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CONSTITUENTS OF FEVlLLEA CORDlFOLlA: NEW 
NORCUCURBITACIN AND CUCURBITACIN GLYCOSIDES’ 

HANS ACHENBACH,* REINER WAIBEL, URSULA HEFER-BUBL, and MANUEL A. CONSTENLA 

Institute OfPbamac~ and F w d  Chemistry, Department OfPbarmrKartiuI Chemistry, 
University of Erkangen, 0-91052 Erkangen, Germany 

h m a . - T h e  seeds of Fevilku cwdifolia have yielded 11  new fwicordin-type 29- 
normcurbitacins 3-13, and two new cucurbitacin glycosides 14 and 15, which were isolated 
along with previous reported fevicordin A 127 and its glucoside [l]. Structure determinations are 
based on spectroscopic studies and on chemical interconvenions. 

Fwilfeu cwdifiofia L. (Cucurbitaceae) grows in South and Central America and on 
Caribbean islands. The seeds are used in folk medicine against various diseases (1-3). The 
fatty material of the seeds has been used commercially (4). 

Recently we described the isolation of fevicordin A glucoside El} and its aglycone 
2 from the seeds of the Costa Rican F. cordifiofia (1). Compound 1 constitutes about 15% 
of the MeOH extract of the endosperm, and it represents the first member of the 
previously unknown norcucurbitanes. Meanwhile we gave a preliminary report on a 
number of structurally related minor constituents of F .  cwdifiofia ( 5 ) ,  and we have also 
analyzed the fatty material of the endosperm (6). This report describes the structure work 
on 1 in detail and the isolation and structure determination of the further fevicordin-type 
compounds 3-13 and the new cucurbitacin glycosides 14 and 15, which are minor 
components of the seeds. 

RESULTS 

A series of chromatographic separations of the MeOH extract from defatted 
endosperm of seeds of F. cwdifoolia afforded a series of new compounds 3-12,14, and 15, 
and the main constituent 1 (1). 

Extensive n m r  studies with 1, including homo- and heteronuclear COSY measure- 
ments, resulted in the assignment of all ‘H- and 13C-nmr signals (Tables 1 and 2). The 
most important long-range ‘H/13C couplings of 1 are depicted in Figure 1. 

The position of the acetyl group at C-25 followed from comparison of the 13C-nmr 
spectra of 1 and cucurbitacin E (8). 

A selective INEPT experiment (9) was performed to discriminate between the 
similar resonances of C-2 and C-3. Irradiation at the frequency of the protons of the Me 
group at C-4 corroborated the assignment of C-3. Subsequent irradiation at the anomeric 
proton allowed us to establish the position of the glycosidic linkage unambiguously at 
C-2. The nature ofthe sugar followed from the shifts of the ‘H-nmr signals on acetylation 
and their typical coupling constants. The coupling constant of the anomeric proton 
revealed the B-glucosidic configuration. Acid hydrolysis of 1 gave glucose, which was 
proven to belong to the D series by gc analysis on cyclodextrin (10). Compound 1 on 
treatment with cellulase yielded glucose and fevicordin A {2], whereas cleavage with p- 
glucosidase occurred only very slowly. Compound 2 was also found among the 
components of the CH,Cl, extract from the seeds. 

Compound 2 was easily dehydrogenated by DDQ, or even by air, to yield the yellow- 

’Part 59 in the series “Constituents ofTropical Medicinal Plants.” For pan 58, see H. Achenbach and 
M. Lijwel, Pkanta Med, 59, 388 (1993). 
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1 R’=Ac,R’=P-D-glucopyranosyl 3 R’=Ac, R2=P-D-glucopyranosyl 

4 R’=H, R2=P-D-glucopyranosy1 5 R’=H, R2=P-D-glucopyranosyl 
7 R’=Ac, R’=B-D-gentiobiosyl 8 R’=Ac, R’=P-Dgentiobiosyl 
9 R’=H, R’=P-D-gentiobiosyl 10 R’=H, R’=P-D-gentiobiosyl 

2 R’=A~,R’=H 13 R’=AC, R’=H 

0 

14 R = W w  
6 R’=R2=H, R’=P-~-glucopyranosyl 
11 R’=R2=H, R3=P-Dgenriobiosyl 
12 R’=OH,R2=H,R3=P-~gentiobiosyl I 

colored 6,7-dehydro-o-quinone 17. The catechol system could be reconstituted by 
treatment of 17 with ascorbic acid, and ascorbic acid can also be used as an antioxidant 
to protect 2. 

The relative configuration of 1 resulted from nOe studies on fevicordin A 2,3- 
dimethyl ether t161 (Figure 2). 

Fevicordin B glucoside [3} was detected as a minor component accompanying 1; it 
was enriched in the mother liquors from repeated recrystallizations of 1 and was purified 
by hplc. The spectra revealed 3 as the 23,24-dihydro derivative of 1, and this was proven 
by hydrogenation of 1 (Scheme 1). 

The structures of fevicordin C glucoside E41 and fevicordin D glucoside E51 as 
desacetyl derivatives of 1 and 3 were also determined from their spectra and were 
corroborated by alkaline cleavage of 1 to yield 4, and 3 to yield 5.  

The nmr spectra offevicordin E glucoside 161 exhibited all resonances ofglucose and 
the basic tetracyclic ring system of the fevicordins, but the spectra significantly differed 
in the signals of the side chain at C-17. An HMBC spectrum (1 1) revealed the structure, 
and chemical relationship with 5 was confirmed via the key compound 18 according to 
Scheme 1. 

Compounds 7-12,14, and 15 were isolated fromamore polar fraction. The ‘H- and 
C-nmr signals revealed 7-12 as fevicordin gentiobiosides. The structure details of the 

aglycones again were determined from the nmr spectra and showed 7-11 to be the 
gentiobiosides of fevicordins A-E. Consequently, 7 was treated with P-glucosidase to 
yield 1 and D-glucose besides small amounts of 2. 

However, the aglycone of gentiobioside 12 proved to be different from the others 
in the side chain at C-17: Long-range correlations observed by HMBC (Figure 3) 
established a 1,4-dihydroxy-4-methyl-2-pentenyl moiety formed by C-22 to C-27. 

13 
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TABLE 1. 

Proton 

H-1 . . . . . . . . . . . .  
y-6 . . . . . . . . . . .  

Hb-6 . . . . . . . . . . .  

y - 7  . . . . . . . . . . .  

Hb-7 . . . . . . . . . . .  

H-8 . . . . . . . . . . . .  

y - 1 2  . . . . . . . . . .  

I&-12 . . . . . . .  

H,-15 . . . . . . . . . .  

I&-15 . . . . . . . . . .  

H-16 . . . . . . . . . . .  

H-17 . . . . . . . . . . .  

Me-18 
Me-19 
Me-21 . . . . . . . . . .  
y - 2 2  . . . . . . . . . . .  

&-22 . . . . . . . . . . .  

y - 2 3  . . . . . . . . . . .  

H,-23 . . . . . . . . . . .  

y - 2 4  . . . .  

I&-24 

Me-26 . . . . . . . . . . .  
hie-27 . . . . . . . . . . .  
Me-28 . . .  
Me-30 . . . . . . . . . . .  
Me-CO, 
H-1' . . . . . . . . . . . .  

H-2' 
H-3' 
H-4' . . . . . . . . . . . .  
H-5' 

Y-6' . . . . . . . . . . . .  

Hb-6' . . . . . . . . . . . .  

H-1" . . .  
H-2" . . . . . . . . . . . .  
H-3" . . . . . . . . . . . .  
H-4" . . .  
H-5" . . .  
H.-6" . . .  
Hb-6". . . . . . . . . . . .  
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I-nmr Data of the Fevicordin Glycosides 1 and 3-12 (in CD,OD, ppmJ in Hz). 

Compound 

1 

6.66 s 
2.84 ddd 

J= 18.0.9.0.9.0 
2.64 brdd 

J=18.0,9.0 
2.26 dddd 

J=15.0,9.0, 
9.0,7.0 

2.12 brd 
J=7.0 
2.88 d 
J=14.5 
2.62 d 
J=14.5 

1.49 brd 
J=13.5 
4.53 brdd 
J=7.5,7.0 
2.49 d 
J=7.0 
0.91 s (3H) 
1.30 s (3H) 
1.36 s (3H) - 

6.80 d 
J=lS .S  

6.98 d 
J=15.5 

1.53 s (3H) 
1.53 s (3H) 
2.08 s (3H) 
0.99 s (3H) 
1.98 s (3H) 
4.56 d 
J=7.5 

I 

3.5-3.4 I 
3.32 ddd 
]=9.0,4.0,2.5 
3.96 dd 

J=l2.0,2.5 
3.83 dd 

J=12.0,4.0 
- 
- 
- 
- 
- 
- 
- 

3 

6.65 s 
2.81 ddd 
J= 18.0,9.0,9.0 
2.66 brdd 
J=18.0,9.0 
2.24 dddd 
J= 15.0,9.0, 

9.0,7.0 

2.12 brd 
J=7.0 
2.90 d 
J=14.5 
2.61 d 
J=14.5 

1.48 brd 
J=13.5 
4.42 brdd 
J=7.5,7.0 
2.47 d 
J=7.0 
0.92 s (3H) 
1.29 s (3H) 
1.34 s (3H) - 

2.79 ddd 
J= 18.0,10.0,6.0 
2.69 ddd 
J= 18.0,10.0,6.0 

1.41 s (3H) 
1.41 s (3H) 
2.08 s (3H) 
0.99 s (3H) 
1.90 s (3H) 
4.56 d 
J=7.5 

3.5-3.4 I 
3.32 ddd 

J=9.0,4.0,2.5 
3.95 dd 

J=12.0,2.5 
3.82 dd 

J=12.0,4.0 
- 
- 
- 
- 
7 - 
- 

4 

6.66 s 
2.84 ddd 
J= 18.0,9.0,9.0 
2.64 brdd 
J=l8.0,9.0 
2.25 dddd 
/=15.0,9.0, 

9.0,7.0 

2.12 brd 
J=7.0 
2.90 d 
J=14.5 
2.64 d 
J=14.5 

1.48 brd 
J=13.5 
4.45 brdd 
J=7.5,7.0 
2.53 d 
J=7.0 
0.94 s (3H) 
1.30 s (3H) 
1.35 s (3H) - 
- 

6.78 d 
J=15.5 

J=15.5 

1.28 s (3H) 
1.28 s (3H) 
2.08 s (3H) 
1.00 I (3H) 

4.54 d 
J=7.5 

I 
I 6.94d 

- 

3.5-3.4 I 
3.32 ddd 
J=9.0,4.0,2.5 
3.% dd 
J=12.0,2.5 
3.82 dd 
J=12.0,4.0 
- 
- 
- 
- 
- 
- 
- 

5 

6.67 s 
2.84 ddd 
J= 18.0,9.0,9.0 
2.64 brdd 
J=18.0,9.0 
2.25 dddd 

J=15.0,9.0, 
9.0.7.0 

2.12 brd 
J=7.0 
2.91 d 
J=14.5 
2.65 d 
J=14.5 

1.48 brd 
J=13.5 
4.41 brdd 
J=7.5,7.0 
2.51 d 
J=7.0 
0.95 s (3H) 
1.30 s (3H) 
1.36 s (3H) 
- 

2.84 ddd 
J =  18.0,10.0,6.0 
2.70 ddd 
J= 18.0,10.0,6.0 
1.74 ddd 

J= 14.0,10.0,6.0 
1.68 ddd 

J= 14.0,10.0,6.0 
1.17 s(3H) 
1.17 s(3H) 
2.08 s (3H) 
1.00 s (3H) 

4.58 d 
J=7.5 

- 

3.5-3.4 I 
3.34 ddd 

J=9.0,4.0,2.5 
3.97 dd 
J=12.0,2.5 
3.84 dd 
J=12.0,4.0 
- 

6 

6.66 s 
2.85 ddd 
J= 18.0,9.0,9.0 
2.66 brdd 
J=l8.0,9.0 
2.27 dddd 
J=15.0,9.0, 

9.0,7.0 
1.98 brdd 

J= 15.0,9.0 
2.13 brd 
J=7.0 
2.76 d 
J=14.5 
2.56 d 
J=14.5 
1.99 dd 

J=13.5,7.5 
1.58 brd 
J=13.5 
4.58 brdd 
J=7.5,7.0 
2.16 d 
J=7.0 
0.95 s (3H) 
1.30 s (3H) 
1.22 s (3H) 
2.39 dd 
J=15.0,6.5 
2.29 dd 
J=15.0,6.5 

5.70 ddd 
J==15.5,6S96S 

5.63 d 
/=I55 

1.23 s (3H) 
1.23 s (3H) 
2.08 s (3H) 
1.00 s (3H) 

4.54 d 
J=7.5 

I 
I 
- 

3.5-3.4 

3.33 ddd 
J=9.0,4.0,2.5 
3.95 dd 
/=12.0,2.5 
3.82 dd 
J= 12.0.4.0 - 

Qverlnppd signal at about 1.95 ppm. 
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TABLE 1. 'H-nmr Data of the Fevicordin Glycosides 1 and S12 (in CD,OD, ppm,] in Hz). 

~ 

7 

6.65 s 
2.84 ddd 
J= 18.0,9.0,9.0 
2.64 brdd 
J=l8.0,9.0 
2.26 dddd 
J=l5.0,9.0, 

9.0,7.0 

2.11 brd 
J=7.0 
2.88 d 

J=14.5 
2.63 d 
J=14.5 

1.50 brd 
J=13.5 
4.53 brdd 
J=7.5,7.0 
2.49 d 
J=7.0 
0.90 s (3H) 
1.30 s (3H) 
1.38 s (3H) 
- 

- 

6.79 d 
J=l5.5 i 
6.97 d 
J=15.5 

1.53 s (3H) 
1.53 s (3H) 
2.08 s (3H) 
0.99 s (3H) 
1.98 s (3H) 
4.58 d 
]=7.5 

I 

I 

I 

3.6-3.3 

4.30 dd 
/= 11.0.1.5 
3.86 dd 
J=11.0,4.0 
4.39 d 
J=7.5 

3.6-3.3 

3.89 dd 
J=l2.0,2.0 
3.70 dd 
J=12.0,4.5 

8 

6.65 s 
2.84 ddd 
J=18.0,9.0,9.0 
2.65 brdd 
J= 18.0,9.0 
2.25 dddd 
J= 15.0.9.0, 

9.0,7.0 

2.13 brd 
J=7.0 
2.92 d 
J=14.5 
2.64 d 
J=14.5 

1.48 brd 
J=13.5 
4.44 brdd 
J=7.5,7.0 
2.48 d 
J=7.0 
0.93 s (3H) 
1.31 s (3H) 
1.35 s (3H) 
- 

2.80 ddd 
J= 18.0,10.0,6.0 
2.68 ddd 
J= 18.0,10.0,6.0 

1.42 s (3H) 
1.42 s (3H) 
2.08 s (3H) 
0.99 5 (3H) 
1.92 s (3H) 
4.55 d 
J=7.5 

3.6-3.3 I 
4.30 dd 
J = l l . O , l . S  
3.84 dd 
J= 11.0,4.0 
4.37 d 
J=7.5 

3.6-3.3 I 
3.88 dd 
J= 12.0.2.0 
3.68 dd 
J=12.0,4.5 

~ 

9 

6.66 s 
2.85 ddd 
J= 18.0,9.0,9.0 
2.66 brdd 
J=18.0,9.0 
2.26 dddd 
J=15.0,9.0, 

9.0,7.0 

2.14 brd 
J=7.0 
2.92 d 
J=14.5 
2.67 d 
J= 14.5 

1.49 brd 
J=13.5 
4.47 brdd 
J=7.5,7.0 
2.53 d 
J=7.0 
0.95 s (3H) 
1.31 s(3H) 
1.38 s (3H) 
- 

6.81 d 
J=15.5 I 
6.35 d 
J=15.5 i 

1.30 s (3H) 
1.30 s (3H) 
2.09 s (3H) 
1.01 s (3H) 

4.55 d 
J=7.5 

- 

3.6-3.3 I 

I 

4.29 dd 
J=11.0,1.5 
3.85 dd 
J= 11.0.4.0 
4.37 d 
J=7.5 

3.6-3.3 

3.88 dd 
J=12.0,2.0 
3.69 dd 
J=12.0.4.5 

10 

6.66 s 
2.84 ddd 
J= 18.0,9.0,9.0 
2.64 brdd 
J=l8.0,9.0 
2.25 dddd 
J=15.0,9.0, 

9.0,7.0 

2.13 brd 
J=7.0 
2.92 d 
J=14.5 
2.66 d 
J=14.5 

1.48 brd 
J=13.5 
4.42 brdd 
J=7.5,7.0 
2.51 d 
J=7.0 
0.95 s (3H) 
1.30 s (3H) 
1.36 s (3H) 
- 

2.84 ddd 
J= 18.0,10.0,6.0 
2.71 ddd 
J= 18.0,10.0,6.0 
1.72 ddd 
J= 14.0,10.0,6.0 
1.67 ddd 
J= 14.0,10.0,6.0 
1.16s(3H) 
1.16s(3H) 
2.08 s (3H) 
0.99 5 (3H) 

4.56 d 
J=7.5 

- 

3.6-3.3 I 

I 

4.30 dd 
J=11.0,1.5 
3.86 dd 
J= 11.0,4.0 
4.38 d 
J=7.5 

3.6-3.3 

3.89 dd 
J=12.0,2.0 
3.69 dd 
J=12.0,4.5 

11 

6.62 s 
2.86 ddd 
J= 18.0,9.0,9.0 
2.66 brdd 
J= 18.0,9.0 
2.25 dddd 
/=15.0,9.0, 

9.0,7.0 
1.97 brdd 

J=l5.0,9.0 
2.12 brd 
J=7.0 
2.78 d 
J=14.5 
2.57 d 
J=14.5 
1.99 dd 

J=13.5,7.5 
1.58 brd 

J=13.5 
4.58 brdd 
J=7.5,7.0 
2.18 d 
J=7.0 
0.93 s (3H) 
1.30 s (3H) 
1.24 s (3H) 
2.39 dd 
J=15.0,6.5 
2.30 dd 
J=15.0,6.5 

5.69 ddd 
J= 15.5,6.5,6.5 

5.63 d 
J'15.5 

1.24 s (3H) 
1.24 s (3H) 
2.07 s (3H) 
1.00 s (3H) 

4.53 d 
J=7.5 

- 

3.6-3.3 I 

I 

4.29 dd 
J=11.0,1.5 
3.84 dd 
J= 11.0.4.0 
4.37 d 
J=7.5 

3.6-3.3 

3.87 dd 
J=12.0,2.0 
3.68 dd 
J= 12.0,4.5 

12 

6.62 s 
2.87 ddd 
J= 18.0,9.0,9.0 
2.66 brdd 
J=18.0,9.0 
2.27 dddd 
J=l5.0,9.0, 

9.0,7.0 
1.97 brdd 
J= 15.0,9.0 
2.15 brd 
J=7.0 
2.79 d 
J=14.5 
2.60 d 
J= 14.5 
1.99 dd 

J=13.5,7.5 
1.59 brd 

J=13.5 
4.62 brdd 
J=7.5,7.0 
2.34 d 
J=7.0 
0.98 s (3H) 
1.30 s (3H). 
1.21 s (3H) 
3.96 brd 
J=5.0 
- 

5.75 dd 
J= 15.5.5.0 

5.82 dd 
J=l5.5,0.5 

I 
I 
1.25 s (3H) 
1.25 s (3H) 
2.09 s (3H) 
1.00 s (3H) 

4.53 d 
J=7.5 

- 

3.6-3.3 I 

I 

4.28 dd 
J=11.0,1.5 
3.84 dd 
J=12.0,4.0 
4.36 d 
J=7.5 

3.6-3.3 

3.87 dd 
J=12.0,2.0 
3.68 dd 
J=12.0,4.5 
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FIGURE 1. Important ‘H/”C couplings observed in the COLOC 
spectrum (7) of 1. 

The structure was corroborated by NaBH, reduction of 7, which yielded 12 as the 
major product. The relative configuration at C-22 depicted for 12 followed from 
comparison ofthe 13C-nmr datawith those recently published for kinoin A, acucurbitacin 
with an identical side chain and with established configuration (12). In that report, 
evidence was given that the stereochemistry of the hydroxy group at C-22 characteris- 
tically influences the nmr resonances of C-21 to C-25. 

Cucurbitacin U gentiobioside E141 and cucurbitacin V gentiobioside 1151 also 
showed the ‘H- and 13C-nmr resonances typical of the gentiobiosyl moiety. However, the 
aglycones did not contain any aromatic structural element (Table 3). Furthermore, the 

C-nmr spectrum indicated the presence of 30 carbon atoms in the aglycone, among 
which 8 signals were attributable to Me groups, whereas the skeleton of the fevicordin- 
type norcucurbitanes was characterized by only 29 carbon atoms, including 7 Me groups 
and an aromatic ring A. Nmr studies, including COSY, HMQC (13), HMBC, and nOe 
measurements determined the structures 14 and 15. 

The CH,Cl, extract of the seeds, when chromatographed in absence of air and light, 
afforded fevicordin A 121 and fevicordin B 1137, the structures of which were deduced 
from their spectroscopic properties and by comparison with the enzymatic cleavage 
products of 1 and 3, respectively. 

13 

DISCUSSION 

The fevicordins 1-13 represent new natural products which belong to the hitherto 
unknown class of 29-norcucurbitacins. Cucurbitacin U gentiobioside E141 and V 
gentiobioside 1151 are also new compounds. The co-occurrence of both fevicordins and 
cucurbitacins in F. cwdifoolia corroborates the latter as biogenetic precursors of the 
fevicordins. The biogenetic relationship is supported by the close structural similarity 
(stereochemistry, substitution pattern) of the isolated fevicordins and cucurbitacins. 
Oxidation at C-28 (or C-29) of the cucurbitacins to the corresponding acids followed by 

FIGURE 2. Major nOe’s observed in fevicordin A dimethyl ether 1161. 
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6 18 
SCHEME 1. Chemical interconversions in the fevicordin series. 

decarboxylation and an aromatization of ring A via oxidation and dehydration might 
readily convert the cucurbitacins into their 29-nor-l,2,3,4,5,10dehydro derivatives 
( = fevicordins). 

Subsequent to our communications on the fevicordins (1,5), two 29-norcucurbitacin 
glucosides have recently been obtained from the roots of a Wilbrandia species 
(Cucurbitaceae) (14). The reported compounds contain an additional 6,7-double bond 
and can be regarded as 6,7 -dehydrofevicordin A glucoside and 6,7 -dehydrofevicordin D 
glucoside, respectively. 

Johnson and co-workers (15,lG) investigated the seeds of F. rwdifolia collected in 
Jamaica and isolated the cordifolins, cucurbitacins with an 20,25-epoxy ring within the 
side chain at C-17. We were unable to detect these substances in our extracts. However, 
it should be noted that structurally and stereochemically cordifolin A and cordifolin C 
represent the 20,25-anhydro derivatives of cucurbitacin U {aglycone of 141 and 
cucurbitacin V [aglycone of 151, respectively. Johnson also announced the isolation of 
two norcucurbitacines, and one of them might be identical with fevicordin F gentiobioside 
E121 or its 22-epimer (L.B.N. Johnson, personal communication, December 29,1992). 

In the carrageenan-induced rat paw edema test, fevicordin A 121 and its glucoside 
1 exhibited a cortisone-like anti-inflammatory activity even when administered in low 
doses (Table 4). 
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Carbon 

C-1 . . . . . . . . . . . . . . . . .  
C-2 . . . . . . . . . . . . . . . . .  
C-3 . . . . . . . . . . . . . . . . .  
C-4 . . . . . . . . . . . . . . . . .  
C-5 . . . . . . . . . . . . . . . . .  
C-6 . . . . . . . . . . . . . . . . .  
C-7 . . . . . . . . . . . . . . . . .  
C-8 . . . . . . . . . . . . . . . . .  
C-9 . . . . . . . . . . . . . . . . .  
C-10 . . . . . . . . . . . . . . . .  

Journal of Natural Products 

Compound 

14 15 
Carbon 

22.4 22.5 C-22., . . . . . . . . . . . . . .  
28.9 29.0 C-23.. . . . . . . . . . . . . . .  
87.5 87.6 C-24. . . . . . . . . . . . . . . .  
42.6 42.6 C-25. . . . . . . . . . . . . . . .  

142.0 142.0 C-26.. . . . . . . . . . . . . . .  
119.5 119.7 C-27 . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  24.8 24.8 C-28.. 
44.5 
50.3 50.3 C-30. . . . . . . . . . . . . . . .  

44.6 C-29.. . . . . . . . . . . . . . .  

36.6 36.8 C-1' . . . .  

Wol. 56, No. 9 

C-13 . . . . . . . . . . . . . . . .  51.9 
C-14 . . . . . . . . . . . . . . . .  49.2 
C-15 . . . . . . . . . . . . . . . .  46.7 
C-16 . . . . . . . . . . . . . . . .  71.6' 
C-17 . . . . . . . . . . . . . . . .  59.2 
C-18 . . . . . . . . . . . . . . . .  20.4 
C-19 . . . . . . . . . . . . . . . .  20.4 
C-20 . . . . . . . . . . . . . . . .  80.8 
c-21 . . . . . . . . . . . . . . . .  25.5 

FIGURE 3. Long-range couplings observed in the HMBC of 12. 

49.8 C-3'. . . . . . . . . . . . . . . .  
51.8 C-4' . . . . . . . . . . . . . . . .  
49.2 C-5'. . . . . . . . . . . . . . . .  
46.9 C-6' . . . . . . . . . . . . . . . .  
73.2 C-1". . . . . . . . . . . . . . . .  
60.1 c-2". 
20.4 C-3" . . . . . . . . . . . . . . . .  
20.4 C-4" . . . . . . . . . . . . . . . .  
75.8 C-5". . . . . . . . . . . . . . . .  
26.7 C-6". 

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

For fevicordin A the anti-inff ammatory effect observed was proportional to the dose 
applied; in the animal test system the toxic dose for fevicordin A glucoside was found 
to be close to an effective therapeutic dose. 

EXPERIMENTAL 
GENERAL EXPERIMENThL PROCEDURES.--The mp's were determined on a Kofler hot-stage apparatus 

and are uncorrected. Optical rotations and uv measurements were made for MeOH solutions; ir data refer 
to KBr discs. Nmr spectra, if not otherwise stated, refer to CD,OD solutions at 360 MHz ('H nmr)and 90.5 
hfHz ("C nmr); chemical shifts were referenced to TMS for 'H nmr and to the deuterated solvent (6=49.0 
ppm for CD,OD and 6- 128.0 ppm for C,Dd for "C nmr. For C-H correlations the sequence according 
to Bax and Morris (17) was used, and for long-range correlation the COLOC sequence (7) was used. Inverse 
heteronuclear correlations were done with the sequences of Bar and Subramanian for HMQC (1 3) and Bax 
and Summers for HMBC (1 1). NOe's were measured by the da rence  method. Ms was measured on a 
Finnigan MAT TSQ 70 instrument, equipped with DEP for dci measurements (reagent gas NH,) and a fab 
gun; fab spectra were run with Xe (8 kV) from glycerol matrix. Unless they are key ions, only masses with 
mlz >200andintensities >30% aregiven. Fortlc nanoplates ~sSIL-ZO/UV,,(Macherey-Nagel)wereused; 

Compound 

14 

217.2 
33.1 
38.1 
70.8 
29.2b 
29.4b 
25.9 
28.6 
19.7 

106.3 
75.1 
77.1 
71.6' 
77.9 
69.9 

104.8 
75.5 
77.9 
71.5' 
78.1 
62.7 

15 

47.6 
124.0 
142.7 
71.3 
30.0 
30.0 
25.9 
28.6 
19.6 

106.4 
75.2 
77.2 

78.0 
69.9 

104.9 
75.6 
78.0 
71.6' 
78.2 
62.8 

7 i . r  
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TABLE 4. Anti-idammatory Activities Measured by the Carrageenan-Induced 
Rat Paw Edema Test After Peroral Application. 

Substance I Mol wt 1 Dose (mglkg) I Inhibition(%) 

Fevicordin A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Fevicordin A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Fevicordin A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Fevicordin A glucoside . . . . . . . . . . . . . . . . . . . . . 
Acetylsalicyclic acid. . . . . . . . . . . . . . . . . . . . . . . . 
Indomethacin . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Betamethasone . . . . . . . . . . . . . . . . . . . . . . . . . . . 

542 
542 
542 
704 
180 
357 
392 

10 
5 
1 

10 
100 

2 
0.125 

96 
52 

56 
44 
47 
63 

8.5 

detection was by uv and anisaldehyde reagent according to Stahl(18); Rfvalues are given for solvent systems 
cyclohexane-EtOAc (3:2) (SI) and CHC1,-MeOH (7:3) (S-2). For cc Si gel 60 (Macherey-Nagel) or Sephadex 
LH-20 (Pharmacia) were used. Preparative hplc was carried out on a 7 p, Lichrosorb@ RP 18 column with H,O/ 
MeOH mixtures, flow-rate 12.5 d m i n ,  length 25 cm, ~ $ 2  cm; detection by uv absorbance at 210 nm. 

PIANT MATERIAL.-F. cwdz$olia seeds were collected between 1982 and 1984 near U j a r d R i o  Ceibo, 
Province Puntarenas, Costa Rica and identified by Rafael A. Ocampo, Herbarium of the National Museum, 
San Jd, Costa Rica. Voucher specimens are kept under No. 27793 at the National Museum, San JosC and 
under No. 82 13 at the Institute of Pharmacy and Food Chemistry, Erlangen. 

EXTRACTION AND IsoLATION.--The endosperm (800 g from 1.2 kg dried seeds) was ground (after 
freezing in liquid N,) and extracted successively in a Soxhlet apparatus with petroleum ether (50-709, 
CH,CI,, and MeOH to yield 450 g extract A (petroleum ether), 4 g extract B (CH,CI,), and 100 g extract 
C (MeOH). Repeated cc of extract B on SiO, with cyclohexaneEtOAc mixtures (exclusion of 0, and light) 
afforded 2 and 13. Extract C was separated first by flash chromatography and then repeatedly by cc on SiO, 
with CHCI,/MeOH mixtures. Purification of the raw compounds was achieved by hplc and subsequent cc 
on Sephadex LH-20 (Pharmacia) with H,O-Me,CO (49:1), yielding compounds 1,3-12,14, and 15. 

Fevicwdin A [2S-aceroxy-2,3, I6a,20-retr~drary-29-nm~rbitrr-1,3,S(lO),23E-rerraene-I I ,22-dione] 
[2].~lorlessamorphouspowder, sensitiveagainstOZ(60mg): t l ~ R ~ 0 . 3 7  (S-l), brownwithanisaldehyde; 
[aj2'D +15"(c=O.5); irvmaxcm-' 3420, 1720, 1680,1620;uvhmaxnm(log~)226(4.11), 287 (3.37); 
'Hnmr(C6Dd6ppm1.08(3H,s), 1.10(3H,s),1.26(3H,s), 1.30(3H,s), 1.32(1H,d,J=13.5Hz),1.33 
(3H,s),1.40(3H,s),1.58(3H,s), 1.60(1H,dd,J,=13.5,J,=7.5Hz),1.69(1H,ddJl=12.5J,=8.0Hz), 
1.91 (2H),2.16(3H,s),2.28(1H,s,OH),2.34(1H,m),2.46(1H,d J=7.0Hz),2.51 (lH,m),2.74(1H, 
d,J=12.5 Hz), 2.80 ( lH,  d,J=12.5 Hz), 4.25 ( lH,  br dd, J1-Jz-7.5 Hz), 4.48 ( lH,  s, OH), 5.80 ( lH,  
brs,OH),6.50(1H,d,J=15.5 Hz),6.73(1H,s),7.20(1H,d,J=15.5 Hz); '3CnmrseeTable2;eimsm/z 
(76) m-601' 482.2664(8)(calcdforCz~,06, 482.2668), 386.2085 (13)(calcdforC,,H,,O,, 386.2093), 
217 (16), 190 (34,189 (33), 96.0577 (29)(calcd for C,H,O, 96.0575), 43 (100); dcimsmlz (%) [M+NHJ+ 
560 (100). 

Fevicwdin B 125 -acetoxy-2,3, IGa,20-rerrahydmuy-29-nmcrmrrbita-l,3,5 (I O)-rrim-I 1,22-dione] [13].- 
Colorless amorphous powder, sensitive against 0, (14 mg): tlc Rf0.43 (S-l), light brown with anisaldehyde; 
[ a l 2 ' D  +7"(c=0.4); ir v max cm-' 3400,1700,1620; uv A rnax nm (log E) 228 (3.86), 286 (3.37); 'H nmr 
(C6Dd6ppm0.95(3H,s), 1.10(3H,s), 1.17(3H,s), 1.28(1H,d,J=13.5Hz), 1.35(3H,s), 1.40(3H, 
s),1.4~(3H,s),1.58(3H),1.68(3H,s),1.69(1H),1.92(2H),2.15(3H,s),2.22(1H,m),2.32(2H),2.54 

( lH,  br dd,J,-J,-7.0 Hz), 4.52 ( lH,  s, OH), 5.73 (IH, s, OH), 6.70 ( lH,  5); 13C n m r  see Table 2; eims 
mlz (%) rM-601+ 484 (16), 386 (14h 217 (33), 190 (67), 189 (64), 113 (33), 43 (100). 

Fevicwdin A glucoside [2S-aceroxy-2-(~-~-glucopyranosyloxy)-3,16a,20-tribydmxy-29-nmucurbita- 
1,3,S(I 0),23E-rerrume-l1,22-dionc] [l].--cOlorless needles (3 8): mp 148"(from EtOAc); tlc Rf0.71 (S-2), 
brown with anisaldehyde; [a]'lD -24" (c=0.5); ir v max cm-' 3420,1720,1685,1630; uv h max nm (log 
E) 224 (4.15), 285 (3.35); 'H nmr see Table 1; mults of selective INEPT experiments see Table 5; "C nmr 
see Table 2; fabms mlz (%) [M- 11- 703 (lo), 645 (lo), 499 (75), 483 (loo), 481 (87), 385 (92), 327 (83). 

Fevicwdin B glucoside [25-acero~-2-(~-~-gIrtcopyranosyloxy)-3,I6a,20-tribydroxy-29-nw~cu~bira- 
1,3,S(IO)-t+iene-l1,22-dione] [3 ] .4 lo r l e s s  needles(100mg): mp 143-144"(from EtOAc); tlcRf0.70(S- 
2), light brown with anisaldehyde; [u]~'D -27' ( ~ 0 . 5 ) ;  ir Y max cm-' 3440, 1700,1620; uv A max nm 

( lH,  ddd,],=12.5,J,-1,-8.5 Hz), 2.67 ( lH,  d,]=12.5 Hz), 2.77 ( lH,  d,J=12.5 Hz), 2.79(1H), 3.98 
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Decoupler setting (6) 
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Selective INEPT Signals Obsemed (8) 

Wol. 56, No. 9 

6.66 (H-1) . . . . . . . . . . . . . . , 

4.56(H-l') . . . . . . . . . . . . . . 
2.08 (Me-28). . . . . . . . . . . . . 

144.8 (C-3) 
144.7 (C-2) 
131.3 (C-5) 

52.1 (C-9) 

144.8 (C-3) 
144.7 (C-2) 

131.3 (C-5) 
124.8 (C-4) 

(log E) 228 (3.86), 286 (3.35); 'H nmr see Table 1; 13C nmr see Table 2; fabms mlz (%) EM-1)- 705 ( 5 ) ,  
645 (4), 483 (loo), 468 (45), 385 (20), 327 (29). 

Fwicordin C glncoside E2 - ( B -~-glncopyranosyloxy) -3,lG a,2 0,25 -tetrabydroxy-29 -nwcncnrbita- 
1,3,5(10),23E-tmaene-11,22-dim] [4 ] .4 lo r l e s s  needles (1 10 mg): mp 172-174' (from EtOAc); tlc R, 
0.65 (S-2), brown with anisaldehyde; [a12'D -33" ( ~ 0 . 5 ) ;  ir v max cm-' 3380,1690, 1680,1622; uv A 
rnax nm (log E) 224 (4.15), 285 (3.35); 'H nmr see Table 1; "C nmr see Table 2; fibms d z  (96) EM-17- 
661 (16), 499 (loo), 483 (47), 481 (51), 385 (801, 327 (81). 

Fevimrdin D glucoside ~2-(~-~-glrrcopran~ylory)-3,16a,20,25-tctrahydmuy-29-n~bi~-l ,3 ,5(10)-  
trim-1 1,22-dione] [5].4olorless needles (40 mg): mp 157-158" (from EtOAc); tlc R,0.63 (S-2), light 
brown with anisaldehyde; [U]"D -29" ( ~ 0 . 5 ) ;  ir Y maxcm-' 3400,1680,1610; uv A rnax nm (log E) 228 
(3.85), 285 (3.35); 'H nmr see Table 1; "C nmr see Table 2; fabms mlz (%) N- 1)- 663 (20), 501 (97), 
483 (loo), 385 (36), 327 (52). 

Fwicordin E g!ncoride [2-(  ~-D-g~ncopyranosy~oxy)-3,1 Ga,20,25 -tetrabydroxy-29-norcucurbita- 
1,3,5(10),23E-tetraen-ll-one] [6 ) .4 lo r l e s s  needles (40mg): rap 15%161"(from EtOAc); ~lcR~O.61 (S- 
2), blue with anisaldehyde; Ea7"D -4"(c=0.3); ir Y maxcm-' 3400,1730,1610; uv A max nm (log E) 224 
(3.85), 284 (3.35); 'H nmr see Table 1; "C nmr see Table 2; fabms d z  (%) EM-1)- 647 (16), 485 (loo), 
385 (52), 327 (23). 

Fevicwdin A gentiobioside ~ 2 ~ - a c e t o x y - ~ - ( 6 - O - ~ - D - g ~ ~ o p y r a n o s y ~ - $ - D - g ~ ~ o p y r a n o s y ~ o r y ) - ~ ,  16a,20-tri- 
hydrory-2~-nm~rbita-l,3,5(10),23E-tetraene-l1,22-dim~ f n . 4 l o r l e s s  crystals (150 mg): rnp 165" 
(from EtOAc); t l ~ R ~ 0 . 4 1  (S-2), brown with anisaldehyde; [a ]"D -38"(c=0.5); ir vmaxcm-' 3400,1720, 
1680, 1630; uv A rnax (log E) 223 (4.14), 282 (3.34); 'H nmr see Table 1; "C nmr see Table 2; fabms 
mlz (%) [M-l]+ 865 (81, 541 (45), 483 (84 ,481  (loo), 385 (68), 327 (52). 

Feuiwdin B gentiobioside [25 - a r e t o r y - ~ - ( 6 - ~ - ~ - D - g ~ ~ o ~ r a n o s y ~ - ~ - D - g ~ ~ o ~ r a n o s y ~ o r y ) - ~ , l 6 a , . ? O - r r i -  
hydroxy-29-nwcunrrbita-l,3,5(1 O)-trim-l1,22-dim] E8].4lor less  crystals(45 mg): mp 165-167'(from 
CHCI, saturated with H20); tlcR,0.40 (S-Z), light brown with anisaldehyde; [ d ' D  -36"(c=0.4); ir vmax 
cm-'34~,1700,1620;uvAmaxnm(log~)225 (3.86),283(3.35);'HnmrseeTable 1;"CnmrseeTable 
2; fabms mlz (%) EM-1)- 867 (21, 543 (341,484 (70), 483 (loo), 468 (54), 385 (1% 327 (21). 

Fevicwdin C gentiobioside [ , ? - ( G O  ~-D-g~Iuopyranosy~-~-D-g~&Copyranosy~ory) -3,l Ga, 20,25 -tetrahydroxy - 
29-nmcucrrrbita-l,3,5 ( 1  0),23 E-terraene-1 1,22-dione] [9).-Colorless amorphous powder (60 mg): tlc 40 .29  
(S-2), brown with anisaldehyde; [aJ2'D -47'(c=0.6); ir Y rnax cm-' 3400,1680,1630; uv A rnax nm (log 
E) 225 (4.24). 284 (3.43); 'H nmr see Table 1; "C nmr see Table 2; fabms mlz (%) N-11- 823 (7), 499 
(loo), 483 (37), 481 (39), 385 (30), 327 (40). 

Fevuwdin Dgentiobioside [2-(6-0-~-D-glwoPyranosyl-~-D-g~wopyranosy~oxy)-3,1 6a,2O,25-tetrahydroqydroxy- 
29-nmnrbita-1,3,5(1 O)-trim-I 1,22-dim] [ l 0 ] . 4 l o r l e s s  amorphous powder (82 mg): tlc Rf0.28 (S- 
2), light brown with anisaldehyde; [a]*'D -43" ( ~ 0 . 5 ) ;  ir Y rnax cm-' 3400,1685,1630; uv A rnax nm 
(log a) 225 (4.04), 284 (3.38); 'H nmr see Table 1; '% nmr see Table 2; fabms mlz (%) CM- 11- 825 (3), 
501 (60), 483 (1001, 385 (30), 327 (62). 

Fevicwdin E gentiobioside ~2-(G-O-B-~-glrrcopyranosyl-B-o-glm~anosyloxy)-3, I 6~,20,25-tetrabydmuy- 
29-nwnmwbita-l,3,5(10),23E-tetram-l l-om] [ll]..-Colorless amorphous powder (26 mg): tlcR,0.25 (S- 
2), blue with anisaldehyde; [a]% -20" (c=0.6); ir u max cm-' 3400,1680, 1620; uv A max nm (log E) 

225 (4.00), 283 (3.31); 'H nmrsee Table 1; "C nmrsee Table 2; fabms m/z (%I EM- 1)- 809 (3), 483 (50), 
481 (501, 385 (52), 327 (90), 215 (100). 

Fevicwdin F gentiobioside [(22S*)-2-(6-O-~-o-glm~anacy~-~-D-glucopy*rmaryloxy-3,16a,20,22,25- 
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p m t a h y d r a u y - 2 9 - n ~ ~ i t a - I , 3 , 5 ( 1 0 ) , 2 3 E - ~ r ~ - l  I -om] {12] .4 lo r l e s s  amorphous powder (5 mg): tlc 
Rf0.18 (S-2), brownish-grey with anisaldehyde; {a]"D -26" ( ~ 0 . 4 ) ;  ir u mas cm-' 3400,1680; uv )c max 
nm (log E) 224 (3.92), 280 (3.25); 'H nmr see Table 1; 13C nmr see Table 2; fabms mlz (%) EM-17- 825 
(6), 483 (1001, 385 (50), 327 (65). 

Cucurbitacin Ugmtiobiosidr E3 $-(6-o-$-D-g~ucofJyranosy~-~-D-g~umfJyranosy~oxy)-~ 6~,20,2S-trihydroxy- 
(IOa)-cucurbit-5-ene-l1,22dione] [14 ] .4 lo r l e s s  crystals (210 mg): mp 143-144" [from CHC1,- 
MeOH (4:1)}; tlc Rf0.31 (S-2), yellow with anisaldehyde; [a]"~ + 16" ( ~ 0 . 5 ) ;  ir u max cm-' 3400,1690; 
'Hnmr8ppm0.89(3H,s), 1.04(3H,s), 1.05(3H,s), 1.20(6H,s), 1.25(3H,s), 1.32(3H,s), 1.37(3H, 
s), 1.35-2.00(10H, Ha-l, Hb-1, H,-2, Hb-2, H,-7, H-8,H,-15, Hb-15,H,-24,Hb-24),2.30-2.47 (2H, Hb- 
7, H-lo), 2.52 ( lH,  d,J=15.0 Hz, H,-12), 2.58 ( lH,  d,J=7.0 Hz, H-17), 2.75 ( lH,  ddd,J,=15.0, 
J2=10.0,]3=5.0 Hz, H,-23), 2.86 ( lH,  ddd,J,=15.0,J,=lO.O,J3=5.0H~, Hb-23), 2.99(1H, d,J=15.0 
Hz, Hb-12), 3.25-3.45 (8H, H-2', H-2", H-3', H-3", H 4 ' ,  HA", H-5', H-5"), 3.67 (lH, dd,J,=12.0, 
J2=4.0Hz,H8-6"), 3.80(1H,dd,J1~12.0,J~~4.0H~,~-6'),3.88(1H,dd,J1~12.0,J~~2.5H~,H~-6"), 
4.07 (1H,dd,J,=12.0,J2=2.5 Hz,Hb-6'),4.28(1H,d,J=7.5 Hz, H-1'),4.40(1H, d,J=7.5 Hz, H-1"), 
4.41 (1H, br dd,J,-J,-8.0 Hz, H-16), 5.62 ( lH,  m, H-6); 13C nmr see Table 3; fabms mlz (%) [M-ll- 
827 (W), 809 (98), 647 (42), 501 (5 I), 483 (641,327 (56), 31 1 (66), 221 (100). Elemental analysis: found 
C 60.59, H 8.09; calcd for C42&016 C 60.85, H 8.27. 

Cucurbitacin Vgmtiobiosidc E3 ~-(6-0-$-D-glucopyranosyl-~-D-g~uco~ranosyloxy)-16a,20,25 -trihydroxy- 
(IOa)~rbita-S,23E-dim-l 1-one} [15 ] .4 lo r l e s s  amorphous powder (21 mg): tlc Rf0.25 (S-2), violet 
withanisaldehyde;fa}"D +30°(c=0.5);irumaxcm-' 3400,1685,1630; 1Hnmr8ppm0.88(3H,s,Me- 
18), 1.04 (6H, s, Me-30, Me-28), 1.23 (3H, s, Me-29), 1.26 (6H, s, Me-26, Me-27), 1.28 (3H, s, Me-19), 
1.31 (3H,s, Me-21), 1.47 (lH,d,J=15.0 Hz, H,-15),1.5&2.00(6H, H.-l, Hb-1, H,-2, Hb-2, H,-7, Hb- 
15), 2.15-2.47 (5H, Hb-7, H-8, H-10, H,-12, H,-22), 2.23 ( lH,  d, J=7.0 Hz, H-17), 2.30 ( lH,  dd, 

],=14.0,],=7.0 Hz, Hb-22), 3.19 ( lH,  d,J=15.0 Hz, Hb-12), 3.25-3.45 (8H, H-2', H-2", H-3', H-3", 

J,=12.0,J2=4.0 Hz, Y-6'), 3.87 ( lH ,  dd,J1=12.0,J,=2.5 Ht,  Hb-6'1,4.06 ( lH,  dd,J1=12.O,J,=2.5 

H-16), 5.63 (1H, H-6), 5.65 ( lH,  d,J=16.0 Hz, H-24), 5.75 ( lH,  ddd,J,=16.0,],-],-7.0 Hz, H-23); 

H-4', H4",  H-5', H-5"), 3.45 ( lH,  br s, H-3),3.66 ( lH,  dd,J,=12.0,J2=4.0 Hz, H,-6"), 3.78 ( lH,  dd, 

Hz,Hb-6'),4.30(1H,d,J=7.5 Hz,H-l'),4.40(lH,d,J=7.5Hz,H-l"),4.58(lH,brdd,J,-J,-7.5 Hz, 

"C nmr see Table 3; fabms mlz (%) [M-11- 811 (loo), 693 (70), 549 (50), 531 (60), 267 (69). 

ENZYMATIC CLEAVAGE OF l.-Compound 1 (50 mg) dissolved in 5 ml H,O was treated with 100 mg 
cellulase (Roth) at 32" for 24 h under N,. The mixture was extracted three times with 10 ml toluene. 
Evaporation of the combined toluene extracrs afforded 20 rng crude 2, which was purified by cc on Si gel 
with C6H,,-EtOAc (1:l) (exclusion of 0,). This gave 8 mg amorphous powder. All physico-chemical data 
were identical with those reported for fevicordin A 121. 

ENZYMATIC CLEAVAGE OF 3 . 2 o m p o u n d  3 (25 mg) was treated as described for 1 to give 4 mg 

ENZYMATIC CLEAVAGE OF 7 . 2 o m p o u n d  7 (50 mg) was treated (as described for 1 with cellulase) with 
100 mg P-glucosidase (Fluka). Workup after evaporation by cc afforded, besides small amounts of 2,lO mg 
amorphous powder with physico-chemical data identical with those of fevicordin A glucoside 111. 

DETERMINATION OF THE ABSOLL'IZ CONFIGURATION OF THE GLUCOSE MOIETY IN L-Compound 1 (10 
mg) was treated with 2 M MeOWHCI (2 ml) for 16 h. The residue was trifluoroacetylated and analyzed for 
D and r-pertrifluoroacetylmethyl glucosides by gc using a cyclodextrin column (10). 

Hexuucety&vicordin A glucoside 13, I6a,25 -tri~etoxy-2-(2,3,4,6-tetra-O-r~etyl-P-D-g(rccopyranosyloxy)- 
20-hydtoxy-29-nor~urbita-l,3,S~lO),23E-tetrame-I 1,22-dione].-Cornpound 1 (10 mg) dissolved in 1 ml 
Ac,O-C,H,N (1: 1) was stirred for 16 h at room temperature. After evaporation of the solvent the product 
was purified by cc [toluene-MeOH (19:1)] to give 9 mg hexaacetylfevicordin A glucoside. Colorless cubes: 
mp 193-195" (from MeOH); tlc Rf0.26 {toluene-MeOH (19:1), brown with anisaldehyde; [a}% -42" 
(c=0.5, CHCI,); ir u max cm-' 3440, 1740, 1690, 1625; uv X max nm (log E) 224 (4.16), 280 (3.17); 'H 
nmr(C6Dd8ppm0.87(3H,s), 1.06(3H,s), 1.27(3H,s), 1.34(3H,s), 1.35(3H,s), 1.39(3H,s)(Me-18, 
Me-19, Me-21, Me-26, Me-27, Me-30), 1.60 (3H, s, MeCO,), 1.69 (3H, s, MeCO,), 1.72 (3H, S, MeCO,), 
1.86(3H,s,MeCOZ), 1.87 (3H, s,MeCO,), 1.91 (3H,s,MeCO,), 1.94(3H, s,Me-28),2.00-1.35 (4H, Hb- 

amorphous powder. All physico-chemical data were identical with those reported for fevicordin B {13]. 

7, H-8, H,-15, Hb-15), 2.17 (3H, S, MeCO,), 2.22 ( lH,  dd,J1=18.O,J2=9.0 Hz, Hb-6), 2.60-2.35 (3H, 
H,-6, H,-7, Hb-12), 2.66 ( lH,  d, J=7.5 Hz, H-17), 2.74 ( lH,  d,J=14.5 Hz, H,-12), 3.73 (1H, ddd, 
J1=9.5J2=4.5J,=2.0 Hz, H-5'), 4.32 ( lH,  ddJ,= 12.5J2=4.5 Hz, Hb-6'), 4.40 ( lH,  S, OH), 4.48 ( lH ,  
dd,J,=12.5,J2=2.0 E, H,-6'), 5.22 ( lH,  d,J=8.0 Hz, H-l '),  5.30 ( lH ,  dd,J,-J,-9.5 Hz, HA'), 5.47 
( lH,  dd,J1--JZ-9.5 Hz, H-39, 5.48 ( lH,  br dd,J,-J2-7.5 Hz, H-16), 5.60 (1H, dd,J,=9.5,5,=8.0 Hz, 
H-2'), 6.54 ( lH,  d,J=15.5 Hz, H-23), 7.03 ( lH,  s, H-l), 7.25 ( lH,  d,J=15.5, Hz, H-24); "C nmr 
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(CD30D)6ppm215.8(C-11),204.1 (C-22), 172.5,172.2,171.5,171.4,171.1,171.0, 170.2(7XMeC02), 
152.8 (C-24), 147.6 (C-2), 138.1 (C-3), 137.1 (C-10),131.6 (C-5),130.6 (CA), 121.7 (C-23), 110.9 (C- 
l), 99.6 (C-l'), 80.8,79.6(C-20, C-25), 75.2,73.9,73.1,72.0,69.5 (C-2',C-3', C 4 ' ,  C-5', C-16), 63.0 
(C-6'), 56.0 (C-17), 52.2 (C-9), 52.0 (C-12), 50.7 (C-13), 49.6 (C-14), 43.9 (C-15), 43.3 (C-8), 29.6 (C- 
19),27.1,26.8 (C-26, C-27), 24.7 (C-6), 24.4(C-21), 21.9,21.2,20.9,20.8,20.6,20.5 (6XMA30,), 20.5 
(C-l8), 20.4 (MeCO,), 20.0 (C-7),19.8 (C-30), 12.3 (C-28); dcims mlz(%) IM+NH41+ 974 (loo), 914 (21, 
331 (25). 

2,3 -Di-O-methyl&vmrdin A 125 4 ~ - 2 , 3  dimethoxy- I 6a, 20-drhydroxy-29-nd&- I ,3,5 (1 0),23 E- 
mam-11,224one] { 1 6 ] . 4 m p o u n d  2 (10 mg) dissolved in 2.5 ml dry Me,CO was treated at room 
temperature with 0.5 ml Me1 in the presence of 10 rng K,CO, for 18 h under N,. After fitration and 
evaporation the crude product was purified by cc [toluene-EtOAc (17:3)], affording 5 mg 16 as a colorless 
amorphous powder: tlc q0 .27  [toluene-EtOAc (3:l)], brown with anisaldehyde; [Cd2'D -2.8 ' ( ~ 0 . 1 ) ;  ir 
(CHC1,)umaxcm-' 1730,1690,1590;uvAmaxnm(log~)224(4.14), 285 (3.44);'Hnmr(CDC13)Gppm 
1.01 (3H, s, Me-18), 1.04(3H, s, Me-30), 1.39(3H,s,Me-19), 1.42 (3H, s,Me-21), 1.52 (3H, s, Me-26), 
1.54(3H,s,Me-27), 1.54(1H,d,J=14.0Hz,Hb-15), 1.85-2.0(2H,H;15,Hb-7), 1.96(3H,s,Me-C02), 
2.10(3H,s,Me-28),2.12 (lH,d,J=7.0Hz,H-8), 2.22(1H,m,H,-7), 2.42(1H,d,J=7.0Hz,H-l),2.60 
( lH,  br dd,Jl=18.O,J,=9.0 Hz, H,-6), 2.71 (IH, d,J=14.5 Hz, Hb-12), 2.77 (lH, ddd,Jl=18.0, 
J2=J3=9.0 Hz, H,-6), 2.88 ( lH,  d,J=14.5 Hz, H,-12), 3.75 (3H, s,OMe), 3.78 (3H, s, OMe),4.29(1H, 

Hz, H-24); "C nmr see Table 2; eims mlz (%) IN' 570 (7), 510 (l), 414 (39), 245 (91,218 (28), 217 (23), 
203 (9), 111 (19), 96 (100),43 (37). 

Oxidation of2t025-acetoxy-1 6a,2O-di~dw~-29-nmcrrclrrbita-l(10),4,6,23 E-tetraene-2,3,11,22-tetraone 
[lq.-To 2 (50 mg) in 5 ml Et,O a solution of 80 mg DDQ in 10 ml Et,O was added. After stirring at 
0' for 12 h the solvent was evaporated and the product purified by cc on Si gel [c6H,,-EtOAc (1: l)] to yield 
17 (20 mg) as a yellow amorphous powder: tlc R, 0.25 [C6H,,-EtOAc (l:l)]; [a]"D -433" ( ~ 0 . 0 5 ,  
MeOH); irvmaxcm-' 1720,1685,1650,1620; uv/vis Amaxnm (log e) 238(4.15), 340(3.47),450(3.14); 
'Hnmr(C6D.JApprn0.89(3H,s),0.94(3H,s), 1.16(3H,s), 1.23(3H,s), 1.32(3H,s), 1.35(3H,s), 1.56 
(3H,s,MeCO,), 1.74(3H,s,Me-28),2.15(1H,d,J=8.0Hz,H-8),2.31(1H,d,J=7.0Hz,H-17),2.38 

b~dd,J1~7.5,~,~7.0H~,H-16),6.38(1H,d,J~15.5H~,H-23),6.40(1H,~,H-1),7.00(1H,d,~~15.5 

(lH,d,]~15.OH~,H-12),2.57(1H,d,J~15.OHt,H-12~,4.19~1H, brdd,J,-J2-7.5 Hz,H-l6),4.43 
(1H,~,OH),5.55(1H,ddJl~11.O,J~~8.0H~,H-7),6.09(1H,~,H-l),6.19(1H,d,J~ll.OH~,H-6), 
6.52 (lH, d,J=16.0 Hz, H-23), 7.19 (IH,  d,J=16.0 Hz, H-24); "C nmr (C6D.J 6 ppm 2083,202.3, 
180.4,179.9,169.8,155.0,151.6,138.4,136.3,132.1,125.1, 123.0,121.3,79.2,78.5,71.6,58.8,52.0, 
50.7,50.5,49.9,4~.2,44.2,27.2,26.2(2~),24.1,21.5,20.2,19.3,10.7;dcimsmlz(%)~M+2+NH,~~ 
558 (39), 498 (ll), 174 (100). 

Hydrogenation of 1 . 4 m p o u n d  1 (1 0 mg) dissolved in 2 ml MeOH was hydrogenated over PdC 
(10%) (room temperature, 1 atm, 2 h). Filtration and evaporation afforded 10 mg colorless amorphous 
powder, the physico-chemical data of which were identical with those reported for 3. 

Hydwgenation of4.-Hydrogenation of 4 (8 mg) afforded 8 mg of a colorless amorphous powder, the 
physico-chemical data of which were identical with those of 5. 

Hydrogenation of 6.-Hydrogenation of 6 (10 mg) gave 10 mg colorless amorphous powder, the 
physico-chemical data of which were in agreement with those of 18. 

Desucetykztion ofl .4ornpound 1 (25 mg) dissolved in 2 ml MeOH was treated with 50 mg K,CO, 
for 48 h at morn temperature. Filtration and evaporation of the solvent gave a crude product, which was 
purified by cc [CHCI,-MeOH @:I)] to yield 10 mg of an amorphous powder identical in physico-chemical 
data with 4. 

Desacetylation 0f3.-The desacetylation of 3 (15 mg) was achieved as described for 1 to give 4 mg of 
compound 5. 

Desoxygenation of 5 to ~-(~-D-g~tuopyrano~y~oxy)-~,I6a,20,25-tetrabydro~-29-n~tuurbita-l ,3,5(10)- 
trim-I I-one [ 1 8 ] . 4 m p o u n d  5 (66 rng) was added to a solution of 20 mgp-toluenesulfonyl hydrazide (p- 
TsNI-I",) in 2 ml EtOH according to Milleretal. (19). After refluxing for 3 h, the solvent was evaporated. 
T h e  residue was redissolved in 3 ml MeOH-THF (2:l) and treated dropwise with 150 mg NaBH,CN in 4 
ml dry THF and 2 ml methanolic HCI(O.1 M) over a period of ca. 8 h at 0'. After neutralization with 
NaHCO,, the solvent was evaporated. Workup by cc 15 g Al,O,, CHC1,-MeOH (7:3)1 and subsequent 
purification by hplc afforded 18 mg ofcompound 18 as a colorless amorphous powder: tlc R,0.30 (S-2), red- 
brown with anisaldehyde; [a]21D -24'(c=0.2); ir Y maxcrn-' 3400,1678,1618; uv A max nm (log €) 226 
(4.04), 282 (3.40); 'H nmr 6 ppm 0.95 (3H, s, Me-18), 1.00 (3H, s, Me-30), 1.16 (6H, s Me-26 and Me- 
27), 1.20(3H,s,Me-21), 1.31 (3H, s,Me-19), 1.20-2.00(9H,Hb-7,H,-15, Hb-15,H,-22, Hb-22,H,-23, 
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Hb-23,H,-24,H,-24),2.07(3H,s,Me-28),2.11 (lH,brd,J=7.0Hz,H-8),2.15(1H,d,]=7.0H~,H- 
17), 2.24 ( lH,  dddd,Jl=15.0,J2-],-9.0,J,=7.0 Hz, H,-7), 2.63 ( lH,  br dd,J1=18.O,J2=9.0 Hz, H,- 
6), 2.66 ( lH,  d,]=14.5 Hz, Hb-12), 2.82 ( lH,  ddd,]l=l8.0,]2-1,-9.0 Hz, H,-6), 2.94 ( lH,  d,]=14.5 
Hz, H,-12), 3.35 ( lH,  ddd, J1=9.O,J2=4.0,],=2.5 Hz, H-5’), 3.40-3.50 (3H, H-2‘, H-3’, HA’), 3.85 
( lH,  dd,J,=12.0,J2=4.0 Hz, H,-6’), 3.99 ( lH,  dd,],=12.0,],=2.5 Hz, J3,-6’), 4.55 ( lH,  br dd, 
J1-J2-7.5 Hz, H-16),4.58(1H,d,]=7.5 Hz, H-1’), 6.66(1H,s, H-1); I3C nmrseeTable 2; fabmsm/z(%) 
[M- 11- 649 (12), 487 (loo), 485 (80), 385 (43), 327 (27). 

NOTE ADDED IN PRooF.-Fevicordin B glucoside (3) might be identical with cayaponoside A from 
Cayaponia tayuya, fwicordin D glucoside (5) with cayaponoside C and fevicordin F with the aglucone of 
cayaponoside D (E. Himeno, T. Nagao, J. Honda, H. O b ,  N. Irino, and T. N h u m i ,  C h .  Phann. Bull. 
40,2884 (1992)). 
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