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Summary. Structure and absolute stereochemistry of two new 3-alkylpyridines, haminol-A (3) and haminol-B (4), 
isolated from the cephalaspidean mollusc Haminoea navicula, have been determined by means of spectral and 
chemical methods. Haminols are secreted by H. navicula when it is molested, and these induce an alarm response in 
trail-following conspecifics. 
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Recent studies on Mediterranean cephalaspidean mol- 
luscs led to the characterization of a series of polypropi- 
onates, the aglajnes, from Aglaja depicta 3 and Bulla stri- 
ata 4, and some co-aryl conjugated methyl ketones, the 
lignarenones, from Scaphander lignarius 5. The chemical 
structures of aglajnes suggested a predator-prey relation- 
ship between A. depicta and B. striata, while those of 
lignarenones, and in particular lignarenone-B (1), 
showed a surprising analogy with the structure of 3- 
methylnavenone-B (2), an alarm pheromone isolated 6 
from the Pacific Algajidae Navanax inermis. Now we 
report the results of studies of another Mediterranean 
cephalaspidean mollusc, Haminoea navicula, belonging 
to a family (Haminoeidae) which suffers 8 predation by 
A. depict& 
Haminoea navicula was collected in the Bay of Salerno at 
a depth of 4 m. 152 specimens, soaked in acetone, were 
subjected to ultrasonic treatment for 10 min. The diethyl 
ether soluble fraction (177 mg) from the acetone extract 
was fractionated on a silica gel column (light petroleum- 
diethyl ether 7:3) affording two compounds named in 
order of decreasing polarity: haminol-A (3, 22 mg) and 
haminol-B (4, 20 mg). Owing to their high instability, 
haminols have to be carefully protected from light during 
purification and storage. 
The structure of haminol-A (3) was suggested on the 
basis of the following evidence: oil; [c~]D + 5 ~ (c 0.3, 
CH3OH); IR (liquid film) 3320cm-a; UV (CH3OH) 
2max: 282 (e = 4340), 232 (e = 30200) rim; ElMS m/z 
(%): 257.1766 (M § 5, C17H23NO requires 257.1780), 
239 (M + -- 18, 6), 212 (C2-C3 cleavage, 90), 132 (C8-C9 
cleavage, 100); ~H and I3C-NMR assignments are re- 
ported in the table. 
The 1H-NMR spectrum was highly diagnostic for assign- 
ing the structure 3. In fact, it showed four down field 
signals (6 8.54, 8.41, 7.64 and 7.21), easily attributable to 
the four protons of a 3-substituted pyridine ring. The 
comparison with the 1H-NMR data 6, 7 for navenone-A 
(5) further supported this assignment. Furthermore, the 
1H-NMR spectrum exhibited signals for two trans-ori- 
ented protons (6 6.35, d, J = 16 Hz, H-12; 6 6.28, dt, 
J = 16 and 6.5 Hz, H-11) conjugated to the pyridine ring. 
The remaining two degrees of unsaturation were ac- 

counted for by four resonances (6 5.57, 6.05, 6.10 and 
5.62) assigned to the protons of a trans-trans conjugated 
diene. The spectrum also displayed signals easily 
assignable to a terminal -CH2CH(OH)CH 3 system 
linked to the diene moiety. Finally, three multiplets (6 
2.13, 1.58 and 2.25) were assigned to the methylenes 
between C-7 and C-11. All the NMR assignments (table) 
were confirmed by both 2D NMR spectra (1H-1H- 
COSY and 1H-13C HECTOR) and 1H-1H decoupling 
experiments. 
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The S absolute stereochemistry at C-2 was clarified by 
reaction of 3 with R(-)-l-(l-naphtyl)-ethyl-isocianate 
(benzene, 80 ~ 15 h) followed by a degradative Lemieux 
reaction (KMnO4, KIO4; pH8; 18 h) and methylation 
with CH2N 2. The S configuration was assigned to the 
ester 6, isolated from the reaction mixture, on the basis 
of the chemical shift value of the ester methyl (6 3.58), 
following a previously established procedure 9 
The spectral data of 4 differed from those of 3 only in the 
presence of an acetoxy group at C-2. Haminol-B: oil; 
[c~]o - 24 ~ (c 0.4, CH3OH); IR (liquid film) 1730 cm-1; 
UV (CH3OH) '~max 282 (~ = 3440), 230 (e = 23400) nm; 
ElMS m/z (%): 299 (M § 5), 239 (90), 212 (10), 132 
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NMR data of haminols" 
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Haminol-A (3) Haminol-B (4) 
6 13Cb m r 6 IHd (m J Hz) 6 13cb m r 6 1Hd (m J Hz) 

1 22.7 q 1.20 (d 6.1) 19.4 q 1.21 (d 6.2) 
2 67.3 d 3.83 (m) 70.4 d 4.92 (m) 
3 42.5 t 2.25; 2.19 (m) 39.0 t 2.32; 2.26 (m) 
4 127.8 d 5.57 (dt 14.7;7.4) 126.6 d 5.49 (dt 14.3;7.4) 
5 130.6 d 6.05 e (dd 14.7;10.4) 130.6 e d 6.04 (m) 
6 133.7 d 6.10 e (dd 14.7;10.4) 133.2 f'g d 6.04 (m) 
7 132.9 d 5.62 (dt 14.7;7.1) 132.9 d 5.61 (m 14.3;7.2) 
8 31.9 t 2.13 (m) 31.9 t 2.12 (m) 
9 28.6 t 1.58 (m) 28.6 t 1.58 (m) 

10 32.5 t 2.25 (m) 32.5 t 2.24 (m) 
11 133.2 d 6.28 (dt 16;6.5) 133.3 f'g d 6.27 (dt 15.8;6.5) 
12 126.7 d 6.35 (d 16) 126.6 d 6.35 (d 15.8) 
2' 148.0 d 8.54 (bs) 148.0 d 8.54 (bs) 
3' 133.5 s - 133.4 s 
4' 132.5 d 7.64 (bd 7.9) 132.4 d 7.64 (bd 7.9) 
5' 123.4 d 7.21 (dd 7.9;4.5) 123.4 d 7.21 (dd 7.9;4.5) 
6' 148.0 d 8.41 (bd 4.5) 148.0 d 8.42 (bd 4.5) 

_COCH 3 170.7 s 
COCtt a 21.2 q 2.01 (s) 

a WM 500 Bruker Spectrometer, CDC13; TMS = 0. b Assigned by 1H_I 3 C HETCOR. c Deduced by DEPT sequence, a Assigned by 1H-~H COSY and 
aH-~H decouplings. ~ with the same superscript could be interchanged. 

(100); 1H and  1 3 C - N M R  are r epor t ed  in the table. Ace ty-  

la t ion  o f  3 yielded a c o m p o u n d  ident ical  to 4, conf i rming  

the suggested structure. 
Pyr id ine  der ivat ives  are very  u n c o m m o n  a m o n g  mar ine  

metabo l i t es  1~ Howeve r ,  they have  been found  in 

Philinopsis speciosa 11, which  belongs  to the same family  

as N. inermis and  A. depicta, while, m o r e  recently,  po t en t  

an t i l eukemic  3-subst i tu ted pyr id ine  metabo l i t es  have  

been found  in the sponges Niphates sp. 12 and  Theonella 
swinhoei 13. 
Owing  to the s t ructura l  ana logy  o f  haminols  wi th  the 
a la rm p h e r o m o n e s  isolated f r o m  N. inermis 6' 7,14 and  in 

par t icu la r  wi th  n a v e n o n e - A  (5), haminols  have  been  test- 

ed for  their  a l a rm p h e r o m o n e  propert ies .  F ie ld  observa-  
t ions revea led  tha t  H. navicula, when  moles ted ,  induces 

an  a l a rm response  in individuals  fo l lowing  its trail 

(fig. 1). In  a q u a r i u m  bioassays (fig. 2), sand ( 5 0 m g )  

t reated wi th  a diethyl  e ther  solut ion o f  h a m i n o l - A  (or -B) 

was p laced on  the trail  o f  a specimen o f  H. navicula using 

a Pas teur  p ipe t te  (fig. 2 b). It  was observed  tha t  the next  

ind iv idual  fo l lowing  the trail, when  in con tac t  wi th  the 

t reated sand, rap id ly  devia ted  and  t raced a second trail  

(fig. 2 c,d). The  a l a rm response  was induced  at a concen-  

t r a t ion  o f  0.3 m g  for  3 and  of  0.1 mg  for  4. N o  dev ia t ion  

was observed  us ing sand t rea ted  only with  the solvent.  
H a m i n o l s  can  be added  to the list o f  the few mar ine  

a l a rm p h e r o m o n e s  whose  s t ructures  have  been described.  
In  fact,  even t h o u g h  several  examples  o f  intraspecif ic  

chemica l  c o m m u n i c a t i o n  are k n o w n  in the mar ine  envi- 

ronmen t ,  on ly  se ldom has the chemis t ry  o f  these 
p h e r o m o n e s  been  def ined 7. 

Haminoea navicula, Scaphander lignarius and  Navanax 
inermis are all cepha lasp idean  opis thobranchs .  I t  is ap- 

pa ren t  at the present  t ime tha t  member s  o f  di f ferent  gen- 

era  are capab le  o f  the p r o d u c t i o n  o f  navenone- l ike  com-  
pounds .  H o w e v e r ,  it should  be taken  into accoun t  that  

Figure 1. Field observation of alarm response: (a) typical line of H. 
navicula specimens; (b) after the first mollusc (arrowed) had been molest- 
ed, a change in direction was observed for the trail-following specimen. 
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Figure 2. Alarm response of H. navicula observed in the laboratory: (a) 
typical trail-following behavior; (b) introduction of haminol-A on the 
trail by Pasteur pipette; (c,d) deviation observed. 

the larger N. inermis is a very voracious mollusc which 
eats other opisthobranchs 15, in particular Bulla gouldi- 
ana and Haminoea virescens 7, and therefore the possibil- 
ity cannot  be excluded that the navenones in N. inermis 
could have a dietary origin from the prey. In this respect, 
it is interesting to report  that  when the Mediterranean A. 
depicta, usually a predator  of  B. striata 4' 8, was induced 
in the aquar ium to prey on H. navicula, harninols were 
found both in the digestive glands of  A. depicta and in its 
yellow secretions. 
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