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TRANSFORMATIONS OF a,a-DIFLUOROCARBONYL COMPOUNDS 

V. REACTION OF PERFLUORO-2-HEXANONE WITH PHENYLHYDRAZINE 

S.  I .  P l e t n e v ,  M. D.  B a r g a m o v a ,  UDC 542.91:547.284.6' 
a n d  I .  L .  K n u n y a n t s  161:547.556.8 

It has a l ready been shown that  ketones containing ~-di f luoromethylene  groups form with excess  of 
phenylhydrazine base or  phenylhydrazine aceta te ,  at an elevated t empera tu re ,  bisphenylhydrazones of a-  
diearbonyl compounds, or p roche ts  of their  dehydrofluorinat ion,  the corresponding pyrazoles .  The ~-di-  
f luoromethylene group of the ketones t r an s fo rm s  into the phenylhydrazone group as the resu l t  of the initial 
reac t ion  with the C -  O group; in the monohydrazone formed,  the F atoms of the neighboring CF 2 group become 
mobile due to the e lec t ron-donor  phenylhydrazone grouping. Incompletely f luorinated ketones,  such as penta-  
f luoroacetone,  methyl  heptafluoropropyl  ketone,  phenyl heptaf luoropropyl  ketone, can als0 par t ic ipa te  in this 
react ion [1]. 

It was in teres t ing to c lar i fy  whether  this reac t ion  can be extended to per f luoro  ketones,  i .e . ,  whether  
the e lec t ron-donor  ability of the phenylhydrazone group is sufficient  to act ivate the a -d i f luoromethylene  group 
in the per f luoro  compounds, where  this e l ec t ron-donor  ability should be dis tr ibuted between two neighboring 
strongly electrophil ic  groupings. The p re sen t  work descr ibes  the study of the react ion of per f luoro-2-hexanone  
with phenylhydrazine.  

It was found that pe r f luoro-2-hexanone  does not r eac t  with phenylhydrazine under the conditions p r e -  
v i ou s lyuse dbyus  (in the p r e s e n c e  of acet ic  or  sulfur ic  acid,  at 100~ But when AcOH or  H2SO 4 a re  replaced 
by CF3COOH, 1-phenyl-  3 - t r i fh ioromethyl -4-phenylazo-5-penta f luoroe thy lpyrazo le  (I) is readi ly  fo rmed  

C2FsCF2CF2C(O)CF3 

--~ IC2FsCF2CF~CF3 --" 

i_ (II) N~HPh 

PhNIINIt2, CFzCOOH 
i00 ~ 

C~FsCF2CF=CCF3 PhNHNH~ C2F~CF2C �9 -CCF 3 ] 

(III) IN=N--Ph N 
I ~HPh j NttPh 

---, C~FsC=CN=NPh 
Ph__N'/ [ (IV) 

\ 
N=CCF 3 

(I) 

Pyrazo le  (I) is fo rmed  as the resu l t  of success ive  t ransformat ions  of per f luoro-2-hexanone  into mono- 
hydrazone (l-I), azoolefin (HI), and bisphenylhydrazone (IV), which is dehydrofluorinated to (I). To confirm the 
formation mechanism of pyrazo le  (I), we at tempted to synthesize  the above in termedia te  products .  

The azoolefin (IH) cannot be obtained under  mild conditions descr ibed  previous ly  in [1]. Compound (HI) 
is fo rmed  in good yield when product  (II) is decomposed by solid KOH 

~CF~--(CF~).---CFTC--CFs] 

L ~ NPh A 
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The azoolefin 0If) is cons iderably  m o r e  s table  than the azoolefins p rev ious ly  obtained by dehydrof luor i -  
nation of monohydrazones  of pa r t i a l l y  f luor inated ketones  or aldehydes.  Thus,  (Ill) is s table  under  no rma l  condi- 
t ions for  s e v e r a l  months ,  while azoolef ins  of the type R F -  CF= C(Z)N= NPh, where  Z = Me, H, Ph, for  example ,  
when Z = H, a r e  s tab le  for a few hours  only. With r e s p e e t t o  s t ab i l i t y , t heazoo le f in s  ob ta inedeanbe  a r r a n g e d i n  
the following s e r i e s :  Z = CF a > Ph > Me > H. The azoolefin (I[I) readi ly  r e ac t s  with phenylhydrazine ,  f o r m -  
ing b isphenylhydrazone (IV) in a yield of ~ 100%. 

I t  has a l ready  been shown that  b isphenylhydrazones  of ~ -d iea rbonyl  compounds with a a -d i fbaoromethyl -  
erie group a r e  dehydrof luor inated at e levated  t e m p e r a t u r e  in the p r e s e n c e  of the BF a - NR a complex  with the fo r -  
mat ion  of p y r a z o l e s  [1]. The  dehydrof luor inat ion of b isphenylhydrazone (IV) occurs  at ~ 20~ and, [n the 
p r e s e n c e  of ElaN, py razo t e  (I) is fo rmed  in a yield of ~ 100%. 

t t  is known tha t  in the p r e s e n c e  of an excess  of phenylhydrazine ,  at e i e v a t e d t e m p e r a t u r e , b i s p h e n y l h y d r a -  
zones of p e r f l u o r o - a - k e t o a l d e h y d e s  fo rm t r i sphenylhydrazones  of the cor responding  t r i ca rbony l  compounds 
[2]. We found that  even at ~ 20~ bisphenylhydrazone (IV) r eac t s  with excess  of phenylhydrazine  to fo rm te t ra~ 
Msphenylhydrazone of 1 ,1 ,1 ,6 ,6 ,6-hexaf luorohexanete t raone  (V) in a quanti tat ive yield. 

(IV) PhNHNtt2 
+CF3--C C--C ..... C--CFa 

1[ ii II I! 
N N N N 
! I l l 

PhNH PhNH NIIPh NHPh 
(V) 

On boiling with methanol  in the p r e s e n c e  of cata lyt ic  amounts  of an acid, compound (V) t r a n s f o r m s  in a 
~ 100 % yield into the phenylhydrazone of t r i f l uo romethy l  1 -pheny i -4 -pheny lazo-  5- t r i f iuoromethy lpyrazo ly l  
ketone WI) 

H~ 

yh ] 

"27' ,t' 1 
PhHN N--Ph NHPh _j 

| 
--[PhNHNH~] 

Ph 

N 

CFa--C/" ~N 
}i il 
C--C--C--CF~ 

PhN=N N--NHPh 

(vi) 

A s i m i l a r  t r a n s f o r m a t i o n  of polyphenylhydrazones  of po lycarbonyl  compounds into p y r a z o l e s  with the 
e l iminat ion of a phenylhydrazine  molecule  is known. Thus,  when boiled in methanol ,  the t r i sphenylhydrazone  
of m e s e x a l i e  aldehyde t r a n s f o r m s  into l - phen y l -4 -pheny l azopy razo t e  (VII) with the el iminat ion of phenythydra-  
zinc [3] 

HC=N--NHPh H CH--CN=NPh 

I kH~--NI-I.,--NH Ph J ~ N - -  H HC=N--NHPh 
I 
Ph 

(vii) 

EXPERIMENTAL 

PMR spectra were recorded on the Perkin-Elmer R-12 spectrometer (external standard TMS); igF NMR 
spectra, on the Hitachi H-6013 spectrometer (56.456 MHz) and R-32 with CFaCOOH as external standard; and 
mass spectra, on the Varian Mat CH-8 apparatus at the energy of the ionizing electrons of 70 eV and tempera- 
lure of the ionic source of 40, 50, and 55~ 

1-Pheny l -3 - t r i f l uo rome thy i -4 -pheny lazo -5 -pen t a f i uo roe thy lpy razo l e  (I). a) A mLxture of 2.6 g (24 
mmoles )  of phenylhydrazine ,  2.8 g (24 mmoles)  of CFaCOOH , 5 ml  of absolute ethanol, and 1.9 g (6 mmoles)  of 
pe r f luo ro -2 -hexanone  was heated for  5 h at  100~ After  cooling, the reac t ion  mix tu re  was diluted with water ,  
the p rec ip i t a t e  sepa ra ted ,  and washed 4 t imes  with boiling water .  By r ec rys t a l l i za t ion  of the a i r - d r i e d  p roduc t  
( from alcohol,  then f r o m  benzene) ,  0.9 g (34%) of (D, mp 179-181~ was obtained. IR spec t rum (v, cm- l ) :  
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1550 s (C=N). 19F NMR spectrum (5, ppm, benzene): - 17 s (CF3), 5 t (CF3) , 29 m (CF2). Mass spectrum 
(m/z). M + 434, (M +- F) 415, (M +- Ph) 357. Found: C 49.98; H 3.53; N 13.04%. CIsHi0FsN 4. Calculated: 
C 49.89; H 2.33; N 12.90%. 

b) A 0.I g (i0 mmoles) portion of triethylamine in 3 ml of ether was added to 0.2 g (4 mmoles) of the 
bisphenylhydrazone of perfluoromethylpropylglyoxal (IV) in 3 ml of absolute ether. The ether was then evapor- 
ated off, and the solid residue recrystallized from hexane. Yield, 0.15 g (82%7 of (1), mp 180-181~ which was 
identical with an authentic sample according to IR and 19F NMR spectra. 

2-Phenylazoperfluoro-2-hexene (Ill). To 2.7 g (7 mmoles) of the phenylhydrazone ofperfluoro-2-hexa- 
none in 20 ml of absolute ether, 2 g (35 mmoles) of KOH powder was added in portions. The mixture was 
stirred for i0 rain, and then the solution separated from the precipitate, ether removed in vacuo, and the solid 
residue pyrolyzed by heating over a flame of a burner. The liquid was distilled, and by fractional distillation 
1.7 g (66%7 of (III), bp 78-79~ (3 ram), was obtained. IR speetru/n (v, cm-l): 1670 (C=C). Found: C 36.89; 
H 1.16; F 53.21%. CI2HsFIIN2. Calculated: C 37.31; H 1.30; F 54.15%. ISF NMR spectrum (6, ppm):-16.9 d 
(CF31), 3.8 m (CF32), 35.4 q.m (CF 3), 35.6 m (CF25), 49.2 m (CF24), JCF3_CF = 34 Hz. C~F~CSF._C4Fe N=NPh 

\ / 
C=C 

/ \ 
3F C'F3 

Mass spectrum: M + 386, (M +- F) 367, (M +- Ph) 309. 

Bisphenylhydrazone of Perfluoromethylpropylglyoxal (IV). A 1.9 g (17 mmoles) portionof phenylhydra- 
zine was added dropwise to 3.0 g (8 mmoles} of 2-phenylazoperfluoro-2-hexene (Ill) in 15 ml of ether. The 
mixture was held for 1 h at ~ 20~ and then the solution was separated from the precipitate, washed with 10% 
HCI, water, dried over MgSO4, ether distilled off, and the residue distilled in vacuo. Yield, 3.1 g (84%7 of (IV), 
bp 131-132~ (6-10 -3 ram) as orange glassy mass. IR spectrum (v, cm-l): 1560 s and 1570 s (C=N), 3310 

and 3325 m (NH). Found: C 45.53; H 2.56; N 12.60; F 40.80%. CisHi2Fi0N4. Calculated: C 45.57; H 2.53; N 11.81; 
F 40.08%. Mass spectrum: M + 474, (M +- HF) 454, (M +- 2HF) 434.19F NMR spectrum (6,ppm, CC14): -15.0t 

(CF~, 1.78 t (CF~, 28.7 m (CF2), JCF3_CF 2 = 5.6; JCF3_CF 2 = 10.3 Hz. PMR spectrum (6, ppm, CC[4): 8.0 s 
(NH), 7.7 s (NH), 7.0 s (Ph), integral intensity i.I:i0. 

Tetrakisphenylhydrazone of l,l ,l ,6 ,6 ,6-Hexafluorohexanetetraone (V). A mixture of 1.5 g (3 mmoles) 
of the bisphenylhydrazone of perfluoromethylpropylglyoxal (IV), 2.0 g (13 mmoles) ofphenylhydrazine, and i0 ml 
of diglyme was held for 3 days at ~20~ and then the solution separated from the precipitate, diluted with 50 ml 
of 5% HCI, the precipitate separated, washed with hot water, dried in vacuo, and reerystallized from a hexane- 
benzene (1:1) mixture .  Yield, 1.6 g (84%7 of (V) yellow c rys t a l s ,  mp 189-190~ (dec.). PMRspee t rum (5, ppm, 
ether) :  6.5-7.0 m (Ph), 8.5 s (NH), 12.5 s (NH), in tegra l  intensi ty 20:2:2. 19F NMR spect rum (5, ppm, ether):  

- 14.7 s (CF3). IR spec t rum (v, cm -1) : 1470, 1510, 1520, 1540, 1550, 1660 s (unsaturated bonds), 3040-3070 m 
Carom. CH), 3230 and 3320 br  (NH). Found: C 59.62; H 4.10; N 17.88; F 18.19%. C30H24N3F 6. Calculated: 
C 59.02; H 3.93; N 18.36; F 18.68%. 

phenylhydrazone  of Tr i f luoromethyl  1 -Pheny l -4 -pheny lazo-5- t r i f luoromethy lpyrazo ly l  Ketone (VI). 
A 0.2 g p~ortion of te t rakisphenylhydrazone iV) in 5 ml of methanol and 3 drops of HC1 were  boiled for 1 h, 
then the solution was diluted with water ,  the solid prec ip i ta te  separa ted ,  washed with 5% HC1, water ,  dr ied in 
a i r ,  and r e c r y s t a l l i z ed  f rom ethanol (twice). Yield, 0.1 g (59%7 qf (VI), mp 81-82~ IR spec t rum (v, cm-1): 
1555 s (C= N), 3310 and 3250 m (NH). Found: C 57.81; H 3.30; N 15.87%. C24H16F6N 6. Calculated: C 57.37; 
H 3.19; N 16.73%. Mass spec t rum:  M + 502, (M + -  PhNH) 410, (M + -  PhN2) 397. 19F NMR spec t rum (5, ppm, 
acetone): --23.1 s (CF3) , --13.8 s (CF3). PMR spectrm-n (5, ppm, acetone): 6.7-7.6 (Ph), 9.6 s (NH), in tegral  
intensti ty 15:1. 

C O N C L U S I O N S  

1. Pe r f luoro-2-hexanone  forms  with excess  of phenylhydrazine,  at elevated t empera tu re ,  in the 
p r e se nc e  of t r i f luoroace t ie  acid, 1 -pheny i -3 - t r i f luoromethy l -4 -pheny lazo-5-  pentaf luoroethylpyrazole .  

2. It was shown for  the f i r s t  t ime that all the dif luoromethylene groups of unbranched perf luoro  ketones 
a re  t r ans fo rmed  into the phenylhydrazone groups.  In pa r t i cu la r ,  te t rakisphenylhydrazone of 1,1,1,6,6,6-hexa- 
f luorohexanete t raone was obtained f rom per f luoro-2-hexanone .  
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REACTION OF PHOSPHOROUS ACID ESTERS WITH 

~- FLUOROCARBONYL COIKPOUNDS 

A. M. K i b a r d i n ,  T .  K h .  G a z i z o v ,  
P .  I .  G r y a z n o v ,  a n d  A.  N. P u d o v i k  

UDC 542.91:547.1 ~I18 

The reaction of trialkyl phosphites (TAP) with hexafluoroacetone (HFA) proceeds with the formation 
of tetrakistrifluoro-l,3,2-dioxaphospholanes [i], which at -~200~ decompose with the formation of the corre- 
sponding trialkyl phosphates and perfluorotetramethylethylene oxide [2]. In tile reaction of ethyl ethylene 
phosphite with l,l,l-trifluoroacetone (TFA) carried out under mild conditions, a bieyclie 1,4,2-dioxaphospholane 
is formed, which on heating readily isomerizes into 1,3,2-dioxaphospholane [3]. In the reactions of TAP with 
TFA, 1,4,2-dioxaphospholane, formed as an intermediate, isornerizes slowly at ~ 20~ into trialkoNF- ~-tri- 
f[uoromethy[- if- (l-methyl-2,2-difluoro) vinyloxyethylfluorophosphorane [4] ; diethyltrimethylsilyl phosphate 
(DETMSP) forms with fluoro ketones the corresponding diethyl (~-trimethylsi[yloxyphosphonates [5]. 

In a continuation of the study of the reactions of derivatives of P(III) with ff-fluoroearbonyl compounds, 
we studied the reaction of phosphorous aeidesterswith HFA and fluoral (FA). By 31p NIVIR it was shown that 
in the reaction of triethyl phosphite with HFA at-100~ in an ether solution, 1,3,2-dioxaphospholane (X) is 
formed (631P +55 ppm, R = R' = Et, R" = CF 3) according to the following scheme: 

Scheme 1 
0 OR' 
N t 

- - ~  (RO)2P--CR"CFa 
(iv) 

0 OR' OR' 
[I 1 +(II) [ 

(BO)2POR' + CFaCR" ~- (RO)2P+CO-~ - - - ' ~  (RO)aP + C - O  CO- 
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(uI) (v) 

CFa l] CFa 
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/ "'a,, \ R "  CF3 
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