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Assmm.-The  marine mollusk Nerita albicilka was found to contain an oxindole al- 
kaloid that was identified as isoteropodine by twc-dimensional n m r  spectroscopic techniques. 

Marine gastropods have been shown to contain an interesting variety of compounds 
including steroids, triterpenes, and nitrogenous bases (1). The CHC1, extract of one 
such mollusk, Neritaalbicillu L. (class Gastropoda, family Neritidae), gave a number of 
Dragendorff(2) positive spots (tlc), which prompted us to initiate a detailed investiga- 
tion of the chemical nature of the nitrogenous compounds present in this organism. In 
this paper, we wish to report the isolation and identification of an oxindole alkaloid 
identified as isopteropodine (1) by two-dimensional (2-D) nmr spectroscopic tech- 
niques (COSY, 'H- 13C shift correlation, and heteronuclear relayed coherence transfer) 
and ms (3). This report of isopteropodine represents the first known Occurrence of an 
oxindole alkaloid in a marine invertebrate. 

RESULTS AND DISCUSSION 

Chromatography of the CHCI, extract of the defatted residue obtained from the 
iPrOH extraction of the animal gave a number of fractions exhibiting a positive re- 
sponse to Dragendofls reagent. The Dragendorffpositive fractions were combined and 
subjected to hplc to give a group of fractions which, on evaporation and recrystalliza- 
tion from MeOH, provided colorless needles of 1: mp 205'; {a)Zo~=-1090;  
CZ1Hz4N2O4 (hrms found 368.1728; calcd 368.1736). Examination of the 400 MHz 
'H-nmr spectrum {6 8.50 ( l H ,  s, NH); 7.41 ( l H ,  s, H-17); 7.28 ( l H ,  ddd, J=7.5, 

1.1 Hz, H-9); 6.84(1H, dd, J=7.5, 1.1 Hz, H-12)lindicated thepresenceofanoxin- 
dole moiety in 1 (4).  This premise was further supported by the ir spectrum which 
showed a strong N H  absorption (3260 cm-') and two carbonyl absorptions 11720 
(ester) and 1630 cm-' (amide)]. Further support was provided by the mass spectral 
fragmentation of 1 which was consistent with the proposed oxindole structure (5). The 
75 MHz ',C-nmr spectrum of 1 [CDCI,, 6 181.6 (C2); 140.3 (C13); 127.6 (C11); 
122.4 (C10); 1224.4 (C9), and 109.7 (C12)l supported the existence of the oxindole 
nucleus as an integral part of the structure (6). 

The balance of the structure was derived from the autocorrelated proton (COSY) 
(7,8), 2-D proton-carbon chemical shift correlation (9- 12), and 2-D heteronuclear re- 
layed coherence transfer spectra (13-19). Because applications of these techniques, 

7.6, l.lHt,H-10);7.16(lH,dd,J=7.5,7.6, l.l,H-ll);7.02(1H,dd,J=7.5, 
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especially the latter, in natural products structure elucidation are still quite limited in 
number, the strategy employed in the assemblage of the structure of 1 is described in 
somewhat greater detail below. 

Beyond the initial structural inferences drawn above, several other pieces of infor- 
mation regarding the structure of 1 could be garnered from the conventional nmr 
spectra of the molecule. The observation of the NH resonance and four aromatic proton 
resonances of the oxindole nucleus necessitated the consideration of a spiro center. This 
was also consistent with the observation of a quaternary carbon resonance at 6 56.96 in 
the 75 MHz l3C-nrnr spectrum (all 13C resonance multiplicites were established using 
the APT pulse sequence) (20). Two methylene resonances at 6 54.07 and 53.48 
suggested possible attachment to an aliphatic nitrogen, while the two methine reson- 
ances at 6 72.12 and 7 1.20 suggested attachment to an oxygen atom. Finally, the 13C- 
n m r  spectrum also contained a vinyl carbon resonating at 6 154.93 (‘J,,=208 Hz) 
strongly suggestive of an oxygen heterocycle (2 l), in potential conflict with the attribu- 
tion made in regard to the two methine resonances just mentioned, since three of the 
four oxygens in the structure must be utilized to account for the oxindole and ester 
moieties. 

When only limited quantities of material are available, the greatest amount of 
structural information can be extracted from cross-correlated heteronuclear 2-D nmr 
experiments. Thus, a 2-D proton-carbon chemical shift correlation spectrum (12) was 
obtained and was used in conjunction with the data from the heteronuclear relayed 
coherence transfer experiment (Figure 1) (17,19). Because the latter establishes vicinal 
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FIGURE 1. 
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Two-dimensional heteronuclear relayed coherence transfer spectrum of isoteropodine in 
CDCI, at 75.459/300.068 MHz. A: five-level contour plot ofthe upfield region (F,=5.0  to 
0.256). Corre1atio.m are shown from resonance to resonance via the solid arrows, with “re- 
dundant back correlation” pathways shown for same responses via broken lines. B: Slice sum-  
mary for individual carbon resonances (downfield to upfield shown bottom to top). Conela- 
tion pathways are denoted by arrows which correspond to the solid arrows in A. 
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proton connectivities, the autocorrelated proton (COSY) spectrum (8) was acquired last 
as a check on the consisrency of the conclusions drawn from the relayed coherence trans- 
fer (RCT2D) spectrum. The proton-carbon chemical shift correlation spectrum pro- 
vides information of obvious utility and therefore requires no comment on its utiliza- 
tion. In contrast, the RCT2D experiment is relatively new (13-19), with only limited 
applications having appeared in the literature ( 17- 19), and is thus worthy of some com- 
ment. 

The RCT2D experiment employs a pulse sequence that is essentially a combination 
of the COSY and heteronuclear chemical shift correlation experiments to which has 
been added amixing interval, T,, which is normally set as a function of 1/20 3J”. The 
net result of this pulse sequence is thus to provide carbon resonance responses in the 2-D 
matrix at the chemical shift of the directly coupled proton(s) and at the shift of the 
vicinally attached proton(s). 

A convenient starting point for the interpretation and utilization of the RCT2D 
spectrum of 1 is provided by the methyl carbon resonance (6 18.60, C18) which is as- 
sociated with a doublet in the proton spectrum (Figure 1). The H- 18 methyl doublet 
correlates vicinally with a proton resonaring at 6 4.34 (H- 19) which is attached to a car- 
bon resonating at 6 72.12 (C19). This correlation pathway is shown by the solid arrows 
in Figures 1A and 1B. (The broken line in Figure 1A shows the back correlation path- 
way which returns to the starting point.) The proton-carbon network is extended to a 
proton resonating at 6 1.57 (H-20) which is directly bound to the carbon resonating at 
6 37.88 (C20). Finally, the trace shown in Figure 1A and 1B for the C20 resonance 
shows a further vicinal coupling to a proton which correlates H20 to one of the H2 1 re- 
sonances (H21a, 6 2.43), the directly attached carbon (C21) resonating at 6 53.48. 
The proton-carbon chemical shift correlation spectrum showed the two H-2 1 reso- 
nances to be anisochronous, the response for the H-2 l p  resonance not visible in the con- 
tour plot (Figure 1A) but weakly visible in the slice summary (6 3.28, Figure 1B). Con- 
sideration of the connectivity network just described in conjunction with the inferences 
drawn from the conventional spectra above permits structural segment 2 to be assem- 
bled. Finally, having assigned C19, the remaining methine carbon, 6 71.20, may be 
assigned as C3 which is consistent with the assignments made for several other spiroxin- 
dole alkaloids (22,23). 

154.4 

Repeating the operation just described, beginning with the resonance at 6 7 1.20 
(C3) (‘H, 6 2.54), vicinal correlation to the proton at 6 0.86 (H- 14) is established, this 
correlating with the carbon at 6 30.45 (C14). Proton responses extend this correlation 
to the resonance at 6 30.05 (C15) but no further. The failure of the experiment to link 
the C15 and C20 resonances may be ascribed to several factors. First, the protons have 
nearly identical chemical shifts which would tend to make the relay response overlap 
the normal proton response, thus making it  difficult to observe. Second, the H- 15 and 
H-20 resonances are located cis to one another, and, hence, the vicinal coupling be- 
tween them may be well outside of the optimal range for the mixing interval (7,) em- 
ployed in the data acquisition. Circumvention of the former limitation is provided, 
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however, by 2-D proton double quantum relayed coherence transfer (24) should such a 
connectivity be critical in establishing the structure. 

Finally, beginning from the remaining heteroatom bearing methylene resonance at 
6 54.07 (C5), the vicinal relay responses correlate it with the resonance at 6 34.72 (Cb), 
completing the ethylene bridge linking the nitrogen to the C7 spiro position (6 56.96) 
of the oxindole nucleus, simultaneously completing the assemblage of the structure. 

Connectivities between protons which were established by the RCT2D experiment 
were in every case confirmed by the acquisition of an autocorrelated 'H (COSY) (8) 
spectrum. Importantly, RCT2D experiments provide a powerful means of assembling 
relatively large structural fragments with reasonably good experimental sensitivity 
when only modest quantities of material are available for study. The experiment has 
limitations: it will not span quaternary carbons, unlike the less sensitive 2-D 13C-13C 
double quantum homonuclear experiments; it may fail when the vicinally coupled reso- 
nances have nearly identical 'H chemical shifts, although this problem may be circum- 
vented by proton double quantum relayed coherence transfer (24); vicinal relay re- 
sponses may be weak when the vicinal coupling constant differs significantly from that 
for which the experiment was optimized. Nonetheless, RCT2D does provide a power- 
ful new tool for natural product structure elucidation. 

Compound 1 was finally identified as isopteropodine, rather than pteropodine, on 
the basis of the above arguments and its spectral and physical data Imp (isopterpodine 
209'; pteropodine 2 17') rotation (isoteropodine ECX)*OD= - 1 1 1, pteropodine 
[ ~ ) ' O D =  - 102) (3), 'H-nmr: the H- 19 in pteropodine is more deshielded than in isop- 
teropodine (6 4.39 and 4.3 1, respectively), while the converse is true for C 18-CH3 (6 
1.35 and 1.38, respectively), (30) and its derivative (picrate mp 145")). 

Finally, having identified 1 as isopteropine on the basis of the 2-D nmr and other 
spectral studies, we may compare the 13C-nmr chemical shift assignments made in this 
study with those made earlier by Borges and co-workers (23). Resonance assignments 
made in both studies are presented in Table 1 and, with the exception of the methylene 

TABLE 1. 13C-nmr Chemical Shift Assignments of Isopteropodine in CDCI, 

Position 

c 2  . . . . . . . . . . .  
c 3  . . . . . . . . . . .  
c 5  . . . . . . . . . . .  
C6 . . . . . . . . . . .  
c 7  . . . . . . . . . . .  
C8 . . . . . . . . . . .  
c 9  . . . . . . . . . . .  
c10  . . . . . . . . . .  
c 1 1  . . . . . . . . . .  
c12  . . . . . . . . . .  
C13 . . . . . . . . . .  
C14 . . . . . . . . . .  
C15 . . . . . . . . . .  
C l 6  . . . . . . . . . .  
C17 . . . . . . . . . .  
C18 . . . . . . . . . .  
C19 . . . . . . . . . .  
c20  . . . . . . . . . .  
c 2 1  . . . . . . . . . .  
c22 . . . . . . . . . .  
C23 . . . . . . . . . .  

Previous work(23) 
(25MHz,6) 

180.7 
70.9 
53.8 
30.0 
56.7 

133.2 
124.0 
121.0 
127.2 
109.3 
139.5 
34.7 
30.7 

109.5 
154.4 

18.5 
71.8 
37.8 
53.3 

166.9 
50.7 

Present Work 
(75 MHz, 6) 

181.66 
71.20 
54.07 
34.72 
56.96 

133.74 
124.47 
122.44 
127.64 
109.70 
140.3 1 
30.45 
30.05 

109.83 
154.93 

18.60 
72.12 
37.88 
53.40 

167.58 
50.93 
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resonances represented by C6 and C14, can be seen to be in complete agreement. The 
assignments in the present work were made on the basis of the results obtained from the 
RCT2D nmr experiment. From this observation, it is quite probable that the C6 and 
C 14 resonance assignments for palmirine ( 10-methoxyisopteropdine) should also be 
reversed (23). 

In conclusion, the Occurrence of an oxindole alkaloid in the marine mollusc N .  al- 
bzcalla has been demonstrated. This is believed to be the first report of such a system 
from a marine source. We suspect that 1 is of dietary origin since the other Dragendorff 
positive spots were due to phospholipids. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.-Melting points were determined on a Fisher-Johns a p  

paratus and are uncorrected. Spectra were recorded on the following instruments: ir; Perkin-Elmer model 
283; uv: Perkin-Elmer model 200; 'H- and I3C-nmr Nicolet NT-300, Bruker wP-400 andor WM-500 
spectrometers; hplc: Waters Associates model LC 1200 equipped with a model 401 differential refractome- 
ter and RCM-100 module with a silicagel cartridge ( 1 0 ~ ) .  Optical Rotation [ a ) ' ' ~  was recorded on a Per- 
kin-Elmer model 14 1 Polarimeter. All of the 2-D nmr experiments reported were performed on a Nicolet 
NT-300 wide bore spectrometer utilizing a 5 mm dual 'Wl3C probe at an ambient temperature of 18'. 
The 300 MHz high resolution spectrum plotted along with axis was obtained on a sample containing 2 mg 
of 1 dissolved in 0.4 ml of CDCI, degassed by entrainment with zero grade argon for 20 min. The COSY 
spectrum (8) was obtained with a sample containing 15 mg of 1 in 0.4 ml of CDCI, with an acquisition 
time of 6 h. The data was processed using a sinusoidal multiplication in both frequency domains, after 
which it was symmetrized (27) to afford the 5 12 X 5 12 real data point contour plot. Both the proton-carbon 
chemical shift correlation spectrum ( 12) and the two-dimensional heteronuclear relayed coherence transfer 
spectrum (17,19) were obtained using a sample containing 80 mg of 1 dissolved in 0.4 ml ofCDC1,. Both 
spectra were collected as 256X 1K complex data point matrices and were processed using double exponen- 
tial apodization in both frequency domains to provide the 256 X 5 12 point contour plot of the latter shown 
in Figure 1. The proton-carbon chemical shift correlation spectrum was acquired in 12 h while the RCT2D 
spectrum was collected in 18 h. Parameters for the proton-carbon chemical shift correlation spectrum were 
those routinely employed as described previously (27) while those for the RCT2D spectrum were as fol- 
lows: 7,/2= 14.28msec;A,/2=1.52msec;A2=2.0msec. Protonpulseswereappliedusing thedecoupler 
coils and were calibrated as Yi (yH2/2.rr)=90" pulse=32 pec .  Phase cycling was employed in all of the 
two-dimensional nmr experiments to provide the equivalent of quadrature detention in both frequency do- 
mains. l 

FRACTIONATION AND ISOWTION.-N. albrcilla (5 kg), collected from the waters of One Tree Is- 
land, Queensland, Australia (collected and identified by Dr. R.E. Schroeder; voucher specimen deposited 
in the Department of Medicinal Chemistry and Pharmacognosy, University of Houston), was soaked in 
iPrOH before shipment. At the time of processing, the iPrOH was decanted, and the animals were re- 
moved after breaking the shell. The specimens (2 15.9 g) were homogenized in a blender followed by cen- 
trifugation to separate the supernatant. The iPrOH extracts were combined, concentrated, and finally 
lyophilized to give a residue (57 g) which was subjected to flash chromatography on a silicagel 60 column 
(7.5 X 20 cm). The eluting solvents were hexane, CHCI,, and increasing concentrations ofMeOH (0- 10%) 
in CHCI,. The brownish residue from the CHCI, fraction (8.5 g) was chromatographed using a silica gel 
60 (1.5 X60 cm column), which was eluted with a linear gradient of MeOH in CH2C12 (0-3% v/v). Frac- 
tions 8-29 (20 ml each) were combined, evaporated to yield a residue (309 mg) which showed the presence 
of one major compound with a small impurity (tlc on silica gel 60, solvent: 2.5% MeOH in CHCI,, loca- 
tion reagent: Dragendorff). The residue was subjected to hplc (lop silica gel cartridge, eluting solvent 3% 
MeOH in CHCI,) to afford 138.5 mg (0.064% of the animal excluding shell) ofchromatographically pure 
1. Crystallization from MeOH gave colorless needles, mp 205-206', C2,H24N204 (hrms: found 
368.17284, calcd 368.17361); uv A max (MeOH) 242 and 292 nm; ir v max (CCI,): 3260 (NH), 1720 
(ester C=O), 1630 (amide C=O) cm-', 'H nmr (500 MHz, CDCI,): 6 8.500 ( lH ,  broads, NH); 7.410 

7.024 ( IH,  dd, ]=7.5, 1.1 Hz, H-9); 6.845 ( lH ,  dd, ]=7.5, 1.1 Hz, H-12); 4.341 ( lH ,  dq,]=12.5, 
6.2 Hz, H- 19); 3.602 (3H, s, H-23); 3.285 ( lH ,  dd,]= 10.7, 1.6 Hz, H-2 18); 3.222 ( l H ,  m, w%=8.6 
Hz, H-58); 2.548 ( IH,  dd,]= 12.0, 2.7 Hz, H-3); 2.434 (4H, m, w Y ~ 3 9 . 7  Hz, H-Sa, H-68, H- 

( l H ,  S, H-17); 7.282 ( lH ,  ddd,]=7.5, 1.1 Hz, H-10); 7.167 ( lH ,  ddd,]=7.5, 7.6, 1.1 Hz, H- 11); 

'Details of the phase cycling scheme utilized in the RCT2D experiment may be obtained directly 
from the authors. 
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14a, H-2la); 1.988 ( l H ,  m, 0’/2=14.5 Hz, H-ba); 1.565 (2H, m, w%=65.4 Hz, H-15a, H-20a); 
1.410(3H, d,]=6.2Hz, H-18);and0.861(1H, nearlysym. q,]=12Hz, H-14a); I3C-nmrseeTable 1. 
Hrms: 368.1728 (Mf, C2,H24N,04, 29%), 353 (C20H2,N204, lo%), 351 (C2,H,,N2O3, 8%), 337 
(C2&21N203, 12%), 309 (C19H21N202, 5%), 281 (C15H23NO4, 6%), 267 (C,,H,gN20, 4%), 223 
(Cl2H1,N03, 18%), 208 (CllHl*N03, lo%), 180 (ClOH12O3, 15%), 146 (C,H,NO, 8%), 130 
(GH,N, 22%), 103 (C,H,, 5%), 94 (C5H,N), 80 (C5H6N, 4.5%), 70 (C,H,N, 37%), and 69(C4H,N, 
100%). 
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