Tetrahedron Vol. 51, No. 8, pp. 2281-2292, 1995

@ Pergamon Copyright © 1995 Elsevier Science Ltd
Printed in Great Britain. All rights reserved

0040-4020/95 $9.504+0.00

0040-4020(94)01098-6

Recurvosides A - E, New Polyhydroxylated Steroidal Saponins from
Nolina recurvata Stems

Yoko TAKAASHI, Yoshihiro MIMAKI,* Minpei KURODA and Yutaka SASHIDA™
School of Pharmacy, Tokyo University of Pharmacy and Life Science (formerly, Tokyo College of Pharmacy),
1432-1, Horinouchi, Hachioji, Tokyo 192-03, Japan
Tamotsu NIKAIDO and Taichi OHMOTO
School of Pharmaceutical Sciences, Toho University, 2-2-1, Miyama, Funabashi, Chiba 274, Japan

Abstract: A series of five new polyhydroxylated steroidal saponins, named recurvosides A - E,
were isolated from the stems of Nolina recurvata (Agavaceae). Their structures were determined
through detailed interpretation of various spectra, including two-dimensional (2D) NMR, and by
acid-catalized hydrolysis. Among them, recurvoside E was revealed to be very unique in structure
being a trisdesmoside with a B-D-fructofuranose as the monosaccharide component attached to the
C-21 hydroxyl group of the aglycone. The isolated saponins were evaluated for inhibitory activity
on cAMP phosphodiesterase as a primary screening test to find new biologically active

compounds.

Introduction

We have been engaging in systematic studies on the steroidal constituents of plants of the family Liliaceae
to identify new bioactive substances by means of cAMP phosphodiesterase inhibition test as the primary
screening. 1) Our attention has been now turn out to the steroidal compounds of plants of the family Agavaceae
since most of the A gavaceae plants had been classified to Liliaceae or Amanyllidaceae and the species belonging
to the representative genera, Agave and Yucca in Agavaceae are known as rich sources of steroidal saponins.z)

Nolinarecurvata (Agavaceae) is indigenous to Mexico and grows a large stem. Several flavonoids were
isolated from N. recurvata 3) but no steroidal compound appears to have been detected in the plant up to the
present. Our phytochemical screening of N. recurvata stems has resulted in the isolation of a series of five new
polyhydroxylated steroidal saponins, named recurvosides A (1) - E (5). This paper reports the structural
elucidation of the new saponins based on detailed interpretation of various spectra, including two-dimensional
(2D) NMR spectroscopies and acid-catalized hydrolysis. The inhibitory activity exhibited by the saponins on
cAMP phosphodiesterase was also tnvestigated.
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Results and Discussion

The 1-butanol-soluble fraction of the methanolic extract of N. recurvata yielded recurvoside A (1)
(0.0064% fresh weight), B (2) (0.008%), C (3) (0.0098%), D (4) (0.075%) and E (§) (0.001%) after a series
of chromatographic separations.

HO
o]
“%m/mo
OH 1
Me
HO
HO Me
. o
Fue: How '
R1 R2 OH
1 H H
2 OH H OH
3 O-Fuc H HO 0.
4 O-Fuc OH Fru: OH
§ O-Fuc O-Fru 8o ot

Recurvoside A (1) was assigned the molecular formula C43HgsO17 by the 13C NMR data, negative-ion
FABMS (m/z 853 [M - H]") and elemental analysis. The glycosidic nature of 1 was shown by the IR
absorptions at 3420 and 1035 cm-l. The 1H NMR spectrum of 1 in pyridine-ds exhibited two three-proton
singlets at & 1.37 and 1.03, and a three-proton doublet at & 1.11 (J = 7.0 Hz), which were recognized as typical
steroid methyls. Furthermore, signals for three anomeric protons at  6.30 (br s), 4.97 (d, J= 7.5 Hz) and 4.73
(d, J= 7.2 Hz), exomethylene protons at & 4.83 and 4.76 (each br s) and an olefinic proton at & 5.56 (br d, J =
5.5 Hz), completed distinctive features of the structure of 1. Attempted acid hydrolysis of 1 with 1M
hydrochloric acid in dioxane - H2O (1 : 1) led to production of L-arabinose, L-rThamnose and D-xylose in a ratio
of 1:1: 1 together with unidentifed artifactual sapogenols; no genuine aglycone could be obtained. Treatment
of 1 with acetic anhydride in pyridine introduced nine acetyl groups, being consistent with the presence of nine
primary or secondary hydroxyl groups. The 13¢ NMR spectrum displayed 43 resonance lines, 16 of which
could be due to the monosaccharide components and 27 due to the aglycone part. One distinctive quaternary
carbon signal at & 111.8 obviously indicated a ketal carbon. The above data led to the hypothesis that 1 was a
steroid of spirostanol with three monosaccharides.

Inspection of the 1H-1H COSY spectrum combined with the HOHAHA spectrum, followed by the
HMQC spectrum, which were measured in pyridine-ds - methanol-ds (11 : 1) to eliminate the resonances of
exchangeable protons and optimize spectral despersion, allowed to identify the 1414 spin-networks and assign
the corresponding one-bond coupled 13¢ signals. The 1H-1H networks, including an exomethylene and two
methyl groups, isolated by quaternary carbons, were connected through the use of the HMBC spectrum
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optimized for the "Jc j of 8 Hz, leading to assemble the aglycone part of 1 as spirosta-5,25(27)-diene bearing
oxygen atoms at C-1, -3 and -23.

Fig. 1. HMBC Correlations of 1.

The C-18 and C-3p orientations of the oxygen atoms were confirmed by the IH NMR parameters of the
1-H and 3-H protons (37 1.4 (33.74) - 2ax-H (3 227y = 120 HZ, 3/ 1.1 _2¢qH 3 263) =40 Hz and W 12 3.1: 6
3.79) = 25.0 Hz). The resonance at d 3.83 assignable to 23-H was split into doublet of doublets with the J
values of 12.6 and 5.2 Hz, and showed clear NOE correlations with both 20-H (8 2.94, m) and 21-Me (& 1.08,
d, J=7.0 Hz) in the phase-sensitive NOESY spectrum, indicating the C-23S configuration as well as usual C-
22a configuration. The NOEs between 24g-H (8 2.76, dd, J = 12.6, 5.2 Hz) and 27a-H (b 4.81, br s), 27b-H
(6 4.84, br s) and 26b-H (8 3.96, d, J= 12.5 Hz), and 26a-H (6 4.38, d, J= 12.5 Hz) and 16-H (§ 4.58, q-

like, J= 8.5 Hz), confirmed the F-ring conformation to be nearly chair-form.

Fig. 2. NOE Correlations of 1.

The presence of an a-L-arabinopyranosyl (4Cy), an a-L-rhamnopyranosyl (1C4) and a f-D-
xylopyranosyl (4Cy) units in 1 was readily revealed by tracing out the sequential 1H-1H coupling systems
through the 1H-1H COSY spectrum, starting from the anomeric proton signals. The sequence of the
monosaccharide and its linkage site to the aglycone were subsequently confirmed by the observation of 3.7 C-H
correlations from each anomeric proton traversing the glycosidic bond to carbon of another substituted
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monosaccharide or aglycone in the HMBC spectrum. The anomeric proton signals at 8 6.19, 4.90 and 4.67
assigned to rhamnose, xylose and arabinose were correlated to the three-bond coupled 13C signals at & 74.2 (C-
2 of arabinose), 84.7 (C-3 of arabinose) and 84.0 (C-1 of aglycone), respectively. The structure of the
trisacchanide, 2,3-branched arabinose embracing rhamnose at C-2 and xylose at C-3, and its linkage to C-1 of the
aglycone, was thus given. The data presented above led to construct the full structure of 1 as (235)-spirosta-
5,25(27)-diene-18,3p,23 -triol  1-O-{O-a-L-thamnopyranosyl-(1—+2)-O-[B-D-xylopyranosyl-(1—+3)]-a-L-
arabinopyranoside}.

Recurvoside B (2), C43Hes018, has one more oxygen atom than does 1. The NMR data of 2 showed
that it possessed an identical saccharide structure to 1, but slightly differed from it in terms of the aglycone
structure. The IH-1H COSY, HOHAHA and HMQC spectra accounted for the introduction of an additional
hydroxyl group at C-24. The 23-H proton ( 3.86) clearly showed NOE correlations with 20-H (8 2.91, m) and
21-Me (6 1.07, d, J=7.0 Hz), indicating the C-23S configuration. The 24-H proton (8 4.63) was coupled to
23-H by 4.0 Hz, and showed NOEs with 23-H and 27a-H (8 5.09, d, J = 0.9 Hz), which was consistent with
the C-24S configuration. The NOEs between 27b-H (8 5.00, d, J = 0.9 Hz) and 26b-H (0 3.99, d, J = 12.2
Hz), and 26a-H (8 4.77, d, J = 12.2 Hz) and 16-H (8 4.60, g-like, J = 8.6 Hz) indicated the F-ring
conformation to be nearly chair-form. The structure of 2 was formulated as (235,24S)-spirosta-5,25(27)-diene-
18,3,23,24-tetrol 1-0-{ O-a-L-rhamnopyranosyl-(1—2)-O-[8-D-xylopyranosyl-(1—=3)]-a-L-
arabinopyranoside}.

Recurvoside C (3), C49H76022, was a much polar constituent than 1 and 2. The IH NMR spectrum of
3 showed four anomeric proton signals at & 6.29 (br s), 5.14 (d, J = 7.9 Hz), 4.96 (d, J= 7.4 Hz) and 4.71 (d,
J =73 Hz) as well as three steroid methyls at & 1.40 (s), 1.07 (d, J = 7.0 Hz) and 0.93 (s) and exomethylene at
6 5.23 and 5.08 coupled each other (/= 1.0 Hz). Acid hydrolysis of 3 gave L-arabinose, -rthamnose, D-xylose
and D-fucose as the carbohydrate compounds. On comparison of the whole 1BCc NMR spectrum of 3 with that
of 2, a set of additional signals corresponding to a terminal f-D-fucopyranosyl appeared, and the signals due to
C-24 of the aglycone was displaced downfield by 8.8 ppm to be observed at 8 83.0, confirming that the C-24
hydroxyl group was the glycosylated position to which the additional D-fucose was linked. Partial hydrolysis of
3 with 0.2M hydrochloric acid gave 2 and D-fucose. The structure of 3 was shown to be (235,24S)-spirosta-
5,25(27)-diene-18,38,23,24-tetrol 1-0-{0-a-L-thamnopyranosyl-(1—2)-O-[B-D-xylopyranosyl-(1—3)]-a-L~
arabinopyranoside} 24-O-B-D-fucopyranoside.

Recurvoside D (4), C490H76023, has one more oxygen atom than does 3. In the 13C NMR spectrum of
4, the signal due to the C-21 methyl, which was observed at 8 14.7 in 3, was displaced signal due to
hydroxymethyl carbon at  62.4, accompanied by downfield shift of C-20 by 8.8 ppm and upfield shift of C-17
by 3.6 ppm. All other signals were almost superimposable between 3 and 4. Thus, 4 was proven to be the
hydroxy derivative of 3 at C-21, that is, (235,2485)-spirosta-5,25(27)-diene-18,3p,21,23,24-pentol 1-0-{O-a-
L-rhamnopyranosyl-(1->2)-O-[B-D-xylopyranosyl-(1—3)]-a-L-arabinopyranoside} 24-0-B-D-fucopyranoside.

Recurvoside E (§), Cs5HgsOr8, was immediately suggested to have the same aglycone as 4 by the 1H
and 13C NMR spectra. On acid hydrolysis, § liberated L-arabinose, L-thamnose, D-xylose, D-fucose and D-
fructose. The signals from a 2,3-branched a.-L-arabinopyranosyl, a terminal «-L-rhamnopyranosyl, a terminal
p-D-xylopyranosyl and a terminal B-D-fucopyranosyl units were could be observed in the 13C NMR of 5 as in
those of 3 and 4. Furthermore, six signals, 8 62.7 (CHy), 105.3 (C), 79.2 (CH), 77.1 (CH), 84.2 (CH) and
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Table 1. 1*C NMR Spectral Data for Compounds 1 - § in Pyridine-d5

C 1 2 3 4 3
1 3.7 8.7 8.7 8.7 3.7
2 374 375 375 374 374
3 683 68.2 68.2 683 682
4 439 4338 439 439 438
5 1396 139.5 1397 1398 139.6
6 124.7 1247 124.6 1247 124.6
7 32.1 32.0 319 32.0 318
8 33.1 33.0 33.0 332 33.1
9 504 504 50.4 503 50.1
10 429 429 429 430 238
11 24.1 24.1 24.0 24.0 239
12 40.6 40.6 40.5 403 39.9
13 40.8 407 408 41.0 407
14 56.9 56.9 56.8 56.9 56.7
15 324 323 323 326 324
16 82.0 833 822 822 81.8
17 62.5 614 61.5 579 574
18 16.9 16.8 16.8 169 16.7
19 15.0 15.0 15.1 15.1 15.0
20 358 37.1 375 463 435
21 14.6 14.6 14.7 62.4 622
22 1118 1127 1118 1117 1113
23 68.6 69.6 704 72.0 72.0
24 389 74.2 8.0 8.5 82
25 1444 1464 144.0 1439 1434
26 643 60.8 61.5 61.6 61.5
27 1093 1123 1137 1137 114.1
Ara 1" 100.5 100.5 100.5 1004 100.5
2' 743 742 743 743 742
3 84.4 8.5 844 844 844
4 69.6 69.6 69.5 69.6 69.5
5 67.1 67.1 67.1 67.1 67.1
Rha 1" 101.9 101.8 101.8 101.8 101.8
2" 7.5 725 725 72.5 72.5
3" 72.6 6 726 726 725
4" 743 742 742 742 74.2
5" 69.6 69.6 69.5 69.5 69.7
6" 19.1 19.1 19.1 19.1 192
Xyl 1™ 106.5 106.5 106.4 1064 106.5
2™ 74.7 74.6 74.6 74.6 74.6
3™ 783 83 782 782 78.2
4™ 71.0 71.0 71.0 71.0 71.0
5™ 669 67.0 66.9 66.9 67.1
Fuc 1™ 1063 1063 106.1
2 73.1 732 73.1
3™ 754 754 754
4™ 72.8 72.9 728
5" 71.6 71.6 71.5
6" 172 173 17.2
Fru lmn 627
2™ 1053
3"1" 7942
4'":: 77.1
P 812

6™ 643
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Table 2. 'H and >*C NMR Chemicat Shift Assignments of the Aglycone Moiety of
Compounds 1 and § in Pyridine-ds - Methanol-d, (11 : 1)

1 5
position 'H J (Hz) B¢ 'H J (Hz) B¢
1 374 dd 12.0,4.0 84.0 3.71dd 11.9,3.6 83.9
2a 2.63 374 2.62 373
b 227 q-like 12.0 226q-like 119
3 379m 2509 683 377m 2509 683
4a 2.61dd 127,122 3.7 2,62 dd 119, 11.9 437
b 2.52dd 127,43 2.52dd 119,44
5 139.5 139.6
6 5.56brd 125.0 5.56 124.9
7a 1.86 32.1 175 319
b 1.50 1.40
8 1.52 33.1 1.40 332
9 147 50.5 1.40 503
10 3.0 429
11a 2.87 241 273 24.0
b 1.57 1.40
12a 1.57 40.7 130 40.1
b 1.29 1.09
13 409 4038
14 1.14 57.0 1.00 569
15a 201 324 1.76 325
b 1.50 1.40
16 458qlike 85 821 452q-like 80 83
17 1.80 dd 85,7.1 62.6 1.54dd 80,64 574
18 1.00s 16.9 091s 168
19 134s 150 1335 151
20 294m 359 320m 34
2l a 1.08d 70 14.6 4.17 62.1
b 3.86
22 1118 1114
23 38dd 126,52 68.5 451 719
24a 2.86 dd 12,6, 12.6 388 451 81.9
b 276 dd 126,52
25 144.4 1437
26 a 4384 12,5 643 476d 117 61.6
b 3964 125 3.99d 11.7
27 a 484 brs 109.5 506brs 1142
b 481 brs
Y Wl/2

64.3 (CHp) assignable to a terminal D-fructose appeared in 5, and the shift values were well corresponded to
those of methyl B-D-fructofuranoside; the 13C shifts featured a remarkable difference between methyl a- and B-
D-fructofuranosides.4) Partial hydrolysis of 5 with 0.2M hydrochloric acid gave 4 and D-fructose. The issue
of the linkage position of the fructose to the aglycone was difficult to establish by conventional spectroscopic
comparison because the 13C shifts due to the aglycone part were almost identical between 4 and §, with only
difference being C-20, which was shifted upfield by 2.8 ppm in §, and no downfield shift by O-glycosylation
could be detected at C-3, -21 and -23. This was solved by inspection of the HMBC spectrum. With all the 1H
and 13C signals assigned by the 'H-1H COSY, HOHAHA and HMQC spectra, attention was focused on the



Table 3. 'Hand '3C NMR Chemical Shift Assignments of the Saccharide Moieties of

Recurvosides A—E

Compounds 1 and § in Pyridine-ds - Methanol-d,(11: 1)

1 5
position Iy J (Hz) B¢ 'H J (Hz) Be

Ara 1' 467d 7.5 100.7 465d 78 100.6
2 4.54dd 89,75 742 452dd 92,78 742
3 4.06 dd 89,32 847 4.05dd 92,32 846
4 437 brs 69.7 436brs 69.7
Sa 421dd 11.5,2.1 67.0 417 brd 113 67.1

b 3.69brd 11.5 3.67brd 113
Rha 1" 6.19brs 101.8 620 brs 101.8
2 466brd 34 724 467 brd 34 724
3 446 dd 94,34 723 446 dd 94,34 723
4 4.16 dd 95,94 74.1 417dd 94,94 74.1
5 4.69 dq 95,6.1 69.5 4.69 dq 94,6.1 69.5
6 1.65d 6.1 19.1 1.65d 6.1 19.1
Xyl 1" 490d 7.5 106.5 490d 75 106.5
2 383 dd 84,75 746 3.83dd 86,75 74.6
3 397dd 95,84 78.1 397dd 89,86 78.1
4 4.02ddd 10.2,9.5,5.0 709 4.04 ddd 103,89,42 709
Sa 422dd 11.0,50 67.0 423dd 114,42 67.1

b 3.61dd 110,102 361dd 114,103

Fuc 1™ 501d 78 106.0
2 427dd 93,78 729
3 3.99dd 93,34 752
4 391 brd 34 728
5 373 m 716
6 143 6.4 17.2
Fru 1™a 417d 117 623

b 4.12d 11.7
2 105.2
3 5.02d 82 78.9
4 4.65dd 82,82 77.0
5 4.50ddd 82,695,322 84.1
6 a 432 dd 12.1,69 64.5

b 428 dd 12.1,32
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13C signal due to C-2 of the fructose at & 105.2, which showed a 3J ¢_y correlation with 21a-H at & 4.17. The

additional HMBC correlation from each anomeric proton across the glycosidic bond to another substituted

monosaccharide or aglycone reinforced the respective linkage of the arabinose embracing rhamnose at C-2 and
xylose at C-3, and the fucose to C-1 and C-24 of the aglycone. The structure of 5 was thus entierly secured to
be (23§,245)-spirosta-5,25(27)-diene-18,38,21,23,24-pentol 1-0-{ O-a-L-thamnopyranosyl-(1->2)-0-[B-D-

xylopyranosyl-(1—3)}-a-L-arabinopyranoside} 21-O-B-D-fructofuranoside 24-O-f-D-f ucopyranoside.

Fructose is a common monosaccharide, which is abundant in certain fruits and honey and consituent of
sucorse and inulin. It is, however, very rare to be present as a component as plant glycoside, and to the best of
our knowledge,2-5) recurvoside E (5) is the first representative of a saponin embracing a fructose as the
carbohydrate component among both the steroid and triterpenoid saponins reported up to now. It must be also
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emphasized that recurvoside E (§) is very unige in structure being a trisdesmoside of the C-1, -3, -21, -23 and
-24 hydroxylated spirostan.

Fig. 3. HMBC Correlations of 5.

The isolated saponins were examined for inhibitory activity on cAMP phosphodiesterase. This test
provides a useful tool for screening of biologically active compounds present in natural sources.®) Recurvoside
A (1) exhibited medium inhibitory activity with IC5q value of 19.5 X 10-5 M and introduction of hydroxyl group
to C-24 reduced the activity (2: 51.2 X 105> M). Modifications of 2 with the further polar substituents,
formation of a B-D-fucopyaranosyl linkage to C-24 (3), followed by introduction of a hydroxyl group to C-21
(4) and substitution with a B-D-fructofuranose at C-21 (5) led to an enhancement of activity (3: 26.3 x 105 M;
4: 17.7 x 105 M; 5: 11.9 X 10-5 M).

Experimental

General: Optical rotations were measured using a JASCO DIP-360 automatic digital polarimeter. IR
spectra were recorded on a Hitachi 260-30 spectrophotometer and MS on a VG AutoSpec E instrument.
Elemental analysis was carried out using Perkin-Elmer 240B elemental analyzer. 1D NMR spectra were
recorded on a Bruker AM-400 spectrometer (400 MHz for IH-NMR) and 2D NMR on a Bruker AM-500
instrument (500 MHz for 1H—NMR). Chemical shifts are given as d-values with reference to tetramethylsilane
(TMS), the internal standard. Silica-gel (Fuji-Silysia Chemical), Diaion HP-20 (Mitsubishi-Kasei), Sepahdex
LH-20 (Pharmacia) and octadecylsilanized (ODS) silica-gel (Nacalai Tesque) were used for column
chromatographies. TLC was carried out on precoated Kieselgel 60 Fas4 (0.25 mm thick, Merck) and RP-18
F254 S (0.25 mm thick, Merck) plates, and spots were visualized by spraying the plates with 10% HSO4
solution, followed by heating. HPLC was performed using a Tosoh HPLC system (Tosoh: pump, CCPM;
controller, CCP controller PX-8010; detector, RI-8010 or UV-8000) equipped with a KAPCELL PAK Cig
column (SHISEIDO, 10 mm i.d. x 250 mm, ODS, 5 um) for preparative HPLC and a TSK-gel ODS-Prep
column (Tosoh, 4.6 mm i.d. x 250 mm, ODS, 5 um) or a TSK-gel Silica-60 column (Tosoh, 4.6 mm i.d. X 250
mm, silica-gel, Sum) for analytical HPL.C. The liquid scintillation counter used was an Aloka LSC-903
instrument. Beef heart phosphodiesterase was purchased from Boehringer. Snake venom nucleotidase and
cyclic AMP were obtained from Sigma, and [3H]-cAMP from the Radiochemical Center.
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Extraction and isolation. Commercially available fresh stems of N. recurvata (2.5 kg) were cut into
pieces and extracted with MeOH under reflux. The extract was concentrated almost to dryness under reduced
pressure and the crude residue, after dilution with H;O, was extracted with ~-BuOH. The n-BuOH-soluble
phase was fractionated on a silica-gel column, eluting with a gradient mixture of CH2Clz - MeOH (9: 1;4: 1,2 :
1), and finally with MeOH to give four fractions (I - IV). Fraction III contained a considerable amount of
saccharides, the removal of which was performed by column chromatography on Diaion HP-20 with an
increasing amount of MeOH in H2O. The fractions eluted with 80% MeOH and 100% MeOH were combined
and purified by silica-gel column chromatography with a mobile phase consisting of CHCIl3 - MeOH - H20 (20 :
10: 1) to give 3 (246 mg, 0.0098%) and 4 (1.89 g, 0.075%) as the pure compounds and a mixture of 1 and 2.
Preparative HPLC using MeOH - H20 (4 : 1) as the solvent system was applied to the mixture to furnish 1 (161
mg, 0.0064%) and 2 (200 mg, 0.008%). Fraction [V was chromatographed on Diaion HP-20 with HyO -
MeOH, silica-gel with CHCl3 - MeOH - H2O (20 : 10: 1), Sephadex LH-20 with MeOH, and on ODS silica-gel
with MeOH - H2O to yield § (26.2 mg, 0.001%).

Recurvoside A (I). An amorphous powder, [a]20 -62.9° (MeOH; ¢ = 0.25). Anal. Calcd for
C43He6017 H20: C, 59.16; H, 7.85. Found: C, 59.02; H, 7.72. Negative-ion FABMS m/z 853 [M - H]"; IR
vmax (KBr) em-1: 3420 (OH), 2900 (CH), 1445, 1365, 1245, 1130, 1035, 975; 1H NMR (pyridine-ds): & 6.30
(1H, br s, 1"-H), 5.56 (1H, br d, J = 5.5 Hz, 6-H), 4.97 (1H, d, J = 7.5 Hz, 1"-H), 4.83 and 4.76 (cach
1H, br s, 27-Hy), 473 (1H, d, J = 7.2 Hz, 1"H), 1.70 (3H, d, J = 6.1 Hz, 6"-Me), 1.37 (3H, s, 19-Me),
1.11 3H, d, J = 7.0 Hz, 21-Me), 1.03 (3H, s, 18-Me).

Acetylation of I. Compound 1 (30 mg) was acetylated with Acz0 in pyridine and the crude acetate
was chromatographed on silica-gel eluting with hexane - Me>CO (3 : 2) to yield the corresponding nonaaceate
(1a) (34.1 mg). Compound 1a: an amorphous powder. IR viyax (KBr) cm1; 2060 (CH), 1745 (C=0), 1435,
1365, 1235, 1135, 1040, 975; IH NMR (benzene-dg): & 5.73 (1H, dd, J = 10.2, 3.6 Hz, 3"-H), 5.65 (1H, dd,
J=3.6, 1.4 Hz, 2"-H), 5.62 (1H, d, J= 1.4 Hz, 1"-H), 5.54 (1H, dd, J = 8.5, 8.5 Hz, 3"-H), 5.51 (1H,
dd, J=10.2, 10.2 Hz, 4"-H), 5.48 (1H, br d, J = 5.5 Hz, 6-H), 5.19 (1H, dd, J = 12.3, 5.6 Hz, 23-H), 5.18
(1H, dd, J = 8.5, 6.7 Hz, 2"-H), 5.12 (1H, br s, 4'-H), 5.01 (1H, ddd, J = 8.5, 8.5, 5.1 Hz, 4"-H), 4.91
(1H, m, 3-H), 4.78 (1H, d, J = 6.7 Hz, 1"-H), 4.68 and 4.66 (each 1H, br s, 27-Hy), 4.67 (1H, dq, J =
10.2, 6.2 Hz, 5"-H), 4.49 (1H, q-like, J = 6.7 Hz, 16-H), 4.35 (1H, d, J = 12.2 Hz, 26a-H), 4.10 (14, dd, J
=78,7.6 Hz, 2-H), 4.03 (1H, dd, J = 11.6, 5.1 Hz, 52a"-H), 3.97 (1H, d, J = 7.6 Hz, 1'-H), 3.88 (1H, dd,
J=13.1, 1.9 Hz, 5'a-H), 3.83 (1H, d, J = 12.2 Hz, 26b-H), 3.56 (1H, dd, J = 12.1, 4.0 Hz, 1-H), 3.49 (1H,
dd, J=7.8, 3.7 Hz, 3"-H), 3.35 (1H, dd, J = 11.6, 8.5 Hz, 5"b-H), 2.88 (1H, br d, J = 13.1 Hz, 5'b-H),
2.86 (1H, dd, J = 12.3, 12.3 Hz, 24a-H), 2.64 (1H, dd, J = 12.3, 5.6 Hz, 24b-H), 1.96, 1.94, 1.90, 1.80,
178 x2,1.73, 1.69 and 1.58 (each 3H, s, Ac x 9), 1.31 (3H, d, J = 6.2 Hz, 6"-Me), 1.23 (3H, s, 19-Me),
1.12 (3H, d, J = 6.9 Hz, 21-Me), 0.98 (3H, s, 18-Me).

Recurvoside B (2). Anamorphous powder, [a]26 -60.0° (MeOH; ¢ = 0.36). Anal. Calcd for
C43He6018 H20: C, 58.10; H, 7.71. Found: C, 57.94; H, 7.48. Negative-ion FABMS m/z 869 [M - H]"; IR
vmax (KBr) cm-1: 3420 (OH), 2905 (CH), 1445, 1370, 1245, 1135, 1040, 975; 1H NMR (pyridine-ds): d 6.32
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(1H, br s, 1"-H), 5.55 (1H, br d, J= 5.6 Hz, 6-H), 5.09 and 4.99 (each 1H, br s, 27-H»), 498 (1H, d, J =
7.7 Hz, 1'"-H), 473 (1H, d, J = 7.3 Hz, 1'-H), 1.72 (3H, d, J = 6.2 Hz, 6"-Me), 1.38 (3H, s, 19-Me), 1.11
(3H, d, J=7.0 Hz, 21-Me), 1.01 (3H, s, 18-Me).

Recurvoside C (3). An amorphous powder, [(X.]%(’ -51.2° (MeOH; ¢ = 0.29). Anal. Calcd for
C49H76022 H20: C, 56.86; H, 7.60. Found: C, 56.45; H, 7.52. Negative-ion FABMS m/z 1015 [M - H]"; IR
vmax (KBr) cm-1: 3390 (OH), 2905 (CH), 1445, 1370, 1245, 1125, 1040, 975; 1H NMR (pyridine-ds): & 6.29
(1H, br s, 1"-H), 5.57 (1H, br d, J = 5.4 Hz, 6-H), 5.23 and 5.08 (each 1H, d, ] = 1.0 Hz, 27-H3), 5.14 (1H,
d,J=79Hz, 1"-H), 4.96 (1H, d, J = 7.4 Hz, 1"-H), 4.71 (1H, d, J = 7.3 Hz, 1-H), 1.70 3H, d, J =
6.1 Hz, 6"-Me), 1.47 (3H, d, J = 6.4 Hz, 6""-Me), 1.40 (3H, s, 19-Me), 1.07 (3H, d, J = 7.0 Hz, 21-Me),
0.93 (3H, s, 18-Me).

Recurvoside D (4). Colorless needles recrystallized from CHCl3 - MeOH, mp 222 - 226 °C, [a]26
-43.9° (MeOH; ¢ = 0.36). Anal. Calcd for C4oH76023: 2H20: C, 55.05; H, 7.54. Found: C, 54.81; H, 7.41.
Negative-ion FABMS m/z 1031 [M - HJ"; IR vmax (KBr) cm-1: 3400 (OH), 2920 (CH), 1445, 1375, 1250,
1135, 1045, 980; IH NMR (pyridine-ds): 6 6.27 (1H, br s, 1"-H), 5.58 (1H, br d, J = 5.4 Hz, 6-H), 5.20 and
5.05 (each 1H, br s, 27-Hy), 5.15 (1H, d, J = 7.9 Hz, 1"-H), 4.96 (1H, d, J = 7.4 Hz, 1"-H), 4.70 (1H, d,
J=72Hz, 1'H), 1.66 (3H, d, J = 6.1 Hz, 6"-Me), 1.47 (3H, d, J = 6.4 Hz, 6""-Me), 1.38 (3H, s, 19-Me),
1.01 (3H, s, 18-Me).

Recurvoside E (5). An amorphous powder, [a]20 -51.1° (MeOH; ¢ = 0.38). Anal. Caled for
CssHgeO2g SH20: C, 51.40; H, 7.53. Found: C, 51.35; H, 7.05. Negative-ion FABMS m/z 1194 [M]-; IR
vmax (KBr) em-1: 3400 {OH), 2925 (CH), 1370, 1255, 1125, 1040, 975; 1H NMR (pyridine-ds): & 6.33 (1H,
br s, 1"-H), 5.56 (1H, br d, J = 5.3 Hz, 6-H), 5.09 (1H, d, J = 7.9 Hz, 1'""-H), 5.07 (2H, s, 27-Hy), 4.97
(ovelapping with H2O signal, 1"-H), 4.69 (1H, d, J = 7.3 Hz, 1'-H), 1.70 (3H, d, J = 6.1 Hz, 6"-Me), 1.46
(3H, d, J = 6.4 Hz, 6"-Me), 1.36 (3H, s, 19-Me), 1.92 (3H, s, 18-Me).

Acid hydrolysis of 1, 3 and 5. A solution of 1 (39.7 mg) in IM HCI (dioxane - HpO, 1 : 1, 8 ml)
was refluxed for 1h under an Ar atmosphere. The reaction mixture was neutralized by passing it through an
Amberlite IRA-93ZU (Organo) column, and then transferred to a silica-gel column, eluting with CHClz - MeOH
(19 : 1) and then MeOH to give several unidentified artifactual sapogenols and a fraction containing
monosaccharides. The fraction was applied to a Sep-Pak Cg cartridge (Waters) eluting with HyO to give a
mixture of monosaccharides (19.6 mg). Arabinose, rhamnose and xylose were identified as being present in the
mixture by direct TLC comparison with authentic samples: arabinose, Ry 0.43; rhamnose, R f 0.69; xylose, Rf
0.54 (n-BuOH - Me2CO - H20, 4:5: 1). Tothe sugar mixture (2 mg) in H2O (1 ml), (-)-a-methylbenzylamine
(5 mg) was added followed by Na[BH3CN] (8 mg) in EtOH (1 ml). The mixture was left standing for 3 h at 40
°C, then acetylated with Ac20 (0.3 ml) in pyridine (0.3 ml). The reaction mixture was passed through a Sep-Pak
Cig cartridge, eluting with a gradient mixture of MeCN - HpO (1:4;1: 1;9: 1, each 10 ml). The MeCN - H;0
(9: 1) fraction was then passed through a TOYOPAK IC-SP M cartridge (Tosoh), eluting with EtOH (10 ml), to
give a mixture of the 1-{(§)-N-acetyl-a-methylbenzylamino]- 1-deoxyalditol acetate derivatives of the
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monosaccharides, which was then analyzed by HPLC.?) Derivatives of L-arabinose, L-thamnose and D-xylose
were detected. Following this procedure, 3 (20.1 mg) and 5 (5 mg) were subjected to acid hydrolysis.
Compound 3 gave L-arabinose, L-rhamnose, D-xylose and D-fucose, and § gave L-arabinose, L-rhamnose, D-
xylose, D-fucose and D-fructose. Fructose could be only detectable in the crude hydrolysate of 5 by direct TLC
comparison with an authentic sapmle. The absolute configuration of the fructose was chosen in keeping with

that mostly encountered among plants.

Partial hydrolysis of 3 and 5. A solution of 3 (80.4 mg) in 0.2M HCl (dioxane - H20, 1: 1, 5 ml)
was refluxed for 30 min under an At atmosphere. The reaction mixture was neutralized by passing it through an
Amberlite IRA-93ZU column, and chromatographed on silica-gel eluting with CHCI3 - MeOH (3 : 1) and ODS
silica-gel with MeOH - HpO (7 : 3) to give 2 (8.2 mg) as a partial hydrolysate and D-fucose. Following this
procedure, 5§ (5.1 mg) was subjected to partial hydrolysis to give 4 (1 mg) and D-fructose.

Assay of cAMP phosphodiesterase activity. The phosphodiesterase activity was assayed by a
modification of the method of Thompson and Brooker as described previously.8) The assay was a two-step
isotopic procedure. Tritium-labelled cAMP was hydrolyzed to 5'-AMP by phosphodiesterase, and the 5-AMP
was then further hydrolyzed 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, leaving [3H]-adenosine as
the only labelled compound to be counted.
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