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REVIEW 

FLUORINE-CONTAININti CYCLOHEXADIENONES - SYNTHESfS AND PROPERTIES. 

L.S. KOBRINA and V.D. SHTEINGARTS 

Institute of Or,at.ic Cherni.sL*y, Novosibirsk, 6300_)3 (US:;'0 

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 lllost effectid* irends in the strategy of synthesis of 

~olyf~Jnct.ional a-omatic comyount 3 I- is the trans'ormatio:l of %he ardmatic ring 

to a highly redctive non-aroma:ic system, d‘lich is a:i;e%rdrds modified to 

a.*rry out a reverse transformation. A typical exa;nple of s-lch systeri wit? an 
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Tile ‘,li;h.+r crcti /it? *of the qaphthalene syste~n as Coi’li>d”“d <wit,1 the 

benzene one accounts for the fact that, by contrast with pentafluorophencl, 

i1ept. zlf lJOP9 -1 - d:ld -:?-r~a;,nthols smoothly Feact ,ji+.h halo&ens. Thus, thei- 

r.;dAiorln di tn bru!ni ne i 1 aq~~ew3 xetic acid Live l-~,x~,-~l-b-omo-tle,Jtaf~uor~J- 

1 ,J+-~lih,~,1~ona:,htr,ale:le “3” a,ld !-b-o:~o-2-ore-hepta”luo”o-1,2- 

clihyd~oil~.,htilale:le “li)” res:jectivelj [41, ‘Treatme-1;; .~f ileytafluoro-1-naphtiloi 

Iwith chlo-iw in tile .sme !miiJ:n ;eads to a :nLxt.re containing 91;; cof l-ox>-?- 

c;ilorv-he.,tafl?lo-r,-1 ,3-di1l~d-rJtla2lltllale~e “1 1” d:ld 3’;; of 1-oxo-4-c~llnmo- 

he:,tar‘luoro-I ,4-l-fi.;ly~lrona.~htrl.-llene ‘I 12”, fror :le~ta*?~l,,Po-2-na~~ti~ol, 1-chiu~o- 

2-oxo-:le2tafluoru- 1 ,2-tililyd”r)oa;jhthale~le “lj” da..: f9rmed: 



,, 4 1" ,, 1 2 u 

FX 

Tha _ yossibility to vary the i.joille”i2 rai;iq of ~,ycl~,hexa~il~.iorles b,, * 

varyln~ tile solvent lature, the cation and the h,,dration de&Fee fur the 

tledtafluorr)-l--:laphthol :a15 is illust-ated by the daks reyre.se:~ted in Tables 1 

and 2 !‘I]. 

T?e heptafluoro-2-naphthol aJOtaSSiJm salt, Live,;, as ccaected, ooij 

coln&zJou~Id ” 10". 



! 3rai, i on of c>yciohexadienone :.liutJ-cs i,? the xdctions of L,he salts of 

polyfluoriria’:ed ghen9,l:j and riap:lthols with ‘halogexl:j results from the 

arlbi.derGdte chd-acte- of a!l:oo.s of Yhe salts (cf. [91 j. 

Tile?e d-i: ?c~isons to believe that in the reactions of polyfluorin&ed 

>‘lenoi a?d rlqhthoi salts ill the carbon tetrdchlo-i de an3 uethyleae chlo-ide 

ruedla there ta.;es klac$ tkle inke?astiol be%r:en roolec~.lld- 'lalosen awl ion 

paiTs 0: ;QII a&&,re,ates of phenoxi 1~ a:id oaphthoxide (cf. C 10, 111 1. The 

inte7meliate state of tl1e.x ?eac’lOn:j _, :l,Jst !,e si.niiar in many Tespect.5 to the 

inte-mediate 5tates or t:ie C-al!(ylation reactions of Zhenoxides ui%h al:cyl 
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,2s si.own bj the paper t211?91i10tOi;Tc3~'ljr a?a?ysis of the reaction .,lirt:lres, the 

g n .? s i b 1 e intermediate prodf~ct~ in t:ii s r e a r: :; I I, n a-e 6- a n d 

4-fl~orodi~lethoxypheno;s respectively. Inte? ac’;ion qf 

6-cilloro-3,5-di:net.j~oxy~henol dith C103F yields a mixture of 

6-chlr,ro-6-fl~oro-3,~-diroeti~r,::y-7,4-3jc;o’~exadien.-l-o~~:: and 

2,2-di’lu~ro.-j-c~ilf,“o-3,5-dimethr,xy-2,5-cycl~~,i~exa.ii~~?-’l-one, whereas 

4-chloro-3,5-di-lethoxyyilenol in the saloe conditions is iransrormed to :j 

.:li xt Jre 0: L,iQ .! i e ;1 0 n e 3 , with 4-ciilor~~-4-fluoro-3,5-di.met;hoxjr-2,5- 

clcloiiexadien-l-one predominatink. 

These exaiagle~j demnns’rate that Formation of the -CFX- groups (Y=F,Cl), 

apparently chdrdcterised by a high sirenJC,h of the C-F bond (cf.[26]), i:; an 

efi’ective drivin t: force for Lile reactions of Jhenol.; witi perchlorll 

flco-ide J . 

Fluoroxytrifluoromethane reacts with alkylphenols and their ethers in the same 

way as perchloryl fluoride. [27]. Thus, when CF30F 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_dimethylphenol, the 6- 

fluoro-2,6-dimethyl-2,4-cyclohexadien-l-one dimer "17" is formed; from estrone 

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

,,1g,, 
0 0 

R,, = C Hj, C, H5 ; R,= H , R3=COCHJ; R,R3= 

0 0 
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of Z-naphthol, and its ethers, and 5-hydroxybenzo-[Cl-phenanthrene by cesium 

'll~~,"t~:c~.~lil~iraee ! 5 ] . 

Z=3,F 

OH 

0 0 F 

;1%1 benzophenanthrene containing electron-donating substituents [33,34,35]: 

R= H, OH, OCH3. OC,H5 > O&N,, 

FF 

co 
0 

0 
+ 

/ 

NHCOCH3 

+ 

0 

R=H(wA), NHCOCH3( 22%) 

C 
FF 

R,= R,= H, R,R,= 1 ’ 
/ 

, R,= OH, NHCOCHj 

The sct~eine o,r oxidation by fluorox/trifluoromethana s,l&:3e:jted by the 

authors of r34.351 involves addition of fluoroxytrifluoromethane at the double 
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F 0COCF3 

OH 
x 

%=F ,, 24” 

,, 28” ,, 26” 



03 0: F - 

F 
,,30” 

FF 

Pb(oAc)q,or 

PboZ , 2 O” 

F \ 40” / i Oc,,F7 

0 0 

Tne r;*dical route ij folLowed ;’ t!le reaction is soriducted at locr 

F 

temperatu;e 9r in the inert nQn-polar solvents; inr tile ionic rnlte, I-,:x+ 

increased tenl,erattire, polar snivent and a-id catalyst (BF3) a.“e raqdired. 
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W5COOh 
CHC13 , 60° 

F OW, 

OH (cgF&od2 

CHCl3, 2o” 

F 8% 

kli, II,=32=R3:~:(Ck13)3; H=Cti3,i~H5, X,:H2:ll, R3=F 

The snodic oxidaLion of un’~Aindered phenn:.; (yneno1, p-fluorophe~i~li) il 

sisildr cnrrdi:innS does no: lead tn c~clnilrtxa(lieno;les. 

The electroc’hemical nxijat.i.Qn 0: jentafluoropheno: in the llF io,zdi,~ro in 

the presence qf antimanj pentafl;a-ide grnct?ed; in a more complex way: apart 

from yerfluoro-2,5-cyclnnexadi,?n-l--r,nc? “26” iJ4:Z). Cie yentafllloropi7elo.cy 



FF FF FF 

h F 

F 

1 

@ CH# =CHz 

0 OCH,C@H,)=cH, 

0 
0 F 
,, 38” F 

., L1 ;3;iise, i‘rr,m the ally1 164: and proparyyl [65: ethers of 

he:,t.~fluorf,.-'-n:l~~~t~~~ bilzd in I;yle:le, the Claisen rearrdn~ela?;lt &lroJucts 

6:e iorrned. 

Tie thermoi/siu of t.le ally1 ethers of ~olyflunrinated oxy?yrldine:j : 551 

.3;so ,ave tile yrnddcts indicating the intermediate formation of thz 



0CH2CH=CH2 - 

- ..C\ - 

0:;’ CH ,,42” 
‘, C/ 

1.2. Elect.7 oyhi lie an,1 ‘iadLc9.l i~so-.Iddi5ion iIc3ctinnu il the .Seri,?s of 

?olj<luoroarnmatTc Cnm;lounds 

I..?. 1. Yeaztions &tn Ni’irating A,e,lts 

A J:livers;ll i,lethqd for the s:rlthesis of polyfluorinated 

nitrocyclohexadienones is the electrophili 2 ipso-adli:ion nf nitric acid to 
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F NO2 F NO2 F NO2 

@@ _J@L @J HN03: @J _xF @I$ 

F F OX 0 
X=H, or NO, 

R:H 2~1 

R=Cl 1~4.5 

RzBr I:2 



1.2.2. Reaction urith L-0 in ;lF 
2 3- 

Con5ideratinn of tile re action mechanisms deszri bed in the grawding 

JecLlon leads to a conclusion about t:he possi’bility of aycloilexadicnone 

formatio:] from polyfluoroaromatic compounds by Y route involving the 

in:rodklction of oxyg,en to form carbonyl at the first stage, which is achi?vcd 
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F F OW7 

OR= ~6~5~00, ,, 43" R? 

C6 F5 SO2 , 

(CH,),‘= 
OH @&j- dF4 R4=CU,% 

F FL 

1 .j. TrafI:iforl,Iat low of Lie .Der i vative% of 3ihydroaromst i 2 Cnnpou:~d!; 

A kenera method for the synthe,;i:; of goiyfluori IaLed cyclohexadir? 1Qrle.j 

is the t.Qermolp3is of clcl~,,lcxadiennnej coqtainin: the fluorine atw and tile 

nitroyroup as the Beminal nAbsi i tgeot:j [ 68,391: 

F NIX 0 X,=F, R2=H,CH,Cl,3r,? 

RdZCl, Rz=F 

R,=Br, R2:’ 

The tilerinal t;-ansfortuations of polyfluorinated-l-ni;ro-1 ,4- 

dii~~drona:J~~thaleiie~ and 3-nitro-9, lo-dihydroantkacenes proceed in a similar 

day leading to Lenz- and dib,~nzcyclo~iexadie7oncj (oxo-dihidr?oaphthalerlcs and 

-ant’lracenes) [63,‘/0,72,73,91]: 
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F F 

1. j.2. Hydrol/.jis 
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1.3.4. Transl”ormations of t,hcs b ?c.dar ‘lexafl~uroba:i,;ene 

_,. ,.> 31nCe i,:le acid-catalgsed tra:isforrna:lon.j El] play an imporl;ant role in 

t;-le Ic:leSaical Zroyerties of -ycloi~exatlie’lnnr?:;, inveiti:atioa of t:leir 

i:lterac:ion ,+ith 2rofic acids 2, essential fc>r ii)< dcvelodnent of the 

cllmistry of s&I: compounds. These studis; are al.so stimulased ‘by t!le fact; 

t5at the conju,ated acids of cjclohexadienones are the hydrQx,farenonium ions 

modellin 2 t:le intermediates of the react,iqns of aromatic co,lyounds ,rl’;:? 

e;-ctrop:hiles :lOll. Protonation of plyfluoroarwatic cjcloiie tadienonos *<as 

sbldied from t.11:; doint 95 view [711. 

An essential level of protonation of polyflGorinated clclo’lexadich~l:ls:s is 

Od/ XhizVad b,,’ US;.lg superdcids, indicating a decreas;?d basici ty of ‘these 
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- 



142 



143 

F F FR R=Cl,F FR 

, Q=R~zF; XZF, Y=N32 ij71 
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0 OH 
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In t:le li$it of these ideas, ff3rblat lqn of 4-pentahalo;eno- 

yhenoxyjlenta”luor~-2,~-C~Ccioilexadieri-l-ones in t5.z reactions of quinnitrole 

“55” with I~etitailalobeilcl;)~~enols nr yerChlorl~-4-~herl~x~-2,Fcycl~)!iexad ie.i-1 -o?e 

“S’j” may SC represented Sy the follwinc: cjequenCe [40]: 
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Forma’ ion oE 2 I colnyouud ,‘64” fro1.1 both 1-oxo- a:, d 2-oxo-1 ,z- 

dihydrona>hthalenes (“b,2” and “b3”) :f~aj’ result “rot,? the acylation of the 

inter~oodiate hexafltioro-1 ,2-nag!lthoilJinone ‘bJ the acylium cation <erierated 

from ~entafluoro’benzoyl fluoride under the i!lfluerlce of Xi: trace:;, Iwith 

subsequent stabilisatinn o1 r the res?llt,int; nayht%lunonium ion ‘3,’ addition of 

tile fluor-ine anion L3 “43. This supposition iha; bssn justified by producing 

compound “J4” from he:tarlu0ro-1,2-napilthnquinone and i‘ _ F_ CrjC 
‘9 > 

i n t h e 

presence of the catalytic amoJnts of anhydrous HF upon heating [541. 
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2.4.3. !:earra:i,e::lcnts 
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In tne reaction of jicnone “‘j >I’ !Jit’l cRlorosul:,tioni.~ ac Lad, formation of 

analoyous interroedia!;e state:; invol-/in; hydro,?;en chio,. -ide may 1ea.i 60 .li.znon- 

“68” , of those involving water - to quinone “69”. Removal from the sp3-hybrid 

of the fluorine rather than chlorine 3tn:n :Sf~eXls to result fro:n the greater 

stability of trle ‘I-Yal !)ond Tar Pluori le as c%nyara:l tq chlorine [ 1081. 

In iany <cases the , ;ransformations of 2olyflUorinated :?,‘I.- and 

~,,-cyc~ir,ilexadi~3~lo~~es ih tne reactio’~Li ~ri’;:h H F also proceed v i 3 

rearrandcilent 5. Tnus dienone ttjl” trea>ed with iiF 4Undergoes isowerisation to 

i le corresgonding :2,5-dicnone. The i :; ome r i ,s at ! on u U 2 yo s ed 11 pr oc e cd J ‘pi a 

,Ili,ration of tilt ;)entaflUorobcl7ioj’ioxy drnup, in t’le arenoiliun ion formed in 

tile protonation of t:le st4rtin~ dienone [js]: 

F F oCOkF5 
,,31" 

Perf:uoro 4-khenoxy-2,5-cjclo!lexadien-l-one “23” remai;ls ,Inchanged in 

t.le reaction Uii7 HF at 20o i431, whereas perflu~ro-6-~~lenox~-214_ 

cycloQexadien -l-one is isomerised .qith miarat.ion of both the flUOri:le atom 

and the pentaf luorophenoxy .roup. T:le:X two processes seem to follow di:‘feredt 

mechanisms: 



X-F, P=OC,o F7 

XZ’)C,~F+, Y=F 

X:F, Y:S 

uy contrasl wit.1 tne above acid-caldlysed react,iqns, t’lermal 

isOmerisa’i0ns of ., 2,4-cjcloiiexa:ilen~.~os and l-oxo-I, :I-diil~dr~nay~thalenes 

‘lavi nd the .e:ili nal ‘luor iae at]J perfiuoroar9xyl group (the yentaflu~,r~,pi’len~~yl 

;and heytaflu~r~napht~loxyi ra4ical di:iiers) to 2,5-dicn~nes ak l-9x9 -1,4- 

diilydrollu.Jhthalei-lej rrsyec%ivei~ apparently prwecd by tl7e dissnclation ‘cc, 

t:le corresywdint, arnxyl radicals [52,115]. 
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F F OAr R,=R,= F, Ar = OC,F5 
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FF 
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FF 

Ease of the rearran&ement of cornpound “70” is possibly explained by some 

charge separation, which may be represented by the foliowing structilre: 

A similar substituent effect was observed for the Claisen rearrangement 
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0 F OCoC6Fs 
COCOOH 

0 
FF 

a 0 
cooH 0 

F 
CFzcoo~ F 

FF F 

Various ?oteq:ialities for ftirther nnuifica’ion 9f 31~'bstitdent5 and 

nuc1s+hilic substitutiorl of fluoritls i? the poducts of i,hi:j reaction pr0vid? 

ICCBSS to tile unavailable polyfl*;orqben,:eae derivatives of ii definite 
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