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Abstmct Two new compounds, 5,6-dehydmaglajne-3 (9) and Isopulo’upone (lo), have been isolated and characterwd. 

along with the already known muhmone-B (‘I), from Navanax tnermls and Us prey Bulla gouldtuna. firmly estabbshlng 

on a cbenucal basts the predator - prey relauonshlp between tb~s pau of cepbakp&an oplstbobrancbs Tbe pecubanty of 

the metabohtes and theu stn~ctural analogy wth other compounds Isolated from other cephalaspldean molluscs awgn a 

taxonomlc relevance for them 

Opisthohranchs are manne molluscs which, being scarcely protected by the shell, have been object of 

many chermcal studies dnected to mvesngate their defensive strategies 3 The major attentton has been devoted to 

nudrbranchs which, be.mg completely devoid of shell, are considered the most evolute opisthobranchs On the 

contrary, only a few papers have reported chemical studies on the shelled cephalaqdeans even though chemical 

commumcatton seems to play an important role for some species belongmg to this order 4-8 The study on the 

Pacific Nuvunux mermls (AglaJidae)4 represents the first successful descnpnon of alarm pheromones, e g 

navenone-A (1). m a manne mollusc It 1s quite mmgumg that metabohtes related to navenones, e g hammol - A 

(2), have been found 5 m some Merllterranean cephalasptdeans, Scuphunder ltgruznus ( Cyhchmdae ) and 

0 OH 

Humtnoea nuvtctda (Hammmdae), not belonqng to the Aglyldae family, whereas other two Aglqldae species, 

the Pa&k Phrlrnopsrs spectosa and the Mediterranean Phrltnopsrs deptcta, contain metabohtes 3-8 @g 1) 

slgmficantly dtfferent from those of N lnermls The dietary ongm of 3-S in P deprctu has been supported by 

the chermcal analysis of one of Its prey, Bulla strtutu 6 Because of these apparently confhctmg data we have 

remvestlgated the metabohsm of N mermts and that of one of its prey Bulla gouldrana 

Populations of N mermls and B gouldtuna were collected in the same halxtat ( San DIego, Cahfonua ) in 

3203 
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I 

0 muhmone-A (6) 

19 16 13 *cl 7 4 

1 

0 muhmone-B (7) 

from P depma andB srnalu 

polo’upone (8) H 

from P spenosa 

August, 1990 Both molluscs were carefully hssected and the ethylacetate soluble fracnons from the acetone 

extract were separately analyzed by TLC revealmg the same metabohc pattern m the extracts from the mantle of B 

goddana and from the dlgestlve glands of N mermls The specific anatormcal compartmentahzauon of the 

secondary metabohtes clearly supported a predator-prey relationship between N lnernus and B gouldrana The 

three mam components of both the extracts were separated by HPLC yielding m order of decreasmg polanty 5,6- 

dehydroaglajne-3 (9), aopulo’upone-B (lo), and nmhmone-B(7) The structures of 7,9,10 were established 

mamly on the basis of theu specaal propemes 

Figure 1 Metabohtes from Mdterranean and Pactfic Phrhnops~s (Aglajidae) 

4 

OH 9 

The charactenzatlon of 7 rapidly led to muhmone-B, a metabohte already decnbed7 from the Pacific 

cephalaspldean P specrosa IH- and %-NMR spectra of 7 (Table 1) m CDC13 showed the presence of nme 

methyl groups ( four singlets, three doublets and two mplets m the IH-NMR spectrum) over 25 carbon atoms, 

clearly mdlcatmg a polyproplonate structure Furthermore, three carbons resonatmg m the 13C-NMR spectrum at 

6 199 4, 201 3 and 207 8, typlcal of saturated and unsaturated ketones, evidenced a marked analogy with 

aglqne-1 (3), the linear polypropionate compound Isolated from the Mediterranean P deplcta - B strrata 6 In 

fact, nmhmone-B (7) can be considered a denvatlve (5,6-dehydro) of aglyne-I NMR spectra of 7 m CDzCl2 

and C&j showed 6 values m good agreement with those described 7 The same opucal rotanon ([a]~ 2o + 72’) 

mdlcated the full Identity of the two compounds 7 Structure 7 was previously 7 proposed without stereochemical 

detals at the choral centers 3, 12 and 21 An eplmenzatlon at C-21 1s now suggested by the observauon that the 

signals at 6 1 02 (H-25) and 6 2 47 (H-24) In the IH-NMR (CDC13, 500 MHz) appear doubled according to the 

presence of a couple of equivalent signals slightly shlfted (0 8 Hz and 2 4 Hz respectively) Absolute 

stereochemistry at C-3 was estabhshed to be S as follows Ozonolysls of muhmone-B (7) followed by treatment 
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with NaB& afforded a rmxture, contnmng the degradauve fragment (Zmethyl-1-butanol), which was treated 

with R(-)-a-methoxy-a-tnfluoromethylphenylacetlc acid chlonde Preparative TLC punticauon of the products 

obtained from this reactlon yielded a MTPA denvatlve (13) characterized by the presence m the tH-NMR 

spectrum of the two stgnals, resonantmg at 6 4 25 (dd, J= 5 7 and 10 7 Hz) and 4 08 ( dd, .I=6 6 and 10 7 Hz ), 

expected for the S stereochemistry at C-3 Model compounds were prepared m the followmg way Compound 13 

Table 1 1H (500 13 MHz) and 1% (125 7 MHz) NMR Data for Nmhmone-B (7) 

CD2Cl2 C96 CDCI3 CDCl3 

6tH 61H 

074 
1 10 

61H m, J VW 6’3C m 

091 
1 32 
145 
2 so 
101 
5 96 

1 84 

191 
600 
3 62 
1 19 
5 54 

1 b6 
6 98 

196 

4i2 
131 

242 
246 

1 30 
2 20 
0 82 
5 94 

1 s9 

1 92 1 89 d 13 
5 97 5 9s dd 93,13 
3 34 3 5s m 
091 1 14 d 67 
5 38 5 48 au 90,ll 

1 59 1 91 d 11 
6 86 6 94 d II 

1 9s 

392 
1 22 

2 00 
2 18 

0 87 
1 28 
143 
2 4s 
0 97 
5 92 

183 

1 95 d 11 

425 4 70 
1 33 d 70 

2 47 dq 180. 72 
2 33 dq 180. 72 

t 74 
m 
m 

d” 68 
c&i 99,12 

d 12 

118 4 
29 7 t 

349 
19 6 

1486 
1435 

13 1 
2013 
13478 

13 3 
1434 
329 
204 

139 1 
1316 

166 
144 1 

d 

4 
d 
s 

q 
s 
s 

:: 
d 

:: 
s 

:: 
s 

4 
s 
d 

4 
s 
t 

134 sa 
133 

1994 
54 6 
140 

207 8 
33 4 

102 090 102 t 72 77 4 

was obtamed by reactlon of S -2-methyl -I-butanol with R (-)-a-methoxy-a-tnfluoromethylphenylaceuc acid 

chlonde The same re.actlon conducted on the racemic mixture of R,S -2-methyl -I-butanol gave a mixture of 

hasteromenc esters (13, 14) whose *H-NMR spectrum allowed the assignments of the signals due to product 

14 by comparison with the NMR spectrum obtained for 13 Unfortunately R -2-methyl -I-butanol was not 

commercially avrulable and to avoid tedious separation steps, the enantlomer of 14 was used to confirm the 

assignments made Reacaon of S -a-methyl -I-butanol with S (+)-a-methoxy-a-tnfluoromethylphenylacetlc acid 

chlonde afforded compound 15 Of course the proton spectrum of 15 confirmed the assignments already made 

for 14 on the basis of the analysis of the IH-NMR spectra of the rmxture of products 13 and 14 The esters were 

easily Qstmgmshed (Fig 2) mainly by the IH-NMR chemical shift values of the C-l methylene protons 

resonantmg at 6 4 25 (dd, J= 5 7 and 10 7 Hz) and 4 08 ( dd, J=6 6 and 10 7 Hz ) for 13 , the MTPA denvahve 
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J_1 
a 

1. RR/-Y/ 
1 

13 14 

R= S-a-methoxy-a-alfluoromethylacetyl 

b 

WL- 

’ 1s 

4rzzl (6) 47-z-2412 R= R-a-methoxy-a-tnfluoromethylacetyl 

Fqure 2 ‘H NMR sgxils ( 500 13 MHz, CDC13 ) due to methylene protons at C-l for 
compounds 13 (a) and 15 (b) 

9 

Table 2 NMR Data a for Compounds 9,11 and 12 

11 12 

1 087 t 74 
2 128 m 

143 In 
3 246 m 
4 098 d 67 
5 592 dd IO,96 
6 - 

I 1 83b d 10 
8 - 
9 - 

10 184” d 12 
11 597 dd 12,100 
12 353 m 
13 113 d 67 
14 530 MI03 
15 - 
16 19oC bs 
17 600 bs 
18 - 
19 2 02~ bs 
20 - 
21 - 
22 2 03~ bs 
23 - 
24 - 
25 201b bs 
26 - 

-3 

087 I 74 
128 m 
141 m 
243 m 
098 d 67 
592 afdlO,97 

183 d 10 

190 d 09 
597 ddo9,91 
352 m 
113 d 67 
531 bd89 

185 bs 
601 d 10 

2b2 d 10 

2bs s 

199 5 

383 s 

11 8 
29 8 

34 9 
197 

1484 
134 2d 

129 
201 5 
134 7d 

13 1 
1444 
32 8 
20 6 

1353 
1313 

16 8 
1380 
127 7 

16 5 
1592 
1100 

10 2 
1654 
108 9 

11 8 
168 4 
601 

4 088 t 74 
I 1 28 m 

1 42 m 
d 247 m 

:: 098 5 93 d dd 67 98,lS 
s 

4 184d 15 
s 
s 

:: 597 191 d dd 9.5.15 15 

d 3 54 m 
9 11Sd 67 
d 534 dd67.15 
s 

:: 608 188d d IS 16 
s 
4 20; d 16 
s 
s 
4 200 s 
s 
S 

4 1 86 s 
S 

4 395; 

119e Q 
29 8 I 

3s 0 
19 7 

148 5 
1344f 

13 2 
201 5 
134 7’ 

129 
1442 

329 
206 

13s 7 
1312 

169 
138 7 
1266 

162 
158 7 
1179 

11 ge 
1814 
99 5 

69 
1619 
55 2 

d 

:: 
s 

9 
s 
s 

4 
d 
d 
4 
d 
S 

:: 

S 

4 

S 

S 

Q 

5 

S 

4 

S 

4 

a WM 500 Btuker msmtmenUXC13 

bvc.d,ef Values wuh tdetttical sttpexscrtpt m the same column could be merchanged 
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obtamed from S-2-methyl-1-butanol, whtle 14 , the MTPA denvauve obtamed from the R alcohol, and Its 

enanttoner 15 showed the correspondmg signals at 6 4 17 (2H, d, .i= 6 0) 

Analogously wtth B srrtara, 7 co-occurs wrth the correspondmg r_hydroxy-a-pyrone 9 In fact, the NMR 

spectra of 9 dtsplayed signals mrhcatrve of a parttal structure solar to the C-l/C-13 pomon of nmhmone-B (7) 

However, because of the mstabthty of 9 the structure elucrdauon was conducted on the two methyl ether 

denvauves, 11 and 12. obtamed after treatment of 9 with Qazomethane Structures 11 and 12 were asstgned by 

comparison of then spectral pmperues wtth those of stmtlar compounds 6 In parucular, all the lH- and 13C- 

NMR resonances were assigned ( Table 2 ) by a senes of 1D and 2D expenments In this way 9 showed to be 

the 5,6-dehydrodenvauve of aglajne-3 (5) Analogously with 7, ozonolysts of 11 followed by reduction and 

esteticauon afforded the same compound 13 lndtcatmg that also 9 has an S absolute stereochenustry at C-3 

Table 3 tH- and 13C-NMR Data for Isopulo’upone (lO).s 

3 
4 
5 
6 
1’ 
2 
3’ 
4 

5’ 

6 
I’ 
8’ 
9’ 
10 

11’ 

12 

13 
14 
15 

7 23 
7 60 
7 08 
8 48 
645 
6 69 
2 23 
1 65 
1 45 
1 35 
122 
271 
5 72 
5 88 
175b 
1 78 
1 15 
1 68 

2 00 
0 95 
1 56 
2 79 

_ _ 
bd 79 

ddd 18, 79.68 
bdd 49,68 

bd 49 
d 1s s 

dt 15-5, 71 
m 
m 
m 
m 
m 

m 

bmd 102 

m 

m 

m 
m 

79 
79.68 
49,68 
49 
155 
155, 71 

7 23 760 bid 
7 08 bdd 
851 bd 

6 45 6 69 cf, 
220 m 
165 m 
145 m 
138 m 
128 m 
2 68 
5 68 d!d 
587 bd 

1 75b m 
178 m 
118 m 
168 m 

205 m 
095 m 
1 59 
279 dmd 

1210 
1364 
121 6 
149 3 
130 1 
1354 
33 0 
26 8 

32 2 t 

102.40.20 
102 

37 7 d 

1294 d 
130 1 d 

45 4 d 

28 6 t 

m 

ddmdd 62.106,112.9 
dd 63. II 2 

_ - 
112. 63 

22 2 

28 1 

40 5 
57 6 

t 

1 

210 6 
16 210 s 213 ; - 29 7 

a WM 500, AMX 500 and W 200 Bruker mstruments, assrgnments were made by ZD-NMR (tH -1H and *H-13C) COSY 
expenments 

CD2C12 CDCl3 CDCl3 
PosItion 6tH m. J (Hz) 6’H m J(Hz) 613C m 

2 _ _ 155 9 

h Assigned by coupbng w~tb protons H-7’ and H-g’ &served m 2D *H-lH COSY and 1H-tH decouplmg NMR spectra 

Finally, the mmor components from the parr Navanax - Bulla displayed strong analogtes wrth pulo’upone 
(8) Four downfield srgnals m the IH-NMR spectrum of 10 (CD2C12,500 MHz, 6 8 48 ,7 60,7 23.7 08 ) 

suggested the presence of an a-subsmuted pyndme Extensive use of ID and 2D NMR expenments disclosed the 

presence of an bydrmdene system stmllar to that one described for pulo’upone (8) a Companson of the NMR 

data of 10 with those reported for 8 showed the lack of the 2.3’ double bond whtle a downfield doublet at 8 

6 45 (H-l’, J =15 5 Hz) coupled with a signal at 6 6 69 (H-2, dt ) supported the presence of a frans double 



3208 A SPINELU~~~~ 

bond conJugated with the pyrulme system The double bond was lmked with the hydrmdene system by three 

methylenes The values of couplmg costants of protons 6’,14’,13’,9’ measured in CD2C12 supported relative 

stereochenusqy Idenacal to that one of pulo’upone (8) 8 In particular, the shape ( dddd , J= 10 6,ll 2,9 0.6 2 

Hz) of the signal at 6 1 56 (H-13’) suggested a truns relatlonshtp with H-14’ and H-9’ In fact, ‘H-*H 

decouphng expenments at 6 2 00 ( H-12’ ) simplified the signal at 6 1 56 ehmmatmg the smallest (6 2 Hz) 

coupling The negauve optical rotaaon , [a], 20 (- 119” ), suggests that most likely isopulo’upone (10) possesses 

the same absolute stereochemistry of pulo’upone-B ( 8, [c$,~ -156 2“ ) 9 

5,6-Dehydroaglajne-3 (9) and uopulo’upone (10) were both toxic in the assays conducted agamst the 

mosqmto fish Gambusta &inrs 10 and the bnne shnmp Artemla sahna 11 (Table 4) 

Table 4 Toxlclty Bloassays on B gouldtuna Metabohtes 

Metabohte Ichthyotoxlclty to 
mosquuo fish G affinrs 

Toxlcny to bnne 
shrimp (A sahna) 

LD50 @pm) 

muhmone -B (7) 

lsopulo’upone (10) 

dehydKX?&ne-3 (9) 

not toxic 24 6 

very toxic at 10 ppm 22 

very (0x1~ at 10 ppm 088 

Navanax rnermrs, like the Mediterranean species P depicta, feeds generally on Hamtnoea and Bulla 

species, parucularly on H vzrescens and B goulduzna 4 This work firmly estabhshes on a chemical basis the 

predator-prey relationship between N lnermts and B gouldtuna Analogously with the Mediterranean pair P 

deprctu and B striatu, polypropionates seem to be charactenstlc metabolites of Bullu species There 1s a strong 

parallehsm between Pacific and Mediterranean Bulla species m spite of their very-different environments 

Furthermore, It 1s interesting to note that muhmone-B (7) and lsopulo’upone (10) are respectively identical and 

very slrmlar to the metabolites isolated from P specrosa ( Fig 1) mdlcatmg, at least, a taxonomlc relevance for 

them L&ely more general conclusions can be drawn In fact, the parallelism of the metabolic pattern between P 

specrosa and B gouldlana suggests that the ongm of the metabohtes m P speclosa may be due to the predation 

on Bullu species Finally, most likely, the polypropionate metabohtes are blosynthetlzed de novo by Bulla 

species In fact, then anatormcal locallzatlon only m the mantle should exclude a dietary ongm 

EXPERIMENTAL 

General Experimentul Procedures IR spectra were measured with a Nlcolet Ff SDXB spectrophotometer 
UV spectra were recorded on a Vanan DMS 90 spectmphotometer Optical rotations were measured on a Jasco 
DIP-370 polmmeter lH-*jC NMR spectra were recorded on WP-200, WM 500 and AMX 500 Bruker 
spectrometers, chenucal sh&s are reported m parts per mllhon referred to TMS as internal standard Mass spectra 
were obtamed on AEI MS30 and MS50 Kratos instruments Merck Kteselge160 (70-230 mesh) was used for 
silica gel chromatography and precoated Kleselgel60 F254 plates were used for analytical and preparative TLC 

Extraction of the Baologacal Samples and Isolation of the Metubohtes. Specimens of B gouldlana 
and N mermls were collected m the flood control channel of the San Diego River (MissIon Bay, San Diego, 
Cahfomla) m August, 1990 Freshly collected specimens (40) of B goufduzna were dIssected in order to separate 
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the skm (mantle) from the Internal organs The mantles and the internal organs were separately extracted with 
acetone. The filtered acetone sohmons were concentrated and then, after dlluaon with water, extracted with ethyl 
acetate Preliminary TLC analysts on slllca gel (Merck slhca gel 60 UV 254, 0 25 mm precoated plates, 
vlsuallzatlon cent sulphate, eluant lsooctane/ethyl acetate, 1 1) demonstrated the presence only In the mantle 
extract of prqducts 7.9 and 10, After evaporation of the solvent under reduced pressure, the mantle extract 
yielded 729 mg of an 011 residue while from the mtemal organ extract 1259 mg of 011 residue was obtamed The 
mantle extract was chromatographed by HPLC over a normal phase column employmg isooctane/ethylacetate 
75 25 as eluant to afford 7 (42 mg), 10 (16 mg) and 9 (73 mg) The same extraction procedure was used for the 
dlgestlve glands of 7 specunens of N merrms TLC and NMR comparison with the extract obtamed from the 
mantle of B gouldlana showed the presence m both of the same compounds 7,9 and 10 

Niuhinone-B (7) [a] D 20 + 72’ ( c 2 3 , n-hexane), UV (EtOH) h max 282 ( E =9800 ), 236 (E = 10800) nm, 

IR (film) v max 3406,2962, 1724, 1639 cm - 1 , MS, m/z 329 ( M+ - 57 , 0 4 %), 301 (M+ - 85, 1 %), 273 
(M+ - 113,O 8 %), 233 (M+ - 153,2 %), 221 (M+ - 165,3 %), 193 (M+ - 193,100 %), 165 (8 %), 153 (7 %) 
lH- and t3C-NMR da&Table 1 

S,6-DehydroagZaJne-3 (9) [a] D 2o + 53” ( c 0 1 , CHC13 ) , UV ( MeOH > limax 310 ( &=7700 ), 240 

(E= 19000) nm, IR (film) v max 3356,2962, 1795, 1680, 1632 cm -I , MS, m/z 412 2608 (M+, C26H3604 
requires 412 2613 ), 355 (M+ - 57,5 %), 287 (M+ - 125,2 %), 247 (M+ - 165, 10 %), 219 (Mf - 193,23 %), 
163 ( 51 %), 137 (54 %), 83 (100 %), tH-NMR data, Table 2 

Methylahon of 9 with CHzN2 An ethereal solution of CH2N2 was added to a solution contarmng 9 (58 
mg) dissolved m dtethyl ether (10 ml) After 15 mm at room temperature, the excess of CH2N2 and the solvent 
were removed by evaporation under reduced pressure and the residue was chromatographed on slllca gel using 
hght petroleum ether/&ethyl ether (1 1) as eluant, affording 25 mg of the methoxy pyrone 11 and 18 mg of the 
methoxy pyrone 12 

Pyrone II. [a] D 2o + 812’ (c 2 5 , CHCl3) , UV (MeOH) h. max 320 (E =12800), 237 (E = 18500) nm, IR 

(film) v max 2960,1706,1634 cm -l , MS, m/z 426 2761 (M+, C27H3804 requires 426 2770 ), 369 (25 %), 
261(100 %), 233 (96 %), 153 (64 %), lH- and I3C-NMR data, Table 2 

Pyrone Z2. [al D 2a + 60 7’ (c 0 9 , CHCl3) , UV (MeOH) h max 265 (E =19000) ,238 (E = 24OCO) nm, IR 

(film) v mm 1642 cm -1, MS, m/z 426 2763( M+, C27H3804 requires 426 2770 ). 369 (12 %), 233 (lOO%), 
163 ( 50 %), tH- and t3C-NMR data, Table 2 

Zsopulo’upone (20 ) [a]D 20 - 119 ’ (c 0 4 , n-hexane), UV (MeOH) h max 281 (E =5400), 242 (E = 11400) 

nm, IR (film) v max 1709 cm-l , MS m/z 309 2090 (M+, C2tH27NO requires 309 2093 ), 266 (M+ -43, 
100%) 132 (73%) NMR data, Table 3 

Ozonolysis of nruhinone-B and MTPA denvatwes preparation . A solution of 7 (40 mg), m CH2C12 
(30 ml) at the temperature of -50 “C, was treated with a stream of ozone for 5 mm After stlmng for 10 mm, a 
soluuon (2 ml) of 50% aqueous ethanol contammg NaBH4 (IO mg) was added and the mixture was surred at 
room temperature for 12 hours The usual work-up afforded an oily crude product This mixture was dissolved in 
anhydrous pyndme and R(-)-a-methoxy-a-tnfluoromethylphenylacetlc acid chlonde (R-MTPA clonde)(O 010 
ml) was added After three hours the solvent was evaporated and preparative TLC punficatlon allowed the 
isolation of compound 13 (7 mg, slhca-gel, petroleum ether/ dlethyl ether 9 1, Rf 0 9) 

Ozonolysrs of ZZ and MTPA derrvatrves preparatron 11 ( 25 mg) was treated as described above 
affording the same compound 13 (4 mg) 

Model MTPA derivatives preparatzon Model compounds 13 and 14 were prepared respectively by 
reaction of S- and S,R-2-methyl-I-butanol with R(-)-a-methoxy-a-tnfluoromethylphenylacenc acid chlonde 

Model compound 15 was prepared in the same way by reachon of S-Zmethyl-1-butanol with S(+)-a-methoxy- 

a-tnfluommethylphenylacenc acid chlonde 
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Compound I3 ‘H-NMR ( 500 MHz, CDC13 ) 6 7 52 ( m, 2H), 7 41 (m, 3H), 4 25 (dd, J=5 7 and 10 7 HZ, 
H-la), 408 ( dd, J=6.6 and 107 Hz, H-lb ), 3.55 ( s, CH30-), 178 ( m, H-2), 142 (m, H-3a), 1 21 (m, H- 
3b), 0 91 (d, J=6 8 Hz, 3H ), 0.90 (t, J= 7 5 Hz, 3H ) 

Compounds 24 and 15 lH-NMR ( 500 MHz, CDCl3 ) 6 7 52 ( m, 2H), 7 41 (m, 3H). 4 17 ( d, J=6 0 Hz, 
2H ), 3 55 ( s, CH30-), 178 ( m, H-2), 1 42 (m, H-3a), 1 21 (m, H-3b), 0 92 (d, J=6 8 Hz, 3H ), 0 89 (t, J= 
76Hz, 3H) 

Biological assays Ichthyotoxlclty tests (Gambusza aflnu) 10 and bnne shrimp assays (Arremra sahna)ll 
were conducted as described m the references The results are reported m table 4 
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