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DETERMINATION OF ABSOLUTE CONFIGURATION OF OPTICALLY ACTIVE 
1 -AMINOALKANEPHOSPHONIC ACIDS BY CHEMICAL CORRELATIONS 

JAIJUSZ KO’A’ALIK, JAK ZYGMUNT AND PRZEMYSLAV MASTALERZ 
I n s t i t u t e  of Organic and Physical Chemistry, Technical 
University of  Wroctaw, 50-370 Wroctaw, Poland 

Abstract The absolu te  conf igura t ions  of  o p t i c a l l y  a c t i v e  
phosphonic analogues of serine, 13 -chloroalanine, phenylala- 
n ine ,  ty ros ine  and 2-aziridinephosphonic a c i d  have been 
e s t ab l i shed  v i a  chemic8.l c o r r e l a t i o n s  with phosphonic ana- 
logues of a lan ine  o r  a s p a r t i c  a c i d  o f  known configurat ion.  

During the  last t en  yea r s  t h e r e  has been some progress  towards t h e  

synthes is  and determination of absolu te  configurat ion of  enantiome- 

r i c  1 -aminoalkanephosphonic ac ids  ( 1) r e l a t e d  s t r u c t u r a l l y  t o  pro- 

t e i n  amino ac ids .  Thus, t ak ing  advantage of X-ray c rys ta l lographic  

R-CH-m3H2 18: R=CH3; R=(CH3)*CH; &: R=C%COOH; 
I 
NH2 
1 

- 1 d : R=C%CON%; Is: R= ( CH3 ) 2CHC% ; 

I f :  R=CH3SC%CH2; &: R=C H C - 6 5 %  - 
methods t h e r e  have been determined t h e  conf igura t ions  of R(-)klaP 

(la) and R(+)ValP (lb), t he  phosphonate analogues o f  a l an ine  and 

val ine”*,  while t h e  configurat ions of  R(-)AspP (lc) and R(-)AsnP 

(Id) have been deduced from NMR analysis of s u i t a b l e  g lycos id i c  

precursors’. Most r ecen t ly ,  t h e  ( - )  enantiomera of LeuP (le), MetP 

(lf) and PheP t&) have been t en ta t ive ly  assigned t h e  R configura- 

t i o n  by comparing t h e  chromatographic behaviour o f  t h e i r  d i a s t e re -  

omeric d ipept ides  with N-terminal L-phenylalanine . 
Because t h e  phosphonic analogues of some p r o t e i n  amino a c i d s  

have r a t h e r  i n t e r e s t i n g  b io logica l  p rope r t i e s5  it is  des i r ab le  t o  

extend t h e  number of  o p t i c a l l y  ac t ive  of unequivocally ass igned 
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configuration. To serve this purpose we have determined t h e  confi-  

gura t ion  of (+ )Se rP  (61 by chemical co r re l a t ion  with S (+)AlaP (la) 

and of ( -  )PheP (Q) and (-)TyrP (11) by co r re l a t ion  with R (  - )AspP 

(Ic), The key compound f o r  t h e  co r re l a t ion  of  SerP with AlaP was 

(+)-2-aziridinephosphonic ac id  (5) and t h e  involved chemistry i s  

shown i n  Figure 1 .  

NH3, H 2 0  1 .  L(+)DBT 

1 2 - 1  2. H+, H20  
* CH C H F O ( O E t ) 2  * CH2 =C W ( OEt 1 

I 
B r  N% B r  

3 - 2 - 

OH-, E$O H2/Pd - CH€O35-- CH3CHFQ3H2 c$ / I 
CH2 -CHPo3H2 
I I  

NH2 B r  N NH2 
n I 

H2° - CH2-CHW9H;! 
HC1 ,  H20 

CH2 -CHm3H2 - 2, S(+) 
I 1  I c1 NH2 OH & 

DBT: dibenzoyl-L- ( + ) t a r t a r i c  a c i d  

20 20 4: -25' ( c  2.7, 5 0 ) ;  5: +31° ( c  2.5, H 2 0 )  

la :  [cWJ2O - +16' ( c  2.0, H 2 0 ) ;  2: [&I&= +27O ( c  2.5, H 2 0 )  578- - 

FIGURE 1 

ridinephosphonic acid.  

Synthesis  and ring opening r e a c t i o n s  of s (+ 1-2-azi- 
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6 A s  descr ibed e a r l i e r  , 5 undergoes nuc leoph i l i c  ring opening 

r e a c t i o n s  l ead ing  exc lus ive ly  t o  2-subs t i tu ted  d e r i v a t i v e s  of  AlaP. 

We found t h a t  a l s o  a r educ t ive  ring f i s s i o n  i s  r e g i o s p e c i f i c  and 

g ives  AlaP as t h e  only r e a c t i o n  product .  Therefore ,  t h e  ring ope- 

ning r e a c t i o n s  do not  a f f e c t  t h e  c h i r a l  atom and a r e  s u i t a b l e  f o r  

e s t a b l i s h i n g  t h e  r e l a t i v e  conf igura t ions  o f  s u b s t r a t e  and products .  

Opt ica l  a c t i v i t y  was in t roduced  by r e s o l u t i o n  o f  crude, race-  

mic d i e t h y l  1 -bromo-2-aminoethanephosphonate 2 ( an u n d i s t i l l a b l e  

o i l  ) with  DBT. C r y s t a l l i z a t i o n  of t he  less so lub le  DRT salt of 2 
t o  cons tan t  parameters  and hydro lys is  gave l evoro ta to ry  9 which was 

cyc l ized  t o  dext roro ta tory  2. HydroKenation o f  5 af forded  fa 
1 s p e c i f i c  r o t a t i o n  i n  accord wi th  t h e  l i t e r a t u r e  va lue  f o r  S(+)AlaP . 

It fo l lows  t h a t  t h e  conf igura t ion  of 2-aziridinephosphonic a c i d  i s  

S(+). Considering t h a t  t h e  cyc l i za t ion  of  4 t o  2 
fol lows an i n t e r n a l  S 2 mechanism it  appears  safe t o  assume t h e  S(-1 
conf igura t ion  f o r  t h e  ac id  9 ( p r i o r i t y  r u l e s ! ) .  

6 

o f  

most probably 

N 

Hydrolysis of  5 gave t h e  dext roro ta tory  analogue of serine 6 .  
Thus, SerP has  t h e  S(+) configurat ion.  S imi l a r ly ,  t h e  S ( + )  configu- 

r a t i o n  of  t h e  ch loroa lan ine  analogue 7 fol lows from t h e  transforma- 

t i o n  of 2 t o  7_. 
To determine t h e  conf igura t ion  o f  PheP we have converted 

(-)PheP t o  (-)AspP by ozonoly t ic  des t ruc t ion  of  t h e  phenyl ring, as 

shown i n  F igure  2. Ke obta ined  (+ )  and (-)l=’heP from t h e  racemic es- 

t e r  a_ (prepared as descr ibed e a r l i e r  ) ,  by r e s o l u t i o n  wi th  D E T ,  

followed by hydro lys is .  Ozonolysis o f  a c e t y l a t e d  1p; proceeded 

smoothly and, upon ox ida t ive  work-up and hydro lys is  y i e lded  ( -  )AspP 

(lc) which has  been assigned t h e  R conf igura t ion  by Vasella e t  a1 . 
This  r e s u l t  e s t a b l i s h e s  t h e  R l - 1  conf igura t ion  f o r  PheP. 

7 

3 

F i n a l l y ,  by conversion o f  (-)PheP t o  (-1”yrP (GI, we have 

e s t ab l i shed  t h e  conf igura t ion  of TyrP as R ( - ) .  The conversion a s  

accomplished by n i t r a t i o n ,  reduct ion  and d i azo t i za t ion .  Spec i f i c  

r o t a t i o n s  shown i n  F igure  2 i n d i c a t e  t h a t  t h e  p-n i t ro  19, and 

p-amino (lo) congeners of TyrP a l s o  have t h e  R(-) configurat ion.  
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C6H5CH2yZF0 OW ) 1. DBT + - C6H5CH2CHW3H2 
I 

2. H , H20 NIi2 NH2 

8, l x ,  R r - r  

1. Ac20, 2. O3 - HOOCC%CHFQ3H2 
I a + 

l ~ ,  R I - 1  NH2 
7. H202, 4. H 1 H20 

H2SG4, HK03 H2/Pd 
k * p-NO2C6H4CH2fHFO3H2 - 

Nil2 

- 9, R I - )  

H', NaN02  
p-NH2 C6H4CH2~HPO7H2 c p-HOC6H4CH2 yHW3H;. 

NH2 NH2 

14, R f - 1  1-1, Rf-1 

FIGURE 2 Conversion of  PheP t o  AspP and TyrP 
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