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The  techniques  for t he  tha l l ine  color tes t  and crys ta l  
tes ts  as out l ined  by  HALE 11 were  used. The  l ichen sub- 
s tances  were ex t rac ted  f rom tha l lus  t ips  w i th  warm 
acetone.  2 or  3 ex t rac t ions  of each  shock group and the  
cont ro l  were prepared  for each  reagent  used in the  
microcrys ta l  tests.  All of the  tes ts  for each cul ture  group 
were done in t i m e  sequence. The  slides were observed 
i m m e d i a t e l y  af ter  t he  reac t ion  and a t  per iodical  in tervals  
up to  6 mon ths  t ime.  The  react ions  were immed ia t e  and 
stable,  and no new substances  formed dur ing this  period. 

Results and discussion. Thal l i  of the  shocked lichens 
appeared  t an  to khak i  in color compared  to the  white  
color of the  cont ro l  lichens. The  noted  color change was 
observed several  days  af ter  shock. No  o ther  morphological  
changes were observed  in t he  shocked plants.  

The  tha l l ine  tes ts  were per fo rmed  on specimens con- 
sist ing of half  a l ichen tha l lus  and were observed under  
low magnif icat ions .  The  results  of the  thal lus tests agree 
w i t h  those  l is ted by  THOMSON s for C. impexa, There  
were no changes in t he  color tests  af ter  shock. 

The  results  of the  microcrys ta l  tests  were compared  
wi th  pic tures  and descript ions of crystal l ine acids as 
g iven  by  ASAHINA lZ, EVANS x3, HALE 11,1~ and THOMSON s. 
3 reagents,  namely ,  glycer in-acet ic  acid, 1:1 (GE), gly- 
cer in-95% alcohol-water ,  1 : 1 : 1 (GAW), and glycerin- 
a lcohol-ani l ine 2 : 2 : 1  (GAAn) gave  posi t ive  crystal  tes ts  
for al l  groups.  No crystals  were observed wi th  glycerin- 
alcohol-o-toluidine,  2: 2:1 (GAo-T), or  glycerin-alcohol-  
quinol ine,  2 : 2 : 1  (GAQ). The  results of c rys ta l  tes ts  are 
indica ted  in the  Figure.  Row 1 (A, E,  I) represents  crys- 
ta ls  occurr ing in the  control  lichens, row 2 (B, F, J) 
2 weeks post  shock, and rows 3 and 4 (C, D, G, H, K) 
5 weeks post  shock. All those in co lumn 1 were t rea ted  
ident ica l ly  wi th  G E  reagent,  whereas  those in co lumn 2 
were t rea ted  wi th  G A W  and co lumn 3 wi th  GAAn. 

ASAHINA'S microcrys ta l  tes ts  x2 are useful in deter-  
min ing  which substances occur  in the  thallus.  An a t t e m p t  
was made  to  s tandard ize  th is  t echn ique  in t he  present  
s tudy  by  holding the  slides one inch above  the  f lame and 
to  r emove  t h e m  as soon as a bubble  formed.  The  slides 
were air  cooled. 

The  p r e d o m i n a n t  acids  in the  control  were usnic and 
a t ranor ine .  I t  is possible t h a t  the  concent ra t ion  of these  
acids was depressed a f te r  shock, the reby  p e r m i t t i n g  the  
de tec t ion  of o the r  substances.  Perhaps  in the  p resen t  
s tudy,  var ious  reactions,  such as oxidat ions ,  recombina-  
t ions and o the r  react ions  15 were  in i t ia ted  by  shock. 
However ,  such substances  which  were observed af ter  
shock t r e a t m e n t  were  no t  observed  in the  controls  and 
are no t  typ ica l ly  found in C. impexa or p re sumab ly  
C. pacifica. C. pacifica mus t  con ta in  t he  same substance  
as C. impexa since appa ren t l y  there  is no con t r ad ic to ry  
in format ion  on this  l ichen. Therefore,  the  modif ica t ion  
in t he  crys ta ls  are  a t t r i bu t ed  to  shock t r e a t m e n t  le. 

Rdsumd. Une a u g m e n t a t i o n  rap ide  de  la pression pro-  
du isan t  c o m m e  une  rafa le  d ' a i r  dans  un tube  de  choc 
fi t  appara i t re  des subs tances  addi t ionel les  e t  des modif i -  
ca t ions  de couleur  dans  les ta l les  du l ichen Cladonia 
paci/ica. 
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Anthraquinone in Plant Surface Waxes 

The  mos t  a b u n d a n t  cons t i tuents  of t he  surface waxes  
of  p lan ts  are a t iphat ic  compounds,  for example  hydro-  
carbons,  esters, aldehydes,  ketones,  acids and alcohols  1. 
A l though  terpenoid  and steroidal  compounds  * are  present  
in some waxes,  few waxes are  known to con ta in  a romat i c  
s t ructures .  We  wish to repor t  the  occurrence of an thra -  
qu inone  in a cut icular  wax  [Lolium perenne L. (perennial  
rye  grass)]. 

Lolium perenne L. was grown in seed boxes under  
v a r y i n g  condi t ions  of l ight  and tempera ture ,  ha rves ted  
and ex t r ac t ed  wi th  chloroform to  r emove  the  surface 
w a x  (0.1-0.2% by weight  of the  freshly ha rves ted  grass). 
Separa t ion  of the  surface w a x  by  th in  layer  ch romato -  
g raphy  (TLC) on silica gel w i th  a solvent  of 5% die thyl  
e the r :  l ight  pe t ro leum (40-60°C) revealed a smal l  spot  
on v isua l iza t ion  wi th  dichlorofluorescein, of R f  0.16. 
This  f rac t ion was isolated by  p repara t ive  TLC, and GLC 
analysis  gave  a componen t  of re ten t ion  Index  (I) ~- 2150 
on 5% Apiezon L a t  235°; this componen t  had  I = 2430 
on 3% OV-17 a t  235 °. GLC analyses  a t  higher  t empera -  
tures  showed components  of greater  re ten t ion  indices 

present  in th is  fract ion,  and these  are  still under  invest iga-  
t ion.  

GC/MS de te rmina t ion  of t he  peak  wi th  re t en t ion  
Index  = 2150 on Apiezon L on an A E I / M S  902 gave  a 
pa ren t  ion a t  208 role and f ragments  a t  180, 152 and  
76 m/e, which suggested an thraquinone .  A sample  of 
au then t ic  an th raqu inone  was found to h a v e  s imilar  
chromatograph ic  character is t ics  to those  quo ted  above,  
and the  UV-spec t rum ()lma~ 252.5 nm, 264 nm, 273 nm, 
324 nm) of the  compound  f rom Lolium pevenne L. was 
ident ical  to  t h a t  of an thraquinone .  The  ex t inc t ion  coef- 
f icients  showed t h a t  an th raqu inone  accounts  for 0 .2% 
of t he  to t a l  wax.  

I n  addi t ion,  t he  I R - s p e c t r u m  of the  t o t a l  f ract ion,  
run  as a po tass ium bromide  disc, showed absorp t ion  a t  
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1678 cm -1 (C=O); 1589 and  1580 cm -1 (C=C a romat ic ) ;  
1330 cm -1, 1170 cm -1, 810 cm -1 and  695 cm -1 ident ica l  
to  t h a t  of a n t h r a q u i n o n e  w i t h  add i t i ona l  b a n d s  a t  720 cm -1 
and  730 cm -1 due  to  -(CH2) 4- and  a b road  abso rp t i on  
a t  3450 cm -1 (OH), ind ica t ing  the  presence  of o t h e r  
a l ipha t ic  componen t s .  

To ensure  t h a t  t he  a n t h r a q u i n o n e  was  no t  a con- 
t a m i n a n t ,  all so lvents  used were  careful ly  pur i f ied  a n d  
all a p p a r a t u s  and  f i l ter  pape r s  were washed  w i t h  pur i f ied  
so lven t  before  use. The poss ib i l i ty  t h a t  t he  a n t h r a q u i n o n e  
was  be ing  leached  f rom t h e  inner  t issues by  the  chloro-  
fo rm ex t r ac t ion  was  t e s t ed  by  d ipp ing  t h e  grass leaves  
for t e n  seconds whi l s t  ensur ing  t h a t  t he  cu t  ends  d id  n o t  
come in to  c o n t a c t  w i t h  t he  solvent .  This  is t he  accep ted  
p rocedure  for r emova l  of surface waxesa  and  the  a n t h r a -  
qu inone  was  found  in  th is  ex t rac t .  

A n t h r a q u i n o n e  has  been  i so la ted  f rom the  h e a r t w o o d  
Quebrachia lorentzii ~ b u t  i ts  p resence  in a cut icular  leaf 
w a x  has  no t  been  r epo r t ed  previous ly .  Our p re sen t  f ind ing  
and  t h e  occurrence  of a romat ic  hydroca rbons5  in b a n a n a  
leaf sugges t  t h a t  a romat ic  c o m p o u n d s  m a y  p l ay  an  
i m p o r t a n t  role in t he  leaf me tabo l i sm.  I t  has  been  widely  
accep ted  t h a t  cu t icu lar  waxes  p r e v e n t  UV- rad i a t i on  
d a m a g e  wi th in  the  leaf and  these  a romat ic  subs tances  
m a y  be the  U V  shie lding componen t s .  An a l t e rna t ive  
role for a n t h r a q u i n o n e  re la tes  to  t h e  p ro t ec t ion  of t he  
leaf  f rom insect  a t t ack .  5 - H y d r o x y  1,4 n a p h t h a q u i n o n e  
f rom the  t ree  Carya ovata dete rs  the  beet le  S¢olytus multi- 
striatus f rom feeding ~ and  NORRIS T has  sugges ted  t h a t  
c o m p o u n d s  w i t h  t he  necessary  redox  po ten t i a l  could 
en t e r  the  exposed  chemorecep to r s  of t he  beet le  and  block 

i ts  ox ida t ive  metabol ic  mechan i sms .  I t  m a y  be t h a t  
a n t h r a q u i n o n e  can also ac t  as an insect  repel lent .  W e  
have  failed to  f ind a n t h r a q u i n o n e  in a n u m b e r  of d icotyle-  
dons  and  in t end  to  compare  the i r  insect  d e t e r r e n t  capa-  
bi l i t ies  w i th  t h a t  of Lolium perenne L. 

Rdsumd. L ' a n t h r a q u i n o n e  a 6t6 ex t r a i t  pour  la p remiere  
lois de la cire cut iculai re  d ' u n e  p lante ,  le Lolium perenne 
L. Son ident i t6  a 6t6 confirm6e pa r  la spec t rom6t r ie  de 
masse,  la c h r o m a t o g r a p h i c  en phase  gaseuse e t  sur  l ames  
minces ,  la spec t rom6t r ie  infrarouge e t  u l t r av io le t t e  e t  sa 
ionc t ion  dans  la cire est  discut~e. 
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A N o v e l  Tetracyclic Sesquiterpene from the Oil of  O r e j u e l a  o f  C y m b o p e t a l u m  p e n d u l i f o r u m  (Dunal) 

'Orejuelas ' ,  t he  dr ied  pe ta l s  of Cymbopetalum penduli- 
/orum (Dunal) Baill. (Amonaceae) ,  are  w e l l  k n o w n  in 
m a n y  p a r t s  of Centra l  Amer i ca  and  are used in Guate-  
ma la  for f lavor ing pinol  and  o the r  beverages  1. Our in te res t  
in sesqu i te rpenes  led us to  examine  the  f r ag ran t  con- 
s t i t uen t s  of t he  petals .  A l i t e ra tu re  search revealed  the  
only  species in th is  fami ly  t h a t  had  been  s tud ied  was  
A noma senegalensis 2. 

F r o m  a pe t ro l eum e the r  ex t r ac t  of t he  pe ta l s  we have  
isolated a a t e t racyc l ic  sesqu i te rpene  h y d r o c a r b o n  1 con- 
s is t ing of abou t  60% of t he  s t e a m  volat i le  por t ion  of t he  
ex t rac t .  E l e m e n t a l  analys is  ind ica ted  an empir ica l  for- 
mula  of C15H,44. H igh  resolu t ion  mass  spect ra l  d a t a  
conf i rmed  the  formula.  An in tense  molecular  ion [M] + 204 
a n d  a base  peak  a t  [M-15]+ 189 were  observed  ~ suggest ive  
of a polycycl ic  sesqu i te rpene  s t ruc tu re  e. The  NMR-  
s p e c t r u m  ~ showed absorp t ions  a t  0.8 (s, 3H), 1.15 (s, 3H), 
0.7 (d, 3H), and  0.45 p p m  (m, 1H) a m o n g  others .  No 
v iny l  p ro tons  were  de tec ted .  F r o m  these  d a t a  we con- 
c luded  t h a t  1 con ta ined  a t  least  2 t e r t i a ry  m e t h y l  groups,  
1 secondary  m e t h y l  group and  1 cyc lopropyl  p ro ton .  The  
I R - s p e c t r u m  8 showed abso rp t ions  charac te r i s t ic  of a 
s a t u r a t e d  hydroca rbon .  No UV-abso rp t i on  above  220 n m  
was  observed .  Chemical  ev idence  t oward  unrave l ing  t h e  
s t ruc tu r e  of 1 suppor t ed  spect ra l  da ta .  The  c o m p o u n d  
was  r e s i s t an t  to  ca ta ly t i c  hydrogena t ion ,  could no t  be 
oxid ized  by  perbenzoic  acid and  showed  a fa in t  yel low 
color w i th  t e t r a n i t r o m e t h a n e  0. The  exis tence  of a ca rbon-  
ca rbon  double  b o n d  was  ruled out  b y  the  spect ra l  and  
chemica l  evidence.  Thus  1 con ta ined  4 r ings of which  
a t  leas t  one m u s t  be cyclopropyl .  

W h e n  1 was  re f luxed  w i t h  cupric  ace ta t e  in glacial 
acet ic  acid i somer iza t ion  occurred to  p roduce  c o m p o u n d  2. 
P r e p a r a t i v e  gas l iquid  c h r o m a t o g r a p h y  (GLC) was used 
to  pur i fy  t he  mater ia l .  Mass spect ra l  analys is  ind ica ted  
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