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The reac t ions  of per f luoroa lky l  i socyanates ,  containing f luorine a toms in s e r i e s  with the isocyano 
group, a re  compl ica ted  by the p re sence  of the unstable  - C F  2 -NH grouping in the addition products  [1]. In 
the case  of oz-hydroperf luoroisopropyl  i socyanate  this group is absent,  but the p r e sence  of a t e r t i a r y  hydro -  
gen a tom in s e r i e s  with the t r i f luoromethy l  groups  makes  dehydrofluorinat ion react ions  poss ib le  (see [2]). 

The p re sen t  pape r  is devoted to a study of the prev ious ly  unknown pe r f l uo ro - t e r t - bu ty l  i socyanate  (I), 
which is devoid of both f luorine and hydrogen a toms in the ~ -pos i t ion  to the isocyano group.  Isocyanate  (1) 
eas i ly  r eac t s  with wate r ,  alcohol,  and amines  to r e spec t ive ly  give pe r f l uo ro - t e r t - bu ty l amine  (II),* u re than  
(HI), and subst i tuted u reas  (IVa, b) 

H20 
(CF3)aCNH~ (II) 

(CFs)aCN=C~O-- C2I-I~OH ~CF~ (III) 
. . . . .  ' " . . . . . . .  ~'OC~H5 

(I) 
RtR2NH .~O �9 + (CF~)aCNHC( (1% 

N "R~ (IV) 

a R1 = C~Hs, 1t9 = H; b IR1 = R~ = CH3 

The p e r f l u o r o - t e r t - b u t y l  and per f luoropropyl  i soeyanates  reac t  with t r i e thy lamine  s i m i l a r l y  to the 
sulfonyl i socyanates  [5], and give beta ines  (Va, b) 

a R I = CaF~ 

RtN=C----O + (C2Hs)sN ~ e#=-~(c2Hs)a  (V) b R I = (CFs)aC 

The cycloaddit ion reac t ions  of i socyanates  to act ivated multiple bonds lead e i ther  to cye lod imer s  or  
the i r  decomposi t ion  products .  Reactions with ketene and o~-oximes belong to cyc lodimer iza t ion  reac t ions  of 
the f i r s t  type.  Isocyanate  (I) r eac t s  with ketene in the s a m e  manner  as does per f luoropropyl  i socyanate  [1], with 
the fo rmat ion  of pe r f luo ro - t e r t -bu ty l -2 ,4 -aze t id ined ione  (VI), which with aniline gives malonie acid der iva t ives  
(vii) 

(CFa)aCN=C=O (CFa)aCN--C=O 
l C~ (CFa)aCNHCCH~CNHC6H5 

+ --" O= -- CH~ I ;  'o' (vi,> CH~=C=O (VI) ~ C,H+I'~rI~ 
C~HsNHC CH~ CNHC+H5 

It II 
O O 

The reac t ion  of f luorinated i soeyanates  with oe-oximes was previouslyunknown.  It proved that the p e r f l u o r o -  
propyl  and p e r f l u o r o - t e r t - b u t y l  i socyanates ,  s i m i l a r l y  to unfluorinated i socyanates  [6, 7], r eac t  with a -ox imes  
in the p r e s e n c e  o f t e t r a e t h y l a m m o n i u m b r o m i d e  at 180~ give 2-oxazol idones  (VIIIa, b) 

RIN=C=O + CH2--CH~-+ R/N--C=O a R1=(CFa)3C 

NO/ H, Ic ~0 (VIII) b RI=CaF7 

*Due to its low bas ic i ty ,  p e r f l u o r o - t e r t - b u t y l a m i n e  does not give the u reawi th  isooyanate (I), which is inherent  to 
i soeyanates  in genera l ,  including ~ -hydrope r f luo ro i sop ropy l  i socyanate  [3] and hexa f luoro - t e r t -bu ty l  i socyanate  

[4]. 
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Reactions with d ime thy l fo rmamide  or  t r iphenylphosphine phenylimine belong to the second type of 
cyeloaddit ion reac t ions .  P e r f l u o r o - t e r t - b u t y l  i socyanate  r eac t s  with d imethy l fo rmamide  to give N - p e r -  
f l u o r o - t e r t - b u t y l - N ' , N ' - d i m e t h y l f o r m a m i d i n e  (IX) as the end product;  the reac t ion  goes with g r e a t e r  dif-  
ficulty than in the case  of ~ -hyd rope r f luo ro i sop ropy l  isoeyanate  [3] 

0 y (CFa)aCN--C=Oq 

N(CHa)~ ~ -Co~ \N(CHa)~ 
H (ix) 

Isoeyanate (1) reacts with triphenylphosphine phenylimine under mild conditions to give N-perfluoro- 
te rt-butyl-N' -phenylcarbodiimide (X) 

CF3CN=C=O [(CFa)3CN =C--O ] 
+ "-' | ] I | --, (CFa):~CN=C=NC6H~ + (CsHs)aPO 

(C6H~)aP=NC6Ha [ C6HsN--P(C6Hs)a[ (X) 

Fluor ine-conta ining i socyana tes  r eac t  both with enamines  and with i soni t r i les ,  but we were  unable to 
i so la te  the pure  react ion  products .  Unstable hygroscopic  addition products  a re  fo rmed  in the case  of the 
enamines ,  while t a r s  a re  fo rmed  in the case  of the i soni t r i les .  But s table  iminopyrro l idones  {XIia, b, c) 
were  obtained when the i socyanates  were  reac ted  s imul taneous ly  with the enamine and cyclohexyl  i soni t r i le .  
Apparently,  the in te rmedia te ly  fo rmed  unstable  betaine (XI), being a 1 ,4-bipolar  compound (see [8]) en ters  
into the reac t ion  of a -add i t ion  to the i soni t r i le  

e 

RfN=C=-O + .C~CH'-'4N .O "---~] H~o/C(CHa) + C6HltN~--'C --"'~C6HuN~"C ~ /C4CH3)3 

(Xl) a R / =  CaFT; b Rf=(CFa)2CH: c R~ = (CFa)aC 

In this connection the pe r f luoropropy l  and a - h y d r o p e r f l u o r o i s o p r o p y l  i socyanates  r eac t  much more  
rapidly  than does p e r f l u o r o - t e r t - b u t y l  i socyanate .  The unfluorinated isocyanates  also r eac t  in the s ame  
manner  with enamines  and i soni t r i l es  [9]. 

As a resu l t ,  p e r f l u o r o - t e r t - b u t y l  i socyanate  manifes ts  a lower  act ivi ty in ce r t a in  reac t ions .  Distinct 
proof  of its lower  reac t iv i ty  is the compet ing reac t ion  of equ imolar  amounts of per f luoropropyl  isocyanate  
and p e r f l u o r o - t e r t - b u t y l  i socyanate  with 1 mole of alcohol.  Here  N-per f luoropropy le thy lu re than  is fo rmed  
exclus ively .  Since the e lec t ronegat iv i ty  of the p e r f l u o r o - t e r t - b u t y l  group (Taft constant  or* = 2.8 [10]) is 
not s m a l l e r  than the e lec t ronegat iv i ty  of the per f luoropropyl  group, then the lower  act ivi ty of p e r f l u o r o -  
t e r t -bu ty l  i soeyanate  is evidently due to s t e r i e  f ac to r s .  The p r e sence  of the bulky p e r f l u o r o - t e r t - b u t y l  
group not only lowers  the act ivi ty  of the i soeyanate ,  but it a lso impar t s  a ce r t a in  uniqueness to the r e a c -  
tion products  obtained f r o m  it (see [11]). For  example ,  the p rope r t i e s  of N - p e r f l u o r o - t e r t - b u t y I - N ' - p h e n y l -  
carbodi imide  proved to be unusual.  A subst i tuted u r e a  could be obtained f r o m  it only under  the influence 
of cone. H2SO 4. When an aqueous dioxane solution of carbodi imide  (X) is heated the u r e a  is not fo rmed,  as 
is inherent  to ca rbodi imides ,  but instead the guanidine (XIII). Apparent ly,  the u r e a  (IVa) is c leaved to ani-  
l ine, which then r eac t s  wi{h the next  molecule  of the carbodi imide  

= : V ~  
~C ~JaCN . . . .  NCcHa --" n 

(x) ~- ' o  [J k OH j 
NHCGH5 

-c'--O~ C~H~NH~ + (X) -~ (CF3)aCN=C< (XIII) 
NHC6H~ 

Actually, aniline is formed when an aqueous dioxane solution of urea (IVa) is heated, while carbodi- 
imide (X) easily reacts with aniline to give the same guanidine (XIII). Carbodiimide (X) reacts in a similar 
manner with alcohol, forming O-ethyl-N-phenyl-N'-perfluoro-tert-butylisourea 0EIV) 

CeHsNHz 

�9 NHCr (CFa ~CN =C=NC~H~-- (XIII) 

c'm~163 (CF~)aGN=e< (XlV) 
OC~H5 
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The addition of alcohol and aniline to carbodiimide (X) probably takes place at the C = N group that is 
attached to the less electronegative radical ,  the same as in the case of unsymmetr ica l  carbodiimides con-  
taining a sulfonyl group [12]. 

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

Per f luoro- te r t -bu ty l  Isocyanate (I!~ To a solution of 10 g of activated NaN~ in 20 ml of water  and 40 
ml of m-xylene was added in drops,  with ice cooling and s t i r r ing,  28 g of perfluoropivaloyl fluoride [13]. 
The cooled mixture was s t i r red  for  1 h, and then it was s t i r red  at room tempera ture  for  4 h. The xylene 
l ayer  was separated,  washed with water,  and dried f i rs t  over  MgSO 4 and then over Na. The dried azide 
solution was slowly heated up to 90~ and on conclusion of N 2 evolution the obtained isocyanate was d i s -  
tilled. It was purified by distillation through a column. We obtained 13 g (48%) of {I) with bp 45~ n~  1.2895. 
Found: C 23.13; F 65.10; N 5.36%. CsF9NO. Calculated: C 22.98; F 65.51; N 5.36%. Infrared spec t rum (v, 
em-i): 2285 vs (N=C=O). 

Perfluoro-tert-butylamine (If). To a mixture of 10 ml of diglyme and 0.5 ml of water was added 5 g 
of (1) in drops. The reaction mixture was stood at room temperature for 4 h and the reaction product 
was distilled off. We obtained 2.4 g (54%) of (II) with bp 56-57~ '~D-21"5 1.2815. From [i0]: bp 56.5-57~ n~ 
1.2795. The passage of dry HCI into an ether solution of (If) gave a precipitate of the hydrochloride with 
mp 71-75 ~ From [10]: mp 76-77 ~ 

N-Perfluoro-tert-butyl-O-ethylurethan (Ill). Excess absolute alcohol was added in drops, with cooling, 
to a solution of 0.5 g of (1) in 5 ml of absolute ether. We obtained 0.5 g (85%) of (Ill) with mp 36-41 ~ (sub- 
limation). Found: C 27.17; H 1.99; F 55.24%. C7H6FgNO 2. Calculated: C 27.36; H 1.95; F 55.70%. 

From a mixture of equimolar amounts of isocyanate (I) and perfluoropropyl isocyanate with i mole of 
alcohol was exclusively formed N-perfluoropropylurethan, which was identified by GLC; urethan (Ill) was 
not detected in the reaction products. 

N-Perfluoro-tert-butyl-N'-phenylurea (IVa). To a solution of 1 g of (1) in 5 ml of absolute ether was 
added in drops, with cooling, a solution of 0.35 g of aniline in 5 ml of absolute ether. We obtained 1.2 g 
(88%) of (IVa) with mp 212-213 ~ (decompn.) (from 50% alcohol). Found: C 37.27; H 1.90; F 48.33; N 7.65%. 
CIIHTF9N20. Calculated: C 37.28; H 1.97; F 48.30; N 7.90%. 

A mixture of 0.3 g of carbodiimide (X) and 1 ml of cone. H2SO 4 was allowed to stand at room tempera- 
ture for 1 h. The addition of water gave a precipitate from which was obtained 0.2 g of crystals, with mp 
209-211 ~ identical with the compound obtained in the preceding experiment. 

N-Pe r f l uo ro - t e r t - bu ty l -N ' ,N ' -d ime thy lu r ea  (IVb). With cooling in ice and s t i r r ing,  excess (CH3)2NH 
was passed into a solution of 1 g of (I) in 15 ml of absolute ether.  After 10 h (0 ~ the precipitate was r e -  
crys ta l l ized f rom a mixture of benzene and hexane to give 0.95 g (81%) of (IVb) with mp 88-89 ~ Found: 
F 56.27; N 8.92%. CTHTF9N20. Calculated: F 55.68; N 9.15%. 

Reaction of Perf luoropropyl  Isocyanate with Triethylamine.  To 8.4 g of perf luoropropyl  isocyanate 
at 0 ~ with s t i r r ing ,  was added in drops 4.1 g of (C2Hs)3N. The mixture was allowed to stand at room t e m -  
pera ture  for 1 h and then it was distilled. We obtained 8 g (72%) of (Va) (as hygroscopic  crystals)  with bp 
59 ~ (250 ram) and mp ~30 ~ Found: C 38.99; H 5.19; N 9.11%. C10H15FTN20. Calculated: C 38.46; H 4.80; 
N 8.97%. Infrared spec t rum (v,  cm-1): 1765 (vs). 

Reaction of Per f luoro- te r t -bu ty l  Isocyanate with Triethylamine.  To 1 g of isocyanate (I) in 3 ml of 
absolute e ther  was added in drops,  at 0 ~ and with s t i r r ing,  0.26 g of (C2H5)3N in 2 ml of ether.  The p r e -  
cipitate was filtered. We obtained 0.56 g (45%) of (Vb) as quite volatile hygroscopic c rys ta l s  with mp 39-41 ~ 

(decompn.). 

1 -Per f luoro- te r t -bu ty l -2 ,4 -aze t id ined ione  (VI). A mixture of 3 g of {I) and 1.5 ml of ketene was al-  
lowed to stand in a sealed ampul under ice cooling for 3-4 h, and then overnight at room tempera ture .  After 
distilling off the unreacted isocyanate (1.54 g) we obtained 0.8 g (46%) of (VI) with mp 104-106 ~ (from p e t r o -  
leum ether,  sublimation). Found: C 27.80; H 0.77; F 56.51; N 5.16%. CTH2FgNO 2. Calculated: C 27.72; H 
0.66; F 56.43; N 4.62%. Infrared spec t rum (9, cm-1): ~1790 vs (C =O).  

Reaction of 1 -Per f luoro- te r t -bu ty l -2 ,4 -aze t id ined ione  (VI) with Aniline. A solution of 0.6 g of (VI) 
and 0.55 g of aniline in 10 ml of anhydrous benzene was refluxed for 2 h. After distilling off the benzene, 
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the res idue  was washed with wate r .  We obtained 0.7 g (89%) of the N - p e r f l u o r o - t e r t - b u t y l - N ' - p h e n y l d i a m i d e  
of malonic acid (VII) with mp 115-117 ~ (from pe t ro l eum ether) .  Found: C 39.30; H 2.31; F 43.00; N 7.35%. 
C�94 Calculated: C 39.39; H 2.27; F 43.18; N 7.07%. In f ra red  s p e c t r u m  (v, cm-1): ~1690 s and 
1720 vs (C--O).  

A solution of 0.5 g of (VI) and 0.46 g of aniline in 5 ml of absolute o-xylene was ref luxed for  6 h. F r o m  
the prec ip i ta te  was isolated 0.3 g of the dianilide of malonic acid with mp 223-225% The mixed melt ing 
point with an authentic s ample  was not depressed .  The dianilide of malonic acid was also obtained by r e -  
fluxing a xylene solution of (VII) and anil ine.  

3 - P e r f l u o r o - t e r t - b u t y l - 2 - o x a z o l i d o n e  (VIIIa). A mixture  of 5.2 g of (I), 2 ml of ethylene oxide and 
0.1 g of (C2Hs)4NBr was heated in a meta l  ampul at 180 ~ for  6 h. F r o m  the f ract ion,  boiling at 65-70 ~ (8 
mm),  by r ec rys t a l l i za t ion  was isolated 2.8 g (46%) of (VIIIa) with mp 44-46 ~ (from pe t ro leum ether ,  sub-  
l imation).  Found: C 27.62; H 1.41; F 56.25; N 4.34%. CTHaF~NO 2. Calculated: C 27.54; H 1.21; F 56.04; 
N 4.59%. Inf ra red  s p e c t r u m  (v, crn-1): 1780 vs (C =O) .  

Under  analogous conditions,  f r o m  6.3 g of per f luoropropyl  i socyanate ,  2 ml of ethylene oxide and 0.2 
g of (C2Hs)4NBr was obtained 1.5 g (20%) of 3 -per f luoropropy l -2 -oxazo l idone  (VIIIb) with mp 28-30 ~ (from a 
mix ture  of e ther  and pe t ro l eum ether ,  subl imation) .  Found: C 28.40; H 1.68; F 51.94; N 5.30%. C6H4FTNO 2. 
Calculated: C 28.23; H 1.56; F 52.15; N 5.49%. In f ra red  s p e c t r u m  (v, cm-1): 1790 vs (C =O) .  

N - P e r f l u o r o - t e r t - b u t y l - N ' , N ' - d i m e t h y l f o r m a m i d i n e  (IX). A mixture  of 3 g of (I) and 0.85 g of abso -  
lute HCON(CH~) 2 was heated under  reflux on the s t e a m  bath for  20 h until the CO 2 evolution ceased .  The 
mix tu re  was dissolved in 5 ml of e ther ,  washed with wate r ,  and dried over  MgSO 4. The e the r  was dist i l led 
off, and the res idue  was vacuum-dis t i l l ed .  We obtained 1.5 g (46%) of (IX) with bp 78 ~ (56 ram); n ~  1.3572. 
Found: C 28.44; H 2.44; F 58.20; N 9.88%. CTHTF�N 2. Calculated: C 28.96; H 2.41; F 58.96; N 9.65%. 

N - P e r f l u o r o - t e r t - b u t y l - N ' - p h e n y l c a r b o d i i m i d e  (X). To 6.8 g of t r iphenylphosphine phenyl imine in 
20 ml of absolute e ther ,  with cooling to - 7 8  ~ was added 5 g of (I). The mixture  was allowed to stand in a 
sealed ampul at r oom t e m p e r a t u r e  overnight .  The obtained prec ip i ta te  of t r iphenylphosphine oxide was 
f i l te red,  the e ther  was dist i l led f r o m  the f i l t ra te ,  and the res idue  was vacuum-dis t i l l ed .  We obtained 4.9 g 
(76%) of (X) with bp 76.5 ~ (13 mm); n ~  1.4225. Found: C 38.89; H 1.40; F 50.30; N 8.62%. CtlHsF�N 2. Cal-  
culated: C 39.28; H 1.48; F 50.89; N 8.33%. In f ra red  s p e c t r u m  (v, cm-1): 2170 vs ( N = C = N ) .  

Hydro lys i s  of Carbodi imide (X). A mixture  of I g of (X), 5 ml ofdioxane,  and 1 ml of wa t e r  was r e -  
fluxed for  3 h until the CO 2 evolution ceased .  To the reac t ion  mixture  was added 50 ml of wa te r  and the ob- 
tained prec ip i ta te  was f i l te red .  We obtained 0.6 g of N-pe r f luo ro - t e r t -bu ty l -N ' ,N" -d ipheny tguan id ine  (XIII) 
with mp 107-109 ~ (from 50% alcohol).  Found: C 47.81; H 2.96; F 40.63; N 9.80%. C17HI2F�N3. Calculated: 
C 47.55; H 2.79; F 39.86; N 9.79%. In f ra red  s p e c t r u m  (v, cm-1): 1650 s (C =N) .  3470 s; 3480 s (Nit). 

N-Pe r f luo ro - t e r t -bu ty l -N ' ,N" -d ipheny lguan id ine  (XIII). A mix ture  of 0.28 g of (X) and 0.16 g of aniline 
was allowed to stand at r oom t e m p e r a t u r e  for  3 days.  We obtained 0.34 g (94%) of c r y s t a l s  with mp 106- 
107 ~ which were  identical  with the c ry s t a l s  obtained in the hydro lys i s  of (X). 

O - E t h y l - N - p h e n y l - N ' - p e r f l u o r o - t e r t - b u t y l i s o u r e a  (}{IV). A mixture  of 0.8 g of (X) and 2 ml of abso -  
lute ethanol was refluxed for  2 h. After  dist i l l ing off the alcohol we obtained 0.87 g (87%) of (XIV) with bp 
95-96 ~ (8 ram). Found: C 40.13; H 2.61; F 44.24%. C13HltF�N20. Calculated: C 40.84; H 2.88; F 43.72%. 

•-Perf•u•r•-tert-buty•-3•3-dimethy•-4-m•rph••in•-5-cyc••hexy•imin•-2-pyrr••id•ne (XIIc). To a 
solution of 0.7 g of i sobutenylmorphol ine  and 0.55 g of cyclohexyl i soni t r i le  in 5 ml of absolute pe t ro leum 
e the r  at r oom t e m p e r a t u r e  was added 1.3 g of i socyanate  (I). The react ion  mixture  was allowed to stand 
at 5-10 ~ for  30 days.  The mix ture  was cooled to - 7 8  ~ and the obtained prec ip i ta te  was f i l tered.  We obtained 
0.8 g (20%) of (XIIc) with mp 94-95.5 ~ (from pe t ro l eum ether ,  sublimation).  Found: C 47.05; H 4.88%. C20 
�9 Hz6F�N302. Calculated: C 46.96; H 5.08%. In f ra red  s p e c t r u m  (v, cm-1): 1690 vs (C =N);  1770 s (C=O) .  

1 - P e r f l u o r o p r o p y l - 3 , 3 - d i m e t h y l - 4 - m o r p h o l i n o - 5 - e y c l o h e x y l i m i n o - 2 - p y r r o l i d o n e  (XIIa). In a s i m i l a r  
manner ,  f r o m  1.4 g of isobutenylmorphol ine ,  1.1 g of cyclohexyl  i soni t r i le ,  and 2.1 g of per f luoropropyl  i socyanate  
in 4 ml of absolute pe t ro l eum ethe r ,  a f t e r  16 h (20 o), was obtained 1.7 g (37%) of (XIIa) with mp 82- 84 ~ (from alcohol,  
subl imation) .  Found: C 49.30; H 5.67;IF29.10; N 9.15%. CI�H2{~FTN302. Calculated: C 49.54; H 5.64; F28.85; N 9.11%. 

1- (a -Hydroper f luoro i s  opropyl) - 3 , 3 - d i m e t h y l - 4 - m o r p h o l i n o -  5 -cyc lohexy l imino-2-pyr ro l idone  (XIIb). 
Pyr ro l idone  (XIIb) was obtained under  the s a m e  conditions as  (XIIa), f rom a - h y d r o p e r f l u o r o i s o p r o p y l  i so -  
cyanate  in 53% yield; rap 134-135 ~ (from hexane).  Found: C 51.52; H 6.17; F 25.77; N 9.12%. C19H27FgN302. 
Calculated: C 51.47; H 6.09; F 25.73; N 9.48%. In f ra red  s p e c t r u m  (v, cm-1): 1690vs (C =N);  1760s (C =O) .  
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C O N C L U S I O N S  

Perf luoro- ter t -butyl  isocyanate was synthesized and studied, and it was shown that it is less active 
in some reactions than are the perfluoropropyl and a-hydroperfluoroisopropyl isocyanates. 
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