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PHOSPHONIC ANALOGUES OF YIORPHACTINES 
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PRZEMYSWLW MASTAU32 , JAN SYLWFSTER WIECZOREK , 
I n s t i t u t e  of Organic and Physical Chemistry ,Technical 
University of Wrockaw,50-370 WrocZaw,Poland 

& h I I T A  PRZYBYLKA w d  WITOLD CZERmSKI 
I n s t i t u t e  of Plant Biology and Biophy sics,Agricultural  Academy, 
50-375 woo 2aw , Poland 

Abstract Derivativee of 9-aminofluorene-9-phoaphonic ac id  
and 9-aminofluorene-9-phoaphhoxidea, the  phosphonio analogues 
of morphactines,were synthesized.Al1 the obtained compounds 
showed marked morphactin-like a c t i v i t y  against  test plants:  
Spirodela 61iROrrhiZa and Lepidium sativum. 

1 Derivatives of fluorenecarboxylic acid l,known as morphactines , 
appear t o  be one of the most interest ing,synthet ic  plant growth regu- 
l a t o r s  .They show strong influence on p lan t  morphogenesis and develop- 

ment ,and usually exhibit  synergism with known herbicides o r  natural  

plant  hormones. 

QD H COOH 

Studying the e f fec t  o f  replacement of carboxylio moiety i n  amino 
acide by phosphonic group on t h e i r  a c t i v i t y  against  chosen p lan t  sy- 
stems w e  focused our i n t e r e a t  on derivatives of 9-aminofluorene-9- 

phosphonic acid - phasphonh analogues of morphactinea Z.They were 
prepared by known addition of dialkyl phosphites ti iminee accor- 

ding t o  the  scheme: 
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I, 

NH R R H N  P03R; 

2 R = H, Ph,Bu", Bus.Hepn - 
1 2  

3 
R ,  R=H,Cl ,Br ,N02 

R = Me,Et ,Bun 

It i s  worth noticed that the dialkyl esters of 9-aminofluorene-9- 
phoephonic ac id  as w e l l  a8 t h e i r  N-alkyl derivative8 underwent par- 
tial decomposition during hydrolysis with aoncentrat ed hydroahloric 
ac id  or acidolysia with hyctrogen bromide in g l a c i a l  ace t io  ac id  so- 
lution,yielding fluorenone .The react ion rates s t rong4  depended on 
the  nitrogen substi tuent .For example,aromatic subeti tuente strong- 

l y  promoted the decomposition reaction while d i a l Q 1  9-aminofluore- 
ne-9-phosphonat e8 were qui te  stable . 

The physiological a c t i v i t y  of the der ivat ives  2 was t e s t e d  
against SDirOdOla o l i m r r h i t a  and Lepidium sativum.Neerly a l l  of 
the  tes ted  compounde affected the F o r t h  of bath tes ted  plants.  
Esters of 9-/h-butylamino/fluorene-9-phosphanic and 9-fi-heptylami- 
na/fluorene-9-phosphonio ocida were the most effective.They inhibi-  
t ed  the growth of SDirOdOla by 50% i n  concentratiens of 0'5-1,5 loT5 
mole per 1iter.Alao meat of the  t e s t e d  analogues showed strong sy- 

nergien with 2,4-D md mecoprop.Fbosphonate i f  applied with euble- 
thal dose of herbioide oaused l e t h a l  effeot  an SDirOdela ol igorrhi-  
L zo within 10-20 hours. 

In order t o  e x p l 8 h  the maha&m of act ion of phoaphmic an* 
loguee of morphsctine8,whioh msg consis t  i n  ac t ive  transport  of di- 
alkyl  phosphonate 2 i n t o  the plant t i s s u e s  followed by i t e  hydroly- 
sis y ie ld ing  phoaphonic ac id  rhioh i e  responsible f o r  herbicidal  
action,we ayntheeised a s e r i e e  of phoaphinoxidee 2.In these com- 
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psunds the ester oxygen of 2 is replaced by methylene fragment 

yielding "non-hy droly sable " analogue . 

R = H .Bun Bu' .Bus, Am". A m 
1 R = Pr", B u", ~ r i  

3 - 

The a c t i v i t y  of the obtained phosphinoxides 2 against  Lmidium sati- 
yupl was nearly t h e  same aa a c t i v i t y  of the corresponding esters 2, 
whi le  against  SDirOdela o l igo r rh i z s  concentratiore of 2 i n  order of 
magnitude lower than 2 caused tho 8nm0 lethal offect.This clearly 

indicate8 t h a t  the e s t e r  group i a  not hydrolysed during herbicidal  

ac t ion  Surpri  singly,  t he  pho sphinoxi des 2 exhi b i t  ed an tagod s t i c  
e f f e c t  i f  applied with mecoprop,i.e.the opposite effect t o  oompounds 

- 2. 
Trying t o  improve the  a c t i v i t y  of 9-aminofluorene-9-phosphonh 

acid we synthesized its P-terminal peptides 4 assuming t h a t  they 

could be b e t t e r  tranaported i n t o  the plant  tissue.The peptides were 
p r epared by coup1 ing die  thy 1 9-amino f lu0  r ene-9 T h o  sphonat 8s with 

N-benzyloxycarbonylamino acids  using standard mixed carboxylic-car- 

bonic anhydride procedure,followed by removal of blocking groupe 

with hydrogen bromide i n  g l a c i a l  a c e t i c  acid so lu t iondhe  s i e r i e a  of 
phosphonopeptidea 4 con ta in iw  N-terminal alanine,leucine,valine, 

phenylalanine ,proline,  threonine,glutamine , lysine ,methionhe and gly-  

c i lglycine was prepared i n  t h i s  manner.Also i n  this case we have no- 

t i c e d  the carbon-phosphorus bond cleavage under basio condition8 du- 
r ing  peptide synthesis as w e l l  as during deblocking step. 

Preliminary biological t e s t a  performed using Lepidium sativum 
showed i n t e r e s t i x  propert ies  of t he  obtained peptides.They exhibi- 

t e d  typ ica l  morphairtin-like ac t iv i ty  influencing plant  morphology. 
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The kind of the morphological changes of the plant  atrongly depen- 

ded on the N-terminal fragment of the peptide 9. 

The observed e f f e c t s  were qui te  similar t o  those found f o r  the  pep- 
t iden of known herbicide 1 -aminocyclohexanephosphonic acid 5. 
This data,and s i m i l a r i t y  between structure-activity re la t ionship 

f o r  aminophosphonates 2 and derivat ives  of 1 -8minocyclohexanepho- 
aphonate 6 /among which the  most effect ive i s  herbicide Trakephon , 
where R * R = Bu-n/ suggest the same mechanism of act ion of these 

two groups of amipophoaphonates. 

3 
1 

Q Q 
R H N  P 0 3 R i  
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