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The reaction of 2-aminopyridines with PCl; proceeds with the formation of 2-trichlorophosphazopyridines,
which when treated with morpholine are converted to 2-dimorpholidochlorophosphazopyridines. By heating
these last products with 96% ethanol, dimorpholido pyridyl-2-amidophosphoric acids are obtained.

It had been previously established [1, 2] that 2- and 4-aminopyrimidines react with PCl; to form monomeric
trichlorophosphazopyridines, similar to amides of carboxylic acids and sulfanilamides [3]. This reaction had not been
studied within the series of 2-aminopyridines. It could be expected that, due to a lowering of the electronic density on
the exocyclic nitrogen atom in 2-aminopyridines {4, 5], these might react with PCl; in the same way as 2- and 4~
aminopyrimidines and aminotriazines {6}, i.e., with the formation of monomeric trichlorophosphazopyridines. These
last compounds are interesting as starting substances for the synthesis of various organophosphorous compounds.
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The HCI liberated in the reaction of 2-aminopyridines (I) with PCl; was collected and back-titrated. When weak bases
(I, R-halogens, NO,) were introduced into the reaction, 2 equivalents of HCI were collected, but when strong bases were
introduced (R=H)—1 equivalent was collected and the hydrochloride of trichlorophosphazopyridine was formed.

Trichlorophosphazopyridines (II) proved very unstable under ordinary conditions, and therefore were not
isolated; but their formation was demonstrated by their conversion to the more stable
dimorpholidochlorophosphazopyridines (III). Conversion of III todimorpholidopyridyl-2~amidophosphoric acids (IV) was
achieved by boiling in ethanol. Compound IVc was obtained from IIlc, without separation, by boiling in ethanol.

EXPERIMENTAL

2-Dimorpholidochlorophosphazo-5-chloropyridine (IlIa). A suspension of 1.5 g (11.7 mM) of 2-amino-5-
chloropyridine and 2.43 g (11.7 mM) of PCl; in 30 ml benzene was boiled for 2 hr under stirring and in a current of
nitrogen. To the reaction mixture, consisting of a solution of 2-trichlorophosphazo-5-chloropyridine in benzene, and
after cooling to 10-15° C, a solution of 4.07 g (46.8 mM) of morpholine in 20 ml of benzene was added, and stirring
was continued for 3 hr at 20° C. The morpholine hydrochloride was filtered off, washed with benzene, the mother
liquors were united, the benzene distilled off under vacuum, the residual oil was dissolved in 100 ml of dry ether,
stirred up with charcoal, filtered off, the ether distilled off, and the residual oil crystallized by rubbing, In a
similar way compounds (IITb—IIle) were obtained (see Table 1). These dissolved easily in organic solvents. Compound
III was slowly hydrolyzed when exposed to the air.

2-Dimorpholidochlorophosphazopyridine (IIIf). A suspension of 1.5 g (15.9 mM) of 2-aminopyridine and 3.32 g
(15.9 mM) of PCl;s in 40 ml benzene was boiled in a current of nitrogen and stirred for 2 hr. The reaction mixture
was cooled, the precipitate filtered off, washed with ether, yielding 3.91 g of the hydrochloride of 2~
trichlorophosphazopyridine. This was then suspended in 100 ml ether, cooled to 10-15° C, and 6.4 g (5 equiv) of
morpholine in 20 ml ether was added while stirring. Stirring was continued for 30 min at 15° C, 3 hr at 20° C, and
then the mixture was allowed to stand until the following day. The morpholine hydrochloride was filtered off, washed
with ether, the mother liquors were united, the ether partly evaporated, and the residue passed through an Al,0;
column, which was then eluted with ether. The eluate was evaporated, and the residual oil was crystallized by rubbing.
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Table 1. 2-Dimorpholidochlorophosphazopyridines (III)

= i Found, % Calculated, % =
L 2| Mp °C (ex; N
g % ether) Molecular formula a =
3 & C|H| @) | N|P|C H[aG) NP ﬁ

|
l T

Ila | 77—79 | C3HisCLN,O:P  142.63| 5.27/19.68 15,70\ 8.39/42.75/5.24| 19.42 |15.34} 8.48| 82
Hib | 101—102| CsHoBrCIN,O,P 37.82] 4.67|28.10*%:13.83) 7.8238.1114.68| 28.18%|13.68| 7.58| 92.3
e | 121—122) Cy5H;sCUN,O,P  134.09] 4.14) — 112.42| 6.48|34.19/4.19| — [12.27|6.78] 82.8
111d 107——108‘ CisHisCINsOP 41,91} 5.19] 9.44 [18.38]8.08141.55!5.10| 9.44 |18.64| 8.06 87.5
Hle | 117—119} Cy3H sCIiN,O,P  |38.74| 4.67:26.49 |14 261 7. 80139, 07‘ 4,541 26.62 114, 02! 7.75! 92
mf | 77—78 | Ci3sHpoCIN,O,P 47.122 5.9110.42 17 40 9. 45;47 ZOI 6. 10] 10.72 16 94, 9.37| 54

*From ether.

**Total chlorine and bromine.

Table 2. Dimorpholides of pyridyl-2-amidophosphoric acids (IV).

Calculated, %

Found, % =
Compounds Mp. °C (s.olve.nt for Molecular formula - —~ g
crystallization) ¢l (Br) 1 (Br) 3
C H ik N 3 [¢ H L N p o
IVa 147—148 Ci3HgoCIN,O3P 45.28 | 5.80 | 10.03| 16.07 8.72 | 45.03| 581 | 1023 | 16.16| 893 | 86.4
(ethy! acetate) .
IVb 17751785 CyaHgoBrNsOsP 4031 | 5.10 | 2043 | 14.31 7.70 | 39911 515 2043 | 1432 7582 | 768
(ethyl acetate)
1Ve 198199 CisHgoINO.P 35.71 4.55 | 28.21| 1277 | 6.78 | 35.63| 4.60 | 2896 | 12.79| 7.07 | 93.7
(methanol)
1vd 121—122 CisH2oNsOsP 43.80: 574 — | 19.85 8.93 | 43.70 5.64 — 19.60| 8.67 | 68.8
(ethyl acetate)
1Ve 147.5—148 C15H1sCleN4OsP 4127 524 | 1875 14.90 7.70 | 40.96| 5.02 | 1860 | 1470} 8.13 | 945
(ethyl acetate)
Ivf 156-—157 CisHaiN,OsP 4955] 6.78 — | 1759 | 10.15 | 49.99 6.78 -— 1794 992 89
(ethyl acetate)
Ivg 174.5—175 Cy4H2:BrN,OsP 4173 | 548 | 1975] 1358 | 7.74 | 41.49| 547 | 19.72 | 13.83] 7.64 | 80.5
(benzene)
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Dimorpholid of 5-chloropyridyl-2~amidophosphoric acid (IVa). Five grams of compound Illa was suspended in
50 ml ethanol, boiled for 45 min, then cooled and neutralized with an ethanolic solution of triethylamine or with an
ethanolic solution of KOH. The solvent was distilled off under vacuum, and the residue was boiled with 50 ml benzene*.
Compound IVa was obtained after the benzene was distilled off. In a similar way were obtained compounds IVbh—IVg
(Table 2), very soluble in chloroform and ethanol, while IVa, IVd—IVg were easily soluble in water.

REFERENCES

1. A. A. Kropacheva and N. V. Sazonov, KhGS, collection 1, 372, 1967.

2. N. V. Sazonov and A. A. Kropacheva, KhGS, collection 1, 377, 1967.

3. G. 1. Derkach, I. N. Zhmurova, A. V. Kirsanov, V. I. Shevchenko, and A. S. Shtepanek, Phosphazo
Compounds [in Russian], Naukova dumka, Kiev, 1965.

4. O. E. Polansky and M. A. Grassberger, Mon., 94, 662, 1963.

5. A. Katritzky and J. Lagovskaya, Chemistry of Heterocyclic Compounds,[Russian translation], IL, Moscow,
73, 1963.

6. G. I. Derkach, M. I. Bukovskii, S. N. Solodushnikov, and A. M. Mosiichuk, in collection "Chemisiry of
Organophosphorus Compounds", ZhOKh, 89, 1967,

6 April 1968

Ordzhonikidze All-Union Scientific~Research Institute of
Pharmaceutical Chemistry, Moscow

*In the case of compound IVe, the residue after distillation of the solvent was washed with water and then
crystallized.
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