Phytochemistry, 1979, Vol. 18, pp. 1981-1986. © Pergamon Press Ltd. Printed in England.

0031-9422/79/1201-1981 -$02.00/0

THREE NEW SECOIRIDOID GLUCOSIDES
FROM EUSTOMA RUSSELLIANUM*

SuinicHr UgsaTo, TosHIHIRO HasHIMOTO and HiroYUKI INOUYET
Faculty of Pharmaceutical Sciences, Kyoto University, Sakyo-ku, Kyoto, Japan

(Received 6 March 1979)

Key Word Index—Eustoma russellianum; Gentianaceae; secoiridoid glucosides; eustomoside; eustoside; eusto-

morusside; *C NMR.

Abstract—Three new secoiridoid glucosides, eustomoside, eustoside and eustomorusside, have been isolated along
with three known glucosides, sweroside, swertiamarin and gentiopicroside, as well as one unknown glycoside from

Eustoma russellianum.

INTRODUCTION

Previously, Inouye et al. [1-5] investigated the structure
of the secoiridoid glucosides from Swertia japonica
(family Gentianaceae) and further examined a variety of
plants of the genera Gentiana and Swertia for secoiridoid
glucosides [6]. As a part of this series, we have now
investigated the constituents of Eustoma russellianum
(Japanese name: Torukogikyo) of the same family which
is native to North America and cultivated as a garden
flower plant in Japan. This paper describes the structure
elucidation of three new secoiridoid glucosides isolated
from this plant.

RESULTS AND DISCUSSION

From the MeOH extract of the aerial parts of E.
russellianum three new secoiridoid glucosides: eustomo-
side (1), eustoside (2) and eustomorusside (3), were
isolated along with sweroside (4), swertiamarin (5)
[1-3] and one unknown glycoside. From the MeOH
extract of the root stocks and roots of the plants, swertia-
marin (5) and gentiopicroside (6) [1-3] were isolated.
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The first glucoside, eustomoside (1), was a colourless
amorphous bitter principle, C, H,,0,,'H,0, [«],
—123.2°(MeOH).Itshowed a UV absorptionat 235.5 nm
and IR bands at 3400 (OH) as well as 1695 and 1620 cm ™!

Q,
for the structure 3\_“ which is characteristic

of iridoid glucosides. The 'H NMR spectrum of 1 shown
in Table 1 along with those of the other compounds was
similar to that of swertiamarin (5) suggesting that 1 was
closely related to 5. Acetylation of eustomoside (1) gave
the tetraacetate (7), C, H,,O, ;, which had an additional
oxygen as compared with swertiamarin tetraacetate (8).
The 'H NMR spectrum of 7 was similar to that of 8
except for the absence of signals (6 5.30-5.45) of the three
olefinic protons on C-8 and C-10 of 8 and the presence
of three-proton signals besides a signal of the C-9
proton (6 2.45-3.00). Furthermore, as shown in Table 2,
the chemical shifts of the *>C NMR signals of 7 were in
good agreement with those of 8 except for the signals
arising from C-8 and C-10. These facts strongly suggested
that 1 had a structure similar to that of swertiamarin (5)
but possessed an additional oxygen function which was
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Table 1. 'H NMR data* for the secoiridoid glucosides of E. russellianum and their derivatives

Compound
(solvent) 1-H 3-H 5-OH 6-H, 8-H 9-H 10-H, OAc groups
1 5.96 7.73 1.83-2.42 2.70-3.08 2.70-3.08 2.70-3.08
(D,0) d (1.0 s m m m m
2 6.03 7.69 1.93-2.33 2.68 ca 3.48
(D,0) d(1.0) s m dd (6.0, 1.0)
3 6.00 7.70 2.00-2.28 2.60 ca 3.50
(D,0) d (0.5) s m dd (6.0, 0.5)
5 575 7.68 5.35-5.50 5.35-5.50
(D,0) d(1.5) s m m
7 5.63 7.49 372 2.45-3.00 2.45-3.00 2.45-3.00 2.01-2.10
(CDCl,) d (1.5) s brs m m m
8 5.50 7.50 3.77 5.30-5.45 2.67-3.30 5.30-5.45 2.02-2.10
(CDCl,) d (1.5) s brs m m m
10 5.81 745 3.88 2.80 3.57-3.75 2.00-2.11
(CDCl,) d(0.5) s brs dd (6.0, 0.5) m
12 545 5.85 ca 4.07 ca 3.55 3.05 dd (11.0,9.0) 1.95-2.09
(CDCl,) d(2.5) s 3.51dd (11.0, 5.0)
14 5.50 5.87 ca 2.67 3.46 1.96-2.08
(CDCl,) d(2.5) s dd (9.0, 5.0)
15 5.80 7.47 3.83 2.74 2.02-2.11
(CDCl,) d (0.5) s brs dd (6.0, 0.5)
* Numbers in parentheses denote coupling constants in Hz.
Table 2. 13C NMR data* for the glucoside acetates 7, 8, 10, 12, 14 and 15 in CDCl,
Compound C-1 C3 C4 C5 C6 C7 C8 C9 C10 Cl1I CI' C2 C3¥ C4& C-5 C-¢
7 958 1500 1100 63.5 320 646 49.17 49.0f 450 1644 967 706 716 680 723 614
@ @ & ¢ 6 O @ @ O @ @ @ @ @ @ O
8 9761 1505 109.7 639 325 646 1314 507 1212 1648 969+ 706 717 681 723 615
@ @ 6 ¢ 0 6 @ @ v < @@ @ @ @ @ O
10 947 1505 1105 629 315 642 699 468 436 1640 969 706 716 682 723 616
@@ @ = 6 0 O @ @ © = @ @ @ @ @ o
12 925 868 1299 1515 425 665 695 412 273 1590 956 705 720 682 723 617
@ @ B ¢ 0O O @ @ O 6 @ @ @ @ @ O
14 89.6 872 1294 1544 423 666 700 396 265 1593 955 705 720 682 723 6.7
@ @ ¢ ¢ 0 0 @ @ O 6 @ @@ @ @ @ ©
15 945 1503 1106 626 311 643 685 470 624 1640 968 706 716 681 724 614
@ @ ¢ = 0 ® @@ @ o ¢ @@ @ @ @@ @

* Off resonance patterns are given in parentheses.
1 Assignment may be interchanged.

All compounds have additional signals arising from acetoxy groups at ca 170 and 20.5 ppm.

presumably an 8,10-oxiran ring. This was verified by the
finding that, of the two isomeric 8,10-epoxides, 7 and 9,
obtained by oxidation of swertiamarin tetraacetate (8)
with m-chloroperbenzoic acid, the product with mp 201-
203° was identical with eustomoside tetraacetate (7). The
absolute structure of eustomoside (1) was thus established
except for the stereochemistry at C-8, which will be
discussed later.

The second glucoside, eustoside (2), was a colourless
amorphous bitter principle, C,cH,,0,,CI'H,0, [«],
—100.0° (MeOH). It showed a UV absorption at
237.0 nm. The IR and 'H NMR spectra of 2 were very
similar to those of eustomoside (1). The *H NMR spec-
trum of its pentaacetate (10) showed the absence of signals
attributable to the C-8 and C-10 oxiran protons in 7 and

the signals present at & 3.57-3.75 originated from
—CH,Cl. The 'H NMR spectrum of 10 further showed
signals for five acetoxy groups but no signals for the
methylene attached to an acetoxy group except for the
C-6' methylene in the glucose moiety. These facts indi-
cated the presence of one secondary hydroxy group in
the aglycone moiety of 2. In accord with the above 'H
NMR findings, the 13C NMR spectrum of 10 showed a
signal (43.6 ppm) of a methylene carbon attached to Cland
that (69.9 ppm) of a methine carbon linked to an acetoxy
group. Therefore, 2 was assumed to be a chlorohydrin
corresponding to eustomoside (1). This assumption was
proved by the fact that eustoside pentaacetate (10) was
obtained by treatment of eustomoside tetraacetate (7)
with conc HCI in EtOAc yielding the chlorohydrin (11)
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followed by acetylation. The absolute configuration of
all chiral centres in 2 were thus established to be identical
with those of 1.

The absolute configuration of C-8, the only unsolved
problem of the structures of eustomoside (1) and
eustoside (2), was clarified in the following way. On
treatment with BF, in THF, the chlorohydrin (11)
afforded colourless needles (12), which showed a UV
absorption at 226.5nm and IR bands at 1760 and
1740 cm ™', The 'H NMR spectrum of 12 lacked the
signals attributable to the C-5 and C-8 hydroxy groups
appearing in 11. On the other hand, the signal arising
from the C-3 proton was shifted from 8 7.45 (br s) in 11
to & 5.85 (sh s) in 12. Consequently, 12 was thought to be
the tricyclic compound which was formed from 11 by
the allylic rearrangement caused by the elimination of
the C-5 hydroxy group followed by an attack of the C-8
hydroxy group upon C-3. In addition, the epoxide (9) (the
C-8 epimer of 7) with mp 228-229°, after conversion into
the chlorohydrin (13), was treated with BF; giving rise
to a product (14), which should be the C-8 epimer of 12.
It was therefore attempted to elucidate the stereo-
chemistry at C-8 of 12 and 14 by means of !3C NMR
spectroscopy and NOE experiments. In the 13C NMR
spectra (Table 2) of both compounds, the signal for
C-5in 12 or that for C-1 in 14 appeared upfield by 2.9 ppm
relative to the frequency for the corresponding carbon in
the counterpart. These phenomena are explained by the
reciprocal y-effect [7] of C-5 and C-10 in 12 as well as
C-1 and C-10 in 14. On the other hand, in the NOE
experiments carried out in C;D N, NOEs were observed
between the following protons: C-1-H and C-8-H in 12;
C-1-H and C-10-H, in 14, but no enhancement was
observed between the following protons: C-1-H and
C-10-H, in 12; C-1-H and C-8-H in 14. These results
definitely indicate that the configuration at C-8 of 12
and that of 14 should be S and R, respectively, and fur-
ther, that the stereochemistry at C-8 of eustomoside (1)
as well as eustoside (2) should be S. Thus, the absolute
structures 1 and 2 were assigned to eustomoside and
eustoside, respectively.

The third glucoside, eustomorusside (3), was a colour-
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less amorphous bitter principle, C, H,,0,,°H,0, [«],
—72.9° (MeOH). Its UV, IR and *H NMR spectra were
very similar to those of the glucosides 1 and 2 suggesting
that 3 also belongs to the secoiridoid glucosides of the
swertiamarin type. The !H NMR spectrum of its hexa-
acetate (15) showed signals for six acetoxy groups, indi-
cating the presence of two hydroxy groups in the aglycone
moiety. Furthermore, compatible with this fact, the 13C
NMR spectrum of 15 showed signals (68.5 and 62.4 ppm)
of the methylene and methine carbons bearing an
acetoxy group in the aglycone moiety, respectively.
Therefore, 3 was assumed to be an 8,10-dihydroxy com-
pound corresponding to swertiamarin (§). This was
proved by the chemical correlation described below. The
two isomeric 8,10-dihydroxy compounds 16 and 17
obtained by oxidation of swertiamarin tetraacetate (8)
with OsO, were acetylated to afford their acetates 15
and 18, respectively. The acetate (15) with mp 142-144°
was found to be identical with eustomorusside hexa-
acetate. The configuration at C-8 of eustomorusside (3)
is assumed to be S-oriented as in the case of eustoside (2)
since it is likely that 3, as well as 2, would be biosyn-
thetically formed by the opening of the oxiran ring of 1
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caused by an attack of an anion (OH ™ or C1~) upon the
C-atom 10. This was verified by the fact that eustoside
tetraacetate (11) was formed by treatment of the tetra-
acetate (16) of eustomorusside (3) with CCl,—triphenyl-
phosphine [8]. Thus, the absolute structure 3 was
assigned to eustomorusside.

The only glucoside of the iridoid series possessing a
chlorohydrin moiety previously reported is linarioside
(19) from three members of the Scrophulariaceae,
Linaria japonica [9], Cymbalaria muralis [10] and
Kickxia elatine [11]. Therefore, 2 is the second example
of this type. Co-occurrence of 19 with the corresponding
epoxide, antirrhinoside (20), in the three plants suggests
that 19 would also be biosynthesized by the attack of a
chloride anion on the oxiran ring of 20.

EXPERIMENTAL

General procedures. Mps were uncorr. Unless otherwise
stated '"H NMR spectra were recorded at 60 MHz. 13*C NMR
spectra were determined at 250 MHz. TMS was used in
CDCI, or in C;DyN, whereas TSP was employed in D,0 as
the internal standard. Chemical shifts were given in ppm (J)
relative to the internal standard. Si gel G was employed for
TLC and spots were visualized by exposure to I, vapour or
spraying with a mixture of anisaldehyde (0.5 ml), conc H,SO,
(0.5 ml), HOACc (few drops) and 95% EtOH (9 ml) followed by
heating. Si gel PF,,, was used for PLC (20 x 20 c¢m, 0.75 mm
in thickness) and spots were visualized under a UV light
(254 nm).

Plant material. Eustoma russellianum Griseb. which was
cultivated in Ueda (Nagano Pref) was collected in November
1977. Plant material was identified by Mr. G. Murata of Faculty
of Science, Kyoto University. Voucher specimens of Eustoma
russellianum (S. Uesato and T. Hashimoto, No. 1) have been
deposited in the Herbarium of the Institute of Botany, Faculty
of Science, Kyoto University (KYO), Kitashirakawa-oiwake-
cho, Sakyo-ku, Kyoto, Japan.

Isolation of glucosides from Eustoma russellianum. (i) From
the aerial parts. Fresh aerial parts (1.30 kg) of E. russellianum
were extracted with boiling MeOH (101. x 4). After concn of the
combined extracts in vacuo, H,O (21) was added and the in-
soluble material was filtered off through a celite layer, which was
washed with H,O (51). The combined filtrate and washings
were extracted successively with C;H, (0.51. x 3) and n-BuOH
(0.51. x 3). The H,0O and n-BuOH layers were concd in vacuo
to give residues, 77.70 and 36.10 g, respectively. The residue of
the H,O layer was chromatographed on a charcoal (140g)
column with MeOH-H, O as eluent with an increasing MeOH
content to give the following eluates: 209, MeOH (Chrom-1),
30% MeOH (Chrom-2), 30409 MeOH (Chrom-3) and 50—
70% MeOH (Chrom-4). An aliquot (0.59g) of the residue
(2.45 g) of Chrom-1 was acetylated (Ac,0-Py) and the product
was recrystallized from Me,CO yielding the acetate (0.48 g)
of an unknown glycoside, mp 222.5-224°. In addition, the residue
of the mother liquor was purified by PLC (3 plates) with CHCl,~
Et,O (1:1) as eluent to afford eustomorusside hexaacetate (15)
(0.22 g) as colourless plates, mp 142-144°, An aliquot (1.63 g) of
the residue (4.74 g) of Chrom-2 was subjected to PLC (16 plates,
3 developments) with MeOH-CHCI, (1:3) as eluent. Of the
three major bands, the most mobile one was scraped off and
extracted with MeOH-CHCI, (2:8). The extract, after concn
in vacuo, was submitted to chromatography on a charcoal (5 g)
column, eluted successively with H,O and MeOH. The MeOH
eluate, on concn in vacuo, gave eustomoside (1) (0.93g) as a
white powder. The middle and the least mobile bands were
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worked up in the same way as above yielding eustoside (2)
(0.23g) and eustomorusside (3) (0.21g) as white powders,
respectively. The residue (15.42 g) of Chrom-3 was composed of
pure eustomoside (1). The residue (3.37g) of Chrom-4, which
was mainly composed of sweroside (4) and swertiamarin (5) was
acetylated in the usual way and the product was chromato-
graphed on a Si gel (200 g) column with Et,0—CHCI, as eluent
with an increasing Et,O content. The cluate with Et,O—CHCI,
(25:75) was concd in vacuo and the residue was recrystallized
from EtOH yielding the tetraacetate (0.79 g) of sweroside (4) as
colourless needles, mp 167-168°. Likewise, the eluate with
Et,O0-CHCI, (3:7) afforded the tetraacetate (8) (0.82g) of
swertiamarin (5) as colourless needles, mp 176-178°. The residue
of the n-BuOH layer was also chromatographed on a charcoal
(80 g) column with MeOH-H,O as eluent with an increasing
MeOH content. The combined 80-1009%, MeOH eluates were
concd in vacuo and the residue (1.50g) consisting mainly of
sweroside (4) and swertiamarin (5) was acetylated. The product
was chromatographed on a Si gel (50 g) column in the same way
as stated above giving two fractions which were recrystallized
from EtOH to afford the tetraacetate (0.38 g, mp 167-168°) of
sweroside (4) and the tetraacetate (8) (0.39 g, mp 176-178°) of
swertiamarin (5), respectively.

Eustomoside (1), a hygroscopic bitter-tasting white powder;
[«]3® —123.2° (MeOH, ¢ = 1.01); UV A*OH nm (log &): 235.5
(3.94); IR vKBrcm™!: 3400, 1695, 1620; 'H NMR: see Table 1.
(Found: C, 47.19; H, 6.05. C,,H,,0,,'H,O requires: C,
47.06; H, 5.92%,).

Eustoside (2), a hygroscopic bitter-tasting white powder;
[2]3} —100.0° (MeOH, ¢ = 1.00); UV AMOH nm (log ¢): 237.0
(3.86); IR vXBrem~!: 3350, 1685, 1610; 'H NMR: see Table 1.
(Found: C, 43.50; H, 5.78; Cl, 7.54. C,;H,,0,,CI'H,O re-
quires: C, 43.20; H, 5.67; Cl, 7.97%).

Eustomorusside (3), a hygroscopic bitter-tasting white powder;

[«]2° —729° (MeOH, ¢ = 1.10); UV MO nm (log ¢): 236.5
(3.76); IR vKBr cm™*: 3350, 1690, 1615; '"H NMR: see Table 1.
(Found: C, 44.76; H, 6.53. C,;H,,0,,°H,0 requires: C, 45.07;
H, 6.15%).
(ii) From the root stocks and roots. The root stocks and roots
(0.89kg) of the plants were extracted with boiling MeQH
(1.61. x 4). After concn of the combined extracts in vacuo, the
residue was diluted with H,O (0.8 1.) and extracted with EtOAc
(0.61. x 4). The H,O and EtOAc layers were concd in vacuo to
give residues 138.0 and 31.6 g, respectively. The residue of the
H,O layer, which contained a small amount of swertiamarin
(5) and gentiopicroside (6), was worked up in a similar way as in
the case of the aerial parts to afford the tetraacetate (8) (0.55 g,
colourless needles, mp 176-178°) of swertiamarin (5) and that
(3.42 g, colourless needles, mp 135-137°) of gentiopicroside (6).
The residue of the EtOAc layer has not been examined yet.

Acetylation of eustomoside (1). Eustomoside (1) (575 mg) was
acetylated (Ac,0-Py) and the product was recrystallized from
EtOH to give eustomoside tetraacetate (7) (670 mg) as colourless
needles, mp 201-203°. [«]2° —101.8° (CHCl,, ¢ = 1.01); UV
AMeOH nm (log ¢): 233.0 (3.96); IR vKBrcm~!: 3550, 3150, 1750,
1712, 1620; '"H NMR: sec Table 1; !*C NMR: sec Table 2.
(Found: C, 51.35; H, 547. C,,H,,0, requires: C, 51.61; H,
5.41%).

Epoxidation of swertiamarin tetraacetate (8) with m-chloro-
perbenzoic acid. m-Chloroperbenzoic acid (1.59 g) was added to
a soln of 8 (1.54 g) in dry C,H, (30 ml). After stirring for 20 hr
at 50-55°, the reaction mixture was poured into iced H,O-and
extracted with CHCl,. The CHCI, layer was washed successively
with 2N aq. NaOH and H,O, dried and evapd. The residue
(1.71 g) was submitted to PLC (20 plates, 4 developments) with
CHCI,-EtOAc-CHj (1:2:1) as eluent. Of the two major bands,
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the more mobile one was scraped off and extracted with MeOH-
CHCI, (1:9). After conen of the extract, the residue (0.95 g) was
recrystallized from EtOH to yield 8-epi-eustomoside tetra-
acetate (9) (0.76 g) as coloutless needles, mp 228-229°. [«]2°
—95.4° (CHCl,, ¢ = 1.01); UV %% nm (log £): 233.5 (3.95); IR
vEBr em~1: 3560, 3160, 1755, 1708, 1630; 'H NMR (CDCl,):
& 2.33-3.05 (3H, m, 8-H, 10-H), 3.77 (1H, br 5, 5-OH), 5.82 (1H,
d, J = 1.5Hz, 1-H), 7.53 (1H, s, 3-H). (Found: C, 51.45; H, 5.46.
C,.H,,0,; requires: C, 51.61; H, 541%). The less mobile
band, on the same work-up as mentioned above, afforded colour-
less needles (114 mg), mp 201-203°. [«]2° —102.8° (¢ = 1.00,
CHCl,). (Found: C, 51.71; H, 5.66. Calc. for C,,H,,0,;: C,
51.61; H, 5.419%). This compound was identical with the
tetraacetate (7) of eustomoside (1) isolated from the plant.

Acetylation of eustoside (2). Eustoside (2) (40 mg) was acetyl-
ated in the usual way and the product was recrystallized from
EtOH to furnish eustoside pentaacetate (10) (42 mg) as colour-
less needles, mp 158-160°. [a]2° —81.0° (CHCl,, ¢ = 1.00);
UV MOl (log €): 233.5 (3.93); IR vKBcm™': 3530, 1755,
1712, 1628; *H NMR: see Table 1; '3C NMR: see Table 2.
(Found: C, 49.09; H, 5.24; Cl, 5.59. C,,H,,0,Cl requires: C,
49.03; H, 5.22; Cl, 5.579%). These crystals, on recrystallization
from MeOH, gave rise to colourless plates, mp 130-132°. Both
crystal forms are mutually convertible upon exchanging the
above described solvents for recrystallization.

Treatment of eustomoside tetraacetate (7) with conc HCl. Conc
HCl (0.8 ml) was added dropwise to a stirred soln of 7 (1.00g)
in EtOAc (100 ml) at room temp. After stirring for a further
10 min, the soln was washed successively with 109, aq. NaOH
and H,0, dried and evapd. The residue was recrystallized from
EtOH yielding eustoside tetraacetate (11) (0.83 g) as colourless
plates, mp 161-162° (decomp.). [«]2° —79.1° (CHCl,, ¢ = 1.01);
UV M nm (log ¢): 2350 (3.92); IR vKBrem™!: 3530, 3500,
1750, 1703, 1635; 'H NMR (CDCl,): § 2.65 (1H, dd, J = 6.0,
1.0 Hz, 9-H), 295 (1H, d, J = 6.0 Hz, 8-OH), 3.86 (1H, br s,
5-OH), 581 (1H, 4, J = 1.0Hz 1-H), 745 (1H, br s, 3-H).
(Found: C, 47.19; H, 5.29; Cl, 594. C, ,H,,0,CI-H,O re-
quires: C, 47.03; H, 5.43; Cl, 5.78 %).

Acetylation of eustoside tetraacetate (11). Substance (11)
{208 mg) was acetylated and the product was recrystallized from
EtOH to give colourless needles (182 mg), mp 158-160°. [«]5°
—81.2° (CHCl,, ¢ = 0.99). (Found: C, 49.06; H, 5.36; Cl, 5.51.
Calc. for C,,H;,0,,Cl: C, 49.03; H, 5.22; Cl, 5.57%). This
compound was identical in all respects with the pentaacetate
(10) of eustoside (2) isolated from the plant.

Treatment of eustoside tetraacetate (11) with BF,. BF,-
etherate (1.0 ml) was added dropwise to a stirred soln of eusto-
side tetraacetate (11) (3.00 g) in dry THF (100 ml) at 0-5°. After
stirring for a further 5 hr at room temp., the reaction mixture
was poured into iced H,O and extracted with CHCI,. The
CHCI, layer was washed with H,O, dried and concd in vacuo
to give a residue, which was subjected to chromatography on a
Si gel (80 g) column with Et,O-CHCI, as eluent with an in-
creasing Et,O content. After concn of the eluate with Et,O-
CHCI,; (1:1), the residue was recrystallized from EtOH-Et,0
yielding the tricyclic compound (12) (1.06g) as colourless
needles, mp 182-183°. [«]3° —87.3° (CHCl,, ¢ = 1.02); UV
AMOH nm (log ¢): 226.5 (3.70); IR vEPr em™1!: 1760, 1740, 1710;
'H NMR (C,D,N): 6 3.35(1H, dd, J = 11.0,9.0 Hz, 10-H), 3.59
(1H, dd, J = 11.0, 50 Hz, 10-H), 4.22 (1H, m, 8-H), 5.78 (1H,
d, J = 25Hz, 1-H), 6.23 (1H, s, 3-H). 'H NMR (100 MHz,
CDCl,): see Table 1; '3C NMR: see Table 2. (Found: C,
49.81; H, 5.22; C, 642. C,,H,,0,,Cl requires: C, 49.96; H,
5.07; Cl, 6.14%).

Treatment of 8-epi-eustomoside tetraacetate (9) with conc
HCI. Conc HCI (1.6 ml) was added dropwise to a stirred soln of
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9 (1.35g) in EtOAc (200 ml) at room temp. After stirring for a
further 10 min, the soln was washed successively with 1 N aq.
NaOH and H,0, dried and concd in vacuo. The residue was
chromatographed on a Si gel (40 g) column with Et,0-CHCl,
as cluent with an increasing Et,O content. The residue of the
eluate with Et,0-CHCI, (1:1) was recrystallized from EtOH
yielding 8-epi-eustoside tetraacetate (13) (0.43 g) as colourless
needles, mp 205-205.5° (decomp.). [«]2® —97.8° (dioxane, ¢ =
0.50); UV AM<%H nm (log ¢): 237.0 (3.95); IR vXE" cm™*: 3550,
3480, 1760, 1710, 1630; 'H NMR (100 MHz, C,D,N): 6 2.85
(1H, dd, J = 5.0, 1.0Hz 9-H), 3.93 (2H, m, 10-H), 6.48 (1H,
d,J = 1.0 Hz, 1-H), 7.86 (1H, s, 3-H). (Found: C, 48.71; H, 5.37;
Cl, 6.08. C,,H,,0, ;Cl requires: C, 48.45; H, 5.25; Cl, 5.96 %)).

Treatment of 8-epi-eustoside tetraacetate (13) with BF,. BF ;-
etherate (0.15 ml) was added dropwise to a soln of 8-epi-eustoside
tetraacetate (13) (352 mg) in dry THF (30 ml) with stirring at
0-5°. After stirring for a further 3 hr at room temp., the reaction
mixture was worked up in the same way as in the preparation of
12 to afford another tricyclic compound (14) (82 mg) as colour-
less needles, mp 198-200°. [«]2® —91.8° (CHCl,, c = 1.00);
UV M98 nm (log ¢): 218.5 (3.61); IR v&Brem™1: 1755, 1720,
1220; 'H NMR (100 MHz, C,D,N): é 2.68 (2H, m, 6-H), 3.03
(1H, d, J = 2.5 Hz, 9-H), 3.37 (2H, br s, 10-H), 598 (1H, 4, J =
2.5 Hz, 1-H), 6.24 (1H, s, 3-H); 'H NMR (CDCl,): see Table 1;
13C NMR: see Table 2. (Found: C, 50.24; H, 5.26; Cl, 6.19.
C,4H,,0,,Cl requires: C, 49.96; H, 5.07; Cl, 6.14%;).

Acetylation of eustomorusside (3). Eustomorusside (3) (40 mg)
was acetylated and the product was recrystallized from EtOH-
Et,0 to give eustomorusside hexaacetate (15) (43 mg) as colour-
less plates, mp 142-144°. [o]3® —67.9° (CHCI,, ¢ = 1.00); UV
AMOH nm (log ¢): 233.0 (3.97); IR vKBr cm~*: 3525, 1750, 1710,
1630; 'H NMR: see Table 1; 13C NMR: see Table 2. (Found:
C, 51.09; H, 5.50. C,,H, O, requires: C, 50.91; H, 5.49%).

Oxidation of swertiamarin tetraacetate (8) with OsO,. A soln
of 0sO, (266 mg) in dry C;H,, (5 ml) was added to a stirred soln
of 8 (500 mg) in dry C;H, (15 ml) at 0-5° over a period of 10 min.
After stirring for a further 1 hr at room temp., dry Et,O (50 ml)
was added and the resulting brown ppt. was collected and
dissolved in CHCl, (20ml). A soln of mannitol (2.00g) and
KOH (0.20g) in H,O (20 ml) was added to this soln and the
mixture was stirred vigorously at room temp. for 5hr. The
CHC, layer was separated, washed with H,O, dried and evapd
to give a residue, which was submitted to PLC (10 plates, 8
developments) with CHC1,-EtOAc (1:3) as eluent. Of the two
major bands, the more mobile one was extracted with MeOH-
CHC, (1:9). After concn of the extract, the residue was re-
crystallized from EtOH-Et,O yielding eustomorusside tetra-
acetate (16) (92mg) as colourless needles, mp 166.5-168°.
[e]2* —78.7° (CHCl,;, ¢ = 1.04); UV 2% nm (log ¢): 235.5
(3.94); IR vKBrcm~': 3550, 1760, 1710, 1625, 1230; ‘H NMR
(CDCl,): 6 2.58 (1H, m, 9-H), 3.63 (2H, m, 10-H), 3.87 (1H,
br s, 5-OH), 5.83 (1H, br s, 1-H), 7.47 (1H, s, 3-H). (Found: C,
49.78; H, 5.79. C,,H,,0,, requires: C, 50.00; H, 5.59%). An
analogous treatment of the less mobile band afforded 8-epi-
eustomorusside tetraacetate (17) (22 mg) as colourless plates,
mp 187.5-189.5° [« :)3 -107.2° (CHCl,, ¢ =099); UV
AMCH nm (log &): 236.5 (3.94); IR vKBecm~1: 3550, 1760, 1730,
1700, 1630; 'H NMR (C,D,N): 6 292 (1H, br d, J = 50 Hz,
9-H), 3.95-4.17 (1H, m, 10-H), 6.67 (1H, br s, 1-H), 7.92 (1H, s,
3-Hj. (Found: C, 50.28; H, 5.51. C, H,,0, ; requires: C, 50.00;
H, 5.59%).

Acetylation of eustomorusside tetraacetate (16). Substance (16)
(33 mg) was acetylated and the product was recrystallized from
EtOH-Et,0 to give colourless needles (34 mg), mp 142-144°,
[«J2* —68.6° (CHCl,, ¢ = 1.02). (Found: C, 51.02; H, 5.63.
Calc. for C,gH;40,,: C, 50.91; H, 5.49 %). This compound was
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identical with the hexaacetate (15) of eustomorusside (3)
isolated from the plant.

Acetylation of 8-epi-eustomorusside tetraacetate (17). Sub-
stance (17) (51 mg) was acetylated and the product was recrystal-
lized from EtOH-Et,O to afford 8-epi-eustomorusside hexa-
acetate (18) (26 mg) as colourless needles, mp 128-130°. [a]2°
—137.0° (CHCl,, ¢ = 0.40); UV M98 ny (log ): 235.5 (3.89);
IR vEBrcm™!: 3550, 1750, 1710, 1625; 'H NMR (100 MHz,
CDCl,): 6 2.60 (1H, br d, J = 4.0 Hz, 9-H), 3.84 (1H, br s, 5-OH),
5.86 (1H, br s, 1-H), 7.47 (1H, s, 3-H). (Found: C, 50.62; H, 5.76.
C,3H;60,, requires: C, 50.91; H, 5.49%).

Conversion of eustomorusside tetraacetate (16) into eustoside
tetraacetate (11). A soln of triphenylphosphine (60 mg) in CCl,
(3.0 ml) was refluxed for 30 min under N, and cooled. Then, a
soln of 16 (110 mg) in DMF (1.0 ml) was added to this soln and
the mixture was refluxed with stirring for 30 min. The reaction
mixture was poured into iced H,O and extracted with CHCl,.
The CHCI; layer was washed with H,O, dried and evapd in
vacuo. The residue was subjected to PLC (3 plates, 3 develop-
ments) with CHCl,-EtOAc (1:1) as eluent. The fast mobile
major band was scraped off and extracted with MeOH-
CHCI, (1:9). After concn of the extract in vacuo, the residue was
recrystallized from EtOH-Et,O furnishing 11 (35mg) as
colourless needles, mp 161-162° (decomp.). [«]2® —79.1°
(CHC,, ¢ = 1.00). (Found: C, 47.16; H, 5.20; Cl, 5.94. Calc. for
C,,H;,0,,CI'H,0: C, 47.03; H, 543; Cl, 5.78%). This sub-
stance was identical with the tetraacetate (11) of eustoside (2)
isolated from the plant.
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