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Abstract: Lithium or sodium dialkyl phosphites and diamido phosphites 3 un- 
dergo addition to (+)-(S)-benzylidene-p-toluenesulfinamide 2 affording N-sulfinyl-c~- 
aminophosphonates 4 in a diastereoisomeric ratio from 63:37 to 94:6. The major 
diastereoisomers formed in addition of lithium dimethyl phosphite 3a and lithium bis- 
diethylamido phosphite 3e to (+)-(S)-2 were separated and converted into enantiopure 
(+)-(R)- and (-)-(S)-0t-aminobenzyl phosphonic acids 5, respectively. © 1997 Published 
by Elsevier Science Ltd. All rights reserved. 

ec-Aminophosphonic acids 1, the phosphonic acid analogues of co-amino carboxylic acids, are 
attracting increasing interest. This is mainly due to the wide spectrum of biological activity exhibited by 
~-aminophosphonic acids or their peptide conjugates.I Many natural or synthetic ot-aminophosphonic 
acids show pharmacological properties, behave as enzyme inhibitors, are growth regulators in plants 
and function as potent antimicrobial agents. 2 Since the bioactivity of these compounds is known to 
be strongly dependent on the chirality at the stereogenic ¢x-carbon atom, a number of asymmetric 
syntheses have been devised during the past two decades. 3,4 Among them, the asymmetric addition of 
dialkyl or trialkyl phosphites to chiral imines or imine derivatives proved to be a very useful approach. 
Searching for a simple, general and efficient method for the synthesis of enantiomerically pure ¢x- 
aminophosphonic acids 1 we turned our attention to enantiopure sulfinimines 2 as chiral auxiliaries. 5 
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In addition to their ready availability 6 they contain an arylsulfinyl moiety as a powerful stereo- 
directing group inducing high diastereoselectivity and an activated carbon-nitrogen double bond prone 
to attack by nucleophilic reagents. In fact, we have recently described a highly efficient asymmetric 
synthesis of 13-aminophosphonic acids via addition of ec-phosphonate carbanions to enantiopure 
sulfinimines 2. 7 We now extend our work in this area by reporting the asymmetric synthesis of ¢x- 
aminophosphonic acids based on the stereoselective addition of dialkyl or diamido phosphite 3 anions 
to (+)-(S)-benzylidene-p-toluenesulfinamide 2 (Ar=p-Tol). s 
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Table 1. Asymmetric addition of lithium and sodium phosphites 3 to (+)-(S)-sulfinimine 2 

Entry 3M" Ratio of reagents 

3-H/MHMDS/2 

[mmol] 

I 3a-Na 2 : 2 : 1" 

2 3a-Li 2 : 2 : 1" 

3 3b-Li 2 : 2 : I b 

4 3b-Li 2 : 2 : 1" 

5 3¢-Li 2 : 2 : I" 

6 3d-Li 2 : 2 : I 

7 3e-Na 2 : 2 : I b'' 

8 3e-Li 2 : 2 : I b'~ 

9 3e-Li 2 : 2 : 1' 

10 3e-Li 1 : 1 : 2" 

Reaction time 

[h] 

2 

2 

2 

2 

2 

7.5 

1 

1 

7.5 

Adduct 4 

dr [%] / 6p [ppm] 

88.5 : 11.5 

94 

86 

90 

74 

37 

31 

10 

21 

7.5 14.5 

"Reaction components were dissolved in 15 ml of THF. 

bReaction components were dissolved in 8 ml of THF. 

°The adducts 4 were isolated in lower yield (ca. 20-30%). 
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Thus,  the l i th ium or sodium salts o f  dialkyl  and d iamido  phosphites 3a--e (generated from the 
cor responding  phosphites  and l i thium or sod ium hexamethyldis i lazane,  M H M D S ,  in THF)  were added 
at - 7 8 ° C  to a T H F  solut ion of  the (+)- (S)-sul f in imine  2. After  quench ing  the react ion mixture  at 
this temperature  with a m m o n i u m  chloride and extraction with ether, the diastereoisomeric  adducts 
4 obta ined  in 7 0 - 9 0 %  yield were purified and analyzed.  It should be emphas ized  that the room 
temperature  addit ion of  3 to (+)-(S)-2 is not  effective due to reversibil i ty of  the react ion which at this 
temperature  is shifted towards the starting reagents.  Therefore,  the diastereoselectivity of  the addit ion 
was addi t ional ly  investigated as a funct ion  of  some reaction condit ions.  The results o f  the exper iments  
per formed are summar ized  in Table 1. 

An  inspect ion  of  the results in Table I reveals three important  features of  the react ion investigated: 
(a) the use of  l i th ium phosphites  3 enhances  the diastereoselectivity of  the addi t ion (entries 1 and 2 
and 7 and  8); (b) the same effect is observed when  the react ion is carried out  in a more  di lute solut ion 
(entries 2 and  3) and (c) the signals o f  the major  diastereoisomers of  the adduct  4 a - ¢  occur  in the 
31p-NMR spectra at h igher  field while  the s ignals  of  the major  diastereoisomers of  4d--e lie at lower 
field. The latter observat ion was a strong indica t ion  that the s tereochemical  ou tcome of  the addit ion 
of  dialkyl  phosphites  3a---c and d iamido  phosphites  3d--e to (+)-(S)-sulf in imine 2 m ay  be contrast ing.  
This  was found  to be the case. The exper iments  shown in Scheme 1 demonstra te  how both enant iopure  
forms o f  ~x-aminobenzylphosphonic  acid 5 can be prepared from (+)-(S)-2. 
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Scheme 1. 

Since the absolute configuration of the enantiomeric phosphonic acids 5 is known 9 and during the 
deprotection of the amino function and phosphonate ester moiety the bonds around the stereogenic 
a-carbon atom are not broken, it is possible to assign the (SsRc)- and (SsSc)-configuration to the 
major diastereoisomers formed in the reaction of (+)-(S)-2 with the phosphite 3a and amido phosphite 
3e, respectively. It is interesting to point out that the synthesis of the enantiopure et-aminophosphonic 
acids 5 shown above represents a rare example of preparing both enantiomers using the same chiral 
auxiliary. 

Experiments to rationalize the contrasting steric course of the addition of dialkyl phosphites and 
diamido phosphites to (+)-(S)-sulfinimine 2 as well as study on the scope of this new asymmetric 
synthesis of et-aminophosphonic acids 1 are under way. 
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