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Abstract-The rcaclivity of the carbon fluorine bond in certain o-fluorourboxylic acids and es~crs 
with respect IO nucleophilic attack has been examined. Iicating under reflux with 30 per cent sodium 
hydroxide hydrolyses this type of compound and on this basks a method of fluorine analysis is sug- 
gested. 

Phcnyl magnrwum bromide con\crts methyl fluoroacetatc and fluoroacrtyl chlorrdc mto I :2:2- 
triphenylethanol. The so-called unreactive fluormc atom in methyl y-fluoroburyratc is also removed 
by this rcagcnt givrng 2:2diphenyltctrahy.irofuran. 

I-r has frequently been stated, in general terms, that the carbon and fluorine atoms in 
fluoroacctates and related compounds are very firmly bound.’ By comparison with 
the corresponding chloro-. bromo- and iodo-compounds this is true, nevertheless WC 
have collcctcd a number of instances where the C-F link is easily ruptured, particularly 
by nucleophilic rcagcnts. Attention is first drawn to the action of sodium hydroxide 
on fluoroacetatcs with a view to the development of a simple analytical method for the 
dctcrmination of the fluorine content. 

Hitherto recommcndcd methods for breaking down “tluoroacetates” have 
included :- 

(a) Fusion with sodium in an evacuated tube at 4OO”.t.3 
(b) Fusion in a stainless steel bomb with sodium proxidc.3 
(c) For volatile compounds: heating with oxygen at 1250” in a platinum tube and 

absorbing the resulting hydrofluoric acid in water.’ 
After breakdown by a suitable method, the subsequent determination of fluoride 

can be carried out by any standard method, c.g. precipitation as lead chlorofluoride3 
or titration with thorium nitrate. 

When methyl fluoroacctatc or fluoracctic acid is heated under retlux with IO per 
cent aqueous sodium hydroxide solution for one hour no fluoride ion is produced. 
Rather surprisingly little serious attention has been paid to the action of boiling 
conccntratcd (e.g. 30 per cent) aqueous alkali on the stability of the C..F link in these 
compounds. We have thcrcforc investigated the reaction in detail by heating the 
fluoro compound under reflux with a large excess of 30 per cent sodium hydroxide 
solution for 1 hr. The free fluoride was then determined by precipitation as lead 
chlorofluoride followed by a Volhard volumetric cstimation.3 Almost the whole of 
the fluorine was removed under these conditions. In some instances the fluorine was 

climinatcd within I5 min. 
l Parr IX. /. Chrm. Ser. 1929 (1953). 

1 R. C. Saunders. Phosphorus ami Fluorrnr p. I 15. Cambridge Cntvenily Press (1957). 
* P. J. f:lvm and W. B. Ligcrl. Indutr. Engng. Chrm. (Anol.) 14. 449 (1942). 
’ N. B. Chapman, R. lleap and B. C. Saunders, Anol,w 73,434 (1948). 
’ 0. I. Mllncr. Induw. Engng. Chrm. (Anol.) 22. 315 (1950). 
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After heating for 1 hr the results with fluoroacetamidc were as follows:- 
-.. --~ 

Oy 1. m various analysts Av. “; F and deviation Calc. for CH,FCONH1 

24 51, 24-22. 2442. 24.42 . 0.24 24.M “; 
24.28. 24.43. 24-35. 
24 34, 23.97, 24.72. 
24.93. 

Fluoroacetamide can be obtained in a highly purified conditions and good analyses 

were obtained. With methyl fluoroacetate, 24uoroethanol. 3-fluoropropanol, 
/Mluoropropionic acid, and benzyl fluoroacetate the results tended to be low (about I 
per cent below the calculated value). The reason for this is at present being investi- 
gated. So far, however, it can be readily seen that boiling 30 per cent sodium 
hydroxide solution is capable of removing virtually the whole of the fluorine. Funher- 
more these preliminary experiments show that this reaction could form the basis of a 
rapid analytical method which moreover is safe with toxic and volatile materials. The 
indications at present arc that the large excess of ions may to some extent interfere 
with the delicacy of the lead chlorofluoridc method. Hence although excess of 30 per 
cent sodium hydroxide solution seems to remove all the fluoride, it may bc better to 
use it in conjunction with some other method, e.g. distillation as hydrofluorosilicic 
acid and determination of fluoride in the distillate with thorium nitrate. This is at 

prcscnt being examined. l 

Trifluoroacetic acid when heated under reflux for 1 hr with 30 per cent sodium 
hydroxide solution gave no fluoride ion. 

HoffmannO made observations on the reactivity of the halogen atoms in a series 
of I-bromo-and I-chloro-w-fluoroalkanes using N-sodium cthoxide in alcohol and 
N-potassium hydroxide in 70 per cent alcohol. He made conclusions about the 
behaviour of the C-F link when not influenced by neighbouring groups. In general 
there was great resistance to nuclcophilic attack, the highest percentage of fluorine 
hydrolysed was I I per cent compared with 82 per cent of bromine and 52 per cent of 
chlorine in a wide range of experiments under standard conditions. Also, as the 
fluorine atom becomes fut thcr separated from the other halogen atom in the molecule, 
so resistance to hydrolysis increases. The prcsencc of the C-I-’ bond increases the 
strength of the C Cl and C-Br bonds in the I-halo-24uoroethancs. 

It is evident from the above that any reaction at the C-F link would have to bc 
carried out with some strong nucleophilic reagent to have any chance of success. The 
obvious choice was the Grignard reagent. It is known that phenyl magnesium bromide 
converts methyl chloroacctate into I :I-diphenyl-2-chloroethanol in small yield to- 
gether with traces of diphcnyl.’ We have shown that when methyl fluoroacetate reacted 

l Work bang cnrncd OUI at prcsen~ (D. L. E. Dronnerc and R C. Saunders) rndlcalcs that some 1: IS 
probably rcramed on rhc walls of rhc flask in which the hydrolysis 1s cawed OUI. 7’hls accounts for rhc low 
rcsulrs often ohralned. tlsmg 1120 of the above quanltrlcs (cf. Bclchcr and Macdonald”) the rwJl!s tended 
10 bc rather crratlc. Further uork is nwxssary IO cstabhsh the range of apphcablhiy of the method. 

’ H Hclchcr and A. M. <i. Macdonald. Mdrorhrm. Acre 510 (lYS7). 
‘ F. W. Hofimann. J. Orf. Chrm. XIV. 105 (IY4YL 
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under reflux, without cooling, with 3 molts of phcnyl magnesium bromide. I :2:2- 
triphenylethanol’ was produced. This facile rupture of the C F link was unexpected 
and scparatc cxpcrimcnts showed that at least 77.5 per cent of the fluorine was climi- 
natcd as fluoride ion. When the reaction was carried out at 0”. I :I-diphenyl-2- 
fluoroethanol was obtained. Three molts of phcnyl magnesium bromide rcactcd with 
I mole of tluoroacctyl chloride. without cooling, to give I :2:2-triphcnylcthanol. 

Saunders CI 01.~ dcmonstratcd the difference in rcactikity of the fluorine and bro- 
mine atoms in I-fluoro-2-bromocthanc. I:or instance the latter reacted with potas- 
sium thiocyanatc to give 2-fiuorocthyl thiocyanate in 78 per cent yield. WC have now 
shown, howcvcr, that ethanolic potassium cyanide will remove both the halogen atoms 
from I-fluoro-2-bromoethanc giving ethylene dicyanidc in 50 per cent yield. 

Since alcoholic potassium cyanide solution does not convert methyl fluoroacetatc 
to methyl cyanoacctatc (but yields only potassium fluoroacctatc) and in view of 
Hoffmann’s experiments cited above. the following mechanism is suggested for the 
action of potassium cyanide on I-fluoro-2-bromocthanc: 

CH,F-CH,Hr lit’s CH$CH,CN 2. CH, CHCN =+ CHJ;VCH,CN 

This cmphasiscs the fact that the C F bond is weakened when the carbon is 11 to a 
positive carbon atom. 

The cast with which the fi-fluorine atom can bc lost is demonstrated by the 
difficulty in prcparing/Lfluoropropionic acid by any kind of substitution reaction. WC 
have also shown that whereas boiling IO per cent sodium hydroxide solution did not 
remove any fluorine from methyl fluoroacctatc in I hr it removed all the fluorine 
from ,+lluoropropionic acid under the same conditions. Even on allowing $-fluoro- 
propionic acid to stand at room temperature for 24 hr with 10 per cent aqueous sodium 
hydroxide, removal of 94-6 per cent of the fluorine took place 

It was considered that, in the next homologuc, ;I- fluorohutyric acid, the fluorine 

was too far rcmo\cd from the carboxyl group to undergo facile elimination as hydro- 
gen fluoride. 

Methyl y-fluorobutyrate was allowed to react \vith 3 cquilalcnts of phcnyl mag- 
ncsium bromide in the cold followed by heating under rcflux. A crystalline solid, m.p. 

65.66’ was obtained. The compound was fluorine-free, did not contain a hydroxyl 
group and showed no signs of unsaturation. Infra-red spectra proved the abscncc 

of a hydroxyl group, but showed a strong band at 1050 cm” in agreement with the 
C-O-C stlctching frcqucncy found in tctrahydrofuran and rclatcd compounds. 
Morcovcr the analysis and reactions agreed with that of 2:2-d~phcnyltctrahydrofuran 
and the followirlg pathway for the reaction is suggcstcd: 

Ph 

I!h 

l One mlghr cxpcc~ that I .I .2-rr~phcnylcthanol would bc formed. hut thus IS not so. A mlxcd m.p. 
showed that our product (I :2:2-lrlphcnylclhsnol) and the compound ohrnmcd by rcducmp I.hro.no-I .I- 
d~phcnylrccrophcnonc wrc ldcmical (cf. Liojlc cr ol.‘). 

” 1. S. W. Hoyle. A. McKcrvic and W. Mltchcll. fkr. Dts~h. Chrnc. C’rr. 70. 2156 (IY37J. 
’ IS. (‘. Saunders. (i J. SLICC) and I. C;. II. Wlldlng. 1. Chrm. Sue-. 773 (194’)). 
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Under the same conditions phenyl magnesium bromide and methyl ;pchlorobutyrate 
failed to produce the diphcnyltetrahydrofuran. 

In the course of our systematic invcstigationsoftoxic organo-tluorine compounds,1° 

we attempted to dcgradc ethyl /I-2-fluorocthoxypropionatc by the Barbicr Wicland 
reaction as follows: 

RCH,CH,COK)C,H, E’% RCH,CH2C(Ph),0H -1% 

RCH,CH- CPh, .?” + RCH,Co0H [R - FCH$:HJ)] 

The first product actually obtained was diphcnyl-2:2’-bromtxthoxycthyl carbinol as a 

result of halogen interchange. This appeared to bc the first recorded exam@ of the 
exchange of fluorine by bromine. Later Hoffmann found that the reaction of ali- 
phatic-bound fluorine with a Grignard reagent could bc summariscd as follow,,: 

R-F . PhMgBr, c PhMgl: .. R-Br l Ph.R i MgRrF 

In view of this, it is difficult to state categorically whether the cthcr linkage /I to the 
C-F bond has a specific influence on the halogen intcrchangc. Doubtless, the fact 
that the Grignard reagent can co-ordinate with the ether linkage. thus bringing the 
halogen into close proximity. helps the reaction. 

\ 
,0: 0. 

- Ch ,c ‘& - - 

-CH gr 
\F 

In any cast it was of interest to determine whether the lower homologue of the 
series would also undergo the reaction with the same cast. Accordingly ethyl 2- 
fluoroethoxy acetate was allowed to react with three equivalents of phenyl magnesium 
bromide. A fluorine-free compound, m.p. &I-6”, was obtained. Analysis and other 

evidence. including infra-red spctra, showed it to be diphcnyl 2-bromoethoxymcthyl 
carbinol, HrCH,CH,0CH2C(Ph),0H. 

F.XPLKIMEK;TAL 

Determinarion q/fluorine in a C- F compound. An amount of the compound, such 
as to contain about 200 mg of fluorine was weighed into a 25 ml round-bottomed 
flask. Pure sodium hydroxide (IO ml, 30 per cent aqueous solution) was added and 
the mixture heated under reflux for 1 hr. The solution was then made up to 100 ml. 
and the fluoride ion determined in 25 ml by the lead chlorofluoridc mcthod.3 Results 
for fluoroacctamide appear on p. 38. 

Reaction between phcn_yl mapt~ium bromide and metlt~~l juoroacetate. Bromo- 
bcnzcne (15.7 g) was dissolved in dry cthcr (50 ml) and half of the solution added to 
magnesium turnings (2.5 g). After the initial reaction had subsided, the rcmaindcr of 
the bromobenzenc was added slowly and the mixture heated under rcflux for IS min. 
then cooled in ice-water. and a solution of methyl fluoroacctatc (3.2 g) in dry ether 
(15 ml) added with stirring. A vigorous action cnsucd and a bvhitc solid separated 
which was soon replaced by a heavy oil. The mixture was hcatcd under rcflux for 
15 min, poured on to a mixture of ice (100 g) and 10 per cent sulphuric acid (60 ml) and 

lo F. J. Buckle and B. C Saunders. 1. (Icm. Ser. 2774 (1949). 
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then stcamdistilled. On cooling overnight at 0“. the oil which had distilled over 
solidified (O-514 g) and was readily sublimed at 40’/0*5 mm and recrystalliscd from 
ethanol, m.p. 68-Y’. Mixed m.p. with authentic diphcnyl, 69.70”. 

The yellow oil left in the flask after steam distillation was extracted with ether and 
dried (h‘a,SO,). The aqueous layer contained fluoride (see below), the ethereal layer 
was fluorine-free. The ethereal layer was cvaporatcd and a viscous oil (6.24 g) 
remained. On warming the oil with light petroleum (b.p. 40”~60”) and then cooling to 

O’, yellow waxy crystals (I.5 g) separated. These were rccrystalliscd from light pctro- 
leum (b p. 40“-60”) and had m.p. 86’. (Found: C. 87.6: H, 6.7. Calc. for C,,H,,O: 
C, 87.6; H, 6.6 per cent). Mixed m.p. with authentic I :2:2-triphenylethanol (m.p. 87”) 
gave no depression. 

The product (100 mg) was heated under reflux for 30 min with acetic 
anhydridc (2 ml) and poured into water. The oil which separated solidified and was 
rccrystallised from bcnzenc-light petroleum (b.p. 6O-80”)mixturc. The I :2:2-triphen_)+ 

erhylucerare thus obtained had m.p. 158” and could be sublimed. (Found: C, 83.7; 
H, 6.2. C,sH,,,O, requires C, 83.5; H. 6.4 per cent). 

Anai_@s of the aqueous solutionfotjluotide ion. Methyl fluoroacetate (2.57 g) was 
allowed to react with phenyl magnesium bromide as above. The product was not steam 
distilled, but extracted with ether. The aqueous solution was made up to 500 ml. This 
solution (25 ml) and concentrated sulphuric acid (25 ml) were mixed and steam distilled 
in the presence of powdered glass. Fluoride was determined in the filtrate by titration 
with thorium nitrate.” (Found: F.. in 500 ml = 0.41 g. Total fluorine in methyl 
fluoroacetate = 0.53 g therefore the amount of fluorine converted to F- by Grignard 

reaction 7 77.5 per cent). 
Reacrion between phen_vl magnesium bromide and methyl jtuoroacefate UI 0”. The 

Grignard reagent [bromobcnztne (15.7 g), magnesium (2.5 g), cthcr (50 ml)] was 
placed in a freezing mixture and methyl fluoroacetatc (3.2 g) added dropwise with 
vigorous stirring so that the temperature did not rise above 0”. The product was 

acidified, and on standing overnight a yellow oil and white crystals were obtained. 
The latter (I : ldiphenyl-2Jluoroethanol) were recrystallised from carbon tctrachloride 
and then from light petroleum (b.p. 60-80”). Yield 2.8 g m.p. 71-2”. (Found: C. 

77.2; H, 5.8. Calc. for C,,H,,OF: C, 77.8; H, 6-O per cent). 
Reacrion between phen@ magnesium bromide and fboroaceryl chloride. TO the 

Grignard reagent from bromobenzene (47.1 g), cooled to O”, fluoroacetyl chloride 
(9.65 g) in cthcr (100 ml) was added with stirring. A vigorous reaction followed and an 
orange-coloured oil separated. The mixture was then heated under reflux for 15 min. 
poured onto ice (I 80 g) and dilute sulphuric acid (I 80 ml) and the ether layer separated, 
dried (Na,SO,) and distilled. A red oil (19.2 g) remained. (The aqueous layer gave a 
positive test for fluoride ion.) On stirring the oil with light petroleum, crystallisation 
slowly took place and the solid was rccrystalliscd from ethanol and had m.p. 145-l 51” 
(I g). This was sublimed at 120”/0.2 mm giving a residual solid, m.p. 120” and a 
liquid sublimate which ultimately crystalhsed and was rccrystalliscd from light 
petroleum (b.p. 40-W). M.p. and mixed m.p. with authentic 1:2:2-triphcnylcthanol, 

85”. 
Action of potassium c_vanide on bromojtuoroerhune. Bromofluoroethanc (50 g), 

potassium cyanide (26 6). ethanol (90 ml) and watct (15 ml) were heated under rcflux 

11 R. <:. Saundcru faho.,phorur und fluorine p. I 15. CambrIdge Uni\erstcy Press (1957). 
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for 6 hr. The mixture was cooled. allowed to stand for 2 hr. Solid was filtered off 

and ethanol removed from the filtrate and the rcsiduc fractionated: 
(I) H.p. below 20”/21 mm (7.23 g). F( - ). CN( ). 
(2) B.p. 25’/21 mm (2.5 g). F( - ). CN( ). 
(3) B.p. I l6-120”!2 mm, with charring. (8.0 g of solid). F( ). CN( . ). Sub- 

limed readily giving crystals m.p. 53 54”. (Found: 9. 34.9. Calc. for C,H,N,: 

N. 35.0 per cent). Mixed m.p. with authentic succinonitrile showed no depression. 
Ac-rion of potnssiunr cyanide on melh~lfluoroacerclre. Methyl fhroroacctate (27.6 g), 

potassium cyanide (18.3 g), methanol (90 ml) and water (5 ml) were heated under 
rctlux for I hr. and the mixture filtered. The methanol was slowly distilled off until 
crystals began to scparatc. These were dissolved in water giving a cloudy solution 
which was ccntrifug:d, purified with charcoal and concentrated. The potassium 
fluoroacetate that separated was rccrystallised from ethanol. (Found: C. 20.9; 
H, 1.8. Calc. for C,H,O,FK: C. 20.7; H. 1.7 per cent). 

Action of phenyl magnesium bromide on merh,vl y-fluorohutyare. The Grignard 
reagent [bromoben?enc (16.5 g). magnesium (2.6 g) and ether (50 ml)] was cooled to 
0“ and methyl g-fluorobutyratc ‘* (4.2 g) in ether (IO ml) was added with stirring, and 
then hcatcd under refIux for I5 min. The mixture was cooled and acidified with dilute 

sulphuric acid. The ether layer was separated, and the aqueous layer extracted with 
ether (2 ?’ IO ml). The ether layers were washed with sodium bicarbonate solution, 
water and dried (MgSO,). After distilling off the ether. the residue (8.6 g) was dis- 
tilled. 

Two fractions wcrc obtained: 
(I) B.p. 80”/0.9 mm and was diphcnyl m.p. 67.5”. 
(2) B.p. I IO-130^/0.9 mm and solidifkd (2.3 g). This was fluorine-free and 

recrystallised from ethanol as needles, m.p. 65.5”. The 2 :2-diphenylterrah~drofiran 
thus obtained had mixed m.p. 4045” with diphenyl. (Found: C, 8595; H, 7.3. 
C,,H,,O requires C, 85-7; H, 7.1 per cent). 

Action q/ phenyl magnesium bromide on ethyl 2-juoroethoxyacerare. Ethyl 2- 
fluoroethoxyacctate to (5 g) in dry ether (I5 ml) was added slowly to the Grignard 
reagent [from magnesium (2.4 g) and bromobenzene (15.7 g)]. The mixture was 
boiled under reflux for 25 min, cooled, poured on to ice (100 g) and dilute sulphuric 
acid (80 ml), and steam-distilled. Diphenyl (0.5 g) came over. 

The aqueous residue was extracted with ether, dried (MgSO,) and the ether 
distilled off and the product recrystallised from ethanol and then from light petroleum 
(b.p. 40-60”). The diphetyl 2-hromoerhoxymethyl carhinol thus obtained had m.p. 
64-6”. (Found: C, 59.5; H, 5.1. C,,H,,OBr requires C, 59.8: H, 5.3 per cent). 
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