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Five new alkaloids, along with camptothecin 1 and 9-methoxycamptothecin 2, were isolated from a 
trunk bark extract of  Nothapodytes foetida (Wight) Sleumer (Icacinaceae). The structures were 
elucidated by  spectroscopic means as mappicine and the 9-methoxymappicine glycosides (3-6) 
and the di-p-coumaroylspermidine ester of  a camptothecin-like compound 7,  which w e  have 
named foetidin I. 

Camptothecin 1,  first isolated from the Chinese tree 
Cumptothecu ucuminata Decne (Nyssaceae), ' is a heterocyclic 
alkaloid that demonstrates 
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Table 1 'H NMR spectral data (300 MHz, ['H,]DMSO; 6 ( J ) }  of camptothecin 1,9-methoxycamptothecin 2 and compounds 3-7 

'H 1 9  2 3 4 5 6 7 

5 
7 
9 

10 
11 
12 
14 
17 

18 
19 
20 
OMe 
MeCO 
OH 
Glc 1 
Glc 1' 

2'-6' 
3'-5' 
7' 
8' 

10' 
11 '  
12' 
13' 
15' 
16' 
17' 
18' 
19' 
21' 
22' 
24'-28' 
25'-27' 

5.27 s 
8.68 s 
8.12 d (8.5) 
7.71 t (8.5) 
7.31 t (8.5) 
8.17 d (8.5) 
7.35 s 
5.44 s 

0.90 t (7.2) 
I .88 q (7.2) 

4.99 s 
8.59 s 

6.99 d (7.6) 
7.62 t (7.6) 
7.55 d (7.2) 
7.18 s 
5.37 s 

0.88 t (7.4) 
1.85 m 

3.95 s 

6.49 s 

5.20 s 
8.61 s 
8.07 d (8.5) 
7.65 t (7.7) 
7.81 t (7.7) 
8.11 d (8.5) 
7.34 s 
2.16 s 

0.85 t (7.4) 
1.82, 1.72 m 
5.14 t (6.7) 

3.91 d (7.3) 

5.14 s 
8.54 s 
7.99 d (8.5) 
7.60 t (7.7) 
7.78 t (7.7) 
8.07 d (8.5) 
7.42 s 
2.16 s 

0.88 t (7.3) 
1.78, 1.68 m 
5.06 t (6.7) 

3.97 d (7.1) 
4.33 d (8.0) 

5.18 s 
8.60 s 
8.05 d (8.5) 
7.64 t (7.7) 
7.81 t (7.7) 
8.10 d (8.5) 
7.36 s 
4.65 and 4.49 d (1 1.4) 

0.89 t (7.4) 
1.83, 1.76 m 
5.23 t (6.7) 

3.95 d (7.5) 

5.18 s 
8.78 s 

7.1 1 d (7.7) 
7.73 t (7.9) 
7.67 d (8.5) 
7.38 s 
2.16 s 

0.88 t (7.4) 
1.78, 1.68 m 
5.07 t (6.7) 
4.01 s 

3.93 d (7.1 ) 
4.32 d (7.8) 

5.18 s 
8.60 s 
8.05 d (8.6) 
7.65 t (7.8) 
7.80 t (7.8) 
8.15 d (8.6) 
7.77 s 
5.58 and 5.41 AB 
system ( 10.6) 
0.84 t (7.2) 
2.02, 1.90 m 

I .96 s 

6.76 d (8.6) 
7.35 d (8.6) 
7.29 d (15.8) 
6.36 d (15.8) 
8.19 t (5.2) 
3.21 m 
1.74 m 
2.84 bt (7.2) 
2.84 bt (7.2) 
1.55 m 
1.46 m 
3.13 m 
8.04 t (5.2) 
6.35 d (15.8) 
7.28 d (1 5.8) 
7.34 d (8.6) 
6.76 d (8.6) 

The 'H and 13C NMR spectra confirmed the map- 
picine skeleton as well as the presence of a gentiobiosyl moiety 

(glucose - glucose). Thus, compound 4 was assigned the 
structure of mappicine 20-O-P-~-gentiobioside. Again, the CD 
spectrum suggested a 20s-configuration. 

Compound 5 shows an m/z pseudomolecular peak at M 507 
[M + Na]+ in the FAB-MS spectrum, corresponding to the 
molecular formula C,,H,,N,O,. The 'H and 13C NMR 
spectra showed the same proton signals for the A, B, C and D 
rings. The singlet at 6 2.16 was substituted by an AB system 
at 6 4.65 and 4.49 (d, J = 11.4 Hz), which suggested the 
presence of an oxidation at C-17. The glucosyl moiety was 
again linked to C-20 ('H and 13C resonances) which 
possessed the S-configuraton, as determined by the CD spec- 
trum. 

I7-Hydroxymappicine was never isolated from a natural 
source, but only obtained as a racemate during the partial 
synthesis of mappicine from camptothecin. ' 

Compound 6 showed peculiar differences in the aromatic 
region of the 'H NMR spectrum, in comparison with the 
previous isolated compounds 3-5. Five resonances were readily 
identified instead of the usual six protons present in compounds 
>5 and camptothecin 1 .  Moreover, a singlet at 6 4.01 (3 H) 
suggested the presence of an aryl methoxy group. A sample of 
9-methoxycamptothecin 2 was isolated from Nothapod'tes 
foetida, and its 'H and 13C NMR spectra assigned by means 
of 'H-13C COSY, FLOCK and ROESY experiments (see 
Tables 1 and 2). Compound 6 showed the same 9-methoxy 
substitution in the A ring, while the signals of the other aromatic 
and aliphatic protons were identical to those reported for 
compound 4. Similar differences were shown by the 13C 
NMR spectrum. The FAB-MS spectrum shows peaks at M 683 
[M + K]', which corresponded to the molecular formula 

1 6  

C,,H,,N,O,,. From this compound 4 was identified as 9- 
methoxymappicine 20-O(S)-P-~-gentiobioside. 

The 'H NMR spectrum of compound 7 is more complex in 
comparison with the aforementioned compounds. The aromatic 
protons of camptothecin were readily identified, as well as the 
two H-5 resonances; the two 17-H protons are bonded to one 
acetoxy group as shown by the long-range correlation between 
17-H and the acetate carbonyl. Also the ethyl moiety (C-18, C- 
19) was present, bonded to an oxygenated carbon (C-20), as in 
camptothecin 1. The two D,O-exchangeable protons at low 
field (S 8.19 and 8.04, t) could be assigned to secondary amide 
groups. Also, two almost equivalent para-substituted benzene 
rings were detectable [S 6.76 (4 H, d), 7.34 (2 H, d) and 7.35 
(2 H, d)]; one substituent was, for both rings, a -CH=CHCO- 
moiety [S 7.29 (d), 6.36 (d), 6.35 (d) and 7.28 (d)], while the 
second was either a phenolic -OH or a derivative of it. In the 
aliphatic part of the spectrum, fourteen protons, divided into six 
multiplets were present; in the I3C NMR spectrum, they 
corresponded to seven methylene carbons; two bonded to an 
aminic nitrogen (6 47.23 and 45.36), two bonded to an amidic 
nitrogen (d 38.41 and 36.36) and three were aliphatic (S 26.99, 
26.87 and 24.04). Simple spin-spin decoupling experiments, 
along with the previous observations, made it possible to assign 
the structure of spermidine to the nitrogen containing aliphatic 
fragment contained in compound 7. Both methylene groups at 6 
3.14 and 3.20 (1 1'-H and 18'-H) showed a long-range coupling 
with the two carbonyls at 6 165.84 (C-9') and 165.27 (C-20'), 
respectively, thus demonstrating that the first and the last 
nitrogen of spermidine (N-10' and N-19') were bonded 
through an amide function to the two coumaric acid moieties. 
The m/z spectrum for compound 7 showed no detectable 
molecular peak even when using different ionization tech- 
niques (positive and negative CI, positive and negative FAB, 
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Table 2 13C NMR spectral data (75.43 MHz, C2H,]DMS0, 6) of camptothecin I ,  9-methoxycamptothecin 2 and compounds >7 

1 2 3 4 5 6 7 

3 - 
3 
5 
6 
7 
8 
9 

10 
I I  
12 
13 
14 
15 
16 
16a 
17 
18 
19 
20 
21 
OMe 
MeCO 
MeCO 

1 '  
2' 
3' 
4' 
5' 
6' 
7' 
8' 
9' 

1 1 '  
12' 
13' 
15' 
16' 
17' 
18' 
20' 
21' 
22' 
23' 
74'_38' 
25' 27' 
26' 
Glc 1 

3 
4 
5 
6 
1' 

3' 
4' 
5' 
6' 

3 - 

3' - 

153.47 (s) 
146.41 (s) 
51.22 (s) 

130.74 (s) 
131.51 (d) 
128.88 (s) 
129.45 (d) 
128.60 (d) 
131.34 (d) 
129.97 (d) 
148.85 (s) 
97.70 (d) 

150.95 (s) 
120.01 (s) 
157.76 (s) 
66.25 (t) 
8.82 (9) 

3 1.28 (t) 
73.39 (s) 

173.45 (s) 

152.70 (s) 
145.65 (s) 
50.66 (t) 

129.04 (s) 
126.09 (d) 
120.11 (s) 
155.07 (s) 
106.08 (d) 
130.80 (d) 
121.30 (d) 
148.97 (s) 
97.04 (d) 

150.28 (s) 
119.34 (s) 
157.07 (s) 
65.68 (t) 
8.21 (9) 

30.79 (t) 
72.80 (s) 

172.80 (s) 
56.42 (9) 

153.62 (s) 
142.80 (s) 
50.47 (t) 

129.97 (s) 
13 1.75 (d) 
128.11 (s) 
128.87 (d) 
127.67 (d) 
130.61 (d) 
129.21 (d) 
148.27 (s) 
99.20 (d) 

149.71 (s) 
127.25 (s) 
160.80 (s) 

12.23 (9) 
10.05 (9) 
28.75 (t) 
74.54 (d) 

99.99 (d) 
73.87 (d) 
76.97 (d) 
70.60 (d) 
77.55 (d) 
61.46 (t) 

153.14 (s) 
142.54 (s) 
50.43 (t) 

129.81 (s) 
131.78 (d) 
128.02 (s) 
128.83 (d) 
127.64 (d) 
130.62 (d) 
129.10 (d) 
148.17 (s) 
99.62 (d) 

150.20 (s) 
127.04 (s) 
160.90 (s) 
12.46 (9) 
10.29 (4) 
28.84 (t) 
75.45 (d) 

100.45 (d) 
73.94 (d) 
76.81 (d) 
70.56 (d) 
77.22 (d) 
68.74 (t) 

103.73 (d) 
73.76 (d) 
76.55 (d) 
70.47 (d) 
77.09 (d) 
61.45 (t) 

153.38 (s) 
144.55 (s) 
50.59 (t) 

130.19 (s) 
13 1.80 (d) 
128.88 (s) 
129.31 (d) 
128.20 (d) 
130.64 (d) 
129.87 (d) 
148.32 (s) 
99.41 (d) 

152.58 (s) 
127.81 (s) 
160.57 (s) 
54.34 (t) 
10.53 (9) 
29.46 (t) 
74.53 (d) 

100.06 (d) 
73.99 (d) 
77.27 (d) 
70.63 (d) 
77.39 (d) 
61.51 (t) 

153.77 (s) 
142.63 (s) 
50.69 (t) 

129.22 (s) 
126.18 (d) 
120.08 (s) 
155.29 (s) 
106.01 (d) 
130.72 (d) 
121.28 (d) 
149.12 (s) 
99.44 (d) 

150.03 (s) 
127.06 is)(  17) a 

160.85 (s) 
12.49 (9) 
10.30 (9) 
28.85 (t) 
75.34 (d) 

100.45 (d) 
73.94 (d) 
76.81 (d) 
70.56 (d) 
77.22 (d) 
68.74 (t) 

103.73 (d) 
73.76 (d) 
76.55 (d) 
70.47 (d) 
77.09 (d) 
61.45 (t) 

153.50 (s) 
143.56 (s) 
50.45 (t) 

130.33 (s) 
131.74 (d) 
128.23 (s) 
128.83 (d) 
127.78 (d) 
130.58 (d) 
129.40 (d) 
148.36 (s) 
100.68 (d) 
159.14(s) 
123.42 (s) 
161.43 (s) 
59.87 (t) 

33.40 (t) 
80.28 (d) 

175.23 (s) 

9.29 (9) 

2 1.22 (9) 
170.81 (s) 
159.40 ( s )  
116.18 (d) 
129.63 (s) 
126.23 (d) 
129.63 (s) 
116.18 (d) 
139.37 (d) 
119.01 (d) 
166.27 (s) 
36.36 (t) 
26.99 (t) 

45.36 (t) 
24.04 (t) 
26.87 (t) 
38.41 (t) 

165.83 (s) 
118.68 (d) 
139.06 (d) 
126.13 (s) 
129.56 (d) 
116.18 (d) 
159.31 (s) 

47.23 (t) 

Proton to which the corresponding carbon is long-range correlated. 

recorded with several matrices). A peak at M 438, which 
corresponded to the fragment [C,,H,,N,O,] +, supported 
the presence of a di-p-coumaroylspermidine moiety, the peaks 
at M 349 [C20H17N204]+ and 305 [349 - CO,]' were 
characteristic of camptothecin 1. 

No long-range coupling between the carbonyl at 6 175.23 
(C-21) and any proton of the coumaroyl moiety was found; thus, 
the site of bonding of the side chain on the camptothecin-like 
skeleton could not be determined by NMR. The C-20 hydroxy 
could be the only alternative candidate for binding the side 
chain through an ether bond, but the chemical behaviour of 

compound 7 and some chemical shift consideration of its 'H 
NMR spectrum, strongly support the indicated structure. 
When compound 7 was left at room temp. for 72 h in a buffered 
solution (pH 4.9, it gave camptothecin 1 almost quantitatively. 
Such behaviour was more consistent with a phenol ester linkage 
than with a phenol ether. The two coumaroyl moieties were 
inequivalent both in the 'H and I3C NMR spectra; all the 
resonances for one of them were slightly deshielded in 
comparison with the other; the major difference was displayed 
by the two amidic -NH- protons which resonated at 6 8.19 
and 8.04. This was consistent with a decreased electron- 



586 J .  CHEM. SOC. PERKIN TRANS. I 1995 

donating effect by the phenolic oxygen, which could be 
explained if it formed an ester linkage with C-21. 

Finally, starting from the more deshielded amidic -NH- and 
following the coupling pattern throughout the spermidine 
chain, the site of bonding of the triamine onto the first 
coumaroyl unity (C-1 - C-9') was determined. The most 
significant 'H-' long range correlations are shown in Fig. 1. 

H 
,N 
14> 

7 Foetidin I 

Fig. 1 Proton-+carbon connectivities determined by a FLOCK 
experiment 

The CD spectrum of compound 7 showed a negative Cotton 
effect in the region 300-400 nm, again suggesting the S- 
configuration at C-20. 

Diamines and polyamines occur in the plant and animal 
kingdoms as free bases as well as derivatives; their structures, 
occurrence in nature and syntheses have been reviewed.'' In 
particular, di-p-coumaroylspermidine has been isolated from 
tobacco plants (Nicotiana tahacum L.). ' The high concen- 
tration of such compounds, along with related structures in the 
reproductive organs of tobacco, suggests their involvement in 
the flowering process. The proved antiviral properties of these 
products also suggests that their biosynthesis may represent a 
protective mechanism of the plants. 

In preliminary experiments on monolayer stabilized ovarian 
cell lines A2780 WT, foetidin I 7  showed an IC5, = 3.4 x 
mol drn-,, whereas camptothecin, on the same cell line, had an 
IC,, = 2.6 x lop8 mol drn-,. On herpes and HIV viruses, 
foetidin I 7  showed a potent antiviral activity (IC5, = 0.6 pg 
cmP3) comparable to classical reference compounds. These 
details will be reported elsewhere. 

Experiment a1 
Plant material was collected on the mountains of Tamil Nadu 
(India) in June 1993 and identified by U. Boni (INDENA 
S.p.A.). A voucher specimen was deposited at INDENA S.p.A. 
[Settala (MI), Italy]. 

Mps are uncorrected. Optical rotations were measured with 
a Perkin-Elmer 241 polarimeter and are given in units of lo-' 
deg cm2 g-'. CD spectra were recorded on a 5-500 spectro- 
polarimeter (JASCO); 1 % solutions (MeOH) were used. 
Mass spectra were taken with a VG 7070 spectrometer. NMR 
spectra were run on a Varian Unity 300 spectrometer operating 
at 299.94 MHz for 'H and 75.43 MHz for 13C. All the 
experiments were run on a 0.08 mol dmP3 [2H,]DMS0 
solution. DQF COSY experiments were run in the phase 
sensitive mode using 2K data points along F,; 16 transients 
were collected on 512 traces; zero-filling until 2K data points 

were achieved along F,  before full matrices transformations. 
ROESY experiments were run using the time-shared spin-lock 
sequence with a mixing time of 0.4-0.6 s. 1K data memory was 
used in the F2 dimension and 256 t, increments; zero-filled to 
1024 before Fourier transformation. Two 2D heterocorrelated 
spectra via 'Jc-H were run; one for aromatic carbons (95-145 
ppm) and one for aliphatic carbons (5-65 ppm). 2K data points 
were used along F2 and 256 t, increments of 256 transients each 
were collected; zero-filling until 1K was performed along F ,  
before full matrix transformation. Analogous conditions were 
adopted in the FLOCK experiment where a value of 7 Hz 
for 2'3JJc-H was i rnpo~ed. '~  J values are given Hz. Column 
chromatography was performed using Kieselgel 60 (art. 7734; 
Merck). Medium pressure liquid chromatography (MPLC) was 
performed with a Buchi 681 pump and Buchi B685 columns 
filled with LiChroprep R P  18 (40-63 pm, Merck). Preparative 
HPLC was carried out on a HP1050 preparative liquid 
chromatograph (Hewlett-Packard) connected to a HPl047A 
RI detector (Hewlett-Packard), with a Delta Pak C18 column 
(100 A, 7.8 x 30 cm, 15 pm, Waters), at  a flow rate of 2.4 cm3 
min-' , using MeCN-H,O mixtures. Counter current chrom- 
atography (HSCCC) was performed on a CCC 1000 counter- 
current chromatograph (Pharma-Tech Research Corp., USA) 
equipped with a three multilayer coiled column (total volume 
350 cm3) rotating at 1032 rpm, an SSI liquid chromatography 
pump (model 300), a PTRC speed controller and an injection 
valve (R heodyne). Samples were filtered on Millex-HV filters 
(0.45 pm, Millipore) before the injection. TLC was conducted 
on precoated Kieselgel 60 F254 or RP 18 (Merck); spots were 
detected by their absorption under UV light (254 and 366 nm). 

Extraction and Isolation.-Powdered trunk bark of 
Nothupodytes foetida (4.5 kg) was exhaustively extracted by 
percolation with MeOH (50 dm3) at room temperature (1 
week). The extract (301 g) was taken up with aqueous MeOH 
(50%, 8 dm3), defatted with hexane and extracted with CH,CI, 
(3 x 5 dm3). The aqueous phase was concentrated under 
reduced pressure and extracted with butanol(3 x 3.5 dm3). The 
organic phases were dried (Na,SO,) and evaporated to dryness 
in uucuo. The dichloromethane extract weighted 27 g, the 
butanol extract weighted 21 g. 

From the dichloromethane extract, camptothecin 1 and 9- 
methoxycamptothecin 2 were recovered by means of repeated 
crystallisations and HSCCC purification.8 

The butanol extract (19 g) was purified on SiO, (475 g, 
column diameter 6 cm) eluting with CHC1,-MeOH (4: 1, 3.5 
dm3; 7: 3, 2.7 dm3; 1 : 1 ,  1 dm3). Fractions (500 cm3) were 
collected according to their composition, obtaining four crops: 
crop 1 (273 mg), crop 2 (1.61 g), crop 3 (1.95 g) and crop 4 
(6.65 g). Crop 2 was submitted to MPLC on RP 18 (40-63 pm, 
1 x 10 cm, flow rate 1 cm3 min-') eluting with H,O-MeCN 
(76:24, 50 cm3). Combined fractions were submitted to prep 
HPLC, eventually isolating compound 3 (180 mg); mp 18Lc 
185 "C (from EtOH); Cali5 = -77.3 (c 1.59, H,O) (Found: C, 
64.2; H, 5.9; N, 5.9. C25H28N207 requires C, 64.10; H, 5.98; N, 
5.98%), m/z ((21; NH,, positive) 469 [M + H I f ;  'H NMR see 
Table 1; 13C NMR see Table 2. 

Crop 3 was submitted to MPLC on RP 18 (40-63 m, 1 x 10 
cm, flow rate 1 cm3 min-'), eluting with H,O-MeCN (76:24, 
70 cm'). Combined fractions were submitted to prep HPLC, to 
give compound 4 (60 mg); mp 193-194°C (EtOH); = 
-110.7 (c 0.66, H20)  (Found: C, 59.1; H, 6.0; N, 4.3. 
C31H38N2012 requiresC, 59.05; H, 6.03;N,4.44%)m/z(FAB+, 
NBA) 653 [M + Na]'; 'H NMR see Table 1; 13C NMR see 
Table 2. 

Crop 4 (2.94 g) was purified by MPLC on RP 18 (40-63 pm, 
460 mm x 26 mm ID, flow rate 5 cm3 min-') eluting with 
MeOH-H,O (1 : 1, 700 cm3; 3 : 2, 900 cm'). Fractions ( 5  cm3) 
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were collected according to their composition. Fraction 2 (447 
mg) was submitted to HSCCC using the solvent system CHC1,- 
MeOH-H,O 5 : 5 : 3 (aqueous phase as mobile phase, flow rate 1 
cm3 min ') to give foetidin I 7 (135 mg). Fraction 3 (127 mg) 
and fraction 4 (71 mg) were separately submitted to prep HPLC, 
obtaining compounds 5 (20 mg) and 6 (10 mg). 

Compound 5 mp 164-165 "C (EtOH); Cali5 = -60.37 (c 
4.62, H20) (Found: C, 61.0; H, 5.8; N, 5.6. C25H28N208 
requires C, 61.98; H, 5.79; N, 5.79%) m/z (FAB', NBA) 507 
[M + Na]'; 'H NMR see Table 1; 13C NMR see Table 2. 

Compound 6 mp 168-169 "C (EtOH); [a]:' = -27.7 (c 1.3, 
MeOH) (Found: C, 59.5; H, 6.3; N, 4.2. C,,H4,N2O,, requires 
C, 59.63; H, 6.21; N, 4.35%) m/z (FABf, NBA) 683 [M + 
K] + ; H NMR see Table 1 ; ' 3C NMR see Table 2. 

Foetidin I 7 mp 157-178 "C (from EtOH, decomp.); Cali5 = 
-37.9 (c 0.31, MeOH) (Found C, 67.5; H, 6.3; N, 8.4. 
C,,H,,N,O, requires C, 67.73; H, 6.01; N, 8.59%) m/z (FAB', 
glycerol) 438 [C2,H,,N304] +, 349 [C,,H, ,N,04] + and 305 
[349 -C02]+ ; 'H NMR see Table 1; 13C NMR see Table 2. 
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