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S U M M A R Y 

A method which has been described f o r the synthesis of phenols 

from a r y l halides has been adapted f o r the synthesis o f 2,3>2(.>5-tetra-

fluorophenol and other h igh ly f luor ina ted phenols. 2,3j4>5-Tetrafluoro-

phenol has been used to prepare 2,3>^t.>5-tetrafluorophenor7acetic ac id , 

-ace ty l ch lor ide , -acetaldehyde die thylaceta l , and 2-(2' ,3'>it- 'j5 ' - te t ra-

fluorophenoxy)ethanol, and the attempted e lec t rophi l i c cyc l i sa t ion 

reactions of these conqpounds are described. 4 ,5,6,7-Tetrafluoro-2,3-

dihydrobenzo[b]furan-3-one has been prepared from ethyl 6-etho3cycarbonyl-

2j3>4»5-tetrafluorophenoxyacetate by a two stage synthesis involving 

cyc l i s a t i on , hydrolysis and decarboxylation. The l a t t e r compound was 

obtained from 2,3>J!(->5-tetrafluorophenol by a three stage synthesis. 

l».j5>6,7-Tetrafluoro-2,3-dihydroben2io[b]furan-3-one was also obtained 

from the react ion o f 2,3,Z(.,3-tetrafluorophenoxyacetic ac id wi th b u t y l -

l i t h i u m fol lowed by carbonation, and the mechanism of t h i s cycl isa t ion 

react ion was investigated. Reduction of the benzo[b]furan-3-one followed 

by dehydration gave l^,5,6,7-tetrafluorobenzo[b]furan. 

The react ion of 2,.,5,6,7-tetrafluorobenzo[b]furan wi th sodium 

methoxide gave a mixture of 4-, 6-, and 7-metho3!ytrifluorobenzo[b]furan 

compounds. The 6-isomer was synthesised independently s t a r t ing from 

2,3 , i t . ,5-tetrafluorophenol and the structures of the remaining isomers 

19 

were deduced from F n.m.r. spectroscopic data, Metalation of 

2).»5j6,7-tetrafluorobenzo[b]furan w i t h b u t y l - l i t h i u m gave the 2 - l i t h i o 



compound which was converted t o the 2-carboxylic acid and 2-aldehyde; 

these two compounds were also synthesised from 2^,5,6,7-tetrafluoro-

2-methylbenzo[b]furan. Acetyla t ion of 4 ,5,6,7- te traf luorobenzo[b]fur 

gave a mixture of 2-acetyl and 3-acetyl derivat ives. 
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P A R T I 

THE SYNTHESIS OF 4>5>6,7-TETRAFLU0R0BENZ0[b]FURAN 

C H A P T E R I 

INTRODUCTION 



Section 1 

The Synthesis of Polyf luor inated Heterocyclic Compounds 
from Hexafluorobenzene and i t s Derivatives 

Since the development i n the mid 1950's o f methods f o r the 

preparation of aromatic fluorocarbons i n comparatively large quant i t ies , 

pol3^1uoro-aromatic chemistry has been extensively developed^ I n the 

l as t few years however, increasing a t tent ion has been turned to the 

S3nithesis and chemistry of h igh ly f luor ina ted aromatic heterocyclic 

compounds. This development has taken place mainly along two w e l l 

defined routes; route A usual ly giving r i se to perf luorinated hetero-

cycles, and route B leading to f u l l y or p a r t i a l l y f luor ina ted fused r i n g 

heterocycles. 

Two synthetic approaches have been employed i n route A. The f i r s t 

requires f l uo r ina t ed saturated heterocyclic compounds as intermediates; 

these are then aromatised by def luor ina t ion or dehydrofluorination. 

Electrochemical f l u o r i n a t i o n i s a common method f o r the preparation of 
2 

such saturated compounds ; f l u o r i n a t i o n of pyridine or 2-f luoropyridine 

by t h i s method gave undecafluoropiperidine^, which was defluorinated 

over i r o n at 600°^ or' n icke l at 560°^: 



- 2 -

[The f o l l o w i n g convention w i l l be used throughout t h i s thesis: 

i n a l l r ings wi th an elemental symbol (e .g . P) inside the r i n g , a l l 

unmarked bonds are to that element (e .g . f l u o r i n e ) ; i n a l l r ings wi th 

no symbol ins ide , a l l unmarked bonds are to hydrogenj. The preparation 

of heptafluoro-quinoline and - isoquinoline has also been claimed by t h i s 

process^. Appl ica t ion of the cobalt t r i f l u o r i d e process^ t o aromatic 
8 9 heterocycles, such as thiophen , benzo[bjthiophen and 2-methyl indole , 

was unsuccessful, usually r e su l t i ng i n loss o f the heteroatom. 

Tetrahydrofuran, however, has recent ly been f luor ina ted by t h i s method 

to give a mixture of C.H F^O isomers, which was dehydrofluorinated to 

give tetrafluorofuran^*^; 

CoF, KOH 

The second route recent ly developed to give f u l l y f luor ina ted 

heterocycles requires the f u l l y chlorinated heterocycles as precursors; 

halogen exchange react ions, usually w i t h potassium f l u o r i d e , then give 

the per f luor ina ted compound. An example of t h i s route i s the preparation 

of heptafluoroisoquinoline^ ^: 

I . A l C l ^ C l . 

N 2.PCI. 

KF 

This route has also been used f o r the preparation of pentafluoro-

pyr id ine^^ '^^ , heptafluoroqxiinoline^ , te traf luoropjrr imidine^^, 
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-pyridazine^^, and pyrazine^^. 

The second type of approach to h ighly f luo r ina ted heterocyclic 

compounds, route B, makes use o f the ready a v a i l a b i l i t y o f highly 

f l u o r i n a t e d aromatic compounds and the information now accumulated 

on. t h e i r chemistry, and necessarily gives r i s e to compounds i n which 

the heterocyclic r i n g i s fused to one or more f luor ina ted benzene 

r ings . No compound i n which the heterocyclic r i n g contains a f l uo r ine 

substituent has yet been synthesised by t h i s route. 

A common method f o r the synthesis of heterocyclic compounds 

involves e lec t roph i l i c displacement of hydrogen from an aromatic 

nucleus as the r i n g closure react ion. The counterpart t o - t h i s reaction 

i n poljrfluoro-aromatic chemistry i s the nucleophil ic displacement of 

f l u o r i n e from an aromatic nucleus, and the major i ty of heterocyclic 

compounds obtained from polyfluorobenzene derivatives have been formed 

i n t h i s way. The f i r s t report of a react ion o f t h i s type concerned 

the react ion of hexa fluorobenzene wi th a number of po ten t ia l bidentate 
16 

nucleophiles such as ethylene glycol and ethylenediamine : 
H 2 C H 2 O H 

C^Fg + HOCĤ CĤ OH NaOH F 
K 3 C O 3 

D.M.F. 

CgFg + H^NCHgCH^NH^ 
aq.EtOH 

( I ) 
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The formation of the d ioxin ( l ) was also reported short ly afterwards 

by Russian workers, i n a paper"*^ which also described the synthesis 

of a benzo [ b j f u r a n der ivat ive ( l l ) from hexafluorobenzene and the 

sodium sal t o f e thy l acetoacetate (see l a t e r ) : 

CO^Et 

_CgFg + (CH^C0CHC02Et)~Na* 

Vdrozhtsov and co-workers have also reported the synthesis of a 

number o f y-benzopyrone derivatives from the reaction of 

pentafluorobenzoyl chloride wi th ethyl acetoacetate, e thyl 

benzoylacetate and e thyl pentafluorobenzoylacetate''^: 

'C. 

•C^F^COCl + RCOCH^CO Êt 
b p iL 2. 

F 

R = CH3, CgH^, CgF^ 

The synthesis of octafluorophenothiazine has been reported by a 

react ion which involves displacement of f l u o r i n e by a nitrogen 

19 
nucleophile : 

NaH 
D.M.F. 

and a s imi lar react ion has been used to sjmthesise 1 ,2 ,3 ,^- te t ra-



-5-

fluoroacridan' 2 0 

A reaction recently developed f o r the synthesis of fluorinated 

benzo[b]thiophens involves the reaction of pentafluorothiophenate 
21' 

anion w i t h ethyl acetylenedicarboxylate . I n t h i s case fluorine 

i s displaced by a carbanion: 

CCO^Et 

CCÔ Et 

-CÔ Et 

-3^ -CÔ Et 

A closely related reaction has been used fo r the preparation of 
2 2 

f l u o r i n a t e d indoles : 

NH. 
ceo Et I I I ^ CCÔ Et 

EtO^C^ ^ 

Ĉ Ê NH CO^Et b p <i 

NaH 
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As c§n be seen from the above survey, a wide variety of 

heterocycles are available from reactions which involve nucleophilic 

displacement of f l u o r i n e , and i t would seem that the f u l l potential of 

t h i s type of reaction has yet to be realised. 

Polyfluorinated heterocyclic compounds have also been synthesised 

using conventional cyclisation reactions. A number of p a r t i a l l y 
25 

fluorinated quinolines have been prepared using the Skraup reaction : 

F CHQH 

CH2OH C.Ĥ SÔ  

Another conventional e l e c t r o p h i l i c cyclisation reaction has recently 

been described f o r the preparation of fluorinated benzo[bjthiophen 

derivatives 24 

H 

SH 
+ CICĤ COCĤ  F 

H 

SCĤ COCĤ  
- poly- ̂  
phosphoric 
acid 

An Ullman reaction has been used to prepare octafluorodibenzothiophen 

from bis-(o-bromotetrafluorophenyl)sulphide^^: 



-7-

L i 
+ SC1_ ^ Cu 

Free r a d i c a l elimination of fl u o r i n e by a nitrene intermediate has been 

postulated to account f o r the formation of 1,2,3A-tetrafluoroacridone by 
20 

the action of heat on 3-pentafluorophenylanthranil : 

F 
^ ^ ^ ^ v / ^ O N 

160° 
/ 
0 

0 

I 

I 
H 

Octafluoroxanthone has been prepared by pyrolysis of sodium 
26 

pentafluorobenzoate : 

CÔ Na 
0 
II 
'C-

F F F 

On similar treatment, s i l i c o n tetrakis-(pentafluorobenzoate) gave 

decafluorobenzophenone. 
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Section 2 

The Synthesis of Benzo[bjfuran Derivatives 

The methods available f o r the synthesis of benzoCbjfuran derivatives 
27 

have been comprehensively surveyed , and t h i s discussion w i l l deal 

mainly with those methods which are relevant to the present work. The 

vast majority of methods which have been used to synthesise benzo[bjfuran 

derivatives involve r i n g closure of the furan r i n g . These methods can be 

divided i n t o three groups: 

I I I T7 

Method I I I has been used to synthesise the only fluoro-2,3-dihydro-

benzoLbJfuran-3-ones (VTI) so f a r reported i n the l i t e r a t u r e : 

Br Br 

0 H H 

KOiy'EtOH 
F, 

rCHĈ Ĥ R 

(VI) (VII) 

X = H, CI, Br. 
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The precursors (Vl) i n the cyclisation reaction were synthesised as 
29 

follows : 

COCH, 
+ CgĤ CHO KÔ /EtOH 

X 
COCH=GHCgĤ  

VI 

Br^/AcOH 

Cyclisation by method 17 usually involves an internal Claisen 

condensation reaction and can give r i s e to a variety of benzo[bjfuran 

derivatives, depending on the nature of the two carbonyl functions: 

CHO 

OH 
+ BrCHCcO^Et)^ 

CH 
C=0 

H I 
c=o 
\ 
OCCCOgEt)^ 

KOI^EtOH 

ref.30 

O-^CO^H 



-1.0-

/ ^ ^ C O M e 
Na/benzene 

OCĤ CÔ Me EtOH 0^^C02Me 
Ref.31 

The cyclisation of di-esters has been widely used i n recent years for 

the preparation of substituted 2,3-dihydrobenzo[b]furan-3-ones as 
32 

intermediates i n the synthesis of griseofulvins and related compounds . 

A large number of benzo[bjfuran derivatives have recently been prepared 

using methods of t h i s general type'^^. 

Cyclisation by method V involves electrophilic displacement of 

hydrogen and has generally been used to synthesise benzo [bjfuran 

derivatives from a range of carbonyl compounds. I n acid solution phenoxyacetals are converted to aldehydes which immediately cyclise' 

^OCH^CHCOEt)^ OCH^CHO 

3 5 
S i m i l a r l y i n strongly acidic media, ketones are cyclised i n high y i e l d : 

C r H ^ O H + C I C H ^ - C O C H , 

C H , 

- > CrH^OCH^COGH,, 0 5 I 2 3 

CH, 

CH, 

(80fo) 
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Cyclisation of acids^^ and acid chlorides^^'^^ givesrise to 2,3-

dihydrobenzo[b]furan-3-one and i t s derivatives: 

AlCyc^Hg 

OCĤ GOCl 
CH, Me 

Three in t e r e s t i n g new routes to benzo[bJfuran derivatives have 

recently been described i n the l i t e r a t u r e , a l l of which give high jrields. 

The f i r s t involves the reaction of an ortho-hydroxycarbonyl compound 
3 9 

with dimethylsulphoxonium methylide : 

z^^^^CHO 

OH 
+ -

+ Mê SOCĤ  

^OH 
d i l - a c i ^ 

+ -
+ Mê SOCĤ  

COCH, ^0- CH, 
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The second new. route i s an adaptation of the Fischer indole synthesis. 

The method was i n i t i a l l y reported by Sheradsky , but has recently been 
M 

improved : 

O2N + 

F C T.H.F. 0-N=C 

c.HCl/EtOH 

The t h i r d new route involves the reaction of an o-halogeno-phenol with 

cuprous acetylides .42. 

+ CuC = CR 
OH 

pyridine or 
D.M.F. 

X = Br, I 
( 5 0 - 9Cfo) 

The route has also been used f o r the synthesis of indoles using 

o-halogenQ,-anilines. This route has obvious applications i n the f i e l d 

of polyfluorinated heterocycles since polyfluoroaryl bromides have been 
43 

shown to react with cuprous salts with replacement of bromine : 

CuY + CgF^Br D.M.F. 
CgF̂ Y + CuBr 

Y = CN, CI, CgF^S, SMe etc. 
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For the synthesis of highly fluorinated benzo[bjfuran derivatives 
additional methods of r i n g closure of the furan r i n g are available: 

V I I I IX 

These methods involve nucleophilic displacement of fluorine by an oxygen 

anion ( V I I l ) or a carbanion (IX). The synthesis of 2-methyl-3-ethoxy-

carbonyl-4,5>6,7-tetrafluor6benzo[bjfuran ( l l ) from hexafluorobenzene and 

ethyl acetoacetate has been reported by two groups of workers'* ^ ' " ^ j who 

have postulated c o n f l i c t i n g mechanisms. The synthesis was f i r s t reported 

by Russian workers^^ who assumed, although with no experimental evidence, 

that the cyclisation was of type V I I I : 

COCH, 

-CHCO^Et 
Na 

CHCÔ Et 
F 

0̂ ^ ̂ CH 

CCÔ Et 

CO„Et 

( I I ) 
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On the basis of a more detailed study of the reaction, B r i t i s h workers 

have postulated cyclisation of type IX 

44 

^ GH, 

F U II 
l ^ ^ J ^ CHCÔ Et 

CCÔ Et 

-CH, 
I I 

These workers carried out the reaction with pentafluorobenzene, 

chloropentafluorobenzene and pentafluorobenzonitrile as well as hexa-

fluorobenzene, and on the basis of n.m.r. studies on the products (as yet 

unpublished) decided that the substituents were i n the 5-position. Assuming 

that nucleophilic substitution i n the above compounds takes place para to 

the substituent^^, the i n i t i a l replacement reaction must have involved the 

oxygen anion i n order to give r i s e to a 3-substituted trifluorobenzo[bjfuran: 

C -CO^Et ^CO^Et 

X = H, CI, CN 

I n i t i a l reaction of the carbanion derived from ethyl acetoacetate, as 

postulated by the Russian workers, would lead to a 6-substituted 

trifluorobenzo[b Jfuran: 

CO^Et 
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Some recent studies on the a l k y l a t i o n of ethyl acetoacetate i n dipolar 
46,47 

aprotic solvents have shown that the extent of 0-alkylation can be 

large but depends on the solvent, temperature, nature of the leaving group 

and the nature of the base. I t would therefore appear to be possible to 

obtain either 5- or 6- substituted trifluorobenzo[bjfuran derivatives from 

the above reaction by a suitable choice of conditions. 



C H A P T E R H 

DISCUSSION OF EXPERT¥F!NTAL WORK (PART l ) 
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Introduction 

Three routes were investigated f o r the synthesis of 4,5»6,7-

tetrafluQrobenzoLbJfuran: 

1. E l e c t r o p h i l i c displacement of hydrogen 

2. I n t e r n a l Claisen condensation 

C-C=0 

3. A v a r i a t i o n of route 2, i n which the carbanion was formed i n the 

fl u o r i n a t e d r i n g 

( X I I ) 

The synthesis, of compounds with the skeleton structure (X) required 

2,3>4,5-tetrafluorophenol as precursor, and since i t had not been prepared 

when t h i s work was started, a known phenol synthesis was adapted as a 

route to t h i s compound. The star t i n g material used was 1,2,3,4-tetra-

fluorobenzene which i s prepared, as are other highly fluorinated benzenes, 
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by the f l u o r i n a t i o n of benzene with cobalt t r i f l u o r i d e ' ^ t o give a mixture 

of polyfluorinated cyclohexanes and cyclohexenes, followed by dehydro-

f l u o r i n a t i o n with potassium hydroxide s o l u t i o n ^ ' ^ ^ and f i n a l l y 

defluorination by passage i n the vapour phase over heated iron gauzre^*^, 

Scheme 1: 

Scheme 1 

H 

^ ^ r e f 7^ E 

H F 
H 

2 \ ^ 2 
F H H^F 

(amongst others) 
aq.KOH 

\ r e f 49 

H H H 

+ Fe/430° 
^K^y^l F 

F 

aq.KOH 
J'o r e f 48' 

'F̂  Ref.50; " ^ ^ i - / ^ ^ 

H P 

Fq/520° 
r e f 50 

The cyclisation of f i v e compounds of tj^pe ( x ) was investigated under 

a v a r i e t y of conditions but a l l f a i l e d to give the desired cyclised product 

i n other than trace amounts. The synthesis of compounds suitable for 

i n t e r n a l Claisen condensation reactions was investigated and 2,3>4,5-

tetrafluorophenol was converted to a di-ester of skeleton structure (Xl) 

which was converted t o 4,5»6,7-tetrafluorobenzo[b]furan by a series of 

high y i e l d reactions. One compound suitable f o r cyclisation by route 3 
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was synthesised, but cyclisation could not be effected. 2,3,4,5-Tetrafluoro-

phenoxyacetic acid was unexpectedly converted to 4,5,6,7-tetrafluoro-2,3-

dihydrobenzo [b Jfuran-3-one: 

H 

OCĤ CÔ H 

Investigation of the mechanism of t h i s reaction has shown i t to be of 

type ( X I ) . 
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Section 1 

The Synthesis of 2,3»4,5-Tetrafluorophenol 

At the commencement of t h i s work two routes were available f o r the 

synthesis, of highly fluorinated phenols. The f i r s t involved the direct 

introduction of the hydroxyl group into the fluorinated aromatic nucleus 

by nucleophilic replacement of fl u o r i n e , Table 1 . 

Table 1 

Substrate Reaction Conditions Product Yield Reference 

CgFg a) aq.KOH, 175° Ĉ F̂ OH Bkfo 51 

b) KOIi/t-butanol Ĉ F̂ OH 7^fo 52 
r e f l u x 

CgF̂ OH KOH CgF^(0H)2meta>9(^ 80^ 53 

CgF̂ GĤ  KOI^/t-butanol p-CĤ Ĉ F̂ OH 3 ^ 51 

CgF̂ -. KOK/t-butanol p-flC^F^OH 20^ 54 

KOH/pyridine p-HĈ F̂ OH 32fo 51 

CgF^Br KOE/pyridine o-BrĈ Fĵ ÔH 26^ 51 

p-BrCgP^OH S2fo 

The second route involved i n i t i a l reaction of the highly fluorinated 

benzene with alkoxide ion followed by cleavage of the ether thus formed 

to give the phenol. Table 2. 
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Table 2 

Substrate Reagent Ether 
Dealkylation ~ I 7 Refer-
Conditions Product ence 

NaOMe/ 
MeOH 

C.P^OMe b 5 a) A1C1^/^2D° Ĉ P̂ OH a) 55 

b) l(.7fo H I b) 51 

C/eji NaOMe/ p-HC^F, OMe 
^ ^ MeOH 

A1C1^/120° p-HCgF^OH 56,54 

NaOH 

CH^ AlCyCgHg .OH 16 

These methods of synthesis have l i m i t e d appl icat ion however, due to 

the d i r ec t iona l e f fec t s of substituents i n the f luor ina ted r i n g on the 

pos i t i on of nucleophi l ic subst i tu t ion (see Chapter k-). Hence, i n order to 

prepare 2 ,3,4,5- tetraf luorophenol , an a l ternat ive synthesis was sought 

which d i d not involve nucleophil ic displacement of f l u o r i n e . 

A simple procedure f o r the conversion o f a r y l halides to the 

57 
corresponding phenols, i n high y i e l d , has been described by Hawthorne : 

ArX > ArMgX 
1. B(0Me), 

2. H2O/H* 
ArB(OH), 

Wo H^O^ 

ether 
ArOH 

The method has been adapted f o r the preparation of high molecular weight 

phenols, such as 2 - f luorenol and 5-acenaphthenol, by using 30?S hydrogen 
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peroxide and benzene solvent f o r the oxidat ion o f the boronic acid^^. 
Ear l i e r work on the synthesis of pentafluorophenol ft*om pentafluorophenyl 
magnesium bromide by react ion w i t h t r imethylborate , hydrolysis of the 
ester w i t h d i l u t e acid and subsequent oxidat ion of the resu l t ing acid, 
which was not i so la ted , by J)Qfo hydrogen peroxide proved unsuccessful^^. 
Pentafluorophenylboronic acid has since been isolated by a d i f f e r e n t 
route and gave pentafluorophenol i n high j r i e l d using hydrogen peroxide^^: 

BCl, 
Me^SnBr + CgF^MgBr > MeMgC F̂̂  

Pentafluorophenylboronic acid was also shown to undergo ready hydrolysis 

to pentafluorobenzene i n aqueous solution^*^: 

CgF^B((H)2 + > CgF^B(QH)2-Cfl2 ^ C^F^BCOH)^ 

CgF^ + B (0H) . 

This s u s c e p t i b i l i t y to hydrolysis would account f o r the f a i l u r e o f the 

attempted preparation of pentafluorophenol by oxidation of pentafluoro­

phenylboronic acid wi th 30^ hydrogen peroxide^^. 

The synthesis of 2,3>^»5-tetrafluorophenol required the use of a 

2,3>^>5-tetrafluorophenyl organometallic compound; the l i t h i u m derivative 
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was used since Tamborski had already shown that 1,2,3,^^-tetrafluorobenzene 

forms a mono-lithium der ivat ive i n high y i e l d when treated wi th one 

equivalent of b u t y l - l i t h i u m ^ ^ The overa l l synthesis may thus be w r i t t e n : 

85.^2°2 BuLx 

A X=H, Y ^ , Z=F 

B I=Br, Y=Br, Z=F 

C X=F, Y=Br, Z=F 

D X=F, Y=H, Z=H 

The method was i n i t i a l l y developed using the readi ly available pentafluoro-

bromobenzene and converting i t to pentafluorophenol , and then extended 

to the synthesis of other phenols including the required 2,3>^.,5-

te t raf luorophenol , Table 3* 

Table 3 

Sta r t ing Compound 

CgF^Br 

B 1,2-Br2CgF^ 

A 1,2-H2CgF^ 

Phenol 

CgF̂ OH 

2-BrC^F, OH b 2̂  

2-HCgF^OH 

4-HC^F^OH 

Major Solvent 

Hexane 

Hexane 

Tetrahydrofuran 

Tetrahydrofuran 

Yie ld 

39?? 

39% 

55% 

s B u t y l - l i t h i u m was always used i n hexane solvent. 
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I n i t i a l l y hexane was used as solvent to avoid the p o s s i b i l i t y of reaction 

between solvent and the high tes t peroxide, and t h i s proved sa t is factory 

when the l i t h i u m der ivat ive was formed from a bromofluorobenzene, but i4ien 

t h i s solvent was used wi th 1 ,2,3,4-tetrafluorobenzene, no phenolic product 

was obtained. However, when tetrahydrofuran was used f o r the reactions of 

hydrofluorobenzenes, good y ie lds of f luor ina ted phenols were obtained. 

This i s consistent w i t h the work o f Tambarski who has shown f i r s t l y , that 

the react ion of hydrofluorobenzenes w i t h a l k y l - l i t h i u m i s s i g n i f i c a n t l y 

61 
slower i n hexane than i n ether or tetrahydrofuran , and secondly, that 

bromofluorobenzenes react much more rap id ly w i t h a l k y l - l i t h i u m than do 
62 

hydrofluorobenzenes . 

Since the completion of t h i s work, the preparation of 2 ,6 -d i f luo ro -

63 

phenol and 2,3-difluorophenol by an analogous method has been reported . 

I n t h i s case, however, the boronic acids were formed from the esters and 

oxidised w i t h 30?S hydrogen peroxide to give jrields of k-Ofo and 60fo 

respect ively . Very recent ly , f u r the r work on the preparation of 2,3,4,5-

te t raf luorophenol has shown that higher y i e ld s (70-80^) can be obtained by 

carrying out the oxidation wi th 30^ hydrogen peroxide, i n i t i a l l y at - 70° , 

and then at room temperature f o r 16 hr . 
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Section 2 

Attempted synthesis o f ^,5,6,7- tetrafluorobenzo[b]furan derivatives 

by e lec t rophi l i c r i n g closure 

This type of synthesis may be generally represented by 

The cyc l i sa t ion of the fo l lowing f i v e compounds was investigated: 

2>3>^>5-tetrafluorophenoxy-acetic acid ( X I I l ) , -acetyl chloride (XIV), 

-acetaldehyde diethylacetal (XV), 2 - ( 2 ' , 3 ' S ' - t e t r a f l u o r o p h e n o x y ) 

ethanol (XVl) and w-(2,3>^>5-tetrafluoropheno3!y)acetophenone (XVI l ) . 

0 - Y 

X I I I Y = CĤ CÔ H 

XIV Y = CH^COCl 

XV Y = CH^CHCOEt)̂  

XVI Y = CĤ CĤ OH 

XVII Y = CĤ COCgĤ  

The f i r s t four compounds, ( X I I l ) , (XTV), (XV), (XVl) , were synthesised 

by standard methods from the potassium salt o f 2,3»^>5-tetrafluorophenol. 

(XVII) was obtained from attempted cyc l i sa t ion reactions of ( X I I l ) and (XIV). 
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2,3>4,5-Tetrafluorophenoxyacetic Acid ( X I I I ) 

The route used to prepare the acid consisted of reaction of the 

potassium sa l t o f the corresponding phenol w i t h e thyl chloroacetate 

fol lowed by hydrolysis of the phenoxyacetic ester. I n order to determine 

the conditions required f o r these two reactions 2 ,3 ,4,5,6-penta-(XVIIl) , 

and 2,3,5,6-tetrafluorophenoxyacetic acids (XEX) were f i r s t synthesised by 

the same route from the more r ead i ly available pentafluorophenol^'' '^^ and 

2,3,5,6-tetrafluorophenol^^'^"^ respect ively. The ethyl esters o f (XVI I l ) 

and (XIX) were also synthesised by nucleophil ic replacement of f l uo r ine 

from hexa- and penta-fluorobenzene respect ively, using the sodium salt of 

e thyl g l y c o l l a t e j replacement of f l u o r i n e from pentafluorobenzene took 

place as expected at the 4 -pos i t ion ( >90fo)'^: 

CICH CO Et 
2 2 0CH2C02Et OCĤ CÔ H 

p 

X 
N^OCH^CO^Et 

X 

X = P (XVII I ) 

X = H (XIX) 

+ ClCH^CO^Et y 

--OCH^CO^Et OCĤ CÔ H 

( X I I I ) 
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Attempted a lkal ine hydrolysis of e thyl pentafluorophenoxjracetate by 

r e f l u x i n g i n 5N sodium hydroxide solut ion f o r one hour gave r i se to a 

mixture o f products probably due to nucleophil ic replacement of f l uo r ine 

by hydroxyl ion i n addi t ion to hydrolysis of the ester. Acid hydrolysis , 

however, w i t h sulphuric ac id {50% v /v ) gave an excellent y i e l d of the acid. 

Stoermer and Bartsch^^ carr ied out the o r i g i n a l studies on the 

cyclodehydration of phenoxy-acetic acids using phosphoric oxide i n benzene 

to give 2,3-dihydrobenzo[b]furan-3-one (XX) i n low y i e l d : 

Wo) 

65 

More recen t ly , attempts have been made to synthesise a series of three 

2,3-dihydrobenzo[bjfuran-3-ones, (XX), (XXl) , (XXI I ) , by t h i s and other 

methods: 

(XXI) 

CI 

(XXII) 

I t was, found using t h i s method that the 3rLeld of cycl ic ketone decreased 

as chlorine subs t i tu t ion increased, (XXl) being formed only i n trace 

quan t i t i e s , and (XXII) not at a l l . Since the cyc l i sa t ion reaction involves 
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e l ec t roph i l i c subs t i tu t ion meta to one chlorine i n one case, and meta to 

two chlorines i n the other case, and chlorine i s known to direct ortho/para 

i n e l e c t r o p h i l i c subs t i tu t ion , the f a i l u r e to obtain good yields i n either 

case i s not unexpected. Although (XXIl) was not formed from the reaction 

of 2,2(.-dichlorophenoxyacetic acid wi th phosphoric oxide i n benzene^^, 

another compound was i so la ted and i d e n t i f i e d as 2,4-dichlorophenyl 

2',2t.'-dichloropheno2yacetate (XXI I I ) 

OCH CO 

(XXII I ) 

The mechanism of the formation of t h i s ester has been studied i n d e t a i l 

by Armarego^^, who found that diphenylmethane and 2,4-dichlorophenol were 

formed i n addi t ion to the ester ( X X I I l ) . On the basis of reactions i n which 

the methylene carbon atom of the phenoxyacetic acid was ' ' ^ - l a b e l l e d , a 

mechanism was postulated which involved i n i t i a l cleavage of the ether l i n k 

i n the ac id : 

CI 

+ s t a r t ing 
acid 

+ tcH^co^nr 

'eh 

(XXII I ) 
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The react ion o f 2,3>^,5-tetrafluorophenoxyacetic acid ( X I I l ) w i th 
phosphoric oxide i n benzene d i f f e r e d from those of the acids mentioned 
above i n that an acetophenone der ivat ive (XVIl) was formed i n addit ion to 
an ester (XXIV) and diphenylmethane, and hence an addi t ional mechanism 
must be postulated involv ing react ion o f the intermediate acylium cation 
w i t h the solvent, scheme 2: 

Scheme 2 

•OCHgCÔ H 

( X I I I ) + s ta r t ing 
acid 

'OCH ĈOCgH^ 

(XVII) 

F 

.H H 

•OCH^CO^ 

(xxiv) 

+ [CH^CO^H]-" 

The structure of the ester (XXIV) was confirmed by independent synthesis 

from the corresponding phenol and acid chloride: 

(xm) + Hci 
OCH2COG1 

The s t ruct i i re o f the acetophenone der ivat ive (XVIl) was assigned on the 
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basis o f coirect elemental analysis, mass spectroscopic molecular 

weight and fragmentation pat tern , H n .m. r . , and independent synthesis 

by means o f a. Pr iede l Craf t s react ion between the corresponding acid 

chloride and benzene (see l a t e r ) . The ''H n,m.r. spectrum of (XVll) i n 

acetone consisted of four absorptions at T 1*8, 2*3, 2»6 and 4*1, 

w i t h r e l a t i v e in t ens i t i e s 2:3:1:2. The f i r s t two absorptions were 

a t t r i b u t e d to the hydrogens o f the C^H^- r i n g by comparison wi th the 

spectrum o f acetophenone^^; the t h i r d absorption, a broad coiiplex band 

was a t t r i b u t e d to the hydrogen i n the te traf luorophenyl r i n g , the 

complexity being due to coupling wi th the four f l uo r ine atoms. The 

absorption at 7' 4*1., a s ing le t , was a t t r i b u t e d to the -CH^- group. 

The molecular weight by mass spectroscopy was 284 (required 284) and the 

,E 

fragmentation pattern included peaks at l66 

119 (CgH^ COJH^), 105 (CgH^ CO) and 77 (C^H^*)-

To avoid the react ion of the acylium cation wi th the benzene solvent, 

the react ion was carr ied out i n cyclohexane, but i n t h i s case a d i f f e r e n t 

ester, 2^,3',4',5'-tetrafluorophenoxymethyl 2,3,4,5-tetrafluorophenoxy-

acetate(XXV) was formed: 

V i O 

OCE^CO^ '̂ 6̂ 12 OCH^-CO^-CH^-O-

(XXV) 

F 



-30-

Ihe structure o f t h i s ester (XXV) was assigned on the basis of correct 
1 

elemental analysis, H n .m. r . , mass spectroscopic molecular weight and 

fragmentation pa t te rn , and the behaviour on a lkal ine hydrolysis. The 
1 

H n.m.r . spectrum o f XXV i n carbon te t rachlor ide showed three 

absorptions at 3'3» 4*3» and 5*3» a l l of equal i n t ens i ty . The las t 

two absorptions were singlets and were a t t r ibu ted to the two methylene 

groups. The absorption at Y 3*3 was a broad conplex band and was 

assigned to the aromatic hydrogens. The major peaks from the mass 

spectrum are shown i n table 4: 

Table K 

Mass Spectrum of 
•OCĤ CÔ CĤ O 

XXV 

Mass Probable 
Fragment Lost Probable Ion 

402 parent 
OCH^C-OCH^O-

F 

372 p-30 CĤ O 

OCH„C 

344 p-58 CO 
OCH_0 
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178 p-224 

166 p-246 

F 
CH, 

0 . + 

Metastables at 344 and 318 

The two metastable peaks can be used to v e r i f y two fragmentations using 

68 
the formula 

where 

mg= m^ 
m. 

nig = mass of metastable 

m̂  = mass of o r i g i n a l ion 

m^ = mass of product ion 

Metastable at 344; 

402* 372* + 30 

Calculation of mass of metastable from the above formula gives 

nig = 31(4-2 

Metastable at 318: 

372 ,+ -> 344* + 28 

Calculat ion of mass of metastable gives mg = 318*2 

Thus, the probable mechanism of d is in tegra t ion i s : 
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0 ^ '^c=ot 

+ CH_0 

OCH—0 

+ CO 

The a lka l ine hydrolysis o f the ester (XXV) was carried out i n a s imilar 

manner to that used f o r s imi lar chlorine substituted esters^^; 2,3,4,5-

tetrafluorophenoxyacetio acid ( X I I I ) and 2,3j4,5-tetrafluorophenol were 

i so la t ed , but the formaldehyde formed i n the reaction was not isola ted: 

F 
•OCĤ CÔ CĤ O-

(XXV) 

aq.NaOH 

OCĤ CÔ H 

( X I I I ) 

P 

+ CĤ O 
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A possible explanation of the d i f f e r e n t course of the reaction i n 

cyclohexane as compared w i t h benzene i s the a b i l i t y of benzene to 

s t a b i l i s e the charged species postulated i n Scheme 2 by in terac t ion 

w i t h i t s w -electron system. Cyclohexane o f f e r s no such s t ab i l i s i ng 

e f f e c t and hence the react ion i s un l ike ly to involve such charged 

species. Chlorine substi tuted esters s imi lar to that formed i n t h i s 

react ion have been sjmthesised by react ion of the phenoxyacetyl chloride 

w i t h s i l v e r phosphate^^. The mechanism proposed involves the i n i t i a l 

formation of a phosphate ester, two molecules of which form a complex 

which then decomposes g iv ing the observed products: 

R-OCHg-CO-O-I?^ R-O-CH^-CO-O-P^ 

R-O-CH2-C 0 - O - P ^ ROCĤ C 0-6 — 

ROCH2CO2CH2OR + ^P-CO-O-P^ 

CO + ^ - 0 - P ^ 

This mechanism would also account f o r the product (XXV) formed i n the 

react ion o f the acid ( X I I l ) wi th phosphoric oxide i n cyclohexane. 

Cyclodehydrations of the acid ( X I I l ) were also attempted using i n 

t u r n concentrated sulphuric ac id , polyphosphoric acid and anhydrous 

hydrogen f l u o r i d e , but a l l were unsuccessful. I n concentrated sulphuric 

acid only s t a r t ing mater ia l and tars were obtained. The reactions wi th 

poljrpho spheric acid were carr ied out i n a sealed tube wi th shaking due 

to the tendency of the acid ( X I I l ) to sublime out of the reagent; again 
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only s t a r t i ng material and tars were obtained. Anhydrous hydrogen 
f l u o r i d e at room temperatiire and pressure had no e f f ec t on the ac id . 

2,3>4»5-Tetrafluorophenoayacetyl Chloride (XIV) 

The acid chloride (XTV) was obtained i n excellent y i e l d {> 90%) 

from the reaction of the acid ( X I I I ) wi th t h i o n y l chloride. 

F 
SOCl, 

•GCĤ CÔ H 
F 

•OCH ĈOCl 

( X I I I ) (XIV) 

9h% 

Reaction of phenoxyacetyl chloride wi th aluminium chloride i n 

benzene^^ gave a mixture of 2,3-dihydrobenzo[b]furanr-3-one and 

w -phenoxyacetophenone: 

A l C l 

C^H, •̂ ^ ŝ̂ ^̂ ^OCH^COCl ^6"6 
+ CgH^OCH ĈOĈ H^ 

Tolyloxy.acetyl chlor ides , however, gave.a higher y i e l d of the cycl ic 

ketone (35-40^) and no acetophenone derivative^^. Reaction of mono-

chlorophenoxyacetyl chlorides under Fr iedel Craf ts conditions ' 
0 

gave only low y ie lds of cyc l ic ketones, and i n the reaction of 2,4-

dichlorophenoxyacetyl chloride no cyc l ic ketone (XXIl ) was isolated 

at a l l ^ ^ . When the l as t react ion was carr ied out i n benzene a 20^ 
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y i e l d o f the corresponding acetophenone derivat ive was obtained^^. 

When 2,3,4,5-tetrafluorophenox3racetyl chloride (XIV) was treated 

w i t h aluminium chloride i n benzene at room temperature, no cyclised 

product was i so la ted ; -(2,3,4,5-tetrafluorophenoxy)acetophenone 

(XVII) was obtained i n high y i e l d (lOfo): 

OCH ĈOCl 

(XIV) 

•OCĤ COCgĤ  

(XVII) 

When the same react ion was carried out i n carbon disulphide solvent, 

a reddish brown complex was formed, from which a small amount (Ca.10 m.g.) 

of white so l id product was obtained a f t e r a c i d i f i c a t i o n . Comparison of 

the i n f r a - r e d and mass spectra of t h i s product wi th those of an authentic 

sample of 2,3-dihydro-4,5,6,7-tetrafluorobenzo[b]furan-3-one(XXVl), 

prepared l a t e r , showed that the product consisted mainly of t h i s compound: 

P 
AlCl^/CS^ 

OCH ĈOCl 

(XXVI) (trace) 

2,3,4,5-Tetrafluorophenoxyacetaldehyde Die thy l Acetal (XV) 

The conditions required f o r the preparation of the acetal (XV) 

were i n i t i a l l y investigated using the more readi ly available 2,3,5,6-

t e t ra f luorophenol . Reaction of the potassium salt of the phenol wi th 
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chloroacetaldehyde d i e t h y l acetal i n dimethylformamide resulted i n 
poor; y i e l d s , but when the bromo-acetal was used good yie lds were 
obtained: 

H H 

+ BrCH^CHCOEt)^ 
D.M.F. 

r e f l u x OCH^CHCQEt)̂  

Cyclisationsof phenoxyacetals were reported by Stoermer at the 

tu rn of the century^^*^^, but poor yields were obtained. A recent 

72 

study has been made on the oycl isa t ion o f aryl thio-aceta ls and a 

v a r i e t y o f cyc l i sa t ion agents were invest igated, the best of which was 

found to be polyphosphoric ac id . This reagent has found wide use i n 

recent years i n the synthesis of fused r i n g heterocycles by cyclode-

hydration reactions When the acetal (XV) was treated wi th t h i s 

reagent, no t rac table organic product was formed. Reaction of (XV) wi th 

adhydrous hydrogen f l u o r i d e , another reagent known to e f f e c t 

75 

cyclodehydrations , resul ted i n a mixture of high molecular weight 

products (350-̂ 1-00; from mass spectrum), probably ar i s ing from acid 

catalysed condensation of the aldehyde before cycl isat ion could occur. 

2-(2' ,3' ,4 ' ,3 ' -Tetrafluorophenoxy)ethanol (XVl) 

I n i t i a l invest igat ions of the conditions required f o r the synthesis 

o f t h i s compound were carr ied out on the more readi ly available 2,3,5,6-

te t raf luorophenol , and good y ie lds were obtained i n both cases from the 
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react ion of the potassium sal t of the phenol w i t h 2-chloroethanol i n 
dimethyl formamide i n a sealed tube: 

D.M.F. 
+ GICH^CH^OH 

170̂  • OCĤ CĤ OH 

Methyl and "bromine substi tuted 2,3-dihydrobenzo[b]furans have been 

prepared from the reaction of phenoxyethanols wi th phosphoric oxide i n 

J 6 . benzene or methyl e thyl ketone : 

OCHgCĤ CH 

Benzene 
i50fo) 

CH, 

The react ion of the alcohol (XVl) wi th polyphosphoric acid resulted i n 

cleavage of the ether linkage to give 2,3 Aj5 - te t raf luorophenol . No 

t rac tab le organic compound was obtained from the reaction of (XVl) wi th 

phosphoric oxide i n cyclohexane. 

^ -(2>3?^>3-Tetrafluorophenoxy)acetophenone (XVIl) 

This ketone was prepared from 2,3>^j5-tetrafluorophenoxyacetyl 

chloride (XIV) as described above. 

w -Phenoxyacetophenone has been reported to give mixtures of 

2-phenyl- and 3-phenyl-benzo{b]furans when treated wi th phosphoric oxide 

i n benzene or poljrphosphoric acid^^*^^: 
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OCĤ COCgĤ  
0 ^ ^ 

On treatment o f the ketone (XVII) w i t h concentrated sulphuric acid 

only unchanged s t a r t i ng material and tars were obtained. 

Conclusions 

The information available on the e lec t rophi l i c displacement of 

hydrogen from a po lyf luor ina ted aromatic r i n g shows that f a i r l y severe 

conditions are required compared wi th non-fluorinated compounds. 

Sulphonation, bromination and iodina t ion of pentafluorobenzene a l l give 

79 
high y i e l d i n the presence of oleum . The Priede.li Crafts reaction of 

pentafluorobenzene gives high yields when carried out i n a steel reaction 
80 

vessel at 150 . The d i rec t n i t r a t i o n of highly f luor ina ted aromatics 

i n high y i e l d has recent ly been described using a homogeneous system 

81 
composed of fuming n i t r i c ac id , boron t r i f l u o r i d e and sulpholan . 

Intramolecular e l ec t roph i l i c displacement reactions have been described 

23 

i n the preparation of 5 j6 ,7»8 - t e t ra f luorquino l ine and 3-methyl-i«-,5,6,7-

tetrafluorobenzo[b]thiophen^^; the former reaction requires 18 hours at 

120° w h i l s t the l a t t e r requires 2 hours at 1i60-l80°. 

I n the attempted e l ec t roph i l i c cyc l i sa t ion reactions described i n 

t h i s section, i t would appear that the required e lec t rophi l i c species 

were formed i n some, i f not a l l , cases. The formation of ^^-(2,3,^,5-
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tetrafluorophenoxy)acetophenone (XVT) from the react ion of 2,3,4,5-
tetrafluorophenoxyacetic acid ( X I I I ) w i t h phosphoric oxide i n benzene 
and from the react ion of 2,3,4,5-tetrafluorophenoxyacetyl chloride (XIV) 
w i t h aluminium chloride i n benzene suggests that the e lec t roph i l i c 
species (XXVll) was an intermediate i n these reactions: 

(XXVII) 

The formation o f 4,5,6,7-tetrafluoro-2,3-dihydrobenzo[b]furan-3-one 

(XXVI) , although only i n small q i j an t i t i e s , from the reaction of the acid 

chlor ide (XIV) w i t h aluminium chloride i n carbon disulphide also requires 

(XXVII) as aji intermediate. When more fo rc ing conditions were used, such 

as react ion i n polyphosphoric acid or concentrated sulphuric ac id , only 

decomposition products were obtained. This suggests either that any 

cycl ised product formed i s decomposed under these conditions, or that 

intermolecular reactions take place i n preference to the desired 

intramolecular cyc l i sa t ion , thus leading to the decomposition products. 



Section 3 

The Synthesis of 2^,5>6,7-Tetrafluorobenzo[bjfuran 

Following the f a i l u r e of the e l ec t roph i l i c cycl i sa t ion reactions 

described i n Section 2, a second conventional synthesis of benzo[b]furan 

der ivat ives was invest igated: 

OCĤ CÔ R 

OR 

F \ 
OCHCÔ Ri 

xmii 
This type o f sjrnthesis has been shown to be quite general^^'^^'^^' and 

appears to be less dependent on the nature of the r i n g substittients than 

the e l ec t roph i l i c cyc l i sa t ion : 5y7-dichloro-2,3-dihydrobenzo[b]furan-3-one 

(xni) could not be 

(mi) 

obtained by d i rec t e lec t roph i l i c cyc l i sa t ion reactions, but has been 

synthesised v ia t h i s route^^. I n order to investigate t h i s type of 

sjmthesis i t was necessary to synthesise a suitable di-ester (XXVII l ) . 

A method o f synthesis o f carboxylic acids has been described by 

Tamborski^^, by react ion of hydrofluoroaromatic compounds wi th 
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bu ty l ' - l i t h ium to give h igh ly f luor ina ted phenyl- l i thium compoimds, 

which were then carbonated. An extension of t h i s reaction was applied 

to 2j3,4,5-tetrafluorophenoxyacetic acid i n an attempt to prepare the 

di -carboxyl ic acid (XXIX), which could then be converted to the di-ester 

( X X V I I l ) . Two equivalents of b u t y l - l i t h i u m were used i n the react ion, 

one to react w i t h the carboxylic acid group, and the other to form the 

required phenyl - l i th ium. None of the expected d i -ac id (XXIX) was 

i so la ted from t h i s reaction but iinexpectedly 4 ,5 ,6 ,7 - te t ra f luoro -2 ,3-

dihydrobenzo[b]furan-3-one (XXVl) was obtained i n low y i e l d {^k•fo): 

1. 2BuLi 
2. CO^ 

•OCH2CO2H 2 

ÔCĤ CÔ H 

(XXIX) 

( X I I I ) 

(XXVI) 

The mechanism of the formation of (XXVT) was investigated by a number 

o f reactions on the acid ( X I I I ) and the d i - ac id (XXIX), which was 

synthesised by an a l te rna t ive route; the resul ts of these reactions 

are shown i n table 5: 



Table 5 

Star t ing 
Acid Moles 

BuLi 
CO^ Yie ld of 

. XXVI 

Start ing 
Material 

recovered 

X I I I 2 No Trace 
(ca 1^) 

-

X I I I 2 Yes M4 3̂ 0 

X I I I 3 Yes !>% -

XXIX 3 No - -

XXIX 3 Yes -

The f i r s t step was to discover whether cyc l i sa t ion took place before 

carbon dioxide was added; only a trace of (XXVl) was formed when carbon 

dioxide was omitted which indicated that the cyc l i sa t ion shown was not 

important: 

H 
IT 

F 
ÔCHgCÔ H 

2 ^ O L i 

4̂  

(xm) 

I n the i n i t i a l r eac t ion , i n addi t ion to (XXVl), unchanged s ta r t ing 

material (ca 3 ^ ) was recovered which indicated the presence of more 

than two active hydrogen atoms i n the molecule. On increasing the 

proport ion of b u t y l - l i t h i u m to three moles, no s t a r t ing material was 
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recovered and the y i e l d of (XXVl) was great ly increased. This 

suggested the formation of a t r i - l i t h i u m compound (XXX): 

0CHC02Li 

Carbonation of (XXX) could give three possible products, (XXXl), 

(XXXII) , ( X X n i l ) : 

-0CH(C02Li)2 

(XXXI) 

.̂ :̂ :̂ \̂ co L i 

OCHCO^Li 
L i 

(XXXII) 

P 
0CH(C02Li)2 

(XXXIII) 

Compound (XXxiIl) was discounted since cycl i sa t ion would occur by a 

react ion which was shown above to be unimportant. I n order to decide 

between intermediates (XXXl) and (XXXII) the reaction of the d i -ac id 

(XXIX) was studied under the same conditions. Reaction of (XXIX) wi th 

three noles of b u t y l - l i t h i u m would be expected to give (XXXII); i f t h i s 

was carbonated, (XXXl) would be formed. I t was found that the reaction 

o f (XXIX) w i t h three moles o f b u t y l - l i t h i u m without carbonation gave no 

4,5,6,7-tetrafluoro-2,3-dihydrobenzo[b]furan-3-one (XXVl); react ion 

w i t h three moles of b u t y l - l i t h i u m followed by carbonation gave a % 



3n.eld o f (XXVl). The f a t e of the remaining s ta r t ing material i n these 

reactions could not be determined since the residues consisted of highly 

i n v o l a t i l e t a r s . The evidence from the.above reaction suggests that 

(XXXl) was the intermediate which on a c i d i f i c a t i o n decarboxylates and 

cycl ises . An attempt was made to prepare the t r i - e s t e r corresponding 

to (XXXI): 

/ ^ ^ ^ C O ^ E t 

F 

( X I I l ) was t reated wi th three moles of bu ty l l i t h i u m and carbonated; 

the solvent was then d i s t i l l e d o f f and t h i o n y l chloride was added, 

fo l lowed by ethanol; t h i s was unsuccessful giving r i se to a con^jlex 

mixture of high b o i l i n g compounds. 

The d i - ac id (XXIX) used i n the above reactions was obtained by a 

sequence of high y i e l d reactions from 2,3,4-,5-tetrafluorophenol: 

F 
2.BuLi 

CO. 

EtOH 

QH conc.H^SO^ 

CO^Et 

(XXXIV) (xxxv) 
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BrCH^CO^Et 

^^^^ K^CO^Acetone ^ 

CO^Et 

OCHgCO Êt 

aq. NaOH 
> 

CO„H 

OCH2CO2H 

(XXXVI) (XXXIX) 

5lfo 

Using the method described by Tamborski^^ f o r the synthesis of carboxylic 

acids, 2 ,3,4,5- tetraf luorophenol was treated wi th two moles of b u t y l -

l i t h i u m fol lowed by carbonation to give the s a l i c y l i c acid (XXXIV). 

Tamborski has since reported the preparation of 2 ,3 ,5 ,6 - te t raf luoro -4-
82 

hydroxybenzoic ac id by the same reaction " . The s a l i c y l i c ac id (XXXIV) 

was converted to i t s e thyl ester (XXXV) by heating under r e f l u x wi th 

ethanol and concentrated sulphuric ac id . E s t e r i f i c a t i o n of (XXXIV) was 

i n i t i a l l y attempted by react ion w i t h t h i o n y l chloride to give the acid 

ch lo r ide , which was not i so la ted , and then adding methanol; t h i s gave 

about 3 ^ y i e l d o f the methyl ester (XXXVIl) but another ester (XXXVIIl) 

was also i so la ted , which was presumably formed as shown: 
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SOCl. 

CH OH 

(XXXVII) 

(XXXIV) 
2 molecules 

-HCl COCl 

CH OH 

(XXXVIII) 

This ester (XXXVTIl) was not completely characterised, s t ruc tura l 

assignment being made on the basis of i n f r a - r e d j ' ' H n.m.r. and mass 

spectra. The i n f r a - r e d spectrum showed two absorptions i n the carbonyl 

-1 -1 

s t re tching region, at 1750 cm and 1720 cm . The molecular weight by 

mass spectroscopy was 416 ( required M=4l6). The n.m.r. spectrum of 
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(XXXVIIl) i n carbon te t rachlor ide consisted of two absorptions at 

7'2»3 ( s i n g l e t ) and 7'6'2 ( s i n g l e t ) wi th r e l a t i v e in tens i t i e s 1:3; 

these were assigned to the hydroxyl and methyl protons respectively. 

The di-es ter (XXXVl) was obtained by reaction of the ester (XXXV) wi th 

e thy l bromoacetate i n acetone i n the presence o f potassium carbonate. 

Hydrolysis of (XXX7l) i n d i l u t e a l k a l i gave the d i -ac id (XTEX). 

The di-ester (XXXVl) was suitable f o r the i n t e rna l Claisen 

condensation react ion described at the beginning of t h i s section; 

reaction w i t h sodium hydride i n tetrahydrofuran gave 2-eth03ycarbonyl-

4,5»6,7-tetrafluoro-3-hydrox5rbenzo [b j fu ran (XXXIX): 

^CO^Et 

•OCH^CO^Et 

(XXXVI) 

NaH 

T.H.F. 
F 

OH 

0 - CO^Et 

(XXXIX) 

The cycl ised ester (XXXIX) i s a p o t e n t i a l l y tautomeric con^pound and the 

enol form was assigned to i t on the basis o f i t s i n f r a red and ^H n.m.r. 

spectra. The i n f r a - r e d spectrum contained a strong sharp absorption at 

3»360 c m ' ^ a t t r i bu t ed to hydrogen bonded -OH, and a strong sharp 

absorption at I69O cm""'', a t t r i b u t e d to hydrogen bonded carbonyl group. 

The H n.m.r . spectrum o f (XXXIX) i n carbon te t rachlor ide consisted of 

three groups o f peaks: 7'8*5 ( t r i p l e t ) ; 7 " 5 ( q u a r t e t ) ; T ' 1 ( b r o a d 

s i n g l e t ) , w i t h r e l a t i ve i n t e n s i t i e s 3:2:1. These absorptions were 
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a t t r i b u t e d to the methyl, methylene and hydroxyl protons respectively. 

Hydrolysis o f (XXXIX) i n both acidic and a lka l ine media gave 4,5,6,7-

t etrafluoro-2,3-dihydrobenz:o [b ]furan-3-one (XXVI): 

CO^Et 

4^ 

(XXXIX) (XXVI) 

Ac id ic hydrolysis gave a higher y i e l d than hydrolysis i n a lkal ine 

medî ^m, since (XXXIX) was prec ip i ta ted out of the alkal ine so lu t ion , 

presumably due to the formation of the sodium sal t of the -OH group. 

None of the acid corresponding to the ester (XXXIX) was isola ted; 

presumably decarboxylation took place spontaneously during react ion or 

work up. The cyc l i c ketone (XXVl) i s also a. p o t e n t i a l l y tautomeric 

compoimd; the ketone structure was assigned to t h i s compound on the 

basis of i t s i n f r a - r e d and ^H n.m.r. spectra. The i n f r a - r ed spectrum 

showed no absorption which could be a t t r ibu ted to an hydroxyl group but 

showed a strong absorption i n the carbonyl stretching region, at 1740 cm 

The % n.m.r . o f (XXVl) i n carbon te t rachlor ide showed a single absorption 

at 7'5*1 ( s i n g l e t ) , w e l l u p f i e l d from the pos i t ion of absorption of the 

hydrogen i n the 2-posi t ion of 4 ,5,6,7- tetraf luorobenzo[b]furan; no 

absorption due to an hydroxyl proton was observed. Acetylat ion of the 

ketone (XXVl) w i t h sodium acetate i n acetic anhydride gave 3-acetoxy-

4,5,6,7- tetraf luorobenzo[b Jfuran (XL): 

-1 
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F 
4^' 

(XXVI) 

NaQAc/Ac„0 
OCOCH 

(XL) 

The H n.m.r . o f (XL) i n chloroform showed two peaks at T 2*1 ( s ing le t ) 

and T l * l ( s ing le t ) i n the r a t i o of 1:3. The f i r s t absorption occurs i n 

the same region as the 2-hydrogen of other benzo[b]furans. Other 2,3-

dihydrobenzo[b]furan-3-ones have been acetylated i n the same way . The 

react ive methylene group of the ketone (XXVl) reacted as expected w i t h 

benzaldehyde i n the presence of a base to give a benzylidene der ivat ive: 

Et(^/OEt~ 
(XXVI) + CgĤ CHO • >• 

^ -^CHC^Hj. 
0 6 5 

Reduction of 2,3-dihydrobenzo[b]furan-3-ones \vith Raney n i cke l under 
84 

hydrogen has been described i n the l i t e r a t u r e ; applicat ion of t h i s 

method to (JCXVl) gave small amounts of 4,5,6,7-tetrafluorobenzo[b]furan 

( X L l ) , but also other u n i d e n t i f i e d mater ia l . Reduction of (XXVl) w i th 

sodium borohydride however, gave a viscous o i l , the i n f t a - r e d spectrum 

of which was consistent w i t h the alcohol ( X L I l ) ; dehydration of t h i s o i l 

w i t h phosphoric oxide, or by heating gave a good y i e l d (ca. IQffo) o f (XLl) : 
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F 

(XXVl) ( X L i i ) (XLI) 

The f i r s t stage o f the react ion was carried out by dissolving (XXVl) i n 

methanol, cooling to ca 5 ° J and adding sodium borohydride i n small 

quant i t i es . I f , however, the sodium borohydride was f i r s t dissolved i n 

methanol to which a few drops of d i l u t e a l k a l i had been added to reduce 

evolut ion of hydrogen, a smaller j r i e ld of (XLl) was obtained, and some 

2,3>4>5-tetrafluorophenoxyacetic ac id ( X I I l ) was also isola ted: 

HO" — > 
^^^^^/^OCH^CO^H 

(XXVI) ( X I I I ) 

E thyl 

Attempted cyc l i sa t ion of/2-bromo-3,2)-,5>6-tetrafluorophenoxyacetate(XLIIl) 

A va r i a t i on o f the above i n t e r n a l Claisen condensation react ion, i n 

which the carbanion was formed i n the f luo r ina ted r i n g , was investigated: 

(m) 
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Ethy l 2-bromo-3,4,5,6-tetrafluoropheno3ryacetate ( X L I I l ) , a compound 

sui table f o r t h i s type of cyc l i sa t ion was synthesised by reaction of 

2-bromo-3,4,5,6-tetrafluorophenol w i th e thy l bromoacetate: 

+ BrCH2C02Et 

Br 

OCH ĈO Êt 

( X L I I I ) 

The G-rignard reagent' appeared to be formed, judged by the disappearance 

of magnesium, when the ester was treated wi th magnesium i n ether, but no 

product could be i so la ted . 



C H A P T E R I I I 

EXPEfilMENIAL WORK (PART l ) 



2j3>^?5 - I ' e t ra f luorophenol . - A solut ion of b u t y l - l i t h i u m i n hezane 

( 3 0 m l . , 2*i!:5M) was added to a s t i r r e d solution of 1 , 2 , 3 , 4 - t e t r a f l u o r o -

benzene ( 1 0 g .) i n dry tetrahydrofuran ( 5 0 ml . ) so that the in te rna l 

temperature remained between - 6 0 ° and - 7 5 ° . The mixture was s t i r r e d 

f o r 1 hr . at - 7 0 ° a f t e r completion o f the addit ion and then a solut ion 

of t r imethylborate ( 6 * 9 8 g . ) i n dry tetrahydrofuran ( 1 0 ml . ) was added 

over 0 * 5 hr . and the mixture s t i r r e d f o r a fu r the r hour. Hydrogen 

peroxide ( 1 5 ml* > ^ % w/w) was added and the mixture allowed to warm 

to room temperature. Excess sodium hydroxide (2N) was added and a 

three layer system obtained. The two lower layers were separated, 

extracted twice w i t h methylene chlor ide , and then a c i d i f i e d wi th 

hydrochloric acid ( 1 0 N) . The phenol which separated was extracted 

w i t h methylene chloride and the organic extract was washed wi th water, 

d r i e d , and evaporated to small volume. The residue was added dropwise 

to a s t i r r e d solut ion o f potassium hydroxide ( 1 0 m l . , 6N) and the 

p rec ip i t a t ed potassium 2 ,3,^>3- tetrafluorophenate dihydrate ( 9 * 3 3 g.) 

was f i l t e r e d and dr ied . The sal t c rys t a l l i s ed from a small volume of 

water, m.p. 1 ^ ^ 5 - 1 5 2 ° (Found: C, 2 9 * 7 ; H, 2 - 1 1 ; F , 3 1 - 5 . Z^^0.2R^0 

requires C , 3 0 * 0 ; H, 2 * 0 8 ; F , 31*7?^). A solution o f the potassium 

sal t was a c i d i f i e d , extracted wi th methylene chloride and then d i s t i l l e d 

to give 2 , 3 , 4 , 3 - t e t r a f l u o r o p h e n o l , b .p . ^hr3°. (Found: C, 4 3 * 5 ; H, 1*42; 

F, I | .5*5. CgH F̂̂ O requires C, 4 3 * 4 ; H , 1*21; F, hb'^o). The 

p-ni t robenzyl der ivat ive was obtained by heating the potassium salt of . 
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the' phenol under r e f l u x w i t h p-nitrobenzyl chloride i n ethanol f o r 4 5 min . , 

p . 1 0 0 - 1 0 1 ° (from ethanol) (Found: C, 32*00; H, 2 ' 2 9 . C^^IL^^KO^ 

requires C, 5 1 * 8 2 ; H, 2 * 3 ^ ) . 

2?3>5>6 -Tet raf luorophenol^^ '^^ - A solut ion of b u t y l - l i t h i u m i n hexane 

( l 4 * 1 m l . , 2*37M) was added to a s t i r r e d solut ion of 1 ,2 , i i -J5 - t e t r a f luo ro -

benzene ( 5 * 0 g,) i n dry tetrahydrofuran ( 2 5 BLL. ) so that the in te rna l 

temperature remained between - 6 0 ° and - 7 5 ° « The mixture was s t i r r e d f o r 

1 hr . at - 7 0 ° a f t e r completion of the addi t ion and then a solut ion of 

t r imethylborate ( 5 * 6 g ,) i n dry tetrahydrofuran (k- m l . ) was added and the 

mixture s t i r r e d f o r a fu r the r hour. Hydrogen peroxide ( 1 0 m l . , 1 ^ w/w) 

was added and the mixture allowed to warm to room temperature. Excess 

sodium hydroxide solut ion ( 2 N ) was added and a three layer grstem obtained. 

The two lower layers were separated, extracted twice wi th methylene chlor ide , 

and then a c i d i f i e d w i t h concaitirated hydrochloric acid. The phenol which 

separated was extracted w i t h methylene chloride and the organic extract 

was washed wi th water, d r ied , and the solvent d i s t i l l e d o f f . The residue 

( 3 * 0 2 g. ) was added to potassium hydroxide solut ion and the precipi ta ted 

potassium 2 , 3?5»6 - t e t r a f luo rophena te dihydrate (2*2MD g.) was f i l t e r e d o f f 

and dr ied . The i n f r a - r e d spectrum of t h i s compo\ind was i d e n t i c a l to that 

of the product from the react ion of pentafluorobenzene wi th potassium 

hydroxide i n t e r t i a r y butanol. 

51 

2-Bromo-3,4,5,6-Tetraf luorophenol . - A solut ion of b u t y l - l i t h i u m i n 

hexane ( 6 * 4 m l . , 3 * 2 M ) was added dropwise over 0*5 hr. to a solution of 
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1 ,2-dibromo-3 ,4 ,5>6-tetrafluorobenzene ( 5 * 8 5 g . , 0 * 0 1 9 mole) i n dry 

hexane ( 2 0 ml. ) i n a cooling bath at - 7 8 ° . The mixture was s t i r r e d f o r 

2 h r . a f t e r conpletion of the addi t ion and then a solution of t r imethy l 

borate ( 2 * 2 g . , 0*021 mole) i n hexane ( 1 0 ml . ) was added over 0*5 hr . 

fo l lowed by hydrogen peroxide ( l 5 m l . , 8% w/w), and the mixture allowed 

to warm to room temperature. Excess sodium hydroxide solution ( 2 N ) was 

added and the aqueous layer was separated and a c i d i f i e d wi th concaitrated 

hydrochloric acid u n t i l strongly ac id ic . The phenol- which separated was 

extracted w i t h methylene chloride and the organic extract was washed 

w i t h water, d r ied , and evaporated. The residue was d i s t i l l e d to give 

three f r a c t i o n s : ( 1 ) colourless l i q u i d ( 0 * 6 5 g . ) , b .p. < l 8 6 ° ; ( 2 ) white 

s o l i d ( 2 * 0 6 g . , 4 4 ^ ) , b .p. l 8 6 - l 8 8 ° , m.p. 2 8 - 3 5 ° ; ( 3 ) white so l id ( 0 * 4 5 g. 

1 C ^ ) , b .p . 1 8 8 - 1 9 0 ° , m.p. 4 0 - 4 3 ° . 2-Bromo-3,4 ,5»6-tetrafluoropheno 1 was 

obtained on r e c r y s t a l l i s a t i o n of f r ac t ions 2 and 3 from l i g h t petroleum 

(b .p . 4 0 - 6 0 ° ) , m.p. 4 4 - 4 5 ° ( l i t . ^ ' ' 4 1 - 4 3 ° ) . (Found: C, 2 9 * 6 ; H, 0 * 5 3 ; 

F , 3 1 * 0 ; Br. 3 3 * 1 . C^HOF^Br requires: C, 2 9 * 4 ; H, 0 * 4 1 ; F, 3 1 * 0 ; 

Br, 3 2 * 7 f o ) . 

CA C O 

PentafluorophenoiP. . A solut ion of b u t y l - l i t h i u m i n hexane ( 6 * 6 m l . , 

3*2M) was added dropwise to a solut ion of bromopentafluorobenzene ( 3*0 g.) 

i n dry hexane ( 2 0 m l . ) i n a cooling bath at - 7 8 ° . The mixture was s t i r r e d 

f o r 2 * 5 hr a f t e r congjletion of the addi t ion and a solution of t r ime thy l 

borate ( 2 * 5 g . ) i n hexane (lO ml . ) was added followed by hydrogen peroxide 

( 1 5 ml . 63fo n/vj). The mixture was allowed to warm to room temperature 
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and heated to 5 0 ° f o r 0 * 5 hr. A f t e r cooling, excess sodium hydroxide 
so lu t ion (2W) was added and the aqueous layer was separated and a c i d i f i e d 
w i t h concentrated hydrochloric ac id u n t i l strongly acidic . The phenol 
which separated was extracted w i t h methylene chloride and the organic 
extract was washed w i t h water, dr ied and evaporated. The residue was 
d i s t i l l e d to give pentafluorophenol {^^7h• g.) b .p . ^l^.2-^hh-°, w i th an 
i n f r a - r e d spectrum i d e n t i c a l to that of an authentic sample. 

E thy l Pentafluorophenoxyacetate. - (a) From potassium pentafluorophenate. 

Anhydrous potassium pentaf luorophenate (8*l4-0 g . , 0*038 mole), e thyl 

chloroacetate ( 4 * 7 3 g»> 0*038 mole), and dimethylformamide ( 5 0 ml . ) were 

heated under r e f l u x f o r 1 h r . , cooled, poured in to water, and extracted 

w i t h ether. The ether extract was dr ied , (MgSO )̂ and evaporated to give 

a crude residue ( 8 * 7 8 g . , 8 ^ ) which was d i s t i l l e d i n vacuo. Fract ion 1.': 

b .p . 5 0 - 5 6 ° / 0 * ' l ™i* ( 1 * 6 5 g») consisted of s l i g h t l y impure ethyl 

pentafluorophenoxyacetate; f r a c t i o n 2 . : b .p. 5 6 - 5 7 ° / 0 ' 1 nm* . ( 5 « 3 4 g .) 

was e thy l pentafluorophenoxyacetate. (Found: C, 4 4 * 6 ; H, 2* i f1 ; F, 3 4 * 9 « 

C_^^H_^^0^ requires: C, kk-'U-; H, 2 * 5 9 ; F, 3 5 * ^ ) . 

(b) From hexafluorobenzene. Hexafluorobenzene ( 5 * 0 g . , 0*027 mole), 

e t hy l g lyco l l a t e ( 2 * 7 9 g»> 0*027 mole), anhydrous potassium carbonate 

( 2 * 0 g . ) , and dry dioxan (IO ml . ) were heated i n a Carius tube f o r 20 hr. 

a t 1 7 0 ° . The react ion mixture was cooled, poured in to ice-water, a c i d i f i e d 

w i t h concentrated hydrochloric ac id , and extracted wi th ether. The 
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ethereal extract was washed with sodium bicarbonate solution and then 

with water and dried (MgSO )̂ and the solvent evaporated. The residue 

was d i s t i l l e d to give ethyl pentafluorophenoxyacetate ( l ' 7 4 g., 24%), 

b.p. 7 l - 7 2 ° / 0 * 5 5 nun.* identified by comparison of i t s infra-red spectrum 

with that of the sample prepared before. 

Pentafluorophenoxyacetic Acid. - Ethyl pentafluorophenoxyacetate ( 3 * 7 2 g.) 

and sulphuric acid ( 2 0 ml. 50^ v/v) were heated under reflux for 2*5 hr. 

On cooling a white solid was precipitated which was f i l tered off and 

recrystal l i sed twice from light petroleum (b.p. 60-80°) to give 

pentafluorophenoxyacetic acid ( l * 7 5 g., 5 ^ ) > m.p. 1 0 7 * 5 - 1 0 9 ° . 

(Found: C , 3 9 * 5 ; H, 1*28; F , 3 8 * 5 . CgH^O^F^ requires: C , 3 9 * 8 ; 

H, 1*24; F , 3 9 * 3 ^ ) . , The acid gave a benzylthiouronium salt 

m.p. 1 6 8 - 1 6 9 ° (from ethanol). (Found: C, 4 7 * 0 ; H, 3*14. gH^̂ N̂ O F̂̂ S 

requires: C, 46*9; H, 3 * 1 ^ ) * 

Potassium 2,3>5>6-Tetrafluorophenate. - Pentafluorobenzene ( 5 * 0 g., 

0 * 0 3 0 mole), potassium hydroxide ( 3 * 5 g. , 0*062 mole), and tertiary 

butanol ( 5 0 ml.) were heated under reflux for 4 hr. Water ( 5 0 ml.) was 

added to the cooled reaction mixture which was then evaporated to 

approximately 25 ml. , and cooled. The potassium salt crystallised and 

was f i l t ered off. The solution was evaporated further and a second crop 

of crystals was obtained. The products were combined and heated under 

reflux with benzene for 3 hr. to give potassium 2,3,5?6-tetrafluorophenate 
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monohydrate ( 5 * 5 8 g., 8 ^ ) . (Found: C, 3 1 * 8 ; H, 1 * 3 4 . C^H^F^O^K 

requires:; C, 32*lt-; H, 1 * 3 5 ^ ) . 

Ethyl 2,3,5»6-Tetrafluorophenoxyacetate. - (a) From potassium 

2,3j5j6-tetrafluorophenate. The monohydrate of potassium 2 , 3 , 5 , 6 -

tetrafluorophenate ( 3 * 0 g., 0*0135 mole), ethyl chloroacetate ( l * 6 0 g., 

0*0133 mole) and dimethylformamide ( 2 5 ml.) were heated under reflux 

for 1 h r . , cooled, poured into water and extracted with ether. The ether 

extract was washed with water, dried (MgSO^), and evaporated. The 

residue was d i s t i l l ed in vacuo to give ethyl 2 ,3^5,6-tetraf luoro-

phenoxyacetate ( l * 9 0 g., 5 ^ ) > b.p. 5 7 - 5 9 ° / 0*1 mm. (Found: C, 4 7 * 6 ; 

H, 2 * 9 3 ; F , 3 0 * 5 . C^QHgO F̂̂  requires:. C, 4 7 * 6 ; H, 3 * 1 7 ; F , 30*2fo ) . 

Analytical g . l . c. showed a small amount of impurity ('*'^) which was 

presumably the ortho isomer. 

(b) From pentafluorobenzene. Pentafluorobenzene ( 5 * 0 g., 0*030 mole), 

ethyl glycollate ( 3 * 2 g., 0*031 mole), anhydrous potassium carbonate 

( 2 * 0 g . ) , and dry dioxan ( l O ml.) were heated in a sealed tube at 150°C 

for l 6 hr. The reaction mixture was cooled, poured into ice-water, 

acidif ied with concentrated hydrochloric acid and extracted with ether. 

The ether extract was washed with sodium carbonate solution and then 

with water and dried (MgSO )̂ and the solvent evaporated. The residue 

was d i s t i l l e d in vacuo to give ethyl 2,3,5>6-tetrafluorophenoxyacetate 

( 0 * 8 5 g., 1 1 ^ ) , b.p. 5 6 - 5 9 ° / 0 * 1 mm., identified by comparison of i t s 

infra-red spectrum with that of the authentic prepared before. 
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2,3»5>6 -Tetraf luorophenoxyacet ic Ac id . - Ethyl 2 , 3 , 5 , 6 - t e t r a f l u o r o -
phenoxyacetate ( 1 * 0 g .) and sulphuric acid ( 1 0 ml. 50/? v /v ) were heated 
under r e f l u x f o r 1*5 h r . , cooled, poured in to water, and extracted w i t h 
ether. The ether extract was dr ied (MgSO )̂ and evaporated to give a 
crude s o l i d ( 0 * 6 6 g . , 7 4 ^ ) which was rec rys ta l l i sed from l i g h t petroleum 
(b .p . 6 0 - 8 0 ° ) to give 2 ,3 ,5>6- te traf luorophenoxyacet ic acid ( 0 * 2 4 g«, 
2 7 ^ ) , in.p. 9 9 - 1 0 1 ° C . (Found: C, 4 3 * 0 ; H, 1 * 8 7 ; 3 3 * 6 . CgH^O^F^ 
requires:- C, 4 2 - 9 ; H, 1 * 7 9 ; F , 33*9?S). 

E t h y l 2,3?4>5-Tetrafluorophenoxyacetate.- Potassium 2 , 3 , 4 , 5 - t e t r a f l u o r o -

phenate ( 1 5 * 0 g . , 0 * 0 6 2 mole), e thy l chloroacetate ( 8 * 4 0 g . , 0*069 mole), 

and dimethylformamide ( 2 5 0 ml . ) were heated under r e f l u x f o r 2 hr.. The 

react ion mixture was allowed to coo l , poured i n to water and extracted wi th 

ether. The ether extract was washed w i t h water, dr ied (MgSO )̂ and the 

solvent evaporated. The residue was d i s t i l l e d i n vacuo to give 

e thy l 2 ,3 ,4 ,5 - te t raf luorophenoxyacetate ( 1 3 * 2 g . , 8 4 ^ ) b .p. 5 8 ° / 0 * 0 5 mm., 

m.p. 2 9 - 3 0 ° . (Found: C, 4 7 * 5 ; H, 3 * 3 1 ; F, 3 0 * 1 . C^gHgO^P^ requires: 

C, 4 7 * 6 ; H, 3 * 1 7 ; F , 3 0 * 2 ^ ) . 

2,3 ,4»5 -Tet raf luorophenoxyacet ic Acid . - Ethyl 2 ,3 ,4>5 - te t raf luorophenoxy-

acetate ( l 3 * 2 g . ) and sulphuric acid ( 2 0 0 ml. 5 0 ^ v / v ) were heated under 

r e f l u x f o r 1*5 hr . and allowed to cool . The react ion mixture was d i lu ted 

w i t h water and extracted wi th methylene chloride. The extract was washed wi th 

water, dr ied (MgSO^) and the solvent evaporated. The residue (11*08 g . , 9 4 ^ ) 

was r e c r y s t a l l i s e d from l i g h t petroleum ( b . p . 8 0 - 1 0 0 ° ) and sublimed i n vacuo 
( 7 0 - 8 0 ° / 0 * 0 5 mm.) 
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to give 2 ,3 ,4 ,5 - te t ra f luorophenoxyacet ic acid ( 8 * 1 0 g . , 6 ^ ) , m.p. 1 0 9 - 1 1 0 ° . 
(Found: C, 4 3 * 1 ; H, 1 * 7 6 ; F , 3 4 * 2 . CgH^O^F^ requires: C, 4 2 * 9 ; 
H, 1 * 7 9 ; F, 3 3 - ^ . ) . 

The react ion of 2 ,3?4,5-Tetrafluorophenoxyacetic Acid wi th Phosphoric Oxide 

i n Benzene. - Phosphoric oxide ( l 5 g . ) was added to a solution of the 

acid ( 5 * 0 g . ) heated under r e f l u x i n dry benzene. The mixture was heated 

under r e f l u x w i t h s t i r r i n g f o r 1 h r . , poured in to ice-water and extracted 

w i t h ether. The extract was washed wi th sodium bicarbonate so lu t ion , dried 

(MgSO^), and the solvent evaporated. The yellow so l id residue was 

r e c r y s t a l l i s e d from petroleum ( 6 0 - 8 C P ) to give two f rac t ions : ( l ) 1*22 g. 

m.p. 1 0 5 - 1 1 3 ° ; ( 2 ) 1*90 g. m.p. 7 7 - 8 l ° . The f i r s t f r a c t i o n was sublimed 

i n vacuo ( 9 0 ° / 0 * 1 mm. ) and r ec rys t a l l i s ed from l ight" petroleum (b.p. 6 0 - 8 0 ° ) 

to give a>-(2,j,4,5-tetrafluorophenoxy)acetophenone ( 0 * 9 8 g . , 1 ^ ) m.p. 

1 1 2 - 1 1 4 ° . (Found: C, 5 9 * 1 ; H, 2 * 8 5 ; F, 2 6 * 2 . G^̂ HgO^Fĵ  requires: 

C, 5 9 * 2 ; H, 2 * 8 2 ; F , 2 6 * ^ ) . The i n f r a - r e d spectrum o f the second 

f r a c t i o n showed i t to be a mixture o f the above ketone and 2 ' , 3 ' J 4 ' , 5 ' > -

te t raf luorophenyl 2 ,3j4,5 - te t raf luorophenoxyacetate (see below). A f t e r 

f i v e r ec rys t a l l i s a t i ons from l i g h t petroleum (b.p. 6 0 - 8 0 ° ) , a sample 

( 0 * 2 2 g . ) of the ester was obtained wi th an i n f r a - r e d spectrum i d e n t i c a l 

to that o f an authentic sample. The mother-liquor from the o r i g i n a l 

r e c r y s t a l l i s a t i o n was evaporated and d i s t i l l e d i n vacuo to give 

diphenylmethane (0*64 g . , Mfo) i d e n t i f i e d by comparison of i t s i n f r a - r e d 

spectrum and g . l . c . re ten t ion time w i t h that of an authentic sample. 
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2 ' , 3 S 4 * , 5 * , -Tetrafluorophenyl 2,3?4,5-Tetrafluorophenoxyacetate. -

2,3>4,5-Tetrafluorophenoxyacetyl chloride ( 0 * 5 g . , 0*0021 mole) and 

2 , 3 , 4 , 5 - t e t r a f l u o r o p h e n o l ( 0 * 3 5 g.» 0*0021 mole) were heated at 1 6 0 ° f o r 

1*5 h r . , cooled, poured in to water and extracted w i t h ether. The organic 

extract was washed w i t h sodium bicarbonate so lu t ion , dried and evaporated. 

The so l i d residue was r ec rys t a l l i s ed from l i g h t petroleum (b.p. 4 0 - 6 0 ° ) 

to give 2 ' , 3 ' > 4 * , 5 ' - t e t raf luorophenyl 2 , 3 > 4 , 5 - t e t ra f luorophenoxyacetate 

( 0 * 2 5 g.» y-4) m.p. 8 8 - 8 9 * 5 ° . (Found:, C, 4 5 * 0 ; H, 1*16 ; C^^H^O^Fg 

requires G, 4 5 * 2 ; H, 1 * 0 ^ ) . 

Reaction o f 2,3>4,5-Tetrafluoropheno3iyacetic Acid w i th Phosphoric 

Oxide i n Cyclohexane. - Phosphoric oxide ( 1 3 g . ) was added to a solut ion 

o f the acid ( 5 * 0 g. ) heated under r e f l u x wi th s t i r r i n g i n dry cyclohexane 

( 7 0 m l . ) . A f t e r 2 hr . the mixture was poured on to ice and extracted wi th 

ether. The organic extract was washed wi th sodium bicarbonate so lu t ion , 

dr ied and evaporated. The dark brown o i l y residue was dissolved i n l i g h t 

petroleum (b .p . 4 0 - 6 0 ° ) and the solut ion cooled to give a so l id which was 

r e c r y s t a l l i s e d from l i g h t petroleum (b.p. 4 0 - 6 0 ° ) t o give 2 * , 3 ' > 4 * > 5 ' -

tetrafluorophenoxymethyl 2 ,3 ,4 ,5- tetrafluorophenoxyacetate ( 2 * 9 8 g . , 75^%) 

m.p. 4 6 - 4 8 ° . (Found: 0 , 4 4 * 9 ; H, 1 * 5 0 ; P, 3 8 * 2 . C^^^O^Fg requires 

C, 4 4 * 8 ; H, 1 * 4 9 ; E, 37*^o) . 

Hydrolysis of 2' ,3' .4' ,5*-Tetraf luorophenoxTmethyl 2 ,3>4,5 -Te t ra f luoroC 

phenoxyacetate. - The ester ( 1 ' 5 0 g . ) , tetrahydrofuran ( 2 0 ml . ) and sodium 

hydroxide solut ion ( 2 5 m l . , 0*5N) were heated iinder r e f l u x f o r 3 hr . and 
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cooled. The mixture was poured in to water, a c i d i f i e d wi th d i l u t e 

sulphuric ac id and extracted w i t h methylene chlor ide . The organic 

extract was washed wi th water, dr ied and evaporated. The residue was 

d i s t i l l e d i n vacuo to give a l i q u i d d i s t i l l a t e (0*63 g.) which was shown 

to contain 2 , 3 » 4 , 5 - t e t r a f l u o r o p h e n o l by conversion to i t s potassium salt 

w i t h potassium hydroxide solu t ion (5N) and comparison of the i n f r a - r e d 

spectrvim o f the sal t w i th that of an authentic sanple. The s o l i d residue 

from the d i s t i l l a t i o n (0*43 g«) was r ec rys t a l l i s ed from l i g h t petroleum 

(b.p . 60-80°) and sublimed i n vacuo (60 -70° /0*05 mm.) to give 

2 ,3»4 ,5 - t e t r a f luorophenoxyace t i c acid (0*31 g.) m.p. 108-110°C i d e n t i f i e d 

by comparison of i t s i n f r a - r e d spectrum wi th that of an authentic saiiple. 

The Reaction of 2,3>4,5-TetrafluorophenQxyacetic Acid ( X I I l ) i n 

Polyphosphoric Acid . - (a) The acid X I I I (0*25 g«) and polyphosphoric 

acid ( 1 0 m l . ) were heated i n a sealed tube wi th shaking at 150° f o r 

0*5 hr . A f t e r cool ing, the contents of the tube were poured into water 

and extracted with , ether. The ethereal solution was dried and the solvent 

d i s t i l l e d o f f to give s l i g h t l y impure s ta r t ing material , 

(b) The acid H I I (0*2 g. ) and polyphosphoric acid (lO ml . ) were heated 

i n a sealed tube w i t h shaking at 150° f o r 2 hr . The reaction mixture was 

worked up as i n (a) to give a black t a r r y residue. 

The Reaction of 2 ,3,4,5-Tetrafluorophenoxyacetic Acid ( X I I l ) i n 

Concentrated Sulphviric Acid . - (a) 2,3>4,5-Tetrafluorophenoxyacetic 

ac id (0*13 g*) and concaitrated sulphuric acid ( 5 m l . ) were heated wi th 
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s t i r r i n g . At_ca 1 3 0 ° the solution became dark brom and a gas was 
evolved. A f t e r cool ing, the mixture was poured in to water and extracted 
w i t h ether. The ethereal solut ion was dried and the solvent d i s t i l l e d 
o f f ; a small amount of s t a r t ing material was isolated from the residue 
by sublimation. 

(b) The acid X I I I (0*1 g. ) and concentrated sulphuric acid ( 5 m l . ) 

were heated at 9 5 ° f o r 15 min . , whi l s t the solution gradually became 

brown. The reaction mixture was worked up as i n ( a ) , and gave s ta r t ing 

material on sublimation. 

2,3»4,5 -Tet ra f luorophenoxyace ty l Chloride. - 2 , 3 » 4 , 5 - T e t r a f l u o r o ­

phenoxyacetic ac id ( 2 * 5 g«» 0*011 mole) and th iony l chloride ( 4 * 0 g . , 0*034 

mole) were heated imder r e f l u x f o r 2 hr . and then set aside at room 

temperature f o r 1 6 hr . A clear pale yellow l i q u i d was obtained from which 

excess t h i o n y l chloride was removed. The remaining pale yellow l i q u i d 

was d i s t i l l e d i n vacuo to give 2 , 3 » 4 , 5 - t etrafluorophenoxyacetyl chloride 

( 2 * 5 9 g.» 9 4 ^ ) , b .p . 46-48° /0*1 mm. (Found: C, 3 9 * 6 ; H, 1 * 2 7 ; F, 3 1 ' 5 ; 

C I , 14^7* CgH^ClF^O^ requires: C, 3 9 * 6 ; H, 1*24; F, 3 1 * 3 ; C I , 14*";^) . 

The react ion of 2 ,3,4,5-Tetraf luorophenoxyacetyl Chloride wi th Aluminium 

Chloride. - (a) I n benzene:- Anhydrous aluminium chloride ( 0 * 4 g.) was 

added i n small port ions to a cooled solution of the acid chloride ( 0 * 5 g .) 

i n dry benzene ( 3 ml . ) and the mixture was set aside at 20°C f o r l 6 hr . 

The mixture was poured in to ice-concentrated hydrochloric acid and 

extracted w i t h ether. The extract was washed w i t h sodium bicarbonate 
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so lu t ion , dr ied (igSC^), and evaporated to give a white so l id residue 
(0*46 g, ) m.p. 104-112°C. Recrys ta l l i sa t ion from l i g h t petroleum 
(b .p . 80-100 ) gave ffl-(2,3-,4,5-tetrafluorophenoxy)acetophenone (0*40 g . , 
69fo) m.p. 112-114°C, wi th an i n f r a - r e d spectrum iden t ica l to that of 
the sample prepared before. 

(b) I n carbon disulphide:- The acid chloride (0*5 g-) i n carbon 

disulphide (2 m l . ) was added slowly to a cooled ( 5 ° ) s t i r r e d mixture 

of anhydrous aluminium chloride (0*4 g.) and carbon disulphide (3 m l . ) . 

The mixture was allowed to warm to room temperature and s t i r r e d f o r 

1*5 hr . Hydrogen chloride was evolved and a red-brown so l id obtained 

from which carbon disulphide was evaporated under reduced pressure. 

Ice-concentrated hydrochloric acid was added to the residue and the 

mixture was s t i r r e d f o r 0*5 hr . and extracted w i t h ether. The ethereal 

extract was washed wi th sodium bicarbonate solut ion and the solvent 

evaporated. The residue was heated under r e f l u x wi th l i g h t petroleum 

(b.p . 4 0 - 6 0 ° ) and the solut ion was decanted from the t a r r y residue. 

Removal of solvent and sublimation of the residue (40°/0*1 mm.) gave a 

white s o l i d (0*01 g . ) m.p. 80-100° which was shown to be mainly 

45 5 ,6 ,7- te t raf luoro-2,3-dihydrobenzo[b]furan-3-one by comparison of i t s 

i n f r a - r e d and mass spectra w i t h those o f an authentic sample. 

2,3,5,6-Tetrafluorophenosyacetaldehyde Diethylacetal . - Potassium 

2,3 ,5 ,6 - te t raf luorophenate (2*0 g . , 0*0083 mole), bromoacetaldehyde 

•diethylacetal, ( 1 * 6 5 g . , 0*01 mole), and dimethylformamide (20 ml . ) were 
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heated under r e f l u x f o r 3 * 5 h r . , cooled, poured in to water and extracted 

wi th ether. The ethereal extract was washed wi th water, dried (MgSO ) , 
4 

and the solvent evaporated. The residue ( 2 * 0 4 g'> 87^0) was d i s t i l l e d 

under vacuum to give three f r ac t ions : ( I ) 0*65 g . , b . p . < ' 5 6 ° / 0 * 0 5 mm; 

( 2 ) 0*60 g . , b.p. 5 6 - 5 8 ° / 0 * 0 5 mm; ( 3 ) 0*31 g . , b .p. 5 7 ° / 0 * 0 5 mm. The 

l a s t two f r ac t ions were combined (0*91 g . , 3 9 ^ ) and a small amount of 

impuri ty o f s imilar b o i l i n g point to the main product was removed by 

preparative scale v . p . c to give 2,3,5,6-tetrafluorophenoxyacetaldehyde 

d i e t h y l aceta l . (Found: C, 5 1 * 6 ; H, 4 * 3 5 ; F , 2 6 * 8 . C , „H , ,F .0 , 

requires: C, 5 1 * 1 ; H, 4 * 9 6 ; F , 2 7 * 0 ^ ) . 

2,3,4»5-Tetrafluorophenoxyacetaldehyde Diethylacetal . Potassium 

2,3>4>5 - te t raf luorophenate ( 8 * 0 g . , 0*033 mole), bromoacetaldehyde 

d ie thy lace ta l ( 6 * 6 0 g . , 0 * 0 3 9 mole), and dimethylformamide ( 8 0 ml . ) 

were heated under r e f l u x f o r 3 h r . , cooled, poiired in to water and 

extracted wi th ether. The ethereal extract was washed wi th water, dried 

(MgSO, ) , and the solvent evaporated. The residue was d i s t i l l e d i n vacuo 

to give 2,3,4,5-tetrafluorophenoxyacetaldehyde dietbylacetal ( 7 * 0 3 g . , 7 5 ^ ) > 

b.p . 6 8 ° / 0 * 1 mm., contaminated w i t h a small amount (ca 5% by g . l . c . ) o f 

an impur i ty w i th a s imi lar b o i l i n g po in t . This impuri ty was removed by 

preparative scale v .p .c . (Found: C, 5 1 * 1 ; H, 4 * 8 9 ; F , 2 6 * 6 . 

C.^H^.F, 0^ requires: C, 5 1 ' l i ; H, 4 * 9 6 ; F, 2 7 * 0 ^ ) . 

The Reaction of 2,3,4,5-Tetrafluorophenoxyacetaldehyde Diethylacetal (XT) 

w i t h Hydrogen Fluoride. - The acetal ( X 7 ) ( 4 * 0 g. ) was s t i r r e d f o r 
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2 hr . i n l i q u i d hydrogen f l u o r i d e . Excess hydrogen f l u o r i d e was 

evaporated, sodium bicarbonate solut ion was added to the residue which 

was then extracted w i t h ether. The ethereal solution was dr ied, and the 

solvent d i s t i l l e d o f f . The residue ( l * 7 8 g . ) was d i s t i l l e d i n vacuo 

to give a main f r a c t i o n (O.V57 g . ) j b .p . 1 5 0 ° / 0 * 0 1 mm. (Found: C, 48*4; 

H, 1 * 9 9 ; P, 2 8 * 8 ) . 

2- (2 ' ,3 '>5* ,6 ' -Te t ra f luorophenoxy)e thano l . - Potassium 2 , 3 , 5 , 6 - t e t r a f l u o r o ­

phenate ( 2 * 0 g . , 0*0083 mole), 2-chloroethanol ( 0 * 6 8 g . , 0 * 0 0 8 5 mole) and 

dimethylformamide ( 8 m l . ) were heated i n a sealed tube at 1 7 0 ° f o r 1*5 hr . 

The reac t ion mixture was poured in to water and extracted wi th ether. The 

ethereal extract was washed wi th water, dried (igSO^), and evaporated. The 

residue was d i s t i l l e d i n vacuo to give 2 - ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p h e n o x y ) -

ethanol ( 1 ' 0 2 g . , 7 7 ^ ) > l^.p* 5 5 ° / 0 * 0 5 mm., which was contaminated wi th a 

small amount o f impur i ty w i t h a s imi lar b o i l i n g point which was removed 

by preparative scale g . l . c . (Found: C, 4 5 * 9 ; H, 2 * 5 9 ; F , 3 5 * 8 . 

CgHgFĵ O^ requires^ G, 4 5 * 7 ; H, 2 * 8 6 ; F, 3 6 * ^ ) . 

2- (2 ' ,3* ,4 ' ,5 ' -Te t r a f luo rophenoxy)e thano l . - Potassium 2 , 3 , 4 , 5 - t e t r a f l u o r o -

phenate ( 2 * 0 g . , 0 * 0 0 8 3 mole), 2-chloroethanol ( 0 * 6 8 g . , 0 * 0 0 8 5 mole), and 

dimethylformamide ( 8 m l . ) were heated i n a sealed tube f o r 1 hr . at 170°G. 

The react ion mixture was poured in to water and extracted wi th ether. The 

ethereal extract was washed w i t h water, dr ied (MgSO '̂), and evaporated. 

The residue was d i s t i l l e d i n vacuo to give 2 - ( 2 ' , 3 * » 4 ' , 5 ' - t e t r a f l u o r o -

pheno3!y)ethanol ( 0 * 7 8 g . , 4 ^ ) , b .p . 6 3 ° / 0 * 0 5 mm. (Found: C, 4 5 * 8 ; 
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H , 2 * 7 7 ; E, 3 5 * 8 . CgHgP^O^ requires: C, 4 5 * 7 ; H, 2 * 8 6 ; F, 3 6 * ^ ) . 

Attempted Cycl isat ion of 2 - (2 ' ,3 '>4' ,5 ' -Te t ra f luorophenoxy)e thanol (X\ri). 

(a) The alcohol (XVI) ( 0 * 2 g .) and polyphosphoric acid ( 5 ml . ) were 

heated at 1 0 0 ° f o r 0*5 hr , cooled, poured in to water and extracted wi th 

methylene chloride. The organic extract was washed wi th water, dr ied, 

and the solvent d i s t i l l e d o f f . The residue was shown to be 2 , 3 , 4 , 5 -

te t raf luorophenol by comparison of i t s i n f r a - r e d spectrum w i t h that of 

an authentic sample. 

(b) The alcohol (XVT) ( 0 * 2 g . ) , phosphoric oxide ( 0 * 6 g. ) and 

cyclohexane (lO ml . ) were heated under r e f l u x wi th s t i r r i n g f o r 0*5 hr . 

The react ion mixture was worked up as i n (a) to give a t a r r y residue. 

The Reaction of w-(2,3,4,5-Tetrafluorophenoxy)acetophenone i n 

Concentrated Sulphuric Acid . - The ketone ( 0 * 5 g .) was heated on a 

water bath f o r 1*5 hr . w i th concentrated sulphuric acid ( 5 m l . ) . The 

colour o f the solut ion gradually changed from yellow to green to very 

dark blue. A white p rec ip i t a t e was obtained on d i l u t i n g wi th water. 

Extrac t ion w i t h ether fol lowed by evaporation of ether gave a t a r r y 

residue from which unchanged s ta r t ing material ( 0 * 1 2 g.) was obtained 

by sublimation. 

2,3,4 ,5 -Tetraf luoro -6 -hydroxybenzoic Acid . - A solution of bu ty l 

l i t h i u m i n hexane ( 7 0 m l . , 2*25M) was added dropwise to a s t i r r e d 

solut ion of 2 , 3 , 4 , 5 - t e t r a f l u o r o p h e n o l ( 1 2 * 0 g . , 0*073 mole) i n dry 
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tetrahydrofuran (200 ml. ) so that the i n t e rna l temperature remained 
below - 6 5 ° . The solut ion was s t i r r e d at -75° f o r 3*5 hr . and then 
carbonated, i n i t i a l l y w i t h carbon dioxide d i lu t ed wi th ni t rogen, so that 
the i n t e r n a l temperature remained below -65° . When the exothermic 
react ion was conipleted the mdLxture was allowed to warm to room 
temperature wi th continued carbonation. The solution was a c i d i f i e d and 
extracted w i t h ether. A f t e r removal of solvent, va ler ic acid was 
evaporated o f f under high vacuum and the residue was rec rys ta l l i sed 
from l i g h t petrolevim (b ,p . 80-100°) and sublimed i n vacuo (80-90°/0*0l ™i) 
to give 2,3,'^,5-tetrafluoro-6-hydroxybenzoic acid (12*7 g . , 

m.p. 168-1,69*5°; ^ _ „ l 6 7 5 cm"''. (Pound: C, kO'3', H, ^•2k; F, 35*7. 
C—o 

C ^ 2 \ ° 3 requires C, h-0-0; H, 0-95; F, 3 6 ' ^ ) . 

Methyl 2,3,4,5-Tetrafluoro-6-hydroxybenzoate. - 2,3,^*-,5-Tetrafluoro-6-hydroxy-

benzoic ac id (0*8 g .) and t h i o n y l chloride (1'0 ml . ) were heated under 

r e f l u x f o r 1 *5 hr. Excess t h iony l chloride was d i s t i l l e d o f f to give a 

viscous, pale yellow residue to which was added dry benzene (3 m l . ) . Dry 

methanol (2 ml . ) was added dropwise to t h i s solution and the mixture was 

heated under r e f l u x f o r 0*5 hr . Benzene and excess methanol were d i s t i l l e d 

o f f to give a pale yellow semi-solid from which the methyl ester (0*16 g . , 

^Sfo) was sublimed (100°/15 nun.). Recrys ta l l i sa t ion from l i g h t petroleum 

(b.p. l|-0-60°) gave methyl 2,3,4,5-tetrafluoro-6-hydroxybenzoate m.p. 66-67° 

(^0^0 .1677 cm."' '). (Found: 0,4.3*0; H, 1-83; F, 33*8. Cgl^F^O^ 

requires C, 42*9; H, 1'79; F, 33*S!^). The residue from the i n i t i a l 
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sublimation was sublimed under high vacuum (60°/0*0l mm.) to give a 
white s o l i d (0*24 g. 5 3l̂ i> m.p. 75-85°) > which was re c rys ta l l i sed from 
l i g h t petroleum (b .p . 60-80°) , (0*09 g.> m.p. 84-89°) . The i n f r a - r e d 
spectrum of t h i s compound showed two strong absorptions i n the carbonyl 
s t re tching region (̂ > 1720 and 1750 cm."'') and the molecular weight 
determined by mass spectrometry was 416 corresponding to 2'-methojqrcarbonyl-
3' j l f ' ,5' >6' j te t raf luorophenyl 2,3Aj5-tetrafluoro-6-hydroxybenaoate. 

E thy l 2,3>4>5-Tetrafluoro-6-hydro3cybenzoate. - 2,3,4,5-Tetrafluoro-6-

hydroxybenzoic acid (10»0 g . ) , ethanol (50 m l . ) , and concentrated 

sulphuric acid (20 m l . ) were heated under r e f l u x f o r 17 h r . , cooled, 

poured i n to water, and extracted w i t h ether. Removal of solvent and 

sublimation of the residue (60°/'l5 nmi*) gave the ethyl ester (9*18 g . , 

81^). Further sublimation under high vacuum (80°/0'01 mm.) gave 

s t a r t i n g material (1*18 g . , 1 ^ ) . Recrys ta l l i sa t ion of the crude product 

from l i g h t petroleum (b.p . h-0~60°) gave ethyl 2 ,3 ,4 ,5 - te t raf luoro -6-

hydroxybenzoate (8*6l g . , 7 ^ ) m.p. 45-V6°. (Found: C, h-5'2; H, 2'h-7; 

F, 31 ••ft-. C^HgF^O^ requires 0, 45*4; H, 2-32; F , 3^'9fo), 

Ethyl 6-Ethoxycarbonyl-2,3,4,5-tetrafluorophenoxyacetate. - E thy l 

2j3,4,5-tetrafluoro-6-hydro2ybenzoate (8*6l g . , 0*036 mole) was dissolved 

i n dry acetone (30 ml . ) and heated under r e f l u x f o r ^U• hr. w i th e thyl 

bromoacetate (6*60 g . , 0*039 mole) and anhydrous potassium carbonate (6g). 

The acetone solut ion was f i l t e r e d from the inorganic salts and the acetone 

d i s t i l l e d o f f . D i s t i l l a t i o n of the residue (t06°/o*Ol mm) gave the 
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di-ester (lO*25 g. > 87^) contaminated with a small amount of impurity 

of similar boiling point which was removed by preparative scale g . l . c . 

to give an analytically pure sample of ethyl 6-ethoxycarbonyl-2,3>4,5-

tetrafluorophenoxyacetate. (Pound: C, 48*0; H, 3*56. M (mass 

spectroscopy) 324. C^^H^2\°5 requires C, 48»2; H, 3*7C55; M, 324). 

6-Carboxy-2,3>4>5-tetrafluoropheno3cyacetic Acid. - Ethyl 6-ethoxycarbonyl-

2»3»4,5-tetrafluorophenozyacetate (3*70 g.) and sodium hydroxide solution 

(70 ml. , ^0) were heated under reflux for 1 h r . , cooled, poured into 

water and extracted with ether. The aqueous layer was acidified and 

extracted with ether. Evaporation of ether gave a viscous residue from 

which 6-carboxy-2,3,4,5-tetrafluoropheno3cyacetic acid was obtained 

(1*61 g., 53^) m.p. 97-99° by sublimation (90°/0*005 mm) and recrys ta l l i s ­

ation from light petroleum (b.p. 100-120°). (Found: C, 40*5; H, 1'62^, 

M (mass spectroscopy), 268. C^H^F^O^ requires C, 40*3; H, l'*4^; M, 268). 

Reaction of a small portion of the acid with diazomethane in ether gave 

the dimethyl ester. (Found: C, 44*7; H, 2*68. C^̂ HgFĵ O^ requires 

C, 44'6; H, 2*7C^). 

2-Etho3!ycarbonyl-^>5,6,7-tetrafluoro-3-hydroxyben20[bjfuran. - Ethyl . 

6-ethoxycarbonyl-2,3j4>5-tetrafluorophenox7acetate (9*3 g«J 0*029 mole) 

in dry tetrahydrofuran (60 ml.) was added dropwise to a stirred suspension 

of sodium hydride (1*6 g., 30% suspension in o i l , 0*033 mole) in 

tetrahydrofuran (20 ml.) . After the i n i t i a l vigorous reaction had 
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subsided the mixture was heated under r e f l u x f o r 1 h r . , and then 

cooled, poured in to water and extracted w i t h ether. A c i d i f i c a t i o n o f 

the aqueous solut ion fol lowed by extraction w i t h ether, removal of 

solvent and sublimation (60°/0*01 mm) gave 2-ethoxycarbonyl-4,5,6,7-

tetrafluoro-3-hydro3{ybenzo[b3furan (6*90 g . , 86^). A sample p u r i f i e d 

for analysis by r e c r y s t a l l i s a t i o n from l i g h t petroleum (b.p. 80-100°) 

had m.p. 12^2-144°. (Found: C, if7*4; H, 2»22; F, 26-8. C^^H^F^O^ 

requires C, 47;5; H, 2*16; F , 27*3^). 

4-15>6,7-Tetrafluoro-2,3-dihydrobenzo[b]furan-3-one. - (a) By a lka l ine 

hydrolysis of 2-ethoxycarbonyl-4»5>6,7-tetrafluoro-3-hydroxybenzo[bjfuran. 

Sodium hydroxide solu t ion (5 m l . , 30^) was added to the above ester 

(0*53 g») dissolved i n ethanol (7*5 ml . ) to give an immediate prec ip i ta te . 

The mixture was heated under r e f l u x f o r 15 m1n. poured in to water, 

a c i d i f i e d and extracted wi th ether. Evaporation of the solvent and 

sublimation o f the residue ( 8 0 ° / l 5 mm) gave the crude benzo[b]furan-3-one 

(0*21 g . , 53?o). Further sublimation under high vacuum (90°/0*01 mm) gave 

s t a r t i n g material (0*12 g . , 22^). Recrys ta l l i sa t ion of the product from 

l i g h t petroleum (b .p . 60-80°) gave pure 4 ,5,6,7 - te t raf luoro -2 ,3 -dihydro-

benzo [b]furan-3-one m.p. 106-107°. '^Q-Q=^^^ ^^'^' (^'ound: C, 47*0; 

H, 1*09; F, 36_»8^ M (mass spectroscopy).206. Cq^^^P2 r®1^^®s ^ ' ^^'7; 

H, 0-97; F , 36-9^; M, 206). 

(b) By acid hydrolysis of the above ester. The ester (2*0 g . ) and sulphuric 

ac id (20 m l . , 30^) were heated i n a vigorously shaken sealed tube f o r 
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45 min. at 140°. The react ion mixture was d i lu ted and extracted w i t h 
ether. Sublimation of the residue ( 90° / l 5 mm) gave the benzo[b]furan-3-one 
(1*02 g . , 69^). Further sublimation (J0°/0^0^ mm) gave unchanged s ta r t ing 
mater ia l (0*37 g* > 19??). 

(c) From 2,3>4,5-tetrafluorophenoxyacetic acid. - Butyl l i t h i u m i n 

hexane (l2*5 ml.> 2*2M) was added to a s t i r r e d solution of 

2,354»5-tetrafluorophenoxyacetic acid (2*0 g . , 0*0089 mole) i n dry 

tetrahydrofuran (60 m l . ) so that the i n t e r n a l temperature remained below 

- 6 3 ° . The react ion mixture was s t i r r e d f o r 3 hr . at -70° and carbonated 

and then allowed to warm to room temperature wi th continued carbonation. 

On a c i d i f i c a t i o n w i t h d i l u t e a i lphuric ac id a transient v i o l e t colouration 

was observed together w i t h a vigorous evolution of carbon dioxide. The 

mixture was extracted w i t h ether and the organic extract dr ied and 

evaporated to give a brown viscous l i q u i d from which was sublimed ( 90° / l5 mm) 

the benzo[b]furan-3-one (0*63 g . , 35%)* 

The Reactions of 2,3,4,5-Tetrafluorophenoxyacetic Acid ( X I I l ) and 

6-Carbo3^-2,3,4,5-tetrafluorophenoayacetic Acid (XXIX) wi th B u t y l -

l i t h i u m and ( i n some cases) Carbon Dioxide. - The procedxire was the 

same as tha t described i n (c) above, except that carbon dioxide was omitted 

i n two reactions as shown i n the tab le . I n a l l cases the residue from 

the ether extract ion was sublimed at 90° / l5 mm., to isola te any 

4»5>6,7-tetrafluoro-2 ,3-dihydrobenzo[b]furan-3-one (XSTI), and then at 

' ^60° /0*01 mm. to i so la te any 2,5,4,5-tetrafluorophenoxyacetic acid, and 
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then at 9 0 ° / 0 * 0 0 1 mm. to i so la te any 6 - c a r b o x y - 2 , 3 , 4 , 5 - t e t r a f l u o r o -
phenoxyacetic acid. The de ta i l s of each experiment are shown i n the 
tab le : 

Acid Solvent B u t y l - l i t h i u m Time CO Yie ld of Recovered 
T.H.F. ( 2 * 4 molar) at - 7 0 ° i. (XXVI) ( X I I I ) 

X I I I , 5*0 g. 150 ml. 2 0 * 5 m l , 2 equiv. 3 hrs. Yes 0 - 5 5 g ( l 4 f o ) 1 - 6 g ( 3 2 ^ ) 

X I I I , 2 - 0 g. 60 ml. 8 * 5 m l , 2 equiv. 3 hrs. No 0'02g(<'v1^) 1 - 1 g (55%) 

X I I I , 2 - 0 g. 60 ml. 1 2 * 5 nil>3 equiv. 3 hrs. Yes 0 - 6 3 g ( 3 5 f o ) -
XXIX, 0 - 9 5 g . ifO ml. 4 * 6 ml ,3 equiv. 3 hrs . Yes 0 - 0 4 g ( b%) -
XXIX, 0 ' 9 0 g . 4 0 ml. 4 * 4 ml , 3 equiv. 3 hrs. No - -

2 - B e n z y l i d e n e - 4 » 5 > 6 , 7 - t e t r a f luoro-2,3-dihydrobenzo [b 3 furan-3-one. -

4>5>6,7 -Tetraf luoro -2 ,3 -dihydrobenzo[b]furan -3 -one ( 0 * 5 g ' )» benzaldehyde 

( 0 * 5 g')> ethanol (1.5 m i . ) , and a few drops of sodium ethoxide solution 

were set aside at room temperature f o r 2 h r . , during which time a s o l i d 

was gradually prec ip i ta ted . The n±x;ture was poured in to water and 

extracted wi th ether. Removal of solvent and r ec rys t a l l i s a t i on from a 

mixture o f l i g h t petroleum (b.p. 6 0 - 8 0 ° ) and alcohol gave 

2 -benzyl idene -4 ,5 ,6 ,7 - te t raf luoro -2 ,3 -d ihydrobenzo[b]furan -3 -one ( 0 * 1 3 g«) 

m.p. 2 1 5 - 2 1 6 ° . (Found: C, 6 l - 2 ; H, 1 * 9 3 ; C^^gF^O^ requires G, 6 l ' 2 ; 

H, 2 » 0 4 ? S ) . 
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3-Acetoxy-4,5>6 ,7-Tetrafluorobenzo[bjfuran. - 4 ,5,6,7-Tetraf luoro-

2,3-dihydrobenzo[b]furan-3-one (0*Jy3 g . ) , sodium acetate (0*20 g . ) 

and acet ic anhydride (4 m l . ) were heated under r e f l u x f o r 0*5 h r . , cooled, 

and poured in to water. The so l id which separated (0*36 g . , 1%) was 

dried over phosphoric oxide, r ec rys t a l l i s ed from l i g h t petroleum 

(b .p . 4 0 - 6 0 ° ) , and sublimed (50-60°/0*01 mm) to give 3-acetpxy-

4»5>6,7 - te t raf luorobenzo[b]furan, m.p. 6 l*5-63° . (Found: C, 48*1; 

H, 1»62; F , 30:3. C^QH^F^O^ requires: C, 48_*4; H, 1*61; F , 30*6/^). 

4>5>6,7-Tetrafluorobenzo[bjfuran. - Sodium borohydride (0*05 g .) was 

added i n small port ions to a solut ion of 4>5»6,7- te traf luoro-2,3-dihydro-

benz;o[b]furan-3-one (0*5 g . ) i n dry methanol (IO ml . ) at 5° and the 

mixture was s t i r r e d f o r I6 h r . a t 20° and then a c i d i f i e d and extracted 

w i t h ether. The residue a f t e r evaporation was d i s t i l l e d i n vacuo from 

phosphoric oxide to give 4»5>6,7- tetraf luorobenzo[bjfuran (0*31 g. 67^) 

b.p . 165-166°. (Poundt C, 50*4; H , 1'06; P, 59'5%', M(mass spectroscopy). 

190. CgH^E^O req i i r e s C, 50*5; H, 1*05; F , 40*0^ M, 190). 

Reduction of 4,5,6,7-tetrafluoro-2)3-dihydrobenzo[bjfuran-3-one (XXVl) 

w i t h A lka l ine Sodium Borohydride Solut ion. - Sodium borohydride (0*12 g . ) 

was dissolved i n methanol (5 ml . ) to which a few drops o f sodium 

hydroxide solut ion (2N) had been added. This solution was added dropwise 

to a so lu t ion of the ketone (XXTI) ( I •32 g . ) i n methanol (15 m l . ) . The 

temperature of the solut ion increased s l i g h t l y during the addit ion but 

remained below 35° . A f t e r completion of the addit ion d i l u t e sulphuric 
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acid was added to the react ion mixture which was then extracted wi th 

ether. The ethereal solut ion was dried and the solvent d i s t i l l e d o f f . 

The residue was heated at 120° u n t i l no more water d i s t i l l e d over, and 

then d i s t i l l e d under reduced pressure i n a closed system to give 

4J5>6,7- tetraf luorobenz0[bjfuran (0*52 g . ) . The residue from the 

d i s t i l l a t i o n was sublimed (80°/0*05 mm) and rec rys ta l l i sed from l i g h t 

petroleum (b .p . 60-80°) t o give 2,3,4»5-tetrafluorophenoxyacetic acid 

(0*22 g. ) w i t h an i n f r a - r e d spectrum i d e n t i c a l to that of an authentic 

sanple. 

Reaction of 4»5>^>7-tetrafluoro-2,3-dihydrobenzo[b]furan-3-one wi th 

flaney Nicke l . - 4>5>6,7-Tetrafluoro-2,3-dihydrobenzo[b]furan-3-one 

(0*5 g. )> Raney n i cke l (ca 3 g .of a s lur ry i n ethanol), and ethanol 

(10 m l . ) were s t i r r e d under an atmosphere of hydrogen at 20° f o r L hr . 

Nickel was f i l t e r e d o f f from the orange solut ion and washed wi th ethanol 

and the washings were combined wi th the o r i g i n a l f i l t r a t e . The combined 

ethanol solut ion was a c i d i f i e d wi th d i l u t e hydrochloric acid and extracted 

w i t h ether. The ethereal so lu t ion was washed wi th f fa ter , d r ied , and the 

solvent was d i s t i l l e d o f f to give a semi s o l i d residue. The l i q u i d was 

evaporated o f f i n a closed system under reduced pressure.-to give a small 

amount of 4 ,5 ,6 ,7 - t e t ra f luor ob.enzo [b j fu ran (0*07 g. ) i d e n t i f i e d by 

comparison of i t s i n f r a - r e d spectrum w i t h that of an authentic sample. 

The residue was sublimed ( 6 0 ° / l 5 mm) to give a white so l id (0*12 g . ) ; 

the i n f r a - r e d spectrum of t h i s product showed i t to be p a r t l y 
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4J5 j6,7-tetrafluoro-2,3-dihydrobenzo[b jfuran-3-one. 

E thy l 2-bro'mo-3,4>5>6-tetrafluoropheno3:yacetate. - 2-Bromo-3,4,5>6-tetrafluoro 

phenol (0*5 g . ) , e thyl bromoacetate (0*35 g')> anhydrous potassium carbonate 

( l « 0 g.') and dry tetrahydrofuran were heated under r e f l u x f o r 3 hr . A f t e r 

cooling the reaction mixture was poured in to water and extracted wi th ether. 

The ethereal solution was dried and the solvent d i s t i l l e d o f f to give the 

crude-product (0*48 g . ) . Recrys ta l l i sa t ion from l i g h t petroleum (b.p. 40-60°) 

gave e thy l 2-bromo-3,4>5>6-tetrafluorophenoxyacetate (0*33 g .) m.p. 40-42°. 

(Found: C, 36»6; H, 2*18; C^QlL^rF^O^ requires C, 36*3; H, 2*11^). 

Attempted Cycl isat ion of 2-bromo-3,4»5»6-tetrafluorophenoxyacetate. -

2-Bromo-3,4>5»6-tetrafluorophenoxyacetate (0*33 g .) i n dry tetrahydrofuran 

(5 m l . ) was addfed dropwise to a s t i r r e d mixture of magnesium turnings 

(0*1 g . ) and dry tetrahydrofuran (3 m l . ) at room temperature. A f t e r 

s t i r r i n g at room temperature f o r 5 hr. the mixture was heated under r e f l u x 

f o r a f u r t h e r hour. A f t e r cooling, the reaction mixture was a c i d i f i e d wi th 

d i l u t e hydrochloric acid and extracted wi th ether. The ethereal extract was 

washed w i t h water, dr ied and the ether was d i s t i l l e d o f f . The residue 

consisted of a brown t a r from which no organic product could be isolated. 



P A R T I I 

SOME REACTIONS OF 4>5>6,7-TETRAFLU0R0EENZ0[bjFDRAN 

C H A P T E R 17 

NUCLEOPHILIC SUBSTITUTION IN POLYFLUOROAROMATIC COMPOUNDS 
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Nucleophil ic Subst i tut ion i n Polyfluoroarenes. 

The reactions, of hexafluorobenzene wi th a wide var ie ty of 

55,85 -„„51,52 .^^86,87^ 

-1 -88 
H , SH , r esu l t i n the replacement of a single f l uo r ine under moderate 

nucleophi l ic reagents such as ~OCH^^^' OH-"'""", N H , " ^ ' " ' , mjm. 

conditions to give a good y i e l d of the corresponding pentafluorophenyl 

compound. An in te res t ing exception to t h i s general behaviour i s the 

recent ly reported reaction of hexafluorobenzene wi th sodium cyanide i n 

89 90 

methanol * ; one of the products isola ted from t h i s reaction resulted 

from the replacement of a l l the f l u o r i n e atoms from hexafluorobenzene: 

CgFg + NaGN + MeOH 

OMe 

F 

CN 
Me 

F 

OMe Me 

Med 

N 
OMe 

me 

A large number of nucleophil ic rplacement reactions of C^F^X 

compounds have been carr ied out, mainly by research workers at the 

Univers i ty of Birmingham. I n most cases the f l u o r i n e para to X was 

,86,91,92 53 93 ,94 replaced (>90^), f o r example when X=H""'^"-"-, CE^^^, CF^""', SMe""", 

SO^Me^^ M e / 5 , CgF /^'97, I,(CF^)^98^ ^^^99. ^^^^ x=0-5^'53, K H / ^ 

53 95 
however, meta replacement predominated, and when X=OCHj , NHCĤ  , 

replacement of f l u o r i n e from the meta and para positions occurred to 
92 

approximately the same extent. I n the case of the halogens (X=C1, B r , l ) 

ortho subs t i tu t ion occurred to a lesser extent than para subs t i tu t ion and 



-77-

decreased i n the order C l > B r > I . I n a few cases (l=NO^'^'^, N o ' ' ° \ 

—102 

CO2 ) the pos i t ion of subs t i tu t ion was dependent on the nucleophile; 

sodium methoxide i n methanol giving mainly para replacement but certain 

amines g iv ing high ( > 50^) ortho replacement. 

Reaction of the three tetrafluorobenzene confounds wi th nucleophiles 
gave subs t i tu t ion at the indicated f l u o r i n e atom 103. 

F 

1F <-
F 

F ^ 

F 

F F 

F ^ 

F 

1,2,4,5-Tetrafluorobenzene reacted s i g n i f i c a n t l y more slowly wi th methoxide 

than d i d the other two compounds. 

The react ion o f the s ix tetrafluorohalogenobenzenes 

H H 

F F 

(X=C1, B r , I ) 

,104. w i t h sodium methoxide and wi th dimethylamine has been studied'"'*'; w i t h 

methoxide as nucleophile the f l u o r i n e para to hydrogen was the major one 

replaced, but the f l u o r i n e para to X was also replaced, the proportion 

increasing along the series Cl< Br< I ; wi th dimethylamine as nucleophile 

reac t ing w i t h 1,2,3,5-tetrafluoro-4-halogenobenzenes the f l u o r i n e para to 

X was replaced to a much greater extent than w i t h methoxide. 
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Nucleophil ic replacement of f l u o r i n e i n a number of 2 -subst i tu ted-

tetrafluoronitrobenzenes has been studied^*^^: 

NO, NO, NO, 

r ^ ^ ^ ^ x Y - o r Y H r ^ ^ ^ ^ x - ^ f ^ ^ ^ T 

F 4 F 

Y 

F 

X=NH2,NHMe,NMe2,QMe Y=NH2,NHMe,NMe2,0Me 

Replacement o f the 4 - f l u o r i n e and the 6 - f l u o r i n e occurred i n varying 

proport ions; the proportion of 6 - subs t i tu t ion decreased wi th the group 

ortho t o the n i t r o group i n the order NMê  ^ OMe > NHMe > F > NH^; the 

ove ra l l r e a c t i v i t i e s decreased i n the reverse order. 

The reactions of highly f l uo r ina t ed polycycl ic compounds w i t h 

nucleophiles have been studied to a much smaller extent than those of the 

monocyclic compounds. Nucleophilic replacement of f l uo r ine from 

octafluoronaphthalene^*^^, 1 ,2 ,3j4- tetraf luoronaphthalene^^^ and 

108 
1 >2,3>4- tetrafluoroanthraquinone took place at the 2 -pos i t ion i n a l l 

three compounds. Replacement of f l u o r i n e from octafluoroacenaphthylene 

occurred sequentially at the 3 » 8 , 5 and 6 posi t ions , the t e t r a f l u o r o -

tetramethoxyacenaphthylene being formed when four or more equivalents of 

sodium methoxide were used: 

109 
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.F 

F 
excess OMe 

MeQ •OMe 

3Me 

A r a t i o n a l i s a t i o n of the observed or ienta t ion and r e a c t i v i t y i n 

nucleophi l ic replacement reactions of aromatic polyhalo-compounds has been 

45 

advanced by Burden . The subst i tu t ion react ion was assumed to involve an 

addi t ion-e l imina t ion mechanism proceeding through a d e f i n i t e intermediate; 

thus f o r hexafluorobenzene react ing wi th a nucleophile N : 

F 
+N 

- N ' 

-F 

(XLIV) 

Recently, k ine t i c evidence has been published i n favour of t h i s t3rpe of 

110 

mechanism . The Wheland type intermediate (XLIV) was used as an 

approximation to the t r a n s i t i o n state of the subst i tut ion react ion, and the 

resonance hybrid (XLV) was assumed to be the main contributor to the 

intermediate, w i t h the hybrid (XLVl) of only secondary importance. 
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F N F N 

F / ^ ^ F 

F 

(XLVI) 

F 

For CgF^ compounds, i f solvent and s ter ic e f fec ts are neglected the 

or ien ta t ion of subs t i tu t ion w i l l be governed by the r e l a t i ve ac t iva t ion 

energies f o r subs t i tu t ion or tho, meta and para to the substituent; t h i s 

resolves i n t o a consideration of the e f f ec t of a substituent attached to the 

carbon atom bearing the negative charge on the s t a b i l i t y of the charge. 

I f a substituent X s tabi l i ses the negative charge, subst i tut ion w i l l take 

place at the para pos i t ion and to a lesser extent at the ortho pos i t ion; 

i f the substituent destabil ises the charge more than f l u o r i n e , subst i tut ion 

takes place meta to X. I f X has exactly the same ef fec t as f l u o r i n e on the 

s t a b i l i t y o f the negative charge then the ortho: meta; para replacement 

45 
r a t i o would be the s t a t i s t i c a l 2 :2 :1 . The halogens were assumed to 

des tabi l i se the negative charge i n the order F > C l > B r > I ~ H ; t h i s order 
111' 

has been determined by spectroscopic measurements and arises because the 

negative charge i s i n a 7r-electron system. The e f fec t (IJT e f f e c t ) was 

a t t r i b u t e d to coulorabic repulsion between the p-electrons on the halogen and the 
112 

r i n g JT-electrons on the neighbouring carbon atom . The magnitudes of the 

Jsr repulsive e f fec t s of oxygen and nitrogen are not derivable from 

spectroscopic measurements , but were assumed to be i n the order N>0> 
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This theory accounts very w e l l f o r the major i ty of subst i tut ion 

reactions of aromatic polyfluoro-compounds; of par t icu la r relevance 

to the present work i s i t s appl icat ion to tetrafluorobenzene derivatives-

The predominance of subs t i tu t ion para to hydrogen rather than para to 

halogen i n 1,2,3,4-tetrafluoro-5-halogenobenzenes^^^ can be explained by 

a consideration of the relevant para quinonoid contr ibut ing structures 

( X L V I I ) , ( X L V I I I ) , ( X L I X ) , and ( L ) : 

( X L V I I ) 

H 

F 

Mei 

X 

F 

F • 

(XLVIII ) 

H 

X 

F 

MeO F 

(XLIX) 

H 

( I ) 

From the order of w-electron repulsions given above, (XLIX) would be 

expected to be more stable than ( X L V I I l ) ; (XLVIl) and ( L ) would be of 

approximately the same s t a b i l i t y and both would be less stable than 

(XLVTIl) . The increase i n the proportion of replacement para to 

halogen along the series Cl< B r ^ I fo l lows from the decreasing ?r-electron 

repulsions i n the same order. 

Although the above theory accounts s a t i s f a c t o r i l y f o r the 

or ien ta t ion i n the vast major i ty o f nucleophil ic subst i tu t ion reactions 

of aromatic polyfluoro-compounds, other factors must be taken into 

accoimt i n a number of cases. 
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None o f the arguments j u s t descr ibed are d i r e c t l y a p p l i c a b l e to 

r e a c t i o n s i n which t h e r e i s a s p e c i f i c i n t e r a c t i o n between the 

n u c l e o p h i l e and the subs t r a t e . As mentioned above, t h e compounds 

CgF^X where Z^NO^^^^, N 0 ^ ° ' ' , CO^"^^^' gave l a r g e amounts o f ortho 

replacement w i t h amines as n u c l e o p h i l e s , but mainly para replacement 

w i t h methoxide; t h i s has been a t t r i b u t e d t o hydrogen bonding between 

the amine and the s u b s t i t u e n t which b r i n g s the nuc leoph i l e i n t o close 

p r o x i m i t y w i t h the o r tho p o s i t i o n . That t h i s i s not the con^jlete 

102 

e35>lanation i s shown by the f a c t t h a t dimethylamine gave greater o r tho 

replacement than raethylamine i n the r e a c t i o n w i t h pentaf luorobenzoic a c i d , 

w h i l s t t he reverse was the case f o r pen ta f luoron i t robenzene and 

pen ta f luo ron i t ro sobenzene . 

S t e r i c f a c t o r s must a l so be taken i n t o account i n c e r t a i n cases; 

f o r exaii53le, dimethylamine rep laced the f l u o r i n e para to i od ine (92%) f r o m 

152,3,5-'fcetrafluoro-2).-iodobenzene, w h i l s t w i t h methoxide the f l u o r i n e para 

t o hydrogen ( i . e . o r t h o t o i o d i n e ) was rep laced t o the extent o f 60% . 

This was expla ined on the bas is o f a p r imary s t e r i c e f f e c t between the 

l a r g e i o d i n e and dimethylamine groups. S t e r i c i n t e r a c t i o n s can a lso be 

used t o r a t i o n a l i s e the observed o r i e n t a t i o n s i n the n u c l e o p h i l i c 

s u b s t i t u t i o n in- t h e C^F^X compounds where X=NiCE^)^^, n(C¥^)^^^, NHCH^^^, 

OCH^^^, OCF^^^. On the bas is o f lir r epu l s ions (K> 0 > F ) , meta s u b s t i t u t i o n 

would be expected t o predominate; however, s t e r i c i n t e r a c t i o n between 

the l a r g e X s u b s t i t u e n t and the two ortho f l u o r i n e atoms tend to t w i s t the 

p lane o f the p - o r b i t a l s o f the hetero-atom out o f the plane perpendicular 
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t o the r i n g and thus reduce the r e p u l s i o n between the p - e l ec t rons o f 

the hetero-atom and the 7r -e lec t rons o f the r i n g ^ ^ . The extent o f para 

s u b s t i t u t i o n i n these cases can thus be r o u g h l y c o r r e l a t e d w i t h the 

s ize o f the s u b s t i t u e n t X. 

The na tu re o f t h e solvent can a l so p l a y an important p a r t i n 

de te rmin ing t h e p o s i t i o n o f o r i e n t a t i o n as i s shown by the r e a c t i o n o f 

113 

pen ta f luo ron i t robenzene w i t h sodiu?! methoxide : 3*8^ methanol i n ether 

gave 30% o r tho replacement as compared w i t h 8% o r tho replacement i n 

methanol a lone . Another example o f the e f f e c t o f solvent i n determining 

the p o s i t i o n o f o r i e n t a t i o n i s i n the r e a c t i o n o f hexafluorobenzene w i t h 

97 

excess hydrazine ; w i t h dioxan as solvent equal amounts o f the 1,3- and 

1 , 4 - d i s u b s t i t u t e d compound were obta ined but w i t h t e t r a h y d r o f u r a n as 

solvent o n l y t h e 1 ,l).-isomer was formed. 

N u c l e o p h i l i c S u b s t i t u t i o n i n P o l y f l u o r o - h e t e r o c y c l i c Aromatic Compounds 

The work on h e t e r o c y c l i c compounds i s much more l i m i t e d than t h a t 

on homocyclic compounds and has been l a r g e l y concerned w i t h n i t r o g e n 

he t e rocyc l e s . 

N u c l e o p h i l i c replacement r eac t ions o f p o l y f l u o r o - p y r i d i n e s he.ve 

been s t ud i ed i n most d e t a i l . The r e a c t i o n o f p e n t a f l u o r o p y r i d i n e w i t h 

a wide range o f nuc leoph i l e s gave I f - s u b s t i t u t e d - t e t r a f l u o r o p y r i d i n e s ' ' ' ' ^ ' ^ 

the c o n d i t i o n s r e p a i r e d f o r these r eac t ions were much mi lde r than f o r the 

corresponding r e a c t i o n s o f hexafluorobenzene. A number o f n u c l e o p h i l i c 
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s u b s t i t u t i o n r eac t i ons o f compounds o f type ( L I ) have been s tud ied . 

( L I ) 

115 116 

When X=OCH^ , Br , r e a c t i o n w i t h nuc leoph i l e s gave replacement o f the 

2 - f l u o r i n e and w i t h excess sodium methoxide a 2,6-dimethox7 compound was 

ob ta ined . Reac t ion o f 2 , 3 j 5 > 6 - t e t r a f l u o r o - i 4 . - n i t r o p y r i d i n e , however, w i t h 

sodium methoxide and ammonia gave considerable replacement o f the n i t r o 
117 

group as w e l l as replacement o f the 2- :and 3 - f l u o r i n e s . The above 

r e s u l t s were r a t i o n a l i s e d ^ ' ' ^ by assuming t h a t the r i n g n i t r o g e n i s the 

g rea tes t s i n g l e f a c t o r de te rmin ing the o r i e n t a t i o n o f n u c l e o p h i l i c 

s u b s t i t u t i o n due t o i t s a b i l i t y t o s t a b i l i s e a negat ive charge placed on 

i t ; i n o ther words, t h a t the h y b r i d ( L I I ) i s the most important c o n t r i b u t o r 

t o t h e Wheland in t e rmed ia t e ( L I I I ) . P X F X 

( L I I ) ( L I I I ) 

A c o n s i d e r a t i o n o f the corresponding s t r u c t u r e s f o r r e a c t i o n a t the o ther 

p o s i t i o n s shows t h a t o n l y when s u b s t i t u t i o n takes place a t p o s i t i o n s 2 or 6 

can the nega t ive charge be l o c a l i s e d on t o n i t r o g e n . The greater s t a b i l i t y 
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o f an i n t e r m e d i a t e o f t j rpe ( L I I I ) i s shown by the replacement o f the 

n i t r o group i n 2 , 3 > 5 j 6 - t e t r a f l u o r o - 4 - n i t r o p y r i d i n e , which i s thought t o 

be the o n l y known r e a c t i o n i n which a n i t r o group i s rep laced i n preference 

t o f l u o r i n e by n u c l e o p h i l i c reagents^ Fur the r evidence f o r the e f f e c t 

o f a r i n g n i t r o g e n on the p o s i t i o n ' o f s u b s t i t u t i o n i s p rov ided by the 

s u b s t i t u t i o n r eac t i ons o f the th ree t e t r a f l u o r o d i a z i n e s which r eac t a t 

the p o s i t i o n s i n d i c a t e d : 

F 

\ . N . 

( L I V ) 

F 

F 4-

F 

(LV) 

F 4r 

(LVI ) 

F 

F ^ 

A l l t h r e e compounds were found to be more r e a c t i v e than p e n t a f l u o r o -

p y r i d i n e , but t e t r a f l u o r o p y r i m i d i n e ^ ^ ^ (I ' l V ' ) and t e t r a f l u o r o p y r i d a z i n e ^ ^ ( L V ) , 

i n b o t h o f which the f l u o r i n e para t o n i t r o g e n was rep laced , were 

s u b s t a n t i a l l y more r e a c t i v e than t e t r a f l u o r o p y r a z i n e ^ ^ (LVI ) i n which the re 

i s no f l u o r i n e para t o n i t r o g e n . 

The n u c l e o p h i l i c s u b s t i t u t i o n r eac t i ons o f h e p t a f l u o r o q u i n o l i n e and 

- i s o q u i n o l i n e demonstrate t h e f i r s t major f a i l u r e o f the simple q u a l i t a t i v e 

t h e o r y ^ descr ibed i n t h i s s e c t i o n . The r e a c t i o n o f h e p t a f l u o r o q u i n o l i n e 

119 

w i t h sodium methoxide gave two mono s u b s t i t u t e d produc ts , 2-methoxy- and 

Z^-methoxy-hexafluoroquinolines i n the r a t i o 3*lt-:1» A cons ide ra t ion o f the 
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para quinonoid c o n t r i b u t o r s t o t h e t r a n s i t i o n s ta tes f o r each p o s i t i o n 

o f s u b s t i t u t i o n i n the h e t e r o c y c l i c r i n g i n d i c a t e s t h a t s u b s t i t u t i o n should 

take p lace a t the 2 - p o s i t i o n or the 4 - p o s i t i o n ; no choice can be made 

between these two p o s s i b i l i t i e s on. the basis o f the s i n g l e q u a l i t a t i v e 

t h e o r y s ince the r e l a t i v e s t a b i l i s i n g e f f e c t s , o f l o c a l i s i n g the negat ive 

charge on t h e n i t r o g e n (as i n p e n t a f l u o r o p y r i d i n e ^ ^ ^ ' " ' ^ ^ ) , or d e l o c a l i s i n g 

the nega t ive charge round the f u s e d r i n g (as i n octaf luoronaphthalene^^^) 

are no t known. 

X F 

119 

The r e a c t i o n o f h e p t a f l u o r o i s o q u i n o l i n e w i t h nuc leoph i l e s gave 

e x c l u s i v e l y 1 - s u b s t i t u t e d p roduc t s ; ' f u r t h e r r e a c t i o n w i t h sodium 

methoxide gave 3 j4 j5>7j8-pentaf luoro-^ ,6-d imethox7isoquinol ine . The 

para qu inonoid s t r u c t u r e s f o r s u b s t i t u t i o n i n the h e t e r o c y c l i c r i n g o f 

h e p t a f l u o r o i s o q u i n o l i n e are shown: 
X F 
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I n t h i s case 3 - s u b s t i t u t i o n might have been expected t o predominate by 

analogy w i t h oc ta f luoronaphtha lene 

The observed o r i e n t a t i o n s i n the s u b s t i t u t i o n r eac t ions o f the 
^ 1 AC -1 -| "7 

monocyclic n i t r o g e n he te rocyc les have been r a t i o n a l i s e d ^ ' mainly 

by a c o n s i d e r a t i o n o f two e f f e c t s : f i r s t l y , the d e s t a b i l i s a t i o n o f a 

nega t ive charge on a carbon atom bonded to f l u o r i n e (ITT e f f e c t ) , and 

secondly, t h e s t a b i l i s a t i o n o f a negat ive charge by l o c a l i s a t i o n on a 

n i t r o g e n atom. When these e f f e c t s r e i n f o r c e one another , as i n the case 

o f p e n t a f l u o r o p y r i d i n e , a s a t i s f a c t o r y r a t i o n a l i s a t i o n can be obta ined , 

but when they are i n o p p o s i t i o n , as w i t h h e p t a f l u o r o i s o q u i n o l i n e , the 

r e s u l t s are ambiguous. I t would thus appear t h a t the s i n g l e q u a l i t a t i v e 

t h e o r y , w h i l s t ve ry s a t i s f a c t o r y i n e x p l a i n i n g the o r i e n t a t i o n i n 

monocyclic compounds, has d e f i n i t e l i m i t a t i o n s when a p p l i e d t o fused 

r i n g h e t e r o c y c l i c compounds i n which s u b s t i t u t i o n occurs i n the 

h e t e r o c y c l i c r i n g . 
23 

N u c l e o p h i l i c s u b s t i t u t i o n i n 5>6 ,7 ,8 - t e t r a f luoroqu ino l ine , 

however, has been r a t i o n a l i s e d s a t i s f a c t o r i l y by the simple q u a l i t a t i v e 

t h e o r y . S u b s t i t u t i o n took p lace a t the 7 - p o s i t i o n and ( L V I I ) , i n which 

the nega t ive cliarge can be l o c a l i s e d on n i t r o g e n was considered t o be 

the l i k e l y t r a n s i t i o n s t a t e : 

( L V I I ) 
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N u c l e o p h i l i c s u b s t i t u t i o n i n oc ta f luorod ibenzo th iophen occurred a t 

the 2 - p o s i t i o n ( t h a t i s , para to sx i lphur) ; t h i s o r i e n t a t i o n was 

r a t i o n a l i s e d by assuming t h a t a nega t ive charge on a carbon atom bonded t o 

120 
sulphur i s s t a b i l i s e d by the sulphur d - o r b i t a l s : 

An i n t e r e s t i n g comparison a r i s e s between the o r i e n t a t i o n i n t h i s compound 

and t h a t i n 4>5>6,7- te t raf luorobenzo[b] thiophen^^^. I n the l a t t e r compound 

s u b s t i t u t i o n occurred a t t he 6 - p o s i t i o n ( t h a t i s , met a to su lphu r ) ; the 

121 

d i f f e r e n c e between t h e two compounds was expla ined on the bas is o f 

charge d e l o c a l i s a t i o n round the th iophen r i n g of the l a t t e r conipound ( L V I I I ) 

which would a l so p lace the nega t ive charge on a carbon atom bonded t o sulphur 

and i n v o l v e grea ter charge d e l o c a l i s a t i o n than s u b s t i t u t i o n a t t he 5 -pos i t i on 

( t h a t i s , para t o su lphur ) ( L I X ) : 

( L V I I I ) ( L I X ) 
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This type o f d e l o c a l i s a t i o n was thought t o be u n l i k e l y i n the case o f 

oc t a f l uo rod ibenzo th iophen s ince t h e a r o m a t i c i t y o f the second benzene 

r i n g would be d i s t u r b e d . 

At tempted n u c l e o p h i l i c s u b s t i t u t i o n i n t e t r a f l u o r o f u r a n was 

unsuccess fu l ' ' ^ . The molecule d i d not behave l i k e a t y p i c a l f l uo roa roma t i c 

compound, as evidenced by the a d d i t i o n o f bromine t o g ive a 2,5-dibromo 

adduct. 



C H A P T E R V 

DISCUSSION OF EXPERIMENTAL WORK (PART I I ) 
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I n t r o d u c t i o n 

The r e a c t i o n s o f 4>5>6,7- te t ra f luorobenzo[b j fu ran can be convenient ly 

d i v i d e d i n t o two groups: ( i ) r e a c t i o n s o f the f l u o r i n a t e d benzene r i n g , 

and ( i i ) r e a c t i o n s i n v o l v i n g the h e t e r o c y c l i c r i n g . Sect ion I deals w i t h 

n u c l e o p h i l i c replacement o f f l u o r i n e . Only one r e a c t i o n o f t h i s type was 

s t u d i e d , t h a t w i t h sodium methoxide, and the o r i e n t a t i o n o f s u b s t i t u t i o n 

was determined by a combination o f chemical and spectroscopic methods. 

The f a c t o r s a f f e c t i n g the o r i e n t a t i o n o f n u c l e o p h i l i c s u b s t i t u t i o n i n 

t h i s system are a l so considered i n t h i s s e c t i o n . The r eac t ions o f the 

f u r a n r i n g which have been i n v e s t i g a t e d are discussed i n Sect ion I I ; 

these are d i v i d e d i n t o th ree groups: f i r s t l y , r e a c t i o n w i t h b u t y l -

l i t h i u m and subsequent r e a c t i o n o f the b e n z o [ b ] f u r y l - l i t h i u m ; the 

products f r o m these r e a c t i o n s were r e l a t e d chemica l ly t o 4 , 5 , 6 , 7 - t e t r a f l u o r o -

2 -me thy lbenzo [b ] fu ran . Secondly, e l e c t r o p h i l i c s u b s t i t u t i o n , the 

o r i e n t a t i o n i n t h i s case be ing assigned on the bas is o f nuclear magnetic 

resonance spec t ra . F i n a l l y , t he p o l y m e r i s a t i o n o f 4 , 5 , 6 , 7 - t e t r a f l u o r o -

benzo^b j fu ran was i s r i e f l y i n v e s t i g a t e d . 
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Sec t ion I 

N u c l e o p h i l i c Replacement o f F l u o r i n e i n 2).,3,6,7-Tetrafluorobenzo[b3furan 

The r e a c t i o n o f 4 j 5 5 6 , 7 - t e t r a f l u o r o b e n z o [ b j f u r a n ( X L l ) w i t h sodium 

methoxide was the o n l y r e a c t i o n o f t h i s type i n v e s t i g a t e d . The f l u o r i n e 

atoms i n ( X L l ) showed a comparat ively low s u s c e p t i b i l i t y to replacement 

by methoxide; best y i e l d s {15%) o f t r i f luoromonomethoxybenzo[b] furan 

were ob ta ined by r e a c t i o n i n a sealed tube a t 95° f o r about 45 hours , but 

even under these c o n d i t i o n s a n a l y t i c a l scale g . I . e . showed small amounts 

o f unchanged ( X L l ) i n the r e a c t i o n product as w e l l as t races o f compounds 

w i t h l onge r r e t e n t i o n t imes which were p robab ly d i f l u o r o d i m e t h o x y -

b e n z o [ b ] f u r a n s . I n i t i a l r e a c t i o n s were c a r r i e d out by hea t ing the 

r e a c t i o n mix ture under r e f l u x i n methanol but n e g l i g i b l e amounts o f the 

methoxy compound were obta ined, l/vhen the r e a c t i o n was c a r r i e d out i n a 

sealed tube a t 150° f o r 15 hours , the g . l . c . peaks a t t r i b u t e d to the 

dimethoxy compounds increased r e l a t i v e t o t h a t o f the monomethoxy compound. 

The t r i f luo romonomethoxybenzo[b ] f \ i r an was separated by p repara t ive scale 

g . l . c . , and elemental a n a l y s i s r e s u l t s i n d i c a t e d the co r r ec t e m p i r i c a l 

19 

f o r m u l a , bu t the F n . m . r . spectrum showed n i n e areas o f a b s o r p t i o n , 

t h r e e groups o f t h r e e peaks o f equal i n t e n s i t y i n the r a t i o A:B:C = 

57i27:l6, which were a t t r i b u t e d t o t h ree i someric t r i f luoromonomethoxy-

b e n z o [ b ] f u r a n s ; the mix tu r e was re-examined by a n a l y t i c a l scale g . l . c . 

u s i n g a number o f columns o f d i f f e r e n t p o l a r i t y but no separat ion could 

be e f f e c t e d . This behaviour i s reminiscent o f t h a t o f the products f r o m 

t h e r e a c t i o n o f 1,2,3,4-tetrafluoro-5-halogenobenzenes w i t h sodium 
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104 
methoxide •. ••. which cou ld not be r e so lved by g . I . e . Having es tab l i shed 
t h a t a number o f i somer ic t r i f luoromonomethoxybenzo[b j furans were formed 
i n t h i s r e a c t i o n , the problem o f a s s ign ing o r i e n t a t i o n s t o each isomer 
was then i n v e s t i g a t e d . 

Assignment o f O r i e n t a t i o n o f Tr i f luoromonomethoxybenzo[bjfarans 

The methods which were considered f o r de termining the o r i e n t a t i o n s 

were: ( l ) n . m . r . spectroscopy; (2) degradation o f the f u r a n r i n g ; 

(3) synthes is o f an isomer o f known o r i e n t a t i o n . 

1 . N.M.R. Spectros:copy 

The ^^F n . m . r . spectrum o f 4 , 5 , 6 , 7 - t e t r a f l u o r o b e n z o [ b j f u r a n i n 

carbon t e t r a c h l o r i d e i s shown i n Table 6. 

Table 6 

» Chemical i n t e n s i t y M u l t i p l i c i t y Coupl ing Constants (cps) 
S h i f t ( p .p .m) 

148*0 1 doublet o f doublet 19'1, 10'5, 4*2 148*0 
o f doublets 

162'3 2 complex band 

164'8 1 doublet o f doublet 19*6, 13-7, 7-3 164'8 
o f doublets 

K A l l f l u o r i n e chemical s h i f t s throughout t h i s t he s i s are p .p .m . u p f i e l d 

f r o m t r i c h l o r o f l u o r o m e t h a n e . 
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Two o f the peaks showed simple f i r s t order s p l i t t i n g and the 
c o u p l i n g constants were e a s i l y measurable. I n the case o f the remaining 
two f l u o r i n e s , the d i f f e r e n c e i n chemical s h i f t was o f the same order as 
the c o u p l i n g constants and t h i s gave r i s e t o second order s p l i t t i n g ; t he 
c o u p l i n g constants i n t h i s case were not ca l cu la t ed . F l u o r i n e - f l u o r i n e 
c o u p l i n g constants are known to decrease i n the order J ^ ^ ^ ° > J^f|^^ > 

J ^ * ^ , ^ ^ ^ and since the two re so lved absorpt ions o f 4 , 5 , 6 , 7 - t e t r a f l u o r o -

b e n z o [ b ] f u r a n have o n l y t h e l a r g e s t coup l ing constant i n common, the two 

f l u o r i n e s must be o r tho t o one another . No f u r t h e r i n f o r m a t i o n was 

a v a i l a b l e f r o m a simple a n a l y s i s o f the spectrum and t h e r e f o r e the method 

cou ld not be used independent ly t o determine the o r i e n t a t i o n o f the 

t r i f luoromonomethoxybenzo[bJfurans . 

2 . Degradat ion o f the Furah Ring 

A common method f o r the de te rmina t ion o f o r i e n t a t i o n i n fused r i n g 

systems i s the degradat ion o f the u n s u b s t i t u t e d r i n g t o g ive a s u b s t i t u t e d 

p roduc t which i s then r e l a t e d to compounds o f known s t r u c t u r e . I n t h i s 

case o x i d a t i v e cleavage o f the f u r a n r i n g would be expected to give 

d e r i v a t i v e s o f s a l i c y l i c a c i d . 

MeO MeO-h F 

CO_H 
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A number o f methods f o r the opening o f the f u r a n r i n g o f benzo [b ] fu ran 

have been r e p o r t e d . Ox ida t i on w i t h concentrated n i t r i c a c i d gave 

123. potassium permanganate gave complete 2 -hydroxy-5-n i t robenzoic a c i d 

1 2;) 

breakdown o f the molecule and ozone gave a mix ture o f products as 

shown : 

CHO 

40fo 

I n v iew o f the l i m i t e d data a v a i l a b l e on these o x i d a t i o n r eac t i ons 

o f b e n z o [ b j f u r a n , and the known s t a b i l i t y o f the f u r a n r i n g i n 

4>5>6 ,7- te t ra f luoro-2-methy lbenzo[b j fu ran to o x i d a t i o n ^ ^ (see l a t e r ) t h i s 

method o f de t e rmina t ion o f o r i e n t a t i o n o f n u c l e o p h i l i c s u b s t i t u t i o n was not 

i n v e s t i g a t e d . 

3. Synthesis o f an Isomer o f Known O r i e n t a t i o n 

The S3mtheses o f 4 , 5 , 6 , 7 - t e t r a f l u o r o b e n z o [ b j f u r a n described i n Pa r t I 

o f t h i s t h e s i s g ive r i s e to several poss ib le routes to t r i f luoromonomethoxy­

benzo [ b j f u r a n s . The rou t e i n v e s t i g a t e d necess i ta ted the synthesis o f a 

t r i f luoromonomethozyphenol (LX) s u i t a b l e f o r r i n g c losure .by one o f the 

known methods. 

Me0 4- F 

(LX) 
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The r e a c t i o n o f 2 ,3>5 ,6- te t ra f luoroan i so le w i t h potassium hydroxide i n 

t e r t i a r y bu tano l was i n i t i a l l y i n v e s t i g a t e d as a rou te t o 2 , 4 , 5 - t r i f l u o r o -

3-methoxyphenol; the pheno l i c product f rom t h e r e a c t i o n was shown t o 

cons i s t ma in ly o f 2 ,3 j556 - t e t r a f luo ropheno l toge ther w i t h two compounds i n 

approx imate ly equal amounts w i t h longer r e t e n t i o n times on a n a l y t i c a l scale 

g . l . c . , presumably a r i s i n g f r o m replacement o f the two f l u o r i n e s (o r tho and 

meta to hydrogen) t o approx imate ly the same e x t e n t . The demethyla t ion o f 

2 ,3>5>6-te t raf luoroanisole i n t h i s r e a c t i o n p a r a l l e l s the ' h e i a v i o u r o f 

53 

p e n t a f l u o r o a n i s o l e i n n u c l e o p h i l i c r e ac t i ons i n which demethyla t ion also 

occurs t o v a r y i n g ex tents depending on the n u c l e o p h i l e . Due t o the above 

unfavourab le r e s u l t s t h i s r o u t e t o a s u i t a b l e methoxyphenol was abandoned. 

2 ,4 ,5-Tr i f luoro-3-methoxyphenol was s u c c e s s f u l l y synthesised by the r e a c t i o n 

o f sodium 2,3>4j5- te t raf luorophenate w i t h sodium methoxide. The r e a c t i o n was 

i n i t i a l l y c a r r i e d out i n methanol i n a sealed tube a t 160°; considerable 

decomposi t ion occurred and o n l y ve ry smal l amounts o f the r e q u i r e d phenol 

were ob ta ined as i n d i c a t e d by a n a l y t i c a l scale g . l . c . However, when the 

r e a c t i o n was c a r r i e d out i n sulpholane ( tetramethylenesulphone) i n a sealed 

tube a t 140° f o r 12 hours , a 50^ y i e l d o f 2 ,4»5- t r i f luoro-3-methoxyphenol 

was ob ta ined . The r e a c t i o n appeared t o be suscep t ib le t o small changes i n 

tempera ture , v a r y i n g amounts (up t o 50^) o f h igher b o i l i n g compounds being 

formed a t s l i g h t l y h igher temperatures. These compoxinds were not 

i n v e s t i g a t e d but w.ere presumably due to f u r t h e r replacement o f f l u o r i n e . 

The marked increase i n y i e l d o f the methoxyphenol when the r e a c t i o n was 

c a r r i e d out i n sulpholane as compared w i t h methanol i l l u s t r a t e s the 

use fu lness o f d i p o l a r a p r o t i c so lvents i n n u c l e o p h i l i c s u b s t i t u t i o n r e a c t i o n s ; 
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the g rea t e r r e a c t i v i t y ( t h a t i s , decrease i n a c t i v a t i o n energy) o f systems 

i n d i p o l a r a p r o t i c so lven ts as compared w i t h p r o t i c solvents has been 

,126,127 a t t r i b u t e d t o the lower s o l v a t i o n o f the small anion i n the fo rmer . 

O r i e n t a t i o n o f N u c l e o p h i l i c S u b s t i t u t i o n i n 2,3,4>5-Tetrafluorophenol 

The o r i e n t a t i o n o f the product f r o m the r e a c t i o n o f 2,3,4>5-tet^afluoro-

phenol w i t h sodium methoxide i n sulpholane was conf i rmed by chemical means 

and by n . m . r . spectroscopy. The rou te used f o r the chemical p r o o f i s 

shown i n the scheme: 

L X I 

CO^Me 

1. 

4. 

MeO 

L X I I 

CO^Me 

F 

OMe 

LXIV 

2. 

F 

MeO 

L X I I I 

3. 

COgMe 

MeO 

CO^H ^ ^ ^ X ^ C O ^ e 
3« 

OMe 

XXXIV 

1. NaOM^ sulpholane; 2. BuLa/CO^; 5- CH^N^; 4. NaOMe/MeOH 
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The synthesis of methyl 3 >5»6-trifluoro-2,4-(iimethoxybenzoate (LXV) from 

2>3>4>5-tetrafluoro-6-hydro2yl3enzoic acid (XXKIV) was carried out i n 

another context but is included here for the sake of conjjletion although 

i t i s not necessary for the proof of the structure of the methoxyphenol (LXIl) 

The reaction of methyl pentafluorobenzoate with sodium methoxide i n methanol 

gave replacement of the 4 - f luorine; the orientation of the product (LXTV) 
19 

was assigned on the basis of i t s F n.m.r. spectrum which showed only two 

absorptions of equal intensity. Reaction of (LXIV ) with sodium methoxide 

i n methanol gave (LXV). The methoxyphenol ( L X I I ) was converted to the 

acid ( L X I I I ) by the procedure described i n Part I ; the acid ( L X I I I ) was 

converted to the ester (LXV) by reaction with diazomethane. The structure 

of the methoxyphenol (LXIl) follows direct ly from the tiro known facts: 

(1) the methoxy group i n (LXIV ) i s known to be i n the para position; 

(2) the hydrogen i n the phenol (LXl) is known to be ortho to the hydroxyl 

group; only i f substitution takes place as shown w i l l the same compound (LXV) 

be obtained from the tvro routes. The reactions of the esters shown in the 

scheme i l l u s t r a t e the powerful directive effect of the methoxycarbonyl 

group on the orientation of nucleophilic substitution; reaction occurred 

para to this group to the extent of > 30%, except in the case of (LXIV) 

which has no para f luor ine; i n this case exclusive ortho substitution 

occurred. 

The structure of 2,4,5-trifluoro-3-methoxyphenol ( L X I I ) was also 

deduced from n.m.r. data; the chemical shif ts and coupling constants for 

2,3A>5-tetrafluorophenol (LXl) and 2,4j5-trifluoro-3-methoxyphenol are 
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shown i n Tables 7 and 8. 

Table 7 

1 H n.m.r. Coupling Constants and Chemical Shifts 

Compound Chemical Shift ( T ) Coupling Constants (c.p.s.) 
Aromatic Proton 

3*1 (aromatic H) 

Me( 

H 
3*2t. (aromatic H ) 

k ^ O E 5-9 (OCH3) 

T-ortho . . c T°ieta _, _, -, 
JHF 11-5; 7-7, 7-7 

Table 8 

19. g n.m.r. Coupling Constants and Chemical Shifts 

mi a l ~' Coupling Constants (c.p.s.) 
Compound ^ f . ^ . Assignment ^ortho j-para. ^meta ^ortho -̂meta .̂para 

Sl^ift JpF ^FF . "̂KP "̂HF 

H 

OH 

140-7 21-8 9-1 1-5 11-3 -

156'9 3F 19-2,19-2 - 1-5 3 

163-7 2F 19-2 8-9 3-0 7.9 

168'1 4P 22-1,19-8 - 3-0 7-4 

142*0 5F 21-5 10-8 — 10'8 -

l60-5 2F 8-9* - 8-9* 

163-9 4F 21 -2 - 7-1 

4 ^ \ H 

Me 
2 

OH 

H This value is midway between the expected values for the two coupling 
constants and i s due to an unresolved doublet of doublets appearing as a 
t r i p l e t . 
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The smallest hydrogen-fluorine coupling constant in the spectrum of 

2,3>4j5-tetrafluorophenol (2-6 c.p.s.) was assigned to J^^^ i n agreement 
1 OZL 128 

with reported data ' ; this small coupling constant i s absent from 

the spectrum of the methoxyphenol ( L X I I ) and hence the fluorine para to 

hydrogen must have been replaced; the remaining coupling constants are 

consistent with this structure. 

The orientation of substitution i n 2,3,4j5-tetrafluorophenol can be 

rationalised sat isfactori ly on the basis of the theory described in 

Chapter the para quinonoid contributors to the four possible 

t ransi t ion states are shown: 
H H 

0 

F OMe 

H H 

MeO 

F 

0 

F 
F 

-OMe 

(Lx\n:) 

I f the I?r repulsions are assumed to decrease i n the order 0 > F > H i t 

can be seen that (LXVl) w i l l be most stable and therefore substitution 

should occur at the 3-position, as is observed. 

2,4,5-Trifluoro-3-methoxyphenol (LXII) was converted to 4>5j7-

trifluoro-6-methoxybenzo[b]furan (LXIX) by the series of reactions shown 

i n the scheme: 
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Me 0 ^ 

( L X I I ) 

BrCH'CO„H f ^ ^ ^ ^ ^ ^ , ^..x. (^^^^^ ^ 
2 2' 

OH ¥ W MeO' 

( L m i ) 

3-BuLi 
OCĤCÔH 2 MeÔ  

1. NaBH. 

V l O ^̂  

( L X V I I I ) 

(LXIX) 

Reaction of 2,4,3-trifluoro-3-methoxyphenol (LXIl) with bromoacetic acid 

i n aqueous solution gave 2,2).,5-trifluoro-3-methoxyphenoxyacetic acid ( L X V I I ) 

i n good y ie ld ; this proved to be a more convenient route to the 

phenoxyacetic acid than the two step procedure involving i n i t i a l formation 

of the ester followed by hydrolysis described i n part I. Cyclisation of the 

acid ( L X V I I ) with three equivalents of butyl-l i thium followed by carbonation, 

and reduction of the 2,3-dihydrobenzo [b]furan-3-one ( L X V I I I ) with sodium 

borohydride followed by dehydration with phosphoric oxide were carried out 

as described i n Part I for the corresponding tetrafluoro-compounds. 

'̂ F n.m.r. Spectra of PolyfluorobenzoLbJfurans 
19 

A comparison of the F n.m.r. spectrum of 2,.,5,7-trifluoro-6-methoxy-

benzo[b]furan (Table 9) with that of the mixture of trifluoromonomethoxy-

benzo[b]fiiirans obtained from the reaction of 4,5,6,7-tetrafluorobenzo[b]furan 
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with sodium methoxide showed that the major component of the mixture 

(isomer A) was the 6-isomer. The assignments shown in Table 9 are consistent 

with reported data on f luorine-fluorine coupling constants of highly 

fluorinated aromatic systems; some examples are shown in Table 10. 

Table 9 

19. F n.m.r. Spectrum of 4>5»7-Trifluoro-6-methoxybenzo[b]furan (Isomer A) 

Chemical Shift Assignment Coupling Constants (c.p.s) 

149-0 
156-8 

159-4 

4F 
7F 

5F 

19*8, 17-1 

17-1> 2-6, 1-1 

19-8 (+ smaller spli t t ings) 

Table 10 

Some Examples of Fluorine - Fluorine Coupling Constants 

C oii5»ound 

'H 
F 

F 
H 

C.F„Z 

Coupling Constants (c.p.s.) ^ortho .j-para j:meta 
FF FF FF 

18-19 

19-7-20-1 

18-23 

18-21 

12 

10 

5-9 

15-19 

1-4 

2-6 

0-9-5 

Reference 

129 

130 

131, 132 

133 

Thus, the absorption at I49-O ^t^?^c| ;rum of 4>557-tetrafluoro-6-methoxy-
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benzo[b]furan must be due to the 4-fluorine since only this fluorine has 

fluorines ortho and para to i t which give rise to the two large coupling 

constants. The absorptions at 159*4 and 156*8 must be respectively ortho 

(5-fluorine) and para (7-fluorine) to the 4-fluorine since the former has 

the larger coupling constant i n common with the 4-fluorine. Confirmation 

of the assignment of the absorption at 156*8 to the 7-fluorine can be 

obtained from an examination of the smaller coupling constants derived 
-I 

from this absorption and also from, the H n.m.r. spectrum of the compound, 

Table 11. 
Table 11 

n.m.r. Spectrum of 4,5,7-Trifluoro-6-metho3;ybenzo[blfuran (isomer A) 

Chemical Shif t (Y) Assignment Coupling Constants (c.p.s) 

6*0 OCH^ 1*0 

3*3 3H 2-2, 2*8 

2*5 2H 2*2 

The ' 'H n.m.r. spectrum of benzo[b]furan^^^'^^^ as a pure l iquid shows a 

doublet ( j : 2*3 c.p.s.) fo r the 2-proton ^ 2*73) and a doublet of doublets 

( j : 2*3, 0*9 c.p.s) for the 3-proton (7'3*59); the coupling constant of 

2*3 c.p.s. is due to coupling between the 2- and 3-protons and the coupling 

constant of 0*9 c.p.s. i s due to cross-ring coupling between the 3- and 7-

protons. The 3-proton of 4,5,7-trifluoro-6-methoxybenzo[b]furan also shows 

two coupling constants; one (2*2 c.p.s.) i s due to coupling with the 2-proton; 

the other (2*8 c.p.s.) i s of the same magnitude as one of the small splittings 
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of the absorption attributed to the 7-fluorine and hence i s assumed to 

be due to cross-ring proton-fluorine coupling. The remaining spl i t t ing 

(l-1 c.p.s.) of the 7-fluorine absorption i s due to coupling with the 

protons of the ortho methoxy group; this type of coupling is observed in 

many other similar systems^ 

Having determined the chemical shif ts of each fluorine of 

4)5j7-trifluoro-6-metho2ybenzo[b]furan i t i s now possible to assign the 

fluorines i n the spectrum of 4>5j6,7-tetrafluorobenzo[b]furan and to 

determine the effect of the methoxy substituent on the chemical s h i f t . 

Table 12. 

Table 12 

Position 

Chemical Shifts 

MeO 

Effect of 
CĤO (p.p.m) 

4 

6 

7 

5 

148-0 

162-3 

162-3 

164-8 

149-0 

156-8 

159-4 

+1-0 (meta) 

- 5-5 (ortho) 

-5*4 (ortho) 

The most useful feature i n the spectrum of 4,5,6,7-tetrafluoro-

benzo[bjfuran is the absorption at 148*0 and the assignment of orientation 

of the remaining trifluoromonomethoxybenzo[b]furans i s dependent on the 
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correct assignment of this absorption. The effect of a methoxy 

substituent on f luorine chemical shif ts for a number of polyfluoroaromatic 

conrpounds i s shown in Table 13; the substituent effect is obtained by 

subtracting the chemical sh i f t of a particular fluorine in the unsubstituted 

compound from the sh i f t i n the substituted compound; positive values are 

upfield sh i f t s , negative values are downfield shif ts . The terms ortho, 

meta, and para are used with reference to the methoxy group. 

Table 13 

19. Effect of a Methoxy substituent on F Chemical Shifts 

Effect of MeO 
Substituted Compound ^^^^^ ^^^^ 

CgF̂ OMe -4-4 +2*0 

para 

+1*7 

Ref. 

131 

MeO 

OMe 
-5 and -7 +2 

-3*0 and +1*5 
-4-7 

137 

133 

OMe 
-4«9 and +1-9 
-5-7 

138 

I t can be seen from Table 13 that the methoxy group does not have a 
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large effect on a meta f luorine. Since the low f i e l d peak (148*0) of 

4,5j6,7-tetrafluorobenzo[b]furan i s separated from the remaining peaks 

by ca 15 p . p . » . , the assignment of this peak to the 4-fluorine is j u s t i f i ed ; 

i f any other absorption was attributed to the 4-fluorine in 4>5,6,7-

tetrafluorobenzo[bjfuran a meta downfield sh i f t of at least I 4 c.p.s. would 

be required i n order to account for the observed spectrum of 

45 5,7-trifluoro-6-methoxybenzo[b]furan. From the observed coupling constants 

(p. 92) the absorption at 164*8 in the spectrum of 4,5,6,7-tetrafluoro-

benzo[bjfuran can now be attributed to the 5-fluorine, and hence the 

overlapping peaks centred at l62*3 can be assigned to the 6- and 7-fluorines. 

As can be seen from Table 12 the observed effects of the methoxy substituent, 

calculated on the basis of these assignments, are i n agreement with earlier 

results shown in Table 13-
19 

The F n.m.r. data and assignments for the remaining two isomers 

(Bcandc) i n the mixture of trifluoromonomethoxybenzo[b]furans are shown 

i n Tables I 4 and I 5 . 
Table 14 

^^F n.m.r. of ..Isomer B (5,6,7-trifluoro-4-fflethoxyb'enzo[b]furan) 

•~~ r ^ -, • ^ 4 . Effect of OMe Chemical Shif t Assignment Coupling Constants .-.q 
on ^ F shif t 

160'4 5F 18, (+ smaller spl i t t ing^ -4*4 (ortho) 
163*6 6F 19*5, 18 +1*3 (meta) 
165*0 7F 19*2, ^-2*8 X 2 + 2*7 (para) 



-106-

Table 15 

^^F n.m.r. of Isomer C (4,5,6-trifluoro-7-methoxybenzo[b]furan) 

Chemical Shif t Assignment Coupling Constants Effect of OMe 
1 9 

on ^ F shi f t 

150-8 4F 20*3, 2-4 +2*8 (para) 

158*3 6F 19 (+ small spli t t ings) -4*0 (ortho) 

166'4 5F 20*4, 18*5 +1*6 (meta) 

The methoxy group i n isomer B is assigned to the 4-position since the 

low f i e l d peak assigned to the 4-fluorine i n 4,5,6,7-tetrafluoro-

benzo[bjfuran i s absent from the spectrum; the absorption at 163*6 can 

then be assigned to the 6-fluorine on the basis of the two large coupling 

constants due to two ortho fluorines; the assignment of the remaining 

peaks i s made on the basis of the methoxy substituent effect , the 

downfield sh i f t being assumed to be due to ortho substitution. The 

smaller sp l i t t ing {^2'8 c.p.s.) of the absorption at I65-O, attributed 

to cross-ring coupling between the 3-proton and the 7-fluorine, gives 

further confirmation of the assignmehts i n Table I4. 

The remaining isomer (isomer C) must be either the 5-niethoxy or 

7-methoxy compound. The assignment of the methoxy group is made on the 

basis of the two assumptions which have been used throughout this 

argument: f i r s t l y , that the low f i e l d peak, i n the region I48-I51, is 

due to the fluorine at the 4-position, and secondly, that J^^ > . 

I t can be seen from Table 15 that the 4-fluorine (150-8) couples with the 
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f luorine at l66*4 and that the coupling constant (20*3 c.p.s.) is the 

largest i n the spectrum; i t thus follows that these two fluorines must 

be ortho to one another, that i s , that the absorption at 166*4 i s due to 

the 5-f luorine, and hence that the methoxy substituent is in the 7-position. 

Again the observed effect of the methoxy substituent is i n agreement with 

the values given i n Table 13* 

Further confirmation of the assignment of fluorines i n isomers B 

and C could be obtained i f the smaller spli t t ings observable on some of 

the peaks could be measured; these splitt ings could be due to coupling 

between the protons of the methoxy group and the ortho fluorines, or 

between meta fluorines; however, none of these small couplings could be 

measured with the resolution available. 

Theoretical Considerations on Nucleophilic Substitution in 

4,5>6,7-Tetrafluorobenzo[bjfuran 

The rationalisation of nucleophilic substitution i n 4,5j6,7-tetrafluoro-

benzo[bjfuran i s discussed in terms of the arguments which have been used 

successfully to rationalise the orientation of nucleophilic substitution in 

many other polyfluoro-aromatic compoundŝ ^ (see Chapter IV) . Assuming that 

the entropy of activation i s the same for substitution at each position, 

the isomer distr ibution is determined solely by the differences in energy 

of activation; the lower the energy of a particular transition state, the 

greater the proportion of that isomer i n the reaction product. The 

following discussion i s therefore concerned with the factors affecting the 
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s t ab i l i t y of each transition state. The basic assumptions are that a 

para-quinonoid structure makes a greater contribution to the transition 

state than an ortho-quinonoid structure, and that the ITT repulsion of 

oxygen i s greater than that of fluorine^^. 

The para-quinonoid contributors to the transit ion states fo r 

substitution at each of the four positions are shown: 

F OMe 

LXX 

MeO 

LXXI 

MeO 

L X X I I 

MeO F 

L X X I I I 

The hybrid ( L X H ) would be expected to be least stable since the 

negative charge i s placed on the carbon atom bonded to oxygen; hybrids (LXX) 
and ( L X X I I I ) would be expected to be of about the same order of s tab i l i ty , 

and to be more stable than ( L X X I ) , since the negative charge is placed on a 

carbon atom bonded to f luor ine . A negative charge placed on a carbon atom 

common to two rings has been found to be a comparatively stable arrangemeit; 
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the para-quinonoid contributors to the transition states leading to the 

observed products from nucleophilic replacement of fluorine i n octafluoro-""^^ 

and 1,2,3,4-tetrafluoro' '°^-naphthalene, and i n 5,6,7,8-tetrafluoro-
23 

are snown oeiow: 
F 

qumoline are shown below 

N 
N 

I n a l l three cases the negative charge i s placed on the carbon atom which 

i s common to both rings and not on a carbon bonded to fluorine (or a 

carbon bonded to nitrogen i n the case of the quinoline). By analogy, 

with these results, the hybrid ( L X X I I ) , above, i n which the negative charge 

i s placed on the carbon atom bonded to the furan carbon atom, would be 

expected to be most stable; therefore replacement of the 6-fluorine 

should predominate. The analogy between the three compounds mentioned 

above and 4,5,6,7-tetrafluorobenzo[b]furan is not completely val id since 

i n the former cases the negative charge can be delocalised round the 

six-membered rings and, i n the case of 5,6,7,8-tetrafluoroquinoline, i t 

can be localised on the nitrogen atom. Delocalisation of the negative 

charge of hybrid (LXXII ) around the furan r ing places the negative charge 

on the carbon atom bonded to oxygen: 

F 

MeO 
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Whether any additional stabilisation results from this delocalisation i s 

questionable. 

The para-quinonoid contributors to the transition states leading to 

replacement of the 4-fluorine and the 7-fluorine both place the negative 

charge on a carbon atom bonded to f luorine, and therefore i n order to 

determine the relative s tab i l i t i es of these transition states i t i s 

necessary to consider the corresponding ortho-quinonoid contributors: 

F OMe 

F 

LXXIV 

F OMe 

F 

LXXV 

MeO F 

F 

MeO F 

LXX7II 

The ortho-quinonoid contributors to the transition state resulting from 

reaction at the 4-position place the negative charge on the carbon atom 

bonded to the furan carbon atom (LXXIV) and on a carbon atom bonded to 

f luorine (LXXV); the corresponding contributors for replacement of the 

7-fluorine place the negative charge on the carbon bonded to oxygen (LXXVI) 
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and on a carbon bonded to fluorine (LXXVII ) , and hence the transition 
state leading to rqjlacement of the 4-fluorine should be rather more 
stable than that leading to replacement of the 7-fluorine. Thus, from 
the above qualitative considerations, the ease of replacement of fluorine 
i n 4j5>6,7-tetrafluorobenzo[bjfuran should decrease i n the order 
6F>4F>7F>5F , which i s the same order as that found experimentally from 
the reaction with sodium methoxide. 

The preceeding discussion gives a reasonable qualitative 

explanation of the orientation of nucleophilic substitution i n 

4,5j6,7-tetrafluorobenzo[bjfuran; the lower reactivity of the molecule 

as compared with hexafluorobenzene can best be explained by a 

consideration of ground state s tabi l i t ies . I t has been suggested^^ that 

an increase i n f luorine substitution decreases the s tab i l i ty of an 

aromatic compound; s tab i l i ty i n this context i s used i n an absolute 

sense: one compound is more stable than another i f more free energy i s 

required to decompose i t into i t s constituent atoms i n their standard 

states. This decrease i n s t ab i l i ty was attributed mainly to electron-

deficiency caused by the electronegativity of f luorine, and thus 

CgF̂ X compounds were placed i n an approximate order of s tabi l i ty 

depending on the a b i l i t y of I to offset this deficiency. Thus, i t was 

suggested that pentafluoroaniline and -anisole are more stable than 

hexafluorobenzene because some of the electron deficiency caused by the 

f i v e fluorines can be compensated by mesomeric electron donation by the 

nitrogen and oxygen. Similarly i n 4,5,6,7-tetrafluorobenzo[bJfuran, 
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mesomeric electron donation from oxygen w i l l partly compensate the electron 

deficiency of the fused fluorinated aromatic r ing; i f the transition state 

s tab i l i t i es are considered to be of approximately the same order, the 

difference i n react iv i ty between 4,5,6,7-tetrafluorobenzo[b]furan and 

hexafluorobenzene can thus be attributed to the difference in ground state 

s t ab i l i t i e s . 
13$ 

The results from Huckel molecular-orbital calculations on 

4j3j6,7-tetrafluorobenzo[b]furan are i n general agreement with the 

conclusions reached above. Calculation of ground state ir electron 

densities at each of the four positions indicate that a l l are very similar 

and are of approximately the same order as i n benzene; calculation of 

localisation energies fo r nucleophilic substitution at each of the four 

positions shows again that a l l the positions are very similar. 
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Section 2 

Reactions of the Fiiran Ring of 4,5>6,7-Tetrafluorobenzo[b]furan 

(A) Reaction with Butyl - l i t h i u m 

Benzo[b]furyl - 2-lithium has been prepared by the reactions of 

benzo[b]furan^^^ and 2-bromobenzo[b]furan''^'' with bu t y l - l i t h i u m ; 

carbonation''''^^ gave benzo[b]furan -2-carboxylic acid and treatment with 

sulphur diozide''^'^ gave benzo [b]furan - 2-sulphinic acid which was oxidised 

with hydrogen peroxide to the corresponding sulphonic acid. 

Treatment of it . , 5 j6 ,7-tetrafluorobenzo[b]furan i n dry tetrahydrofuran 

with one equivalent of b u t y l - l i t h i u m at -78° followed by carbon dioxide 

gave 2 | . ,5>6,7-tetrafluorobenzo[b]furan-2-carboxylic acid: 

1. BuLi 
2. 

3. HVH2O 
CO-H 

The acid was also prepared by the oxidation of the methyl group of 

lt.>5j6,7-tetrafluoro-2-methyl-benzo[b]furan''''', thus identifjring the 

po s i t i o n of metalation i n the reaction of 4 ,5 j6 ,7-tetrafluorobenzo[b]furan 

w i t h b u t y l - l i t h i u m . A number of oxidising agents were investigated for 

the oxidation of the methyl group of l , . ,5 ,6,7-tetrafluoro-2-methylbenzo[b]f\]ran| 

( L X X V I I I ) . Selenium dioxide i n alcohol has been reported to give 

2-formylbenzo[b]furan on reaction with 2-methylbenzo[b]furan''^^'''^; 
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reaction of ( L X X V T I I ) under these conditions gave only unchanged start i n g 

material, and s i m i l a r l y i n dioxan as solvent no reaction was observed. 

The oxidation of (LXXVIIl) with potassium permanganate was investigated 

i n both aqueous and acetonic solution at several different temperatures 

and concentrations, but i n the majority of the reactions only unchanged 

s t a r t i n g material or decomposition products were isolated. However, when 

the reaction was carried out i n acetone with a deficiency of potassium 

permanganate a low y i e l d (ca 1%) of 2 ,3 ,4,5-tetrafluoro-6-hydroxybenzoic 

acid (XXXIV) was isolated. Alkaline potassium ferricyanide''^^ has been 

used f o r the oxidation of furan compounds without cleaving the furan 

r i n g ^ ; 2-methylfuran was oxidised t o 2-furoic acid i n ca J)% y i e l d , but 

higher yields (up to 30%) were obtained with a number of other furan 

derivatives. Application of t h i s method to l ) . ,5 ,6 ,7-tetrafluoro -2-methyl-

benzo[b]furan (LXXVlIl) gave a low y i e l d ('̂ 1?S) of 4 , 5 , 6 , 7-tetrafluoro-

benzo[bjfuran -2-carboxylic acid together with a large amount (65^) of 

unreacted (LXXyill). 

CO H 

aq.KOH 

( L x m i i ) 

Acetone 

( L X X V I I I ) 

G^fo recovered 

CÔ H 

(XXXI7) 

1% 

(Lxmii) 

I recovered 
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Treatment of Z | . ,5 ,6 ,7-tetrafluorobenzo[b]furan with one equivalent 

of b u t y l - l i t h i u m and reaction of the resu l t i n g benzo[b]furyl-lithium 

with N,N'-dimethylformamide gave 4 ,5 ,6 ,7-tetrafluoro -2-formylbenzo[bjfuran: 

1..- BuLi 
2. HC0N(CĤ )2 
3. HVĤ O 

CHO 

U.0% 

The aldehyde was also synthesised from 4 ,5 ,6 ,7-tetrafluoro -2-methyl-

benz,o[b]furan by the route shown i n the scheme. 

(LXXYIII) 

2. 

O-̂ CH Br 

(LXXIX) 
0- C ¥ 6 « 1 2 \ ^ 

CHO 

1. N-bromosuccinimide and trace of peroxide i n carbon tetrachloride j 

2. hexamine i n chloroform; 5« 50/? acetic acid. 

Free r a d i c a l bromination of (LXXVTII) with N-bromosuccinimide i n the 

presence of a trace of benzoyl peroxide gave 2-bromomethyl-4,5»6,7-tetrafluoro 

benzo[bJfuran (LXKIX); a correct elemental analysis could not be obtained 
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on t h i s compound but i t s structiire was confimed by n.m.r. and mass 
spectra. The ''H n.m.r. spectrum showed two regions of absorption, at 
7'3*0 (doublet) and7'5'3 ( s i n g l e t ) with r elative intensity 1:2, which 
were attributed to the 3-proton and methylene protons respectively; 
the mass spectrum showed peaks at 282 and 282). corresponding to the 
molecular weight of the two bromine isotopes of ( L X X I X ) . On treatment 
with hexamine i n chloroform (LXXIX) gave a 62^ y i e l d of the hexaminium 
s a l t , but only a low conversion of the sal t to the required aldehyde 
could be effected; the reaction was carried out with and without is o l a t i o n 
of the hexaminium salt, and with different strengths of acid i n the 
hydrolysis step with no noticeable increase i n y i e l d ; best y i e l d s 
{^iQfo) of l , . ,556,7-tetrafluoro -2-formylbenzo[b]furan were obtained.by 
separating the s a l t and then heating under, reflux for 2 hours with 5C^ 
a c e t i c acid. 

The al t e r n a t i v e syntheses of 4 ,5 ,6 ,7-tetrafluorobenzo[b]furan -2 -

carboxylic acid and - 2 - carboxaldehyde from ! ( . ,5 ,6,7-tetrafluoro-2-methyl-

benzo[b]furan demonstrate unambiguously that metalation of li . , 5 » 6 , 7-tetrafluoro 

benzo[b]f\iran with butyl-lithium occurs exclusively at the 2-position, that 

i s , ortho to the hetero-atom. Similar orientations have been observed 

with benzo [bjfuran^^^, benzo [bjthiophen^^^, dibenzofuran''^^, and 

dibenzothiophen''^'^; the probable explanation for these orientations''^^ 

i s that there i s i n i t i a l cOTordination between the hetero-atom and the 

lithium of the alkyl-lithium, followed by proton abstraction from the 

2-position and subsequent rearrangement of the lithium to the 2-position: 
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BuLi -BUH; 

Ĥ n. m«r. Spectra of Folyfluorinated Benzo[b]furan Compounds 

The Ĥ n.m.rj- spectra of 4 , 5 , 6 , 7-tetrafluorobenzo[b]furan and a 

number of i t s 2-substituted derivatives are shown i n Table 16; the data 

f o r benzo[b]furan i t s e l f " * ^ ^ ' ^ ^ ^ i s also included f o r comparison. The 

assignments of the absorptions i n 4 ,5 ,6 ,7-tetrafluorobenzo[bJfuran are 

made by analogy with benzo [ b j f u r a n ' ' t h e low f i e l d peak being 

a t t r i b u t e d to the 2-proton. The absorption due to the 3-proton (7'3*1) 

i s s p l i t i n t o a doublet of doublets ( j , 2*2, 2*8 c.p.s.) and that due to 

the 2-proton (7'2*3) i s a doublet ( j , 2*2 c.p.s.); again by analogy with 

benzo[bjfuran, these s p l i t t i n g s are a t t r i b u t e d to coupling between the 

2-proton and the 3-proton (2*2 c.p.s.) and between the 3-proton and the 

7-fluorine (2*8 c.p.s.). This cross-ring coupling could not be confirmed 

from the n.m.r. spectrum of 4 , 5 , 6 , 7-tetrafluorobenzo[bjfuran (p. 92) 

since the absorption a t t r i b u t e d to the 7-fluorine i s part of a complex 
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Table 16 

Chemical Sh i f t ( T ) 

3H 2H Substituent 

5-1 2-3 -

MeK-̂ O-' 
3*0 2*2 -

3-6 - 7-5(^3) 

^ L Q j l c H ^ B r 3-0 -

2-3 - 0-1(CHO) 

13LO'^°2^ - -1-0(C02H) 

Op 3-59 2-73 -

Substi­
tuent 
Effect 

+0-5 

-0*1 

-0*8 

-0-7 

M u l t i ­
p l i c i t y 
(3-
proton) 

[doublet 
of 

doublets 
I 

doublet 
of 

doublets 

not 
resolved 

doublet 

doublet 

doublet 

doublet 
of 

doublets 

Coupling 
Constants (c.p.s.) 

Jy=2 .2 , J3^=2-8 

2-6 

2-7 

2-8 

^23=2-3, 

multiplet involving second order s p l i t t i n g . A coupling constant of the 

correct magnitude (2*8 c.p.s.) i s however observed on the absorption 

a t t r i b u t e d to the 7-fluorine i n the spectrum of 2^,5,7-trifluoro-6-metho2r7-

benzo[b]furan (p., 101) and t h i s i s confirmatory evidence f o r the 

assignment of the extra s p l i t t i n g of the 3-proton i n the compounds l i s t e d 
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i n Table l6 to cross-ring coupling with the 7-fluorine. The existence 

of t h i s coupling allows assignment of orientation of the products from 

substitution reactions of the furan r i n g since the 3-proton i n 

2-substituted compounds i s a doublet, as seen from Table 16, and the 

2-proton i n 3-substituted compounds would be expected to be a singlet. 

The substituent effects shown i n Table 16, obtained by subtracting the 

chemical s h i f t , o f the 3-proton i n 4,5 , 6 , 7-tetrafluorobenzo[bjfuran from 

the s h i f t of the same proton i n the substituted compound, are of 

approximately the same magnitude as the effect of the same substituent i n 
153 

substituted furan compounds . This substituent effect can thus give 

additional evidence f o r the assignment of unknown orientations. 

(B) E l e c t r o p h i l i c Substitution i n 4,5?6,7-Tetrafluorobenzo[bjfuran 

The extent of the present knowledge on the electrophilic substitution 

reactions of benzo[bjfuran and i t s derivatives i s rather limited. The 

probable explanation f o r t h i s situation i s that a wide range of 

substituted benzo[bjfuran compounds are available from r i n g closure 

27 

reactions . I t has been established that substitution occurs 

p r e f e r e n t i a l l y at the 2-position i n the nitration"*^^, acetylation^^*^'"'^^, 

f o r m y l a t i o n ' ' ' ^ " ^ and sulphonation^ of benzo [bjfuran, but there appears 
155 

to be only one recent report of an attempt to determine the presence of 

any small amounts of other isomers. Most attention i n recent years has 

been directed to the acylation reactions and a survey of substitution i n 

benzo[bjfuran and i t s derivatives i n these reactions has recently been 
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159 
published . Aluminium chloride cannot be used i n the Friedel-Crafts 
acylation of benzo[bjfuran since i t causes polymerisation^^^; stannic 

16o 

chloride has also been reported to cause polymerisation , but other 
1 55 

workers have obtained moderate yields ("^ 1^0%) of the 2-substituted 
product w i t h t h i s catalyst. Benzo[bjfuran has also been acetylated using 

155 

boron t r i f l u o r i d e etherate as catalyst , and high yields {'^70%) of 

2-formylbenzo[bjfuran have been obtained using phosphorus oxychloride and 

N,,N -dimethylformamide (Vilsmeyer R e a c t i o n ) ' ' I n a l l these reactions 

the 2-substituted compound was the only isomer isolated. 

Since most information was available on the acylation of benzo[bJfuran, 

the reaction of 2 , . ,5>6,7-tetrafluorobenzo[bjfuran under similar conditions 

was investigated as an exan^le of e l e c t r o p h i l i c substitution. This type 

of reaction was l i k e l y to provide the most eff e c t i v e basis for a comparison 

between the two systems. Atten^ited formylation of 2j . , 5 , 6 , 7-tetrafluoro-

benzo[bjfuran by the Vilsmeyer Reaction was unsuccessful, giving only 

unreacted starting material; s i m i l a r l y , attempted acetylation with boron 

t r i f l u o r i d e etherate and acetic anhydride was unsuccessful. Acetylation 

of if ,5>6,7-tetrafluorobenzo[bJfuran was, however, achieved i n 28^ y i e l d 

by reaction with acetyl chloride and aluminium chloride i n carbon 

disulphide at room temperature. 

F 
CH^COCl T > 
AlCiyCS2 Q^COCH^ 

F 
ĈOCH, 

85^ 
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The mixture of isomers from the acetylation reaction melted over 

ca 10° a f t e r r e c r y s t a l l i s a t i o n , but gave correct elemental analysis results; 

the isomer r a t i o was determined from the integration of the absorptions due 

to the furan r i n g protons i n the ''H n.m.r. spectrum, Table 17. 

''H n.m.r. Spectrum of Product from Acetvlation of 4 , 5 , 6 , 7-tetrafluoro-
benzo[bjfuran 

Chemical Sh i f t Substituent 
( r ) Furan M u l t i p l i c i t y Effect (p.p.m.) 
r i n g proton • . 

H 

0 -̂COCĤ  
2-4 doublet (J 2'8 

c.p.s.) 
- 0-7 

,COCĤ  
<:l5f.) 1-6 singlet - 0-7 

The assignment of orientation shown i n Table 17 i s based on the 

c r i t e r i a described e a r l i e r (p .119). The effect of a carbonyl substituent 

i s to s h i f t the posit i o n of absorption of the proton on the adjacent 

carbon atom downfield by 0*6 - 1'0 p.p.m. from the position of absorption 

i n 4 , 5 , 6 , 7-tetrafluorobenzo[bjfuran. Thus the 3-proton of a 2-substituted 
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compound would be expected to be a doublet i n the region?'2'3-0'2 and 
the 2-proton of a 3-substituted compound would be expected to be a singlet 
i n the region T'l •5-0*2. The assignment of orientation of the acetyl 
derivatives follows from a comparison of these predictions with the 
observed spectrum. Table 17* 

From the above results two differences can be discerned between the 

behaviour of 4 , 5 j 6 , 7-tetrafluorobenzo[bjfuran and of benzo[bjfuran i n 

el e c t r o p h i l i c substitution reactions: f i r s t l y , a difference i n r e a c t i v i t y , 

and secondly a difference i n orientation. The lower r e a c t i v i t y can best 

be e2?plained i n the same way as was i t s lower r e a c t i v i t y i n nucleophilic 

substitution reactions, that i s , that the electron deficiency of the 

fluorinated r i n g i s offset by mesomeric donation of electrons from the 

heterocyclic r i n g , thus reducing the electron density i n the heterocyclic 

r i n g and hence also reducing i t s s u s c e p t i b i l i t y to electrophilic attack. 

The factors affecting the orientation of electrophilic substitution 

i n fused r i n g heterocyclic compounds are not well understood. 

Benzo[bjfuran gives only 2-substitution whilst benzo[bjthiophen gives 

mainly 3-substitution, although up to 33^ of the 2-isomer i s formed i n 
155 

some reactions . Substitution i n indole also occurs p r e f e r e n t i a l l y at 

the 3 - p o s i t i o n ' ' . Several authors''^'''''^^'''^^ have attempted to 

ra t i o n a l i s e these orientations, but with only l i m i t e d success. I n the 

l i g h t of the present theory of the orientation i n t h i s type of reaction, 

a discussion of the possible reasons fo r the formation of the small 

proportion of the 3-isomer i n the acetylation of benzo [bjfuran i s not 
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considered to be of any value at t h i s stage. 

(€) Polymerisation of lL , 5 , 6 , 7-Tetrafluorobenzo[bjfuran 

The polymerisation of benzo[bjfuran has been carried out on an 

i n d u s t r i a l scale f o r many years. The coal-tar f r a c t i o n b o i l i n g between 

168° and 175° which i s r i c h i n benao[bjfuran and indene i s polymerised 
163 

by sulphuric acid to give the i n d u s t r i a l l y important ihdene-coumarone 

resins with molecular weight up to 1000.^^^ The stereospecific 

polymerisation of benzo[bjfuran with Ziegler catalysts has also been 

investigated i n recent years^^^'"*^^. 6-Methoxy-3-methylbenzo[bjfuran i s 

reported to give a dimer i n 87?? y i e l d with sulphuric acid but no 

experimental details could be obtained from t h i s inaccessible paper^^^. 

4>5j6,7-Tetrafluorobenzo[bjfuran gave a deep v i o l e t solution i n 

concentrated sulphuric acid. A small amount of white s o l i d was obtained 

on pouring t h i s solution i n t o water af t e r standing f o r 3 hr. The mass 

spectrum of t h i s product showed a major peak at 380 corresponding to a 

dimer of l , . , 5 j6 ,7-tetrafluorobenzo[bJfuran; other small peaks at 568, 5̂ 9 

â nd 570 were probably due to a trimer. The esirtent of polymerisation was 

found to be c r i t i c a l l y dependent on the time of contact between the 

benzo [bjfuran and the acid, and on the rate of s t i r r i n g . Longer reaction 

time or very vigorous s t i r r i n g gave tars and time did not permit a 

s u f f i c i e n t l y detailed investigation to determine the optimum conditions f o r 

the formation of the dimer. The probable mechanism for the formation of 

the dimer i s shown below: 
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F 
H 

0-""2 

+ 4 , 5 j 6 , 7-tetrafluoro-
benzoLbjfuran 

F 

F 

-Ĥ  

F 
H 

F 
H 

2 ^ 0 



C H A P T E R V I 

EXPERIMEmL WORK (PART I I ) 
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The Reaction of 4 ,5 ,6 ,7-Tetrafluorobenzo[bjfuran with Sodium Methoxide 

(a) 4 ,5>6,7-Tetrafluorobenzo[bjfuran (0*5 g. 0*0026 mole) and a solution 

of sodium methoxide i n methanol ( l * 0 ml. 2*77N, 0*0028 mole) and methanol 

(2*5 ml.) were heated i n a sealed tube at 95° for 41 hr. After cooling, 

the contents of the tube were poured into water and extracted with ether. 

The ethereal solution was dried (MgSO, ) and the solvent was d i s t i l l e d o f f . 
4 

The residue was vacuum transferred to give a mixture of trifluoromonomethoxy-

benzo[bjfuran compounds (0*36 g.) contaminated with a small amount of 

4>5>6,7-tetrafluorobenzo[bjfuran and a trace of higher b o i l i n g material 

which were removed by preparative scale g.l.c. to provide an analytical 

sample, b.p. 224-226°. (Found: C, 53*7; H, 2*54; 27*9. Ĉ Ĥ Ô F̂  

requires G, 53-5; H, 2*48.i; F, 2Q'2fo.) 

(b) 4 ,5 j6 ,7-Tetrafluorobenzo[bjfuran (0*2 g., 0*0011 mole) and a solution 

of sodium methoxide i n methanol ( l » 4 ml. 0*85W, 0*0012 mole) and methanol 

( l ml.) were heated under r e f l u x f o r l6 hr, cooled, poured into water and 

extracted with ether. The ethereal solution was dried (MgSO, ) and the 

solvent was d i s t i l l e d o f f . V o l a t i l e material (0*15 g.) was removed from the 

residue by vacuum transfer. Analytical scale g.l.c. and infra-red spectrum 

showed t h i s to be mainly 4 ,5>6,7-tetrafluorobenzo[bjfuran. A small peak 

corresponding to trifluoromonomethoxybenzo[bjfuran was also observed on 
the chromatogram. 

(c) 4 ,5 ,6 ,7-Tetrafluorobenzo[bjfuran (0*2 g., 0*0011 mole) and a solution 

of sodium methoxide i n methanol (l » 4 ml., 0*85N, 0*0012 mole) were heated 
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i n a sealed tube at 150° f o r 18 hr. After cooling, the contents of the 

tube were poured into water and extracted with ether. The ethereal solution 

was dried (MgSO, ) and the solvent was d i s t i l l e d o f f . V o l a t i l e material 

(_ca.0*05 g« ) was removed from the t a r r y residue by vacuum transfer and 

was shown by analytical scale g.l.c. to contain three components i n 

approximately equal quantities. The shortest retention time was the same 

as that of trifluoromonomethoxybenzo[bjfuran. The remaining two 

components had much longer retention times and were presumably due to 

difluorodimethoxybenzo [bjfurans. The mixtxire was not investigated further. 

2,h.,5-Trifluoro-3-methoxyphenol;- Sodium (l » 7 g., 0*074 mole) was 

dissolved i n methanol and the excess methanol was removed under vacuum. 

A solution of 2 , 3 , 4 , 5-tetrafluorophenol (6*2 g., 0*037 mole) i n sulpholane 

(40 ml«) was added to the sodium methoxide thus obtained and the mixture 

was heated i n a sealed tube at 140° f o r 12 hr. After cooling, the 

reaction mixture was poured into water, a c i d i f i e d , and extracted with ether. 

A f t e r removal of solvent, the residue was d i s t i l l e d under reduced pressure 

to give three fractions: (1) 0*41 g., b.p .<84° /8 mm., which consisted 

mainly of 2 , 3 , 4 , 5-tetrafluorophenol; (2) 2*2 g., b.p.• .84-88°/8 mm., which 

was 2,4>5-trifluoro-3-methoxyphenol. (Found: C, 46*9; H, 2*81; F, 32*3. 

C-̂ ^̂ Ô  requires C, 47*2; H, 2*81; F, 32*0^). Fraction (3) , 2*8 g., 

b.p. 88-148°/8 mm., was shown by analytical scale g.l.c. to be two 

compounds i n approximately equal amounts: 2 ,4,5-trifluoro-3-methoxyphenol 

and a compound of longer retention time which was not investigated further. 
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The Reaction of 2,3>4>5-Tetrafluorophenol with Sodium Methoxide i n Methanol:-

2,3j4>5-Tetrafluorophenol (1*0 g.) and a solution of sodium (0*28 g.) 

dissolved i n methanol (4 ml.) were heated i n a steel bomb (25 ml.capacity) 

at 180° f o r 30 hrs. After cooling, the contents of the bomb were poured 

into water, a c i d i f i e d with d i l u t e hydrochloric acid and extracted with 

methylene chloride. The organic solution was washed with water, dried 

(MgSO, ) and the solvent was d i s t i l l e d o f f . V o l a t i l e material was removed 4 
from the residue (0*27 g.) by vacuum transfer and analytical scale g.l.c. 

and i n f r a - r e d spectrum showed i t to consist mainly of 2 ,3 ,4 ,5-tetrafluorophenol 

{'^30%); the other small component had the same g.l.c. retention time as 

2,4 ,5-trifluoro -3-methoxyphenol. 

2,4,5-Trifluoro-3-methoxyphenoxyacetic Acid;- 2,4,5-Trifluoro-3-methoxyphenol 

(4*34 g*J 0*024 mole), bromoacetic acid (5*0 g., 0*028 mole), potassium 

carbonate (IO g.) and water (60 ml») were heated under r e f l u x for 20 hr. 

After cooling, the reaction mixture was a c i d i f i e d with d i l u t e sulphuric acid 

and extracted with ether. The ethereal solution was dried (MgSO, ) and the 
4 

solvent d i s t i l l e d o f f . The residue (4*81 g.) was recrystallised from a 

mixture of l i ^ t petroleum (b.p. 80-100°) and benzene to give 2 , 4 , 5 - t r i f l u o r o -

3-methoxyphenoxyacetic acid (3*40 g«) m.p. 103-104°. (Found: C, 45*6; 

H, 2*7; F, 24'3* Z^^^O^ requires C, 45*8; H, 3*0; F, 24*2^). 

4?5>7-Trifluoro-6-methoxy-2,3-dihydrobenzo [b jfuran-3-one; - A solution of 

b u t y l - l i t h i u m i n hexane (2*5 ml., 2*2M, 0*0055 mole) was added to a 

solution of 2 ,4,5-trifluoro-3-methosyphenoxyacetic acid (0*42 g., 0*0018 mole) 
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in dry tetrahydrofuran (10 ml.) at -70° . The mixture was stirred for 4 hr. 
at -70° and then carbonated so that the temperature remained below - 6 0 ° . 
The solution was allowed to warm to room temperature with continued 
carbonation and then was acidif ied with dilute sulphuric acid and extracted 
with ether. After removal of solvent, the residue was sublimed ( 90° / l5 mm.) 
to give a solid (0*11 g.) contaminated with a small amount of valeric acid. 
Reczrystallisation from light petroleum (b.p. 40-60°) gave 4>3>7-trifluoro-6-
methoxy-2,5-dihydroben20[b]furan-3-one, m.p. 68-69°. (Found C, 49*0; 
H, 2*20??. M(mass spectroscopy), 218. C^H^^O^ requires C, 49'5; H, 2*29^. 
M, 218). 

l-»5>7-^rifluoro-6-methoxybenzo[bjfuran;- Sodium borohydride (0*1 g.) was 

added in small quantities to a cooled (ca 5°) solution of 2L ,5 ,7 - tr i f luoro -6-

methoxy-2,3-dihydrobenzo[b]furan-3-one (0*65 g. ) in dry methanol (IO ml.) . 

The mixture was st irred for 16 hr. at 22° and then acidif ied and extracted 

with ether. The ethereal solution was dried (MgSO, ) and the solvent was 
4 

d i s t i l l e d off. The residue was vacuum transferred from phosphoric oxide 

to give 4,5?7-trifluoro-6-methoyybenzo [b jfuran (0*41 g. ) , b.p. 225°. 

(Found: C, 53*2; H, 2*42. C^H^^O^ requires C, 53*5; E, 2%!%), 

3,5,6-Trifluoro-2-hydro3ry-4-methoxybenzoic Acid;- A solution of 

butyl-lithium in hexane (11*5 ml. , 2»2M, 0*026 mole) was added dropwise to 

a solution of 2,4,5-trifluoro-3-methoxyphenol (2*25 g. j 0*013 mole) in dry 

tetrahydrofuran (50 ml.) at - 70° . The mixture was st irred for 2*5 hr. at 

-70° and then carbonated so that the temperature remained below -60° . The 
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solution was allowed to warm to room temperature with continued carbonation 

and was then acidif ied with dilute sulphuric acid and extracted with ether. 

The ethereal solution was dried (MgSO, ) and the solvent d is t i l l ed off. 

The residue was sublimed (80 /0^0^ mm.) to give the crude acid (1*23 g.) 

m.p. 155-160°. Recrystallisation from a mixture of benzene and light 

petroleum (b.p. 80-100°) gave 5j5>6-trifluoro-2-hydro3y-L-methox7benzoic 

acid m.p. 169-171°. (Pound: C, L3'3; H, 2*27; F , 25»5. CgH^^O^ 

requires C, L3»2; H, 2 '27; P, 25'7%). 

Methyl 2,3 >5>6-Tetrafluoro-j;.-methoxybenzoate;- Methyl 2,3>l(-j5j6-pentafluoro-

benzoate (3*0 g.) and a solution of sodium methoxide in methanol (12*0 ml. 

1*17N) were heated under reflux for 7 hr. After cooling, the reaction 

mixture was poured into water and extracted with ether. The ethereal 

solution was dried (MgSO, ) and the solvent was d is t i l l ed off. The residue 

was vacuum transferred to give methyl 2,5 ;5>6-tetrafluoro-l).-methoxybenzoate 

(2'87 g.) b.p .238-240°. (Found: C, Zi.5-3j H, 2*46; F , 32*2. C^H^O^F^ 
19 

requires C, k-5*k.; H, 2*52; F , 31*9%). The '̂ F n.m.r. spectrum of the 

pure l iquid showed two absorptions of eq\xal intensity at 157*8-P'P'm* 

and 12i.O*3 p.p.m. upfield from trichlorofluoromethane. 

Methyl 2,3 ,Zi-,5-Tetrafluoro-6-methoxybenzoate; - A solution of diazomethane 

in ether was added to a solution of 2,3,4,5-tetrafluoro-6-hydroxybenzoic 

acid (3*20 g.) in ether unt i l the yellow colouration persisted. Excess 

diazomethane and ether were d is t i l l ed off and the residue was vacuum 

transferred to give methyl 2,3>h-)5-tetrafluoro-6-methoxybenzoate (3*50 g.) 
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b . p . 212^-215°. (Found: C , 2^5*5; H , 3*09; F , 31*8. C ^ ^ F ^ O ^ r e q u i r e s 

C , 45-4; H , 2»52; F , 3'i'9%). 

M e t h y l 3 ; 5 ; 6 - t r i f l u o r o - 2 , l L - d i m e t h o x y b e n z o a t e 

( a ) From 3>5>6 - tr i f luoro -2 -hydrox7 -4 -methoxybenzoic a c i d : - A s o l u t i o n 

of diazomethane i n e ther was added to a s o l u t i o n o f the a c i d (0*2 g. ) i n 

e t h e r u n t i l t h e y e l l o w c o l o u r a t i o n p e r s i s t e d . E x c e s s diazomethane and 

e t h e r were d i s t i l l e d o f f and the r e s i d u e was vacuum t r a n s f e r r e d to g ive 

methy l 3>5?6-trif luoro-2y2t.-dimethoxybenzoate (0*16 g. ) b . p . > 250° 

(Found: C , 48*5; H , 3*30. C ^ Q H ^ O ^ F ^ r e q u i r e s C , 48*0; H , 3*6^). 

( b ) From methyl 2 ,3 j4>5 - t e traf luoro -6 -methoxybenzoate : - The e s t e r 

(1*0 g . ) and a s o l u t i o n o f sodium methoxide i n methanol (3*8 m l , , 1*17N) 

were h e a t e d under r e f l u x f o r 11*5 h r . The r e a c t i o n mixture was coo led , 

poured i n t o water and e x t r a c t e d w i t h e ther . The e t h e r e a l s o l u t i o n was 

d r i e d (MgSO ) and t h e so lvent d i s t i l l e d o f f . The r e s i d u e was vacuum 

it-
t r a n s f e r r e d to g ive methyl 3>5>6 - tr i f luoro -2 ,4 -dimethoxybenzoate (0*95 S O J 

w i t h an i d e n t i c a l i n f r a - r e d spectrum to t h a t o f t h e sample prepared be fore . 

( c ) From Methy l 2 ,3 ,5>6 - te traf luoro -4 -methoxybenzoate : - The e s t e r 

( l * 0 g. ) and a s o l u t i o n o f sodium methoxide i n methanol (3*7 n i l ' 1*26N) 

and methanol (7 m l . ) were heated under r e f l u x f o r 14 h r . The r e a c t i o n 

m i x t u r e was c o o l e d , poured i n t o water and e x t r a c t e d w i t h e t h e r . The 

e t h e r e a l s o l u t i o n was d r i e d (MgSO, ) and t h e so lvent d i s t i l l e d o f f . The 
4 

r e s i d u e was vacuum t r a n s f e r r e d t o g ive methyl 3 >5>6-trifluoro-2,4-dimeth03{y-

benzoate (0*23 g . ) , w i t h an i d e n t i c a l i n f r a - r e d spectrum to t h a t o f the 
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samples prepared before. 

4?5>6,7-Tetrafluorobenzo[b3furan-2-carboxylic Acid 

(a) From 4,5,6,7-tetrafluorobenzo[b]furan:- A solution of butyl-lithium 

in hexane (1*1 ml. , 2*4M) was added dropwise to a stirred solution of 

4>5j6,7-tetrafluorobenzo[b3furan (0*5 g.) in dry tetrahydrofuran (10 ml.) 

at - 7 0 ° . The mixture was stirred at -70° for 45 mins. and then carbonated 

and 8-llowed to warm to room temperature with continued carbonation. The 

reaction mixture was acidif ied with dilute sulphuric acid and extracted 

with ether. The ethereal solution was dried (MgSO, ) and the solvent was 
4 

d i s t i l l e d off to give the crude acid (0*17 g. )• Eecrystallisation from 

light petroleum (b.p. 100-120°) and sublimation (70°/0*01 mm) gave 

4>5?6,7-tetrafluoroben2o[b]furan-2-carboxylic acid m.p. 150-151*5°« 

(Found: C, 46*1; H, 0*9.0,- F , 32*5. C_H„F, 0_ requires C, 2^6*2; H, 0*86; 
7 <i 4 3 

F , 32*5^). 

(b) From 4,5,6,7-tetrafluoro-2-methylbenzo[bJfuran:- 4,5>6,7-Tetrafluoro-

2-methylbenzo[bJfuran (0*2 g. ) and a solution of potassium ferricyanide 

(12 g.) and potassium hydroxide (2 g.) in water (30 ml.) were heated in a 

sealed tube at 100° for 21 hr. After cooling, the contents of the tube 

were poured into water and extracted with ether. The ethereal solution was 

dried (MgSO, ) and the solvent d i s t i l l ed off. The residue was sublimed 

( 5 0 ° / l 5 mm) to give 4,5,6,7-tetrafluoro-2-methylbenzo[b]furan (0*13 g., 

63%), The aqueous solution from the ether extractioh was acidif ied with 

dilute sulphuric acid and extracted with ether. The residue after 

d i s t i l l a t ion of the solvent was sublimed (50-60°/0*01 mm.) to give 
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4>5>6,7-tetrafluorobenzo[b]furan-2-carboxylic acid (0*002 g. ) . 

(Found: M(mass spectroscopy) 234^ C-H.F, 0_ requires M, 234.) The infl:a-red 
9 4 3 

spectrum of this compound was the same as that prepared above from 

4»5»6,7-t etrafluorobenzo[b]furan. 

4> ̂  > 6,7-Tetrafluoro-2-formylbenzo[b jfuran 

(a) From 4,5,6,7-tetrafluorobenzo[b]furan:- A solution of butyl-lithium 

in hexane (1-1 ml. , 2»2^l) was added dropwise to a solution of 4,5,6,7-

tetrafluorobenzo[b]furan (0*5 g.) in dry tetrahydrofuran (10 ml.) at -70°. 

The solution was st irred at -70° for 2 hr. and then a solution of 

N,N'-dimethylformamide (0*2 g.) in tetrahydro furan (2 ml.) was added and 

the mixture was st irred at -70° for a further hour. After warming to room 

temperature the reaction mixture was poured into water, acidif ied with 

dilute sulphuric acid and extracted with ether. The ethereal solution was 

dried (MgSO, ) and the solvent d i s t i l l ed off to give the crude aldehyde 
4 

(0*23 g»)• Recrystallisation from light petroleum (b.p. 40-60°) and 

sublimation (30°/0'01 mm) gave 4>5»6,7-tetrafluoro-Z-formylbenzo[bJfuran 

m.p. 70-71°. (Found C, 49*6j H, 0'83; F , 34*ii^. M(mass spectroscopy 216). 

C ^ 2 \ ° 2 ^®<3uires C, 49'5; H, 0-92; F , 3L^Sfo. M,2l8). 

(b) From 2-bromomethyl-4,5,6,7-tetrafluorobenzo[b]furant- 2-Bromo-

methyl-4,5,6,7-tetrafluorobenzo[b]furan (I'O g.) was added to a stirred 

solution of hexamine (0»55 g») in chloroform (5 ml.) . A precipitate started 

to form almost immediately and after standing 2 hr. the precipitate was 

f i l t ered off and washed with a small amount of cold chloroform and then 

dried (l*05 g. ) . The salt was dissolved in acetic acid; (10 ml., 50%), heated 
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under ref lux for 1»5 h r . , cooled, poured into water and extracted with 

ether. The ethereal solution was washed with sodium bicarbonate solution, 

dried (MgSO, ) , and the solvent was dis t i l led off. The residue was sublimed 
4 

(50°/0*01 mm.) to give 4»5»6,7-t etraf luoro-2-f ormylb enzo [b Jfuran (0*084 S« ) 

with n.m.r. and infra-red spectra identical to those of the compound 

prepared from 4,5»6,7-tetrafluorobenzo[bJfuran, 

2-Bromomethyl-4»5»6,7-tetrafluorobenzo[bjfuran;- 4,5>6,7-Tetrafluoro-2-

methylbenzo[bjfuran (2*0 g.) , N-bromosuccinimide (l*7 g«) and a trace of 

benzoyl peroxide were heated under reflux in carbon tetrachloride (30 ml.) 

for 1«5 hr. After cooling, the precipitated succinimide was f i l t ered off 

and the solvent was d is t i l l ed from the f i l t ra te to give crude 

2-bromomethyl-4,5,6,7-tetrafluorobenzo [b Jfuran (2»20 g.) b.p. 58-62°/0*01 mm. 

Preparative scale g . l . c . gave a sample which gave elemental analysis results 

s l ightly outside the acceptable l imits , (Found: C, 37*5; H, 0*95; 

C^H^BrF^O requires G, 38*2; H, 1*06) but both the n.m.r. spectrum 

(T3*0 , 5*3 with relative intensities 1:2) and the mass spectrum [peaks at 

282, 284 (C^^BrF^O) and 203 (C^^F^O)J were consistent with the proposed 

structure. 

Acetylation of 4,5,6,7-Tetrafluorobenzo[bJfuran:- A solution of 

4»5>6,7-tetrafluorobenzo[bJfuran (0*5 g.)> acetyl chloride (0*25 g.) and 

aluminium chloride (0*4 g.) in carbon disulphide (5 ml*) was stirred at 

20° for 4 hr. Carbon disulphide was dis t i l led off and a mixture of ice 

and concentrated hydrochloric acid was added to the dark red viscous residue. 
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The mixture was diluted with water, extracted with ether and the 

ethereal solution was washed with sodium bicarbonate solution. The 

ethereal solution was dried (MgSO, ) and the solvent d i s t i l l ed off to 
4 

give the crude acetyl compound (0*17 g») which was purified by 

recrystal l i sat ion from light petroleum (b.p. 40-60°) and sublimation 

(30°/0»01 mm. ) to give a mixture of 2-acetvl- and 3-acety 1-4,5,6,7-t etraf luoro­

benzo [b jfuran m.p. 43-51° . (Found: C, 51*9; H, 1*74; F , 33*1. 

^ 1 o W ° 2 ^ l̂̂ ^^ '̂s ^> 51*7; H, 1*72; F , 32*8^). The n.m.r. spectrum 

showed three areas of absorption at 7'1*6 (singlet) , Y 2*4 (doublet) and 

y I'h. ( s inglet) . The intensity of the high f i e l d peak (CH^) was three 

times the sum of the intensities of the two low. f i e ld peaks (furan ring 

protons), and the relative intensity of the two low f ie ld peaks was 

approximately l(l*fci7') : 6(2*4 r ) . 

Attempted Formylation of 4,5>6,7-Tetrafluorobenzo[bJfuran. (Vilsmeyer 

Reaction). 4,5,6,7-Tetrafluorobenzo[b]furan (0*5 g.)> phosphorus 

oxychloride (0*5 g.) J and N,N'-dimethylformamide (2 ml.) were heated at 

100° for 3 hr. during which time the reaction mixture became dark brown. 

After cooling, the reaction mixture was poured into an aqueous solution 

of sodium acetate and extracted with ether. The ethereal solution was 

dried (MgSO, ) and the solvent d i s t i l l ed off. Volatile material in the 
4 

residue was separated by vacuum transfer, and analytical g . l . c . and 

infra-red spectrum showed that this was 4,5>6,7-tetrafluorobenzo[bJfuran. 

Attempted Acetylation of 4,5»6,7-Tetrafluorobenzo[bJfuran:-

4»5»6,7-Tetrafluorobenzo[bJfuran (0*5 g.) acetic anhydride (0*3 g«) and 
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boron tr i f luoride etherate (0*07 g.) were heated at 50° for 10 min. and 

then st irred at room ten^erature for 1 hr. Wafer was added to the reaction 

mixture which was then extracted with ether. The ethereal solution was 

dried (MgSO, ) and the solvent d i s t i l l ed off. Volatile material in the 
4 

residue was separated by vacuum transfer and analytical scale g . l .c . and 

infra-red spectrum showed that this was 4,5>6,7-tetrafluorobenzo[bJfuran. 

The Reaction of 2,3»5>6-Tetrafluoroanisole with Potassium Hydroxide in 

t-Butanol:- 2,3»5>6-Tetrafluoroanisole (5'0 g . ) , potassium hydroxide 

( l ' ? g») and t-butanol (50 ml.) were heated under reflux with st irr ing for 

17 hr. Water (100 ml.) was added and t-butanol was d i s t i l l ed off. The 

remaining aqueous solution was extracted with ether, acidifiedjand the phenol 

which separated was extracted with ether. The ethereal solution was washed 

with water, dried (MgSO, ) and the solvent d i s t i l l ed off. Volatile material 
4 

(0*74 g.) was removed from the residue by vacuum transfer. Analytical 

scale g . l . c . and infra-red spectrum of this material showed i t to be mainly 

2,3,5,6-tetrafluorophenol; two other peaks, of approximately equal area, 

with similar retention times (longer than 2,3,5»6-tetrafluorophenol) were 

shown on the chromatogram; the shorter retention time corresponded to that 

of 2,4,5-trifluoro-3-nietho2yphenol. 

Other Oxidation Reactions of 4,5,6,7-Tetrafluoro-2-methylbenzo[bJfuran 

..(a) Potassium Permanganate:- 4,5,6,7-Tetrafluoro-2-methylbenzo[bJfuran 

(0*4 g. ) i n dry acetone (3 ml.) was added to a solution of potassium 

permanganate (0*15 g.) in acetone (5 ml.) and the mixture was warmed to 
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ca 40° unt i l the purple colouration had disappeared (ca 20 min.). Water 

was added to the reaction mixture and acetone was d is t i l l ed off. The 

aqueous solution was acidif ied with dilute sulphuric acid and a stream of 

sulphur dioxide was passed through the solution unti l i t was decolourised. 

The solution was extracted with ether, and the ethereal solution was dried 

(MgSOĵ ) and the solvent d i s t i l l ed off. The residue was sublimed (50° / l5 mm) 

to give 4,5 > 6,7-t etraf luoro-2-methylbenzo[b Jfuran (0*23 g. ) Further 

sublimation (60°/0*01 mm.) gave 2,3>4>5-tetrafluoro-6-hydroxybenzoic acid 

(0*03 g.) J identified by comparison of i t s infra-red spectrum with that 

of an authentic saniple. 

(b) Selenium Dioxide, ( i ) in Ethanol:- 4,5,6,7-Tetrafluoro-2-methyl-

benzo[b Jfuran (1*0 g . ) , selenium dioxide (l*0 g.) and ethanol (16 ml. 93%) 

were heated under reflux for 18 hr. After cooling, the reaction mixture was 

poured into water and extracted with ether. The ethereal solution was 

washed with water, dried (MgSO, ) and the solvent was d i s t i l l ed off. 
4 

Volati le material (l»90 g.) was removed from the residue by vacuum transfer. 

Analytical scale g . l . c . showed this material to be a mixture of ethanol and 

4»5 >6,7-tetrafluoro-2-methylbenzo[b Jfuran. 

( i i ) In Dioxan:- The reaction was carried out as described in ( i ) , but 

95^ dioxan was used in place of 95% ethanol. Again, analytical scale 

g . l . c . showed that no reaction had occurred. 

The Reaction of 4,5,6,7-Tetrafluorobenzo[bJfuran in Concentrated Sulphuric 

Acid: - 4,5,6,7-Tetrafluorobenzo[bJfuran (0*1 g.) and sulphuric acid 
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(15 ml« 36N) were shaken together occasionally for 15 min. unt i l a deep 

violet colour had developed. The mixture was then set aside at room 

temperature for 3 i ir. The mixture was poured into water, extracted with 

ether, and the ethereal solution was dried (MgSO, ) and d is t i l l ed to give 
4 

a residue which was sublimed (90°/0*01 mm.). The mass spectrum of the 

sublinate showed a major peak at 380 corresponding to a dimer of 

4»5>6,7-tetrafluorobenzo[bjfuran. 



INFRA-RED SPECTRA 



The spectra of a l l liquids were measured as contact films in potassium 

bromide c e l l s , except that of 2-bromomethyl-4,5j6,7-tetrafluorobenzo[bjfuran 

(spectrum No. 40) which was measured using sodium chloride ce l l s . The 

spectra of a l l solids were measxired as potassium bromide discs, except 

that of 2*-methoxycarbonyl-3',4'J5*j6'-tetrafluorophenyl 2,3>4>5-tetrafluoro-

6-hydro2ybenzoate (spectrum No.39) which was measured as a nujol mull in 

sodium chloride ce l l s . 

Spectrum Compound 

1. 2,3>4>5-Tetrafluorophenol 

2. 2-BromD-3,4,5»6-tetrafluorophenol 

3. Ethyl Pentafluorophenoxyacetate 

4. Pentafluorophenoxyacetic Acid 

5. Ethyl 2,3,5»6-Tetrafluorophenoxyacetate 

6. 2,3,5>6-Tetrafluorophenox3racetic Acid 

7. Ethyl 2,3>4»5-Tetrafluorophenoxyacetate 

8. 2,3,4,5-Tetrafluorophenoxyacetic Acid 

9. 2,3,4,5-Tetrafluorophenoxyacetyl Chloride 

10. 2-(2',3' ,5',6'-Tetrafluorophenoxy)ethanol 

11. 2-(2',3'J4'>5'-Tetrafluorophenoxy)ethanol 

12. 2,3,5,6-Tetrafluoropheno2yacetaldehyde Diethylacetal 

13. 2,3,4,5-retrafluorophenoxyacetaldehyde Diethylacetal 

14. 2*,3'»4'>5'-Tetrafluorophenyl 2,3>4>5-Tetrafluorophenoxy-

acetate 

15. 2',3',4',5'-Tetrafluorophenoxymethyl 2,5,4,5-Tetrafluoro-

phenoxyac etat e 



16. 2,3>4>5-Tetrafluoro-6-hydroxybenzoic Acid 

17. Methyl 2,3>4>5-Tetrafluoro-6-hydroxybenzoate 

18. Ethyl 2,3>4>5-Tetrafluoro-6-hydroxybenzoate 

19. Ethyl 6-Ethoxycarbonyl-2,3>4j5-tetrafluorophenoxyacetate 

20. Methyl 6-Methoxycarbonyl-2,3»4>5-tetrafluorophenoxyacetate 

21. 6-Carboxy-2,3»4>5-tetrafluorophenoxyacetic Acid 

22. 2-Eth oxycarbonyl-4,5 j6,7-^tetraf luoro-3-hydro3rjrbenzo [b Jfuran 

23. 4,5 J6,7-Tetrafluoro-2,3-dihydrobenzo[bJfuran-3-one 

24. 4,5>6,7-Tetrafluorobenzo[bJfuran 

25. Ethyl 2-Bromo-3,4,5>6-tetrafluorophenoxyacetate 

26. '"-(2,3>4>5-T etraf luorophenoxy)ac et ophenone 

27. 3-Aceto2y-4,5,6,7-tetrafluorobenzo[bJfuran 

28. 4,5»6,7-Tetrafluorobenzo[bJfuran-2-carboxylic Acid 

29. 2-Acetyl (85^) and 3-Acetyl (^5%) -4>5»6,7-tetraf luoro­

benzo [b Jfuran 

30. 4,5,6,7-Tetrafluoro-2-formylben20[bJfuran 

31. 2,4,5-Trifluoro-3-methoxyphenol 

32. 2,4,5-Trifluoro-3-methoxyphenoxyacetic Acid 

33. 4,5,7-Trifluoro-6-methoxy-2,3-dihydrobenzo[bJfuran-3-one 

34. 4,5,7-rrifluoro-6-raethoxybenzo[bJfuran 

35. Methyl 2,3,4,5-Tetrafluoro-6-methoxybenzoate 

36. Methyl 2,3,5>6-Tetrafluoro-4-methoxybenzoate 

37. 3>5>6-Trifluoro-2-hydroxy-4-methoxybenzoic Acid 



38. 2-Benzylidene-4,5 j6,7-t etraf luoro-2,3-dihydrobenzo [b Jfuran-

3-one 

39. 2'-Methoxycarbonyl-3' ,4' ,5' ,6'-tetrafluorophenyl 2 , 3 5 -

Tetrafluoro-6-hydroxybenzoate 

40. 2-Bromomethyl-4,5,6,7-tetraf luorobenzo [b Jfuran 

41. Methyl 3,5»6-Trifluoro-2,4-dimethoxybenzoate 

42. 4J 5»6,7-Tetrafluoro-2-methylbenzo[b Jfuran^ ̂ . 
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