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Brominat ion of the p e r f l u o r o - t e r t - b u t y l  anion (I) occu r s  when g e m - d i b r o m i d e s  RR1CBr2 (R,R 1 = CF3, 
CN, COOEt) a r e  reac ted  with per f luoro isobuty lene  (PFIB) in the p re sence  of CsF ,  in which connection the ~ -  
b romoca rban ions  RR1C-Br, which a r e  fo rmed  toge ther  with (CF3)3CBr (II), r e a c t  with PFIB  on the type of vinylic 
substi tution,  which in the final ana lys is  leads to the adducts  of b is ( t r i f luoromethyl )a l lenes  with CsF [1]. 

A s i t p r o v e d , *  the reac t ion  of anion (I) with CF2Br 2 leads to a comple te ly  different  resul t .  Here ,  under 
mild conditions (~ 20~ the product  of rep lac ing  bromine in CF2Br 2 by the (CF3)3C group,  namely ,  pe r f l uo ro -  
neopentyl  b romide  (III), was obtained in good yield,  while the impur i t i e s  were  identified to be monohydrope r -  
f luoroneopentane (IV), p e r f l u o r o - 2 , 5 , 5 - t r i m e t h y l - 2 - h e x e n e  (V), and only t r a c e s  of b romide  (II). The Br in 
bromide  (III) could not be rep laced  by the (CF3)3C group. The reac t ion  of (III) with anion (I) goes at  150 ~ but 
leads only to reduct ion products ,  and speci f ica l ly  (CF3)3CH and hydride (IV). 

It may  be a s sum ed  that the reac t ion  of anion (I) with CF2Hr 2 p roceeds  by a scheme that  involves di-  
f luorocarbene  and the perf luoroneopentyl  anion (VI) as in t e rmed ia tes .  This  is evidenced both by the c h a r a c t e r  
of the fo rmed  products  and the data on the r eac t ions  of CF2Br 2 with nucleophi les  [3], including with the C-anion 
of the methyl  e s t e r  of N-benzyl ideneglycine  [4]. 

f f  - -  Br--CF~--Br 
(C.Fs)2C=CF2 ~ (CF~)~C ~ (CF3)~CBr ~- : CF2 

(I) --~ (II) 
RFBr 

(CF3)sC--CF2Br (III) 
(I) (CF~)~C--C-F~-- It+ 

:CF2---> (VI) (CF,)~C=CF~ (CF3)~C--CF2H (IV) 
> (CFs)~C--CF~CF=C(CFs)2 (V) 

The initial  a t t ack  of anion (I) on CF2Br 2 leads to b romide  (II)t and d i f luorocarbene ,  in which connection 
the CF2Br anion is not fo rmed  as  a kinet ical ly independent par t ic le  (see [6]). In e s sence ,  this de te rmines  al l  
of the d i f fe rences  in the reac t ions  of anion (I) with CF2Br 2 when compared  with o the r  gem-d ib romides .  Then 
anion (I) adds to d i f luorocarbene  [4], while the carbanionic  in te rmedia te  (VI) is s tabil ized e i ther  by captur ing 
a bromine o r  a proton (from the m e d i u m ) o r  by reac t ion  at  the mult iple  bond of PFIB.  Here ,  in pr inciple ,  the 
bromine  source  can be e i ther  CF2Br 2 o r  b romide  (II).:~ The fact  that bromide  (It) does not accumula te  in the 
reac t ion  mix tu re  can mean that  it is fo rmed  only in the step of initiating the reac t ion ,  while the development  of 
the chain is accompl i shed  wholly via CF2Br 2 [3], o r  it is comple te ly  consumed in the brominat ion step,  p r e f e r -  
ably before  CF2Br 2. 

It  should be mentioned that the p re sence  of added cyclohexene has no effect  on the yield of the react ion  
products  of anion (I) with CF2Br 2 and d i f luoronorcarane  is  not fo rmed  at  all. Evident ly,  anion (I) is a more  
efficient  t r ap  for  d i f luorocarbene  than cyclohexene.  At the same t ime ,  the yield of olefin (V) is somewhat  de -  
pendent on the reac t ion  conditions: when CF2Br 2 is added to the PFIB  and CsF ,  i.e. the f luoroolefin is p r e sen t  
in excess  during the ent i re  p r o c e s s ,  m o r e  (V) is fo rmed  than when the r eac t an t s  a r e  mixed in the r e v e r s e  o rde r .  

* See [2] for  p r e l i m i n a r y  communicat ion.  
See [5] for  mechan i sm of halogenat ing ca rban ions  by polyhaloalkanes.  

$See [7] for  abi l i ty of  (CF3)3CBr to b romina te  var ious  compounds.  
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Olefin (V) was also obtained as a by-product  when anion (I) is reacted with HCF2C1. It is obvious that 
also in this react ion,  which leads mainly to hydride (IV), the carbene mechanism is rea l ized with the in ter -  
mediate formation of anion (VI) (see [4]). 

RFH 
H--CF2--CI (I) (VI)-- ) (CFs)sC--CF2H (IV) 

> :CF., ---> (CF3)~C=CF2 (I) -c1_-(cF,),c~- - > (y) 

Fluorocarban ion  (VIII), generated by the addition to F to per f luoro-2-methy l -2-pen tene  (VII), could also 
be made to reac t  with CF2Br 2. It is cha rac te r i s t i c  that also in this case ,  as in the reac t ion  with anion (I), 
besides the main product,  namely the p r i m a r y  bromide (IX), are  formed small  amounts of the t e r t i a ry  bro-  
mide (CF3)2CBrCsF 7. The react ion of CFaBr 2 with perf luoropropylene and CsE in DME also gives bromide 
(IX), i.e. the reaction with CE2Br 2 precedes  the dimerizat ion of the fluoroolefin. 

C3F7 
"F CF2Br.~ / 

(CFs)aC=CFC2F~ ~ (CF3)2C'--C~Fv _> (CFs)2C 
(VII) (VIII) -er (IX) \ 

CF3Br 

It should be mentioned that the react ions  of anion (I) with CF2Br 2 and HCF2C1 are convenient methods 
for the synthesis  of bromide (HI) and hydride (IV). The latter was obtained recent ly  by the fluorination of 
neopentane using a special  technique [8]. In this paper  bromide (III) was synthesized in low yield from (IV) 
via perfluoroneopentylli thium. We established that perf luoroneopentylmagnesium bromide,  which is easi ly 
obtained from bromide (III) by exchange react ion with EtMgBr,  can also be used for the synthesis of com-  
pounds that contain the (CF3)3CCF 2 group, for example es te r  (X) and ketone (:~I). In contras t ,  the react ion of 
bromide (III) with Zn in dioxane gives,  instead of the cor responding  organozinc compound, perfluoroalkane 
(XII), i.e. the perf luoroneopentyl  rad ica ls  a re  doubled. 

CICOOEt 
EtYlgBr ] ~ (CFs)3C--CF2COOE t 

(CF3)sC--CF2Brl ether, --78 ~ (CFs)3C--CF2MgBr--I (X) 
(lII) I zn ) (CF3)sC--CF~COPh 

dioxane, so ~ (CFs)sC--CF2CF2C(CFs)~ PhCOF (XI) 
(XII) 

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

The lSF NMR spect ra  were taken on a P e r k i n - E l m e r  R-32 inst rument  (84.6 MHz) from CF3COOH as the 
external  standard.  The IR spect ra  were recorded  on a UR-20 instrument.  The mass  spectra  were taken on a 
Varian MAT CH-8 spec t romete r  (70 eV). For  the analytical  and preparat ive  GLC we used Krytox deposited 
on Chromosorb.  

Perf luoroneopentyl  Bromide (III). With s t i r r ing  and cooling with ice, 40 g of PFIB was added in 3.5 h 
to a mixture of 29.7 g of f reshly ignited CsF,  40 g of CF2Br2, and 100 ml of abs. diglyme; af ter  3 h the volatile 
products were distilled at 10 mm of Hg into a t rap (-78~ a fraction with bp up to 70 ~ which contained (NMR, 
GLC) CF2Br2, bromide (II), and hydride (IV), was distilled from the condensate.  The residue contained 40.5 
g of bromide (III), contaminated with 2.5~ of olefin (V) (GLC.). Bromide (III) was freed of (V) by t rea tment  
with excess  piperidine and vacuum-subl imat ion over  conc. H2SO 4. The obtained (III) bromide was identical 
(melting point, NMR) with that descr ibed in [8]. 

Reaction of Perf luoroisobutylene with HCF2C1 in P resence  of CsF. With s t i r r ing  and cooling with ice, 
HCF2C1 was bubbled slowly into a mixture of 11.3 g of CsF,  14.4 g of PEIB,  and 40 ml of abs. diglyme until 
the PFIB  convers ion was complete (checked by GLC). The volatile p roduc t s  were vacuum-dis t i l led into a 
t rap (-78~ We obtained 11.7 g of a mixture which contained 70% of hydride (IV) and 24% of olefin (V) (NMR, 
GLC). The pure (V) was isolated by prepara t ive  GLC, bp 118-120 ~ (micro method), nD 2~ 1.2960. Found: 

1 3 
CF8 F 

C 23.97; F 75.69~. C~F18. Calculated: C 24.0; F 76.0~. Raman spectrum (Av, cm'l) :  1676(C=C). \C=C / 
2 /  \ 4  

CFs CF~C(CFs)~. 
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t�F NMRspeetrum:  - 2 0 . 4 m  (F2), -17 .2  d.q (Ft), - 1 4 . 6 d . t . q  (F5), +16.9 m (F3), +21 ,5m (F4); JFI_F 3 = 34.8; JF3_F 5= 
JF4_F 5 = 12.5; JFI_F 2 = 11.4; JF2F 5 = 1.9 ttz. Mass spectrum (m/z ,  relat ive intensity, ~): 450 (M+), < 1; 
431 (M + -  F), 11.4; 231 (C5F~+), 70; 181 (C4H7+), 100; 69 (CF3+), 96. 

1-Bromo-2,2-bis ( t r i f luoromethyl )perf luoropentane  (IX). With constant  shaking, a mixture of 10 g of 
CsF,  15 g of olefin (VII), 13 g of CF2Br2, and 40 ml of abs. MeCN was heated in an autoclave for 45 h at 120- 
130~ the react ion mixture was poured on ice, and from the organic layer  af ter  distilling off the s tar t ing sub- 
s tances we isolated 6 g of a fract ion with bp 80-125 ~ which contained 90g of bromide (IX); af ter  preparat ive 
GLC, bp 118-120 ~ nD 2~ 1.3152. Found: C 18.54; F 63.18g. CvBrF15o Calculated: C 18.65; F 63.49~ 

1 2 3 4 5 
BrCF2C(CFa)2CF2CF2CF 3. I~FNMR spec t rum: -33 .8  t.h (E1),-16.�t.t.t (F2), + 3 . 8 t  (FS), +25.8 m (F3), +43.3 
m (F4); JEI_F4 = 17.9; JF 2_ F 3 = 15; JF3_ F 5 -- 14.1; j~A_ F 2 = j F  2_ F 4 = 11.3; J F 3  F 4 = 2.8 Hz. 

2 -Bromo-2- t r i f luoromethylper f luoropentane .  A mixture of 5 g of CsF,  9.4 g of olefin (VII), and 5.1 g 
of Br  2 in 30 ml of MeCN was s t i r red  for 15 h at 40-50 ~ poured into HC1 solution (1 : 5), and the organic  layer  
was distilled over  cone. H2SO 4. We obtained 9 g (75~) of the bromide with bp 95-97 ~ nD 2~ 1.3055. Found: 

1 2 3 ~_ 
C 18.00; F 60.70~. C6BrF13. Calculated: C 18.04; F 61.90~. (CE3)2C-CF2CF3CF 3. I~FNMR spect rum:  

l 
Br 

--12.0 t.t (F1), + 4 . 0 t  (Fr +28.2 m (F2), +45.0 m (F3); JFLF2 = 13; JF I_E  3= 9.4; JF2_F 4= 13.2 Hz. 

Ethyl Es t e r  of Perf luoro-f i , f l -dimethylbutyrie  Acid (X). With s t i r r ing ,  7 g of bromide (II[) in 10 ml of 
ether  was added in drops ( - 7 0  ~ ) to EtMgBr (from 2.5 g of EtBr  and 0.6 g of Mg in 15 ml of abs. ether). After  
2 h 2.6 g of C1COGEt in 10 ml of ether  was added, the mixture was s t i r red  for 2 h, gradual ly warmed up to 
- 1 0  ~ hydrolyzed with 1 : 5 HC1 solution, and the ether  layer  was dried and evaporated.  The residue was 
t reated with an equal volume of cone. H2SO4, the mixture was kept at 100 ~ until all of the C1COOEt had de-  
composed (~ 0.5 h), and then it was distilled to give 2 g (29~) of e s t e r  (X), bp 63-65 ~ (55 ram), nD 2~ 1.3198. 
Found: C 28.20; H 1.47g. C8HsFI102. Calculated: C 28.07; H 1.49~. Infrared spectrum: 1770 em -~. I~FNMR 
spect rum:  -15 .1  t (CF3), +26.1 dec (CF2); J = 11.5 Hz. 

Phenyl Perf luoro(2,2-dimethyl)propyl  Ketone (XI). To the Grignard reagent ,  obtained the same as the 
preceding from 11.2 g of bromide (IlI), was gradual ly added 3.6 g of PhCOF in ether ,  af ter  which the mixture 
was s t i r red  for  1 h at - 7 0  ~ heated for 1 h up to 10 ~ hydrolyzed,  and the ether  solution was evaporated.  Vac-  
uum-dist i l la t ion of the residue over  cone. H2SO ~ gave 4 g of a fraction withbp 70-80 ~ (3 ram) containing 90% of 
ketone (X[) (GLC). Redistillation gave the pure (X[) with bp 68-70 ~ (5 ram), nD 2~ 1.4940. Found: C 38.0; 
H 1.42; F 56.36%. C12HsFtlO. Calculated: C 38.51; H 1.33; F 55.88~.. Inf rared spectrum: 1740 cm -!. I~FNMR 
spect rum:  --15.8 t (CE3), +19.3 dee (CF2), J = 11.3 Hz. Based on the data of the NMR spect ra  and ch romato -  
mass  spec t romet ry ,  ketone (XI) is contaminated with (CF3)3CCFHCOPh; i~F NMR spect rum:  - 1 4 . 4  d (CF3), 
+116.9 d.dec (CF); JF-H = 43.5; J F - F  = 11.3 Hz; besides the ions w i thm/z  356 (M +) and 337 (M + - F), the 
mass  spectrum has intense peaks of the f ragment  ions with m / z  105 (C7H50 +) and 77 (C6H5+). 

Per f luoro-2 ,2 ,5 ,5- te t ramethylhexane  (X[I). With s t i r r ing ,  a mixture of 1.5 g of Zn dust, 6.2 g of bromide 
([II), and 15 ml of dioxane was heated up to 55 ~ where exothermic react ion was observed and the tempera ture  
rose  to 85 ~ af ter  which the mixture was kept at  this t empera ture  for 2 h. Then, with cooling, 25 ml of cone. 
H2SO ~ was added, and the mixture was heated in vacuo to sublime 1.4 g (30~) of (ZII), mp 58-60 ~ (identified via 
NMR with that descr ibed in [9]). 

C O N C L U S I O N S  

Fluorocarbanions ,  generated by the addition of fluorine anion to perf luoroisobutylene and pe r f luo ro -2 -  
methyl-2-pentene ,  replace the bromine atom in dif luorodibromomethane.  A scheme is postulated with the in- 
te rmedia te  involvement of dif lnorocarbene.  
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T H E O R E T I C A L  D I S C U S S I O N  O F  C Y C L O D I M E R I Z A T I O N  

O F  N I T R I L E  N - O X I D E S  TO F U R O X A N S  

V.  E .  T u r s ,  N.  M.  L y a p i n ,  
a n d  V.  A.  S h l y a p o c h n i k o v  

UDC 541.124: 66.095.252:547.793 

The m o s t  c h a r a c t e r i s t i c  reac t ion  for  n i t r i le  N-oxides  is the noncatalyt ic  cyc lodimer iza t ion  to furoxans .  
Three  hypotheses  a re  given in the l i t e ra tu re  for  the mechan i sm of this reac t ion  [1]: the Huysgen synchronous 
mechan i sm (1), the zwit ter ion (2), and the n i t roca rbene  (3) {Scheme 1). 

Scheme 1 

B--C~---N ---> 0 

~R--C~N ~ O-- 

~ .  o 

\ d = N  \ C = N  

2, \ --+ \ o  

c=~ / c=N / 
/ N / N 

R --  R 0 

c--No 

--~ - -NO 
/ 

R 

However ,  the expe r imen ta l  fac ts  [1-4] on the cyc lod imer iza t ion  ra t e  of  n i t r i le  N-oxides  (NO), and on the heat  
i somer i za t ion  and heat  decomposi t ion of furoxans ,  cannot be explained within the f r a m e w o r k  of any of these  
hypotheses .  

The purpose  of the p r e s en t  paper  is to theore t ica l ly  develop the hypotheses  that come c loses t  to the 
known expe r imen ta l  data on the r a t e  and mechan i sm of the d imer iza t ion  of NO to furoxans  [1] and the r e v e r s e  
decomposi t ion reac t ion  [2] and also the i somer iza t ion  of u n s y m m e t r i c a l l y  subst i tuted furoxans  [3]. 
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