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SYNTUYES WITH HYPOPHOSPHOROUS A C I D  AND ITS DEFtIVATIVES 

C.WRISSOV, I .DEVEDJIEV, V.CANEV 
Cent ra l  Laboratory for Polymer8,Bulgarian Academy of 
Sc iencee , I I I3  Sof ia tBulgar ia  

ABSTHACT: The i n t e r a c t i o n  of hypophoaphorous acid and ib 
e a l t a  with hydroxyl-containing compound8:alkyl h a l i d a ,  
isocyaaate8,fonnaldehydes and m i n e 8  wae invea t iga t ed .  
The new polyfunctional phosphonous ac id8  were obtained. 

~PoPho8Phoroua acid (HPA)  i s  a n  accessible i n d u s t r i a l  pro- 
d u c t . I t  ha6 a high phoephorus content (47$),three r e a c t i v e  
group8 i .e.an hydroxyl one and two r e l a t i v e l y  acidic hydro- 
gen atoms d i r e c t l y  bonded t o  phoaphoroue. 

I t  was known t h a t  HPA ester8 were eyntheaized ‘.The e8- 
t e r i r i c a t i o n  of HPA with  p o l y a l l y l i c  a lcohol  or polysachari-  
de8 as well a8 with 2-butyne I t4 -d io l  leads t o  phosphonous 
@ ~ i d s ~ ’ ~ . I t  i s  assumed t h a t  the  f i r s t  s t e p  c o n s i s t s  in the  

formation o f  the HPA e s t e r s  which then iaomerizes i n t o  pho- 
sphoaoue acid.The i n t e r a c t i o n  between meth i l  i od ide  and the  
eodium salt  of HPA ha8 been reported4.The au thor  a s s w i n g  
the formation not  of the correaponding ester but  methylphoe- 
phonous ac id .  

ways leading to  new organophosphorou8 compound8 conta in ing  
C-P bonds and func t iona l  groups. 

The a i m  of the present  etudy w a 8  t o  search  f o r  synthe tyc  

HESULTS AN2 dIS&JSSION 
I n t e r a c t i o n  between HPA and a lcohols .  
The i n t e r a c t i o n  be tween HPA and a l coho l s  was examined5. We 
found however t h a t  the i s o l a t e d  HPA e s t e r  decomposes to  d i -  

a l k y l  phosphite (DAP) and phosphine but g ives  no phosphonoua 
acid.The r eac t ion  medium were de tec ted  an o l e f i n  a r i a i n g  
from alcohol dehydration and the  corresponding phosphonoue 
a c i d s  ( i n  y i e l d s  above 4O$),the l a t t e r  were determined by 14 
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N k R  spectroscopy and elemental analysis.The mechanism of the 
reaction is diecussed with the view to explaining the pro- 
ducts formed. 

Experiments were a l s o  conducted to obtain KPA esters via 
interaction with alkylene oxide8 at room temperature.No hyd- 
roxy or phosphonous acids were isolated from the reaction 
mixture.The addition to the reaction mixture of an equimolar 
quantity of different hydroxyl-containing compound8 give8 
corresponding phosphonoua acid: 

when a8 alcohol 2-butyne-I,4-diol was used I-methylol- 
-1,L-propanedienyl phosphonous acid in yeld 97% wae obtai- 

6 ned . 
Intetaction between alkaline ealts of HPA with alkvl halides 
The interaction between askyl halides and hypophosphoroue 
acid salts has been investigated.The interaction of potas- 
sium hypophosphite with 3-chloto-I,2-propenediol or with al- 
lylbromide in ethanol solution was examined.The compound8 
were determined by elemental analysis,N#R and IR spectros- 

R COPY: p 
8-d-H + RX - R-p-H; M = C I p  Br. 
On -MX A H  

In the case of ally1 bromide,interestingly,no phosphono-- 
us acid containing a double bond was isolated,the product . 

being ethoxyalkylphosphonous acid arising from ethanol addi- 
tion.It was also attempted to introduce phosphonous group in 
halogen-containing polymers' .It was found that potassium hy- 
pophosphite reacts with polyvinyl chloride as well as with 
polychloroprene rubber.The reaction was carried out in etha- 
nol and the polymers obtained have a phosphorous content of 
2,5 and 2,& respectively.They exhibited an improved hydro- 
philicity and resistance to combustion as well, as ion-excha- 
nge properties. 
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I n t e r a c t i o n  between H P A  salts with isocuanates.  
The i n t e r a c t i o n  of HPA salts w i t h  isocyanate8 under the con- 
d i t i o n s  o f  polyurethane formation ha8 been examined8.There 
is an exothermal reac t ion  a t  about 130 C accompanied by evo- 
l u t i o n  o f  C02.0n the grounds of  the l i t e r a t u r e  data and the 
c h a r a c t e r i s t i c s  of the products obtained i t  can be assumed 
t h a t  severa l  reac t ions  take place i .e.  addi t ion  of HPA e a l t a  
over the ieocyanate function8,formation of ieocyanuric r i n g s  
and carbodiimide 8tructures.A eimilar r e s u l t  - an evolut ion 
of C02,a formation o f  carbodiimide8,and addi t ion  over the 
isocyanate funct ion has  been reported for the r e a c t i o n  bet- 

ween iaocyanatee and d i a l k y l  phosphites . 
The i n t e r a c t i o n  of aqueous H P A  s o l u t i o n s  wi th  iaocgana- 

tea  afforded HPA aminee according t o  the  scheme: 

0 

9 

The atnines of HPA have been h i t h e r t o  unknown.They a r e  
p a r t i c u l a r l y  e u i t a b l e  f o r  preparing phosphorous-containing 
new compounds,more notably polymers. 
I n t e r a c t i o n  between H P A  w i th  formaldehyde and amines. 
Hydrogenphosphoryl compounds a r e  known to r e a c t  with form- 
aldehyde and amines ( the  Mannich reaction).HPA has  been us- 
ed f o r  similar reactions" .The p o s s i b i l i t i e s  of phosphoryla- 
t i o n  of  caprolactam and polycaprolactam wi th  HPA and formal- 
dehyde examined.It was found tha t  phosphorylation takes  p la -  
ce a t  the hH posi t ion:  R 

b H  +n 

CH2- LH 
+ ( C H 2 ) p H j n  + C H ~  + 8-P-H -t 1 co(cH2)5-y 
Phosphorous content i n  polycaprolactam is  0,9 to  2,6$ 

which means t h a t  one rnethylenephosphonous group correspond8 
to 12-14 elementary units anci the new phoaphorylated poly- 
caprolactam show a reduced r e s i s t a n c e  to  combustion. 
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Some of the newly prepared compounds have been used as 
polyurethane fire-retardantsd.Alrnost all of the presently 
investigated compounds exhibit improved resistance to com- 
bustion for polyurethanes in comparison to the commercial 
fire-retardant Firol-6.dome of the phosphonous acids have 
been found to act as grouwth regulators o r  fungicides. 
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