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BIOSYNTHESIS OF 2-AMINO-1-HYDROXY-ETHYL- 
PHOSPHONIC ACID I N  ACANTHAMOEBA CASTELLANII 

FRIED R I  CH HAMMERSCHM I DT 
I n s t i t u t  f i ir  Organische Chemie d e r  U n i v e r s i t a t  
Wien, A - I 0 9 0  Wien, Wghringer StraRe 3 8 ,  Aus t r i a  

Abs t rac t  The 2-amino- 1 -hydroxy-ethylphosphonic 
a c i d  i n  Acanthamoeba c a s t e l l a n i i  (Neff) is bio- 
synthesized by hydroxylat ing 2-amino-ethylpho.s- 
phonic a c i d  wi th  removal of t h e  C-1 pro-S hydrogen 
and r ep lac ing  i t  by OH wi th  r e t e n t i o n  of configura-  
t i o n .  

INTRODUCTION 

There are two n a t u r a l  products with a P-C-bond and a 
hydroxy-group on C - I :  2-amino-1-hydroxy-ethylphosphon- 
i c  acid’ 

fazinomycins. 

(OH-AEP) - 2 and t h e  phosphonic a c i d  of fos-  
2 

The OH-AEP i s  most l i k e l y  produced by hydroxylat ing 

e i t h e r  2-amino-ethylphosphonic acid (AEP) 1 or  phos- 
phonoacetaldehyde. ( 1 , 1 - H 2 )  -, ( 2 , 2 -  H 2 )  - and ( 1 -2H)  - 
AEP were prepared and added t o  t h e  growth m e d i u m  ( 1  m g /  
m l )  of Acanthamoeba cas t e l l an i i  ( N e f f ) ,  which produces 
both AEP and OH-AEP. These t w o  compounds w e r e  i s o l a t e d  

from t h e  amoeba and t h e  i s o t o p i c  composition was de- 

termined by MS. 
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0 
H2N-CR; -CR;-hOH)2 - - - - -* 

- l a  RI = ~ H , R ~ = H  

- b R1=H,R2=*H 

c R2=H+ 1 2  H - 

- 2a 

- b 

- C 

OH 0 
2 ' 1  " HzN-CRz-CR -P(OH)2 

9 91 

17 46 37 

53 17 

The AEP i s  taken up by t h e  amoebas and incorpora ted  
i n t o  OH-AEP with v i r t u a l l y  no k i n e t i c  i so tope  e f f e c t .  
The presence of doubly deu te ra t ed  OH-AEP on feeding  
( 2 , 2 -  H2)-AEP - l b  sugges ts  d i r e c t  hydroxylat ion of AEP. 

Oxygen-18 from 1802 is  incorpora ted  i n t o  t h e  OH of OH- 

AEP . 

2 

To s tudy t h e  s tereochemical  course  of t h e  hydroxyl- 
a t i o n ,  c h i r a l l y  l a b e l l e d  AEP was prepared and t h e  abso- 
l u t e  conf igura t ion  of OH-AEP w a s  determined. 

SYNTHESIS OF (R) - and ( S )  - ( 1-2H) -AEP 

(S) -2-Benzyloxy- ( 1 - 2 H )  -e thanol  - 3 w a s  prepared by IiLAD 

catalyzed reduct ion  of t h e  corresponding deu te ra t ed  
aldehyde. I t  w a s  used as s t a r t i n g  material f o r  t h e  syn- 

2 t h e s i s  of ( R ) -  and ( S ) - ( l -  HI-AEP given i n  scheme 1.  
The o v e r a l l  y i e l d  f o r  t h e  seven s t e p s  w a s  65 %. The 2H 

4 

of (S) -AEP ( 9 0 %  e.e. ) is  l o s t  on hydroxylat ion,  t h e  'H 

of (R)-AEP (84% e.e.1 is r e t a i n e d .  Therefore  t h e  C-1 

pro-S hydrogen of AEP i s  removed by t h e  hydroxylase. 
The e.e.-value can be  increased  t o  about 95% f o r  both 
c h i r a l l y  l a b e l l e d  AEP by us ing  r e a c t i o n  f l a s k s  t r e a t e d  
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BIOSYNTH. OF 2-AMINO-1-HYDROXY-ETHYLPHOSPHONIC ACID Sn 

with trimethylsilylchloride/pyridine for the Arbusow- 
reaction. 

SCHEME 1 

Ph-CH20CH2- CHDOH 
S-3 

1 &N- =Phth 

S 
Ph-CH20 CH2 -CHD-OCOPh 

0 

HO-CH2-CHD-OCOPh 
S 

Phth- CH2-CHD-OCOPh P h th -CHz-CHD-P (OEt 12 
S S 

1 f 
Phth-CH2 -CHD-OH - Phth-CH2€HD-Br 

S R 

ABSOLUTE CONFIGURATION OF OH-AEP 

Racemic 1-hydroxyphosphonate 4 was resolved with a 
chiral lactol.5 The S configuration is assigned to 
(+)-4 - on the basis of a X-ray analysis. 
transformed to (R)-OH-AEP which is identical with the 
natural product. 

(R)-(-)-S was 
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The hydroxy la t ion  occurs w i t h  r e t e n t i o n  of conf igura-  

t i o n  a t  C-1 of AEP. 

F u r t h e r  s tud ie s  w i l l  concentrate on t h e  biosyn- 

t h e s i s  of t h e  phosphonic a c i d  of fosfaz inomycins  A 

and B. 
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