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Chromatographic Isolation of Monofluoroacetic 
Acid from Palicourea marcgravii St. Hil 

' E r v a  de t a r o '  ( ra t  weed),  Palicourea marcgravi i  ( Rub i a -  
ceae) whose  n a t u r a l  h a b i t a t  is mo i s t  wood land ,  is a s h r u b  
found  in  severa l  Braz i l i an  S t a t e s  1. I t  h a s  long  been  k n o w n  
as one  of t he  mos t  toxic  p l a n t s  of ou r  pas tu res ,  a l t h o u g h  
i ts  ac t ive  pr inc ip le  h a d  no t  p rev ious ly  been  ident i f ied .  
The  p re sen t  no te  deals  w i t h  t he  i so la t ion  of t h e  s u b s t a n c e  
m a i n l y  b y  c h r o m a t o g r a p h i c  m e t h o d s ,  a n d  i ts  iden t i f i ca -  
t i on  as monof iuoroace t i c  acid.  

Di f f icu l ty  was  expe r i enced  in i t i a l ly  in  t h e  biological  
de t ec t i on  of t he  ac t ive  p r inc ip le  because  t h e  res idues  ob-  
t a i n e d  b y  t h e  v a c u u m  e v a p o r a t i o n  of f r ac t ions  e lu t ed  
f rom b o t h  c o l u m n  a n d  p a p e r  c h r o m a t o g r a m s  no  longer  
showed  a n y  ac t iv i ty .  Th i s  f ind ing  a n d  t h e  f ac t  t h a t  t h e  
ac t ive  pr inc ip le  was  r e t a i n e d  on  M u m i n a  led us  to  be l ieve  
i t  m i g h t  be  a vo la t i l e  acid 2. Moreover ,  b iological  a s says  
on  guinea-pigs ,  us ing  a n  aqueous  e x t r a c t  of t h e  p l a n t  or  
t he  pur i f ied  subs t ance ,  showed  resu l t s  t y p i c a l  of a n i m a l s  
i n t o x i c a t e d  b y  organ ic  f luor ine  c o m p o u n d s  3. 

Exper imen t s  and  Results.  T he  p l a n t  ma te r i a l ,  cons i s t ing  
of leaves,  was  dr ied  a t  r o o m  t e m p e r a t u r e ,  g r o u n d  a n d  ex- 
t r a c t e d  in a soxh le t  w i t h  95% e t h a n o l  for  36 h. Af t e r  
v a c u u m  c o n c e n t r a t i o n  the  ch lo rophy l l  a n d  l iposoluble  
subs t ances  were  e x t r a c t e d  w i t h  c a r b o n  t e t r ach lo r ide  a n d  
e ther .  The  aqueous  so lu t ion  was aga in  c o n c e n t r a t e d  to  a 
t h i c k  pas te ,  m ixed  w i t h  silica gel a n d  dried.  T h e  whole  was  
t h e n  t r a n s f e r r e d  to  t he  t op  of a silica gel c o l u m n  a n d  
c h r o m a t o g r a p h e d  w i t h  inc reas ing  a m o u n t s  of m e t h a n o l  
in  ch loroform.  T h e  f r ac t ions  were neu t r a l i z ed  w i t h  d i lu t e  
N a O H  a n d  g iven  ora l ly  to  guinea-pigs .  T h e  50% a n d  80% 
m e t h a n o l  f r ac t ions  c o n t a i n e d  t he  biological  a c t i v i t y .  
These  f r ac t ions  were c o m b i n e d  a n d  r e c h r o m a t o g r a p h e d  
on  cellulose w i t h  n - p r o p a n o t - e t h y l  a c e t a t e - w a t e r  (7 : 1 : 2 
b y  vo lume) .  

A second e x t r a c t i o n  p rocedu re  4 i n v o l v e d  r e m o v M  of t h e  
ch lo rophy l l  a n d  l ipids  fol lowed b y  ac id i f i ca t ion  w i t h  sul- 
fur ic  ac id  a n d  e t h e r  e x t r a c t i o n  in  a l i qu id - l i qu id  ex t rac -  
tor .  Af te r  20 h t h e  aqueous  so lu t ion  was  no  longer  ac t ive .  
The  e t h e r  e x t r a c t  was  n e u t r a l i z e d  w i t h  aqueous  K O H ,  t h e  
p o t a s s i u m  sa l t  so lu t ion  was e v a p o r a t e d  on  a w a t e r b a t h  
and  the  res idue  c h r o m a t o g r a p h e d  on  a cel i te  c o l u m n  us ing  
ch lo roform c o n t a i n i n g  5 %  v / v  b u t a n o l  5. T h i s  m e t h o d  of 
pur i f i ca t ion  was chosen  i n s t ead  of f r ac t iona l  d i s t i l l a t i on  4 
owing to  t h e  smal l  a m o u n t  of m a t e r i a l  ava i lab le .  T he  
course of t i t r a t i o n  of t h e  tox ic  f r ac t i on  w i t h  0.05 N N a O H  
is shown in  t he  Figure .  

The  same  e lu t ion  b a n d  on  a cel i te  c o l u m n  us ing  
c h l o r o f o r m - n - b u t a n o l  as s o l ven t  was  o b t a i n e d  w i t h  t h e  
ac t ive  f r ac t ion  f rom t h e  powdered  cellulose c o l u m n  
descr ibed above .  

Qualitative Tests. Monof luoroace t i c  ac id :  (a) t e s t  for  
acid c o m p o u n d s  w i t h  i o d i d e - i o d a t e  m i x t u r e :  pos i t ive  (6  
p. 117, (b) t e s t  w i t h  l a n t h a n u m  a n d  iod ine :  pos i t ive  (6  p. 
369), (c) de t ec t ion  of benzene - so lub le  c o m p o u n d s  (wi th  
r h o d a m i n e  B plus  u r a n y l  a c e t a t e ) :  pos i t ive  (*, p. 121). 

F l u o r i n e :  (a) chromic-su l fu r ic  ac id :  pos i t ive  (~, p.  92), 
(b) m o l y b d e n u m  b lue :  pos i t ive  7, a f t e r  a lka l ine  fusion.  

These  same  t e s t s  were  pos i t ive  in  a n  aqueous  so lu t ion  
o b t a i n e d  b y  t h e  t r e a t m e n t  of a sma l l  s ample  of t h e  ac t ive  
s u b s t a n c e  w i th  c o n c e n t r a t e d  su lphur i c  ac id  a n d  s u b m i t t e d  
to  v a c u u m  dis t i l la t ion,  t he  d is t i l la te  be ing  rece ived  in  
wate r .  This  so lu t ion  was also biological ly  ac t ive .  

Paper  chromatography analysis  (RI). (a) A m m o n i u m  
sa l t s  used : 

FAc.  Subs.  

n - p r o p a n o l / e t h y l  a c e t a t e / w a t e r  (7 : 1 : 2) 0.34 0.33 s 
~¢-butanol /aqueous N H  a 1 ,5N  (1 : 1) 0.087 0.083 9 

(b) H y d r o x a m i c  ac ids :  

Subs.  FAc.  (lit.) FAc.  Ac. Ac. (lit.) 

A 5% N H  a 10 0.40 0.37 0.40 0.56 0.59 
A 1~/o N H  3 ~0 0.55 0.53 0.53 0.69 0.67 
B 10 0.70 0.70 0.70 0.53 0.54 
C 11 0.28 0.30 0.52 0.50 

A -  95% E t h a n o l  (wi th  a d d e d  base  as i nd i ca t ed  ca lcu-  
l a t ed  as  NH3) (pyr idine)  w a t e r  (3 : 1 : 1). B = D i o x a n /  
ace t i c  ac id  (4:1) .  C = n - P r o p a n o l / a m m o n i u m  c a r b o n a t e  
so lu t ion  (2:1) .  F A c =  F luoroace t i c  acid.  A c = A c e t i c  
acid.  

Potas s ium  mono/luoroacetate~. T h e  p o t a s s i u m  s a l t  of 
t h e  tox ic  acid,  o b t a i n e d  b y  n e u t r a l i z a t i o n  of f r ac t ions  
f r o m  t h e  cel i te  c o l u m n  desc r ibed  above ,  was  f u r t h e r  pur i -  
f ied t h r o u g h  a cel lulose c o l u m n  us ing  n - p r o p a n o l  ( e thy l  
ace ta t e )  w a t e r  as so lvent ,  f r ac t ions  of 0.7 m l  b e i n g  col- 
lec ted  each  ha l f  a n  hour .  T h e  f luo roace t a t e  c o n t a i n i n g  
f r ac t ions  were e v a p o r a t e d  on  w a t e r b a t h  a n d  r ec rys t a l -  
l ized f rom m e t h a n o l - e t h e r  as needles  m.p.  209 °, w i t h  de-  
compos i t ion .  ( F o u n d :  C, 20.64; H,  2.07; F, 16.70; 
FC~H202K requ i res :  C, 20.68; H,  1.74; F, 16.36) ~*. 

p-Nitrobenzyl/ luoroacetale.  T r e a t m e n t  of a n  aqueous  
m e t h a n o l i c  so lu t ion  of t h e  p o t a s s i u m  sa l t  (100 mg) w i t h  
p - n i t r o b e n z y l b r o m i d e  (90 mg) fol lowed b y  re f lux ing  for  
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2 h, gave  on  cool ing in  ice p - n i t r o b e n z y l f l u o r o a c e t a t e  
m.p .  64 -72  °, w h i c h  a f t e r  two  rec rys t a l l i za t ions  f rom 
e t h a n o l  m e l t e d  a t  72-74 ° (lit. m.p .  73-74 ~) l a  Q u a l i t a t i v e  
t e s t  for F was pos i t ive  w i t h  t h i s  ma te r i a l .  

Biological tests. Biological  tes ts ,  oral  a n d  in t r ape r i -  
t o n e a l  a d m i n i s t r a t i o n  to  guinea-pigs ,  were  ca r r i ed  o u t  
t h r o u g h o u t  t h i s  w o r k  to  fol low t o x i c i t y  of t h e  severa l  
s teps .  W h e r e v e r  su lphu r i c  acid was  p r e s e n t  i t  was  el imi-  
n a t e d  w i t h  b a r i u m  c a r b o n a t e  14. 

Rdsumd. Nous  a v o n s  utilis6, de prdfdrence,  des m6- 
rhodes  c h r o m a t o g r a p h i q u e s  pou r  isoler le p r inc ipe  ac t i f  
de Palicourea marcgravii St. Hil .  (Rubiaceae) ,  u n  v6g6ta l  
e x t r 6 m e m e n t  t ox iques  des  pAturages  du  ]3r6sil. Ce p r in -  

cipe a 6t6 identif i~ c o m m e  6 t a n t  l ' ac ide  monof luo ro -  
acdt ique .  
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F 6 r d e r u n g  d e r  P - A u f n a h m e  v o n  

B o h n e n p f l a n z e n  d u r c h  K i n e t i n  

D u r c h  A r b e i t e n  y o n  ~[OTHES e t  al. 1 w a r  b e k a n n t  ge- 
worden ,  dass  K i n e t i n  v o n  e n t s c h e i d e n d e m  Einf luss  au f  die 
V e r l a g e r u n g  yon  Aminos i iu ren  in  a b g e t r e n n t e n ,  u n b e w u r -  
ze l ten  B l i i t t e rn  v o n  Nicotiana rustica ist.  O f f e n b a r  s t e h t  
seine W i r k u n g  in  Z u s a m m e n h a n g  m i t  Vorg~tngen de r  Ei-  
we igsyn these .  Dies  geh t  v o r  a l l em d a r a u s  he rvo r ,  dass  
Ch lo ramphen ico l ,  welches  die E i w e i Bs yn t he s e  u n t e r -  
b inder ,  a u c h  die  ~Virkung des K i n e t i n s  au f  d e n  A m i n o -  
s~ iuren t ranspor t  i n n e r h a l b  de r  Bl~it ter  zu den  Syn these -  
o r t e n  h in  abschwRch t  bzw. u n t e r b i n d e t  (MoTHES2). S t e h t  
somi t  das  K i n e t i n  e inerse i t s  im  Z u s a m m e n h a n g  m i t  der  
E iweiBsynthese ,  die Nii&rstoffe ben6 t ig t ,  ande re r se i t s  a b e t  
a u c h  m i t  T r a n s p o r t l e i s t u n g e n ,  welche  benOt ig te  Baus to f f e  
he r anscha f f en ,  so lag es nahe ,  d ie  F r a g e  zu prfifen,  inwie-  
wef t  diese W i r k u n g e n  des  K ine t i n s ,  die es b e i m  Auf-  
b r i n g e n  auf  B l i i t t e r  ausf ib t ,  s ich au f  die Ni ihrs tof fauf -  
n a h m e  de r  P f l a n z e n  d u r c h  die W u r z e l n  auswi rken  k6nnen .  

U m  eine ers te  O r i e n t i e r u n g  zu erm/Sglichen, w u r d e n  
zwei Versuche  m i t  a n a l o g e r  V e r s u c h s a n s t e l l u n g  durchge-  
f i ihr t ,  be i  we l chen  10 Tage  al te ,  au f  B o d e n  gezogene 
P f l a n z e n  y o n  Vicia/aba de r  Xgypt i schen  Sor te  ~,Rebaya 
34 ,  (ira Z w e i b l a t t s t a d i u m )  in  ~Vasserku l tu r  f iber f t ih r t  
w u r d e n  u n d  zwar  e n t w e d e r  in  des t i l l i e r tes  W a s s e r  ode r  in  
K i n e t i n l S s u n g e n  de r  in  Tabel le  I a n g e g e b e n e n  K o n z e n t r a -  
t ionen .  Die in  des t i l l ie r tes  W a s s e r  g e b r a c h t e n  P f l a n z e n  er- 
h i e l t e n  eine S p r i t z u n g  m i t  den  g le ichen K i n e t i n l 6 s u n g e n ,  
u n d  zwar  die zu j ede r  Ver suchs re ihe  g e h 6 r e n d e n  10 
P f t a n z e n  i n s g e s a m t  10 m l  Spr i t z l6sung ,  t ier  a u s s e r d e m  
0,05 % eines hande l s f ib l i chen  N e t z m i t t e l s  be i gem i s ch t  war .  
Zwei Tage  n a c h  de r  S p r i t z u n g  bzw.  n a c h  U be r f f i h r en  in  
die K i n e t i n l b s u n g  w u r d e n  die P f l a n z e n  in e ine v e r d f i n n t e  

K n o p s c h e  N ~ h r l 6 s u n g  i iberf t ihr t ,  v o n d e r  9 1 m i t  2,25 mC 
a2p m a r k i e r t  waren .  Die N i i h r s t o f f a u f n a h m e  e r fo lg t  in  
grossen,  70 ml  Nii&rl6sung e n t h a l t e n d e n  Reagenzg i~se rn ,  
in  d e r e n  }edes zwei P f l a n z e n  e ingese t z t  waren .  N a c h  4 h 
w u r d e n  die P f i a n z e n  gee rn te t ,  B l£ t t e r ,  S tengel  u n d  W u r -  
zeln g e t r e n n t .  L e t z t e r e  w u r d e n  m e h r f a c h  m i t  Le i tungs -  
wasser  gewaschen.  N a c h  T r o c k n u n g  u n d  ansch l i e s sender  
nasse r  V e r a s c h u n g  wurde  in  den  e inze lnen  P f l a n z e n t e i l e n  
de r  w~ihrend 4 h a u f g e n o m m e n e  r a d i o a k t i v e  P h o s p h o r  im 
Flf issigkei tsz~thlrohr gemessen.  J edes  Versuchsg l i ed  u m -  
fass te  10 Pf lanzen ,  v o n  d e n e n  je  zwei z u s a m m e n  ve ra r -  
b e i t e t  u n d  gemessen  wurden .  

Die Ergebn i s se  s ind  in Tabel le  I u n d  I [  z u s a m m e n g e -  
fass t ;  die Zah len  s te l len  Mi t t e lwe r t e  aus  5 P a r a l l e l b e s t i m -  
m u n g e n  dar .  Sie zeigen, dass  die m i t  s t e i g e n d e n  M e n g e n  
K i n e t i n  v o r b e h a n d e l t e n  P f l a n z e n  s ich gegens~itzlich ve r -  
h ie l ten ,  je  n a c h d e m ,  ob  die Sprosse  ode r  die VV'urzeln u n t e r  
de r  E i n w i r k u n g  yon  K i n e t i n  g e s t a n d e n  h a t t e n .  I n  b e i d e n  
V e r s u c h e n  n a h m  die 3~P-Aufnahme de r  G e s a m t p f l a n z e  
bei  K i n e t i n g a b e n  yon  m e h r  als 1,0 rag/1 m i t  s t e igenden  
K i n e t i n k o n z e n t r a t i o n e n  ab,  w e n n  das  K i n e t i n  f iber  die 
W u r z e l n  v e r a b r e i c h t ,  das  he i ss t  de r  Ni th r l6sung  zugese tz t  
w o r d e n  war .  Dagegen  n a h m  n a c h  V o r b e h a n d l u n g  de r  
Sprosse  m i t  K i n e t i n  die  a~P-Aufnahme d e r  G e s a m t p f t a n z e  
aus  de r  N i ih r lb sung  be i  K i n e t i n g a b e n  y o n  m e h r  als 1,0 
mg/ I  m i t  s t e igenden  K i n e t i n g a b e n  bei  V e r s u c h  1 wenig,  
bei  Ver such  2 sehr  s t a r k  zu. K i n e t i n g a b e n  y o n  0,1 mg] l  
ze ig ten  eine gegens~itzliche T e n d e n z :  sie e r g a b e n  bei  Ver -  
a b r e i c h u n g  d u r c h  die W u r z e l  e ine ger inge  F 6 r d e r u n g  d e r  

X K. MOTIIES, L. ENGELBREEIIT und O. RULAJEWA, Flora (Jena) 147, 
446 (1959). 
K. MOTtlES, Naturwissensehaften 15, 337 (1960). 

Tabelle I. Aufnahme yon 32p durch die XYurzel mit Kinetin vorbehandelter Pflanzen in die Gesamtpflanze bzw. die Pflanzenteile yon Vicia 
laba. Impulse (cpm) je g Trockenmasse 

Versuch 1: 
Kinetin fiber die Wurzeln verabreicht fiber das Blatt verabreicht 
rag/1 

Summe Wurzela , Stengel Blfitter Summe Wurzeln Stengel B1Atter 

0 89692 76874 10096 2722 101770 89104 9268 3398 
0,1 98014 84921 10334 2759 97064 84103 7545 5116 
1,0 81032 68410 7801 4821 109963 9t 489 11430 7 044 

10,0 75 048 60714 10253 4 081 113 804 95678 11288 6 838 
20,0 59398 46110 11201 2087 I19904 98534 12002 9368 
30,0 55 011 41 176 11848 1987 128166 102 513 14110 11543 


