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G E N E R A L I A  

Editorial note. T h e  t w o  s u r v e y  a r t i c l e s  h e r e  p u b l i s h e d  c o m p l e t e  e a c h  o t h e r  m o s t  a d v a n t a g e o u s l y  a n d  a r e  t h u s  e q u a l l y  
s t i m u l a t i n g  fo r  t i le  c h e m i s t  a n d  t h e  b io log i s t .  A d e t a i l e d  e x p o s i t i o n  is g i v e n  o f  t h e  c h a r a c t e r i s t i c s  o f  t h o s e  c h e m i c a l  
s u b s t a n c e s  in  A r t h r o p o d s  w h i c h  s e r v e  for  b o t h  p a s s i v e  a n d  a c t i v e  p r o t e c t i o n ,  a n d  a l so  fo r  c o m m u n i c a t i o n  b e t w e e n  
i n d i v i d u a l s .  
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Arthropods constitute the most abundant  and di- 
versified group of animals. In this phylum, the use of 
chemicals for defense and communication purposes, 
amongst others, has reached a very high level of 
sophistication. During recent years the s tudy of 
arthropod ecomones la - the molecules acting as 
chemical messengers - has undergone a tremendous 
development 1, and unveiled an impressive array of 
structures, including a number of alkaloids, which 
constitute the subject of the present review. The term 
alkaloid is used here in a very broad sense and will 
encompass all secondary metabolites containing nitro- 
gen. However, biogenic amines, pigments and their 
reIatives, as well as the important  group of cyano- 
genic compounds, already appropriately reviewedtb,2, 
will not be covered here. 

Diplopoda 

The European millipede G[omeris marginata, when 
disturbed, discharges from a row of dorsal glands a 
proteinaceous secretion containing 2 quinazolinones: 
glomerin (1) and homoglomerin (2) a-~. 

o 

CH 3 

(1) R=CH 3 
(2) R=CH2CH 3 

Both alkaloids have been synthesizeda,% I t  has 
been demonstrated 7 that  they are biosynthesized by 
the millipede, using anthranilic acid as a precursor. The 
effectiveness of the defensive secretion of G. marginata 
as repellent against predators has been established a. 
Ingestion of G. marginata is reported to cause delayed 
general symptoms and even death in mice a, as well as 
paralysis in spiders s. 

Quite recently the defensive secretion of the milli- 
pede Polyzonium rosalbum has been shown 9 to contain 
polyzonimine (3), a novel terpenoid alkaloid. The 
structure of this unusual, highly volatile imine has 
been deduced from an X-ray crystallographic analysis 
of a perchloric acid derivative and confirmed by syn- 
thesis 9. I t  acts as a topical irritant to insects, a 10 -4 M 
solution in ethylene glycol inducing scratching in 
cockroaches. 

(~) 

Polyzonimine is accompanied in this secretion by a 
smaller amount (~_ 15%) of a less volatile, crystalline 
component: nitropolyzonamine (46)10, which, in 
addition to the same spirocyclic nucleus, has another 

* We are grateful to Dr. J. M. PASTEELS for st imulating discussions. 
1 ~See for example, M. FLORKIN, Bull. Acad. r. Belg. 51,239 (1965). 

J.  M. PASTEELS, Alln. Soc. r. zooI. Belg. 103, 103 (1973). - 
bT. EISNER, in Chemical Ecology (Eds. E. SONBHEIMER and J. B. 

SIMEONE, Academic Press, New York 1970), p. 157. 
eM. BEROZA, Chemicals Controlling Insect Behavior (Academic 

Press, New York I970). 
2 j .  WEATHERSTON and J. E. PERCY, in Chemicals Controlling Insect 

Behavior (Ed, 3/[. BEROZA; Academic Press, New York 1970), p. 95. 
a H. SCmLDKNECtlT, U. MASCHWITZ and W. F. WENNEIS, Natur- 

wissenschaften 54, 196 (1967). 
Y. C. MEINWALD, J. MEINWALD, and T. EISNER, Science 15.t, 390 
(1966). 

s H. SCHILDKNEOHT and W. F. WENNEIS, Z. Naturforsch. 21b, 552 
(1966). 
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7 H. SCHILDKNECHT and W. F. WEN~EIS, Tetrahedron Lett., 
7967, 1815. 

8 T. EISNER, in Chemical Ecology (Eds. E. SONDHEIMER and J. B. 
SIMEONE; Academic Press, New York 1970), p. 195. 
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MILLER, K. HICKS and T. EISNER, Science t88, 734 (1975). 

10 j .  MEINWALD, J.  SMOLANOEF, A. T. MCPHAIL, R. W. MILLER, 
T. EISNER and K. HICKS, Tetrahedron Lett., 7975, 2367. 
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unusual feature not often found among animal 
metabolites, an aliphatic nitro group. Treatment of 

2 ~  

46 

synthetic polyzonimine with fl-nitroiodopropane gives 
a crystalline salt which is readily eyclized to (=~)nitro- 
polyzonamine 10. 

Insecta 

Is@tera. 1-nitro-trans-l-pentadecene 11, found in the 
frontal gland secretion of soldiers of Prorhinotermes 
simplex, is the only nitrogen compound so far isolated 
from a termite. The structure of this compound has 
been confirmed by synthesis 11. Its biological role has 
not been reported. 

Lepid@tera. Male Danainae butterflies (family 
Nymphalidae), possess a pair of extrusible hair- 
pencils which are used to disseminate pheromona] 
substances during courtshipl~, 13. The pyrrolizidinone 
derivative 4 was identified in the hair-pencil secretion 
of Lycorea ceres ceresl4,1~ and of Danaus giIippus bere- 
nice 16 where it was found to elicit strong olfactory 
receptor responses in the female antennae 17 and to 
act as the chemical messenger that induces the female 
to mate is. 4 is widely distributed among Danainae 
butterflies. The related pyrrolizidine derivatives 5, 6 
and 7 have also been detected in some other Danaus, 
as well as Euploea species (see Table I). 

It  has been pointed that :  a) Danainae butterflies 
feed essentially on plants (mostly Boraginaeeae, Corn- 

positae, Leguminosae and Apocynaceae) which are 
well known sources of pyrrolizidine alkaloids22,~4; 
b) lycopsamine (7) is found in plant species on which 
these butterflies feed2a,25; c) compounds 5 and 6 are 
closely related to the metabolites produced by mam- 
mals treated with pyrrolizidine alkaloids 21. These 
and other confluent observations are regarded as 
confirming that  the above pheromones derive from 
exogenous pyrrolizidine alkaloid precursors22,2~, 2a. 

(4) (5) 

CHO 

(s) 

Y 

(?) 

Some male butterflies of the family Arctiidae possess 
scent organs in form of brushes which are believed to 
be used for the dissemination of pheromones. These 
species are also known to utilize plants containing 
pyrrolizidine alkaloids as larval host plants. I t  has 
been found that the derivative 5 is present in the 
scent organ of Utetheisa pulchelloides and U. lotrix. 
Compound 6 is also present in U. lotrix 26. I t  is sup- 
posed that these alkaloids play a role in the mating of 
these Lepidoptera, similar to that established for the 
related compounds of the Danainae. 

Tab le  I. Occu r r ence  of pyr ro l iz id ine  a lkalo ids  in D a n a i n a e  bu t te r f l i e s  

References  4 5 6 7 

A raaur i s  a l i m a c u l a t a  .20 + _ _ 

A .  echer ia  .20 + _ _ 

A .  n i a v i u s  so + _ _ 

A .  oeh lea  2o + _ _ 

D a n a u s  a / / i n i s  a / / i n i s  .21 + _ + 

D .  a / / i n i s  a l b i s t r i g a  22 + _ + 

D .  c h r y s i p p u s  lo + _ _ 
D .  c h r y s i p p u s  d o r i p p u s  so + _ _ 

D .  g i I i p p u s  be ren i ee  16 + _ _ 

D .  g i l i p p u s  s t r i g o s u s  16 + _ _  _ _  

D .  h a m a t u s  h a m a t u s  2i, sa + + _ 
D .  h a m a t u s  r~odera tus  .2.2 + + - -  

D .  l i m n i a c e  p e t i v e r a n a  2o + _ _ 

D .  p u m i l u s  h e b r i d e s i u s  2.2 _ + _ 

E u p l o e a  l e w i n i i  l i l y b a e a  ~.2 - -  + - -  

E .  n e m e r t e s  0.2 _ + _ 

E .  s y l v e s t e r  s y l v e s t e r  .21 _ + _ 

E .  t r e i t s c h k e i  ]ess ica  .20 _ + _ 

1~. t u l l i o Ia  t u l l i o l a  ol, .20 - -  4- - -  

L y c o r e a  c~res ceres  1. + _ _ 

11 j .  VRKOC a n d  N. UBII~, T e t r a h e d r o n  Lef t .  1974 ,  1463. 
12 L. P. BROW~R, J .  V. Z. BROWER a n d  F.  P. CRANSWON, Zoologica  

50 ,  1 (1965). 
la j .  N[YERS a n d  L. P. BROWER, J .  Insec t  Physiol .  15, 2117 (1969). 
14 J .  )/~EINWALD, Y. C. ~V[EINWALD, J.  W. WHEELER, T. EISNER a n d  

L. P. BROWER, Science 751,  583 (1966). 
- -  1~ j .  IVIEINWALD a n d  Y. C. ~EINWALD, J. Am. chem.  Soc. 88 ,  1305 
- -  (1966). 
- -  16 J .  MEINWALD, ~7. C. ~[EINWALD a n d  P. H .  MAzzoccHI, Sc ience  
- -  164,  1174 (1969). 
_ _  ~7 D. SCHNEIDER a n d  U. SEIBT, Science 16~,  1173 (1969). 
_ is T. E. PLISKE a n d  T. EISNER, Science 164,  1170 (1969). 
_ is j .  ~V[EINWALD, W. R. THOMPSON~ T. ]~ISNER a n d  D. F.  OWEX, 
- -  T e t r a b e d r o n  Let t .  1 9 7 1 ,  3485. 
- -  20 J .  [VJ[EINWALD, C. J .  BORIAK, D. SCHNEIDER, IVf. BOPPRE, W. F. 
- -  WOOD a n d  T. EISNER, E x p e r i e n t i a  30 ,  721 (1974). 
+ s~ j .  A. EooAg ,  C. C. J .  CULVENOR a n d  L. W.  SMITH, E x p e r i e n t i a  2 7 ,  

- -  761 (1971). 
2.2 J. A. EDGAR, C. C. J. CULVENOR a n d  G. S. ROBINSON, J .  Aus t r .  

- -  ent .  Soc. 12,  144 (1973). 
- -  20 j .  A. EDGAR a n d  C. C. J .  CULVENOR, Na tu r e ,  Lond .  2,48, 614 
- -  (1974). 
- -  .2~ J .  A. EDGAR a n d  C. C. J .  CULVE~'OR, E x p e r i e n t i a  3 1 ,  393 (1975). 
- -  .2~ D. SCHNEIDER, ~ .  BOPPRE, H, SCHNEIDER, W. R. THOMPSON, 
4- C . J .  BORIACK, R. L. PETTY a n d  J .  ~{EINWALD, J .  comp.  Physiol .  
- -  97 ,  245 (1975). 

28 C. C. J .  CULVENOR a n d  J .  A. EDGAR, E x p e r i e n t i a  28,  627 (1972). 
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Accumulation of intact plant alkaloids by other 
Lepidoptera has also been documented: aristolochic 
acid (8) is found in Pachli@tera aristolochiae, a toxic 
butterfly which feeds on Aristolochia clamaEs and 
A. rotundo, well known sources of 8 aT. Similarly, the 
pupae and the imago of CaEiraorlSha jacobaeae, reared 
on Senecio jacobaea or S. vulgaris, contain the same 
pyrrolizidine alkaloids as their host plants 2s. In both 
cases, it is assumed tha t  these bases play some part  in 
the defense mechanism of the insects27, 2s. 

~ e 

 .co2 
(8) 

Hymen@tera. The use of pheromones and atlomones 
is very widespread and prevalent in the order Hymen-  
optera 29. Only a few of the ecomones so far identified 
are of alkaloid nature, all being found in ants. 

A tta 

Many species of ants are known to use trail phero- 
mones, in particular the trail-following behaviour of 
the Texas leaf-cutting ant, Atta texans, has well been 
described a~ MOS~R and SILVERSTEIX al have found the 
trail pheromone to contain at least two components, 
one volatile and the other non-volatile. The major 
compound of the volatile fraction was identified as 
methyl  4-methylpyrrole-2-carboxylate (9) a2,aa. Syn- 
thetic 9, obtained by  esterificaiion of the correspon- 
ding acid, showed the same level of activity as the nat- 
ural compound in laboratory and field bio-assays~a. 
Another synthesis starting from pyrrole has been 
described by  SONNET 34. Moreover several synthetic 
analogs of 9 have also been found to possess consider- 
able trail pheromone activity a5. 

CH~ ~-N~COOCH~ 
H (~) 

9 is also the major trail active compound of the 
volatile fraction from Atta cephalotes a6, and may  well 
be a component of the trail pheromone of other ants 
of the Attini tribe. Indeed all but one of the 12 attine 
species tested by Rom~aON et al. z7 follow artificial 
trails of 9, while non-attine ants do not. 

Monomorium 

The tropical ant, Monomorium pharaonis, is known 
to produce a persistent pheromone trail ~s. Recently 

RITTER et al. 39 showed that  the biologically active 
fractions contain active nitrogen substances, one Of 

which being an undetermined stereoisomer of 10. 
Two other components, of formula ClaHavN and 
C1~H29N, have also been isolated~O. 

ells nC4H9 

(10) 

Stereochemically unambiguous synthesis of each of 
the 4 DL pairs of stereoisomers of 10 was made by  
SONNET and OLIVER40, 41. Their individual activity 
has not been reported. 

Solenopsis 

The common name of the red form of the fire ant, 
Solenopsis saevissima derives from the potency of its 
venom which has pronounced haernolytic, insecticidal 
and antibiotic activities42, 43. I t  is the only known 
non-proteinaceous venom delivered by  bite or sting 3s. 
In 1966 44 , the toxic effects of this venom were attri- 
buted to 2-methyl-3-hexadecyl-pyrrolidine and the 
corresponding A~-pyrroline. SONNET 45 published a 
synthesis of this pyrrolidine and showed that  neither 
the cis nor the trans form were present in the ant 

s7 j .  vote E u w ,  T. REICI~STEItr and  M. "ROTHSCHILD, I s rae l  J .  Chem. 
6, 659 (1968). 

28 R. T. APLIIr M. H. BENIr and  M. ROT~SCmLO, Nature ,  Lond. 219, 
747 (1968). 

29 For  reviews,  see for example :  J.  G. IVIAcCoNNXLL and  R. M. 
SILVERSTEIIr Angew. Chem. B 72, 644 (1973). - lk{. S. BLV• and  
J.  M. BRAND, Am. Zool. 72, 553 (1972). - D. A. EVANS, C. L. 
GREEN, Chem. Soc. Rev.  2, 75 (1973). - 3. WEATV:ERSTON, Q. Rev.  
chem. Soc, 27 ,287  (1967). - M. S. BLIJM, in Chemicals Controlling 
Insect Behavior (Ed. M. BEROZA; Academic  Press,  New York  
1970), p. 61. 

3o j .  c.  MiOSER and  IV[. S. BLU~, Science 140, 1228 (1963). 
m j .  C. MEOSER and  R. M. SILVERSTEIIr Nature ,  Loud. 2/5,  206 

(1967). 
8s j .  H. TIIMLI~SO~, R. IV[. SILVERSTEIN, J.  C. 1V[OSER, R. G. BROWI~- 

LEE and  J.  iV[. RUTH, Nature ,  Loud. 234, 348 (1971). 
8a j .  ]:{. TUMLIICSON, J.  C. MOSER, R. ~ .  SILVERSTI~IN, R. G. BROWN- 

LEE and  J.  iV[. RVT% J. Insect  Physiol .  78, 809 (1972). 
s~ p. E. SON~CET, J.  reed. Chem. 75, 97 (1972). 
s5 p. E. SO~NET and  J.  C. MOSER, J.  agr. Food Chem. 20, 1191 

(1972). 
36 R. G. RILEY, R. M. SILVERSTEIN, B. CARROLL and R. CARROLL, 

J.  Insec t  Physiol .  20, 651 (1974). 
37 S. W. RomNso~,  J.  C. ]V[osER, M. S. BLU~ a n d  E. AMANTE, 

Insectes  soc. 21, 87 (1974). 
as M. S. BLUM, Proc. R. ent.  Soe. London (A) 47, 155 (1966). 
39 F. J. RITTER, I. ~E. ~f[. ROTGANS, t~. TALMAN, P. E. J.  VERWIEL 

and  F. STEIN, Expe r i en t i a  29, 530 (1973). 
~0 j .  E. OLIVER and  P. 1~. SON~CET, J.  org. Chem. 39, 2662 (1974). 
~1 p. E. SONNET and  J. E. OLIVER, J.  Hetero  Chem. /2, 289 (1975). 
4s G. A. AI)ROUNY, V. J.  D~RBRS and  R. C. JlJ~o, Science 130, 449 

(1959). 
a3 ~ .  S. BLU~, J.  R. WALKER, P. S. CALLAHA~r and  A. F. NOVAK, 

Science 128, 306 (1958). 
44 G. A. Armour~u Bull.  Tulane  reed. Fae.  25, 67 (1966). 
~ P. E. SO~NET, Science 156, 1759 (1967). 
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Table II. Occurrence of 2,6-dialkylpiperidines in Solenopsis ants 

EXPERIENTIA 32/4 

21 22 23 24 25 26 27 28 29 30 31 32 References 

S. saevissima (red form) tr 
S. saevissima (black form) tr 
S. xyloni + + 
S. xyloni (worker) + + 
S. xyloni (Mate queen) + + 
S. geminata + + 
S. geminata (worker) + + 
S. geminata (soldier) + + 
S. geminata (Mate queen) + + 
S. richteri (soldier) tr 
S. richteri (Mate queen) + + 
S. invicta (soldier) tr 
S. invicta (Mate queen) + + 
S. sp. 
S. aurea + + 

+ tr tr + +  + +  tr tr + +  + + _ _ 47,4s 
+ +  tr tr + + +  . . . . . .  as 
+ tr tr . . . . . . .  4s 
+ tr tr . . . . . . .  4~ 
+ tr tr . . . . . . . .  ~ 
+ tr tr . . . . . . . .  48 
+ tr tr . . . . . . . . .  ~ 
+ tr tr . . . . . . . .  4~ 
+ tr tr . . . . . .  tr _ ~,~0 
+ tr tr + + +  . . . . . .  4~ 
tr . . . . . . . .  tr tr ~,so 
+ tr tr + +  + +  tr tr + +  + +  -- -- ~ 
tr . . . . . . . . . . . . .  ~ 
. . . . . . . . .  + +  + so 

+ +  tr . . . . . . . . .  ~a 

~ ( N ~ "  CH nCH a H "~; ~) a CHa tL (CH~)nCHa CH ~ 

(31 )  n =  8 (32 )  n =  8 
(21)  n = 10  (22) n = 10  

( 2 3 )  n = 1 2  (25)  n = 1 2  
( 2 7 )  n = 14  (29 )  n = 1 4  

J ~  J ~  

" \ N / ~  \ / ~"NN/"- ,  \ / 
CHa H (CH2)n C=C CHa H (CH2)n C=C 

(24) n = 3 \(CH~)~CHa (26) n = 3 \(CH2)TCHa 
(28 )  n = 5 (30 )  n = 5 

v e n o m .  La te r ,  BLUM e t a ] .  46,47 es tab l i shed  t h a t  t h e  

5 m a j o r  cons t i t uen t s  of t h e  v e n o m  are  2, 6 - d i s u b s t i t u t e d  

p iper id ines .  Compar i son  w i t h  a u t h e n t i c  samples  

a l lowed  t h e  d e t e r m i n a t i o n  ot s t ruc tu re s  22, 25, 26, 29 

a n d  30 for these  compounds4L  

S tud ies  of t h e  v e n o m s  of o t h e r  S o l e n @ s i s  species 

showed  t h a t  these  p ipe r id in ic  a lka lo ids  are  cha rac -  

te r i s t ic  of t he  genus  4s-5~ T a b l e  I I  s u m m a r i z e s  t he  

d i s t r i bu t i on  of t h e  d i f fe ren t  2 ,6 -d i a lky lp ipe r id ines  in 

t he  species so far  i nves t i ga t ed .  Desp i t e  q u a n t i t a t i v e  

i n d i v i d u a l  v a r i a t i o n s  w i t h i n  a nes t  sl, poo led  v e n o m  

samples  of t he  s a m e  species,  even  f r o m  wide ly  sepa-  

r a t e d  sites, are  v e r y  s imilar .  Th i s  m i g h t  a l low the i r  use 

for  c h e m o t a x o n o m i c  purposes  5~ On this  basis,  BLUM 

e t  al.49, 5~ p roposed  a h y p o t h e t i c a l  m o d e l  for t he  

e v o l u t i o n  of t he  fire ants ,  b u t  LOFGREN et  al. 52 

expressed  r e s e r v a t i o n  for f u r t he r  specu la t ions  on th is  

h y p o t h e s i s  un t i l  m u c h  m o r e  d a t a  be acqu i red .  

F ina l ly ,  one shou ld  m e n t i o n  t h e  d e t e c t i o n  of t races  

of 2 -me thy l -6 -n -undecy l -A  1,%piper ideine in S.  x y l o n i  4s 

a n d  of cis- and  t r a n s - 2 - m e t h y l - 6 - n - n o n y l p i p e r i d i n e  

( t e n t a t i v e  s t r u c t u r a l  a t t r i bu t i on )  in  S.  r ichteri  5~ 

Odon tomachus  

D i s t u r b e d  worker s  of t he  large  neo t rop i ca l  a n t  

Odontomachus  has ta tus  discharge  a secre t ion  h a v i n g  

t h e  cha rac t e r i s t i c  odou r  of chocola te ,  also p resen t  in 

t h e  m a n d i b u l a r  g l and  secre t ions  of 0.  brunneus  and  

O. clarus s4. Analys i s  of d i c h l o r o m e t h a n e  e x t r a c t s  of 

t h e  heads  of d i f fe ren t  Odontomachus  species b y  com-  
b ined  GC/MS and  c o m p a r i s o n  w i t h  a u t h e n t i c  samples  
show the  p resence  of va r ious  choco la t e - sme l l ing  a lky l -  

py raz ines  a4. 0.  brunneus  was found  to  con t a in  com-  

p o u n d s  11, 12, 13 a n d  14 in a 9 1 : 7 : 1 . 4 : 0 . 6  ra t io .  

C o m p o u n d  15 is t h e  m a j o r  p r o d u c t  in 0. hasta tus  and  

O. d a r u s .  O. clarus also con ta ins  a smal l  a m o u n t  of 16. 

An  u n i d e n t i f i e d  Odontomachus  f rom Cos ta  R i c a  con- 

t a ins  2 , 6 - d i m e t h y t - 3 - n - p e n t y l p y r a z i n e  as t h e  m a j o r  

c o m p o n e n t  a long  w i t h  smal l  a m o u n t s  of n -  C a , -  C4 

G H > . ~ N . , . ~ C H  3 ( N T C H 3  

% .  N . / " - R  C H ~ N ~ R  

R 

(11) (CH2)4CH s (15) CH2CH2CH(CH3)2 
(12) (CH2)3CH 3 (16) CH2CH 3 
(13) (CH2)2CH 3 
(14) CH2CH ~ 

a n d -  C6 side cha in  d e r i v a t i v e s  54. These  py raz ines  are  

power fu l  re leasers  of a l a r m  b e h a v i o u r  for  Odonto- 

n4achus workers  and  m i g h t  also be used  as de fens ive  

subs tances  a4. 
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53 ]~/[. S. BLUM, J.  M. BRAND, R. M. DUFFIELD and  R. R. SNELLING, 
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Iridomyrmex 

Pyrazine derivatives have also been characterized 
as minor constituents of the volatile fraction of the 
Argentine ant Iridomyrmex humilis 55, 56: 2, 5-dimethyl- 
3-isopentylpyrazine (17), tile (Z)- and (E)-2,5-di- 
methyl-3-styrylpyrazine (18) and (19) were identified 
by comparison with synthetic samples. 17 and 18 
amount respectively to 70 and 200 ppm of the body 
weight of the insect. Mass spectrometric data suggest 
that  a fourth pyrazine (20) is present at approximately 
5 ppm ~6. These pyrazines are essentially located in the 
head of the insect. 

2 
N...y~CH~ ~N ~.,/CH3 ~ N  CH3 

OH S "~'N/~'R OHm" ~N / 

R (18) (]9) 
(17) CH2CH2CH(CH3) 2 
(20) CH2CH2CH $ 

Since it is known that  on exposure to sunlight the 
(E)-isomer 19 is transformed into the (Z)-isomer 18, an 
extraction of the insect was carried out in the dark 
and the extract immediately analyzed by GC, showing 
a small peak for the (Z)-isomer and a major peak for 
the (E)-isomer. After exposure to light for a few hours, 
the extract was found to contain only the (Z)-isomer. 
The (E)-isomer is thus considered to be the predom- 
inant if not the sole 3-styrylpyrazine present in the 
insect aa 

I t  is not established whether these compounds act as 
alarm pheromones in I. humilis. No traces of pyrazine 
derivatives were found in the Australian ant I. 
detectus 55. However a series of pyrazines have been 
identified in the mandibular gland secretion of a 
formicine ant, Calomyrmex sp.57. 

Coleoptera. Amongst the many defensive com- 
pounds already described from this order of insects lb, 2, 
about 15 are alkaloids which are distributed in four 
families: Coccinellidae, Dytiscidae, Staphylinidae and 
Curculionidae. 

Coccinellidae 

Coccinellidae (ladybugs), when molested, emit 
haemolymph droplets at their joints. This well- 
described mechanism, known as reflex bleeding58, 59, 
has been shown to constitute an efficient protection 
against predators 60. The bitter taste of the secretion 
was already reported in the 18th century and has since 
been frequently alluded to in literature 59. The chemical 
deterrent present in the haemolymph of the common 
European ladybug Coccimlla septempumtata, was 
shown recently 61 to be a novel alkaloid N-oxide, 
coccinelline (33). The corresponding free base, pre- 
coccinelline (34) iS also present in the beetle, although 
generally in smaller quantity. The structure of coc- 

cinelline (33), first proposed without stereochemistry 
on the basis of spectral and chemical properties 62, was 
definitely established by single-crystal X-ray diffrac- 
tion analysis on coccinelline hemi-hydrochloride63. 

This compound was the first of a novel structural 
group of alkaloids belonging to the 2-methyl-per- 
hydro-9 b-azaphenalene ring system. One could predict 
for this ring system the existence of only 3 ring junc- 
tions stereoisomers, 2 of them the cis, trans, cis- and 
the tram,tram, tram-possessing a plane of symmetry, 
the 3rd one (cis,cis,trans-) being a Dz-pair. Compounds 
corresponding to each of these 3 ring stereoisomers 
have been found in different species of ladybugs. Thus, 
coccinelline (33) and precoccinelline (34) (vide supra) 
correspond to the cis, lrans, cis-isomer, the N-oxide 
convergine (35)a4 and its free base hippodamine (36)64 
from Hippodamia convergem to one of the cis,cis, 
trans-isomers, while myrrhine (37) 65 from Myrrha 
octodecimguttata represents the trans,trans,tra~zs-isomer. 

Moreover Propylea quatuordecirnpumtata afforded 
yet another alkaloid, propyleine (38)66, which was 
shown to be a dehydroprecoccinelline, whereas 
Adalia bipunctata yielded the homotropane alkaloid 
adaline (39) 67 

The structure and absolute configuration of con- 
vergine (35) 64 [and thus hippodamine (36)1 and of 
adaline (39)67 was established by single-crystal X-ray 
diffraction analysis on their respective hydrochlorides, 
while the structures of propyleine (38)66 and myrrhine 
(37)65 derive from spectral data and from chemical 
correlations with coccinelline. The total synthesis of 
coccinelline 68, myrrhine 68, DL-convergine 68 and DL- 
adaline 69 have been reported. Moreover, a stereo- 
controlled synthesis of the two possible stereoisomers 
of the parent ring system from tile coccinellid alkaloids: 
perhydropyridoI2,1,6-del-quinolizine, has also been 
published 70 

55 G. W. I~. CAVILL and E. HOUGHTON, Austr. J. Chem. 27, 879 
(1974). 

56 G. W. K. CAVILL and E. HOUGHTON, J.  Insec t  Physiol .  20, 2049 
(1974). 

5~ B. P. MOORE, personal  communica t ion  to G. W. K. CAVlLL (cited 
in  ref.56). 
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I t  is worth mentioning that  the three stereoisomers 
34, 36 and 37 exhibit nearly identical NMR- and mass 
spectra, which precludes the use of these methods for 
identification purposes. However, discrimination can 
easily be achieved by IR-spectroscopy. In this context, 
the reported presence of precoecinelline (34) as the 
defensive alkaloid of the coecinellid 71 Coleomegilla 
maculata by HENSON et al. 72, may  be questioned since 
identification rested essentially on mass spectral data. 
Comparison of the IR-spectra of 34, 36 and 37 with 
the values reported by HENSON et al. 72 for the alkaloid 73 
of Coleomegilla maculata clearly suggests that  the latter 
is most probably myrrhine (37). 

H H 

: (33) : (34) 

H H 

(35) 

H H 

(37) i ( 3 0 )  

H ~ Hll 

o 
(39) 

Coccinelline and precoccinelline have been found in 
the eggs and larvae of C. septempunctata, whereas 
neither of these compounds could be detected in the 
aphids that  constitute the prey of the ladybug ~1, thus 
indicating that  these alkaloids are most probably 
synthetized by  the insect itself. Indeed, by feeding 
Cocci~ella septempunctata with [1-14C] - and [2-14C1 - 
acetate 65, tile biosynthesis of coccinelline has been 
shown to be endogenous and to proceed through a 
polyacetate pathway. 

Coccinelline, which has a very bitter taste, amounts 
to 1.5% of the dry weight of C. septempunctata and its 
effectiveness for the chemical protection of the insect 
has been demonstrated 75 using laboratory tests on 
quails and ants. Coccinelline dissolved in water effi- 
ciently repels ants at a concentration of 1 • 10 -3 M, 

and exerts complete repulsion at 1 • 10-~ M. Similar 
results were obtained with convergine 75. 

Preliminary results 7a seem to indicate a good 
agreement between the distribution of the alkaloids 
in the Coccinellidae and the modern taxonomy of this 
family 76. From a survey of 35 species and varieties of 
ladybugs, the presence of alkaloids seems to be cor- 
related with the existence of aposematic colours and 
not with a carnivorous or phytophagous alimentation 7a. 
Tables of distribution of alkaloids in Coccinellidae 
have been published65, 75. 

Dytiscidae 

The defensive chemistry of the Dytiscidae or water 
beetles has been studied by SCHILDKNECHT et al. 77. 
From the prothoracic defensive gland of Ilybius 
fenestratus, they have isolated, in addition to tes- 
tosterone, estrone and estradiol, methyl  8-hydroxy- 
quiuoline-2-earboxylate (40) 7s, whose structure was 
deduced from spectral data and confirmed by  synthesis. 

~ ~ ~ C O O M e  

OH 
(40) 

Compound 40, which is powerful antiseptic77, could 
be used by the insect to prevent penetration of micro- 
organisms. I t  is not toxic for amphibians and fishes, 
but produces clonic spasms in mice 79. 

Staphylinidae 

In 1952, PAVAN and Bo s0 reported the isolation of 
a toxic principle, pederin, from the haemolymph of 
Paederus fuscipes. The structure determination of this 
complex molecule met  with many  difficulties. The 
first structure, proposed on the basis of extensive 
degradation work by CARDANI et al. sl, was slightly 
modified to 41 by MATSUMOTO et al. s2 relying on 

71 Cur ious ly  a sc r ibed  to Curcu l ion idae  b y  H~NSOi, r e t  al. 72. 
7s  R. D. HENSON, A. C. THOMPSON, P. A. HEDIIr P. R. NICHOLS 

a n d  W. W. NEEL, E x p e r i e n t i a  3 / ,  145 (1975). 
7~ A p p a r e n t l y  the  s ame  c o m p o u n d  (e r roneous ly  r e p o r t e d  to be  

p ropy le ine  (38)) has  also been  de t ec t ed  in  the  bol l -weevi l  Anthono- 
mus grandis b y  HEDIN et  a id  4. 
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careful NMR-spectrum analysis. Finally, the structure 
and stereochemistry of pederin as depicted in 41 
was confirmed by single-crystal X-ray diffraction 
analysis on pederin di@-bromobenzoateSa, s4. The 
intriguing chemical properties of pederin have been 
further studied by CARDANI et al. s5. Two other closely 
related compounds, pseudopederin s6 and pederone sT, 
were also isolated from P. fusc@es. Structures 42 and 
43 were established for these products by chemical 
correlation with pederinSl,SS, sT. 

OCH 3 
/ - I - @ O C H  3 

OH 
_ O. / i - . . N H  / L  ~/.R' 

"ToY - R " i  
R O OCH 3 

CH2 

R R' R" 
(41) CH 3 H OH 
(42) H H OH 
(43) CH 3 = 0  

Incorporation of ( 1 - 1 4 C )  - and (2-14C)-acetate into 
pederin, followed by selective degradation, suggests 
that  pederin is most probably biosynthesized through 
a polyketide pathway ss. 

Pederin is a powerful cytotoxin, capable of inhibiting 
growth of cultured ceils at concentrations of about 
1.5 ng/ml s9. Moreover, it has strong vesicating pro- 
perties when applied to human skin and can induce 
severe systemic effects when ingested 90. A review of the 
biological and medicinal properties of pederin has 
been published by PAVAN 90. 

Another alkaloid reported 91 from staphylinid beetles 
is the welt-known monoterpene alkaloid, actinidine92 
(44), which was shown to be present in the pygidial 
defensive secretion of Hesperus sem#ufus and Philon- 
thus politus, together with citronellal, iso-valeral- 
dehyde and iridodial. The presence of iridodial in the 
defensive secretion of these beetles suggests a ter- 
penoid biosynthetic pathway for actinidine, as already 
demonstrated in plants 9a. Moreover, stenusine (45) 94 
has been isolated from the pygidial defense glands of 
Stenus comma together with 6-methyl-5-hepten-2-one 
and eucalyptol. Stenusine possesses a high spreading 
power providing the beetle with an elegant escape 
mechanism. 

i 

(44} L... (45) 

Curculionidae 

HEDIN et al. 7a reported the occurrence in the boll- 
weevil Anthonomus grandis of the alkaloid already 

isolated from Coleomegilla maculata 72 (vide supra, 
Coccinellidae). A second nitrogen-containing compound 
was also detected in A. grandis. It  has the empirical 
formula C2HaNBrC1 and was tentatively identified by 
its mass spectral fragmentation to 2-bromo-2-chloro- 
aziridine, but alternative structures cannot be ruled 
out v4. 

Arthropod alkaloids, despite their relative paucity, 
are quite diversified, chemically as well as biologically. 
They can be of exogenous or endogenous origin. They 
are either found in specialized glands or present in the 
haemolymph. It  is noteworthy that in most cases the 
ecological role of these substances has been clearly 
established. 

Together with the possession of elaborate chemical 
communications, the great evolutionary and ecological 
success of arthropods (especially insects) seems to be 
linked with the great development of chemical 
defenses. Chemical deterrents seem to have played a 
similar role in regard to the success of plants (especially 
Angiosperms). Alkaloids in particular constitute a 
classical plant defense mechanism, to the extent that 
they were once considered to be exclusively vegetal 
metabolites. While it is estimated that alkaloids are 
produced by 1/6 95 to 1/15 96 of the Angiosperms, only a 
smalI number of alkaloids are encountered among the 
multitude of described arthropod ecomones. Indeed, 
their biosynthesis by arthropods has been demonstrated 
only in a few cases, and their distribution seems restrict- 
ed to a few families. Moreover, most of the great 
classical groups of plant alkaloids are until now con- 
spicuously absent in these animals. 
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