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REVIEW

FLUORINE~CONTAINING CYCLOHEXADIENONES ~ SYNTHESIS AND PROPERTIES.

L.S. KOBRINA and V.D. SHTEINGARTS

Institute of Organic Chemistry, Novosibirsk, 630090 (USS53)

SUMMARY
The Review is devoted to methods of synthesis and chemical properties of
polyfluorinated cyclohexadienones —'proarenes'whose chemistry is the plentiful

field of new synthetic ways to fluoroaromatic compounds.
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INTRODUCTION

One of the most effective trends in the strategy of synthesis of
volyfunctional aromatic compounds is the transformation of the aroumatic ring
to a highly reactive non-aromatic system, which is afteruards modified to

carry out a reverse transformation. A typical example of such system wifia an
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inhereat yotensiality of easy aromatisation is cyclohexadienioaes, Metionds of
chenieal wodification of eonpoands of tals type are closely »elaied with their
electron deficient characher, and their scope zoasidaradly sxpands 17 Lhere

are alecitran aciepting aad aasleopnilically mobile substitueats, ia particular

halogen atoas. The presence of the latbter (5 espscially imporiant for the

a3 the difficulty ot fluorine iniroduction into urgaiic

fl.oroderivati
molecules raises the significance of the approaches based oa uwaz2
transtoruations of relatively available compounds of this class to tie less
available ones conbainiag the funchlional groups that preclade oibher ways of
“luorine introauction.

In ocur opiaion, %he fluoariie-contaliing, especially polyfluorinated,
cyclohexadienonss, »nwing Lo Lnelr nigh and va=ied reactivity, are ol great
interesi from tie viewpoiab of workinyg out new methods of syntnesis of
“luoroaronmasin coupounds, iHoWaever these potensialities have only been revealed

to & swall degree. situation, 1% 135 1ecessary Lo inpari a

.« <1

systematic and purposefual characier Lo studies on luu=ine=-contaiaiayg

cyaslonexadienones, which will hopefully be assisted by this vrevied.

T METHODS OF SYNTheSIS OF FLUORINE~CONTALNING CYCLOHEXADNIENONES.

1.1, Phenol-dienone Rearrangeuent ia the 3eries of Fluorinated Hydroxyaromat!

Compounas,

1.1.1. dalogesabion of Phenols, Nashthols and Their Al«aline 3alts (Including

¥luorination),

Poiyfluorinated cyclohexadienones containing halogen atoqs other Lhan

omine at a saturated carbon atom, may be synthesized by a zeneral mathod
tor Lie ureparation of 20mpounds of this type -~ halogenation of 2,4,5 =
trisubstitused phenols and thelr salts (11, Thus {reatuent of
pentafluoruphennl 31d its alkaline salts with tert-butyl hyvochlorite leads to
polyfluorinated 2,4-ecy2iohexadizn-1-ones, wherzas Lreatment with bromine [2]
and tert-butyl hygsochlorite - to 2,5-cyeclohexadien-1-01es [3]. In the
reaction of 2,3,5,6=tetraflaoro-l-brorophenoxides of alkaline metals with
brugine in CCLL‘, a mixture of 2,4~ and 2,5-cyclohexadienones "1" and "2" i3
formed, and upon its UV irradiation, the 2,4-isomer is .quantitatively
ansforued to the 2,5~isomer [3]. The reachion of Hrouine wita sodium
2,3,5,5=-tetlraluoro-t-iodo- o» -l-pentafluoro-phenoxyphenoxide gives
exclugively 2,5-cyclohexadien-l-ones "3" and "4" respectively [3].
3romine does not react witn pentafluoropinenol in CCLM at room

temperature, nor upon doiling [3]1, no» (as chlorine) in placial and agleous
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acetlic acid, and etbther-gatsr aixtare ait 0 = -10 (4], With iediae,
ventafluoruphenol fails to react in 3C'~u even 11 tae preseace of iodide ioa
accepLurs [3].

0 OH 0

F F Roar @ ROCI F "
F F F =
F &r R=H, t-CqHg F
ONa o 0 0 0
F ¢ F F F F
2 -
cely | F F F F F F
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I el L3 OCeFs Br OCgFs .4

By varylag the reugent nature, tnhe alkaline waial catiosn, t1e salt
nydrazion degree ani the salvent nature, it i3 possivle to selectivel, change
the proporiion bzlween 2,4- and 2,5-cyclonexadiztones foraed 11 the
1alogenation reactions of the alkaline salts of polyfluwrparomatic eowoouands
(4], Thne reaction of “romine wita anhydrous sodiua pentafluorophenstide
at =27 13) or wita dihydric sodiuam pentafluorophennxide at -15° [4] 14 CCu
yields 2,5=cyczlonexauien-l~one "5", wilehr is also formed in the reacztion of
teri=butyl hypobromite witn pentafiuorophenol in CCL,4 73], Ina the rgaction of
wromine with anhydrous potassiuan pentafluorophenoxide, exlusively 'tatoae 5"
is also formed and i1 tae reaction with dihydric potassiun
pentafluorophnenoxide - 2z mixture of 2,5- and 2,4-diznones "5" and "O"
respectively, witia the latter predominatiag (4], In a similar way, She
reaction of chlorine with Jdihydr-ic potassiuam pemta®luorophenoxides lzads Lo the
#redominant formation of 2,4%-~cyclohexadien-~l.one "7" (35%) wita a small

ad.aixture of 2,%~cyclohexadien—-l1-one "3" (5%).
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Brominatinon and chloriasation of potas

LNenols in CGLM or

sian sal

Si,CL; 1S a reasonably general

%s of polyfluoriaated

mathod for tne synthesls of

polyfloominated 2,4~ and 2,5-c;clohexadien~l-ones _41.

However, fluoriae diluted witn nitw=oges Jdo2s not veact 41t a siuspeasion
of sodium pentafluorophenszids in zarbon tebtrachloriie ab 25° {31, At the sane
time, the reactioan of flunriile with p=cresol in teiraglyae b 207 lzads 4o
the tormation of 2,5-cyzlohexadienons wita Tluu=ine and methyl in the gealnal

N

group [5,6], These reactions ars shown in the

OK-XH,0 OK-XH,0

O &t O

sahene belows
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OK X Hy0 CClq o [ a\E
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CHz . F '
F F
sy cl N F
e
CHyCl, F F F F
CHs 79% ¢l CHsz 21%
OH OH 0
[
_Fa +
_20°
. CH CH o
CHz > A5% F 3 42%
The Migher activity of the naphthalene system as compared witih the
benzene one accounts for the fact that, by contrast with pentafluorophencl,

1eptaflaoro-1- und
reactions

T,4=dihydronaphtnalene "y"

dihydronaghthaleae "10" respectively [4].

and

with chloriae in the same nedium leads to a migture containing 91% of

cnloru-neptafluoro-1,2-dihyd-onaplithalene

heytat'luoro-1,4-dinydronapshtaalene "12"; fron

2-0xo-heptafluoro~-1,2-dihyd~onaphthalene "13" was

-2=napathols smoothly react
Wita bromine 11 agueous acetic acid give
1-brouno-2-

Treatmeni

heptatl

with halogens., Thus, their
1-oxo-d4-bromo-heptafluoro-
oxo-nepta“luoro-~1,2-
of neptaflunro-l-naphtnol
1-0x0=2~
"1 oand 9%

of 1-oxo-l4-carloro-

aoro-2-naphithol, 1-chloro-

formed:



OH 0 0
cl o F
2
“ ag. A e T F
By F 91% F c\’/ 9%
ay, AcOH ,41 L A2
IO "
£ OH X, O x=Br 40
F ag. AcOH ‘\F‘ Fox=cl 13

F o 9"

Exclusive formation of paracyclonexadienons "9" 121 cthe »eachinn of
browine with heptatluoro-l-naphtanl doas aost characterise o-lentation in this
meaction becaase of 2azy isomevisation of orilo-~cyciohexadieidone "14Y o
compound "g". yith chlorine, heptafluoro~T-napithol behaves in a different way
than with 2,d«dicrloro=-1-naphthol whase reaction with chlorize in acetic acid
s3Ve the respeciive para-cyclohexadienone 7], Howeve=, as 31041 ia th2 same
work, the respective oriano~cyclionexadiznone i3 t-ansTommad by HC1 in the
reactioa conditions Lo para-isoue=, Tie oritho-nrientation seems to be
ciiaracteristic for iLhe cehloriizabion of "alogenated 1-naphthols in the kineti:z
conktrol conditions. As shosn for cyclohexaliennnes - the de-ivatives of 2,3,4-
trichlo~n-1-napitael, accumulasion of nalogen atnoas inaibits isouws=isatiosn of

ortho-cyclohexadienanes to para-isoaers 7],

Br
CHsz or
"

[ Br «9 u4
F Br +
OK M 5
Y io Q H

The possibility to vary the isoumeric ratin of cyclohexadienones by
varying tie solvent nature, the cation and the hydration degree for the
heptafluoro-l.naphthol salt is illust=ated by the daba represeated ia Tables 1
and 2 (4],

T1e heptafluoro~2-naphthol potassium salt zives, as expected, only

compound "10",
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TABLE 1
The Ratin of Zyeclonexailieidnes "9 and "14" Amosg She Prodacis of the Reaction

of teygtailaoro-Tlenapiatinol Potassiua 3alh wibth Browine,

solvent Dielectric rgn myn

constant [3]

223 249 71
3.93 32 55
38.57 33

After distillation, a mixture conbtalaing 45% of ketone "9" aad 55% of «etone

YN yas obtained.

TABLE 2
The Ratio 2f Isome=ic Cyolohexadienonaes Auoay iz Prodacts 27 Iateraction of

Heptafluoro~T.naphthnl 3alts uita Chlorine and 3ronine in CC'LM.

Sals lalogen The product ratio
para=CHD ortho-Chd
Li A0 Cl., 33 M2 67 "11n
Li.'1;.f) Br‘; 5o man 42 mign
Na.XH. 0O Br2 4o ngn 60 "yn
K C1, 16 mi2n 34 mn
K b.‘",, 29 ngn 71 "1yn
‘.2112[) BT‘Z 3 Yl9|| 9“ H‘]r_'”

Yormation of cyclohexadienone aixtures in the reactions of the salts of
volyfluorinated phenois and naphthols with halogeas results Irom the
anbidencate character of anions of the salts (ef.[9]).

There are reasons to believe thaft in the reactions of polyfluorinated
Pnenol and nuphthol salts in the carbon tetrachloride and methylene chloride
media there taxes placs the interaction betuwesn molecular Yalogen and ion
pairs or ion aggregates of phenoxide and naphthoxide (ef,[{10,111). The
intermediate state of these reactions must be siamilar in many respects to the

intermediate states of the Cealkylation reactions of ohenoxides with alkyl
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aalides [12] o [luoriizatinns by perchloryl Tluoride [13], Stabilisabion of

the leaving ainlon in the case of poorly solvatiag solveats resualis

predominantly from the eolecirostatiz interaction wita the alkaliile

cation, inuiced for the ortho=pnsition »eactions by the intermadiate forma

of chelate couplexes of type "15" {12]. It is supposed [12] taat, zenerally,
tie "own" reactivity of the amdidentate aiion nay not be consistent with the
orienbation przlerdabdle from Lhe viewpoint of chelate complex Tormationg,
leading to a competition between these two factors. The reaction of anhydrous

sotassiau pentaflunrophenoxide dn ant s Lo prodace Lhe d-coo™dinatinn

.

reyuired at least Fo= the stanility of alkaliae metal chelate

{14,15,16]1. In tnis zase She chelate comuplexes farmabion i3 of ao importance,
and the reachion pathway is deiferinined by the odn teadeincy of tha
pentafluoroyiennxide anion to the para-posiZion rzastiosn., This tendency may
also result from the low steris accessinility of the urtho=position in the
anhydrous pentafluorophenoxide ion aggregates. In tne case of the dihyd-ic
ventatluoraphennl potassiag salt, the d-coo~dinated cheslate complex o»f fype
"16" is formed, appareantly leading tn substantlal sbtabilisabinn of the

on 13 the ortho- position, 3inilar

-

intermediate state ol the react
consideratinns are applicable to the reaxtions of heptafluoro-l.naphthoal salts
with bromine, but here the para-orientation brought about by the 'own' reacti-
vity of the salt anion is possibly not so pronounced as in the case of
pentaftlunraphenngiide, For anltrnasthane, due o its greater polarity, the rols
of its reaction with metal cation in stabilisatinn of the leaving halide anion
seems Lo decrease, the contribution to the general picture of tie reaciilans of
'[ree? anions or ion pairs with a siamilar reactivity inereasing (ef.[12]).
Increased content of 2,5«cyclohexadienone amonyg the produchs of th2
reactinn of tae heptafluoro-l-napghthol s5alt with bromine oa passing fron
carbon tetraciloride and metiiylene chloride to aitromethan2 is obviously

called for by a seb of these factors.

With chlorine, there is a sironger tandency tno 2,4=cyolohrzcadiennne
formation than wita bromine. This may be explained by the smaller
polarisability of the chlorine molecule, which is not sensitive to the nature
of the solvents in questinn. Upon chloriaatinn of sondium, potassiin, and
triethylammonium phenoxides with HOCl and tert-butyl 4rpochlorite in agaenus
wedium, the predominant ortho-orientation is als»n obs2rved, one nf the
possible reasons for that, according to the auathors of [17]1, being
cnordination of nxygen of HOCL with the phenoxide ion pair cation, despite the

high polarity of the medium.
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Tie reactinn of perchloryl fluoride with sabstituted phenols appeared o

e oa eonveniaeah aid safficiently univarsal method Tor Lhe synthesis of
nycioinzzadiennnes Wwith luu=ine at a saturated carhon atom. Para-cresol reacts
Wity perchlnryl fTluoride in DME witi conliag or a4l rooa Lzmperature to give
the respective cysiohexadienone _187.

Tae rzaction of 2, S-dimethylphennl with the same reagent in toluene fails

Lo proceed;, and in DHT 1L oeccurs very 310wl Lo ive the
© 5 ¥ Y 3

Omfluoro=2,6=dinetnyl=2,4-cyclohexadien~1-ane er "M17M" in a swall yield
[13]. Interactinn 2f sadium 2,0=-dimethylphenoxide with perchloryl Tlus=idz in

o

hydrocarbons o dinxan [13] alsn leads tn Laz product of

dime=isating of the
internediate cyclohasxadienone "18"., formasion of the diznone [18] is thought
by the autianrs of [15] to be the result of fihre elachropnilic attack A7 Lhe
ambidentate phenoxids ailon by percihloryl fluoride.
Treaiment. of pentametiaylpirennl wita perchleoryl flunride in pyridiae

-

atfords a uixcure of tw> diennaes 4-Tlunre-2,3,4,5,6-pentametnyl-2,5-

cyclonexalien-T-one and 6-flunro-2,3,4,5,6-pentamethyl-2,4-2y2ionexadien-1-

one, the [oraer being oradoninant {as shown by PMR, the ratio is 3:1) [19].

Oha 0 F Chy

. CHy | — CHa
HaC 0
) CHj .
OM 0

ClOzF
—_

47"

CHs F CHa
OH 0 e
i )
HaC CHy  Cl0aF Hac CHs HC CH
——————»; + E-Y
HaC CHy  CsHsN,28% ¢ CHa HaC CHg
CHs F CHy CHg

Jsing estrone steroid phenols as an example, the autiors of {20,21] have
shown the pns33idility Ln obtain in this way 10-fluoro-1,4-esiradien~-3-ones as
a4 resalt of angular Tlunriaatinn of para-positinn with respect to the phenanl
funeiinn.,

The reactinn of U4-isopropyl ether of norgriseofulvinic acid witn
percnlioryl fluoride gave a mifture of 2,4~ and 2,5-dienones containing

fluorine as a peminal substituent [22,23]:



119

R R, R R,
=
’@gj B i@éjﬁ
DMF
HO 0
OCHy O OCHs 0 O HCO ¢ 0 0

cloaF
@ OCH@H_,, ; mm% e,
HO 0

cl CHy

When the startiag phenol contaias unsadbstituted orliho- and
paru=positions, there may proceed its preliminary fluorination of hydragen
substitution type, wita subseguent ipso-fluoriiation Lo give cyclohexadienones
containing the geninal Tluorine atoms, Thus Lreabaent of 3,5-dixsthoxyphensl
with perchloryl fluorlide ia pyridine at 207 leads o twn isomeric dicionss -
5,0=-diluoro=-3,5=-diuzthnoxy=-2,4«cyz2lonexadien-l~-0n02 and

U, 4edi " tuoro=3,5=dinethaxy=2,5=cyclonexadiea=1.0ne [24,25]:

a.3y2H, Rp=C1 a.Ry=F,Rp=Cl a.Ry=H,Rp=C1
b.Ry=Cl,Ry=H OH Q g D-RasCl Ryl 0
4
0.2(1 :szﬁ R4 Cl OzF =4 Ry=F,Ro=H + R4
0 OCH I U, Ry <F
HaC TN OcH ©+F =T Rl g Och‘R“ 1,Ry
R R 3
2 2 FR,

A3 shown by the paper chrounotography atalysis of the reaction uixtures, the
,

sible intermediate products in this reaciinn are 6- and

4efTluorodimetnoxyphenois respectively., Ianteract ion »f

H-chiloro=3,5=-dimethoxyphenol ~ith C103F yields a mixture of
b=-chloro-6=7luoro~-3,b5=dinethnyy=-2,4=cyclohexadien=-l=nae and
2,2=diTlunrg=3~chloro=3,5-dimethoxy=2,5=cyclonexadiet-lw-one, whereas

4=chloro=-3,5=-diaethoxyphennl in the saue conditinas i3 transformed to a
aixture ol two dienones, with 4-chloro-4-fluoro-3,5-dimethoxy-2,5-
cyclonexadien~l-one predominating.

These exanple:s demoustrate that formation of the =CFX- groups (X=F,C1l),
apparently characterised by a hign sirength of the C=F bond (2f.{26]), is an

effective driving force for the reactinns of phenols with perchleoryl

Fluoroxytrifluoromethane reacts with alkylphenols and their ethers in the same
way as perchloryl fluoride. [27]. Thus, when CFSOF reacts with the para-sub-

stituted phenol "19", there takes place ipso-fluorination at the para-position
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with the phenol-dienone rearrangement [27]. From 2,6-dimethylphenocl, the 6-
fluoro-2,6-dimethyl-2,4-cyclohexadien-1l-one dimer "17" is formed; from estrone

methyl ether, 10-fluoro-19-norandrosta-1,4-diene-3,17-dione:

@/\rcoom CF3OF Q&F/rcoo&
HO NR,Rs 0 NR2Rz
ng” O O

RA =CH;z, GHs RZ:H , R5=COCH3‘, R2R5=

0]

CF3OF

T -9

HaCO

Penvaflunrnpheanl 4“reaved with fluoroxytrifluoromethane, gives a aixture

nf pnlyflusrinated 2,4~ and 2,5-cyzinhzxadiea-l-ones (5:1) [29]:

OH 0 0 0

@ CF3OF F
F

M
+
+

mn-n

s

Annther reapent for ortho- and para-=fluorination of pheanls leadiag %o
zyclohexadienones is perfluoropiperidine [30]. For exanple, the
fluorine-containing 2,5-cyclionexadi2n=-twnne i3 forwmsed from
2,4,6~-tris(tert.butyl)phennl; and Ifroem its lithiunm salt,

2,4-cyclohexadienone.

0 OLi 0
C5 FHN C5 F’MN E
n. Cs H4?_
X 50% %

Synthesis of a nuaber of fluorine-contaiaing cyelehexadienones has been
claimed T31] by nxidative fluorinatinn of phenols ~itih sulpaur tetrafluoride
and i,

In a siamilar way proceeds oxidation of pentaflunrophenol and

pentafluoroanisole by vanadium fluorides and xenon difluoride [32], as well as
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of 2-naphthol, and its ethers, and 5—hydroxybenzo—[C]—phenanthrene by cesium
fluornxysnlphate [H].

R =C1,8r,F

OH Z p=H,C1,¥
Rs R SFa, HE Rs Ry Ry=i,C1,F 7=0,F
Ry R, R4 Ry R4=C1,Br,F
Ry FF Rs=H,C1,Br,F
: 2 9 0
E
OFs, F F 0CeF
VFs or VOF5, OCeFs 4 o5, F LT F
or Xefp F- F F F F F F F
F FF F OCgFs FF

31uilar Lransformations leading to cy2lohexadiznones take place upon the
reactions of CFSOF and eesiau flunroiysulphate with naphthalene, phenanthrene

and benzophenanthrene containing electron-donating substituents [33,34,35]:

F
R CsS04F R o]
4 -

R= H, OH, OCHy, OCHs, OCzH;, NHCOCHs

@ CsS04F
of = of - o}
3 F
0
R=H(53%), NHCOCH( 22%)

CsSO4F o Ry

© R
R; @@ CF3OF !
Ry,
X FF
R=R,=H, R,R,= @ ,Ry= OH, NHCOCH,

= O
QOO
OCHj

CHs

The scheme of oxidatinn by fluoroxytrifluoromethane saggested by the

authors of [34,35] involves addition of fluoroxytrifluoromethane at the double
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tond, In casz of significant steric el fects, the rzachion i3 z2o0mpleted by Lhe
foraation o7 Xetoue "21", In the abuseace of sterlc eflfects Lhers occurs
addition of CF_OF at the double doad of fluorophennl "20" aand “-ansfoaruabion

3

of the addition products to 1,l=diluorokatone 22",

L e Tl — O, — Ul
g £ O S F * 2o J e o

! Gk
FH 0 o FF

20"

a

1.1.2. Nitration of Polyflunrinated Phennls and Naphthols.

deptafluorgele- and -2-naphthonls [36,37] react in mild conditions with
concentrated nitric acid giving the roespeciive derivatives of polyflaorianated

nitrozyelohexatieannes i1 good yields:

OH 0 F NO,
- @Y Q@™ A
=

F N0y

In similar eonditions pentaflunrophenol is transformed o fluoranil [38],
the product 2° the intermediate nitrocyclonexadienonz (quinnitrele), as shown

in [39].

g
-20° +0° F
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The rezasting of nitric aeid J4itn 2,4,6-tricnloro-3,5-

Tluoropnennt fails
to yield the respective nilrocyzlohzzadienone - the suzsested primary product
of the reactinou [40], as 17 decomposes Lo farm the phenoxy ~adizal waich
dimerisaes giving #=(2,4,6-tricnloro=3,5-difluornuhennxy)=2,4,6=trichioro=3, 5~
diflunrg-2,5=cyclonezadini=l=nne,

Bz2cause oY low stability it was impossible Lo isolate
Jenitro-tamzthylostratluorom=2,5-cyclohexadienal-one formed ia the reactiosan of

o vy IEdR

a1aric acid with tetralluoro-para-cresol at =30 =207 aad

L4111,

OH ) 0

c d HNOg, Cl Cl
F F 07455 F F

cl ct NO, o d
cl cl
F F
OH 0 cl
HNO3 F F
F F
CH5 %N CH3

1.1.3. Oxidation of OJxyaromatic Coapounds,

Interactinn of nxyaromatic compounds, containiag no {luoriize atoms, with

tetravalent lead cowpounds le2ads as a rule to substituted cyelohzxadiennnes in

a maixture witia yuitones and diphenyl derivatives [42,43,84]. 4=-Flunrophannl i3
axidised by lead dioxide forming a complex wmigture of products, {rom «hich
A-fluoro=d-metiyleS-acetnxy~2,4=cyclohexadicen=-1-0ne was isolated [45].

In contrast to this, for pnlyfluorinated oaxyaromatic cnmpounds these
rzactinns are a conveniant preparative methnd for thre synthesis of fluorinated
cyciniiexadiennnes. Depending nn the reactina +echanism = raiizal o= inlic -~
there wmay formed respectively =ither Lhe cyclnhexadienanes that are iLhe
flunrinated aroxy radical dimers or the ecyclonexadieaniza containing a residas
of the acid used.

Interactioa of pentailuoropnennl [(46] and 4-X-substituted

tetraflunropienols [47] with lead t2oraacetate at room bamperature in inert



snivents groceeds by the radical wmechaaism. Thz2 mala routz of Lhe reaction i3
Fformatinag of substituted 2,4=cyclohexadien=l=ones =~ the diuers o0 thz
respecbive pheanwy radicals., If Lae pheanl 2outains at position 4 a
substituent other than “luarine, tais route becomes the single route of the

rzaction:

0 0 0
F F F F F F
ocer + + 0GRk
CeFsO F F F F F F
F OCeFs X OCqFs X
25" ’ O ! ”
“ PbO, .23 X=F .23 PbloAc| X*F 24
Pb{0Ac)4,CF3COOH HF ,Pb0Ac),
0 0 X 0
F F F F F F
+ OCOCF3
F F F [ F F
F OCOCFy F E F
”28,, ”27" ) 261/

Pentallinrouphennl is Lransforued oy lead dinxides, an nxidant mast often
ased o penerate phenaay radicals; to per{lunro-id_phenoxy-2,5-cyclohexadien-1-
one "23" [46]) and the product »f substibtition of the pentalaoropheannxy group
for the flunriie atom al position 3 of perfluoro-S-phennxy-2,id-cycioiexadien-1-
one "24" - compound "25", ~hich was earlier (U431 assigned, withnit sutficient
reasng, the structure of perllunro-2-{4-phenaxyphenoxy)-2,5-cyclnhexadien-1-
one. If oxidation of perflaornphennl by lead teiraacztate is coaductad in
anilydrous hydroges flunride, tie maia product i3 perflunro-2,5-cyclohexadiea-1-
one "26" {49]. The absence of the pentaflunrophenaxy radizal diwmers -
cyclohexadieiones "23" aad "24" « amnng the proaducis of that reactina  way
indicate the ioiic mechanism of nxidatioa »f paatafluorophennl, since, as
shown in [52], the dim2r "23" is stable ia hydrogen fluoride, and i%s isomer
"24" underyoes rearrangement with transition of both th2 “luerine atom and
pentafluorcphenoxyl to form respectively perfluoro-2-phenoxy-2,5-cyclohexadien
1-one and dimer "23". When triflunroacetic acid is used, penta®lunrophennol is
oxidised Ly lead teiraacetate to isnmeric tetralluorobenzoguinnues [43], whnse
precursors seem to be d-triflunrcacetoxy-pentalluoro-2,4-cycliohexadian-1-one
"2YM and U-triflunroucatoiy-gentafluern-2,5-¢cyclniiexadian-1-aone "23", bnth
extremely sensitive Lo air wnisture, which wakes tneir isnlation difficult.

B

Oxidatinn by lead dinxide of pentafluornpnenol nr

4-irounotetrafluorophenol tosether with pentachioro- or 2,4,6-trichloraphenol
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leads tn the products of recombinatinn of twn di“ferent phenaxy radicals wuith

N

formasinon of the cyz2lovexadienons {ragient [rom the polySladrinated radical
140,517,

In eontrast to tnis, the siaultaneonous nxidation of
2,4,6=-tris{tert.buts1)pennl a1l p2atalluonropnennl yields cyslohexadienone

"2g", in which the Tluorinated par: is the aromatic woiety [51].

OH OH Re o FF
cl cl
+ — d 0 0
RI p‘l R
R cl R, ¢l F F
R=F,Br; R,= H,CI .
Using the reactinns of heptaflunro-1. and =2-naphthols 4ith tetravalent
lead coupounds a3 an example, the aithors of [52] have shodn the pnssibility

to nake the oxiduabinn process follow the radical or Inniz route by varying the

reaction conditions:

0
* o *OQ"F’
FF
ls;s
Pb(OAc)g,0r_ Pb(OAc)
PbO, | 2o° OC40F7
1 F OC10F7
0
[Pb(0Ac)a, OCOCHZ, F
CH3COOH, * E
£ OCOCH3
F 0CoFy F OCOCH
0 _ Pb(0Ac) _Pb(Ohely o
CH3COOH + "
F
F 30

The radical route i3 followed {7 the reaction is conducted at 1nw
temperature or in the inert non-pnlar solvents; far the iloaic rouate, the

increased temperature, polar solvent and acid cabalyst (BF3) are required.
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Interaction of pentafluioraphennl with penta®luorobenznyi pernxida leads

©n the farmabinn of Lolyflueorisated 2,4~ and 2,5-cyclionexadizsn~T-ones,

H

containing the pentafluornbenzoayloxy zroup as one »f the g2ainal substitueals

£537.

OH

00COCgFs & ‘

F F
F OCOC.Fg
C"C@FS O 6
4"
[~ ;/3

F 0COC&F5
£ F

F

24"

i
The preseace o the pentafluoropnenoxy radical dimer "23" amony the
products of this reaction suggests that the pentafluorobenzoyloxy radical
formad as a ra2sult of decompositing of pentafluornbenznyl peroxide removes the
nydrogen atom rrowm pentafluornphennl, ana furtner diaerisatlioa of the
pentafluoropaennyy madizal and 1:ts recoabinatinn with the
penta’luorobenznyloxy radical leads ©n Lhe avove products. Tne prednominant
formatinn of perfluoro-5=benzoyloxy=2,4=cyclohexadien-1-nne "31" is a serious
indicatinn to the possible significant contribition »f another route -
;ormdtinn nf pervenzoabte "32", which 1is furtner isomerised, apparently by
analogy with thz Claisen rearrangenent, via the intermediate cyclic state "33"
tn Live the main reaction praduct = perfllunro-p-benzoylnxy-2,4-cyclohexadie1~1-
one "31".
In a similar way, the reaction of pentafluorobenzoyl peroxide witia
heptafluoro_l-napitinnl leads Lo perfluoro-l-oxn-2-benzoyloxy-1,2-

diwydronaphthalene and perfluoro l-oxo-d-peazoyloxy-1,4-dinydronaphthalene
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with the foruer predominating [54], whereas {rom hepta®luoro—2-naphthol, only

perflunoro-2-noxo -1 beaznylnxy~1,2-dinydronapgthalese 35" is formed [54],
Treatueat of heptafluornnaphtiinls with 3a2h a1 ndidans as acetic  peracid

yields, in wddizion to other produsts, polyfluorisabed benzeyelohexadiznones

{(nxindihydronaphthalenes) cantaining Tluorine and the aapithoxy group in the

geminal mode {5>].
OH 0
OCOC F
(CeF5C00), “=, F
CHCls , Chels , 60° F
F OCOCsFs
CHaCOOOH
28

%o
F OC,,OF7
F OCufy F 0COCFs
@j}o CH3COOOH OH (CeFsCOD)y 0
“ TCHCl, 20° F
8% E ,/55”

I.u Knanyuats and L.N.Rozhkov have shnwa tha 2lecirnchziical n<idation of

tie etiners of p=flunroppnennl nr 2,4 ,h=tris{tert.butylpteanl) in the
acaonlirile mediaan in fhe preseace of EtuNF.BHF to affnard
2,5=cyciohexadien=-T-0n2s containing the y2minal “luorines, in satisfactory
yizlds [55,57,58]. A wechanism invnlving the sagaential oxidation of phennt oo
o

the radical caltlon; phennxy catinn; and addition »f the Sluoridz {nn to the

latter, has bzen sugpested:

OR OR 0 0
RZ Ql -e Rz @ R4 - P\® RZ R,1 + F@ RZ R4
Pt -e
R“,> R3 R:l, F RB

R=H, R,,:RZ:RB:‘:(CH;)s; R=CHgz,CaHs, R4y=Rp=l, Rz=F

The windic oxidatinn of unhindered phenols (phenol, p-=fluorophenni) in
similar conditions does no% lead tn cyclohexzadiennnes,

Tne electrochenical oxidatinn of pentaflunrophennl in the HF wmediam ia
the presence »f uantimony pentafluoride proceeds in a more complex way: apart

from perfluoro-2,5-cyclonexadiea=l--nne "26" (444%), %“he pentafluoropneinxy
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radical dimer "23" is formed (56%). In the praseace of K7, in addition in
these (M20"=56%, "257-24%), tie reactinag gives a compound (20%) for waich

there as anrzasonably bsen suggested the stracture "36" of the

ntafluorophenoxy radical C-C dimer [50],

F F F F Q
F F 0GFs
0
£ 0 F F
F OCGFS F F r F FF
n237| "2\")” 713671 13'{"

As shown ia [49], tre wass-spectrum of chis compound Jiven b, the autinrs

of 1591, corresgonds wore to the structure of perfluoro-2-phenoxy-2,5-

cyelonexadie1-l-nne "37" ~ tae product of the HF-catalysed isomerisation o

tire peabaflunrophendy radical ©.,-0 dimer a4,

1.1.4. Rearrangements of Zthers of Polyflunrinated Hydroxyaromatic Compnounds.

.

Tae t1srmal rearrangemeni of phenylallyl ethers to i(someric
llylphennls is wao4dn Lo proceed via the ilabterwmadiate formabtion of

cyclohexadieiones L1). For the nonefluoriasabed eoupounds, literature reports

only one case [50] of formation of the stable cyclohexadienons as a result of

L

the Claisen rearrangenent of lwallyle2-allylhydroxyaaphthalene. In the sorie

[+

nf polyTluorinated phenylallyl ethers, formation of cyclohexadienones i3 a

tygical resalt »f taermal transforamatioos, as shown in the case of the allyl

*

etner of pentafluorophennl (61,52] and 2-methyl-2-propenyl sther of

pentaflunrophensi "33" L1937

OCH,CH=CH,

@ A . CFHZCH=CH2 . .
F F F F
F E CHoCH=CHy
OCH,C(CHx)=CH, 0 GH2 0
—_— | F (‘::HZCCHZ’ _310° . F
F F F F
~38" F F CHy,CCHa)=CH,

Lika2uise, irom the allyl [64] and propargyl [565] ethers of
heptaflunro=2-nupinthol boiled in xylene, the Claisen rearrangemeni pronducts
are [ormed,

The thermolysis of tae allyl ethers of polyfluorinated oxypyridines [55]

also yave the products indicating the interwmediate formation of the
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qeterocyclic analogues nf cyclohexadienones {for debails se2 3eebinn 2.5). I
the saa2 conditinns the allyl athers of fluorine-containing pyrimidinas were

Lransformed to cyclohezadisnone azoanalojuss £57].

F
GO
£

F CH,CH=CH,
K CH=C=CHy
OR 0
F //I't - ka R=ClpC4=THy, Rp=lip=Ff
SN Ry R, SN Ry CH,yCH=C

QO™ — L
E
QP
F
Rz ‘2(4!‘]:14"'[2, Ry=F, RZZH,OCHS

+

By contrast with ether "38", the 1,l-dimethyl-2-propenyl ether of
pentafiunrophenol "39" undergoes transloarmation ©n the 3,3-~dimethyl-2-propenyl
ether nf peatafluorophenol M"40" already al ronm teaperature, Tals reactinn aay
be represeabtad as a se2ries of the Claisen rearrangsaznbt, intramolcecalar
Diels-dlder reaction and splitting »f the adduct waich is transforuwed by the

reverse Claisen rearrangemest Lo 2bhar "49" {53]:

CH
OC(EH3),CH=CH, CCHs) HC” OCH,CH=C
&= | sy -6
F T "
439" F 40" A

Tha fach that the reaction dnes not give the prndizis corresponding to
the cope rzarrangemeat {2,5-diznones) dnes nob preclude niher wmechanisms of
formation of ether "40" Ffrom ether "39", for =2xample, the hnmanlytiz
decompositinn and subseyaent recombinatinag or aay azenrdant process wita the
internmediate state of type "42",

C. /CH5

’o CH 42"

1.2. Electropnilic and Radical ipso-Additinn Reactinns ia the

L
o
1
—
v
]
]
]

PolyTluoroarnmatic Compounds

1.2.7. Reactions wita Nitrating Agents

x

A universal metnnd for the syathesis »f polyfluorinated

nitrocyclohexadienones is the electropniliz ipso~addizion of aitric acid to
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the nultinuelear polyflaoroarnmatic esmpounds {irst realised in the 2ase of

Actailunronaphthalete {351

F NO, F NO, F NO,

NOD FHNOs F F
£ -XF e

F Fox 0
X=H, or NOy

In accordance 4Jith the awechanlsa suggpesied for tals reaztlon, the

p

structure of tale resalting eyeliohexadieione I3 denermiaed by the orientatinn

of tae additiosn of electropnile-anitroniam cationn, dzpending on the nature of

the arowmatic system, the nuanber and position of {lunrise atoms and tae

character of offier substituents [ia the case oF Lhe hydraxy group tae reaction

proceeds as oa Jhennli-dierone rearrangaaeih, see 1.1.2). Thus 2-H- and

aethylheptafluoronaphtiaienes are transforazd Lo the produsis corraspoading

L9 tas predominant atback of the sahsitrate ab positinn 4 168,997,

F N0y 0
R 1inos R L R
F F
0 F N0y

R=H, CHg R:CES(ES%) R=Clz (75%); R=:1(100%)

Treabinent of l-X-heptafluoronaphthalenes with HNO., may lead, depending on

3
the nabure »f substituent X, ©n nitrocy:lnhexadienones corresponding to the
attack by Lhe aitronian cabtinn of 2ither Losition 1 [X:CH3) L70] or posizions
5 and ¥ (X=H,21,3r) {ia the foruer cas: along with suall amounts of

T-nitroheptaflunronapithalene) [71,723:

H5C NO,
R=CHj F

F
HNQz 0

F N0, R

0 R
o r R=H 4:4
+ R .
. . R=Cl 14.‘4?._5
5 R=Br

F NO,
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Tne polyClunrinated anthracenae derivatives wita fluorines ab positinng J

aad 10, treated with nitrie acid, uandergn similar fransformatinnsg

2
=

corresponding to the abthack »f just Lhese positions e2vza i1 the case when one
of the side rings is unsubstitated L73]:

F

X
X HNOg X
X

X

F =H,F o X
X=Ht,
Poly{lunriaated benzene derivatives except the hydroxy couapounds
Section 1.1.2) react vith ait-~iec az2id only with heating ia views »f their

o

relatively 1low rzactivity, which exclides formatinn of thermally unshabl2

polyTilorinated nilroecyelohexadiennanes leading to their deconposition

tse= guinones [38,58]:
R 0 0
HNOs F F F

produc

F NO2 0

R=F,C1,3r,CH.
3

Tt is interestiag that in cer~tain coanditions (‘IN()3 in »i=2um} a similar

transformation takes place for 1,2,4,5=-tetraluorobenzene, despibe the

wosizions and, accordingly, the potentiality »f

©

sresence of unsubstitated
substitution of hydrogen by the nitro group [71] (ef.L75]).

Ratinnalisatinon of the data presented in this Seciinn allows 4o foruulate
an approachh Lo the synthesis »f polyfl.inrinated cyclnhexadienones involving
the electrophilic attack of polyflunroaromatic compounds witia subsegquent
trapping of oxygen-containing nucleophile by the resulting arenonium ion.
Development of this approach led tn a synthesis of cyclohexadienones by the
hydrolysis of stable polyflunrinated arennnium ioas generated under the
specific conditinas of stable polyflunrinated areaonium ions (see 3ection

1.2.3).

1.2.2. Reaction with CrO3 in HF

onsideration of the reaction mechanisus described in the preceding

<y

Section leads to a conclusion about the possibility of cyclohexadienone
formation from polyfluoroaromatic compounds by a route involving the

introduction of oxygen to form carbonyl at the first stage, which is achieved
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Dy usidg an oiygen-containing reagent - elzactrophile or [ree radical, This was

first realiszd in bhe 2asge of the reaction »f pnlyfluorsaromatic comgnunds

7itn CrO in AR [75). In view of the nature of alecbrophilisz species formad i1
3

vy

y3tem, Lransformsation of haxalluorobeasena Lo perfluorn-2

cyzlonexadien-l-nne may bz represeated by Lhe scheme:

F OX F Ox 0
CrO2F2 or F F HF F F A F
Cr(OH)OF, F F -H® ¢ F “XEof F
= FF FF

X= CrOF or Cr(OW)F
Similar btransformations but with formation of product mixtures occur for

taue perflunriiated bipaeanyl and naphthalene [76]:

Cefs 0 g 0 g
C.O F GFs F F F F
_LrO3 + +
F F F CeFs F FF F
FF FF FF F F
15% 5% &%
2 F
Cr03 + E
OH
O OH
suggested
structure

1.2.3. dHydrolysis of Stadsie Pnlyfluorinated Arenonium Ions

Usiay

3

anlimony pentafluoride and its SO, or 80,FCl snolutions as the
3ystem possessing low nucleophnilicity and thus providing the increased
sbability of carbocations allowed o develop methods of ygeneration of stable
polyfluorinated arenoniuan ions {771, whose hydrolysis is quite a general
approach to Lhe synthesis of polyfluorinated cyclohexadieaones. The substrates
are the polyfluorinated aromatic compounds that may be transformed to stadle
arznoniam ions by two routes: either by a sequence involviug
nitrofluorinavion, substitution of the aitrogroup by fluorine [78] and the
reaction of the polyfluorinated diaydroaromatic compound Jita SbFS, or by the

direct electrophilic attack in the presence of SbFS:
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F F NO, FFE F

HNO3 HE ShFs @ H20

HF ’ THE
; 4o FF FF FF 2

Sl = 0

g 0
Ha
e, = C|, CH
— -HF x=cl,CHy
F X FX

The first route aflords cyclohexadieiones with two [luoriase atoms a% the

spj-hybrid carvon atom and sabstizaent other than flunrine 11 the

woiety [79,80,51,,2,83,34]):
FF
R, RS n SbF5 Hy_O R
R; Ry Sbn Fsnet™ R, Rq
FF

I‘(A:RZ:RZ,.:RQ:FLBO]', ’{1:R2=R3:R4=C1[801
Ry=RpzR3=F, R4=CH3f79]; Ry=R2=R3=F, Rq=CgF5132]

6
R O _ SbFs_ O@ _Hp0 25
RZ

R_,) F R

RS FF
V
R FE R4:R2:R3:R4:R5:R6:F [80]
e
R FF RqzRa=Ra=Rs=F, 1 =CH3[79]
R OO 2 Ry=Ry=R3=Rs=Re=F,Ry=CHz [ 79]
2

4 W4 =Ry =Rq=RaszRg=F ,Ry=CeFs[82]

RS R»\ i
Rl:RZ=R5:RS:R€:FIR4:C6F5L82]
R5=H,E(1:R2=34:RG:F,R3=C€F5-[S3]
R1:R2:R4:R5:R6:F,R5=C6F5[83]

Ry FF R,
LT 5!
-~ 20°
RG T R3
Rs FF Ry

Ra=Rz=Rq=Rs=Rg=Ry=Re=H, R4=Cl,Br
Ry=Rz3=R4=Rs=Rg=Ry=Rg=H, Rp=Cl,Br,F

unsatarated
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Ry=Rs:01, Rp=Rz=Rq=Re:Ry:Rg:t; R,=Rg=Cl, Rp=Rz=Rg=R5=RgzRy =il
Ry=Rg=F, Rgp=Hz=i5=Rg=Ry=Rg=zH

R =Ry =Rg=F, Rz=Rg=Rg=Ry=0g:H

Ry=Rp=dg=ly=F, RgzRg:Ry=Rg=H [81,3]

The sezoad routbte opens uap wider pogsinilities, as Lnae

¥

dirzch

elesiropaiiic attack »f nlyTluornarnuatic comwnunds results ia the yeneration

AT arenonium ions ooataining sibstizaents otnar than fliunriile at

nyorid ocarbon atam, wiich may be isomerised to Sorn ions of the sane
< 1 '

Lae

contiining those subsbLituents i1 the unsatiarated nolety. Hydrolysis of

333

&

3

Joe bub

bnithn

Loas l2ads Lo Lnly“lun-inatad zyclolhzxalieannes vith siailar stractural

characteristics 085,3%5,87]):

SbFS Hg_o F R
e R=CHy
SOZC]F = E
Fal Fcl
£ 0
@O — @ — GLIv
F F
F cl FCl
CH5 3C CH3 E CH3 F CHy
(P) St CHyF - SbFs F CHy F FH0
S0, ch -80° T
2 F F CH3
F F
5C CH;, F CHy F CHy
F CHa F F
38 F + F CH
F { [ 3
0] 0 0
CHz HyC CHs F CHy HyC CHs F CHy
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1.2.4. Reactinns of Poiyfluarcaronmahiz Compounlds with Oxygen-contiining

1adicals

Polyflunrnaromatic compounds may e transforped ©o cyclohexadiedones as a
result of ths addicion of oxygen-containing radicals. Thus the reactionns of
ascitafluoronaphthalete with pentafluorobenzoyl [88] and tart.butyl paroxides,

and With pentaTluorobenzeanesiulphonyl nalide in the prasence of copper and its

s5a1%s £39] lead tn the derivatives of flunrianaswcontaining

oxndihydronaphtaalenes, The basic transforumation »f the schewe suggested for
aese reachions 13 decoaposition of the radical-atbtaczk inte-umediate -
syeloiexadienyl radical of type "43" - to the heptafluoronaphthnxyl radical,

wianse recondiaating witn the free radicals available in the system leads o

“luorine-~containing cyciohezxadiennnes:
F OR

omoﬁo‘ ‘t

F OCot7
OR= CgF5C00, ~43 R«

CG FS 502 ,

(CHg)y CO,

1.3. Transforuations of the NDerivatives of Dihydroaromatiz Compounds

1.3.1. Thermal Transformation of Nitrocompounds

A general method for tiae synthesis of polyfluoriitated cyclohexadieinnes
is the theruolysis of cyelnhexadienones containing the fluorine atom and the

nitrogroup as the geminal sibstitueats [68,990]:

F NO, 0 R(=F, Rp=H,CH3Cl,Br,7
F R, _b F R4 Ry=Cl, Rp=
F RZ ¥ R, R4=Br, Rp=F

FF FF

The thermal transformations of polyflunrinated-l1-nitro-1,4-
dinydronapnthalenes and 39-nitro-9,10-dihydroanthracenes proceed in a similar
w“ay leading to benz- and dibenzeyelohexadienones {oxo-dihydronaphthalenes and

-anthracenes) [(63,70,72,73,91]:
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R, F R, =Ry sRs:Rg=F (91]
)
R

NO, g, O
F RZ N F 22 Ry=CHz, Rp=Rs=Rg=¥ L5681
. Qsﬁ——v- . 25 Ry=Rz=R5=F, Rg=Cl [72]
F Rg FF

s ¢ Rg=CHy [7)]
Ra=Ry:Rg=F, Rs=Cl 1723,

F NO 0 )
2 R=Cily L70]
= F FF
the sohen2 suggesbhad Tar these reactions 25 siamila- 9o Lnabt for Lhe

o

thermaal Lransformations of nitrocyclohaxadieaones 411 aad involves

isomerisation of tne startiag nitrocompounds tn nitrites [71):

H NO, HONO H OH 0
F R F Ht F L F
F F F S
.A8" FF ,46" FF A5" EF FF

I

zvidenece in favour of this scheasz vas obtainad in the stadies na the
caermolysis of 1-4-T.nitro=2,3,4,4,5,6,7,7=0ctaflunro~1,4~dihydronapithalane
"™ containing no flunrine geminal Lo the nitrogroup. The theranlysis gave
aleohol "Y5" formed rosh likely in the hydrolysis of the primary produzt of
rearrangen2nt of nitrite "U46", Formation of the nitrite in the therunlysis of
compound "44" i3 confirmed by the IR spectirum of the primary product mixtare

L7l

1.3.2. Hydrolysis

ParZial hydrolysis of _nlyflusrinated dihydroaromatic compounds
convainiag fluoriaes at the 51)3—-hybride carnon aboms leads to polyfluerinat=d
zyclohezadienones and sezams Uo involve ab th2 elementary stage the hydrolysis
of polyfluorinated arennaiun ions formed a3 a result »f acid-catalysed

-

neternlysis of the C-F bond of the substrate (the hydrolysis (s described in
Seation 1.2.3). 3=Methyl=l-nitrooctaflunro=1,4~dihydronaphthaleas Lreated with
HF yields 1-m:o_,’_’—methy1heptaf‘l‘;orrx--1,U'-dihydrnnaphthalene, apparently as a
result of the hydrolssis of tae intermediate 2-methylnonaflunro-1,4-

dihydronaghthalene "47" [68]:

. _
SURICsAENGS:
CHs N CHy| M CHy

FF A FFO 0
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Hydrogen fluoride may be "aoist" partially because of aitrous acid formed
in the pracess, The structure of the resulsing cyzlohzxadisnons i3 ennsistead
with the transformatinns »f dihydronaphthalene "U47" as i resalt »f tae
rzactions with SbF5 and 4,0 (see Secilinn 1,2.3). Comparison of

Lhe
transtormations represeatad in the tiuree praceding schamza shods

S

nitrofluorination of 2

polyflunrinated coapounds lzading %n the polyfluoriaatad
altrodihydroarnmatic conpnunds (63,70,71,72] to be a ariversal routs 4o
cyeinhexadieones affordiag varlous isomers depending on the farther
transformations of the aitrn lusrination praduct.

The hydrolysis of Y-chloro-pentafluncro=2,5-cyclnnexadizne fluorosul®ate

formed ia thae addition of Z10SO,F tn aexalluorobheazens [92] Jave

He-ciloro-peatafluoro=2,5-cyclonexadien-Tl~one in a good yield [93]:

F 50,F 0
F F Ho0  F F
E F - F F
£ cl Fcl

4 starting compound for tae synthesis of tlunrlaatad cyclohexadieiones
may be polyluorinazed N-cihnlorimine "48", Treatmeat of this camgpound Wwith
ennz, HCLl at 0° or #ith diluted UHTL ab bniling leads to gnod yields of
3,4=diciiloro=-2,4,5-tetrafluoro=2,5-cyciohaxadien-1~00e "49" andg
becaloro-2,3,4,5,6=pentafluoro-2,5-cyclonexadien=1.0ne 500 respectively

ISENE

NCl o
F P conc HOI F £ dil_Hcl F F
—— e - —
F cl 0° F = Boiling . E
£ cl F cl FCl
,A49" 15% 48" ,50" 6%

Likewise, c¢ompound "438" treated with CF3SOBF, H503F and HSO3C1 is
transformed to dieaone "50" [95].

A convanient method for partial aydrolysis of polyfluorinated
9, 10=dihydroanthracenes is the prolonged keeping of these compounds, applied

in a thin layer to acid (pH 3-4) aluminium oxide, in air [96]:

EE R=4, 1-F, 1=Cl,1-Br,

R 2.F, 2-Cl, 2-Br,

R 0

AL, 0

—2 1,8-Clp, 1,4=F, 1,2,4-Fs
FF

FF



Heat i, of 1,1,2,3,4, 4~hexafluoro-5-phenyl-2,5-cycionexadiete in a glass

(o] N . . -
tuabs ub 2007 affards polyflunrinated eyclonexadienone "51% [97]:

FE

F B 200° 4k F H

F Cetis ghoss F CoHg 45%
£F

FF . 5,‘"

In both latter 2ases, a 3ource of oxygen for the reaction grodict may be
“1e substrate or the reachtor's Jall material, To initiate the reaction, ftraces
of woisture and azid are supposedly safficient, as the reazilon is pronoted by

hydrogen flaoride fa-ued L1 the process,

1.3.3. Aeacxtions of Guinones with Sulphuar Tetra®luor-ide

Cycinhexadieannes are formad in Lhe reactions »F sulpnur bLebrafluoride

with pnlyfluorinated aaphtho~ [93] and anthragquinones {95,99]1:

0
SFy, HF I‘ RO R=F (9%)
R Rr=cl (35%)

FF

0
R 2,

(1D e OO

0 FF
Rzily, RqzH(10%); R=1-F, Ry=1-F(443); 4-7(4%)
R=2wly Haz25(13%),3=7¢17%); Rz1=Cl,R,=1=C1(30%),4~C1(223)
R=2~C1l, Ry=2-C1{7%),3-Cl(7%); R=1~-Br,Ry=1-=3r(15%),4-3r(5%)
R=2eB8r, Ri=2-87(11%),3-8-(12%);R=R =1,8=C1y (10%); R=Ry=8=1(5%)
K2R 21,2,3,4=F4 (13%); 3=1,4=00t)p , Ry=1,4=72 (5%)

Jpon heating with SFu in the preseace of HF, halo- and
hydroxyanturagainoaes give the respective 9,9=difluoroanthrones-12, in which
2ase for j-2hlnro-, 2-chloro.- and 2<bropanitrajuinones, forumatinn of the
sroducts of substitution of chlorine and bromine by “lunrine has been
obsarvad, a2d in the casa of 1,4=dioxyanthraguinone ti1e fluorine atoms are
subsiituted {or bLoth hydroxy ygroups. The predominant formation of
T-substituted 3,9~difluornanthrones=10 from nalngenanthrajuinones seems to he
e conseyaence of activation of the carbonyl group of the starting guinone by
thae adjacent halogen atom, The 2-substituted anthraguinones do not show any

such diiference in the activity of two carbonyl uroups [96].
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1.3.4. Transioraations of the Dewar Hexafluoroben:zene

s e

An dnterestiang precursor far (ae synthesis »

1

polyflunriaat
cyclohezadiennnes is the Dewar hexalluorobenzene oxide nbtained by the UV
irradiatinn of a jaseous wixture of nexalluorobenzene, nitrogen and oiygen,
The thermolysis of thals epazidz leads Lo hexafluoro=2,4-cycloiizxadien.l-one,
and proloaged keeping of it in diethyl ether to 2-etinxy-3,4,4,5,6-peatallioro-

2,5-cyclonexadien-l-onz [ 100]:

0
S
0
_’yFF
E F E
E

ho F F 02 F T2%
—_
o)
PR TR i
F F <o° 0
90;20 F 0GHs
qu = [
EF
75%

—

Tnis approach illustrated by the above esxamples se2ams to De juite zenera
i1 view of the possivility Lo involve a wide variaty of poly®luoroaromatic
compounds into such photochemical Sransforiatinons $o obbtain various
modifications of the Dewar bensene derivatives and further on fluorinated

cyclohexadiasnones,

2. CHEMUCAL PROPESTILS OF FLUORINE=CONTALNING CYCLOMEXADIENONES.

2.1. Protonatinn of Polyfluorinated Cyclohexadienones
J ¥

3iace the acid-catalysed traasformations [1] play an important role in
the shenical properties of cyclonexadienones, investigation of their
interaction with protic acids (s essential for the develoyment of the
cienistry of such compounds. These studies are also stimulated by the fact
that the conjugated acids of cyclohexadienones are the hydroxyarenonium inns
wndelling the intermediates of the reactions of aromatic coapounds with
electropniles [101]. Protonation of pnlylluoroarnmatic cycloiexadienonzs was
studied from this point »f view [T1].

An essential level of protonation of polyfluorinated cyclohexadiennnes is

only achieved Ly using superacids, indicating a decreased basicity of taese
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anmpounds due to the effect of flunrise aboms as compared tn eyclonexadieirnnes
with other substituents [101]. This may be attributed above all to the effect
of flunriile atoms locazzad La the noneresoaanze po3itions of the
nydroxyarensnium ions formed in the process (77].

Sracihically complete protonating of perflluoro-2,5-cycionexadizi-l.one and

perftlaoroel=oxn=1,4-ditiydronaphtaalens s achiaved when these Yghonas are

K,
dissolved in the HSOjF-SbFS mixtare (the concant of the latber component 15 15
Lo 20% by welgaL), or apoa thelr reasztions with 2.5a01 »f an eguinnlar
8 ] b q
150, F-SuF,. aixture in 30, [102].
3 5 2

R=R1=F

0 OH R=F, Rs= CeFs
F R HsosE-sbfs  F R
FN Ry F- R4

FF FF X °

RR,= P EF

0
R=F R, = F
3

Protonation of polyfluorinaced cyclozxadiennnas containing shlorine and
bromine at a sabirated carbon atom, as well as methyl group, gave
hydroxyarennonium ions modelling the intermadiates »f tha electropaili:

reactions of aropmatic compnunds [103,104]:

®
F oM F F F )rz H® F i
S : “He F F E -H® ¢ F
XY X b o
X=F, Y=C1,3r X=C1, Y:F,Br,CH3
K=t , Y=Cl,3r X=Br, YaF,CH,
0 OH F X F X
FoW® F o W OH
Fo-We F g E
F X F X F F
%=Cl,Br X=C1,Br

In the case nf cyclohexadienones containing the bromine atom at
3 .
sp -hybrid carbon atom, the intermolacular wig-atinn of the forumer may
oinerate the nydroxyarenonium ion that is more stable than the ion

zorrespording to protonation of the starting cyclonexadienone [103].
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F

F.

F

Br _ F
=

F Br

=y

O
CHz
0
[
Br
E
F

The leaydroxy-2-chiloroheptafluorow=-2-naphthaleronian inon Torwed in the
probonation 2f Twnxo-2~chloroheptafluoro-1,2-diliydronaphtialane also undergoes
isnowerisatinsn [53], but with migratinn of fluorise, a lighter nalngea than i1
the previous cases. The reactinn supposedly follows the "juasiintrawmdlecular"

vechanisn similar ¢o the oneg coasidersd in Secition 2,4,3. [105].

2.2. Nucleophilic 3ubstitution at the Doible Bonds of Polyflunrinabed

Cyeiopexadietones

The reactinnsg of nucleopnilic reagents with cyalohexadienoass containing

halogen only at a saturated carbon abnna generally lead tn tas reduaction of
lattfer to phennls or subsiitition of halngen Lo form the raspective
substizuted eyclohexadienones [1,2].

In contrast ito this, polyfluorinated zyolohexadienonzs readily reach wita
nucleoghilic reagants with substitation of sne or two [lunriae atoas ai Lhe

- ,

do.ible bonds, whica 13 a coassaguen nf both the Migh activity »f conpounds
with the fluoriaated double bond in the nuelzophilic reactions in general and
a further activation of the do.ible bond by it conjugation with the carbonyl
sroup [108]. This is alsn charachteristic of polyfluorinated benzoyuiannes.

Under the influence of the carbonyl zroup in 2,5=c cioexadien-lwnnes,

the fluorine atoms at positions 3 and 5 are substituted most rapidly.
Tais reaction route involves the intermadiate states stanilised, unlike bhe
substitutinn at positions 2 and 6, by the effect ~f the carbonyl group on
charge delocalisation.

Zn polyfluor ed 2,4-cyclohexadien~l..ones the carbonyl eftfect is such
that position 3 is more active than position 5, whici is coansistent with the
19F NMR spectral data for inese compounds [109]. A similar conclusina vas nade
in the MO studies of charge distributinn in palyhalngenated
2,4=cyclohexadien=1l-nnes [110].

Perfluoro-2,5%=cyclohexadien~l=ons (X:=F) was traansformed to

3=uorphoiiaopentafluoro-2,5-cyclonexadien~1-one and 3,5-diaminntetrallunre-2,5-
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cyclonexadiea=-1-oae [111], and parflunrow!.prenoly=-2,5=~cyziohexaiiei-1.nne

(X:OCOF Y was eoaveried to tne produacts of substitubion of bHoth flanriae atons

[e3)

at positlons 3 and 5 by yroups Hi

N(CH3)2, NHC 4_ and DC_F_, a3 wall

2 PR 6" 5

he mixed 3=aminnumoanosuvsiituted product (1127,

0 0~ 0 0

F F Ror F F F F Ry or F F
c B RH FR = R F R R Ry
F X F X E X F X

1

Sodiun rentallunroe and pentachlorophennxides are notl active =zaough to

substitute the fluorine atom in H-Yepentafluoro-2,5«cycilohaxadien=-l-nnes
{(X=C1, UCbclv} and 4, h=dibromoleiralluoro=2,5~cyciniexadien=1=-one in bolling
CC'L4 [51]. In contrast in this, H=-chloroapariliuoro=2,f-cyclohexadicei=-1-0ne
reacts in carboa tetracnloride noft »ounly with ammonia bubt alsn with
sentaflunoroaniline, sodiun phenoxide aid peataflusrophensxide, formiayg 11 all
these cases 3-substitused tetrafluoro-2,d-cyelohexadien-tenaes "111].

Pentaflunroaniline reacts in a sianila-~ way W4ith perfluoro=He=phenniy=2,4-

cyclohzxadizsn=1-one (112].
X=C1, Y=NH,,HNHCg Fs
0 3 0CgHs ,NCeFg
E F %H . . .
X {=0Cg%s, Y=NHlgls
OH
ne1Y F F
Cl
0 F o, 54
3 =

.

Dienone "52" reacts with an ejuimelar guantity of aqua2ous pntassium

hydrogide with substitusion of fluorine at pnsition 3 by the hydroxy group

{1111, lowever extractinn wita heptane or carbon L2trachleride leoads Lo the

extracts containing not the 2,4-cyclohexadizia-~l-one "53" expected as the
rzaction product but its tautomer = 3-hydroxy-i-chloro-2,5-cyclohexadina-l-one
"54",

Upon the reactions of auclenpnilic reagents (methanol, amwonia, aniline,
and piperidine) with i-2hlorn-2-ax0- and l1-axn-2-chlornheptafluorn-1,2-
dihydronaphthalenes, as well as 1-nxo-U4-X-heptafluoro -1,d-dinydronaphthalenes
(X=F,Cl), there tawes place substitution of fluorine atoms of the
cyclonexadieanne fraguents: F4 - in the former case, and 73 ~in the two latter
cases [111]. The preferable substitution in the cyclniiexadienone fragment may

rd

bz 2xplained by the fact that, due to the carbonyl effect oa charge
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deloazalisabinng, S1e aromaticity of the venzane riag in the iaterunediate states

i35 not broken, unlita substitutinn in tha bansenz ring.

L — ek e Wo#

X=01, 0CHz, NSHg, D55,
N'ip, NHCgHs

oﬁ%o&

X=00Hg , Wiy, NiCgHs, HCsliyg

2.5. ledictinn of Tluorinated Cycloihexadienones Lo Pheanls

Ths “lusrinated ayclohexadiennnas zontaining halogen ataas a%t a saturased
carvon atom have one anmon S2ature = the ability to be zoaveried tn phennls
in the reductina reactions (ef.(1]). The radicing agents for thase reastiong
a~e zinc in 2ombination with acebis or hydrochloariz acids, sodiun indide, and
sodium hydrosulphite. When the saturased cardoa atoa has “luorins and a
qeavis= halogen atnom {shloriae or Lroamine), the reductinn proceeds wita
elimination of tie latter.

0 OH
Rl R} Rl Rs
R, Ry R, Ry

XY X

R'\‘:RZ:RS:R‘\:F; X:OC6F5, Y:l—' [2,’48}
F F, Rg=Ry=F; X=F, Y=N0p [37]

Ry Hp=

#,=Rp=Rg=Rqzxzy=l [76]

Ryky = r E o Ry=Rq=X=Y=F 172]

y Rg=Rq=X=Y=F {721



Ry=Ry=X=F,

Ry=Ry=X=t,

Rg=Rgq:X=Y=F, debrominatinn {72]

dy:Rg=X=Y=F, debromination 1721

Y=80, (7]

¥=NOy , debromination L72]

Y=NJ, [723

Y=ND,, debronination 172]

Ry=HRa=Rz=R84:X=F, Y=Br (3,41, debrominabinn

X=8r, Y=1

W=
"

T

m

R4:R2:R4=X:Y:F, Rz=C1 1113]

, Rq=Cidz, Y=NOp

3(5:'&:Y:F,

{31, deiedination

%

.:(4:/\:{*', Y':NOZ

mixture 3:1

Rg=Ciiz (53]

Ry=Cz [68)

269]
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B =Ry =Ry =Xa¥ar, Ry= O {111]

RA:RZ:RS:X:FY Rq:()H, ¥=C1 “111]
Ryig= F F, Rg=X=Y:W, Rg=0:H,00M3,0CgFs N, [111]

e

4Ry = AF<_>FV , Rz=zX=F, Y=C1, {’\4: N > [1111]

R, >§ R, X
Ry Ry R Ry
Ry Ry

R1:R3:Rq_}{:}:, Rp=¥=zC1 {1131
RzRg= F F oo, By=XsF, Y=Cl, Rp=0Cdzy [111]

Ry=Rz=Rq=X=F, R,=Y=0Cg¥F5 L40]
Ry=Rg=R¢=X=F, ¥=Cl, Ry=NHy, NHCeFs, OCcfg, 0Ty [111]

These transformations are usefal i1 stracture det2ruminabtinn of
cyclohexudienones., As a azthod for the synthesis of polyfluorinated phenols
they are most advaatagenus when used in combination with the reastions of

nicleophilic sibstitution al a double bond »f cyclohaxadienone (see 3ection

2,2), as illustrated by the sllowing examples:

0
F 0 i OH =0, OCHs
; HX E Zn+ HC ¥
a o g , O0eFs , Ny
e X E 2 NHCF
F F -
0
9 OH
FoOHX I‘ F Zn+HCl
QLY = QL % 0O,
FE F

x=0H, OCHz, OCgFs, NH,

'n
=

Ia view of the fact thnat the nost coavenient synitheses of

cyelonexadiznones are based on the usce of polyfluoriaated hydroxyaromati=z



146

compocinds as the startiag eompounds (see Sestion 1.1), a sejuence of abovs
reasilons presents a zpeaneral approach Lo the synthesis »f substituted phenols,
#iizh dnvolves Lemporary uodlficatiion of a startiag pheanit Hy 1ts
Lransfnrmatlon oo gyclohexadienona Lo Facilitate 12 ninleopnilic substitation

af flunriae,

2.4, Transforuaiions of Polyflusrinaied Tyclohzwadieannes Involiing

a Saturataed Carbon Atnn

2.4.1, Thermdlysis and Subsiitubtion at a 3aturated Jarbon Alon

iohexadietones and, senerally, the coumpounds coataiaiilg the

geminal halo_2a and nitro groap, the polyflisriaated altrocyeliehzxaidienones

andergo upon heating the reastinonsg iavelving the fransformabion of the -LEND -
sF0Up Lo Lhae zarbonyl group with 2linination of aitrosyl Tlun-ide, 3 typical
feature of these transformations 1is a possible formation, apart from the

ponding 1in structure to the starting

polyfluorinaced guinsuae corr

cyzinnexadiennne, »f Its isopmer correspondiitg &0 coaversion o iLhe

para~yiinnid structure to the ortho-quinoid one {36,39,41,59].

0 0 0 NO, 0

@F__A‘_R F+R 0 @E/:TO—A’ 0
; F R F R, F AE F
F NOZ 0 E F F F

RR =1 V£

x5

0 R

O "
F F ; F F /56 (R=H)
+CHy=C-C=CH; — + OpNCHE=ECHNO ™ 597 (- cHy)
F R F F R R

T
-
z
\=J
»N

F OCcFs
55



147

Realisaiing of Lie aye rearrangameit sugn,ests the honanljytic character
nf the C=N Lond 2leavage at the i1i5ial stage of these Lransforraasions with
sudsuyuent racombinabion of the polyflunrinatad aroxyl radical and nitrogen
dingide to form Isomeric piiinl altrites 417,

Yoruetion of aitrosyl fluoride a3 one of tae reasbtisn produnts as dHeen
proved experiaentally [41], The natire of the first staze a3 confiraed by
decompositinn of juinnitrole "5%" 12 the preseace of butadieae aad
2,3~dinetaylbutadiene as radical traps. In bo%h =ases, fornation of Lhe
ventafluoroghenodyl radical aimer "235" was recorded, and 11 the case of 2,3«

©

dimethylbutadiene - the product o7 1,%-addition of aitrng

dincide o Lhe

-

s 10 both cases the reastions gave compounds [ormally
corresponding to 1,2~addition of twn pentaflunraphenoxyi radicals to the
di2ne, adducts "55" and "S57" respectively (the structures of taese addusts
sugpested in [41) are aarzasonabdly given in [114] as proved). Hosever

.

compounds "56" and "57" 3eea aore likely to b2 the Diels-Alder adducts (oarmad
P y

as a resulb of the reactions »f butadiene and isoprane as dienopailes with the

isnmer of coapound "235" - the atafluorophanniyl radical dimer "24" reachiag

as a2 diene, Formation of the misture o7 cyclonexadienones "23" aad "24" asz a

shinwn 10 £49] to
In

1

result »f dimerisa

b

ion of tae penballunrophenoxyl radical wa

v

the result of oxidation of pentaTlueornphenol oy lead ts=traacstate, I

accordance Jita thess ildeas, decomposizion of guinnitrole "55" in sulpuuric

acid and hydropen “luoride leads to dimer "23" and pentaluorophenoxyi
T,4-benzoyuinane "58" or 2-pentaflunrophenoxypentafluoro-2,5-cyolohexadis1-1-
one "37" respectively, and the latter was suggeshed to result Croa tae
isomerisation of tae initially foruaad dimer "24" prousted by HF [50]. Tae
occurence of this transforaation has been shown in [49].

0

0 0
F F HX F F L F 0CFs
F F F F F- F X=SCMH, 72=0

F NO, F OCeFs 4 X=F, Z=F,

2 OCF 2
Fs _
ey
F F B F .
£o24 FE .97
In the light of thaese ideas, formation of HU-pentanalogeno-
phenoxypentafluorno-2,5-cyciohexadien-1-ones in the reactions of quinnitrole

"55" with pentahalogenophenols or perchloro-i-phennxy-2,5-cyclonexadien-1-oae

"59" pay be represented by the follawing sequence [40]:
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F £ _NO2 CeHalsOH d cl cl cl
F F o +A0 CeFsOH X X XX
F NOp 5, Cl a0

>
«»
a EoE ny// cl cl

X X
cl O 0 © X=F,H Cl

F y
x C g F X=cl ,59

Formztion of only "mixed" ethers in the rzactinng of this Sype iavolzing

chlnrinated phenols a3 in be due tn the "igher stability of the ahnlorinated

S1200xyl radicsls as eompared bn the pentafluorophennxyl radical, whie allows
them to be considered as stable radicals in this system. This implies that in
the reaction of quinnitrole with polychlorophenols the reaction mixture always
contalas the chlorinated pheaocxyl radical in a auch aigher eoncentration than
<45 of the wentafluaropghenniyl radical, due %o which the predominani reaction
i3 recombination of the pnlychlornphenoxyl and pentaflunrophenoxyl radicals
Luol,

Fa

Interaczion of phenoxyeyelonezadisnnnes with polyTluorinated phennls at
roog Lengarature leads Lo new cyclohexadienones ooataining fluoriisze atoms in

the aromasic moiety 1517,

c ¢l \et O 0 Arp=Ceis, Cellty,
0 o OH tf CeBrFy , CglFy,
CeHg , 25

Cerucer’
CN CN OAq

CeFsOCgFy UCg s

By the contrast with this, the reactions of serchloro-l-phennxy-2,5-
selnhiexadien-T-one and flunrinated phennls lead to the “lunrinated
ecyelohexadienones containing fluoriae atoms in the dienone moiety [51]:

0

OH 0 0
ad cl F F
+ — ) F F
a a F F
cl” 0 R RO 13 F
<:> R:F‘&r <:> C6C%C) OCGC%
~60"
In the case wihen a Tluorinated phennl has bLrounine in the para-position to

trae hydroxy ,roup, the reaction procecds with substitution of bromine tn give

dienone "6)" containing the gaminal pentafluorophenoxyl groups.
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~

The availamle data suggest the interaciing o cyclohexadienones capable

phennsls tn bHe a wodel reacstlon for the

of the houanlytlc decompnsition with
studies of rzecomginabion tendeacies of phenoniyl radicals,

Perfluorinated nxndihydrenaphtiaieaes eontaining the g2uinal flunrine
and pentafluorobenzoyloxy groups are more stable wupon heating than

Lo . . R \ \ Vs PN} AN
guivnitrols, Taus, they rzmain unchanged apon heatiag to 16907, aad at 159

15}

o~

compound "o1" is coaverted Lo a wixture of pentafluorobenzoyl Tluonride and

nexaflunro-1,4-1aphthogquianne, Compound "$2" aives, in addininn tn these
products, hexa“luoro-1,2-naphthoqguinone and dieanne "HU" formed by Tluorine

v

migration [54]. The latter compound %s alsn

formed 11 the thermnolysis of

compodnd "53" tojetner with hexatluorn-1,2-napnithojuinone and

pentafluorobenzoyl “lunride.

—_—

F - CoF5COF
F 0COCeFs 0

7’0
n
T

FoLe2 Q
N 0 4 C6F5CO® COCGFS
~(F5COF e F
F 0COCeFs 65 % £ 2 A F

0 FE
= « 64"
" 65 y

3

FormaSion of compound "64" from both l=oxn= and 2-ox0-1,2-
dihydronaphthalenes ("62" and "63") may result Trom the acylation of the
intermediate hexafluoro-.l,2-naphthoquinone Dby the acylium cation generated
from pentafluorobenzoyl fluoride under the influence of Ui traces, with
subseyuent stabilisation of the resulting naphtialenonium ion by addition of
the fluoriae anion [54]. This supposition has been justified by producing
compound "34" from nexalluoro-1,2-naphthoguinnne and CBFSCDF ia the

presence of the catalytic amounts of anhydrous HF upon heating [541].
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2.4.2. Reactinns »f Fluorinatzd Zyelohexadieaones gitn Hydrogea Uluorlde

11w

J

Cyalohexadinionas enatainiag the flunrise anl nit-o group 23

2inhang,e tae

seficeiioscRlote

F NO, F NO,

N

sber for "luorine ahen Sreased wibh hydrogen “luoride [73,91]1:

It seems obvinus thab the high webility of the nitro group in thes2: aases

arises fron its allyl-benzyl pnsition, Sach mobility is alsn characteristic of

~

the polyflunriizated arylnxy and asyloxy g-ouvs, Thus interachinng of

percluorn. 1-nxn-4lnaphthoxy-19-1,4-dihydronaphthalene ~ith anhydrous
(o]

2%%

207 leads tn formatina of  perfluaro-l-nin-1,%-diayd-onaphthalane "o5"

3c

to,ether with  heprafluoro-"-naphthnl [50]:

0 0 OH
HF F

F OCpfy FF .65

In o sinilar way the flunriae atoa i3 substituted for tiae

o

pentaflunrobenzoyloxy group L) the polyfluorinated de-ivativas of
niodihydronaghtinalene 7547, which ia the case of  perflunro-T-ox0-2-banznyloxy-
T,2-dihydronapathalensa s aceompanied by the rearrangesent to the  1,%
dihydronaphthalene derivative:
0 0 F 0COCeFs
0 COCe Fs
r F 0}
F F E
F HF,20° F OCOCeFs F

FF F
2.4.3. Hearranpeuments

The transformations of 2,4-cycloaexadieiones containing the geminal
Tlunrine, chlorine or bromine, to 2,5-isoners seewm tn be specifically the

resulc of the presence »of aydrogea flunrides in the aadiua. Its action i3 dual:
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oan the one hand, thers aay procead protonating of the starting dienone ai

4

oxygzen to generate the hydroxyarenoniam ion, in wiich halogen atous other than

Fluorine are expz=cted to have a higher wmigrabiazg wobility (=f.[1011). 3y tnis

wechanisnm, apparently, proceeds isomerisation of _.nlyfluorinated

cyclohexadienones ianducad by the bromine migration [31. In the cases when the

.

flunrine atom is wore aodile [52,113], the reaction seems to follnw the
nechanism sugpgzested in [105] and invelviag formatinn of the eyclic

intermediatz state »f type "57":

0
I
)
0 0 % i
F cl - FX g
[ Ya HX “F g
ZF FH o 0

In the reaction of dieanone "55" with chlorosulphoniz acid, formatinn of
analogous interwedialtie states involving hydrogen chloride may lead to dienons2
"68", of those involving water - to quinone "69". Removal from the sps—hybrid
of the fluorine rather than cinlsarine atow seems to result from the greaber
stubility of tihe H-lal bond Tor fluoriae as compared tn chlorine [108].

In nany cases the Lransformations »f ypolyflunrinated 2,4~ and

,5=cyclohexadienones in the reactinns vitn HF also proceed via

[

sarrangecuent s, Thus dienone "31" trealed with HF undergoes isoumerisation tn

o

t1e eorresponding 2,5«dienone. The isomerisatinn supposedly proceads via

migration of the pentafluorobenzoyloxy group, in the arenonium ion formed in

tiie protonation of ine starting dienone [53]:

0 0
0COCeF
F F 5 HF‘ F F
F F F F
F - F 0COCgFs

Perflunro l4-ghenoxy=2,5-cyclohexadien-l-one "23" remains uachanged ia
tane reaction wita HF at 20° {471, whereas perflusnro-5-phenoxy-2,H4-
cyclonexadien -1-one 1is isowerised with migration of bnth the fluorine aton
and the pentafluorophenoxy sroup. These two processes seem Lo folloaw different

mechanisus:
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"

P55
F

T NO,

0 0 0 OH
F OCeFs F OGFs F F
F NN + +
F = £ F £ F
FE g

CeF .
Foog P OGFs oy

The transformation of dienone "24" +to compound "37" is a 1,3-allyl
rearranse:ient c2atalysed by HF, and the transformation toh dienone "23" proceeds
anst licely Ly aigrabinn of the pentafluerophenoty group in the arsanalun ion
form2d in the probonation of dienone 24" [49]), Tha sacne produetls ~ compoands
25" and "37" - are foraed 11 the reactinn ol Y-nitro-perflunrn-2,5-
cyelohexadiea—l-nne "55" [50], possinhly as a result o the homolytics
dissosziatinn of the £=¥ bond i1 quinaitrole "55" with generation »f the
wentafluoraynennaxyl radical (see Section 2.4,1), Dimerisation »f L1e latter
olves compound "23" aad orthom-dicanne "24", wnich, as shown above, isoumerises
ia thase coaditions 4o eompound "37". The acid-catalysed Lransformations »f
Lnis type are seneral e1ough, As shown in Section 2,401, quinnitrole "H5%
under oaes similar Lransforuasions 14 onther strong acids {(sialphuric,

flunrosulptioniae) (501, but Lhe reachion also pives the polyflunro 1,4

benzoguinone derivative possinly loramed by the following route:

0 0 0 0
F OCes yox_ F O%Fs F OGsFs F 0GeFs
A e B
F F F > H F F E F
F F *o;;( F OX

Similar transformations take place in the series of polyfluorinated 1-

oxo-1,2-dihydronaphtialenes (benzcyclohexadienones):

0 0 X=C1, Y=F
X X . :
y N X=F, {:OC10 1‘7
£ X=0C4gFy, Y=F

F JF %=F, Y=Br

by c¢ontrast witn the above acld-catalysed reactions, therwmal
isnmerisatinns of 2,4~cyclohexadiennnss and 1-oxo-1,2-dinydronaphthalenes
qaving the jeminal fluorine and perfiuoroaroxyl group (the pentallunrophennxyl
and heptaflunrnnaphthoxyl radical dimers) to 2,5~-diennnes and 1-0x0-1,4-
dihydronaphthalenes respectively apparently proceed by the dissociation to

the corresponding aroxyl radicals [52,115].
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° OAr 0 k\ F
R, c N R, F RR,= P Ar=0CoF;
- 1
Rz F R/ F e
Foo F OAr R=R,=F, Ar= OCcFs
A new type of thermel razarrangement of cyclonexadiencanes was found for
perfliorn-3,0-0is{phenoxy)-2,4-cselohexadien-i-ona "70" [116]. In this case
the geninal subsbituent migrates with pressrvatinon of tihe sbtructure of 2,4

cyclohexadien-1-one,
wr2t, This process is siailar
ethers [4,117,118), the difference

the allyl fragment there is the

r

F OCcFs
F5G0 F
FF

fase of the rearrangenent

charge separation, which may be

3

MOWO
F ) 0
EF

obviously via t
tn the Claisen

being

e Interaesdiate states of types "71" and

rearrangedent of phenylallyl

i tha instzad of the doadble boud of

W-system of the cyclohexadieaone riag:

of compound "70" is possibly explained by some

represented by the following structure:

A similar substituent effect was observed for the Claisen rearrangement
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of meta-substltuted phenvlallvl etaers, The rate of rearrang2qaent of such
2tners currelates winn 6; rather than 5 , Inifleating a ilrect conjugation of
substiftuent wifn the reac<ion centre [119,120].

Tha sthree agallibratlng  2,4-cyclohexydien-l1-ones farmed in the

.t - a

raorction, lsomerlse In the uirasence of boron trifluoride to mors 3tadl

@
U
t

ayclohexadion-i-onos,

2.5. Cyeloaddition Reactions

1f zae Saermclyvsis of fluorinated phenvlallyl ethers lealding as a resul’

W

of tha Claisen-Cope rearrangament tn cyalohszailenones 773" and 74" [H1] (se
Section 1.1.4)is conducted in more vigorous conditions,then the intramolecular
Diaels=Alder raeactlon 9f the above cvalonaesadilenanes and subaeyuant
rearraggenzut of adigat 75" vleld 2.:}r5,7,7;,ﬁ - pentafluoru - 31(}a“,5,7&-

- Lebranyvdroinden=i-~on2 "70" [H2].

OCH,CH=CH, 0 CH=CH,
@ =
F 480°
F CHCH=CH
] Foog \ P 2

bl

at
= O
o

F F
F F AU

,_
5
~

n

Q EQF:CHZ

T

Conducting the reaction at 540% enablas trapoing of 243, 4
trifluorophenyl-1-fluorovinvliygetone, aﬁparently indicasing the foraation of
another oossiosle intrameclecular Diels-Alder adduct "7Y" from compound "73"
[63,121]1. Tals {s in agreement with the results obtained in the pyrolysis of
pentafluorovienvi(2,3, 5-?' )—v”ag-u~¢Avl etaer "77" leading not only to
(3, 3 o 5&,'% 7235,6,7,Tdey } vent afluoro—3¢,u,g,.p tetraﬂyirolndpn-i -one "78"
curresooriing to the intermeillate formation of 2-[{(1,1,2 :3)prop—2—eny1]—3,5

2
cyclohexadienone "79", bu%t also to (3&,},4,4, HB)—g,5},6,7,7Jn}—oentaf1uoro-
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Sd Uy, T4-tatrahydroinden-1-one "80", The latiter secems to be formed from 2-

2
£02,3,3 “”J)yrﬂp—2-en/13-3,5—cyclwnexadLeﬁnﬂe "gid, In its tara, its

formatini indicates Lo intermediabla foraation »F an addazt similar ia

structure to compoundt "g2" 162,121].

OCH,Cp=CD 0 0
2 z _ CD,CP=CH, F

© F —
FAAF F

42;;55; F 197

i

-

H

" 4D "
78 Hpp

These transformations are inbsresting beecauss the addaet »f type "82" is
@ rare exaaple of coumgound having the (3,3,1,d)irinycinannans frame, Thers are
Lwo wnown examples of this type »f compnunds eontaining no fluorinez, [or which
the intramolecular zyclisatinn siailar ©o the transforpations of "g3" =" §4"
fails to procaed, as opposed to the flunrinated compounds., The r2ason for 3ien
differeace scems tn Le the stabilising effect of the aliphatic C-F bnnd, as
well as a algh reactivity of the bLetraflaoro-1,3-dlenz systems with

hydrocardna dizanphiles [122],

QA @ *E =@

,84" , 83"

Tue pas=pilase pyrolysis of  pentafluorophenyl--2-nethylprop-2-enyl ether
"58" ives a wmixture of  lefluorovinyl=2,3,4~trillunro-5-netiylvinyliketone
"36" and 2,5},5,7,74,}—pentafluoro—54,}-methyl 3&,},4,5,YJ;tetrahydroinden—P
one "g7" [63], indicatiag tie intermediate formation of tan iatramoleczular
Jiels-Alder udducts frowm dienone "38", as in the case of tha therwnlysis of

rentafluorophenylallyl ether:
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CH,
C{CH) = 0 i
OCH,C(CHs3)=CH, ohy-C-CHy . 0 F O
[P A0 | F s SeF Py CCr
2 — - )
F F F F F CH,
F F Chy,
38 N B M
! %6
0 0
F £ F F
F F F =
E F' CH,C(CH3)=CH,
.85

The similar ethers of isnueric polyflunroiydroxypyridines [bd} behave
uynn vherimnlysis like the flusrinated phenylallyl ethers, as well as
1,2,4,5,6,7,8=heptafluoro=i-(prop=2-enyl)naphthalen=2-one apou phofolysis

f6ul:

OCH,CH=CH, 0
o A Pl B
FSN le FANAE FANF
F F. CH,CH=CH, ‘
F AN OCHLCH=CH, . o e
F@F T FfNjF | o FANN AR

//CHZ
Br B S Be CHaCH
FIi&]IF R AN gfjﬁilp Flf¢triﬁz
X - FAN X
F SN OCHLH=CH, N-~0 FOSN-T0 o> N"p
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F CHCH=CHy R
| © hd A 0
E [2+2] E
>, F © F
F F 0
O
QoI G
F — _
2+2 ~
* CH,CH=CH, e T :
E )

=0 \&Fo
g - aX

2.6. The Oxidative Riu, Cleuvage
o o

The reaction of acetic peracid with the pnlyfluorinated substituted 1-
and  2=o0xn-1,2-dihydronaphthalenes and leoxo-1,4 dihydronaphthal=snes; laads 4o
tiie clcavage of the cyelohazadiennna cyele and formation of the subsbituted

polyfluoroaromatic carboxylic acids [53]:

0 F OCOCeFs
O OCOC6F5 COCOOH 0
- — @, — GO
QU @, :
F F
0 FF
G‘ F @ CODMH 0
F CF,COOH @O F
FF .

Various potentialities for further modification of substituents and
nucizophilic substitution of fluoriae in the .roducts of this reactinn provids
access to the unavailable polyfluornbencene derivatives »f a definite

structural type.
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