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It is known [1] that 1-hydroxyalkyl idene- l , l -d iphosphonic  acids are  oxidized quantitatively by bromine in 
bicarbonate solutions to carboxylic  acids and phosphate: 

PO~H- 
/ 

R--C + 2Br, + 50H- ---, R--CO0- + 2H~PO,- + 4Br- + 2H~O 

Information on the mechanism of the react ion is not given in [1]; however,  it is noted that some conden- 
sation products of 1-hydroxyalkylidenediphosphonic acids which do not contain a free OH group in the c~ posi-  
tion with respec t  to the P a tom are stable toward the action of bromine. This fact points to an important  role 
of the OH group in this reaction.  

For  c lar i f icat ion of the role of the ~ substituent in such react ions ,  the study of oxidation of 1-amino-  
alkylidene diphosphonic acids,  which are  s imi la r  in s t ruc ture ,  under these same condition, seems to be use-  
ful. Li tera ture  data dealing with this problem are  absent. 

With this aim, we have studied the oxidation of 1-aminooctyl idene- l , l -d iphosphonic  (I) and 1-aminode-  
cy l indene- l , l -d iphosphonic  {II) acids by bromine in KI-ICO 3 solution at room temperature :  

P%B~ P0sHl 
/ / 

C,H16--C C9H19--C 

I ~POsH, ] ~P03H2 
NHz .\ t !~ 
(I) (II) 

Under the conditions mentioned, the acids (D and ffD are oxidized by bromine with great  speed, ~2 moles of 
bromine are  consumed per 1 mole of acid. However,  the end products of oxidative dephosphorylation, instead 
of the carboxylic  acids expected in analogy with the react ion of amides given above, proved to be nitriles. The 
formation of nitri tes in aqueous medium is at least  unusual, since,  as a rule,  dehydrating agents are  used for 
their  preparation.  During the oxidation of {I), capryloni t r i le  is obtained with 57% yield, and during the oxida- 
tion of {ID, caprini t r i le  with 39% yield. The identical nature of the nitriles obtained with known specimens we 
demonst ra ted  by the methods of GLC and IR spect roscopy,  and in the case of capryloni t r i le ,  in addition, by 
compar i son  of physical constants of the specimen. Yields of the nitriles proved to be far  f rom s toichiometr ic ,  
although the s tar t ing aminodiphosphonic acids entered into the react ion completely and were not found in the 
react ion mixtures af ter  oxidation. Neither were the expected secondary products,  carboxylic acids and their 
amides,  found. Phosphate and sur face-ac t ive  substances,  the s t ruc tu res  of which we did not establish,  were 
contained in the aqueous layers  af ter  extract ion of the nitriles. This substance was not successful ly  isolated 
f rom the acidified oxidate of acid if) in a fo rm suitable for analysis.  Caprylic acid was found among the prod- 
ucts of acid hydrolysis  of this substance. It is important  to note that the react ion of oxidation of if) and (ID with 
bromine does not proceed in acid medium and stops even upon reduction of the pH to 4-5. 

For explanation of the formation of nitri les during the oxidative dephosphorylation of 1-aminoalkylidene- 
diphosphonic acids,  one of the possible schemes of react ion can be suggested: 
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PO3H- PO3H- [ PO3H-....O 0[I 5-1 
J Br+ " / /  OH- p / ~  R--C - - - +  R--C ___~ --- 

NH~ N H B r  - 

[_ HN ......... B r -  

(HI) (IV) 

R - - C - - P O a H -  Br+ R - - C - - P O a H -  OH-  
--~ II ~ II ~ R--C------N 

NH --Itr NBr ---H~Po~-, --Br- 
(v) (vI) 

According  to the s c h e m e ,  the f i r s t  s tage of the reac t ion  is e lec t rophi l ic  b romina t ion  of the amino group of the 
or iginal  acid,  the possibi l i ty  of which under  the conditions of the reac t ion  is conf i rmed  by the resu l t s  of [2], 
where  di f ferent  N-halogen amines  were  obtained under  s i m i l a r  conditions. The N-b romoamine  (III) which fo rms  
is l a t e r  subjected to b imolecu la r  1 ,2-e l iminat ion  under the act ion of the base  (most probably OH- ion) and, 
spl i t t ing off H2PO ~ and B r -  ions,  gives the imine (V), which again  is subjected to e lec t rophi l ic  brominat ion,  
fo rming  the N-b romoimine  (VI). The las t ,  e l iminat ing H2PO ~ and Br -  ions, in the end fo rms  the nitri le.  

The s t r u c t u r e  of the t rans i t iona l  complex  (IV) of the e l iminat ion reac t ion  which we have proposed is 
analogous to the s t r u c t u r e  of the t rans i t ional  complex in normal  b imolecu la r  1 ,2-e l iminat ion reac t ions ,  for 
example ,  dehydrohalogenat ion and dehydration.  Although in the l i t e ra tu re  we have not found a demons t ra t ion  
of the exis tence  of e l iminat ion  in which the phosphonate group plays the role  of the e lect rophi l ic  leaving pa r -  
t ic le ,  r e su l t s  exis t  [3] which to a s ignif icant  degree  con f i rm  the possibi l i ty  of such a react ion.  In [3] it was 
obse rved  that,  in alkaline medium,  2 -b romo- l -pheny le theny lphosphon ic  acid (VII) f o rms  phenylacetylene,  
2 -b romo- l -pheny le theny lphosphon ic  acid (VIII) fo rms  s ty rene ,  and 1 ,2-d ibromo- l -phenyle thy lphosphonic  acid 
(IX) f o r m s  a - b r o m o s t y r e n e ,  spli t t ing off phosphate and bromide  ions: 

C~H~--C~CHBr oI~- 
I - " C s H 5  -C-CH 
POaH ~ --tiPO,z-, - -Br -  

(wi) 

CsHs--CH----CH2Br oIt- 
I " . C~Hs--CH----CHa 

P O ~ H z  --HPO,t-, - -Br-  

( v m )  

C~H~--CBr--CH2Br oH- 
J . C~H~--CBr ~CH~ 

POaH~ --~IPO,~-, --Br- 
(IX) 

The absence  of in format ion  about the s t ruc tu re  of the secondary  products  of the reac t ion  does not allow 
us to make any suggest ions  in r e g a r d  to the path of its format ion.  

For  conf i rmat ion  or d i sproof  of the p roposed  scheme ,  f u r t he r  s tudies  a re  n e c e s s a r y .  If  the p roposed  
scheme  is success fu l ly  conf i rmed ,  then by analogy,  with a high degree  of probabil i ty ,  an analogous scheme 
will  be sugges ted  (with the initial  fo rma t ion  of hypobromite)  for  the oxidation of 1 - h y d r o x y a l k y l i d e n e - l , l - d i -  
phosphonic acids .  

E X P E R I M E  N T A L  

G a s - l i q u i d  ch romatograph ic  ana lys i s  was c a r r i e d  out on Chrom-3  appara tus ,  column 1 m x 6 m m ,  with 
0.5% Apiezon on g las s ,  n i t rogen gas c a r r i e r ,  f l ame- ion iza t ion  detector .  Th in - l ayer  ch romatography  was c a r -  
r i ed  out on plates  of Siluful. For  the phosphorus-conta in ing products ,  the s y s t e m  enanthic ac id -25% aqueous 
N H 3 - w a t e r -  methanol  (7 : 7 : 16 : 4 by volume) was used,  with development  by spray ing  with a mixture  of 0.04 
ml s a tu ra t ed  aqueous FeC13, 2 g of sa l icyc l ic  acid,  50 ml of wa te r ,  and 3 ml of pyridine.  For  products  not 
containing phosphorus ,  the s y s t e m  CHC13-CH3OH (3 : 1 by volume) was used, with development  in an iodine 
chamber .  

1 -Aminoa lky l idene - l , l -d iphosphon ic  Acids (I) and (II). The acids we re  obtained by the modified method 
of [4], mixing 0.1 mole of the appropr i a t e  ni t r i le ,  0.3 mole of PBr3, 0.12 mole of H3PO3, and 40 ml of dioxane 
during cooling by ice.  The mixture  was s t i r r e d  3 h at ~20 ~ to homogenizat ion,  left  5 days ,  d issolved in AcOH, 
left  1 day more ,  poured into wa te r ,  and for  hydrolys is  of the condensed products  was held 7 h on a s t e a m  bath 
in an open cup. Then the mix ture  was diluted with isopropanol ,  and the 1 -aminoa lky l idene- l , l -d iphosphon ic  
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acids  were  f i l t e red  off and care fu l ly  washed with boiling i sopropanol .  Yield of (I) was 65%; resu l t s  of pH- 
me t r i c  t i t ra t ion:  found: eq2 145.0; calculated:  eq 2 144.6. Yield of (II) 63%; found: eq2 163.4; calculated:  eq2 
158.6. Found: C 37.83; H 8.25%. Calcula ted for  C10H2sNO6P2: C 37.86; H 7.94%. Acids (I) and ffI) were  ch ro -  
matographica l ly  pure.  The appl ica t ion of the method of [5] for  synthesis  of (I) and (II) gives signif icantly poorer  
r e su l t s .  

Oxidation of Acids (I) and 0IL To a mixture  of 1.45 g (5 mmoles)  of (I), 7.0 g of KHCO3, and 6 ml of 
w a t e r  during intense s t i r r i ng  at  ~20 ~ 0.5 M solution of Br  2 in 10% aqueous KBr was added dropwise.  Decolor -  
izat ion of the Br2 o c c u r r e d  immedia te ly ,  and in this case  CO 2 was evolved and drops  of an organic phase were  
formed.  Af te r  the addition of 20 ml (10 mmoles)  of the Br  2 solution, the decolor iza t ion  stopped.  To the m i x -  
ture  was added another  5 ml of the Br  2 solution, held 15 rain, and ex t rac ted  with hexane. The hexane ex t rac t  
was  dr ied  ove r  K2CO3, f i l t e red ,  and the solvent  dis t i l led off in vacuum. The amount  of 0.36 g (57%) of eap ry lo -  
ni tr i le  was obtained. The product  (GLC, 60 ~ did not contain volati le impur i t i es .  The IR s p e c t r u m  of this prod-  
uct did not show noticeable absorp t ion  in the regions  1650-1690 and 3200-3600 c m  -1, which a r e  cha rac t e r i s t i c  
for  amides .  Af ter  subl imat ion  in vacuum,  0.31 g of a product  was obtained which was identical  with a known 
s p e c i m e n  of capry lon i t r i l e ,  bp 70-72 ~ (10 to r r ) ,  compa re  [6, 7]. IR s p e c t r u m  (CC14): 2260 e m  -1 (CN). 

The aqueous phase was acidif ied with HCI to pH of 0 and ex t rac ted  with hexane in o rde r  to find eapry l ie  
acid. Ex t r ac t ed  subs tances  w e r e  not found in the hexane layer .  Then the aqueous phase was ex t rac ted  with 
e the r ,  the e the r  was dis t i l led off, and an uncrys ta l l i zed  syrupy  product  was obtained which was eas i ly  soluble 
in wate r .  This was  hydrolyzcd with 5% tIC1 for  5 h at  boiling point. Among the hydrolys is  products ,  capry l ic  
acid  was found by the TLC method but noticeable amounts  of cap ry lamide  were  not found. 

A mix ture  of 0.32 g (1 mmole)  of (II), 1 g of KHCO 3, 1.5 ml of wa te r ,  and 6 ml of 0.5 M Br 2 solution 
being introduced into the reac t ion  mix ture ,  a f t e r  ex t rac t ion  with hexane,  drying,  and dist i l l ing off of the hex-  
ane,  0.06 g of eapry lon i t r i l e  was obtained which did not contain volati le impur i t i e s  (GLC, 80~ yie ld  39%. The 
IR s p e c t r u m  ( -C  -=N 2255 e m  -1) was identical  with the s p e c t r u m  of a known spec imen.  Ca r ry ing  out the r e a c -  
tion in this case  was compl ica ted  by frothing of the solution, and ex t rac t ion  of the ni t r i le  by s t rong  emuls i f i ca -  
tion. In o r d e r  to s t r a t i fy  the emuls ion ,  the m a s s  was held 40 rain at  40 ~ 

CONCLUSIONS 

The unusual reaction of dephosphorylation of l-aminoalkylidene-1,1-diphosphonic acids by bromine in 
bicarbonate solutions, leading to the formation of nitriles, has been observed.. 
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