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Summary. Two pyr id ine  bases  were i so la ted  f rom t h e  m a r i n e  h o p l o n e m e r t i n e  Amphiporus angulatus (Fabricius)  a n d  
iden t i f i ed  b y  mass  a n d  P M R - s p e c t r o s c o p y  as 2, Y-b ipy r idy l  a n d  3, 2 ' ;  Y, 2"; 4", Y " - t e t r a p y r i d y l  (Nemertel l ine) .  
Nemer te l l ine ,  t h e  f i rs t  t e t r a p y r i d y l  n a t u r a l  p r o d u c t  to  be  repor ted ,  shows a s t r u c t u r a l  r e semblance  to  t h e  t obacco  con-  
s t i t u e n t  nicotel l ine .  T he  c r u s t a c e a n  t o x i c i t y  of 2, Y-b ipy r idy l  is v e r y  s imi la r  to  t h a t  of n ico t ine ,  b u t  i ts  m a m m a l i a n  
t o x i c i t y  is negligible.  

BACQ ~,4 f i rs t  d i scovered  t he  presence  of n e u r o t o x i c  
subs t ances  in  a p h y l u m  of ca rn ivo rous  m a r i n e  worms,  
t h e  n e m e r t i n e s  s. E x t r a c t s  of a r m e d  (hoplo-) n e m e r t i n e s  
ac ted  like n ico t ine  u p o n  v e r t e b r a t e  ske le ta l  muscle  a n d  au-  
t o n o m i c  ganglia .  A n ico t ino id  tox in ,  a n a b a s e i n e  (I, 
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Fig. 1. Chemical structures and neurotoxie activities of the A. 
angulatus pyridyl toxins. I. anahaseineS; II, 2,Y-bipyridyl; III, 
nemertelline. Neurotoxieity was assessed by quantal bioassays on 
crayfish (C) and mice (M) ; median effective doses (tzg, based upon a 
20 g animal) and their fiducial limits (+2  SEM) were calculated by 
the SPEARMAN-KARBER method ~. Animals were weighed and then 
injected with 0.06 ml per 10 g animal weight toxin solution. The 
crayfish (Procambarus ctarkii, Dahl Co., Berkeley, Calif.) median 
paralytic dose (PDb0) was assessed by righting ability 15 rain after 
injection, while the median lethal dose (LDs0) was determined 24 h 
after toxin injection. Mouse (Swiss-Webster, males, Flow Labora- 
tories, Dublin, Vs.) lethality was determined 30 min after i.p. toxin 
injection, (0.9% NaC1), since no further casualties were observed 
at 24 h. Mouse paralysis was not measured since it only occurred 
immediately preceding death. Bioassay results for S-(--)-nicotine 
are as follows: crayfish PDb0 , 0.85 (0.71-1.0), LD~o 74 (50,110) ~g; 
mouse LDb0 140 (120-170) ~g. 

F igure  1), ha s  been  i so la ted  f rom the  Pacif ic  coas t  hoplo-  
n e m e r t i n e  Paranemertes e. W e  r e p o r t  here  t h e  isolat ion,  
s t r u c t u r e  e luc ida t ion ,  and  in i t ia l  pha rmaco log ica l  eva lu-  
a t i o n  of t h e  2 m o s t  a b u n d a n t  pyr idy l s  occur r ing  in A m- 
phiporus angulatus (Fabricius) .  Nemer te l l ine ,  t he  m o s t  
a b u n d a n t  c o m p o u n d ,  is t h e  f i rs t  t e t r a p y r i d y l  to  be  isolat-  
ed f rom a l iv ing  organism.  The  m a i n  p a r a l y t i c  c o n s t i t u e n t  
2, Y-bipyr idyl ,  is h i g h l y  ac t ive  u p o n  c ru s t aceans  in com-  
pa r i son  w i t h  ve r t eb ra t e s .  

A. angulatus was col lected d u r i n g  low t ides  a long  r o c k y  
areas  of t h e  New H a m p s h i r e  a n d  Ma inecoas t s .  A m e t h a n o l -  
acet ic  acid (99:1,  v /v)  e x t r a c t  of 68 w o r m s  (5.7 g d r y  wt.)  
p rov ided  a few mi l l ig rams  of each  of t he  2 m o s t  a b u n d a n t  
py r idy i  cons t i t uen t s .  The  in i t i a l  pu r i f i ca t ion  p rocedure  
was s imi la r  to  t he  one  p rev ious ly  descr ibed  for a n a b -  
ase ine" ;  t h e  bas ic  c o n s t i t u e n t s  were resolved  in to  2 m a i n  
U V - a b s o r b i n g  f r ac t ions  b y  a l u m i n a  p r e p a r a t i v e  l aye r  
c h r o m a t o g r a p h y  w i t h  e t h y l  a c e t a t e  d e v e l o p m e n t .  W i t h  
a c ray f i sh  b ioas say  7 we f o u n d  t h a t  t h e  h i g h  (0.8) RI  
f r ac t ion  c o n t a i n e d  > 90% of t he  p a r a l y t i c  ac t iv i ty ,  where -  
as large  doses of t h e  low (0.6) R I  f r ac t ion  on ly  caused  
m i n o r  para lys is .  The  m a j o r  c o m p o u n d  in each  a l u m i n a  
f r ac t ion  was  s e p a r a t e d  f rom o t h e r  py r id ine  c o n s t i t u e n t s  
on  silica gel layers  w i t h  b u t a n o l - a c e t i c  ac id -wa te r  
(8 : 1 : 1) ; t h e  e lu ted  samples  were t h e n  c o n v e r t e d  to  free 
bases  p r io r  to  spect roscopic  analysis .  

T h e  low reso lu t ion  mass  s p e c t r u m  ( D u P o n t  21-491; 
d i r ec t  p robe  i n t roduc t i on )  of t he  m a i n  a l u m i n a  h i g h  Rf  
c o m p o u n d  c o n t a i n e d  a consp icuous  molecu la r  ion (M+.) 
a t  role 156 a n d  f r a g m e n t s  of M- l ,  M-26 a n d  M-78, sug- 
ges t ing  loss of hyd rogen ,  cyano  a n d  py r idy l  radicals ,  
respect ive ly ,  f r om a b i p y r i d y l  s t r u c t u r e  8. H i g h  reso lu t ion  
mass  m e a s u r e m e n t s  (AEI-MS30)  p r o v i d e d  t he  empi r i ca l  
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f o r m u l a  C,0HsN2 (role 156.0670) a n d  co r robo ra t ed  t h i s  
p roposed  f r a g m e n t a t i o n  p a t t e r n .  Since t h e  2 r ings  of 
a n a b a s e i n e  are connec ted  b y  a 2, 3' bond ,  2, 3 ' -b ipyr idy l  
(II,  F igure  1) was  syn thes ized  9. T he  t h i n  l ayer  Rf ' s  and  
spo t  react ions ,  gas c h r o m a t o g r a p h i c  r e t e n t i o n  t imes ,  
UV-spec t ra ,  mass  spec t ra ,  a n d  P M R - s p e c t r a  of t h e  m a i n  
A. angulatus h i g h  RI  c o n s t i t u e n t  were iden t i ca l  w i t h  those  
of s y n t h e t i c  2, 3 ' -b ipyr idyl .  T he  p r o t o n  re sonance  assign-  
m e n t s  for t he  Amphipofus b ipy r idy l  were conf i rmed  b y  
h o m o n u c l e a r  decoupl ing  e x p e r i m e n t s  a n d  b y  c o m p u t e r  
s imu la t i on  of t he  spec t rum,  a n d  were on ly  cons i s t en t  w i t h  
t he  2, 3 ' -b ipyr idy l  isomer.  

The  empir ica l  fo rmula  C20H14N~ (role 310.1201) of t he  
m a i n  a l u m i n a  low Rf  c o m p o u n d  sugges ted  a t e t r a p y r i d y l  
s t ruc tu re .  The  2 m a j o r  mass  spec t ra l  f r a g m e n t s  (m/e 154 
a n d  205) p r e s u m a b l y  arise b y  loss of a n e u t r a l  b ipy r idy l  
molecule  f rom M +., a n d  b y  t he  loss of c y a n o p y r i d i n e  f rom 
the  M-1 ion, respect ively ,  as conf i rmed  b y  h igh  reso lu t ion  
measu remen t s .  Our  s t r u c t u r e  a s s i g n m e n t  ( I I I ,  3 ,2 ' ;  
3",2"; 4",3"-tetrapyridyl, Figure  1) is p r i m a r i l y  based  
u p o n  a de ta i led  PMR-ana lys i s ,  inc lud ing  c o m p u t e r  s im- 
u l a t i on  of t h e  obse rved  P M R - s p e c t r u m  (Figure 2) a n d  
h o m o n u c l e a r  decoupl ing  expe r imen t s .  Nicotel l ine,  a 
t r i p y r i d y l  t obacco  alkaloid,  also con ta ins  t he  B-C-D r ing  
s t r u c t u r e  p r e s e n t  in I I I ,  b u t  lacks r ing  A ~. The  P M R -  
s p e c t r u m  of n icote l l ine  was s t r ik ing ly  s imi la r  to  t he  pro-  
t o n  resonances  ass igned to  r ings  A, C a n d  D of I I I ,  

f u r t h e r  conf i rming  t he  p roposed  s t ruc tu re .  A r e m a r k a b l e  
f ea tu re  sha red  b y  b o t h  n a t u r a l  p r o d u c t s  is t he  C r ing  
c o n t a i n i n g  3-pyrid3rl s u b s t i t u e n t s  a t  b o t h  t h e  2 a n d  4 
posi t ions .  I n  order  to  s t ress  t h i s  s t r u c t u r a l  a n d  p e r h a p s  
b i o s y n t h e t i c  s imi la r i ty  we h a v e  n a m e d  t he  A. angulatus 
t e t r a p y r i d y l  nemer te l l ine .  

Severa l  o the r  m i n o r  pyr id ine  c o m p o u n d s  h a v e  r ecen t ly  
been  i so la ted  f rom A. angulatus, inc lud ing  anabase ine ,  
a n o t h e r  t e t r a h y d r o b i p y r i d y l ,  a m e t h y l b i p y r i d y l ,  a t e t r a -  
h y d r o t e t r a p y r i d y l ,  and  a m e t h y l t e t r a p y r i d y l ;  we are  
c u r r e n t l y  i nves t i ga t i ng  t h e i r  s t ruc tures .  The  t i ssue  con-  
c e n t r a t i o n s  of t h e  4 m a j o r  A. angulatus tox ins ,  as de te r -  
m i n e d  b y  q u a n t i t a t i v e  TLC, were 540 ~xg nemer te l l ine ,  
120 ~g 2, 3 ' -b ipyr idyl ,  60 ~g m e t h y l b i p y r i d y l ,  a n d  14 ~g 
a n a b a s e i n e  pe r  g f resh we igh t  (whole animals) .  On ly  t he  
m e d i a n  proboscis  s e g m e n t  c o n t a i n e d  s imi la r ly  h igh  
concen t r a t i ons  of these  c o m p o u n d s ;  a n  i m p o r t a n t  dif- 
ference was t h a t  t he  a n a b a s e i n e  c o n c e n t r a t i o n  was v e r y  
h igh  (700 ~g pe r  g), a c c o u n t i n g  for  n e a r l y  30% of t he  
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Fig. 2. PMR-spectrum of nemertelline. (1), (2), (3) and (4) : Computer simulation of rings D, C, B and A, respectively. (5) : Computer composite 
of (1), (2), (3), (4). (6): Experimental spectrum, 190 Hz wide sweep displayed. Inspection reveals a set of peaks (labelled Ha, Hr, Hg, H1) 
identical to those observed for the 3-pyridyl ring of 2, 3'-bipyridyl. Ring A of III is therefore a 3-substituted pyridyl, the substituent being a 
2-pyridyI ring. Further inspection indicates the presence of another 3-substituted pyridyl spectrum (labelled Ha, He, Hi, and Hm). The 
chemical shifts of the protons in this ring require that the substituent on ring D be either a 3-pyridyl or a 4-pyridyl ring. The remaining 6 
proton resonances were identified as those of a 2, 4-disubstituted pyridine and a 2, 3-disubstituted pyridine. In the 2,4-disubstituted ring, the 
chemical shifts of H 8 and H 5 are to high field, signifying that the snbstituent in the 4 position is either a 3-pyridyl or 4-pyridyl ring (Ref. 1~ n). 
The 4 computer simulated spectra when added together 5, are identical with the experimental spectrum of III. Although the 4 rings can 
be linked together 4 different ways, only one is consistent with the PMR-data, permitting unequivocal identification of the tetrapyridyl com- 
pound. PMR (90 MHz) spectra of both II and III were obtained in the Fourier transform mode on a Bruker HX 90 spectrometer equipped 
with a Nieolet 1083 computer. Solvent CS 2 (small CHC18 impurity); TMS, chemical shift reference; hexafluorobenzene, field-frequency lock 
material. The LAMP2 computer program (LAOCOON with magnetic equivalence and plot options) was used for computer simulations. 
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anabaseine in the  ent ire  animal ,  a l though the  median  
proboscis contribu)ces less t h a n  1 %  of the  body  weight.  

Our ini t ial  pharmacologica l  assays wi th  compounds  
I - I I I  have  provided  several  impor t an t  results. First ,  
2, 3 ' -b ipyr idyl  r ivals  nicot ine itself as a crus tacean con- 
vu l san t  agent,  a l though it  is a t  least  20 t imes  less le thal  
to mice t h a n  nicotine.  Secondly, anabaseine is a po t en t  
para lyzing agent  upon bo th  crayfish and mice. The relati-  
ve  order of effect iveness in the  mouse  le tha l i ty  bioassay, 
anabaseine > nicot ine >> 2, 3; -bipyridyl ,  has also been 
observed on the  isolated frog rectus muscle  prepara t ion  
(KEM, unpubl ished results). According to current  concepts  
about  the  molecular  s t ruc ture  requi rements  for b inding 
to a r thropod and ve r t eb ra te  nicotinic synapt ic  receptors,  
bo th  2, 3 ' -b ipyr idyl  and anabaseine would be pred ic ted  
to have  v e r y  l i t t le  ac t iv i ty  upon cholinergic synapses 
re la t ive  to nicotine, since bo th  are weak  bases (the p K a ' s  
of the i r  most  basic ni t rogens are 4.4 and 6.7, respect ively)  
and consequent ly  would be largely unionized a t  physiolog- 
ical p H  ~3-~5. W e  suggest  t h a t  the  selective tox ic i ty  of 
2, 3 ' -b ipyr idyl  m a y  reflect  subs tant ia l  differences be tween 
a r th ropod  and ve r t eb ra te  receptor  b inding requirements ,  
the  planar,  uncharged 2-pyridyl  subs t i tuen t  b inding more 
readi ly  to crus tacean than  ve r t eb ra te  receptors.  If  such 
differences do exis t  be tween  the  l igand-binding require-  
ments  of a r th ropod  and ve r t eb ra te  cholineI'gic receptors,  
t h e y  could provide  a molecular  basis for designing more 
select ive insecticides ~. 

In i t ia l  pharmacologica l  exper iments  wi th  pure  nemer-  
tell ine ind ica te  t h a t  i t  has only a v e r y  small  crus tacean 
para ly t ic  ac t iv i ty  (Figure 1) and a v e r y  weak  (less t han  

2, 3 '-bipyridyl)  cont rac tura l  act ion upon the  frog rectus. 
Since it  is the  most  abundan t  pyr id ine  in A. angulatus, we 
suspect  t h a t  nemer te l l ine  m a y  act  in some o ther  manner ,  
perhaps  as a repel lent  to predators,  which we cannot  
de tec t  by  our para ly t ic  and l e tha l i ty  bioassays. 

The A. angulatus pyridyls  have  tobacco alkaloid coun- 
t e rpa r t s -anabase ine  resembles myosmine,  nemerteI l ine 
resembles nicotelline,  2, 3 ' -b ipyr idyl  also occurs in tobacco, 
and a me thy lb ipyr idy l  has recent ly  been discovered in 
cured tobacco leaves 1~. This  is a remarkable  example  of 
convergent  biochemical  evolu t ion  be tween  an animal  and 
a p lan t  group. We have  recent ly  isolated the  3 most  
abundan t  pyr idyls  in a re la ted hop lonemer t ine  species 
(Amphiporus ochraceus) and found t h a t  t hey  are all  
d is t inct  f rom the  compounds  described here. Apparen t ly  
the  order  Hoplonemer t inea  contains  m a n y  pharmacolo-  
gically act ive  pyridyls.  We expect  t h a t  some of these will  
become useful chemical  tools for inves t iga t ing  the  mech-  
anisms by  which nicotinoids affect  the  nervous  system. 
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T h e  S t r u c t u r e  of 4 - K e t o c e d r o l  

Y. H. KIJo, I. C. YANG, C. S. CHEN and Y. T. LINt 

Department o] Chemistry, National Taiwan University, Roosevelt Road Section d, Taipei ( Taiwan, China), 
2d November 7975. 

Summary. 4-Ketocedrol  was isolated f rom n-hexane  ex t rac t ion  of Juniperus squamata Linn. and its formula  established 
by  physical  and chemical  evidence.  

Material and methods. The neut ra l  f ract ion of a n- 
hexane  ex t rac t  of wood of Juniperus squamata Lamb.  
was invest igated.  Besides e-cedrol and its der ivat ives ,  8S, 
14-cedrandiol, a new ke to -der iva t ive  I was isolated by  
ch roma tog raphy  on neut ra l  a lumina  3. This  new der iva t ive  
of cedrol  was found to be 4-ketocedrol.  

Results and discussion. I. m.p.  129-130 ~ C15H~4Oa, 
[~]D - 2 1 . 5  ~ (C. 1.4 in CHsOH),  exhibi ts  IR-abso rp t ion  
bands at  3460 (--OH) and 1730 cm -1 (C=O). I t  shows 
NMtZ-spectrum signals a t  z 9.08 (3H, d, J = 6.6 Hz,  
=CHCHs),  9.03 and 8.62 (each of 3H, s, =C(Ctts)~), and 
8.75 (3H, s, =C(OH)CHs).  The  s t ructure  of compound  I 
was suggested b y  the  s imilar i ty  of its NMR-spec t rum 
wi th  t h a t  of ~-cedrol I I .  W h e n  I was subjec ted  to Huang-  
Minion modif ica t ion  reduction,  e-cedrol was obtained.  
F r o m  this  result  I is a ketocedrol .  I gave I I I  by  hea t ing  
in 99% formic acid at  75-80 ~ The lqiuid I I I  exhib i ted  
an isolated carbonyl  group (1730 cm -1) and a t r isubst i -  
t u t ed  double bond (1645, 850 cm "1) in IR-abso rp t ion  
bands, no m a x i m u m  absorpt ion above  210 n m  in UV-  
spectrum, and NMR-spec t rum signals at  v 8.27 (3H, 
br  s, CHs- -C=C--H) ,  and 4.62 (1H, m, CI-Is--C=C--I-I ). 
By  these data,  the  locat ion of the  carbonyl  a t  C 9 and 
C10 in I can be excluded. Sodium borohydr ide  reduct ion  

of I in MeOH gave i V a  as the  sole product ,  m.p. 143-144 ~ 
Vm~z 3200 cm -1 ( - -OH);  its NMR-spec t rum exhibi ts  
signal a t  z 5.74 (1H, m, Wl/~ = 13 Hz, =C(OH)H).  Treat -  
m e n t  of diol IVa  wi th  acetic anhydr ide  in pyr id ine  yielded 
a monoace ta te  IVb,  m.p. 68-70 ~ Vmax 1725, 1715 and 
3270 cm -1. The  N M R  spec t rum of this aceta te  shows 
signals a t  v 7.95 (3H, s, CI-IzCOO-- ) and 4.77 (1H, m, 
W1/2 = 14 Hz, =C(OAc)H).  W h e n  IVb was t rea ted  wi th  
formic acid at  75-80 ~ i t  gave Va, vmax 1730, 3040 and 
805 cm-1;  wi th  NMR-signals  a t  ~ 7.93 (3H, s, CHsCOO--  ) 
and 4.73 (1H, m, ~W1/~ = 12 Hz,  =C(OAc)H).  Vb, m.p. 
82-85 ~ saponif icat ion p roduc t  f rom Va, shows a mul t i -  
plet  centered at  ~ 5.61 (W1/2 = 13 Hz) in the  N M R -  
spectrum. E x a m i n a t i o n  of the  coupling pa t t e rn  of the  
pro ton  a t t ached  to the  carbon a tom carrying the  hydroxy l  
or ace• group (with great  Wl/2 value) in IVa,  IVb, Va 
or  V b ,  excludes the  carbonyl  a t  Cll in I. Therefore  the  

1 The authors are indebted to National Council on Science Develop- 
ment of China for financiaI support. 

2 The separation procedure will be published elsewhere. 


