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a - A m i n o p h o s p h o n i c  a c i d s  (APA) ,  b e i n g  ana logs  of n a t u r a l  a - a m i n o c a r b o x y l i c  a c i d s ,  have  a t t r a c t e d  in -  
c r e a s i n g  a t t en t i on  [1-5];  t hey  have  a l s o  b e e n  p r e p a r e d  in o p t i c a l l y  a c t i v e  f o r m  in r e c e n t  y e a r s  [6-8].  H e r e  we  
d e s c r i b e  a s e r i e s  of o p t i c a l l y  a c t i v e  s u b s t i t u t e d  a - a m i n o e t h y l p h o s p h o n i c  a c i d s  and t h e i r  e thy l  e s t e r s .  

T h e  r a c e m i c  d i e thy l  a - a m i n o p h o s p h o n a t e s  (I), s y n t h e s i z e d  by  the  F i e l d s - K a b a c h n i k - M e d v e d '  m e t h o d  
[9-11],  w e r e  r e s o l v e d  by  c r y s t a l l i z a t i o n  wi th  o p t i c a l l y  a c t i v e  a c i d s  into the  o p t i c a l  a n t i p o d e s  (123; ac id  ( total)  
h y d r o l y s i s  o r  a l k a l i n e  ( p a r t i a l )  h y d r o l y s i s  gave  the  APA (IID and t h e i r  a c id  e s t e r s  (TV) in o p t i c a l l y  a c t i v e  f o r m :  
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T A B L E  1. R a e e m i c  A m i n o p h o s p h o n a t e s ,  clt~C--l'(OC2lts)~. 
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TABLE 2. Resolution of CH.~C-P(OC2Hs)2 into Optical Antipodes by 
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TABLE 3. Optical Active Aminophosphonic Acids (Monohydrates),  
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neously, as in [11], but sequentially, in the above order (NH 3 was bubbled through continuously). Reaction with 
an aliphatic-aromatic ketone (acetophenone) [11] is more difficult than with aliphatic ketones. Simultaneous 
and sequential introduction of reactants are not accompanied by evolution of heat during the reaction; the yield 
of aminophosphonate is 32-33% (Table 1). 

Of all the possible mechanisms of condensation of ketones, amines, and dialkyl phosphites [9, 12-15] the 
most probable is Fields's well-substantiated scheme [9] 

1) ketone + amine -- in te rmedia te  

2) in te rmedia te  +dialkyl phosphite-* (D 

The inc rease  in yield of aliphatic aminophosphonates when reac tants  a re  introduced sequential ly also 
supports  this  scheme.  The increased  yield of (D when diethyl phosphite is added to the react ion mixture  af ter  
saturat ion of the ketone with NH 3 can be at t r ibuted to the suppress ion of side react ions ,  such as the di rect  r e -  
action of diethyl phosphite with the ketone [16, 17]. 

Vacuum disti l lat ion of (D is accompanied by par t ia l  decomposit ion,  which par t icu lar ly  affects  the most  
branched represen ta t ive  - diethyl ~-amino-a- i sobuty le thy lphosphona te .  The synthetic aminophosphonates 
(Table 1} were  cha rac t e r i zed  as the p ic ra tes .  
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Resolut ion of (I) into opt ical  antipodes followed our  published p rocedure  [6], namely  c rys ta l l i za t ion  of 
the i r  acid sa l t s  with opt ical ly  act ive  d icarboxyl ic  acids .  Use of d - t a r t a r i c  aeid i s m o s t  convenient for  reso lu-  
t ion of diethyl a - a m i n o - a - p h e n y l e t h y l p h o s p h o n a t e .  The other  aminophosphonates  we re  reso lved  with di- 
b e n z o y l - d - t a r t a r i c  acid.  The p r o p e r t i e s  of the acid sa l t s  and the optical  act ivi ty of the der ived aminophos-  
phonates (II) a r e  s u m m a r i z e d  in Table  2. The aminophosphonates  (['[) were  subsequently used for the syn- 
thes i s  of d i s s y m e t r i c  adsorben ts  containing the cor responding  APA groups  following our e a r l i e r  work  [18]; 
the adsorbents  w e r e  used to r e so lve  r a c e m a t e s  into optical  antipodes by l igand-exchange chromatography .  

Acid and alkaline hydro lys i s  [11, 19] of s eve ra l  am inophosphonates (ID gave the optical ly act ive APA's  
(III) and the i r  acid e s t e r s  (IV} r e spec t ive ly  (Table 3). 

E X P E R I M E N T ~ . ~ L  

Synthesis of Racemic  Diethyl a -Aminophosphona tes~  Methyl a!kyl ketone (or  acetophenone) (5-200 g) in a 
f lask was sa tu ra ted  for  10-20 min with dry NH s. After  addition of diethyl phosphite (equimolar  quantity), NH 3 
was bubbled through for  2-5 h until the exo the rmal  reac t ion  ceased  (the t e m p e r a t u r e  of the mix tu re  reached 
35-60~ the mix tu re  was then heated  fo r  a fu r the r  3-6 h, while i ts  t e m p e r a t u r e  gradual ly  i nc reased  to 85~ 
(The exo the rmal  reac t ion  does not occur  with acetophenone.)  

At the end of the reac t ion  a powerful  cu r r en t  of iner t  gas was passed  through the mix tu re  to r emove  NH3, 
whereupon absolute e ther  was added until p rec ip i ta t ion  of ammonium monoethylphosphate  ceased  [11]. The 
p rec ip i t a te  was  r emoved .  The f i l t r a te  was concent ra ted  and vacuum-d i s t i l l ed .  To p r e p a r e  the p ic ra tes  the 
dis t i l led or  c rude  product  was dissolved in absolute  e the r  and mixed with excess  e therea l  p ic r ic  acid.  The 
p rec ip i t a te  was s epa ra t ed  and c rys t a l l i zed  f rom ethanol (Table 1). 

Optical ly Active Diethyl a -Aminophosphona tes .  ( - ) -Diethyl  a - a m i n o - a - p h e n y l e t h y l p h o s p h o n a t e .  A solu-  
t ion of r a c e m i c  diethyl a - a m i n o - a - p h e n y l e t h y l p h o s p h o n a t e  (224 g) in absolute e ther  (130 ml) was mixed with a 
solution of d - t a r t a r i c  acid (81.7 g) in methanol (260 ml).  The resu l t ing  acid t a r t r a t e  (yield 52%) was r e c r y s -  
ta l l ized  six t imes  f rom methanol  in 75-85~ yield at each s tage.  The mel t ing  point and optical act ivi ty  a f te r  
four,  f ive,  and six c rys ta l l i za t ions  were  identical,  which we adopted as the c r i t e r ion  for  t e rmina t ing  the r e so lu -  
t ion p rocedure .  The acid t a r t r a t e s  we re  suspended in absolute methanol  and sa tu ra ted  with NH s. Excess  ab-  
solute e the r  was added to the resul t ing  solution without discontinuing the flow of ammonia .  The resul t ing p r e -  
c ipi ta te  was r emoved .  Concentra t ion of the f i l t ra te  on a ro t a ry  evapora to r  gave in quanti tat ive yield ( - ) -d ie thyl  
a - a m i n o - a - p h e n y l e t h y l p h o s p h o n a t e  (Table 2). 

The other  aminophosphonates  (I) w e r e  resolved by c rys ta l l i za t ion  with d i b e n z o y l - d - t a r t a r i c  acid [20] in 
1 : 1 rat io f rom a mix tu re  of absolute e the r  with a smal l  quantity of methanol .  The aminophosphonates  were  
i so la ted  s i m i l a r l y  in 85-95% yield f rom the i r  acid d ibenzoy l -d - t a r t r a t e s  and w e r e  addit ionally purif ied by 
vacuum dist i l lat ion (Table 2). 

Optical ly Active a -Aminophosphonic  Acids w e r e  p r e p a r e d  by heating aminophosphonates  (II) with HC1 
(1 : 1) for  3-7  h on a boi l ing-water  bath followed by r emova l  of res idual  HCI with propylene oxide. E lementa l  
analys is  of the APA af te r  r ec rys t a l l i z a t i on  f rom aqueous ethanol co r responded  to the monohydra te  (Table 3). 

(+)-Monoethyl Hydrogen a - A m i n o - a - e t h y l e t h y l p h o s p h o n a t e .  The cor responding  d i e s t e r  (Table 25 gave 
the (+)-monoethyl  e s t e r  a f t e r  6 h reflux with 1.5 N NaOH in 80~ ethanol [19]. After  reprec ip i ta t ion  with e ther  
f rom methanol ic  solution it had mp 209~ [a]~. 2~ (~,, rim): +2.1 ~ (5895, +2.2 ~ (578), +2.6 ~ (546), -~4.4 ~ (4365, 
+6.7 ~ (365) (5N HC1, p 2.4). Found: C 40.1; tt 8.8; N 7.8; P 17.1~. C6H16NPO 3. Calculated: C 39.8; H 8.8; 
N 7.7; P 17.1%. 

C O N C L U S I O N S  

1. We have synthes ized  a s e r i e s  of opt ical ly  act ive subst i tuted a -aminoe thy lphosphonic  acids and the i r  
ethyl e s t e r s .  

2. The yield of products  f rom the condensation of aliphatic ketones with diethyl phosphite and anamonia 
depends on the o rde r  of introduction of the reac tan t s  into the reac t ion .  

1o 
2. 
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