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Abstract—Phytochemical examination of the tubers of Dichelostemma multiflorum led to the isolation of three new
steroidal saponins together with two known saponins. The structures of the new compounds were determined by
spectral data and a few chemical transformations to be (25R)-5x-spirostane-18,38-diol (brisbagenin) 1-0-{0-«-L-
rhamnopyranosyl-(1 — 3)-4-O-acetyl-a-L-arabinopyranoside}, brisbagenin 1-0-{0-a¢-L-rhamnopyranosyl-(1 — 2)-O-
[a-L-rhamnopyranosyl-(1 — 3)]-4-O-acetyl-z-L-arabinopyranoside} and (228,258)-5«-spirostan-3$-01 3-0-{0-f-D-
galactopyranosyl-(1 — 2)-0-[ -D-xylopyranosyl-(1 — 3)]-O-f-D-glucopyranosyl-(1 — 4)-f-D-galactopyranoside}. The
known compounds were identified as desglucolanatigonin II and gitonin, with certain amounts of the corresponding
C-258 isomers. Inhibitory activity of the isolated saponins and their derivatives on cAMP phosphodiesterase was

evaluated to identify new compounds with medicinal potential.

INTRODUCTION

The genera Triteleia, Ipheion and Dichelostemma are
taxonomically closely related, and were formerly in-
cluded in the genus Brodiaea [1]. During our search for
bioactive compounds of natural origin, we have isolated
a number of new steroidal saponins, some of which
exhibited potent inhibitory activity on cAMP phos-
phodiesterase, from the bulbs of Ipheion uniflorum [2],
Triteleia lactea [3] and from the tubers of Brodiaea
californica [4]. In continuation of this work, phytochemi-
cal screening has been made of the tubers of Dichelos-
temma multiflorum, a Liliaceaecous plant native to the
Pacific coastline of the USA; no chemical work appears
to have been done on the plant until now.

This paper reports the identification and structural
determination of the five steroidal saponins, including
three new compounds, isolated from the methanolic ex-
tract of the tubers of D. multiflorum. Furthermore, inhib-
itory activity of the isolated saponins and their deriva-
tives on cAMP phosphodiesterase was evaluated. This
test provides a useful tool for screening of biologically
active compounds present in a natural source [5-8].

RESULTS AND DISCUSSION

The concentrated 1-butanol-soluble fraction of the
methanolic extract of D. multiflorum tubers was repeated-

*Authors to whom correspondence should be addressed.

ly subjected to column chromatography on silica gel and
octadecylsilanized (ODS) silica gel, and to reversed-
phase HPLC to yield compounds 1 (114 mg), 2 (50 mg),
3 (140 mg), 4 (44 mg) and 5 (32 mg).

Compound 1 was obtained as a white amorphous
powder, [a]p — 36.7° in a mixed solvent of chloroform
and methanol (1:1). The molecular formula (C4,Hg,O,3)
was determined by the negative-ion FAB mass spectrum
(m/z 752 [M] "), 13C NMR data (40 carbons) and elemen-
tal analysis. The presence of an acetyl group in the
molecule was shown by IR (1740 cm ™), '"H NMR [§1.99
(3H, 5)] and '3C NMR (6170.6 and 20.9). The fragment
ion peak at m/z 709 was assignable to an [M — acetyl] ~
ion. The 'H NMR spectrum of 1 showed signals for four
typical steroid methyls; two appeared as singlets at 50.97
and §0.87 and the other two as doublets at 51.11 (6.9 Hz)
and 60.69 (J = 4.9 Hz). Two anomeric protons were also
noted at §5.96 (br s) and 4.78 (d, J = 7.4 Hz). The funda-
mental structure of 1, based upon a steroid of a (25R)-
spirostanol, was suggested by the 1*CNMR [5109.2 (a
quaternary carbon signal assignable to C-22 of spiros-
tanols)] [9] and '"H NMR spectra [53.58 (dd, J = 10.3,
2.6 Hz, 26eq-H) and 43.50 (dd, J = 10.3, 10.3 Hz, 26ax-
H)]. Acid hydrolysis of 1 with 1 M hydrochloric acid in
dioxane-H,O (1:1) gave an aglycone, identified as (25R)-
Sa-spirostane-14,3f-diol (brisbagenin) (1a) [10] by the
negative-ion FAB mass spectrum, 'H and '3C NMR
spectral data, and L-arabinose and L-rhamnose in a ratio
of 1:1 as the carbohydrate compounds. Alkaline treat-
ment of 1 with 4% potassium hydroxide in ethanol,
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cleaved the acetyl moiety 1 to yield a deaceryl derivative
(1b). Acetylation of 1 with acetic anhydride in pyridine
introduced an additional five acetyl groups (1¢). Spectral
analysis of 1 and its derivatives allowed the establishment
of its structure.

The *3C NMR signals of the saccharide moiety of 1b
were assigned by comparing them with those of reference
methyl glycosides [9, 11], taking account of the down-
field shift caused by O-glycosylation and the result of the
acid hydrolysis, indicating the presence of a terminal
a-L-rhamnopyranosyl unit (6103.9, 72.4, 72.7, 74.2, 70.1
and 18.7) and a C-3 glycosylated a-L-arabinopyranosyl
unit (5101.8, 71.9, 80.7, 69.5 and 67.8). These data in-
dicated the saccharide sequence to be O-a-L-rham-

nopyranosyl-(1 — 3)-z-L-arabinopyranose. There are two
possible linkage positions of the disaccharide to the
aglycone: C-1 or C-3 hydroxyl group. By comparing the
13C assignments of 1b with that of 1a, O-glycosylation
shift could be detected at C-1 ( + 4.6 ppm). Furthermore,
in the 'H NMR spectrum of ¢ the signals due to H-3 of
the aglycone as well as H-2 and H-4 of the arabinose and
H-2 to H-4 of the rhamnose were shifted downfield by
more than 1 ppm compared with those of 1b, while the
signals due to H-1 of the aglycone and H-3 of the ara-
binose remained almost unaffected ( + 0.2 ppm). The
structure of 1b was formulated as brisbagenin 1-0-{0-a-
L-rhamnopyranosyl-(1 — 3)-a-L-arabinopyranoside}.
The acetyl group was found to be located at the C-4
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hydroxy position of the arabinose by the following data.
In the !3C NMR spectrum of 1, the signal due to the
arabinose C-4 was shifted to a lower field by 2.7 ppm,
and upfield the signals due to C-2 and C-4 shifted by 2.2
and 3.2 ppm, respectively, compared with those of 1b. In
addition, the signal at 65.63 (br 5) was assigned to H-4 of
the arabinose in the 'H NMR spectrum of 1, which was
shifted downfield by 1.23 ppm compared with that of 1b.
Thus, the full structure of 1 was determined to be bris-
bagenin  1-0-{0-a-L-thamnopyranosyl-(1 — 3)-4-O-acet-
yl-a-L-arabinopyranoside}.

Spectral features of 2 were similar to those of 1, sugges-
ting a steroidal glycoside structure of the same type,
with an acetyl group. On comparison of the whole
13C NMR spectrum of 2 with that of 1, a set of additional
signals, corresponding to a terminal a-L-rhamnopyran-
osyl unit, appeared (§102.1, 72.5, 72.5, 73.6, 69.8 and
19.2). The signal due to C-2 of the arabinose was dis-
placed downfield by 2.5 ppm and that due to C-1 moved
to the upper field by 1.9 ppm, indicating that the C-2
position of the arabinose was the glycosylated position to
which additional a-L-rhamnose was linked. Alkaline
treatment of 2 gave a deacetyl derivative (2a). The posi-
tion esterified with acetic acid in 2 was confirmed to be
the C-4 hydroxyl group of the arabinose by comparing
the "TH NMR of 2 with that of 2a. The H-4 proton of the
arabinose of 2 resonated at §5.53 (br s), which was shifted
downfield by 1.07 ppm from that of 2a. The structure of
2 was assigned as brisbagenin 1-0-{0-a-L-rham-
nopyranosyl-(1 — 2}-0-[a-L-rhamnopyranosyl-(1 — 3)]-
4-0-acetyl-a-L-arabinopyranoside}.
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It has been reported that the C-2 glycosylated ara-
binopyranose attached to the aglycone is predominantly
present as the 'C, conformation to reduce the steric
hindrance between the C-2 glycosylated position and the
aglycone in several saponins [12-14]. The arabinoses of
the isolated saponins are considered to be present as the
*C, conformation because of the large 3Jy., 4., values
(>7Hz).

The steroidal aglycone (1a), brisbagenin, has been iso-
lated from the saponified extract of Cordyline cannifolia
leaves [10]. However, compounds 1 and 2 are the first
steroidal saponins with brisbagenin as the aglycone; no
other glycoside of brisbagenin has been reported.

Compounds 3 and 4 were identified as desgluco-
lanatigonin II [15] and gitonin [15] by various spectral
data. The 'H and '*C NMR spectra showed that 3 and
4 contained certain amounts of the corresponding C-25s
isomers (3a and 4a).

Compound 5 was shown to have same molecular for-
mula as 3, C5oHg,0,,, deduced from the negative-ion
FAB mass spectrum (m/z 1033 [M-H]~, *3*C NMR (50
carbons) and elemental analysis. It gave neotigogenin
(5a), and D-galactose, D-glucose and D-xylose in a ratio of
2:1:1 on acid hydrolysis. The '*CNMR assignments
exhibited a close similarity to those of 3 and 3a, except for
the signals due to the E- and F-ring carbons, suggesting
that the aglycone of 5 might be different in stereostruc-
ture from those of 3 and 3a with respect to the E- and/or
F-parts. The phase-sensitive NOESY spectrum provided
certain information for the stereostructure assignments.
All 'H NMR signals were assigned by the "H-'H COSY
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Table 1. '3C NMR spectral data for compounds 1, 1a, 1b, 2, 2a and 3-5

C 1 1a 1b 2 2a 3 4 5
1 816 77.1 81.7 82.0 82.4 37.1 45.6 372
2 317 44.1 378 37.2 374 300 704 300
3 676 679 67.7 67.8 67.8 77.6 84.4 77.6
4 396 39.7 39.7 396 39.7 349 34.2 349
5 430 43.0 43.1 43.1 432 44.7 44.7 44.7
6 288 29.1 289 288 289 289 28.1 289
7 324 326 325 324 325 324 322 325
8 365 36.2 36.4 36.7 36.5 352 346 350
9 549 55.7 55.1 54.8 550 544 54.4 54.5
10 414 42.1 415 413 4.5 358 36.9 358
1 238 24.8 237 24.0 237 213 214 21.1
12 409 410 409 409 408 402 400 40,5
13 404 40.5 403 40.5 403 408 408 413
14 568 56.9 56.8 56.9 56.9 56.4 56.3 556
15 324 325 32.5 324 325 32.1 32.1 33.1
16 81 81.1 81.1 81.1 81.1 81.1 81.1 80.8
17 633 63.3 63.3 63.3 632 629 63.0 62.7
18 16.9 16.8 16.8 17.0 168 16.6 16.6 16.7
19 8.2 7.6 8.2 8.7 8.8 123 13.4 12.7
20 420 42.1 420 420 420 420 (42.5) 420 (42.5) 421
21 15.0 150 14.9 149 15.0 150 (149) 150 (14.8) 17.0
2 1092 1093 1092 1092 1093  109.2(109.7)  109.2(109.7) 1105
23 318 319 318 318 318 318 (262F 318 (262F 282
24 293 293 293 293 29.3 293 (264F 293 (264F 281
25 306 306 30.6 306 30.6 30.6 (27.5) 30.6 (27.5) 30.7
26 668 66.9 66.8 66.8 66.8 669 (65.1) 669 (65.1) 69.6
27 173 17.3 17.3 17.3 17.3 173 (16.3) 173 (16.3) 17.3
' 1013 101.8 994 1001 1023 103.1 102.3
» 719 719 74.4 74.2 73.1 724 73.1
¥ 785 80.7 81.1 84.0 758 75.7 75.8
¢ 2 69.5 722 69.4 79.7 79.4 79.6
5 645 67.8 63.7 67.5 754 75.6 75.4
6 60.5 60.5 60.5
1 1021 1019 1056 105.3 105.6
2 72.5 726 81.1 81.0 81.1
3 725 726 85.7 86.0 85.6
4 736 73.8 70.6 70.4 70.6
5 69.8 69.7 77.6 776 776
6 19.2 19.1 63.1 63.0 63.1
1" 1042 1039 1047 1044 1053 105.2 105.3
723 72.4 724 724 738 73.7 738
3 77 72.7 726 72,6 740 744 74.0
4 739 74.2 74.0 74.1 704 704 704
57705 70.1 70.8 70.3 71.3 772 77.3
6" 186 18.7 18.5 185 62.5 62.6 62.6
1 104.8 104.8 104.8
2 750 75.0 75.0
3 78.4 78.5 78.4
4 70.7 70.7 70.7
5 67.3 673 67.3
o

Ac 1706 170.7

209 208

2Spectra were measured in pyridine-ds.
bShifts for the C-25 isomers (3a and 4a) of 3 and 4 were shown in the parentheses.
Signals may be interchanged.
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Table 2. *H and '*CNMR chemical shift assign-
ments of the aglycone moiety of § in pyridine-ds—
methanol-d, (10:1)

Position 'H J (Hz) 13C
lax 0.82 ddd 13.1,13.1,43 375
leg 1.52
2ax 1.62 30.2
2eq 202
3 3.89 78.0
4ax 1.35 br dd 12.5,12.5 351
deq 1.79 br d 12.5
5 0.91 350
6 1.13 2H) 29.2
Tax 0.80 3238
Teq 1.55
8 1.40 353
9 0.54 ddd 11.7,11.7,3.8 559

10 36.1

11lax 1.99 ddd 13.1,13.1,238 21.6

ileq 1.38

12ax 1.05 ddd 12.7,12.7,3.8 40.8

12eq 1.64

13 41.6

14 0.94 56.5

150 2.01 334

158 1.43

16 4.31 g-like 8.6 81.1

17 1.59dd 8.6,6.2 62.9

18 0925 17.2

19 0.64 s 12.5

20 2.29 dg 6.2,7.2 424

21 1.014d 7.2 16.8

22 110.8

23ax 1.46 ddd 12.1,12.1,4.1 28.4

23eq 1.68 br dd 12.1,30

24a 1.52 283

24b 1.58

25 1.63 310

26 3.67(2H)d 83 69.9

27 0704 6.4 17.5

spectrum before inspection of the NOESY spectrum
(Table 2). The clear NOE correlations, H-14/H-17 and
H-16, and H-20/Me-18 indicated the usual D/E cis-ring
junction and C-20s configuration. The H-16 proton
showed an intense NOE with 23,,-H, giving evidence for
C-22s. The C-25s configuration was corroborated by the
fact that 5 was transformed into neotigogenin on acid
treatment. The 'H and '>*CNMR assignments of the
tetrasaccharide moiety of 5 were established by inter-
pretation on the 'H-'H COSY and HMQC spectra, as
shown in Table 3. The two-dimensional NMR spectra
were measured in a mixed solvent of pyridine-ds and
methanol-d, (10:1) to minimize signal overlap and re-
move exchangeable protons. Thus the structure of § was
formulated as (22s,25s)-5a-spirostan-38-o1 3-0-{0-8-D-
galactopyranosyl-(1 - 2)-0-[f-D-xylopyranosyl-
(1 - 3)]-0-8-D-glucopyranosyl-(1 — 4)-8-D-galac-
topyranoside}.
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Fig. 1. NOE correlations of § in pyridine-ds—methanol-d,
(10:1).

Table 3. 'H and '3C NMR chemical shift assign-
ments of the saccharide moieties of 5 in pyridine-ds—
methanol-d, (10:1)

Position 'H J (Hz) 13¢
Iy 486d 7.7 102.5
2 427 dd 99,77 73.1
k3 4.04 dd 99,29 75.7
4 451brd 29 79.9
5 4.00 75.5
6 458dd 11.1,9.1 60.7

4134dd 11.1,5.1
1” 5.104d 8.0 105.6
2" 443dd 92,80 81.3
3 409dd 92,92 86.0
4" 371 dd 92,92 70.6
5" 3.82 78.0
6" 4.44 62.9
3.96
| 542d 7.8 105.4
2" 448 dd 938,78 73.8
3 3.89dd 958,32 74.2
4" 426 70.4
5" 398 77.4
6" 455dd 11.5,59 624
435dd 115,52
1" 5.04d 74 105.0
2 3.85dd 89,74 75.0
3 3904dd 89,89 78.4
4" 402 70.8
s 416dd 109,54 67.4
3.55dd 109,109

Opinions are divided on the classification of the genus
Dichelostemma to the family Liliaceae or Amaryllidaceae
because characteristics of both families, (flowers having
superior ovaries and the umbellate inflorescence) are
combined in the plant. In this study, we isolated five
steroidal saponins, including three new compounds (1,
2 and §), and detected no alkaloid. From the viewpoint of
secondary metabolite production, it seems proper that
the genus Dichelostemma is classified to Liliaceae.

CAMP plays an important role as a ‘second messenger’
in various biological process, and the cAMP phos-
phodiesterase inhibition test provides a useful tool for the
screening of biologically active compounds present in
natural sources [5-8]. The isolated saponins and their
derivatives were evaluated for inhibitory activity on



1108

Table 4. Inhibitory activity on cAMP
phosphodiesterase of the isolated saponins
and their derivatives

Compound IC50(x 1075 M)
1 20.6
1b 76.2
2 11.8
2a 10.0
3 12.3
4 1t.4
5 15.4
Papaverine (positive
control) 30

cAMP phosphodiesterase. The IC, values are listed in
Table 4. The brisbagenin disaccharide with an acetyl
group at the C-4 hydroxyl group of the arabinose (1)
showed an ICs, value of 20.6 (x107° M) and the
deacetyl derivative (la) was less potent (76.2) than 1,
accounting for the contribution of the acetyl group to the
activity, while the brisbagenin 2,3-branched trisaccharide
with an acetyl group (2) was as potent as the deacetyl
derivative (2a), both showing potent activity (2:11.8;
2a:10.0). The saponins embracing a tetrasaccharide also
exhibited considerable activity (3: 12.3; 4: 11.4; 5; 15.4).

EXPERIMENTAL

General. NMR (ppm, J Hz): 1D (Bruker AM-400) and
2D (Bruker AM-500). CC: silica gel (Fuji-Silysia Chem-
ical) and ODS silica gel (Nacalai Tesque). TLC: precoated
Kieselgel 60 F,5, (0.25 mm thick, Merck) and RP-18
F254S (0.25 mm thick, Merck). HPLC: a Tosoh HPLC
system (pump, CCPM,; controller, CCP controller PX-
8010; detector, RI-8010 or UV-8000) equipped with
a Kaseisorb LC ODS-120-5 column (Tokyo-Kasei-
Kogyo, 10 mm id. x 250 mm, ODS, 5um) for prep.
HPLC or with a TSK-gel ODS-Prep column (Tosoh,
4.6 mm i.d. x 250 mm, ODS, 5 um) for the analyt. HPLC.

Chemicals. Beef heart phosphodiesterase: Boehringer.
Snake venom nucleotidase and cAMP: Sigma. [*H]-
cAMP: Radiochemical Center.

Plant material. D. multifiorum bulbs purchased from
Heiwaen, Japan, were cultivated and the plant specimen
is on file in our laboratory.

Extraction and isolation. Fresh bulbs of D. multiflorum
(2.1 kg) were cut into pieces and exhaustively extracted
with hot MeOH. The MeOH extract was concd under
red. press. and the viscous concentrate partitioned be-
tween H,O and n-BuOH. CC of the n-BuOH extract on
silica gel and elution with a gradient mixt. of
CH,Cl,-MeOH-H,O (6:1:0; 4:1:0; 20:10:1; 7:4:1),
and finally with MeOH, gave five frs (I-V).

Fr. 11 was purified by ODS silica gel CC with
MeOH-H,0 (4:1) to give 1 (114 mg). Fr. IV was
chromatographed on ODS silica gel with MeOH-H,0
(4:1) and silica gel with CHCl;-MeOH-H,0 (35:10:1)
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to give 2 (50 mg). Chromatography of fr. V. on ODS silica
gel with MeOH-H,0O (4:1; 3:2) and silica gel with
CHCl;-MeOH-H,0O (40:10:1; 30:10:1; 20:10:1) to
yield 3 (140 mg) and 4 (44 mg) as pure compounds, and
5 with a few impurities. Final purification of 5§ was carried
out by prep. HPLC with MeOH-H,O (4:1; 7:3);
5 (32 mg).

Compound 1. Amorphous powder, [«]3® — 36.7°
(CHCI3-MeOH, 1:1; ¢0.10). (Found: C, 58.88; H, 8.00.
Calc. for C4oHgaO,47/2H,0: C, 58.88; H, 8.77%. Nega-
tive-ion FAB-MS m/z: 752 [M]~, 709 [M — acetyl] ",
563 [M — rhamnosyl — acetyl]™: IR vKEriem™!: 3430
{OH), 2930 (CH), 1740 (C=0), 1455, 1380, 1245, 1045,
1020, 980, 920, 900, 865, 835, 810, 755, 700. 'HNMR
(pyridine-ds): 65.96 (1H, br s, H-1""), 5.63 (1H, br s, H-4),
4.78 (1H,d, J = 7.4 Hz, H-1'), 476 {1H, br d. J = 3.0 Hz,
H-2"), 4.54 (1H, g-like, J = 7.5 Hz, H-16), 4.52 (1H, dd,
J=92,30Hz H-3"), 438 (1H, dd, J = 9.2, 6.1 Hz, H-
5"), 4.35-4.23 (4H, overlapping, 2'-, 3'-, 5'a-, H-4""), 3.92
(1H, m, H-3), 3.87 (1H, dd, J = 11.8, 42 Hz, H-1), 3.73
(1H, br d, J = 12.8 Hz, H-5'b), 3.58 (1H, dd, J = 10.3,
2.6 Hz, H-26eq), 3.50 (1H, dd, J = 10.3, 10.3 Hz, H-26ax),
1.99 (3H, s, Ac), 1.69 (3H, d, J = 6.1 Hz, 6'"-Me), 1.11 (3H,
d, J = 6.9 Hz, 21-Me), 097 (3H, s, 19-Me), 0.87 (3H, s,
18-Me), 0.69 (3H, d, J = 4.9 Hz, 27-Me).

Acid hydrolysis of 1. A soln of 1 (30 mg) in tM HCI
{(dioxane-H,0, 1:1) was heated at 100° for 3 hr under an
Ar atmosphere. After cooling, the reaction mixt. was
neutralized by passing it through an Amberlite IRA-
93ZU (Organo) column, and then transferred to a silica
gel column, eluting with CHCl;-MeOH (19:1; 1:1) to
give an aglycone, identified as brisbagenin (1a) (15.3 mg),
and a mixt. of monosaccharides (11 mg).

Compound la: amorphous powder. Positive-ion FAB-
MS m/z: 433 [M + H]". '"HNMR (pyridine-ds). 64.57
(1H, g-like, J = 6.9 Hz, H-16), 3.99 (1H, m, H-3), 3.73 (1H,
dd, J = 11.3,44 Hz, H-1), 3.539 (1H, dd, J = 10.5, 3.5 Hz,
H-26eq), 3.52 (1H, 4d, J = 10.5, 10.5 Hz, H-26ax), 1.14
(3H, s, 19-Me), 1.12 (3H, 4, J = 6.9 Hz, 21-Me), 0.92 (3H,
s, 18-Me), 0.70 3H, d, J = 5.6 Hz, 27-Me). Arabinose and
rhamnose were identified as being present in the mixt. by
direct TLC comparison with authentic samples: ara-
binose, R,;048;, rhamnose, R,0.66 (n-BuOH-
Me,CO-H,0, 4:5:1). The sugar fr. (2 mg) was diluted
with H,O (1 ml) and treated with ( — )-z-methylben-
zylamine (5 mg) and Na[BH;CN] (8 mg) in EtOH (1 ml)
at 40° for 4 hr, followed by acetylation with Ac,O (0.3 ml)
in pyridine (0.3 ml). The reaction mixt. was passed
through a Sep-Pak C,g cartridge (Waters), eluting with
H,0-MeCN (4:1, 10 ml) and then with MeCN (10 ml).
The MeCN eluate fr. was further passed through a Toyo-
pak IC-SP M cartridge (Tosoh) with EtOH (10 ml) to
give a mixt. of 1-[(S)-N-acetyl-a-methylbenzylamino]-1-
deoxyalditol acetate derivatives of the monosaccharides,
which was then analysed by HPLC [16, 17]. Derivatives
of L-arabinose, and L-rhamnose were detected in a ratio
of 1:1.

Alkaline hydrolysis of 1. Compound 1 (10 mg) was
treated with 4% KOH in EtOH (2 ml) and the reaction
mixt. neutralized by passing it through an Amberlite



Steroidal saponins from Dichelostemma multiflorum

IR-120B (Organo) column. The eluate was subjected to
Sep-Pak C,g cartridge, eluting with initially with
H,0-MeOH (4:1, 10ml) and then with H,O-MeOH
(1:4, 10 ml) to yield the deacetyl derivative (1b) (8 mg).

Compound 1b. Amorphous powder, [2]3® — 64.7°
(CHCI13-MeOH, 1:1; ¢0.10). Negative-ion FAB-MS m/z:
709 [M — H] ", 563 [M — rhamnosyl}~. IR v*8cm™":
3420 (OH), 2920 (CH), 1450, 1375, 1240, 1170, 1040, 975,
915, 895, 860, 830, 805, 780, 695. 'H NMR (pyridine-d.):
86.09 (1H, br s, H-1""), 4.78 (1H, br d, J = 3.0 Hz, H-2"),
476 (IH, d, J =7.6 Hz, H-1'), 461 (1H, dd, J =9.5,
7.6 Hz, H-2'), 4.60 (1H, dd, J = 9.4, 3.0 Hz, H-3""), 4.53
(1H, g-like, J = 7.6 Hz, H-16), 448 (1H, dgq, J = 9.4,
6.2 Hz, H-5""), 440 (1H, br s, H-4'), 431 (1H, dd, J = 9.4,
9.4 Hz, H-4'"), 4.28 (1H, dd, J = 12.5, 2.2 Hz, H-5'a), 4.19
(1H.dd,J = 9.5,3.3 Hz, H-3'), 3.90 (1H, m, H-3), 3.89 (1H,
dd, J =110, 3.8 Hz, H-1), 3.70 (1H, br d, J = 12.5Hz,
H-5b), 3.58 (1H, dd, J = 10.5, 3.0 Hz, H-26eq), 3.40 (1H,
dd, J = 10.5, 10.5 Hz, H-26ax), 1.68 (3H, 4, J = 6.2 Hz,
6'7-Me), 1.10 (3H, d, J = 69 Hz, 21-Me), 0.97 (3H, s,
19-Me), 0.83 (3H, s, 18-Me), 0.69 (3H, d, J = 5.2 Hz,
27-Me).

Acetylation of 1. Compound 1 (25 mg) was acetylated
with Ac,0O in pyridine and the crude acetate chromato-
graphed on silica gel with hexane-Me,CO (7:2) to yield
the corresponding pentaacetate (1c¢) (23.7 mg).

Compound 1¢: amorphous powder. IR vEBI cm ™ 1: 2945
(CH), 1735 (C=0), 1445, 1365, 1235, 1220, 1175, 1135,
1115, 1080, 1045, 1020, 975, 955, 915, 895, 860, 800, 740,
695. 'HNMR (pyridine-ds): 85.72 (1H, dd, J = 10.0,
7.8 Hz, H-2), 5.71 (1H, dd, J = 10.0, 3.3 Hz, H-3""), 5.67
(IH, br d, J = 3.3 Hz, H-2"), 560 (1H, dd, J = 10,0,
10.0 Hz, H-4"), 5.59 (1H, br 5, H-4'), 5.44 (1H, br s, H-1""),
4.89 (1H, m, H-3), 479 (1H, d, J = 7.8 Hz, H-1'), 4.53 (1H,
g-like, J = 7.6 Hz, H-16), 447 (1H, dq, J = 10.0, 6.2 Hz,
H-5"),4.39 (1H, dd, J = 10.0, 3.6 Hz, H-3"), 4.29 (1H, dd,
J =130, 1.0 Hz, H-5a), 3.80 (IH, br d, J = 13.0 Hz,
H-5'b), 3.76 (1H, dd, J = 10.7, 44 Hz, H-1), 3.58 (1H, dd,
J =104,3.0 Hz, H-26eq), 3.50 (1H, dd, J = 10.4, 10.4 Hz,
H-26ax), 2.27, 2.12, 2.04 x 2, 2.02, 1.97 (each 3H, s, Ac),
1.40 (3H, d, J = 6.2 Hz, 6'"-Me), 1.15 (3H, d, J = 6.8 Hz,
21-Me), 0.98 (3H, 5, 19-Me), 0.88 (3H, s, 18-Me), 0.69 (3H,
d, J = 5.0 Hz, 27-Me).

Compound 2. Amorphous powder, [«]3® —51.3°
(CHCl1;-MeOH, 1:1; ¢0.10). (Found: C, 58.57; H, 7.95.
Calc. for C44H,,0,752H,0: C, 58.52; H, 8.43%).
Negative-ion FAB-MS m/zz 897 [M —H]~, 855
[M —acetyl]”, 709 [M — rhamnosyl x 2 — acetyl] ™,
563 [M — rhamnosyl x2 —acetyl]™. IR v¥¥rem™ 1
3420 (OH), 2935 (CH), 1745 (C=0), 1455, 1380, 1245,
1135, 1100, 1045, 1020, 980, 920, 900, 865, 840, 815, 760,
700. '"H NMR (pyridine-ds): 65.95 (1H, br s, H-1""), 5.55
(1H, br s, H-1"), 5.53 (1H, br s, H-4"), 4.80 (1H, br 4,
J =3.0Hz, H-2"), 473 (1H, m, H-5"), 472 (IH, d,
J =76Hz H-1'), 459 (1H, br d, J = 3.0 Hz, H-2"), 4.54
(1H, g-like, J-7.6 Hz, H-16), 4.51 (2H, overlapping, H-3",
H-3"), 440 (1H, dd, J = 9.1, 7.6 Hz, H-2), 4.31-4.22 (3H,
overlapping, 47, 4", H-5"), 430 (1H, dd, J =127,
2.0Hz, H-5a), 4.13 (1H, dd, J = 9.1, 3.3 Hz, H-3'), 3.89
(IH, m, H-3), 3.84 (1H, dd, J = 109, 3.9 Hz, H-1), 3.65
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(1H, br d, J = 12.7 Hz, H-5'b), 3.58 (1H, dd, J = 104,
2.7 Hz, H-26eq), 3.50 (1H, dd, J = 10.4, 10.4 Hz, H-26ax),
2.00(3H, s, Ac), 1.75 (3H, d, J = 6.1 Hz, 6"-Me), 1.65 (3H,
d, J =54 Hz, 6"-Me), 1.21 (3H, s, 19-Me), 1.12 (3H, 4,
J =70Hz, 21-Me), 0.94 (3H, s, 18-Me), 0.69 (3H, 4,
J = 5.2 Hz, 27-Me).

Alkaline hydrolysis of 2. Compound 2 (25 mg) was
treated with 4% KOH in EtOH (5 ml) and the reaction
mixt. neutralized by passing it through an Amberlite
IR-120B column. The eluate was subjected to silica gel
CC, eluting with CHCl;-MeOH-H,0 (40:10:1) to yield
the deacety! derivative (2a) (20 mg).

Compound 2a: Amorphous powder, [x]3® - 70.0°
(CHCl;-MeOH, 1:1; ¢0.10). Negative-ion FAB-MS
m/z: 855 [M —H]", 709 [M — rhamnosyl], 563
[M — rhamnosyl x2]. IR vKBr em ™ !: 3395 (OH), 2915
(CH), 1445, 1375, 1255, 1235, 1135, 1040, 975, 915, 985,
855, 830, 805, 775, 690. "H NMR (pyridine-ds): $5.96 (1H,
br s, H-1""), 5.65 (1H, br s, H-1"), 484 (1H, br d,
J =20Hz, H-2"), 476 (1H, d, J = 7.3 Hz, H-1'), 471
(1H, m, H-5"), 4.70 (1H, dd, J = 9.4, 7.3 Hz, H-2'), 4.61
(2H, overlapping, 2"'-, H-3"), 4.56-4.47 (3H, overlapping,
16-, 3"-, H-5"), 446 (1H, br s, H-4'), 4.31-4.20 (3H,
overlapping, 5'a-, 4"-, H-4"'), 4.08 (1H, dd, J = 9.4,3.2 Hz,
H-3"), 3.90 (1H, m, H-3), 3.87 (1H, dd, J = 11.1, 3.7 Hz,
H-1), 3.67 (1H, br d, J = 13.4 Hz, H-5'b), 3.58 (1H, d4,
J =10.5,2.7 Hz, H-26eq), 3.49 (1H, dd, J = 10.5, 10.5 Hz,
H-26ax), 1.72 (3H, d, J = 6.1 Hz, 6”-Me), 1.63 (3H, d,
J=62Hz, 6"-Me), 1.22 (3H, s, 19-Me), 1.09 (3H, 4,
J =7.0Hz, 21-Me), 0.85 (3H, s, 18-Me), 0.68 (3H, 4,
J =52 Hz, 27-Me).

Compound 3. Amorphous powder, [«]3® —38.7°
(CHCI1;-MeOH, 1:1; ¢0.10). Negative-ion FAB-MS m/z:
1033 [M — H]™. '"HNMR (pyridine-ds): 6547 (1H, d,
J =76Hz, H-1"), 518 (1H, d, J = 7.5 Hz, H-1"), 5.08
(1H,d,J = 6.8 Hz, H-1""), 491 (iH, d, J = 7.7 Hz, H-1"),
1.14 3H, d, J = 6.6 Hz, 21-Me), 1.08 (d, J = 7.2 Hz, 27-
Me of 25S-isomer), 0.82 (3H, s, 18-Me), 0.70 (d,
J = 4.3 Hz, 27-Me of 25R-isomer), 0.63 (3H, s, 19-Me).

Compound 4. Amorphous powder, [a]3® + 0.7°
(CHCl3-MeOH, 1:1; ¢0.10). Negative-ion FAB-MS m/z:
1049 [M — H] . *HNMR (pyridine-d;): 5.52 (1H, d,
J =78Hz H-1"), 5.18 (1H, 4, J = 8.0 Hz, H-1"), 5.12
(IH,d,J = 7.6 Hz, H-1""), 495 (1H, d, J = 7.3 Hz, H-1'),
1.14 (d, J =6.7Hz, 21-Me of 25S-isomer), 1.13 (d,
J = 6.7 Hz, 21-Me of 25R-isomer), 1.08 (d, J = 7.0 Hz,
27-Me of 255-isomer), 0.80 (3H, s, 18-Me of 25R-isomer),
0.79 (s, 18-Me of 25R-isomer), 0.70 (d, J = 4.9 Hz, 27-Me
of 25R-1somer), 0.69 (3H, s, 19-Me).

Compound 5. Amorphous powder, [«]§® —7.3°
(CHCl3-MeOH, 1:1; ¢0.10). (Found: C, 53.54; H,
7.56. Calc. for Cy50Hg,0,,-5H;0: C, 5337, H,
8.24%). Negative-ion FAB-MS m/z: 1033 [M — H]",
901 [M —xylosyl]™, 871 [M — galactosyl]™, 739
[M — xylosyl — galactosyl]~, 577 [M — xylosyl — ga-
lactosyl — glucosyl] . IR vKBrem ™! 3400 (OH), 2925
(CH), 1455, 1360, 1255, 1155, 1060, 990, 915, 885, 870,
695. THNMR (pyridine-ds): 6547 (1H, d, J = 7.8 Hz,
H-1"), 518 (1H, d, J =80Hz, H-17), 507 (1H, 4,
J =7.1Hz, H-1""), 491 (1H, d, J = 7.7 Hz, H-1'), 1.02
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(3H, d, J = 7.3 Hz, 21-Me), 0.94 (3H, s, 18-Me), 0.70 (3H,
d, J = 6.2 Hz, 27-Me), 0.62 (3H, s, 19-Me).

Acid hydrolysis of 5. Compound 5§ (8 mg) was subjected
to acid hydrolysis as in the case of 1, which gave
neotigogenin (5a) (3.2 mg), and D-galactoes, D-glucose
and D-xylose (2:1:1).

Assay of cAMP phosphodiesterase activity. The phos-
phosphodiesterase activity was assayed by a modifica-
tion of the method of Thompson and Brooker as de-
scribed previously [6, 7]. The assay consisted of a two-
step isotopic procedure. Tritium-labelled cAMP was hy-
drolysed to 5-AMP by phosphodiesterase and the 5'-
AMP was then further hydrolysed to adenosine by snake
venom nucleotidase. The hydrolysate was treated with an
anion-exchange resin (Dowex AG1-X8;, BIO-RAD) to
adsorb all charged nucleotides and to leave [>*H]-aden-
osine as the only labelled compound to be counted.
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