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AImtract-The reaction between w-fluoroacetophcnonc and sodium methoxide in methanolic solution 
has been investigated. The condensation at r&m temperature results in the formation of 2J-cpoxy4 
fluoro-lJdiphcnylbutan-l-one (1) and 2-fluoro-1,3-diphenyl-butan-lsne4al(ll). From the latter 
3-fluor&&diphenylfuran (V) has been prepared. A general method for preparing substituted 
fluorofurans thus becomes possible. 

IN THE course of our investigations into the stability of the carbon-fluorine bond in 
2-fluoroethanol,a the stability of w-fluoroacetophenone came into consideration. We 
found that a methanolic solution of o-fluoroacetophenone gave a white organic solid 
when treated with 10% sodium hydroxide solution at room temperature. It was 
thought that this might prove worth investigation, and so the experiment was repeated 
under more specific conditions using a methanolic solution of sodium methoxide. 
When a methanolic solution of w-fluoroacetophenone was treated in this way a yellow 
colour rapidly appeared and gradually deepened to orange and a white precipitate 
came down. The latter was an organic solid (contaminated with sodium carbonate 
and sodium fluoride). It crystallized from methanol in long white acicular needles and 
was proved by analysis, degradation and IR, UV, and NMR spectra to be 2,3-epoxy- 
4-fluor+l,3-diphenylbutan-l-one (I). The filtrate from the reaction yielded a dark 
red, low melting solid, which on the basis of spectra and of its reaction with cont. 
hydrochloric acid to produce 3-fluoro-2,4diphenylfuran (V) is thought to be 2-fluoro- 
1,3diphenylbutan-1-one4al (II). A fluoride determination showed that 65 % of the 
fluorine in the original o-fluoroacetophenone had been eliminated as F-. 

The reactions postulated to account for the formation of I and II are set out below. 

C&4 

C&CO CH,F -c C,H,COCHF --+ CH,F 

C,H,COCH - L 

Y 
\ 

CH,F 

I 1 Cd-4 

C,H,COCHF -L H -CHO 

l Part Xl Tefrahrcdron 10, 160 (1960). II 

1 This paper is based in part on a lecture given by one of us (B. C. S.) to the American Chcmicol 
Soricry. New York, September (1960). 

* We acknowled~ with thanks a Department of scientific and Industrial Research maintenance 
grant to one of us (D. L. E. 8.). 

a D. L. E. Bronnert and B. C. Saunders, Terrahrciron 10,160 (1960). 
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The first step is an “aldol” condensation giving a compound containing two 
fluorine atoms, each of which is a to the hydroxyl group. We suggested in our work 
on 2-fluoroethanola that compounds of this type readily lose hydrogen fluoride to 
form an epoxide. In addition, ~-fluoroa~tophenon~ is known to react with aluminium 
isopropoxide to give 2-phenylethanol,4*s and whichever of the mechanisms postulated 
by these two sets of workers is the correct one, it is clear that the inte~ediate which 
eliminates hydrogen fluoride has, in effect, liuorine and hydroxyl groups on adjacent 
carbon atoms. In the reaction between sodium methoxide and co-fluoroacetophenone, 
the primary product can eliminate hydrogen fluoride in two ways to give two different 
compounds. The present work shows that both are formed, and that the proportions 
are comparable. 

The fo~ation of the e~xyfluoro-compound (1) finds a parallel in organic fluorine 
chemistry in the fo~ation of ethylene oxide from 2-~uoroethanol;a the reaction is 
similar to the Darzens glycidic ester condensation6 and not unrelated to the reaction 
between benzaldehyde and chloroacetophenone7 which results in the formation of an 
epoxy-compound. It should be noted that fluoroacetophenone on condensation with 
benzaldehyde has been reported to eliminate water and not hydrogen fluoride in the 
presence of sodium hydroxides 

By heating I with methanolic hydrogen chloride we have been able to open the 

III 

+ C,H,COCH-AZ 

C,H, 

+ C,H,COCH--& CH, 
-HF 

I \ /’ 
6H d 

+ CeH,COCH --CH .-CH : 0 

A C H H I 6 

OH C,H, 

’ ---C=-CH + C,H, -C-.X 

A H (5 H 

GH - ioH 
6 r-l 4 &H. 

IV 

‘ W. E. Tntce and R. H. Sack, J. Amer. C&m. Sue. 709 3959 (1948). 
6 F. Bergmann and A, Kalmus, J. Amer. Clrem. Sot. 76,4 137 (1954). 
6 M. S. Newman and B. J. Ma@&, Organic &ac:&ns V, 413. 
7 M. Ballester and P, D. Bartlett, 3. Anter. Cknr. Sot. 75,2042 (1953). 
8 S. Winstein and R. B. Henderson, in fh&rocych’c Compounds (Elderfield) Wiley, I, 32. 
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epoxide ring and have thus obtained 2-chloro-4-fluoro-3-hydroxy-1,3diphenylbutan- 
l-one (III) and 2,3-dihydro-3-oxo-2&Iiphenylfuran (IV). The structure of III is 
based on analogous reactions .8 The structure assigned to IV is based on spectra and 
a probable sequence of reactions is shown on page 2. 

On treating II with coat. hydrochloric acid, 3-fluoro-2,4diphenylfuran (V) was 
readily obtained. Compound V was readily brominated by bromine in chloroform to 
give 5-bromo-3-fluoro-2,4diphenyl furan (VI). 

GH, 

II - C,H, . UF-k=CH - C,H 

A H dH 

W 
BG 

CHC18 + 

VI 

Since II is effectively a l+diketone, it should be possible to obtain other hetero- 
cycles containing fluorine in the J-position, and if this reaction is general with ketones 
containing the FCH,CO group a wide range of heterocycles can be envisaged. 

Many of the above mentioned compounds give colourations with cont. sulphuric 
acid. It should be noted that the parent w-fluoroacetophenone gives no colouration, 
nor does III. Compound II changes into V on being dissolved in cont. sulphuric acid. 
The changes observed are set out in the Table 1. 

TABLE 1 

Compound Colout in daylight Colour in UV light 
_-_.. ___ 

I Dark red - 

IV Dark graen - 

V Pale yellow with Intensified blue 
intense light fluoE!icencc 
blue t%.~oresocnce 

VI Yellow, changing to Light green fluores- 
green on standing ctnce on standing 

VII I ntensc violet - 

It is highly probable that the colours are caused by the protonation of these 
compouads, and the consequent.shift of the absorption bands in the UV towards the 
visible region. The UV absorption maxima and extinction coefficieats are set out in 
the Experimental. Almost all the compounds are highly conjugated and there- 
fore have fairly intense absorption spectra (in ethanol) in the UV region. The effect of 
protonation by sulphuric acid is to increase the number of contributing resonance 

end-forms. For instance, among the possible end forms of V, contributing to the 
resonance hybrid in cont. sulphuric acid, are: 
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Charged end-forms of this type have a marked effect on the UV spectra, shifting the 
absorption bands to longer wavelengths. 

EXPERIMENTAL 

Fluoroacetophenonc. Fluoroaatyl chloride was prepared by the method of Saunders and Stacey~ 
from methyl fluoroacctate (100 g), using the intermediates barium fluoroacetate and fluoroacctic acid. 
The fluoroacetyl chloride was allowed to react with benzene in CH,Cl, in the presence of Al& 
according to the method of Bergmann and Kahnus. 6 Yield of fluoroacetophenonc, 80 g from methyl 
fluoroacetate (100 g) 56%, b.p. 65-70”/0.1 mm. 

Reaction between sodium methoxidc andpuoroacetophenone. Fluoroacetophenone (5 g, 0436 mok) 
was dissolved in MeOH (80 ml), and Na (1 g, 0043 mole) dissolved in MeOH (20 ml) was added with 
stirring. A yellow colouration developed rapidly and then deepened to orange. After 30 min a 
precipitate appeared: stirring was continued for 5 hr and the mixture allowed to stand overnight. 
The precipitate was filtered off and washed with MeOH. On evaporating the combined filtrate and 
washings a red soIid was obtained and this was boiled with MeOH (15 ml) and filtered. The residue 
after washing with more hot MeGH (15 ml) was then culourlss (1.45 g): it was a mixture of NaF 
and Na,CO,. 

On cooling the methanolic extract, colourkss needles of I came down. Evaporation of the 
filtrate gave a dark red solid (II). 

Examination of compound (I), 2,3-epoxy-4-J uoro-1,3_dipkmylbutan-1-one. Compound I was 
recrystallized from MeOH as long colourless needles (0*6g), m.p. 187-188”. (Found: C, 75.35; 
H, 5.35; F, 7.1, mol. wt., 245,255. C,,H,,FO, requires: C, 75.0; H, 5.15; F, 7*4%mol. wt., 256.) 

The IR spectrum showed strong bands at 1,687 cm-’ (:C=O conjugated to a benzene ring) and 
1,251 cm-’ (epoxy group). 

The UV spectrum had RI= 246 m,u (e 12,880). This is comparabIe with acetopbenone Imu 244 
rnfi (e 16,000) and indicates :C=O conjugated to a benzene ring. 

NMR spectra were obtained at 40 MC/S using a Varian Associates V43oOB Spectrometer and 12’ 
ekctromagnet with flux stabilization and sample spinning. 

The NMR spectrum had bands with chemical shifts relative to chloroform of -2.12, -0.1, 
T0.67, + 1.10 ppm. The band with a chemical shift of 0.67 corresponds to a solitary H atom with 
no H atoms on adjacent C atoms. The bands with chemical shifts -0.1, +l*lO correspond to a 
CH,F group with no H atoms on adjacent C atoms. 

Compound I (2-3 mg) dissolved in cont. H,SO, (3 ml) giving a deep red solution which did not 
fluoresce in UV light. UV spectrum of the solution had Im,, 298 w (e 6,550), 261 v (e 20,750) and 
&,I,, 286 w (K 6,2W), 230 mp (s 9,300). 

Compound I was heated with 4-methylquinoline (1 ml) in ethylene glycol (2 ml) at 170”. A 
magenta colour developed indicating an epoxide. 

2,3-Epoxy4-j¶uoro-l,3-ci$henylbutun-l-one, 2,4-dinitrophenylhydkuone. Compound I (0.1 g) was 
heated in MeOH (3 ml) and boiling Brady’s reagent (5 ml) was added. The mixture was boiled for 
10 min and allowed to cool. The orange 2,4-dinitrophenylhydkzone crystallized and was filtered off 
and recrystallized from glacial acetic acid, m.p. 213-215”. (Found: N, 12.8. C,,H,,FN,O, requires: 
N, 12-a%.) 

The IR spectrum did not show any bands that could be attributed to a X=0 group and thus 
confirmed that compound I has only one carbonyl group. 

2-Chloro-4-j?uoro-3-hydrox~l,3-dphenylbutan-l-onr (Ill). Compound I (0.5 g, 0.002 mok) was 
heated under reflux with sat methanolic HCI (100 ml). A deep orange colour developed and heating 
was continued for 1 hr. After removing the McOH and HCl under red. press. a yellow solid (Ill, 
O-1 g) and an orange coloured fluorine-free compound (IV, @3 g) were obtained. Compound Ill [2- 
chioro4fluoro-3-hydroxy-l,3-&phenyfbut~l-one] was recrystallized from MeOH as almost white 
crystals: m.p. 116-117”. (Found: C, 65.8; H, 5.5. C,~H&lFO, requires: C, 65.6; H, 4.8%) 

IR spectrum showed strong bands at 1,676 cm-l (carbonyl conjugated to benzene ring) and 
3,410 cm-* (hydroxyl group). There was no band at 1,251 cm-’ thus confirming opening of epoxide 
ring of I. 

’ B. C. Saunders and G. J. Stacey, J. Chem. Sot. 1773 (1948). 
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2,3-~ihy~~3-0%0-2,4~k~y~~~ (IV). Compound IV obtained in the previous reaction was 
recrystallized from MeOH and gave orange c~loumd uystals of 2,3~~~3-0%~2,~~k~y~rffn 
m-p. 126-127”. (Found: C, 81.2; H, 50. CzeHllOt requires: C, 81.3; H, 5-l %.) 

IR spectrum showed a strong band at 1,698 crW (Z=O) and a medium band at 1,626 cm-8 
(:C=C:). 

UV spectrum in EtOH had d,,, 410 rnfi (8,1,276), &, 354 rnp (e, 1,070) and inflexion 1277 w 
(G 4.390), 235 w (st 8,940). 

~ufu~io# 0fcompound IV in cone. srtphuric rreid. The compound (3 mg) dissolved in cone, HSO, 
(3 ml) gave a dark green solution which did not fluoresce in UV light. The UV spectrum had L., 
447 w (e, 4,810). &a 397 mc1 (e, 3,570), and inflexion jl 297 rn~~ (e, 7,110). 

2-~uur~l,3Jijphcnyl6ur~-l-one4~ (11). The dark red solid II, obtained together with I by 
the action of MeONa on fluoroacetophenone, was not obtained pure, but was identified by its IR 
spbcfruxn and its ready conversion to 3-fluoro-2,4-~p~nylfu~ (see below). 

IR spectrum showed strung bandsat (a) 1,71Ocm-’ and(b) 1,65O~rn-~. Band (a) is consistent with 
an aldehyde group whose absorption fmquency has bccu lowered by enolixation. Band (b) indicates 
carbonyl conjugated to a benzene ring. There is also a band at 3,420 cm-* chara&&tic of a hydroxyl 
group due possibly to cnolization of the aldehyde group. 

3-~uor~~~p~e~y~~an (V). To I (i g) was added cont. HCl (20 ml). A yellow solid was 
formed immediately and was filtered off, washed with water and thcfuran aystallized from MeOH as 
irridescent lemon coloured plates (a57 g), m.p. 84-85’. (Found: C, 8f.1; H, 4.45; F, 7.7, mol. wt., 
238. Cz,HIIFO requires: C, 80-f; H, 4*25; F, 8*0x, mol. wt., 238.) 

IR spectrum had a medium baud at 1,637 cm-l chamcteristic of :C===CZ. There were no bands 
attributable to zC= 0 or OH. 

An ethanolic solution of the furan showed an intense blue fluomscence in UV light. The UV 
spectrum had Lx 274 w (~,21,800~, 243 xn,t~ (~,19,400), 223 w (4 15,120), 217 m,tt (E, 16,100) and 
A,,,257 w @,16,700), 229 nyr (E, 12,320), 221 rnp (E, 14,980), 215 m,u (IT, 15,900). This is &ra&er& 
tic of a highly conjugated system; A mrr 274 rnp (cr, 21,800) should be compared with &,, 276 m,u 
(e, 21,808) for 2,4-diphenylfuran.10 

NMR spectrum has bands with chemical shifts relative to chloroform of -2-65, -2.55, -2~25, 
- 2+35 and - I ~95 ppm. These bands correspond to H atoms in an aromatic ring. 

3-Fluor~2,4-~ph~y~~ (3 mg) was dissolved in cone. H,SO, and gave a yellow solution with 
pale blue fluorescence. in UV light the fluoresowux was intensified (cf. 2&dipbenylfuran which 
givesasimikutIuorescenoe). TheUVspactrumhadA mLf 420 w (e, 61,00), 315 rnp (e, 8,330), 310 rnp 
(e, 8,330), 241 w (e, 55W, and &, 335 rnp (e, 4,150), 303 m/r (e, 8,3OD), 267 tn~~ (e, 339), 235 rnp 
(&, 2JW. 

5-~0~3-~~~2,~kNyf~~~ (VI). ~~uO~~2,~p~ny~~ (0.2 g) was diss0lved in 
CHCll (3 ml) and ice-cooled. Bromine (cl5 g) in CHClt (1.5 ml) was added drop by drop. The Br, 
was immediately deeolourized and HBr was evolved. When a faint vt colour of Brt persisted, 
diethylamiie (I 9> was add& to remove HBr. After distilling off the C!HClh the resultant 5-&onto-3- 

ffuoro-2,4d@heny~rm was washed with water and recrystallized from MeOH, yield 0.2 g, m.p. 64”. 
(Found: C, W9; H, 3.9. CJ&,BrFO requires: C, W6; H, 3.2%) 

The IR spectrum showed a band of medium intensity at 1,645 cm-l characteristic of a C+==C bond. 
Ane~~oli~~lution~ve~~t~e fluorescence in UV light. The W spbct~m had &,, 292 v 

(8, 25,000), 240 rnp (at 20,700), 218 w (8, 19,000), and &,, 256 rnp (e,I5,600), 230 w (6, 15,950), 
213 mcr (8, 18,000). The spectrum is shnilar to that for V, but is shifted to hmgar wavelengths. 

The bromofluomfuran (3 mg) dissolved in cont. HISO, (3 ml) gave a yellow solution which did 
not fluoresce in daylight nor in UV Ii@. On standing, the solution became green with a pale green 
fluorescence in UV light. The UV spa%wn in cone. HISO, had rZm~ 565 w (e, 1,043), 423 rnp 
(G 30,500), 340 rnir (~.9,360), and .&, 525 w (E, 895). 368 w @,6,970), 280 w (e. 1,350). 

lo H. H. Szmont and C. M, AVonso, J. Amer. Ckm Sot. 78,1064 (19%‘). 


