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E a r l i e r  we r epor t ed  [1] that 1 -pheny lazo -2 ,3 ,3 ,4 ,4 ,4 -hexa f luo ro - l -bu tene  (I) was easi ly hydro[yzed in 
acid solution to the phenylhydrazone of pentaf luoroethylglyoxal  (IIa) mixed with its t au tomer  (IIb). 
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In the presen t  paper  we inves t iga te  the hydro lys i s  of phenylazofluoroolef ins  which contain e lec t ron-  
donating and e l ec t ron-accep t ing  groups at the  double bond and study s o m e  p roper t i e s  of the hydro lys i s  products :  
phenylhydrazones  of f luor ine-conta in ing  a - d i k e t o n e s .  

It was  found that  the azoolefins ([IIa-c)* hydrolyzed in acid medium to the phenylhydrazones  of phenyl- 
pentaf luoroethylglyoxal  (IVa), methylpentaf luoroethylglyoxal  (IVb), and phenyldif luoromethytglyoxal  (IVc), 
r es pectiv ely. 
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RF=C.ys ;  R =  Ph (a); B F=C2FS; R = M e  (b); RF=CF~tt ;  R = P h  (c). 

The hydro lys i s  products  w e r e  all exclusively in ketonic f o r m s ,  in con t ras t  to (Ha), and would not enolize 
even in the p r e s e n c e  of t r i e thy lamine .  Phenylazoper f luorohexene  (V) in aqueous acetone at ~20~ yielded a mix-  
t u r e  of the phenylhydrazones  of t r i f luoromethylhepta f luoropropylg lyoxa t  (VI) and pe r f luo ro -2 -hexanone  (VII). 
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H-F was el iminated during the fo rmat ion  of (VI) and added to the s t a r t ing  azoolefin (V) r ep roduce  (VU). 
This addition r eac t ion  did not occur  with (IIIa-e) but was rea l i zed  with (V) because  of the hypereonjugat ion of 
the  double bond with the t r i f luo romethy l  group, resu l t ing  in the  i n c r e a s e  of e leetrophi l ic i ty  of the olefin. 

N=N--Ph 

Hydrolysis of azoolefin (V) in aqueous acetone in the presence of NaHCO 3 resulted in a quantitative yield 
of phenylhydrazone (Vl), which existed as a tautomeric mixture of the ketonic (Via) and enolie (VIb) forms in 
a ra t io  of 30: 70. 

This r a t io  was independent of the po la r i ty  of the solvent  and r ema ined  the s a m e  in the p r e s e n c e  of the 
b a s e  (pyridine),  indicating that the  chelating s t r u c t u r e  of the  enolic f o r m  was favorably  stabi l ized.  The proton 
chemical  shift  of the OH group in (vib) was 13 ppm, in con t ras t  to that  in the  enol (IIb), which was 7 ppm and 
in which the ra t io  was s t rongly  dependent on the polar i ty  of the solvent  [1]. 

*Descril~ed in [2, 3]. 
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It is  s u p p o s e d  tha t  t h e  f o r m a t i o n  of t he  t a u t o m e r i c  m i x t u r e  of ~ - k e t o h y d r a z o n e s  ( IVa-c )  and (VI) d e p e n d e d  
on the  e l e c t r o n i e  c h a r a c t e r  of t h e  s u b s t i t u e n t  g r o u p s  a d j a c e n t  to t he  p h e n y l h z t r a z o n e  g roup .  In  t h e  c a s e  of 
me thy l  and phenyl ,  t h e s e  s u b s t i t u e n t s  i n c r e a s e d  t h e  b a s i c i t y  of t h e  NH group ,  so  tha t  e n o I i z a t i o n  could  not o c c u r ,  
On the  o t h e r  hand,  the  e l e c t r o n - a c c e p t i n g  g r o u p  CF 3 i n c r e a s e d  t h e  a c i d i t y  of t he  NH group ,  t hus  f a c i l i t a t i n g  
t h e  f o r m a t i o n  of enol ic  f o r m .  

At  a h i g h e r  t e m p e r a t u r e  p h e n y l h y d r a z o n e s  (IVa,c)  w e r e  b r o m i n a t e d  in t he  o r tho  and p a r a  p o s i t i o n s  of 
t h e  N - p h e n y l  r i n g .  

Br~. ~ RF C- CPh 
(Ira, c) II II 

0 N N H - - \ ~ - - B r  
L 

(VIIIa, c) Br 
R F ~ C2F 5 (a); CF2H (c). 

T h e  p r o d u c t s  (VII la ,c)  e x i s t e d  only in t he  k e t o n i c  f o r m s .  By b r o m i n a t i o n  of t h e  t a u t o m e r i c  m i x t u r e  of 
(Via,b)  at  20~ a m i x t u r e  of t a u t o m e r i c  k e t o n i c  (IXa) and eno l i c  (IXb) f o r m s  of p - b r o m o p h e n y l h y d r a z o n e s  wi th  
t he  s a m e  t a u t o m e r i c  r a t i o  as  t he  s t a r t i n g  m a t e r i a l  w a s  ob ta ined .  

C8F7 CF~ 
m-~ \ / 

(via) ~_ (VIb) ~ CaF~C--CCF8 ~ C=C 

II II " / \ N = N _  ,7-m Br 0 N N H - - ~ - - B r  H0 
(IXa) (IXb) 

P h e n y l h y d r a z o n e s  (IVa,b) r e a c t e d  wi th  p h e n y l h y d r a z i n e ,  y i e l d i n g  b i s p h e n y l h y d r a z o n e s  (Xa,b) .  

NH2NHPh 
(IVa, b ) - -  RFC--CR 

II It 
PhHN--1N N--NHPh 

(Xa, b) 
tt F = C~Fs; R = Ph (a); R F = CeFs; I1 = Me (b). 

R e a c t i o n  of p h e n y l h y d r a z i n e  wi th  t h e  t a u t o m e r i c  m i x t u r e  of (Via) and (VIb) p r o d u c e d  c o m p o u n d s  r e s u l t i n g  
f r o m  h a l o f o r m  c l e a v a g e :  p h e n y l h y d r a z i d e  p e r f l u o r o b u t y r i c  ac id  (XI) and p h e n y l h y d r a z o n e  t r i f l u o r o a e e t a l d e h y d e  

(x f f). 

(Via) ~_ (VIb) - -  NH~NHPh ~ (]3F7 ---CF 3 ~I+) 

-~ C~FTCONHNHPh @ CFs--CH=N--NHPh 
(Xl) (X") 

Haloform cleavage of the enolic form was made easier in the presence of amines as evidenced in the 

example of hexafluoroisopropyl pentafluoroethyl ketone and its enolic form [4]. 

CEs CFa O 
\ mo \ // 

C=CC2F5 .... CH2 + C2F~C 
/ I / \ 

CF8 O- HNEta CF8 OH 

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

The PMR and 19F NMR spectra were recorded on an R-32 spectrometer with TMS and CF3COOH as ex- 

ternal standards. The mass spectra were recorded on a Varian MAT apparatus, and IR spectra on a UR-10 

spectrometer. 

Phenylhydrazone of Phenylpentafluoroethylglyoxal (IVa). A mixture of 3.4 g of l-phenyl-l-phenylazo- 

hexaf luo  r o - l - b u t e n e  (Ilia) (10 m m o l e ) ,  2 m l  of conc .  HC1, and 30 m l  of C2HsOH was  b o i l e d  f o r  15 ra in ,  d i l u t e d w t t h  H20 , 
and e x t r a c t e d  w i th  e the r .  The  e t h e r  l a y e r  was  w a s h e d  wi th  H20 and d r i e d  wi th  MgSO 4. A f t e r  e v a p o r a t i o n  of 
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the ether ,  the r e s idue  was disti l led under vacuum at 179-180~ (2 mm Hg). The yield was 2.7 g (78%) of a 
viscous orange  oil.  IR spec t rum,  cm-l:  1560 ( s, C=N) ,  1685 (s, C =O), 3310 (s, NH). Found, %: C 55.81; 
H 3.44; F 28.13; N 8.02. C1GHllFsN20. Calculated, %: C 56.14;H 3.22; F 27.78; 1N 8.19. Mass spect rum:  342 
(M+), 322 (M + -  HF). 19F NMR spec t rum (5, ppm, CC14): 2.2 (s, CF3) , 36.0 is, CF2). :plxs spec t rum (5, ppm, 
CCId): 6.7-6.9 (m, Ph), 9.4 (bs, NH) with integral  intensity 10 :1 .  

Phenylhydrazone  of methylpentafluoroethylglyoxal  (IVb) was obtained in the same way as ([Va) f rom 10 g 
of 2-phenylazo-3 ,4 ,4 ,5 ,5 ,5-hexaf luoro-2-pentene  (IIIb), 50 ml of conc. HC1, and 150 ml of C2HsOH. The yield 
was 9.1 g (91%) of the  yellow crys ta l s  with mp 108-109~ (from hexane).  IR spec t rum,  cm-~: 1550 ( s, C =N),  
1675 (s, C--~O), 3310 (s, NH). Found, %: C 46.99; H 3.13; N 9.78. CIIH9FsN~O. Calculated, %: C 47.14; H 3.21; 
N 10.00. Mass spec t rum:  280 (M+), 261 ( M + -  F),  230 (M + -  CF2) , 220 (M + -  F - MeCN), 161 (1V~[+-C2Fs), 
133 ( M + -  C2FsCO ). PMR spec t rum ( 5, ppm, MeCN): 1.5 ( s, Me), 7.0-7.3 (m, Ph), 9.0 (bs, NH) with integral  
intensity 3: 5 : 1 .  lSF NMR spec t rum (5, ppm, MeCN): 3.7 is, CF3) , 36.3 (s, CF2). 

Phenylhydrazone  of phenyldif luoromethylglyoxal  (fVc) was obtained in the same way as (IVa) f rom 2 g 
of 1 - p h e n y l a z o - l - p h e n y l - 2 , 3 , 3 - t r i f l u o r o - l - p r o p e n e  (IIIc), 3 ml of conc. HC1, and 20 ml of C2H5OH. The yield 
was 1.5 g (76%) of yellow crys ta l s  with mp 106-107~ (from hexane). IR spec t rum,  cm-l:  1560 (s, C =N), 1680 
(s, C---O), 3290 (s, NH). Found, %: C 66.27; H 4.52; F 13.89; N 10.14. C15H12F2N20. Calculated, %: C 65.69; 
H 4.38; F 13.87; N 10.22. Mass spectrum: 274 (M+), 254 (M + -  HF). PMR spec t rum ( 5, ppm, acetone): 6.7 
(t, CF2H), 6.8-7.0 (m, Ph), 9.5 (bs, NH). JH-F 53 Hz. 19F NMR spec t rum (5, ppm, acetone): 49.0 (d, CF2H ). 

Phenylhydrazone  of Tr i f luoromethylheptaf luoropropylglyoxal  (Via) and 2-1Dhenylazo -3 -hydroxydecaf luoro-  
2-hexene  (VIb). a. A mix tu re  of 3.5 g of 2 -phenylazoper f luoro-2-hexene  (V), 1 g of NaHCO~, 5 ml of H20 , and 
30 ml of ace tone  was s t i r r ed  for  1 h. It was then diluted with water  and extracted with ether.  The extract  
was washed with 5% HC1, water ,  and dr ied  with MgSO 4. The solvent was evaporated and the res idue  disti l led 
under vacuum at 105-112~ (2 mm HZ). The yield of orange liquid was 2.9 g (85%) of mixture  of (Via) and 
(VIb) with a r a t io  of 3: 7. IR spect rum,  cm-l:  1525-1535 and 1560-1570 (s, C =N), 1640 (s, C =C),  1700 (s, 
C =O),  3375 (s, NH, OH). Found, %: C 37.76; H 1.61; F 48.60; N 7.49. C12H~FloN20. Calculated, %: C 37.50; 
H 1.56; F 49.47; N 7.29. Mass spect rum:  384 (M+), 365 (M + -  F),  345 ( M + -  F - HF). :PMR spec t rum (5, ppm): 
6.2 (m, Ph), 8.7 (bs, NH), 13.1 (s, OH). 

I 2 3 4 ~ 6 7 
CF3CF2CF~-- C--CCF3 CF3CF2CFs CF3 

~t tL \ / 
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/ \ 
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(Via) 
4 8 5 1 3 ? 

lSF NMR spec t rum (5, ppm): - 1 7 . 9  (s, C F J , - 1 7 . 7  (tt, CF J ,  2.5 (t, CFJ ,  2.7 (t, C F j ,  35.6 (q, CF2) , 39.0(m, CF2), 
2 6 

47.0(s ,  CF2),47.2 (q, CF2) , JI-3 10.4, J5_ 7 9.4, J6-s 4.7, 57_817.9 Hz. b. A m i x t u r e o f  3 g of compound (V)~ 1 rni of 
water ,  and 20 ml of ace tone  was kept at 20~ for  12 h. It was then diluted with 30 ml of ether,  and washed with 
water .  The ether  l ayer  was dr ied with MgSO 4 and dist i l led.  The res idue  was kept in vacuum at 1 mm Hg for 
3 h. The yield of o r ange - r ed  oil was 2.7 g (90%). Based on 19F NMR analysis  it was a mix ture  of (Via), (VIb), 
and the phenylhydrazone of per f tuoro-2-hexanone  (VII) in the ra t io  1 : 2 : 1. 

2 ,4-Dibromophenylhydrazone  of Phenylpentafluoroethylgiyoxal  (VIiIa). A mix tu re  of 1 g of (IVa), 1.6 g 
of bromine,  5 ml of ether ,  and 2 drops  of water  was heated in a sealed ampoule at 100~ for  30 rain. It was 
then washed with wate r  and dried with MgSO 4. The ether  was then removed  and a res idue  crys ta l l ized  f rom 
C2H5OH. The  yield of yellow c rys ta l s  was 1.4 g (90%), mp 98-99~ IR spect rum,  cm-I: 1560 is, C =N),  1695 
(s, C =O),  3295 (s, NH). Found, %: C 38.58; H 2.01; F 19.47; N 5.37. C~H�Br2FsN20. Calculated, %: C 38,40; 
H 1.80; F 19.00; N 5.60. Mass spect rum:  502--500--498 (M+), 4 8 2 - 4 8 0 - 4 7 8  (M + -  HF). PMR s p e ~ r u m  (5, 
ppm, CCI4): 7:4 (m, :Ph), 9.1 (bs, NH) with integral  intensity 3 : 1. 19F NMR spec t rum ( 5, ppm, CC14): 2.4 (s, 
CF3) , 36.4 (s, CF2). 

2 ,4-Dibromophenylhydrazone  of phenyldif luoromethylglyoxal  (VIIIc) was obtained in the same way as 
(VIIIa) f r o m  3 g of (IVc), 5 g of bromine ,  20 ml ether,  and 3 drops  of water .  The yield of yellow c rys ta l s  was 
3.4 g (92%) with mp 130-131~ (from hexane). IR spec t rum,  cm-l:  1555 is, C =N),  1690 (s, C =O),  3290 (s, 
NH). Found, %: C 42.26; H 2.36; N 6.48. C15Hi0Br2F2N20. Calculated, %: C 41.67; H 2.31; I~ 6.48. Mass 
spect rum:  434--432--430 (M+), 414--412-410 (M + -  I-IF). I~MR spec t rum ( 6, ppm, acetone): 7.1 (t, CF2H), 
7.4 (m, Ph), 9.1 (bs, NH). JH_ F 31.6 Hz. lSF NMR spec t rum (5, ppm, acetone): 4.8 (d, CF2H ). 
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Brominat ion of Mixture  (VIa)-(VIb). A mixture  of 0.5 g (Via) and (VIb) and 0.3 g of bromine  in 5 ml pen- 
tane was kept at 20~ for  24 h. It was then succes ively  washed with solutions of NaHCO 3 and water ,  and dr ied 
with MgSO 4. The pentane was removed  and a res idue  disti l led in vacuum. The yield was 0.5 g (83%) of the 
mix ture  (IXa) and (Ix:b) with a ra t io  of 1 : 2 and with bp 145-152~ (4 mm Hg). IR spect rum,  cm-l:  1520-1540 
and 1560-1580 (s, C =N),  1640 (s, C----C), 1715 (s, C=O) ,  3350-3370 (s, NH, OH). Found %: C 30.92; H 1.05; 
N 6.11. C12HsBrFIoN20. Calculated, %: C 31.10; H 1.08; N 6.05. Mass spectrum: 464-462 (M ~3 , 445-443 
(M + -  F).  P1VIR spec t rum (6, ppm, CClt): 6.9-7.3 (m, Ph), 9.8 (bs, NH), 14.2 (s, OH). 

1 2 3 4 5 6 7 8 
CF3CF2CF~--C--C--CF3 " CFaCFeCF2\ jCFa 

II H ~ C=C 
0 N - - N H - - ~ _ _  --Br / \ 

HO N = N - - O - - B r  

0Xa) (~Xb) 
4 8 5 1 3 

19F NMR spec t rum (5, ppm, CCla): - 1 7 . 9  (s, CF3) , -17 .7  (tt, CF~), 2.5 (t, CF3) , 2.7 (t, CF3), 35.6 (q, CF2), 
7 2 6 

39.0 (m, CF2) , 47.0 (s, CF2) , 47.2 (q, CF2) , Ji-3 10.4, J5-7 9.4, J6-8 4.7, J7-8 17.9 Hz. 

Bisphenylhydrazone of Phenylpentafluoroethylglyoxal  (Xa). A mixture  of 1.7 g (IVa) and 2 g of phenyl- 
hydraz ine  in 10 ml of C2H5OH was boiled for  3 h. The mix tu re  was then diluted with 30 ml of water .  A pre -  
cipitate formed,  which was separated,  washed with 5% HC1 and then with water ,  and r ec rys t a l l i z ed  f rom C2HsOH. 
The yield was 1.9 g (90%); mp 141-142~ This agrees  with the published data [2]. 

Bisphenylhydrazone of methylpentafluoroethylglyoxal  (Xb) was obtained in the same way as (Xa) f rom 
2.8 g of (I_Vb) and 1.5 g of phenylhydrazine in 15 ml of C2H5OH. The yield was 3 g (81%); mp 103-104~ This 
agrees  with the published data  [2]. 

Interact ion of Mixture  of (Via) and (VIb) with Phenylhydrazine .  A 1.7-g portion of a mix ture  of (Via) and 
(VIb) and 1 g of phenylhydrazine in 10 ml ether was kept at 20~ for  5 days.  After  the ether  was removed,  
the res idue  was washed with 5% HC1, H20 , and hexane. The yield was 1.2 g (85%) of compound (XII); mp 110- 
111~ (from hexane). IR spec t rum,  cm-t:  1700 (s, C--O),  3260-3280 (s, NH). Found, %: C 39.43; H 2.13; N 
9.32. C10HTFTN20. Calculated, %: C 39.47; H 2.30; N 9.21. Mass spectrum: 304 (M+). PMR spec t rum (5, 
ppm, acetone): 6.2-6.7 (m, 19h), 10.0 (bs, NH) with integral  intensity 6 : 1. 19F NMR spec t rum (5, ppm, acetone): 
3.3 (t, CF3), 43.0 (q, CF2) , 49.0 (s, CF2) , J F - F  9.4 Hz. The hexane f ro m  washing and crys ta l l iza t ion  was 
evaporated to yield a res idue ,  which was sublimed at 1 t o r r .  The  yield was 0.6 g (75%) of compound (XI); mp 
71-72~ [R spec t rum,  cm-l:  1540 (m, C =N),  3330 (s, NH). Found, %: C 51.20; H 3.85; N 13.95. CsHTF3N 2, 
Calculated, %: C 51.06; H 3.85; N 14.89. Mass spectrum: 188 (M+). PMR spec t rum (5, ppm, ether): 6.5-7.0 
(m, 19h, CH), 8.8 (bs, NH)with  integral  intensity 6 : 1 .  19F NMR spec t rum (6, ppm, ether): - 1 2 . 4  (d, CF3) , 
JH-F 4.7 Hz. 

C O N C L U S I O N  

1. Phenylhydrazones  of f luor ine-containing a -d ike tones  w e re  produced by hydrolys is  of phenylazofluoro-  
ol efi ns. 

2. React ions of phenylhydrazine with phenylhydrazones of (~-diketones depend on the e lect ronic  charac te r  
of the substi tuents adjacent to the phenylhydrazone group, resul t ing  in bisphenylhydrazones of ~-d ike tones  or 
products  of ha loform cleavage f rom the s tar t ing  compounds, namely phenylhydrazide der iva t ives  of per f luoro-  
carboxyl ia  acids and the phenylhydrazone of perf luoroaceta ldehyde.  

1 .  

2. 
3. 
4. 
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