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Abstract-The methanolic extract of the fresh bulbs of Fritillaria persica has yielded five new steroidal alkaloids. Their 
structures have been shown by spectral analysis and chemical evidence to be (25R)-22,26-epimino-3/3-hydroxy-5a- 
eholest-22(~~-en-6-one 3-~-~-D-glucopyranoside; (25R)-23,26-epimino-3B_hydroxy-5a-cholest-2~~)~ne-6,22-dione 
and its 3-0-glucoside, and their C-20 epimers. The inhibitory activity of the alkaloids on cyclic AMP phosphodiester- 
ase was examined. 

INTRODUCTION 

FritiZl#ia species have been extensively investigated and 
a large number of steroidal alkaloids have been isolated 
[l, 21. Bulbs of some Fritillaria plants are used in 
traditional Chinese medicine [3]. Fritilluria persica L. 
native to Cyprus, southern Turkey and Iran is one of the 
tallest species with large bulbs [4]; nothing has been 
published so far on its constituents. The chemical com- 
pounds in the bulbs have been analysed as a part of a 
systematic study of the Liliaceae plants, resulting in the 
isolation of five new steroidal alkaloids. We report the 
structural elucidation of the alkaloids and their inhibitory 
activity on cyclic AMP phosphodiesterase. 

RFSUJ_.~ AND DISCUSSION 

The fresh bulbs of F. persica were extracted with hot 
methanol. The crude extract was partitioned between 
l-butanol and water. A series of chromatographic sepa- 
rations of the 1-butanol-soluble phase gave compounds 
1-5, which presented a positive Dragendorff reaction on 
TLC, indicative of alkaloids. 

The molecular formula of 1, t&Hf3N07, was confirm- 
ed from an accurate [M]’ peak at m/r 575.3827 (calcdz 
575.3824) in the EI mass spectrum. The presence of a B-D- 
glucopyranosyl unit in the molecule was demonstrated by 
the appearance of an anomeric proton signal at 6 5.02 (d, 
J= 7.6 Hz) in the ‘H NMR spectrum and also by charac- 
teristic 13C NMR signals at 6 102.2, 75.3, 78.6, 71:9,78.5 
and 63.0 (Table 1). Acid hydrolysis of 1 with 1 M hydro- 
chloric acid yielded D-glucose and a steroidal alkaloid 
(la), C2,H,,N0,. The ‘H NMR spectrum of la showed 
two three-proton singlet signals at 60.78 and 0.75, indi- 
cating the presence of two angular methyl groups, two 
three-proton doublet signals at 6 1.00 (J=6.9 Hz) and 
0.85 (5=6.6 Hz) attributable to two secondary methyl 
groups, and a multiplet signal centred at 6 3.84 (WI,, 

*Author to whom correspondence should be addressed. 

=21.2 Hz), which may be assigned to the a-hydrogen 
adjacent to the 3B-hydroxy group. Evidence for the 
presence of a carbonyl group and a six-membered cyclic 
azomethine group in la were obtained from the IR [i710 
cm-’ (C=O); 1658 cm-’ (C=N)], UV[&, 295 nm, loge 
2.18 (C=O); A,,,,, 246 nm, loge 2.64 (C=N)] and r3C NMR 
[S 210.2 (C=O); 6 173.5 (C=N)] [S] spectra. The ‘H 
NMR chemical shift of the lO-methyl group and the 13C 
NMR signals arising from the A/E rings of la closely 
corresponded to those of 3~-hydroxy-6-oxo steroida 
compounds with the ring junction being A/B trans (5a) [6, 
73. The El mass spectrum of la showed two prominent 
fragment ion peaks at m/z 125 and 111, which are typical 
of a A.22’N’-unsaturated side chain moiety [8,9]. The ion 
at m/z 125 was formed as the result of the cleavage of the 
C-17/C-20 bond with the migration of a hydrogen from 
the D-ring. The above data indicated the structure of la 
to be 22,26-epimino-3/?-hydroxy-5a-cholest-22(N)-en-6- 
one. The CD spectrum of la, measured in dioxane, 
showed a negative Cotton effect at 295 nm due to the C-6 
carbonyl group, indicating that la has the normal abso- 
lute steroidal stereostructure, and a positive Cotton effect 
at 255 nm due to the cyclic azomethine group, which was 
consistent with data for other cyclic azomethines of this 
type with the 25R configuration [lo]. Thus, the structure 
of 1 was elucidated as (25@22,26_epimino-3/?-hydroxy- 
Sa-cholest-22(N)-en-6-one 3-O-B-D-glucopyranoside. 

Compound 2 (C,,H,,NO,) gave an IR spectrum 
consistent with the presence of a hydroxy group (3474 
cm-‘), a carbonyl group (1707 cm-“) and an a,@- 
unsaturated carbonyl group (1690 cm-‘). The ‘H NMR 
chemical shifts of the two angular methyl protons (H-18 
and H-19) at 6 0.75 and 0.76 agreed with those of la. 
Furthermore, the ’ 3C NMR signals arising from the A-D 
rings were almost superimposable on those of la (Table 
1). The prominent fragment ion peak at m/z 140 in the EI 
mass spectrum of 2 was char~t~stic of the piperidine or 
pyrrolidine side chain steroidal alkaloids with a carbonyl 
group [S, 111. In the ‘H NMR spectrum of 2, a three- 
proton doublet signal at 6 1.04 (J = 6.9 Hz) was assigned 
to the H-27 methyl protons. By tracing out the 
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proton-proton coupling systems from the methyl group 
through the ‘H-‘H COSY spectrum, a partial structure 
CH,-CH(Me)-CH, was revealed. Another three-proton 
doublet signal at 6 1.13 (J =6.9 Hz) was assigned to the 
H-21 methyl protons, which was shifted to lower field by 
0.23 ppm as compared with that of cholesterol. The H-20 
methine proton at S 3.70 was shown to couple only with 
the H-21 methyl protons and the H-17 methine proton at 
6 1.73 in the ‘H-‘H COSY spectrum. The r3C PdMR 

signal at b 173.9 was due to the carbon of an azomethine 
group and this was shown to be conjugated with the 

Table 1. 13C NMR spectral data of compounds 1, la and 2-5 

c 1 la 2 3 4 5 

1 36.9 

2 29.5 

3 76.8 

4 27.1 

5 56.5 

6 2G9,7 
I 46.7 
8 37.9 

9 53.9 

10 41.0 

11 21.6 

12 38.1 
13 43.2 

14 56.3 

I5 23.9 
16 27.4 

17 53.5 

18 12.1 
19 13.1 

20 46.2 

21 18.1 
22 173.2 

23 26.9 

24 28.0 

25 27.8 

26 57.4 

27 19.4 

1’ 102.2 

2 75.3 
3’ 78.6” 
4 71.9 

5 78.5” 

6 63.0 

37.2 36.7 

31.9 30.7 

70.0 70.6 

31.3 30.1 

57.0 56.8 

210.2 210.7 

46.8 46.7 

38.0 37.9 

54.0 53.9 

41.0 40.9 

21.8 21.5 

38.2 39.4 

43.2 43.3 

56.4 56.0 

23.9 24.2 
27.4 21.2 

53.6 52.3 

12.1 12.4 

13.3 13.2 

46.6 42.6 

18.2 16.8 

173.5 203.7 

26.8 173.9 

28.3 41.6 

28.0 31.1 

51.2 69.9 

19.6 20.1 

36.9 

28.9 

77.9 
26.4 

56.8 

212.1 

46.8 

38.2 

54.1 

41.4 

21.7 

39.5 

43.6 

56.1 

24.4 

27.4 
52.6 

12.4 

13.2 

43.0 

16.9 

204.1 

174.4 

41.9 

31.2 

69.9 

20.1 

101.3 

73.8 

76.1’ 

10.5 

76.1a 

62.2 

36.7 

30.7 

70.6 

30.0 

56.8 

210.6 

46.6 
37.9 

53.9 

40.8 

21.4 

38.6 

42.6 

55.9 

23.6 
26.3 

53.1 

12.8 

13.1 

40.8 

17.3 
204.4 

173.7 

41.7 

31.1 

69.9 
20.2 

36.8 

28.8 

17.9 

26.5 

56.8 

212.1 

46.7 

38.2 

54.0 
41.4 

21.6 

38.8 
42.8 

56.0 
23.7 

26.5 
53.4 

13.0 
13.1 

41.1 

17.3 
204.9 

174.1 

41.9 

31.2 

69.9 

20.3 

101.3 

73.8 

76.7” 

70.5 

76.1” 

62.2 

Spectra of 1 and la were measured in pyridine-d,, and those of 

Z-5 in CDCI,. 

* Assi~ments may be interchangeable within each column. 

carbonyl group by the UV spectrum (&,,, 344 nm, logs 

1.73; L,,, 270 nm, log E 2.28, overlapping with the absorp- 
tion of the C-6 carbonyl group) [ 111. Thus, the structure 
of 2 was presumed to be 23,26-epimino-3P-hydroxy-5a- 
cholest-23(N)-ene-6,22-dione. Further evidence for the 
structure of 2 including the C-25 con~guration was 
obtained from the following chemical correlation. Com- 
pound la was oxidized with active manganese dioxide in 
chloroform, in which the 23-0x0 compound (lb) of la was 
expected, and the compound was deposited on a plate 
coated with silica gel for 3 days to yield a product, all the 
spectral data of which were identical to those of 2. Thus, 
the structure of 2 was determined to be (25R)-23,26- 
epimino-38-hydroxy-5n-cholest-23(N)-ene-6,22-dione. 

Compound 3 (C&HS,N08) was the 3-0-B-D-glucoside 
of 2, which was shown by the ‘H and 13C NMR spectra 
and by enzymatic hydrolysis. Therefore, the structure of 3 
was determined to be (25R)-23,26-epimino-3&hydroxy- 
Scr-cholest-23(N)-ene-6,22-dione 3-O-p-D-ghtcopyrano- 
side. 

The ‘H NMR spectrum of 4 (C,,H,,NO,) was identi- 
cal with that of 2 with the exceptions of the H-17, H-18, 



Alkaloids from Fritilluria persica 4339 

la 

0 

lb 

Scheme 1. 

H-20 and H-21 resonances; the signal of H-17 was shifted 
to lower field by 0.16 ppm and the signals of H-18, H-20 
and H-21 to upper field by 0.10, 0.06, and 0.09 ppm, 
respectively. Furthermore, the ’ 3C NMR spectra of 2 and 
4 were almost identical, with the only remarkable differ- 
ence being the C-20 signal which was 1.8 ppm upfield in 
the latter compound (Table 1). The above data suggested 
that 4 was the C-20 epimer of 2, which was confirmed by 
comparison of the NOESY spectra between 2 and 4. In 
both compounds, the NOE correlation between the H-20 
signal and H-18 methyl proton signal was observed, but 
no NOE between the H-20 and the H-17 signals, indicat- 
ing that H-20 confo~ationally prefers to lie toward the 
lfmethyl group. The H-21 signal showed the NOE 
correlations with the H-12/I, H-17, and H-18 signals in 2, 
and the H-21 with the H-161x, H-16/3, and H-17 in 4 (Fig. 
1). Thus, the absolute configuration of 4 at C-20 was 
unequivocally determined to be R. The full structure of 4 
is formulated as (20R, 25R)-23,26-epimino-3&hydroxy- 
Sa-cholest-23(N)-ene-6,22-dione. 

Compound 5 (C,,HSINO,) was the 3-O-#?-D-ghmoside 
of 4, which was shown by the ‘H and r3C NMR spectra 
and by enzymatic hydrolysis. Thus, the structure of 5 was 
determined to be (20R,25R)-23,26-epimino-3fi-hydroxy- 
Su-cholest-23(N)-ene-6,22-dione 3-o-j-D-ghtcopyrano- 
side. 

Compounds l-5 are new steroidal alkaloids. The pipe- 
ridine and pyrrolidine side chain alkaloids occur widely 
in plants of the genera Solanum and Veratrum, but are 
rare in plants of the genus Fritillnria [l, 21. The concen- 
trations of the alkaloids required to give 50% inhibition 
(I% values) of cyclic AMP phosphodiesterase were 
determined as shown in Table 2 [12, 131. 

2 

Table 2. Inhibitory activity on cyclic 
AMP phosphodiesterase of compounds 

I-5 

IC,, (x lo-$ M) 

1 >500 
2 10.6 
3 67.9 
4 21.4 
5 17.1 

EXPERIMENTAL 

Generat. NMR: 1D (Bruker AM-400) and 2D (Bruker AM- 
500). CC: silica gel (Fuji Davison), ODS (Nacaiai Tesque) and 
Sephadex LH-20 (Pharmacia). TLC: precoated Kieselgel60 F2s4 
(0.25 or 0.5 mm thick, Merck) and RP-18 F,,,S (0.25 mm thick, 
Merck). HPLC: a Tosoh HPLC system (pump, CCPM; control- 
ler, CCP controller PX-8010; detector, RI-8OiO)equip~ with a 
Kaseisorb LC ODS-120-S column (Tokyo Kasei Kogyo, 1 cm 
id. x 25 cm, ODS, 5 w) or an HPLC system (pump, Tosoh 
CCPM-M; controller, Tosoh CCP controller PX-8010; detector, 
ERMA ERC-7530) equipped with a Kaseisorb LC ODSIM5 
column (Tokyo Kasei Kogyo, 2 cm id. x 25 cm, ODS, 5 &. 

Extraction and isolation. Fresh bulbs of F. persica L. (7.2 kg) 
purchased from Heiwaen, Japan, were cut into pieces and 
extracted with hot MeOH. The n-BuOH-soluble phase was 
fractionated on a silica gel column with a CHCls-MeOH 
gradient system to give five frs. Fr. 1 was purified by a silica gel 
column with EtOAcCHCls-hexane (2: 1: 1) and an ODS col- 

2 

Fig. 1. NOES of 2 and 4 in CDC19. 
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umn with MeCN-Hz0 (8:1), and finally by HPLC with 
MeOH-H,O-2-methoxyethanol(l2:2: 1) to yield compounds 2 
(76.7 mg) and 4 (114 mg). Fr. 2 was subjected to silica gel CC with 
CHCls-MeOH-28% NH, soln (90: 10: l), Sephadex LH-20 CC 
with CHCI,-MeOH (2:3) and to ODS CC with MeOH-Hz0 
(7:3) to yield a mixt. of 3 and 5, which was separated by HPLC 
with MeOH-H,O-2-methoxyethanol (14:6: 1) to give 3 (32.8 
mg) and 5 (83.0 mg) as the pure compounds. Fr. 4 was chromato- 
graphed on silica gel with CHCl,-MeOH-28% NH, soln 
(150: 10: 1) and Sephadex LH-20 with MeOH to yield 1 with a 
few impurities, which was purified by prep. TLC developed twice 
with CHCI,-MeOH (4: 1) to give 1 (78.4 mg). 

Compost 1. Amorphous powder, [a]$’ -44” (MeOH; c 
0.50). EIMS m/z (ret. int.): 575.3827 CM]’ (17), calcd for 
C33HS3N07: 575.3824,396 (16), 164 (14), 125 (lOO), 11 l(70); UV 
>$z;“” nm (logs): 247 (2.42). 290 (2.14); CD (dioxane; c 6.96 
x lo-“) nm (0): 253 (+ 1149), 295 (-2586); IR ~2~; cm-‘: 3423 
(OH), 2946 and 2869 (CH), 1708 (GO), 1655 (C=N), 1459,1421, 
1380, 1261, 1164, 1079, 1040,958; ‘H NMR (pyridine-d,): 6 5.02 
(lH,d,J=7.6 Hz, H-1’),4.57(lH, hrd,.l=ll.6Hz, H-6’a),4.38 
(lH,dd,J= 11.6,5.4 Hz, H-6’b),4.30-4.18(2H, overlapping, H-3’ 
and H-4’), 4.05-3.92 (3H, overlapping, H-3, H-2’ and H-S), 1.01 
(3H.d, J-6.8 Hz, H-21),084(3H, d, J=6.5 Hz, H-27),0.74(3H, 
s, H-18)” 0.65 (3H, s, H-19); for 13C NMR, see Table 1. 

Acid hydrolysis of compound I. Compound 1 (60.0 mg) was 
dissolved in 1 M HCI in dioxane-H,O (1: I) and the mixt. 
refluxed for 2 hr under N,. After being cooled, the reaction mixt. 
was neutralized by passing through an Amberhte IRA-93ZU 
(OH- form) and purified by silica gel CC with CHCl,-MeOH 
(15: 1,4: I) to furnish o-glucose (7.2 mg) and an aglycone (la) 
(16.0 mg). D-Glucose: !@I;* + 55.5’ (H,O, c 0.72); TLC, R, 0.38 
(~-Buoy-Me~CO-H~O, 4: 5: 1). Compound la: amorphous 
powder, [a]gs +35’S” (CHCI,; c 0.22). EIMS m/z (rel. int.): 413 
[M]+ (lQ), 396 (18), 164 (15), 150 (20), 125 (10O), 111 (66); UV 

AIll,, ’ dimanp nm (loge): 246 (2.64), 295 (2.18); CD (dioxane; c 3.87 
x 10s3) nm (0): 255 (f !292), 295 (-3359); IR v:i: cm-‘: 3418 

(OH), 2938 and 2869 (CH), 1710 (C=O), 1658 (C=N), 1453,!380, 
1360, 1239, 1066,966, 753; ‘H NMR (pyridine-d,): S 3.84 (IH, br 

m, WI,,= 21.2 Hz, H-3), 1.00 (3H. d. J-6.9 Hz, H-21), 0.85 (3H, 
d, J=6.6 Hz, H-27). 0.78 (3H. s, H-19), 0.75 (3H, s, H-18); for 13C 
NMR, see Table 1. 

Compound 2. Amorphous powder, [a]i9 + 18.4” (CHCI,; c 
0.50). EIMS m/z (rel. int.): 427.3080 LM]’ (17), calcd for 
C,,H,,NO,: 427.3088, 399 (5), 164 (13), 140 (IOO), 111 (36); UV 
rg:zH nm (log&): 270 (2.28), 344 (1.73); IR vz; cm-‘: 3474 (OH), 
2941, 2870 and 2851 (CH), 1707 and 1690 (C=O), 1616, 1457, 
1447,1430,1376,1277,1258,1237,1063,989,964,755; ‘H NMR 
(CDCl,): 6 4.23 (lH, dddd, J= 17.7, 8.8, 2.3, 2.3 Hz, H-26a), 3.70 
(IH, m, H-20), 3.69 (IN, m, H-26b), 3.57 (tH, m, H-3), 2.88 (lH, 
dddd, J=!7.7, 8.8, 2.3, 2.3 Hz, H-24a), 2.45 ffH, m, H-25), 2.36 
(lH,m,H-24b), 1.73(lH,~H-l7),1.13(3H,d,~=6.9H~,H-21~ 
1.04 (38, d, J=6.9 Hz, H-27), 0.76 (3H, s, H-19), 0.75 (3H, s, H- 
18); for i3C NMR, see Table 1. 

Compound 3. Amorphous powder, [~]i~ - 19.6” (MeOH; c 
0.50). (Found: C, 65.34; H, 8.54; N, 2.39. Calc. for 
Cs&,NO,~H,O: C, 65.21; H, 8.46; N, 2.41%.) EIMS m/z (ml. 
int.): 589 [Ml’ (61, 456 (6h 426 (!I), 410 (loo), 382 (7), 301 (12), 
177 (Q), I40 (93) 108 (37); UV E.z$’ nm (log E): 270 (2.22), 344 
(1.69); IR vg$ cm-‘: 3385 (OH), 2941 and 2871 (CH), 1696 (C 
=Ol, 1620, 1457,1429,1374, 1277, 1259,1164, 1105,1077,lO41, 
1025,991,960; ‘H NMR (CDCl,): 6 4.41 (lH, d, J = 7.7 Hz, H-l’), 
4.23 (IH, dddd, J= 17.7, 8.8, 2.3, 2.3 Hz, H-26a), 3.86 (lH, dd, J 
=12.0, 3.1 Hz, H-6’a), 3.75 (lH, dd, J=l2.0, 4.9 Hz, H-6’b), 
3.72-3.62 (3H, overlapping, H-3, H-20 and H-26b), 3.45-3.39 
(2H, overlapping, H-3’ and H-4’), 3.28 (lH, m, H-S), 3.24(1H, dd, 
J=9.4, 7.7 Hz, H-2’), 2.90 (lH, dddd, J= 17.7,8.8, 2.3, 2.3 Hz, H- 

24a), 2.48 (lH, m, H-25), 2.37 (lH, m, H-24b), 1.14 (3H, d, J=6.9 
Hz, H-21), 1.05 (3H, d, J=6.9 Hz, H-27), 0.76 (3H x 2, s, H-18 and 
H-19); for i3C NMR, see Table 1. 

En~~~~~c hydrolysis ofcompound 3. A mixt. of 3 (20.0 mg) and 
,G-glucosidase (10 mg) in HOAc-NaOAc buffer (pH 5) was 
incubated at 37” for 72 hr. The reaction mixt. was chromato- 
graphed on silica gel with EtOAc-hexane_CHC!, (2: 1: 1) and 
CHC!,-MeOH (4: 1) to give pure D-g!UCOse (1.2 mg) and an 
aglycone with a few impurities, which was further purified by 
HPLC with MeOH-H,O-2-methoxyethanol(14:2: 1) to yield 2 
(3.0 mg) as the pure compound. 

Compound 4. Amorphous powder, [aJh9 t- 1.6” (CHC!,; c 
0.50). EIMS m/z (rel. in&.): 427.3062 [M]’ (12), calcd for 
C,7H,,N0,: 427.3088, 399 (4), 164 (5), 140 (if@), 111 (19); UV 
I~:~‘* nm (log E): 270 (2.23), 344 (1.63); IR vii; cm-‘: 3474 (OH), 
2939, 2870 and 2851 (CH), 1708 and 1689 (C=O), 1614, 1456, 
1429,1381, 1251, 1063,987,966,754; ‘H NMR (CDCI,): 6 4.21 
(lH, dddd, J= 17.7,8.8,2.3,2.3 Hz, H-26a), 3.75 (IH, m, H-26b), 
3.64(lH, m, H-20), 3.54(18, m, H-3), 2.88(lH,dddd, J= 17.7,8.8, 
2.3,2.3 Hz, H-24a), 2.48 (lH, m, H-25), 2.36 (lH, m, H-24b), 1.89 
(!H, m, H-17), 1.04 (3H, d, J=6.9 Hz, H-21), 1.03 (3H, d, J=6.9 
Hz, H-27), 0.72 (3H, s, H-19), 0.65 (3H, s, H-18); for r sC NMR, see 
Table 1. 

Compound 5. Needles (MeOH), mp 214-215”, [z]$’ - 13.2 
(MeOH; c 0.50). (Found: C, 63.20; H, 8.52; N, 2.53. Calc. for 
C,,H,,NO,.ZH,O: C, 63.33; H, 8.21; N, 2.24%) EIMS m/z (re!. 
int.): 589 [MI’ (7), 456 (6), 426 (6), 410 (loo), 301(g), 177 (S), 140 
(85), 111 (2 1); UV ;c:::r” nm (log E): 270 (2.17), 344 (1.59); IR ~2:: 
cm-‘: 3396 (OH), 2942, 2873 and 2850 (CH), 1702 and 1684 
(C=O), 1620, 1458, 1429, 1377, 1252, 1167, 1100, 1078, 1042, 
1025,992,958; ‘H NMR (CDC!,): fi 4.40(1H, d, .I = 7.8 Hz, H-l’), 
4.22 (lH, dddd, 3=17.7, 8.8, 2.3, 2.3 Hz, H-26a), 3.86-3.71 (4H, 
overlapping, H-20, H-26b, H-6’a and H-6’b), 3.64 (IH, m, H-3), 
3.44-3.39 (2H, overlapping, H-3’ and H-4’) 3.28 (lH, m, H-S’), 
3.23 (lH, dd, J=9.4, 7.8 Hz, H-2’), 2.92 (IH, dddd, 5=17.7, 8.8, 
2.3,2.3 Hz, H-24a), 2.50 (lH, m, H-25), 2.37 flH, m, H-24b). 1.04 
(3H,d,J=6.9Hz,H-21), 1.03(3H,d, J=6.9Hz,H-27),0.73(3H, 
s, H-19), 0.66 (3H, s, H-18); for 13C NMR, see Table 1. 

Enzymatic hydrolysis of compound 5 Enzymatic hydrolysis of S 
(20.0 mg) was carried out as for 3 to furnish o-glucose (1.0 mg) 
and 4 (2.0 mg). 

Conversion of la to 2. A soln of la (16.0 mg) in CHC!, (2.5 ml) 
was stirred with active MnO, (160 mg) at room temp. for 4.5 hr 
under N,. The inorganic material was filtered off and washed 
with CHC!,. The combined CHC!, sofn was evapd under red. 
pres., and the residue absorbed on a plate coated with silica gel, 

which was left standing at room temp. in the dark for 3 days. 
Silica gel was scraped from the plate and extracted with EtOAc. 
The EtOAc eluate was purified by silica gel CC with EtOAc- 
hexane-CHC!, (2: I: l), and by HPLC with MeOH-H,O-Z- 
methoxyethano! (10:2: 1) to yield 2 (0.8 mg). 

Assay of cyclic AMP pkosphodiesterase activity. The phospho- 
diesterase activity was assayed by a modification of the method 
of Thompson and Brooker as described previously [123. 
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