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0.85. Samples of the  synthe t ic  glycosides thus  prepared 
were subjected to acid and enzymat ic  hydrolysis,  quant i -  
t a t i ve  de te rmina t ion  of the  sugar residues wi th  3:5 di- 
ni trosal icylic  acid ~ and of medicagenic  acid lo. A 1:3 
(w/w) rat io of glucose to medicagenic  acid was found in 
the acid hydro lysa te  of the saponins which has incorpo- 
ra ted  monosugars,  whereas a 1:1.5 (w/w) rat io  was found 
for those which had employed disugars, indicat ing the  
a t t achemen t  to medicagenic  acid of ei ther  a monosugar  
or a disugar, as expected.  Yeas t  e-glucosidase was ineffecti- 
ve  in a t t empt s  to cleave the  glucosidic bond between sugar 
and aglycone. On the  o ther  hand, incubat ion  wi th  a lmond 
fi-glucosidase resulted in the  l iberat ion of medicagenic  
acid f rom the  synthet ic  saponins. Dur ing the  synthesis  
of the  saponins, no a t t e m p t  was made  to block the  axial  
2/%hydroxy group of medicagenic  acid, since steric inter-  
ference would make  subs t i tu t ion  a t  this posi t ion v i r tua l ly  
impossible.  

The haemoly t i e  and fungis ta t ic  ac t iv i t ies  of the  synthe-  
t ic  glycosides as compared  to the  na t ive  lucerne saponin 
and medicagenic  acid were assayed wi th  ram red blood 
cells and wi th  the  fungus Sclerotium rol/sii Sacc. As 
shown in the  Table,  the  fungis ta t ic  ac t iv i t ies  of the  synthe-  
t ic  saponins are s imilar  to each o ther  and in the  same 
order of magni tude  as t h a t  of the  na t ive  lucerne saponin. 
The fungis ta t ic  ac t iv i ty  of the  glycosides is less than  tha t  
of the  aglycone-medicagenic  acid itself. As for haemoly t i c  
act ivi ty ,  in this  instance medicagenic  acid is less haemo-  
Iytic t han  its glycosides, bu t  the  act ivi t ies  of all the  gly- 
cosides, the  na t ive  as well as the  synthe t ic  ones, are ve ry  
s imilar  to each other.  

Thus it  seems safe to conclude t h a t  as long as the  
carbohydra te  moie ty  of the  synthet ic  glycosides is 
composed of 1 or 2 hexoses, and does no t  in t roduce  
ex t reme changes in some properties,  e.g., solubi l i ty  of the 
glycoside in biological media,  i t  will  have  no considerable 
effect on its biological act ivi tes.  A reasonable in terpre t  a- 
t ion of the  results given in the  Table  would be tha t  wi th  

regard to Iungis ta t ic  ac t iv i ty  the  ex ten t  of solubi l i ty  
of medicagenic  acid in the  cul ture  med ium is op t imal  for 
exer t ing its growth- inhib i t ing  ac t iv i ty .  By  conver t ing  
i t  ~o a glycoside, i ts lypophyl ic  na tu re  is changed to a 
more hydrophyl ic  one, thus  interfer ing wi th  its access to 
the  l ipid const i tuents  of the  cell membrane  and conse- 
quen t ly  the  glycosides will  have  a lesser ac t iv i ty  than  the  
aglycone. On the  o ther  hand, the  haemoly t ic  ac t iv i ty  of 
saponins is measured on washed red blood cells in isotomic 
buffer solutions, i.e., not  in thei r  na tura l  medium.  In  
this case the  solubi l i ty  of the  glycoside in the  buffer  seems 
to be of a greater  impor tance  than  its in te rac t ing  abi l i ty  
wi th  membrane  const i tuents .  As the  solubi l i ty  of medic-  
agenic acid in this med ium is considerably smaller  then  its 
corresponding glycoside, its ac t iv i ty  will be less than  tha t  
of the  glycosides. 

Zusammenfassung. Synthet ische  Glycoside der Medi- 
cagens/iure wirken fungis ta t isch nnd hgmolyt i sch  im 
gleichen Ausmass wi t  das natt ir l iche Luzerne-Saponin  
und unbeeinf lusst  yon der Na tu r  des Zuckers in den 
Glycosiden. Der  h~Lmolytische Index  der Medicagen- 
s~iure ist geringer, die fungistat ische Wi rkung  derselben 
aber  etwas hhher  als diejenige der  Glycoside, was mi t  der 
geringeren "Wasserl6s]ichkeit der Medicagens{iure erkl~trt 
werden kann.  
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5-Methyl-3-Butyl -Octahydroindol iz ine ,  a Novel 
(Monomorium pharaonis (L.) 

The tropical  Pharaoh ' s  ant, Monomorium pharaonis 
L., is a pest  in heated  buildings, bakeries, etc, in m a n y  
non-tropical  countries.  Especia l ly  in hospitals  i t  is a 
th rea t  to public  health.  A recent  inves t iga t ion  1 in 9 
Bri t ish hospitals  of these insects '  long-s tanding infesta- 
t ions showed tha t  t hey  carry  pathogenic  bacteria,  have  
the  capaci ty  to t r ansmi t  disease and are able to enter  
even highly  sophist icated isolation units. The small  
worker  ants  can find their  way  through minu te  holes, 
even th rough  bandages.  Their  nests, conta in ing the  
queens, are most ly  hidden at  places where they  can 
hard ly  be found. The usual means to control  ants  in houses 
fail when applied to Pharaoh ' s  ants, especially in long- 
s tanding infestations.  I t  is therefore impor t an t  to detect  
any infestat ion a t  an early stage. 

This  p rompted  us to look for new ways  to detect  and 
control  Pharaoh ' s  ants  by  apply ing  the  chemical  signals 
they  use for t r ansmi t t ing  informat ion  (semiochemicals 2) 
par t icular ly  those used for communica t ion  wi th in  a 
species (pheromones).  

Pharaoh ' s  ants  are known to produce a re la t ive ly  
pers is tent  odour  trail  3. Our pre l iminary  exper iments  
showed tha t  the  ants  follow a t ra i l  made  from a hexane 
ex t rac t  of paper  strips t aken  f rom their  rearing-boxes.  
Only in 1 ant  species, Atta texans, has a t rai l  pheromone 

Type of Pheromone Attractive to Pharaoh's  Ants 

been ident if ied:  methyl-4-methylpyrrole-2-carboxyla te~.  
The ac t iv i ty  of the  paper  ex t rac t  could also be demon-  

s t ra ted by a choice test, s imilar  to the  bioassay, described 
below. After  75 workers had been released in the  dish 
(Figure), wi th in  15 min  55 of t h e m  assembled in the  tube 
conta ining a paper  str ip impregna ted  wi th  the  extract ,  
and only 15 in the  tube  conta ining blank paper.  

In  order to isolate the  re levant  pheromone(s) di rect ly  
f rom the  insects, t hey  were mass-reared as described by 
BUSCHINGER 5. Abou t  6,000 worker  ants  (1 g) were 
homogenized and ext rac ted  wi th  about  10 ml  of CH2C12. 
The ex t rac t  was subjected to gaschromatography  (GLC) 
on 5% OV-17 a t  120~ and fract ions of the  eff luent  were 
collected in capi l lary tubes. To de termine  specific 
biological activit ies,  and moni to r  fur ther  isolation and 
puri f icat ion procedures,  the  bioassay shown in the 
Figure  was used. 
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In  t h i s  choice test ,  t h e  s ample  is app l ied  even ly  over  
t he  surface  of a p a p e r  s t r ip  of 10 • 0.4 cm, w h i c h  is t h e n  
i n t r o d u c e d  i n to  1 of 2 t u b e s  c o n n e c t e d  in  a V- shape  to  a 
dish.  The  o t h e r  t u b e  c o n t a i n s  a b l a n k  s t r ip .  I n  t h e  dish,  
25 worker  an t s  are  re leased and,  d u r i n g  15 m i n  in  each  of 
t he  tubes ,  t he  an t s  are  c o u n t e d  eve ry  rain.  The  differ-  
ences b e t w e e n  t h e  ave rage  n u m b e r s  p r e sen t  in  each  of t h e  
t u b e s  are used  as a measu re  of ac t iv i ty .  

This  a c t i v i t y  was 5.8 for 10 IA of t he  c rude  e x t r a c t  of t h e  
insects .  Af te r  i n j ec t i on  on t h e  OV-17 co lumn,  h igh es t  
ac t iv i t i e s  (8.0, 7.4 a n d  8.6) were  found  in f r ac t ions  1, 4 
a n d  7, co r r e spond ing  w i t h  r e t e n t i o n  t imes  of 6.4-8.4,  
14.1-18.4, a n d  33.2-48.6 rain,  respect ive ly .  As t he  f i r s t  
f r ac t ion  showed on ly  1 peak ,  r e p r e s e n t i n g  a b o u t  0.25 Fg ,  
t h e  i so la t ion  a n d  iden t i f i ca t ion  of t h i s  c o m p o u n d  was 
a t t e m p t e d  first .  Th i s  was  done  b y  f u r t h e r  pu r i f i ca t ion  of 
c o m b i n e d  s imi la r  f r ac t ions  b y  GLC on  5% D E G S  an d  
5% OV-101 co lumns ,  a n d  d e t e r m i n a t i o n  of MS, I R -  an d  
N M R - s p e c t r u m .  

The  pur i f ied  c o m p o u n d  showed an  a c t i v i t y  of 10.2 for 
0.25 ~,g a n d  13.5, for 3.0 ~xg. I t s  K o v a t s  R e t e n t i o n  Ind ices  
were 1596, 1380 a n d  1345 on  t he  D E G S ,  OV-17, an d  
OV-101 co lumns ,  respect ive ly .  

The  mass  spec t rum,  d e t e r m i n e d  b y  c o m b i n e d  GC/MS 
us ing  severa l  t y p e s  of a p p a r a t u s ,  showed  a h ighes t  m/e 
va lue  of 195. Moreover ,  p e a k  m a t c h i n g  revea led  t h a t  th i s  
co r re sponded  w i t h  an  e l e m e n t a r y  fo rmu la  of C~aH~sN. 
A s s u m i n g  t h i s  to  be  t h e  p a r e n t  peak ,  t he  c o m p o u n d  h a d  

to  be  a s a t u r a t e d  bicycl ic  one, as t h e  o t h e r  spec t ra l  d a t a  
a n d  h y d r o g e n a t i o n  e x p e r i m e n t s  showed  absence  of 
doub le  bonds .  T h e  n i t r o g e n  is b o u n d  to  be  p r e s e n t  in  a 
t e r t i a r y  amine ,  because  t h e  I R - s p e c t r u m  showed no  
b a n d s  t y p i c a l  for N H -  or NH~-groups.  

A p e a k  found  a t  role -- 194 (M-H),  wh ich  is h i g h e r  
t h a n  t h e  p a r e n t  p e a k  in t h e  mass  spec t rum,  is cha rac t e r -  
is t ic  of a n i t r o g e n - c o n t a i n i n g  r ing.  P r o m i n e n t  peaks  
were found  a t  m/e = 180 (M-CHa) a n d  m/e = 138 (base 
p e a k ;  M - C , H  9, conf i rmed  b y  a m e t a s t a b l e  t r ans i t i on ) .  
Th i s  is i n d i c a t i v e  of a m e t h y l  a n d  a b u t y l  g roup  a t t a c h e d  
to  t h e  c~-C a toms ,  as f r a g m e n t a t i o n  of a m i n e s  in  t h e  mass  
s p e c t r o m e t e r  is d o m i n a t e d  b y  f iss ion of a - C - C  bonds .  

I n d e e d  t h e  N M R - s p e c t r u m  (solvent  CDCla) showed  2 
m e t h y l  groups  ( t r ip le t  a t  6 0.88, CHa-CH2;  d o u b l e t  a t  

1.18, C H a - C H - N  ) a n d  moreove r  3 CH groups  a d j a c e n t  
to  N (broad  1 p r o t o n  s ignals  a t  d 2:13; 6 2.27, CH-CHa,  
conc luded  f rom a sp in -decoup l ing  e x p e r i m e n t ;  ~ 2.52). 

All  these  d a t a  t o g e t h e r  are m o s t  c o n s i s t e n t  w i t h  
indol iz ine  de r iva t i ve s  (I) a n d  (II), wh ich  b o t h  are 
u n k n o w n  in t h e  chemica l  l i t e ra tu re .  

nC4H9 CH 3 CH 3 nC4H9 

(i) (~) 

To syn thes ize  (II), 4 - a m i n o o c t a n a l  d i e thy l ace t a l  was  
condensed  w i t h  d i e thy l  3 -oxo-g lu ta ra te  a n d  e t h a n a l  
to  yie ld  5 -me t h y l -3 -b u t y l -6 ,8 -d i ca rb e t h o x y -7 -o x o -o c t a -  
hydro indol iz ine ,  wh ich  was s u b s e q u e n t l y  saponif ied,  
d e c a r b o x y l a t e d  a n d  reduced  to (II). On GLC i t  appea red  
to c o n t a i n  a n u m b e r  of c o m p o n d s  a m o n g  w h i c h  severa l  
i somers  of t h e  p h e r o m o n e  ( d e m o n s t r a t e d  b y  GC/MS). One 
of t h e m  showed iden t ica l  r e t e n t i o n  t ime,  MS a n d  I R -  
spec t r a  as t h e  i so la ted  p h e r o m o n e  an d  was  b io logica l ly  
act ive .  A n a l y t i c a l  de ta i l s  will  be  p u b l i s h e d  e lsewhere  6. 

Th i s  is p r o b a b l y  t h e  f i r s t  t i m e  t h a t  a p h e r o m o n e  w i t h  a n  
indol iz ine  ske le ton  h a s  been  f o u n d .  Two c o m p o n e n t s  
p r e s en t  in o the r  GLC f rac t ions  f rom t h e  a n t ' s  e x t r a c t  
h a v e  also been  isolated,  a n d  t h e i r  s t r u c t u r e s  pa r t i a l l y  
e luc ida ted .  The i r  e l e m e n t a r y  fo rmulae  are  ClaH2vN a n d  
C15H29N. F u r t h e r  de ta i l s  on  these  compounds ,  on t h e  
s t e r eo ch emi s t ry  of (II)  a n d  on  biological  aspec ts  wilI be  
p u b l i s h e d  elsewhere.  

Zusammen/assung. Aus A r b e i t e r i n n e n  der  Ameise  
Monomorium pharaonis (L.) wurde  5 -Methy l -3 -bu ty l -  
oc t ahyd ro indo l i z in  isoliert .  Dieses P h e r o m o n  i ib t  eine 
s t a rke  L o ck s t o f fw i rk u n g  auf  die A r b e i t e r i n n e n  dieser  
A m e i s e n a r t  aus. Die S t r u k t u r  wurde  d u r c h  Spek t ra l -  
ana lyse  u n d  Syn these  aufgeklgr t .  Unse res  Wissens  is t  
dies das  ers te  P h e r o m o n  aus  I n s e k t e n  m i t  d e m  Indol i -  
zingeri is t .  
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