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By the react ion of the hydrazides  of perf luorodicarboxyl ic  acids that we have descr ibed previously 
[1] with nitrous acid and the interact ion of the dichlorides of the perf luorodicarboxyl ic  acids with sodium 
azide, with the subsequent Curtius r ea r rangement  of the azides formed we have synthesized per f luoro-  
polymethylene di isocyanates of the general  formula  OCN(CF2)nNCO , where n = 3, 4, 8 

] -  H N O ,  

H2NHNCO (CF~)uCONItN I2 * " ~ [NaCO(CF'-')nCONa] ~ O=C=N (CF2)nN~C~O 
- - N o  o C1CO (CF2)nCOC1- NAN:, 

The known perf iuoroalkyl  monoisocyanates  RfNCO have been obtained, mainly, by the react ions of 
acid chlorides with sodium azide and subsequent r ea r rangement  [2, 3]. The perf luoropolymethylene di iso-  
cyanates a re  color less  liquids with a sharp smell  that are  sensitive to atmospheric  mois ture;  they reac t  
v igorously  with alcohols,  giving the corresponding perf luoropolymethylene diurethanes 

OCN(CF2)nNCO P~o~.# BOCONH (CI%),~NHCOOtt 
0 - - 5  ~ 

n = 3. 4, 8; It = C2[ts; C6H~CII~ 

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

P r o d u c t i o n  o f  P e r f l u o r o d i i s o c y a n g t e s  F r o m  D i h y d r a z i d e s  o f  P e r f l u o r o -  
d i c a r b o x y l i c  A c i d s .  A solution of 0.01 mole of the dihydrazide of a perf luorodicarboxyl ic  acid in 
0.04 mole of concentrated HC1 and 10-20 ml of water  was mixed with 30 ml of m-xylene;  the mixture was 
cooled to 0-5 ~ and s t i r red ,  and a solution of 0.04 mole of NaNO 2 in 5 ml of water  was added in drops at 
such a ra te  that the t empera tu re  of the react ion mixture did not exceed 10 ~ Stirring was continued for a 
fur ther  2 h with cooling, then the xylene layer  was separated off, washed with NaHCO 3 solution and with 
water ,  and dried over  MgSO 4 and then with metall ic  sodium. The dried solution of the azide in xylene was 
placed in a flask with a reflux condenser  and a the rmomete r  with measur ing the t empera tu re  within the 
liquid. It was slowly heated in an a tmosphere  of nitrogen; at ~90 ~ the azide began to decompose with the 
evolution of nitrogen. Heating was continued, the nitrogen l iberated being collected. After the evolution 
of ni trogen had ceased,  the perf luorodi isocyanate  formed was distilled. It was purified by redist i l lat ion in 
a column in a cur rent  of dry nitrogen. The foIlowing compounds were  obtained: 1) hexafluorotr imethylene 
1,3-diisocyanate (OCN(CF2)aNCO with b.p. 84-85 ~ n~ 1.3302, d 2~ 1.5330, yield 37%. Found %: C 25.53; 
F 48.72; N 11.67; MR 31.16. C5F602N 2. Calculated %: C 25.64; F 48.71; 
f luorotet ramethylene diisocyanate OCN(C F2)4NCO with b.p. 105-106 ~ n~ 
Found%: C 25.51; F 53.15; N10.09.  C6F802N 2. Calculated%: C 25.35; 

In view of the low solubility of the dihydrazide of perf luorosebacic  
methylene diisocyanate was not obtained by this method. 

P r e p a r a t i o n  o f  P e r f l u o r o d i i s o c y a n a t e s  F r o m  C h l o r i d e s  o f  P e r f l u o r o d i c a r -  
b o x y l i c  A c i d s .  With s t i r r ing and cooling, a solution of 0.01 mole of the dichloride of perf luoroglutar ic  
or perf luoroadipic acid in 10 ml of xylene was added in drops to a soIution of 0.03 mole of activated NaN a 
in a mixture  of 5 ml of water  and 20 ml of m-xylene.  The mixture was s t i r red  for 2 h with ice cooling, 
and the xylene layer  was separated off and dried over  MgSO 4 and then with Na. The result ing solution of 
azide in xylene was heated in an a tmosphere  of ni t rogen at 90-130 ~ the decomposition of the azide being 
ca r r i ed  out under the conditions descr ibed above. This gave hexafluorotr imethylene diisocyanate with 
b.p. 84-85 ~ yield 72% of theoret ical ,  and octaf luerotetramethylene diisocyanate with 105-106 ~ y ie ld  78% 
of theoretical .  An emulsion of 5.2 g of the chloride of perf luorosebacic  acid in 10 ml of diphenyl ether was 
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N 11.96; MR 31.50; and 2) octa-  
1.3412, d 2~ 1.544, yield 34%. 
F 53.52; N 9.85. 

acid in xylene, hexadecafluoroocta-  
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added in small portions to a suspension of 1.3 g of activated NaN 3 in 20 ml of dry diphenyl ether at ~30 ~ 
and then the mixture was stirred with heating in the boiling water bath for 4-5 h. After this, the tempera- 
ture was slowly raised to 259 ~ (the boiling point of the diphenyl ether) and the nitrogen liberated by the 
decomposition of the azide was collected. When the evolution of nitrogen was complete, the resulting diiso- 
cyanate was distilled in vacuum. This gave 1.6 g of hexadecafluorooctamethylene diisocyanate OCN(CF2) 8. 
NCO with b.p. 105 ~ (220 ram), n~ 1.3258, yield 32%. Found %: C 25.21; F 63.46; N 5.38. CIoFiGO2N 2. 
Calculated %: C 24.79; F 62.81; N 5.78. 

Preparation of Perfluoropolymethylene Diurethanes. In a current of nitrogen, 
and with cooling, 0.002 mole of alcohol was added to a solution of 0.002 mole of the perfluorodiisocyanate 
in 2-3 ml of dry ether. After the elimination of the ether in vacuum, the diurethane was obtained as a 
residue with a yield of 85-90%. It was rccrystallized from benzene. In this way were obtained: i) hexa- 
fluorotrimethylene dibenzylurethane with m.p. 112-114 ~ Found %: C 50.80; H 3.62; F 25.25; N 6.18. 
CIgHI6F6N204. Calculated %: C 50.66; H 3.55; F 25.33; N 6.22. 2) Octafluorotetramethylene diethylurethane 
with m.p. 131-133 ~ . Found %: C 32.09; H 3.26; F 40.60; N 7.37. CIoHI2FsN204. Calculated %: C 31.91; 
H 3.19; F 40.42; N 7.44; and 3) hexadecafluorooctamethylene dibenzylurethane with m.p. 132-134 ~ Found %: 
C 40.82; H 2.12; F 43.03; N 3.96. C24HIGFI6N204. Calculated %: C 41.14; H 2.28; F 43.42; N 4.00. 

CONCLUSIONS 

1. Pe r f luo rod i i socyana te s  OCN(CF2)nNCO (n = 3, 4, 8) have been obtained by the reac t ion  of hydraz ides  
of pe r f luorod ica rboxy l i c  acids with ni t rous acid or  that of chlor ides  of pe r f luorod ica rboxyl ic  acids with 
sodium azide and subsequent  r e a r r a n g e m e n t  of the az ides  of the acids so fo rmed  under the conditions of the 
Cur t ius  react ion.  

2. The reac t ion  of the pe r f luo rod i i socyana tes  with alcohols  has given per f luoropolymethy lene  di-  
urethanes. 

I. 
2. 
3. 
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All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the above  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i ons  of the a b b r e v i a t i o n s  as g i v e n  in  the o r i g i n a l  R u s s i a n  j ou rna l .  Some  or  a l l  o f  th i s  per i -  

od ica l  l i t e ra ture  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A comple t e  l i s t  of the cover - to .  
cover  E n g l i s h  t r a n s l a t i o n s  appea r s  at the back of  the f i r s t  i s s u e  of t h i s  year.  
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