
SYNTHESIS OF NITRO- AND AMINOALKYL13HOS13HONATES 

T. A. iViastryukova, M. V. Lazareva, 
and V. V. 13erekalin 

UDC 542.91: 547.1' 118 

One of the extens ively  used  methods fo r  the synthesis  of al iphatic  amino der iva t ives  is based  on the 
reduct ion of the cor responding  nitro compounds, which in recent  yea r s  have become  readi ly  avai lable  
compounds. In the c h e m i s t r y  of organophosphorus  compounds this method of p repa ra t ion  has rece ived  
li t t le development,  s ince organophosphorus  ni t ro compounds a re  quite difficultly access ib le .  

The two mos t  p romis ing  routes  for  the p repa ra t ion  of organophosphorus  ni t ro compounds are :  the addition 
of n i t roa lkanes  to organophosphorus  compounds that contain a mult iple  bond, or  the addition of o rgano-  
phosphorus compounds to ni t roolef ins .  Both of these  methods make it poss ib le  to obtain organophosphorus  
ni t ro compounds with different  subst i tuents  in the alkyl radicals .  The f i r s t  method was used  by us to obtain 
1 -hydroxy-2-aminoisopropylphosphona tes  [1, 2] and T-aminopropylphosphonic  acid [3]. 

The addition of organophosphorus  compounds, containing a labile hydrogen atom, to ni troolefins was 
f i r s t  accompl ished  by Pudovik and Sitdikova [4] 

(HO)2PHO ~-bC=CHN0~ --* (R0)2P(0)C--CH2N0~ 
/ /\ 

However, the obtained nitroalkylphosphonates were not subjected to reduction. We employed this 
method, with some modifications, and ran the reaction of dialkyl phosphites and thiophosphites not only 
with nitroisoamylene [4] and nitropropylene, but also with w-nitrostyrene. In [4] the authors observed only 
the polymerization of the w-nitrostyrene. We found that the reaction can be directed toward addition if a 
large excess of the dialkyl phosphite is used and the reaction is run in the presence of an equimolar amount 
of a mild base (triethylamine); polymerization to the polystyrene is observed here, but it does not exceed 
50-60~c. The obtained O,O-dialkyl l-phenyl-2-nitroethylphosphonates are crystalline compounds [Table I, 
compounds (I)- (III)]. 

In contrast to the data given in [4], the phosphonoaeetic ester adds easily to nitroisoamylene and 
nitropropylene, provided 

CH3CH=CHN0~ -~ (C_~H~0)~P(O)CH2COOC2H~ -~ (C~,Hs0)~P(0)CHCOOC~H5 
L 

CHaCH--CH2N0~ 

the reaction is run in absolute alcohol medium, using an equimolar amount of sodium aleoholate, and the 
reaction mixture is heated for 30-40 min on the water bath. 

The catalytic reduction of the obtained nitroalkylphosphonates with hydrogen on Raney nickel led to 
the corresponding aminoalkylphosphonates, which were also characterized as the picrates. The free l- 
alkyl-2-aminoalkylphosphonic acids were obtained by the hydrolysis of the esters with hydrochloric acid. 
They give an intense color with 0.1% ninhydrin solution [5]. 

The constants, analyses and yields of the obtained compounds are given in Table i. Their structure 
was corroborated by the data of the IR spectra. The spectra of compounds (1)- (VII) (see Table i) contain 
absorption bands in the regions 1559-1565 and 1370-1384 em -I (NO 2 group); 1248-1256 cm -I (13=O); 968- 
995 and 1015-1047 cm -i (P-O-C); 13= S absorption is observed in the spectra of compounds (Ill) and (V) 
in the region 777-789 cm -i. The IR spectra of the reduction products (VIII), (X), (XIII) and (XIV) contain 
absorption bands at 3390-3420 and 3315-3322 (NH2); 1233-1237 (13=O); 1022-1045 and 94.8-1027 cm -i 
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( P - O - C ) .  In the IR spect rum of acids (XV) and (XVI) are present  a broad "ammonium" band at 3075 cm -I 
and a band at 1155-1160 cm -1 [P(O) OH(O-)]. 

EXPERIMENTAL METHOD 

Preparation of O, O-Dialkyl l-Phenyl-2-nitroethylphosphonates. To a mixture of 0.01 M of p-nitro- 
styrene, dissolved in i00 ml of absolute benzene, and 0.25 IV[ of the dialkyl phosphite [6] or thiophosphite 
[7], with stirring, was added 60 drops of freshly distilled absolute triethylamine. The mixture was kept 
at room temperature for 7-9 days. A copious precipitate of the polymer deposited, and the color of the 
solution changed to orange-red. The polymer was fiRered, washed with absolute benzene, and the solvent 
and excess dialkyl phosphite were vacuum-distilled. The thick dark residue was transferred to a beaker, 
50 ml of either hexane, heptane or petroleum ether was added, and the mixture was stirred vigorously. 
After some time the entire mass  crystal l ized;  it was purified by press ing  on a porous pl~ate and r ec rys t a l -  
lized f rom hexane containing severa l  drops of CC14. Colorless needle crys ta ls  were obtained [see Table 
1, compounds (I)- (III)]. 

Prepara t ion of O,O-Dialkyl 1-Isopropyl-2-ni t roethylphosphonates .  With s t i r r ing  and cooling to 0-5 ~ 
to a mixture of 0.1 1V[ of ni t roisoamylene and 0.1 M of the dialkyl phosphite or  thiophosphite was added in 
drops a solution of C2H5ONa, which was prepared  f rom 0.05 g-a tom of Na and 20 ml of absolute ethanol. 
The mixture was s t i r r ed  for  1 h at room temperature ,  neutral ized with acetic acid, and poured into 200 
ml of a mixture of water  and ice. The product was extracted with ether (5 • 50 ml) and then dried over  
MgSO 4. The ether was distilled off and the residue was vacuum-dist i l led [compounds (IV)and (V)]. 

Prepara t ion of O, O-Diethy[ 1-Carbethoxy-2-alkyl-3-ni t ropropylphosphonates .  The addition of the 
phosphonoacetic es te r  of ni t roisoamylene was run by the above given procedure,  taking for react ion 
0.1 M of C2H5ONa in 40 ml of absolute alcohol per  0.1 M of start ing components. The mixture was 
heated on the water  bath for  30 rain. The fur ther  workup was the same as indicated above. 

The addition of the phosphonoacetic es te r  to nitropropylene was run in absolute benzene medium, in 
the presence  of tr iethylamine, using a 1 : h 1 ratio of the components [compounds (VI) and (VII)]. 

The O,O-dialkyl 1-phenyl (or isopropyl)-2-aminoethylphosphonates and their  picrates,  and the 1- 
phenyl (or isopropyl)-2-aminoethylphosphonic acids, were prepared  as descr ibed in [3]. 

CONCLUSIONS 

Some new O, O-dialkyl nitroalkylphosphonates were synthesized by the addition of dialkyl phosphites 
and thiophosphites to nitroolefins.  The corresponding aminophosphonates were obtained f rom them by 
reduction. The hydrolysis  of the lat ter  gave the corresponding aminoalkylphosphonic acids. 
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