
C O N C L U S I O N S  

1. Diphenylboryl imidoylamidinates  and dia lkylboryl imidoylamidinates  substi tuted a t  the ni t rogen a tom 
were  synthesized.  

2. The hydrochlor ide  and pe rch lo ra t e  sa l t s  of d ia lkylboryl imidoylamidina tes ,  which a r e  a var ian t  of 
boronium sa l t s ,  we re  p repa red .  Complexes  in which a d o n o r - a c c e p t o r  in te rac t ion  is accompl ished  between 
the boron a tom of a boron  halide and the t r igonal  n i t rogen a tom of the chelate r ing were  p r e p a r e d  by react ing 
boron halides with the d ia lkylboryl imidoylamidina tes .  
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A genera l  method of synthesis  of a-ketophosphonic  acids {KPA), notwithstanding isolated approaches  
[1-3], until now has not been worked out. In addition, a-ketophosphonic  acids  as analogs of a - k e t o c a r b o x y l i c  
acids p r e s e n t  definite in te res t  fo r  invest igat ion of the m e c h a n i s m  of homologous enzymes .  

For  the product ion of KPA it was n e c e s s a r y  to solve the p rob lem of the se lect ion of shielding groups 
which would not inhibit the fo rmat ion  of C ( O ) - P  bonds and which would be removed without affect ing the C - P  
bonds and C =O groups .  The product ion of the diacid chlor ide of acetophosphonic acid was descr ibed  by us 
e a r l i e r  [4], and it follows that hydrolys is  of such acid chlor ides  could be one of the unique methods of synthes is  
of KPA on the s t rength  of the dras t ic  conditions of obtaining acid chlor ides  and the low yie lds .  Thus,  under 
these  conditions one cannot obtain the diacid chlor ide of phenylacetophosphonic acid f rom its diethyl e s t e r .  
The uti l izat ion of t e r t i a ry  butoxy groups in a shielding capaci ty ,  which e a r l i e r  [5] allowed the synthesis  of the 
antibiotic phosphomycin,  a l so  did not lead to des i rab le  r e su l t s .  

Phosphonic acids with a labile C - P  bond were  e a r l i e r  obtained by hydrogenation of the cor responding  
benzyl  e s t e r s  [ 6], but the poss ibi l i ty  of util izing this shielding in the ca se  of ~-ketophosphonates  is compl ica ted  
by the fact that dibenzyl e s t e r s  of KPA a r e  now known and the carbonyl  group could be affected during hydro-  
genation. During tes t ing of the method in the s tage of r emova l  of benzyl groups,  which was used in the c h e m -  
i s t ry  of nucteotides,  one was able to obtain KPA (I) accord ing  the scheme  

RCOC1 + P(OCH2CeHs)3 ~ RCOP(O)(OCH~C~Hs).2 H~tP~ RCOP(0)(0H)-2 
(n) [ (I) ~ H,/Pd 

! 
RCOP(O)(ONa)(OCH2CeH~) 

0n) 
B = CHs (a), (CHs)2CH (b jo (CH~)~CHCH2 (c), C~H~CH. (d) 

CH30COCH~CH~ (c), HOCOCH2CH~ (f) 
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TABLE 1. IR {for the  Na sa l t )  and  PMR S p e c t r a  of a - K e t o p h o s p h o n i c  
A c i d s  and T h e i r  E s t e r s  
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F i g .  1. UV s p e c t r u m  of d i a c i d  c h l o r i d e  of p y r i d o x a m i n e  in  the  p r e s e n c e  of t he  Na s a l t  
of {Ia) and  p y r u v t c  a c i d  in  m e t h a n o l  o v e r  27 h a f t e r  the  s t a r t  of t he  r e a c t i o n :  1) 10 -4 M 
d i a c i d  c h l o r i d e  of  p y r i d o x a m i n e ;  2) the  s a m e ,  +4" 10 -4 M Na s a l t  of (In) + 2 . 1 0  -4 M 
NaOH; 3) t h e  s a m e ,  +4" 10 -4 M Na s a l t  of  p y r u v i c  a c i d  +2" 10 -4 M NaOH. 

F ig .  2. The  f o r m a t i o n  of p y r i d o x a l  d u r i n g  n o n e n z y m a t i c  t r a n s a m i n a t i o n  of t he  Na s a l t  
of  {In): 1-3) 30 ra in ,  4 h, 48 h; 4) the  s a m e ,  f o r  the  Na s a l t  of p y r u v i c  a c i d  ( incubated  
48 h); 5) p y r i d o x a l  a c i d  c h l o r i d e  0 0  -4 M). A l l  s p e c t r a  w e r e  t a k e n  in  0.1 N NaOH. 

The  r e a c t i o n  of a c i d  c h l o r i d e s  wi th  p u r i f i e d  t r i b e n z y l  p h o s p h i t e  u n d e r  c ond i t i ons  c l o s e  to  t h o s e  d e s c r i b e d  
in  [7] l ed  to  a good y i e l d  of t he  k e t o e s t e r s  (II), wh ich  a r e  o i ly  [with t he  e x c e p t i o n  of one c r y s t a l l i n e  p r o d u c t ,  
(IId)]. The  s u b s t a n c e s  which  a r e  d i s t i l l e d  u n d e r  high v a c u u m  a r e  s u f f i c i e n t l y  s t a b l e  wi thout  the  i n t r o d u c t i o n  of 
m o i s t u r e .  T h e r e  a r e  i n t e n s e  a b s o r p t i o n  bands  in IR s p e c t r a  of t h e s e  c o m p o u n d s  in  the  a r e a s  1250-1255 and 
990-995 c m  -1 which  c o r r e s p o n d  to P = O  g r o u p s  and P - O - C  e s t e r s  of phosphon ic  a c i d s  [7]. The  a - k e t o e s t e r s  
(ID ob ta ined  by us ,  w i th  the  e x c e p t i o n  of (IId), e x i s t  in  ke tone  f o r m  a s  is  i n d i c a t e d  by  i n t e n s e  a b s o r p t i o n  in  the  
1 6 8 5 - 1 6 9 5 - c m  -1 r e g i o n  c o r r e s p o n d i n g  to the  C = O g roup ,  and a l s o  the  p r e s e n c e  of  p r o t o n  s i g n a l s  of CHn C ((3) 
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groups in PMR spec t ra  of these  compounds. The (IId) e s t e r  probably exists  in euol form,  since absorpt ion in 
the C - O  group range is absent,  and there . i s  a signal at 6.21 ppm in the PMR spec t rum which cor responds  to 
an olefin proton of enol fo rm.  All d ies te r s  (ID under normal  conditions give 2,4-dini t rophenylhydrazones.  

Monodebenzylation of (II) occurs  easi ly  upon action of NaI in acetone giving the c rys ta l l ine  Na sal ts  of 
the monobenzyl e s t e r s  (liD, which can be used for  the introduction of an ~-ketophosphonyl res idue into m o r e  

c o m p l e x  s t ruc tu res  giving various KPA der ivat ives .  

Cer ta in  difficult ies were  encountered during the product ion of (I) which were  connected with the i r  ins ta-  
bility~ Hydrogenation of pure  {II) in the p re sence  of Pd-black led to (I) with 10-20~ of unidentified foreign 
ma t t e r .  Attempts to purify individual KPA compounds by various methods  invariably were  accompanied b y  
the i r  decomposit ion,  although f resh  prepara t ions  o f  (I) could be used with success  for  various syntheses ,  for  
example,  the product ion of c~-amtnophosphonic acids .  Hydrogenation of the Na salt  of ([II) proceeded more  
smoothly; however,  mult iple r ep rec lp t t a t ions  of the Na sal t  of (!) f rom cold water- -a lcohol  solutions were  r e -  
quired to obtain sa t i s fac tory  analyses .  

The s t ruc tu re  of the acids (I) is  conf i rmed by IR an d  PMR spec t ra l  data (Table 1), and also by conve r -  
s ion into a l ready  known ~-amlnophosphonlc acids .*  

For  fu r ther  investigation of the act ion of KPA with enzymes,  in pa r t i cu la r  with t r anaamtnases ,  of which 
pyridoxal  St-phosphate is a eoenzyme,  we studied the  behavior  of compounds (Ia) and (Id) in reac t ion  conditions 
of model t ransaminat ion  [8] 

/P(0)(OHh /P(0)(0H)z 

RCH~NH~ ~- O=C. ~- R--CHz--N=C 

\ a '  \R '  
? ~O)(OHh 0 P(O)(0Hh 

/ ._, f 
~- RCH=N--CH ~- R--C ~- HzN--C/H 

\ \ \ 
R' H R' 

HOCHz [ OH 
\ / 2 \ /  R' = R-~ ~ \  ; CH, (h), CeH~CHz (Id) 

CHs 

In alcohol solutions KPA, similar to the corresponding ~-ketocarboxylic acid, quickly formed ketimines 
with pyridoxamine (Fig. 1), the prototroptc rearrangement of which proceeded normally into aldimines (Fig. 2) 
and was not accompanied by rupture of the C-P bond, insofar as corresponding e-amlnophosphonic acid in 
amounts, for example, equivalent to the pyridoxal foxed were discovered in the reaction mixture. 

EXPERIMENTA L 

The IR, UV, and PMR spec t ra  were  taken on "Spekord IR," "Spekord UV-VIS," and "Tes la -80"  ins t ru-  
ments ,  respect ive ly .  For  TLC Silufol UV-254 and the following sys tems  were  used: for  (II), benzene +ethyl 
aceta te  (9 : 1), for  (I) and (III), isopropanol +NH 3 +H20 (7 : 1 : 2 ) .  Compounds (II) and ([II) were  identified by ab-  
sorption in the UV region and by react ion with (NH4)2MoO4. In addition, for  the manifestat ion of (II) a color  r e -  
action during success ive  t rea tment  of a chromatogram with 2,4-dini trophenylhydrazine and t r ie thylamine  was 
used. Compound (I) was identified by reac t ion  with (NH4)~IoO 4. 

Dibeuzyl Es te r s  of ~-Ketophosphonic Ac ids  {II). An e ther  solution of 11 mmole  of the f reshly  p repa red  
acid chlor ide  was added to 10 mmole  of pure  t r ibeuzyl  phosphite during mixing and cooling. The mixture  was 
held for  12 h at 20"C, pro tec ted  f rom the introduction of a i r ,  the volati le products  were  disti l led in vacuum, 
and the remaining oil was purif ied by molecu la r  dist i l lat ion (100-120"C and 5 �9 10 -4"to 1 �9 10 -3 ram), with a 50% 
y ie ld t  of 2,4-dini t rophenylhydrazones with melt ing points (from alcohol):  (IIa) 148-150~C; (He) 111-113"C; (lid) 
(two i somers )  107-109, 126-128"C. 

Monobenzyl Es te r s  of c~-Ketophosphonic Acids (III). A solution of 10 mmole  of the d ies te r  (II) and 10 
mmole  of anhydrous Nal in 15 ml of absolute acetone was boiled severa l  hours,  cooled, the c rys ta l l ine  mono-  
Na salt  (Ill) was f i l tered off, washed with cold acetone,  and crys ta l l ized  f rom alcohol containing water .  The 

*This  react ion will be descr ibed  in a separa te  communicat ion.  
t in  the case  of (IId) the res idue  was rec rys ta l l i zed  f rom CC14 with a 40% yield and a m p  of 118-119"C. 
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yield of (III) was 60%. Fo r  the isola t ion of f r e e  (III) a solution of 10 mmole  of the Na sal t  in a min imal  amount 
of cold H20 was acidified to a p H = l  by cold 2070 HC1, (III) was quickly ex t rac ted  with dichloroethane,  and a f t e r  
r emova l  of the solvent  in vacuum, the oil forming (III) was obtained. 

Hydrogena t ion  of Dibenzyl E s t e r s  ( I I ) .  We hydrogenated 1 m m o l e  ([I) in 3 ml of ethanol ove r  10-20 mg of 
Pd-b lack .  Af t e r  comple t ion  of the reac t ion  (1-2 h) the ca ta lys t  was f i l t e r ed  off and washed with ethanol, the 
f i l t ra te  was evapora ted  in a vacuum, and a v iscous  oil was obtained containing 80-90% (I). 

_Sodium Salts of a-Ketophosphonic  Acids  (I). We suspended 1.5 m m o l e  of the Na sa l t  (III) in 20 mt  of 
methanol ,  d issolved in H20 , and hydrogenated over  10-20 mg  of Pd-b lack .  Af te r  comple t ion  of the reac t ion  
the ca ta lys t  was  f i l te red  off and washed with H20, the f i l t ra te  was evapora ted  in a vacuum at 25-30~ and the 
res idue  was reprec ip i t a ted  s eve ra l  t imes  f r o m  alcohol containing water .  The yield was 7070. 

.Nonenzymatic T rans am i na t i on  of a-Ketophosphonic  Acids .  We dissolved 0.03 m m o l e  of diacid chlor ide 
of pyr tdoxamine ,  0.12 m m o l e  of Na sal t  {Ia), and 0.06 m m o l e  of NaOH in 3 ml  of absolute  methanol ,  removed  
aIiquots a f t e r  15 rain, 4 h, and 27 h, diluted with methanol ,  and took UV spec t r a  (see Fig. 1). F rom this s ame  
mix tu re  we r emoved  altquots a f t e r  30 rain, 4 h, and 48 h, d issolved in 0.1 N NaOH, and took UV s p e c t r a  (see 
Fig. 2). Af te r  120 h p a r t  of the reac t ion  m i x tu r e  was ch romatographed  in an i sopropanol -25% NH4OH-water  
(7 : 1 �9 2) s y s t e m  and the amount of a -aminoethylphosphonic  acid was de te rmined  by a co lor  reac t ion  with nin- 
hydrin.  

React ions  fo r  Na sa l t  (I) pyruvic  acid,  and phenylpyruvic  acid were  c a r r i e d  out in an analogous m a n n e r .  

The authors  wish to thank A. T. Prudchenko for  in te rpre ta t ion  of the PMR spec t r a  and I. A. Gandurina 
for  plotting the IR spec t r a .  

C O N C L U S I O N S  

1. ~-Ketophosphonic  acids a r e  synthes ized  by hydrogenation of the i r  benzyl e s t e r s .  

2. The poss ibi l i ty  of noneazymat ic  t r ansamina t ion  of ~-ketophosphonic acids without rupure  of the C - P  
bond is shown. 
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