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P r e v i o u s l y  it was  shown that  an H a tom,  found in the c~-position to CFa g r o u p s ,  has  p ro ton  mobi l i ty  
and is capable  of being c l eaved  in the p r e s e n c e  of b a s e s  [11. Fo r  example ,  dehydrof luor ina t ion  o c c u r s  when 
ethyl m o n o h y d r o p e r f l u o r o i s o b u t y r a t e  is t r e a t e d  with EtaN. 
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Since the p r o c e s s  of I IF c l eavage  ts r e v e r s i b l e ,  then in o r d e r  to shift the equ i l ib r ium to the r ight  it is n e c -  
e s s a r y  to r e m o v e  the t r i e t h y l a m i n e  hydro f luo r ide  f r o m  the r eac t ion  sphere ,  which is ach ieved  by c o n v e r t -  
ing it to the hyd roch lo r ide  by the addit ion of QH5COCI.  This  p r o c e d u r e  m a k e s  it poss ib le  to obtain a n u m -  
b e t  of highly r eac t ive  unsa t u r a t e d  compounds  that  conta in  the e lec t roph i l i e  f r a g m e n t  CF 2 = CX, where  X is 
an e l c c t r o n e g a t i v e  subst i tucnt .  Since 2 - h y d r o h e x a f l u o r o - 2 - n i t r o p r o p a n e  (I) and 3 , 3 , 3 - t r i f l u o r o - l - n i t r o -  
ethane (XI) contain  analogous  II a toms ,  an a t t empt  was made  to obtain the c o r r e s p o n d i n g  n i t roo le f ins  by the 
same  p r o c e d u r e .  

However ,  in c o n t r a s t  to the hexa f luo ro i sobu ty ra t e ,  n i t rop ropane  (I) does not c leave  HF when t r e a t e d  
with a mix tu re  of EtaN and C~IIsCOCI, and ins tead  gives  2 - e h l o r o h e x a f l u o r o - 2 - n i t r o s o p r o p a n e  (IVa) as  the 
end product .  This  is expla ined by the abtt i ty of n i t rop ropane  (I) to change to the a e i - f o r m  under  the in-  
f luence of o rgan te  bases .  The adduet  of the a e i - f o r m  with EtaN (II) is aey la ted  by C6HsCOCI to give the h i -  
i r on i c  anhydr ide  ( I I I ) .*  The C = N  bond in anhydr ide  (III) is a t t acked  by the ch lor ine  anion, which leads  to 
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I/ =Calla, X= .C I ( IVa ) ;  I I = C F a ,  X= OCOCFa(IVb) 

n i t r o s o p r o p a n e  fiVe). This  behav io r  by (i) makes  it poss ib le  to syn thes ize  new n i t r o s o  compounds  by this  
p r o c e d u r e .  And, ac tua l ly ,  when C6tI5COCI is r ep l aced  by t r i f l uo roaee t i e  anhydr ide  we obtain 2 - n i t r o s o -  
hexa f luo ropropy l  f l uo roace t a t e  (IVb), which is a m e m b e r  of a new type of p e r f l u o r o n i t r o s o  compounds .  An 
a t t empt  to conve r t  the l a t t e r  to 2 - n i t r o s o h e x a f l u o r o i s o p r o p a n o l  (V) p roved  unsucces s fu l ,  and the h y d r o l y s i s  
of e s t e r  (IVb) leads  to hexa f luo roace tonc  hydra te  (VI) and CF3COOH. It shou ldbe  ment ioned  that,  as  the 
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*The f o r m a t i o n  of mixed  anhydr ides  dur ing acyla t ion  is inheren t  to the sa l t s  of pe r f luor i rmted  n i t ro  c o m -  
pounds [2 ]. 
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resul t  of the reduction of ni t roso compounds (IVa, b) with excess Et3N , hexafluoroacetone oxime (VII) is 
formed as a secondary product with both C6HsCOC1 and (CFaCO)20 (cf. [3]). 
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(IV a,b) (VII) 

The lmown diethytaminotrifluorobutenone (VIII) [4] is also formed as a secondary product in the case of 
(CFaCO)20, and is the reaction product of (CF3CO)20 with EtaN. 

CF.~COCCFa -~- CHaCIt~.N (C~Hs)e -~ CFaCCH-=CHN(C~HD~ 4- CF3CH 
fi 
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Different resul ts  were obtained when nitropropane (i) was reacted with EtaN in the presence of meth-  
anol. Trif luoronitroethane (X-I) and dimethyl carbonate (XIH) were isolated as the end products in this 
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case.  Evidently, the cleavage of HF from (I) is still possible, while the intermediately formed strongly 
electrophil ic  2-ni t ropentaf luoropropene (IX) adds methanol to give 1-methoxy-2-hydro-2-n i t ropentaf luoro-  
propane (X). Here the la t ter  apparently decomposes  to tr lf luoronitroethane (XI) and b ises ter  (XII). The 
mechanism of this decomposition is not entirely c lear ,  but it may be assumed that the formed t r i f luoro-  
nitroethyl anion is a good leaving group. 

On the basis  of the obtained resul ts  it may be concluded that the equilibrium of the revers ib le  r e a c -  
tions, namely the cleavage of HF and the formation of the ac i - fo rm in 2-ni trohexafluoropropane {I), is 
shifted in ei ther  direction depending on the cha rac t e r  of the reagent found in the mixture.  Thus, nucleophilic 

o 
/ 

CF2--CNO~ -~- EI~N. lt~ ~ ,-2- EtaN ~- (CF3)2CHNO~ ~- (CFs)~C--N 

] 0~H �9 �9 E~aN CFa 

reagents  (methanol), by adding to the unsaturated product {IX), facili tate the cleavage of HF from nitro 
compound (I), and in this way shift the equilibrium to the left; in contrast ,  electrophil ic reagents (benzoyl 
chloride) react  with the ac i - fo rm of the nitro compound (II), which leads to a shift of the equilibrium in the 
opposite direction. 

Trif luoronitroethane (XI), as it proved, shows no tendency whatsoever to cleave HF under the influ- 
ence of a base, and in this case the corresponding react ions proceed exclusively via the intermediate fo r -  
mation of the adduct of the nitronic acid with EtaN (XIV). When (XI) is t rea ted  with benzoyl chloride in the 
p r e s e n c e  of Et3N the t rans format ions  that take place are  analogous to the t ransformat ions  of t r i f luoroni-  
t ropropane {i), and the acid chloride of t r i f luoroacethydroxamtc acid (XV) * is formed as the end product. 
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CFaCH2 NO2 ~-'----> CFaCH----N" C~H~COCI> CFaCH ,._~N/Of-4 

(XI) (XIV) \0H '"  "NEt8 ~10 ~-*OCOC~H~ 

CF3CCI=NOH ,-- [CFaCHC1N--O] ~ C~HsCOO | 
(xv) 

The formation of acid chloride (XV) can also be explained by another scheme, which includes the dehydra-  
tion of nitronic acid (XVI) with benzoyl chloride to t r i f luoroacetoni t r i le  oxide (XVII). T h e  lat ter  adds the 
elements  of HC1 to give acid chloride (XV). The reaction of nitroethane (XI) with (CFaCO)20 in the presence  

*An analogous react ion scheme was proposed for the react ion of cer tain f luoroni tro compounds with s trong 
acids [5, 6]. 
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of Et3N serve as some confirmation of this scheme. 

ized to 1,2-bis (trifluoromethyl)furoxan (XVIII). 
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In this case the formed nitr i le oxide (XVIi) is d imer -  
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E X P E R I M E N T A  L 

The 19F NMR spect ra  were taken on a Hitachi H-6013 spec t romete r  (56.46 MHz), using CFaCOOH as 
the external standard. The chemical  shifts are given in ppm. The tH NMR spect ra  were taken  on a perk in  
- -E lmer  R-12 inst rument  (60 MHz). The IR spect ra  were taken on a UR-20 instrument,  while the visible 
and UV spect ra  were taken on a P e r k t n - - E l m e r  ERS-3T spectrophotometer .  The GLC analysis  was run on 
a P e r k t n - - E l m e r  452 chromatograph,  using a column packed with SE-30 and helium as the c a r r i e r  gas. 

Reaction of 2-Hydrohexaf luoro-2-n i t ropropane  (I) with Benzoyl Chloride in the P r e s e n c e  of Et3N. To 
a solution of 15 g (0.076 mole) of (I) in 30 ml of C6HhCOCt, cooled to --15~ was careful ly added 15.7 g 
(0.157 mole) of Et3N in drops, making sure that the tempera ture  of the mixture did not exceed --10~ Then 
the reaction mixture was warmed up to ~20~ and all of the volatile products  were vacuum-dis t i l led  into 
a trap that was cooled with liquid nitrogen. Distillation of the trap contents gave 4.4 g (29%) of 2 - ch Io ro -  
hexaf luoro-2-n i t rosopropane  (IVa) with bp 25~ which was chromatographica l ly  identical with an authentic 
specimen [7]. The residual react ion mixture was t rea ted  with ether,  and the obtained precipitate of :EtaN 
�9 HCI was fi l tered,  washed with ether,  and the ether  was distilled off. Vacuum-dist i l la t ion of the mixture 
gave 23.8 g of a mixture of benzoyl chloride and hexafluoroacetone benzoyloxime with bp 48-70~ (3-4 mm) 
(GLC), and 13.7 g of a dark viscous liquid of unknown composit ion with bp 75-180~ (3-4 ram). The mix-  
ture of benzoyl chloride and hexafluoroacetone benzoyloxime was refluxed for several  hours with 15 ml of 
methanol. The methanol was distilled off, and the residue was dried over  CaCl 2 and distilled. We obtained 
2.6 g (17.5%) of a complex of composit ion (CF3)2C=NOH'HOCH 3 (bp 89-91~ which was identified via GLC 
[8], and 12 g of methyl benzoate. 

Reaction of 2-Hydrohexaf luoro-2-n i t ropropane  (I) with Tri f luoroacet ic  Anhydride in the P r e s e n c e  of 
EtaN. To a mixture of 60 ml of (CF3CO)20 and 17.5 g (0.089 mole) of (I), cooled to --50~ was added in drops 19 g 
(0.182 mole) of EtaN in i h. The temperature of the mixture was --10~ at the end of addition. The reaction mix- 
ture was heated on the water bath and the vapors were passed through ice-cold water, which was contained 
in a separatory funnel that was cooled on the outside with ice. The lower layer, a dark blue liquid, was 
separated. Distillation gave 9 g (34%) of 2-nitrosohexafluoroisopropyl trifluoroacetate (IVb), bp 55~ 
Amax, nm: 640 (e i030), 217, Pmax 1840 cm -I (C=O). 19F NMR spectrum: --46.5 s [(CF3)2C]; 6.{) S (CFa). 
Found: C 20.5; F 58.4%. C5F903. Calculated: C 20.5; F 58.4%. The residual mixture was diluted with 
water, and the lower layer was separated, washed in succession with water, NaHCO 3 solution, and water, 
and dried ove~ CaCI 2 in ether solution. Then the ether was distilled off, and the residual mixture was dis- 
tilled to give 3.4 g (15%) of hexafluoroacetone oxime etherate, bp 94~ (GLC), and 5 g of 4-diethylamino- 
1,1 ,1- t r i f luoro-3-buten-2-one  (viii), bp 105~ (4 mm), which was identified via iH NMR and 19F NMR spec-  
t roscopy.  

Hydrolys is  of 2-Nit rosohexaf luoroisopropyl  Tr i f luoroacetate  (IVb). A mixture of 3. i6 g (0.0108 mole) 
of ni t roso acetate (IVb) and 0.4 g (0.02 mole) of water was sealed in a glass  ampul. The next day, af ter  de- 
color izat ion of the mixture,  the t r i f luoroacet ic  acid was neutral ized with solid KHCO 3 and the mixture was 
vacuum-dis t i l led ,  We obtained 2 g of hexafluoroaeetone hydrate 0/I), which was identified by GLC, and 
also by the mixed melting point of the dianiline salt with an authentic specimen (mp 62-64~ [9]. 

Reaction of 2-Hydrohexaf luoro-2-n i t ropropane  (I) with Methanol in the P r e s e n c e  of EtaN. To a solu-  
tion of 30 g (0.152 mole) of (I) in 50 ml of methanol at 0~ was added 15.7 g (0.157 mole) of EtaN in drops. 
The next day the mixture was poured into water,  and the oil that separated was refluxed for  6 h with 10% 
HCI solution, separated,  washed in success ion with water,  NaHCO 3 solution, and water,  and driLed over  
CaCI 2. Distillation gave 21 g of a mixture of dimethyl carbonate (XIII) (37.5%) and t r i f luoroni t roethane (XI) 
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(62.5%). The products were identified by comparison with authentic specimens employing GLC and the IR, 
IH NMR, and 19F NMR spectra. 

Reaction of 3,3,3-Trifluoro-l-nitroethane (XI) with Benzoyl Chloride in the Presence of Et3N. To a 
solution of 13.4 g (0.104 mole) of trifluoronitroethane (XI) in 48 g (0.340 mole) of C6HsCOCI at 0~ was added 
13.7 g (0.136 mole) of Et3N in 2 h. The mixture was stirred for another 3 h. Then 60 ml of methanol was 
added and the mixture was refluxed for 6 h, after which it was diluted with water, and the organic layer was 
separated and dried over MgSO 4. Then it was vacuum-distilled into a trap (--78~ until the methyl ben- 
zoate began to distil l  [80-85~ (10 mm)].  The dist i l late  was dist i l led at o rd inary  p r e s s u r e .  The f rac t ion  
with bp 42-120~ was subjected to p r epa ra t i ve  GLC to give 3 g (30%) of the acid chloride of t r i f l uo roace thy-  
droxamic  acid (XV), which was identified via GLC with an authentic spec imen [10]. 

React ion of 3 , 3 , 3 - T r i f l u o r o - l - n i t r o e t h a n e  (XI) with Tr i f luoroace t ic  Anhydride in the P r e s e n c e  of Et3N. 
To a solution of 15.9 g (0.123 mole) of trifluoronitroethane (XI) in 51.8 g (0.247 mole) of (CF3CO)20 , eooledto 0~ 
was added 25.0 g (0.247 mole) of Et3N in drops. The next day the (CF3CO)20 was distilled off on the water 
bath. The residual mixture was vacuum-distilled at 20 mm (trap, --78~ on the steam bath. Distillation 
ofthetrap contents gave 5.3 g (39%) of 1,2-bis(trifluoromethyl)furoxan with bp 88-89~ Vma x, cm-1: 1650, 
1510, 1530, 1368. 19F NMR spectrum: --11.8 q (CF3); --14.4 q (CF3); JCF3/CF 3 = 6.4 Hz. Found: C 21.7; 
N 11.6; F 50.3%. C4F6N202. Calculated: C 21.6; N 12.6; F 51.4%. 

C O N C L U S I O N S  

1. A study was made of the react ion  of 2 -hydrohexaf luoro-2-n i t ropropane  and 3 , 3 , 3 - t r i f l u o r e - l - n i -  
t roe thane  with some e lec t rophi l ic  reagen ts .  

2. In the case  of 2 -hydrohexaf luoro -2 -n i t rop ropane  the equi l ibr ium of the r e v e r s i b l e  reac t ions  of HF 
cleavage or  the fo rmat ion  of the ni t ronic acid depends on the c h a r a c t e r  of the reagents  p resen t  in the m i x -  
ture .  

3. A m e m b e r  of the p rev ious ly  unknown type of pe r f luoron i t roso  compounds was obtained, and spec i f -  
ical ly  2 -n i t rosohexaf luoro i sopropy l  t r i f luoroace ta te .  
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