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The reac t ion  of 2 -aminopyr id ines  with PCI~ p roceeds  with the format ion of 2- t r ich lorophosphazopyr id ines ,  
which when t rea ted  with morphol ine  are  conver ted  to 2-dimorphol idochlorophosphazopyr id ines .  By heating 
these  las t  products  with 96% ethanol,  dimorpholido pyr idy l -2 -amidophosphor ic  acids are  obtained. 

It had been prev ious ly  es tabl i shed [1, 2] that 2- and 4 -aminopyr imid ines  reac t  with PC15 to fo rm monomer ic  
t r ich lorophosphazopyr id ines ,  s im i l a r  to amides  of carboxyl ic  acids and sul fani lamides  [3]. This reac t ion  had not been 
studied within the s e r i e s  of 2-aminopyr id ines .  It could be expected that, due to a lower ing of the e lec t ron ic  density on 
the exocycl ic  ni t rogen atom in 2 -aminopyr id ines  [4, 5], these  might  r eac t  with PC15 in the same way as 2-  and 4- 
aminopyr imid ines  and amino t r i az ines  [6], i . e . ,  with the format ion of monomer i c  t r ich lorophosphazopyr id ines .  These 
las t  compounds are  in teres t ing  as s tar t ing subs tances  for the synthes is  of var ious  organophosphorous compounds. 

! a - g  II a - g  I l l  a - g  IV a - g  

a R=R"=H,  R'=CI; b R=R'=H, R'=Br;  c R=R"=H, r ' = J ;  d R = R " = H ,  R'=NO2: e R=H, R '=R'=CI ;  

f R=R'=R"=H; g R=CH 3, R' =Br, R'=H 

The HCI liberated in the reaction of 2-aminopyridines (I) with PCI~ was collected and back-titrated. When weak bases 
(I, R-halogens, NO2)were introduced into the reaction, 2 equivalents of HC1 were collected, but when strong bases were 
introduced (R--H) -1 equivalent was colleoted and the hydrochloride of trichlorophosphazopyridine was formed. 

Trieh lorophosphazopyr id ines  (II) proved ve ry  unstable under ord inary  conditions, and the re fo re  were  not 
isolated; but the i r  format ion  was demons t ra ted  by the i r  convers ion  to the m o r e  stable 
d imorphol idochlorophosphazopyr id ines  (HI). Convers ion of III tod imorpho l idopyr idy l -2 -amidophosphor ic  acids(IV) was 
achieved by boiling in ethanol. Compound IVc was obtained f rom IIIc, without separat ion,  by boiling in ethanol. 

EXPERIMENTAL 

2-Dimorphol idoch lorophosphazo-5-ch lo ropyr id ine  (IIIa). A suspension of 1.5 g (11.7 raM) of 2 - a m i n o - 5 -  
chloropyr id ine  and 2.43 g (11.7 mM) of PCI5 in 30 ml benzene was boiled for  2 hr under s t i r r i ng  and in a cu r ren t  of 
ni trogen.  To the reac t ion  mixture ,  consis t ing of a solution of 2 - t r i ch lo rophosphazo-5 -ch lo ropyr id ine  in benzene, and 
af te r  cooling to 10-15 ~ C, a solution of 4.07 g (46.8 mM) of morphol ine  in 20 ml of benzene was added, and s t i r r ing  
was continued for 3 hr  at 20 ~ C. The morphol ine hydrochlor ide  was f i l te red  off, washed with benzene,  the mother  
l iquors  were  united, the benzene d is t i l led  off under vacuum, the res idua l  oil was d isso lved  in 100 ml of dry ether ,  
s t i r r ed  up with charcoal ,  f i l te red  off, the e ther  d is t i l led  off, and the res idua l  oil c rys ta l l i zed  by rubbing. In a 
s i m i l a r  way compounds (IIIb-IIIe)  were  obtained (see Table 1). These  d isso lved  eas i ly  in organic  solvents.  Compound 
III was slowly hydrolyzed when exposed to the air .  

2 -Dimorphol idochlorophosphazopyr id ine  (IIIf). A suspension of 1.5 g (15.9 mM) of 2-aminopyr id ine  and 3.32 g 
(15.9 raM) of PC15 in 40 ml benzene was boiled in a cur ren t  of ni t rogen and s t i r r ed  for 2 hr. The reac t ion  mixture  
was cooled, the p rec ip i t a te  f i l te red  off, washed with ether ,  yielding 3.91 g of the hydroehlor ide  of 2- 
t r ich lorophosphazopyr id ine .  This was then suspended in 100 ml  e ther ,  cooled to 10-15 ~ C, and 6.4 g (5 equiv) of 
morphol ine  in 20 ml e ther  was added while s t i r r ing .  S t i r r ing  was continued for 30 min at 15 ~ C, 3 hr  at 20 ~ C, and 
then the mix ture  was allowed to stand until  the following day. The morphol ine hydrochlor ide  was f i l te red  off, washed 
with e ther ,  the mother  l iquors  were  united, the e ther  par t ly  evaporated,  and the res idue  passed through an A1203 
column, which was then eluted with ether .  The eluate was evaporated,  and the res idua l  oil was c rys ta l l i zed  by rubbing. 
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T a b l e  1. 2 - D i m o r p h o l i d o c h l o r o p h o s p h a z o p y r i d i n e s  (III) 

=IMp OC (ex t- 
~ ether) Molecular formula 

c 

Ilia 
lllb 
lllc 
llld 
llle 
lllf 

! I 
77--79 C13HIsCI2N40~P 42,631 

101--102 C~3HtgBrCIN4OsP [37.82i 
121--122, C13HIgC1JN40~P 134.09 
107--1081C~3HIsCINsO4P 141.91 
117--119 C1aHIsClaN402P /38.74 
77--78 CI3H2oC1N402P [47,12 

Found, % 

ci I H (Br) N P C 

52711968 115.70 8.39142.75 
4,67/28.10"*d3,83 F 7,82[ 38.11 
4.14 - -  !12.42 6.48 34 19 
519! 944 1838 808141.55 
4672649 14 26!78013907 
5.91 10.42 11740 9.45!4720 

Calculated,% 

CI (Br) H N p 

5.24/19.42115.3418.48182 
4.68128.18"113.6817.581922 
4.191 - -  112,2716.78] 82.8 
5.101 9,44 ]18.64 t 8.06[ 87.5 
45412662 14 021 7.75 92 610110.72 116.94j 9.37154 

*From ether. 
**Total chlorine and bromine. 

T a b l e  2. D i m o r p h o l i d e s  of  p y r i d y l - 2 - a m i d o p h o s p h o r i c  a c i d s  (IV).  

Compounds 

IVa 

IVb 

IVc 

IVd 

IVe 

IVf 

lVg 

Mp. ~ (solvent for 
crystallization) 

147--148 
(ethylaeetate) 

177.5--178.5 
(ethylacetate) 

198---199 
(methano~ 

121~I22 
(ethyl acetate) 

147.5---148 
(ethylaeetate) 

156--157 
(ethylacetate) 

174.5--175 
(b ..... 0 

Molecular formula 

45.28 

40,31 

35.71 

43.80 

41,27 

49.55 

41.73 

5,80 

5.10 

4.55 

5,74 

5.24 

6.78 

5.48 

CtsH~oCIN~OsP 

CIsH~oBrN403P 

CI3H2olN40~P 

CISH2o'NsOsP 

CIsH~gCleN4OaP 

ClsH2tN~OsP 

C~4H2~BrN4OsP 

Found, % 

H CI(~3r) N 

10.03 16.07 

20.43 I4,31 

28.21 12.77 

- -  19,85 

18.75 14.90 

- -  17.59 

19,75 ] 13.58 

8.72 

7.70 

6.78 

8.93 

7,70 

10.15 

7.74 

Calculated, % 

C H CI (Br) N (I) 

45,03 5,81 16.1~ 

39,91 5.15 14,3~ 

35.63 4,60 12.7 c 

43.70 ~ 5,64 I9.60 / 

/ 5,02 14.70 40.96 

/ 
49.99 ! 6.78 17.94 

5.47 13.83 41.49 / 

p 

8.91 86.4 

7.9_~ 76.8 

7,07 93,7 

8.67 68.8 

8.13 94.5 

9.92 89 

7.64 80.5 
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Dimorpholid of 5 - ch lo ropy r idy l -2 - amidophosphor i e  acid (IVa). Five g r ams  of compound IIIa was suspended in 
50 ml ethanol, boiled for 45 min, then cooled and neut ra l ized  with an ethanolic solution of t r i e thy lamine  or with an 
ethanolic solution of KOH. The solvent was d is t i l led  off under vacuum, and the res idue  was boiled with 50 ml benzene*. 
Compound IVa was obtained af ter  the benzene was dis t i l led  off. In a s im i l a r  way were  obtained compounds IVb-IVg 
(Table 2), ve ry  soluble in ch lo ro fo rm and ethanol, while IVa, IVd-IVg w e r e  eas i ly  soluble in water .  
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*In the case  of  compound IVe, the res idue  af ter  d is t i l la t ion of the solvent was washed with wate r  and then 
c rys ta l l i zed .  
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