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Reactions of polyfluorinated 2,5-cyclohexadienones at the carbonyl group 
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Perfluoro-4-phenoxy-2,5-cyclohexadienone reacts with phenyl- and pentafluorophenylhy- 
drazines to give products of nucleophilic substitution of the fluorine atom at the double 
bond 3-arylazotetrafluorophenols In the presence of aluminum chloride, the reactions 
proceed at the carbonyl groups of polyfluorinated cyclohexadienones ~o fhrm the corre- 
sponding polyfluorinated azobenzenes. Perfluoro-4-phenoxy-2,5-cyclohexadienone reacts 
with butyllithium and butyhnagnesium bromides to give the product of addition at the 
carbonyl group. 
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Polyfluorinated 2,4- and 2 ,5-cyclohexadienones  are 
convenient  synthons for preparing various f luor ine-con-  
taming aromat ic  compounds .  They react with N- and O- 
nucleophi les  to give products of  substitution of  the F 
a om at posi t ions 3 and 5 of  the dienone ring, I -3  whose 
reduction results in the formation of meta-substituted 
f luor ine-conta in ing  phenols z and polyphenyl  es te~  3 as 
well as 3-subst i tuted ct-naphthols  and 4-subst i tuted [}- 
naphthols .  

It is noteworthy that nucleophi l ic  reactions of  non- 
f luorinated cyclohexadienones  involve both the double 
bond and the carbonyl  group. 4 Reactions at the carbonyl 
group are most characteris t ic  of  hydrazine 5 and or- 
ganometa l l ic  compounds .  4.~' 

In this work, the reactions of these reagents with 
several f luor ine-conta in ing  cyclohexadienones  have been 
studied. 

P e r f l u o r o - 4 - p h e n o x y -  2 ,5 -cyc lohexad ienone  reacts 
with phenyl -  and pentaf luorophenylhydrazines  to form 
mixtures of  the corresponding 3-arylazotetmfluorophenols 
l a ,b  and pentaf luorophenol  in a I : I ratio. 

Arylazote t raf luorophenols  l a ,b  are obtained probably 
by d ispropor t iona t ion  of the intem~ediate products in 
the nucleophi l ic  substi tution of the F atom at the double 
bond (A). An azophenol  with a similar structure (1) was 
prepared by the oxidation of  the product of the addit ion 
of phenylhydraz ine  to the double bond of 2 ,4-dimethyl-  
4- hydroxy-  2 ,5-cyclohexadie  none. 7 

The analysis of  the published data shows that reac- 
tions of  awIhydraz ines  with cyclohexadienones  involv- 
ing the carbonyl  group are catalyzed by acids. 7,8 There-  
fore, we studied the reactions between polyfluorinated 
cyc lohexadienones  and complexes  of  phenyl-  and pen- 
ta f luorophenylhydraz ine  with AICI~ 

Pefl 'htoro-4-phenoxyazobenzene (2) is formed in a 
high yield in the react ion of pe r f luo ro -4 -phenoxy-  
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of this dienone with excess PhNHNH 2.AICI 3 complex 
results in the formation of a mixture of 4-penta- 
f luorophenoxy- 2,3,5,6-tet rafluoroazobenzene (3), 
2,3,4,5,6-pen~afluoroazobenzene (4), and pentafluoro- 
phenol in a close ratio. No formation of compounds la,h 
is observed. Alobenzene (4) has been previously obtained 
by the decomposition of pentafluorophenylazide in the 
presence of aniline. 9 

The reaction of 3,5-dimethoxy-4-pentafluorophen- 
oxy-2,4,6-trifluoro-2,5-cyclohexadienone with excess 
C6FsNHNH2.AICI ~ complex in ether results in the 
formation of 3,5-dimethoxy-4-pentafluorophenoxyhepta- 
fluoroazobenzene (5) in a high yield along with a small 
amount of 3,5-dimethoxyoctafluoroazobenzene (6). 
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When azobenzenes are tbrmed, either a F- or C6H 5- 
anion can be the group leaving from the gemmal node of 
the studied cycloltexadienones. The F anion is pre- 
dominately eliminated in reactions of C6FsNHNH 2, 
while the probabilities of both processes are approxi- 
mately equal in the case of PhNHNH> This difference 
can be explained by the fact that "sandwich"-type inter- 
mediates are formed in the case of PhNHNH 2 (B, C) 
stabilized by ,~-interaction between the Ph and C~F 5 
substituents (the formation of ~-complexes between flu- 
orinated and nonfluorinated aromatic compounds is 

NH__NH2AICI:~ 

O H ~N...N..-.H---CI 

AI ~ 
I 

CI 

knownt°). This finally results in splitting off of the 
C6F50- anion from the geminal node of dienone. For 
C6FsNHNH 2, this interaction of aromatic rings is desta- 
bilizing, and hence, the detachment of the F- anion is 
observed to a greater extent. 

The reaction of perfluoro- I -oxo-4-(1 "-naphthoxy)- 
1,4-dihydronaphthalene with excess C6FsN H N H 2 " AICI3 
complex in ether results in the formation of penquoro- 
4-(1 "-naphthoxy)-I-(phenylazo)naphthalene (7)  

F O F N----N--C6F 5 

F F OC~oF 7 F OC~oF 7 
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I - Butyl-4-pentafluorophenoxypentafluorocyclohexa- 
2,5-dien-l-ol (3) as a mixture of two isomers with 
similar chemical shifts ina ratio of~2 : I (from the IqF 
and IH data) was obtained from perfluoro-4-phenoxy- 
2,5-cyclohexadienone under the action of n-BuLi in 
hexane. 
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The main isomer with an insignificant admixture of 
the second isomer was isolated by chromatography in a 
yield about 50 %, The IR spectrum of this product does 
not contain the band vCO (1705 cm-t)  characteristic of 
tile initial dienone It 

The attempts to isolate the second isomer were un~ 
successful likely due to its lower stability under chroma- 
tography conditions Judging from the same sets of 
signals in the I<~F and IH NMR spectra, the obtained 
compounds are most likelj cis- and trans-isomers. 

Product 8 was also obtained in a low yield in the 
reaction of perfluoro-4-phenoxy-2,5-cyclohexadienone 
with threefold excess n-BuMgBr. However, the main 
direction of the reaction is the reducuon to pentafluoro- 
phenol (according to the F~F NMR data, a ratio 
CcsFsOH : 8 in the reaction mixture is ~2.3). 

Thus, we have shown that, despite the existence of 
nucleophilically mobile fluorine atoms at the double 
bond in the cyclohexadienone fragment, 2,5-cyclo- 
hexadienones can react with nucleophilic reagents by 
the type of 1,2-addition to the carbonyl group. 
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E x p e r i m e n t a l  

IH and 19F N M R  spectra (C6F 6 as internal standard, ppm) 
were obtained on a Bruker WP-200Y instrument, IR spectra 
were recorded on a Specord M-80 instrument for a 1 %  solution 
in CCI4, and UV spectra were recorded on a Specord UV-VIS 
instrument for solutions in EtOH (c I ' 1 0  -4 tool L I), Mass 
spectra (EA, 70 eV) were recorded on a high-resolution 
G C / M C  Finnigan MAT 8200 sl~_'ctrometer 

Perfluoro-3-phcnylazophenol ( la ) ,  Phenylhydrazine (024 g) 
was added to a solution of perfluoro-4-phenoxy-2,5-cyclo- 
hexadienonc (0.22 g) in 20 mL of MeCN, and the mixture was 
kept for 15 days at -20 °C. The solvent was evaporated, and 
the mixture of phenols isolated by chromatography on SiO 2 
(CCI, 1 as eluent) of the residue contained,  according to the 
data of the 19F NMR  spectrum, azophenol la  and penta- 
fluorophenol in a ratio I : I. Azophenol la  (OI6 g, 74 %) 
with m p  155--158 °C (from CCI4) was isolated by sublima- 
t ion in vocuo (20 Torr) ,  I<lP N M R  (10 % solu t ion  in 
McCN,  ppm, C~,F 6 as internal standard): -2 .5  (F-5),  0 2  
(Fro), 5.5 (F-4),  116 (Fp), 127 (Fo), 14~7 (F-6),  160 ( F - 2 )  
UV, kmaxlnnl (log ~:): 315 (4.29), 458 (3.51). F o u n d  M + 
35999330  Ci21IFgN20< Calcula ted  M 3 5 9 9 9 4 5 1  

3-Phenylazote traf luorophenol  ( Ib) ,  Similarly, azophenol 
Ib (OI I  g, 75 %) with n i p  130--133 °C was obtained from 
p e r f l u o r o - 4 - p h e n o x y - 2 , 5 - c y c l o h e x a d i e n o n e  ( 0 2  g) and 
P h N H N H  2 (012  g). 19F N M R  (a 10 % solution in MeCN):  
-2 .7  (F-5),  4 0  (F-4),  109 (F-6),  143 (F-2). UV, kmax/nm 
(log ~): 227 (4.06), 316 (4.15), 436 (2.93). Found: M + 
2 7 0 0 4 2 6 0  Ci2H6F4N20. Calculated: M 270.0416Z 

Per f luoro -4 -phenoxy izohen lene  (2), Finely pulverized AICI 3 
(0.37 g) was added to a solution of pentafluorophenylhydrazine 
(0~5 g) in 20 niL of ether. The mixture was stirred for 15 min, 
and perf luoro-4-phenoxy-2,5-cyclohexadienone ( 0 2  g) was 
added dropwise. The mixture was stirred for 3.5 days at ~20 °C 
and treated with 20 % HCI (50 m L )  The ether solution was 
separated, and an aqueous solution was extracted with ether 
(2×50 mE). The combined ether extracts were dried over- 
CaCI 2 and evaporated in vacuo (20 Tort). The residue (0.37 g) 
was chromatographed on a column with SiO 2 (CCI 4 as eluentL 
Azobenzene 2 (025  g, 87 %), m p  151--154 °C (sublimed) 
was isolated 19F N M R  (10 %soiu t ion  in C C I 4 ) : 0 4 , 0 7  (F~, 
F,,,'), 3,6 (Fp'), 49 (F-3,5), 5~9 (Fo'), 130 (Fp), 137 (Fo, 
F-2,6) UV, km~x/nm (log c): 318 (4,31), 475 (301 )  Found; 
M + 525~9794 ClsFI4N20 Calculated: M 5 2 5 9 7 8 7  

Reaction of per f luoro-4 -phenoxy-2 ,5 -cyc lohexadienone  with 
the PhNHNl t  z - AICI 3 complex.  Finely pulverized AICI 3 (0.67 g) 
was added to a solution of phenylhydrazine (054 g) in 10 mL of 
anhydrous e t h e l  The n;ixture was stilted for 5 min, arid 
l~rfhloro-4-phcnoxy-2,5-cyclohexadienone (037 g) was added 
dropwiseo The mixture was stirred for 26 h at -20 °C and treated 
with 20 % HCI (50 m L )  The ether solution was separated, and 
the aqueous sohrtion was extracted with ether (2x50 mL). The 
combined ether extracts were dried over CaCI 2 and evaporated 
m vacuo (20 Tor r )  A brown solid prc×ttict (039 g) containing, 
according to the 19F NMR spectrum, mainly azobenzenes 3, 4, 
and CrF5OFI in a close ratio was obtained. The mixture was 
chromatographer  on a column with SiO 2 (hexane as e luent )  
Azobenzenes 4 (0.09 g, 33 %) and 3 (014  g, 32 %) were 
i so la ted  4-Pentafluoropheno~o'-2,3,5, 6-tetrafluoroazobenzene 
(3), mp~ 103--106 °C (hexane). iC'P NMR (10 % sohrtion in 
CCI 4, ppm, CrF 6 as internal standard): 4 9  (Fro), 75  (Fp), 8.9 
(Fo), 10.5 (F-3,5), 16.4 (F -2 ,6 )  UV, kmaJnm (log ~): 228 
(4.09) ,  318 ( 4 3 1 ) ,  458 (2~93). Found:  M + 4 3 6 . 0 2 6 4  
CisHsFqN20.  Calculated: M 436~0258 

React ion of  3 , 5 - d i m e t h o x y - 4 - p e n t a f l u o r o p h e n o x y - 2 , 4 , 6 - t r i -  
f luoro-2 ,5 -cyc lohexadienone  with the C 6 F 5 N H N H  2 • AICI 3 com-  
plex.  Finely pulverized AIC, I 3 (034 g) was added to a solution 
o fC6FsNHNH 2 (05 g) in 30 mL of ether The mixture was 
stirred for 10 rain. and 3.5-dimethoxy-4-pentafluorophenoxy- 
2,5-cyclohexadienone (02 g) was added The mixture was 
stirred for 2~5 h at ~20 '~Cand for 7 h with boil ing and treated 
with 20 % HCI (50 m L )  The ether solution was separated, 
and the aqueous solution was extracted with ether (2×50 mL) 
The combined ether extracts were dried over CaCI 2 and evapo- 
rated in vacuo (20 TorO 3,5- Dimethoxy-octafluoroazobenzene 
6 (003 g, 15 %) and 3,5-dimethoxy-4-pentafluorophenoxy- 
heptafluoroazobenzene 5 (OI6 g, 57 %) were isolated from 
the residue (0~35 g) by chromatography on a column with SiO 2 
(CCI 4 as eluent) 

Azobenzene 6, according to the I'~F NMR data, is a 
mixture of cis- and trans-isomersina ra t ioo f~ l  5 I<lF NMR 
spectrum of azobenzene (6a) (solution in CCI4) - 0 2  (Fro), 
IO4 (Fp), 12.3 (F~,), 18.8 (F-2,6), 24.3 (F -4 )  IOF NMR 
spectrum of azobenzene (6b): 2~0 (F,n), 86 (Fp), 145 (F,~), 
18.4(F-2,6) ,20.5(F-4)  Found:M + 3%02970 CI4HrF~N202 
Calculated M 38603014 

Azobenzene 5, m p  114--116 ~'C (hexaneL IgF NMR 
spectrum (10 % solution in CCI.I) - t O  (F.T'), 00 (Fro), 03 
(Fp'), 47 (Fo) , IO8 (Fn), 12~5 (Fo), 194 (F-2,6L UV, km~x/nm 
(log c): 325 (428),  439 (3.08). Found M ~ 55001850. 
C20H6FI2N203. Calculated M 55001866. 

P e r f l u o r o - 4 - ( l ' - n a p h t h o x y ) -  1- (pheny lazo )naphtha lene  (7 ) .  
Finely pulverized AICI 3 (025 g) was added to a solution of 
pentafluorophenylhydrazine (0,36 g) in Et20 (20 m L )  The 
mixture was stirred for 10 rain, and p e r f l u o r o - l - o x o -  
4-(1 "-naphthoxy)- 1,4-dihydronaphthalene (0.2 g) was added. 
The mixture was stirred for 2.5 days at ~20 °C and treated with 
20 % HCI (50 mL). The ether sohltion was separated, and the 
aqueous sokition was extracted with ether (2x50 mL). The 
combined ether extracLx were dried over CaCI 2 and evaporated 
in vacuo(20 TorT)Azonaphthalene7(018 g, 69 %) with rap, 
136--139 °C (hexene) was isolated by chromatography of the 
residue (027 g) on a column with SiO 2 (CCI 4 as ehient) 
[gF NMR (10 solution in Me2CO) O7 (Fro), 80 (F-3, F-6, 
F-7), 8 5  (F-6),  9.6 (F-7),13 3 (Fp, F-2 '  or F-3),  13.8 (Fo), 
15.9 (F-3 or F -2 ' ) ,  171 (F-5",  J5 4' = 62 Ha), 18.1 (F-2),  
18.4 (F-5 or F-8), 18.9 tF-4",  J4,s" = 62 Ha), 197 (F-8 or 
F-5), 257  ( F - 8 ' )  UV (heptane),  kmax/nm (log c )  218 (5.00), 
2 7 6 ( 4 3 3 ) ,  292sh  ( 4 2 7 ) , 3 2 2 s h ( 4 0 8 ) ,  356 ( 3 9 2 ) , 4 4 0 ( 3 3 4 )  
Found M + 69796830~ C2~FIsN20  Calculated M 69797230 

! - Butyl -4  - pentaf luorophenoxypentaf luorocyc lohexa  - 2 ,5  - di - 
e n - l - o l  (8), A I 15 Msohit ion ofn-BuLi  in n-C61tl4 (475  mL) 
was added dropwise to an emulsion of perf luoro-4-phenoxy-  
2,5-cyclohexadienone (2 g ) i n  hexane (5 mL) a t - 1 0  ~'C with 
stirring in an argon flow The mixture was stirred for 20 rain at 
--5 tO - 1 5  °C, then cooling was stopped, and at 0 C ice 
water (20 haL) and a 6 % solution of IICI (50 mL) cooled to 
0 C were added The organic layer was sepa ra t ed  and the 
aqueous layer was extracted with hcxane (25 mL) The com- 
bined organic solutions were dried over MgSO 4 and evaporated 
in vacuo (20 T o r r )  A light-yellow oil (I.95 g) containing,  
according to the IOF NMR spectrum, about 25 % initial 
dienone and 75 % isomers 8 in a I 2 ratio was o b t a i n e d  A 
light-brown liquid (1~13 g) containing,  according to the IH 
arid igF NMR spectra, the main isomer with a slight admix- 
ture of the second isomer was isolated by chromatography on a 
column with SiO 2 (CHCI 3 as eluent) Dienol 8 as a viscous 
light-yellow oily liquid was obtained by distillation of  the 
product in vacuo (100 °C, 01 Torr). UV, kmzx/nm (log g)  
207 (3.89), 225 (337) ,  260 (269L Found (%): C, 4 5 2 8  
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H, 2,32; F, 45.64; M 424 Ci6HioFi002. Calculated (%): 
C, 4528; H, 2.36; F, 4481; M 424 

Reaction of perfluoro-4-phenoxy-2,5-cyclohexadien- I-one 
with n-butylmagnesium bromide. A sohition of perfluoro-4-phe- 
noxy-2,5-cyc~hexadienone (0.4 g) in ether (4 mL) was added 
dropwise to a solution of n-BuMgBr obtained from bu- 
tyl bromide (0.5 g) and magnesium (008 g) in ether (15 mL), 
and the mixture was boiled for 6 h Then 10 % HCI (30 mL) 
was added, the ether solution was separated, and the aqueous 
sohltion was extracted with ether (20 mL) The combined 
ether extracts were dried over anhydrous CaCI 2 and evaporated 
in vacuo (20 Torr). Viscous oil (0.4 g) containing, according 
to the 19F NMR spectral data, 5 1 %  C6FsOH and 22 % 
dienol 8 was obtained IH NMR, ppm: 088 (3 H), IO9 (2 
H), 134 (2 H), 2.00 (2 H), 566 (I H, OH)  19F NMR 
(CDCI3), C6F 6 as internal standard, ppm: - 0 7  (F-3,5), - 0 4  
(Fro), 4.6 (Fp), I10 (Fo), 14.7 (F-2,6), 48.5 (F-4). Ratio of 
intensities2 : 2 I 2 : 2 : I. IR, v/cm -I 3593, 3570 (OH); 
2960, 2925, 2870, 2855, (CH); 1723 (CF=CF). 
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