acetone to give Ig (8.5 mg, amorphous),
(]} +20.0° {(¢=1.0, CHCl;). Amnal. Calcd. for C44HgOq: C, 73.47; H, 10.20. Found: C, 73.26; H, 10.22.
IR »¢%% cm~1: no OH, 1737, 1246 (OAc). PMR (CDCl,, 90 MHz) 4: 2.04 (3H, s, OAc), 3.27, 3.28, 3.52, 3.56
(3H each, s, OCH;x 4), 4.53 (1H, t-like, 3a-H). Mass Spectrum m/e (%): 588 (M, 4), 556 (M+-MeOH, 6),
528 (M+t-AcOH, 2), 524 (M+-2MeOH, 14), 511 (M+-CH,OMe-MeOH, 100), 479 (M*+-CH,0OMe-2MeOH, 11),
419 (M+—-AcOH-CH,0OMe-2MeOH, 6), 338 (i, 4), 249 (ii, 4), 229 (i-CH,OMe-2MeOH, 74), 197 (i-CH,0OMe-
3MeOH, 53), 189 (ii-AcOH, 9). b) Ve (20 mg) was treated with anhydrous 9% HCI-MeOH (5 ml) under
reflux for 2 hr as above to give a product which was purified by preparative TLC (benzene-acetone=3:1,
detection with I,). The methylated aglycone (If) thus obtained was acetylated and the acetate (6 mg) was
identified with Ig by IR (CCl,), TLC, and PMR. The methylated monosaccharides were identified with
methyl 2,3,4,6-tetra-O-methyl-p-glucopyranoside (1), methyl 2,3,4,6-tetra-O-methyl-p-galactopyranoside (3),
and methyl 3-O-methyl-p-glucopyranoside (4), respectively, by GLC and TLC. GLC: i) Column: 159
NPGS on chromosorb WAW (80—100 mesh), 3 mm X 2 m; column temp.: 190°, carrier gas: N, 55 ml/min; ¢
(min): 1, 3.15,4.02; 2, 15.25, 17.35. ii) Column: 159% NPGS on chromosorb WAW (80—100 mesh), 3 mm X
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2 m; column temp: 190°; carrier gas: N, 30 ml/min; ¢z (min): 1, 4.63, 5.95; 3, 6.70, 6.85; 2, 22.72, 25.00.
iii) Column: 39, SE-30 on chromosorb W (80—100 mesh), 3 mm X 2 m; column temp.: 170°; carrier gas: N,
20 ml/min; ¢z (min): 1, 2.63, 2.97; 3, 2.97, 3.10; 4, 3.80. iv) Column: 3% SE-30 on chromosorb W (80—
100 mesh), 3 mm X 2 m; column temp.: 175°; carrier gas: N, 15 ml/min; ¢z (min): 4, 4.18. v) Column: 2%,
silicone OV-17 on chromosorb WAWDMCS (80—100 mesh), 3 mm X 2 m; column temp.: 170°; carrier gas:
N, 15 ml/min; g (min): 4, 4.70. TLC (Rf): i) Benzene-acetone (4:1): 1, 0.31, 0.45; 2, 0.03. ii) Benzene—
acetone (3:1): 1, 0.43, 0.56; 2, 0.06; 3, 0.36, 0.43. iii) Benzene—acetone (1:2):2, 0.38; 4, 0.18. iv) CHCl;—
MeOH (20:3): 4, 0.23.

Methylation of Desacyl-jegosaponin (VIf) giving VIc A solution of VIf (200 mg) in DMSO (11 ml) was
treated with DMSO carbanion (NaH 550 mg, DMSO 12 ml) at room temperature for 1 hr with stirring under
N, atmosphere. The reaction mixture was then added with CH;I (10 ml), kept stirring in the dark at room
temperature for 19 hr, poured into ice-water, and extracted with CHCl;. The product obtained from the-
CHCI, extract as above was purified by silica gel (25 g) column chromatography (benzene-acetone=6:1) and
recrystallized from #n-hexane to give colorless needles of VIc (125 mg), mp 219—221°, [«]} —26.7° (¢=1.0,
CHCl;). Amnal. Caled. for C,gH500,5: C, 61.75; H, 8.88. Found: C, 61.95; H, 8.86. IR »%:cm~1: no OH,
1762 (COOMe). PMR (CDCl;+CiDg=1:1, 90 MHz) §: 0.82 (6H, s), 0.84 (3H, s), 1.06 (6H, s), 1.11, 1.41 (3H
each, s) (CH;x 7), 1.37 (3H, d, J =6 Hz, rhamnose CHj), 4.47, 4.96, 5.07 (1H each, d, /=7 Hz, anomeric H
X 3), 5:29 (2H, br. s, 12-H & anomeric H), 3.09—3.66 (48H, OCH, x 16).

LiAlH, Reduction of VIc giving VIe——To a solution of VIc (87 mg) in dry ether (20 ml) was added Li-
AlH, (50 mg) and the total mixture was refluxed for 2 hr and treated as above. The product was crystal-
lized from #-hexane to give colorless needles of VIe (77 mg), mp 210—212°, [«]¥—15.7° (¢=0.7, CHCL;). Anal.
Calcd. for CgoH,,500,4: C, 62.16; H, 9.07. Found: C, 62.55; H, 9.17. IR »%% cm~1: 3592 (w, OH), no COOMe.
PMR (CDClg, 90 MHz) §: 0.87 (6H, s), 0.91 (9H, s), 1.04, 1.31 (8H each, s) (CH;x 7), 4.38, 4.59, 4.96 (1H each,
d, /=7 Hz), 5.19 (1H, br. s) (anomeric H x 4), 5.27 (1H, m, 12-H), 3.27—3.60 (45H, OCH, X 15).

Methanolysis of VIe A solution of VIe (170 mg) in anhydrous 6%, HCI-MeOH (20 ml) was refluxed
for 2 hr, neutralized with Ag,CO, and filtered. The product obtained by concentration of the filtrate under
reduced pressure was chromatographed on a silica gel (15 g) column (benzene—acetone=7:1) to give the meth-
ylated aglycone (If, 45 mg) and a mixture of methylated monosaccharides. Acetylation of If (43 mg) with
Ac,O (5 ml) and pyridine (4 ml) at 30° for 12 hr followed by usual work-up and preparative TLC (benzene—
EtOAc=20:1, detection with water) gave Ig (42 mg) being identified by IR (CCl,), TLC, and PMR. The
components of the methylated monosaccharides were separated by preparative TLC (benzene-acetone=2:1,
detection with I,) and identified with methyl 2,3,4,6-tetra-O-methyl-p-glucopyranoside (1), methyl 3-O-
methyl-n-glucopyranoside (4), methyl 3,4,6-tri-O-methyl-p-galactopyranoside (5), and methyl 2,3,4-tri-O-
methyl-L-rhamnopyranoside (6) by GLC and TLC. GLC: i) Column: 29, silicone OV-17 on chromosorb
WAWDMCS (80—100 mesh), 3 mm X 2 m; column temp.: 170°; carrier gas: N, 15 ml/min; ¢ (min): 1, 2.50,
3.10; 4, 4.70; 5, 3.90, 4.35; 6, 1.70. ii) Column: 159, NPGS on chromosorb WAW (80—100 mesh), 3 mm X
2 m; column temp.: 190°; carrier gas: N, 55 ml/min; #g (min): 1, 3.13, 4.02; 5, 8.95, 12.90; 6, 1.73. TLC
(Rf): i) Benzene-acetone (2:1): 1, 0.58, 0.69; 4, 0.03; 5, 0.22; 6, 0.74. ii) Benzene-acetone (1:1): 4, 0.06; 5,
0.28. iii) Benzene-MeOH (20:5): 5, 0.29, 0.32.

Methyl 2-0-Phenylcarbamoyl-3,4-di-O-isopropylidene-6-O-trityl-z- & -B-p-galactopyranosides (IXa,
IXb) A solution of methyl p-galactopyranoside (2 g) in pyridine (30 ml) was treated with trityl chloride
(5 g) and Drierite (500 mg), heated under reflux for 3 hr, and poured into ice-water. The precipitates were
removed by filtration and the filtrate was extracted with CHCl; and the CHCl; extract was washed with
water, dired over MgSO,, and evaporated to dryness to give a product which was purified by preparative TLC
(benzene—acetone=2:1, detection by UV) and methyl 6-O-trityl-(«,f)-p-galactopyranosides(VIIb, 1.8 g) were
obtained as syrup (trityl group being confirmed by IR (CCl,) and PMR). A solution of VIIb (420 mg) in 2,2-
dimethoxypropane (10 ml) was added with ».TsOH-H,O (ca. 10 mg) and left standing at 30—32° for 30 min
with occasional shaking. Afterice-cooling, the reaction mixture was poured into CHCl, and the CHC]l, solution
was washed with aq. 59, KHCO; and water successively, dried over MgSO,, and evaporated to dryness to
give a product which was purified by preparative TLC (benzene-MeOH=24:1, detection by UV) to afford
methyl 3,4-di-O-isopropylidene-6-O-trityl-a-p-galactopyranoside (VIIIa, 265 mg, syrup), [«]3 +48.3° (¢=2.2,
MeOH), PMR (CCl,, 90 MHz) 6: 4.63 (1H, d, J=4 Hz, anomeric H), and f-anomer (VIIIb, 119 mg, syrup),
]2 —14.7° (¢=0.6, MeOH), PMR (CCl,, 90 MHz) é: 4.11 (1H, d, J=8 Hz, anomeric H).

To a solution of VIIIa (190 mg) in pyridine (10 ml) was added phenylisocyanate (0.1 ml) and after keep-
ing the total mixture at 30° for 10 min, the mixture was heated under reflux for 4 hr, cooled with ice, added
with MeOH (10 ml), refluxed again for 20 min, and poured into ice-water. The precipitates collected by
filtration were purified by preparative TLC (benzene-acetone=40:1, detection by UV) to give a product (218
mg), which was crystallized from #-hexane—ether to afford colorless needles of IXa, mp 190—191°,[o]}5 +58.3°
(¢=0.9, MeOH). Anal, Caled. for C43H,,0,N: C, 72.59; H, 6.26; N, 2.35. Found: C, 72.51; H, 6.27; N, 2.38.
IR »3% cm—1: 3445 (NH), 1751, (-OCONH-), 1600, 1524 (aryl C=C, amide IT). PMR (CCl,, 90 MHz) §: 1.29,
1.50 (3H each, s, CH;x 2), 3.34 (3H, s, OCH;), 4.80 (2H, br. s, Whn,s=6 Hz, 2-H, 1-H), 6.80—7.50 (aromatic
protons).
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The B-anomer (VIIIb, 114 mg) in pyridine (8 ml) was treated with phenylisocyanate (0.1 ml) similarly.
as for VIIIa and the product (120 mg) obtained by preparative TLC was crystallized from n-hexane-ether to
give fine needles of IXb, mp 148—150°, [«]%—5.8° (¢=1.0, MeOH). Amnal. Calcd. for C34H,,0,N: C, 72.59;
H, 6.26; N, 2.35. Found: C, 72.20; H, 6.34; N, 2.57. - IR #»3%: cm~1: 3450 (NH), 1746 (-OCONH-), 1601,
1522 (aryl C=C, amide II). PMR (CCl,, 90 MHz) é: 1.32, 1.53 (3H each, s, CH; X 2), 3.49 (3H, s, OCHj;), 4.27
(1H,d, J=8 Hz, 1-H), 4.77 (1H, d. d, /=6 & 8 Hz, 2-H), 6.50—7.50 (aromatic protons). ,

Methyl 3,4,6-Tri-O-methyl-a-&-f-p-galactopyranosides (Xa, Xb)-——A mixture of IXa and IXb (900 mg)
in anhydrous 5% HCI-MeOH (30 ml) solution was heated under reflux for 2 hr, neutralized with Ag,COs,
and filtered. The residue obtained after concentration of the filtrate under reduced pressure was purified
by preparative TLC (benzene-acetone=1:2, detection by UV) and the product (395 mg) was dissolved in
DMF (20 ml) and added with CH,I (13 ml) and Ag,0 (4 g), and the total mixture was kept stirring in the
dark at room temperature for 24 hr, filtered, added again with CHgI (5 ml) and Ag,O (3 g), kept stirring for
24 hr, and filtered. The filtrate was then diluted with CHCl;, washed with water, dried over MgSOy, and
evaporated under reduced pressure to give a product which was purified by preparative TLC (benzene-acetone
=20:3, detection by UV) and ¢-anomer (185 mg) and f-anomer (145 mg). were obtained as syrup. A solution
of the a-anomer (185 mg) in dry ether (20 ml) was treated with LiAlH, (100 mg), refluxed for 2 hr, treated
in a usual manner, and purified by preparative TLC (benzene-acetone=1:1, detection with I,) to give a prod-
uct (82 mg), which was crystallized from acetone to afford colorless needles of Xa, mp 84—86°, [a]5+124.7°
(¢=1.0, MeOH). Anal. Calcd. for C,gH,,O4: C, 50.83; H, 8.53. Found: C, 50.91; H, 8.38. IR+ cm~1:
3580, 3490 (OH).. PMR (CCl,, 90 MHz) d: 2.03 (1H, m, OH, exchangeable with D,0), 3.30, 3.36, 3.44, 3.47
(3H each, s, OCH; x 4), 4.58 (1H, d, /=4 Hz, 1-H). The f-anomer (145 mg) in dry ether (20 ml) was treated
similarly with LiAlH, (70 mg) and the reaction product was purified by preparative TLC to give Xb (45 mg)
as syrup, [«¢]%—10.4° (c=1.6, MeOH). IR »%%cm~*: 3600, 3460 (OH). PMR (CCl,, 90 MHz) d: 2.82 (1H,
m, OH, exchangeable with D,0), 3.38, 3.50, 3.51, 3.52 (3H each, s, OCH, x 4), 4.12 (1H, d, =8 Hz, 1-H).
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