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SUMMARY 

Direct chlorination of 2-(2H-hexafluoropropyl)-tetra- 
hydrofuran 1. gave high yield of 2-(2-chlorohexafluoropropyl)- 
pentachloro-2,5_dihydrofuran 2. Bromination of 1 gave very 
complex mixture of products, from which three compounds, viz. 
2-bromo-5-(2H-hexafluoropropyl)-furan 2, 3-bromo-5-(2H-hexa- 
fluoropropyl)-furan 4, and 2,4-dibromo-5-(2H-hexafluoropropyl)- 
furan 2 were isolated. Exchange fluorination of 2 inrith dry KF 
at 240 - 300' led to a step,nrisa substitution of fluorines for 
chlorines to give mixtures of chloro-.fluoro-?-(2-chlorohexa- 
fluoropropyl)-dihydrofurans '7,8,9 and l0, together with small 
amounts of 2-(2-chlorohexafluoropropyl)-3,4,5-trich~orofuran 6. 

Exchange fluorination of 3,4-dihalo-2,2,5,5-tetrafluoro- 
-2,5_dihydrofurans lla and lib led to a substitution of fluo- 
rine for one vinglic halogen to give 3-halo-2,2,4,5,5_pentaflu- 
oro-2,5_dihydrofurans 12a and 12b in good yields. 

Compounds 1. - _ 12 were characterised by n.m.r., m-s., and 

i.r. spectroscopy and elemental analysis. 

INTRODUCTION 

The exchange fluorinstion of perchloroaromatic com- 
pounds with anhydrous potassium fluoride is well known as 
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a general and highly efficient method of preparation of aro- 
matic fluorocarbons and their N-heterocyclic analogues [ 1 1. 
The use of a halogen exchange method to the preparation of 
highly fluorinated 0-heterocyclic compounds has received much 
less attention and, to the best of the author's knowledge, the 
reaction of hexachloro-2,5_dihydrofuran with KF in N-methyl- 
pyrrolidone to give hexafluoro-2-5-dihydrofuran (49% yield), 
and with SbF3 or mixed antimony halides to give partially 
fluorinated products are the only reported examples[ 2 1. 
Chlorinated precursors of cyclic perfluoroethers are not ea- 
sily available because exhaustive chlorination of e.g. tetra- 
hydrofuran or dioxane leads to the cleavage to form 
highly chlorinated alkanecarboxylic acids [ 3 1. Chlorination 
of furan at -40' afforded .a mixture of mono-,di-, and tri- 
chlorofurans, but only very small quantities of tetrachloro- 
furan and hexachloro-2,5-dihydrofuran were isolated [4] . He- 
xachloro-2,5-dihydrofuran may be prepared in considerable 
quantities only from hexachlorobuta-1,3-diene via ethoxyla- 
tion, chlorination, and FeC13-catalysed cyclization [5]. 

RESULTS AND DISCUSSION 

We have found, that 2-(2H-hexafluoropropyl)-tetrahydro- 
furan 1, which is readily available from either a free radi- 
cal [6,7 ] or a potassium fluoride catalysed [8 ] addition 
of tetrahydrofuran to hexafluoropropene, may be directly 
chlorinated under extreme conditions without ring opening. 
Thus, prolonged chlorination of 1 at 70 - 210' under U.V. 
irradiation gave 2-(2-chlorohexafluoropropyl)-i>entachloro- 
-2,5_dihydrofuran 2, quantitatively. Although,the position of 

the double bond in the chlorinated product could not be 

(x H CI2, U.V. 
* 

0 CF2.CHF.CF3 70 -2lOO 

1 2. 



225 

assigned directly from spectral data, the existence of two 
diastereoisomeric forms of this product (1 :l), which are 
distinguished by !9F n.m.r. spectroscopy, indicates saturation 
at the ring carbon C-2 and therefore suggests the structure 2. 

Bromination of 1 at 60 - 150' gave a very complicated 
mixture, rwhich by g.1.c. - m.s. analysis was found to consist 
of five groups of compounds of general formulae: C7H7drF60, 
C7H6Br2F60, C7H5BrF60, C7113Br~60, and C7H2Br2F60. Three rela- 
:tively volatile compounds, which appeared on the g.l.chroma- 
togram as separate peaks, were isolated and identified by 
spectral methods and elemental analysis. They were (in order 
of increasing g.1.c. retentions): 2-bromo-5-(2H-hexafluoro- 
propyl)-furan 1, 3-bromo-5-(2H-hexafluoropropyl)-furan 4, and 
2,4-dibromo-5-(2H-hexafluoropropyl)-furan 2. 

"F and 'H n m r . . . spectra of compounds &A,and 2 (Table 1) 
resembled those of 1. 1 H n.m.r. spectra exhibited characteris- 
tic signals at 5.0 - 5.2 ppm as doublets with peminal H - F 
coupling t2J = 44 - 46 Hz), indicating that 2H-hexafluoropro- 
pyl substituent remained unaffected in the course of the bro- 
mination reaction. The positions of protons in the furan ring 
of these compounds were established from 1 H n.m.r. spectra by 

comparison with data published for furan [Y] ; moreover, one 
of the ring protons of 2 and 2 exhibited long-range coupling 
( J-=1 ) to fluorines of the fluoropropyl substituent 'which 
suggests position 2 for these protons. Complexity of .the mix- 
ture of products obtained from bromination of 1 makes this 
reaction of no preparative value. 

Attempted fluorination of 2-(2-chlorohexafluoropropyl)- 
pentachloro-2,5-dihydrofuran 2 with potassium fluoride in 
high boiling aprotic solvents failed; dechlorination of the 
ring took place and 2-‘(2-chlorohexafluoropropyl)-3,4,5- 
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TABLE 1 

19 F and 'H n.m.r. spectra of compounds 2 - 12 

Compound Chemical shifta Coupling 
(p.p.m.1 constant b 

( Hz ) 

2, (two isomers) 

CFCI.CF3 

b o 

P C 
Fc/ 1 

two P.B Ijuartets 
centered at 107 

FCFC/ I 273 

'b 133.7 and 134.7 qn FbFa =FbFc = 6.3 

'a 77.5 m 

2 

d e 

cc’ 
CF2 

\ 
bcy 

acF3 

Hd 6.4 d 
HcHd = 3.5 

Hc 6.7 dm 

Fo 105.1 

1 

AB 

FcJ 113.4 
F,Fce 290 

Fb 210.6 dm FbHb li 44.2 

Hb 5.0 ddqn HbFc = 12.2 

HbFa I HbFc ~~6.1 

‘a 74.6 qd FaFbzFaFczFaFc,x 

x% 10.4 

(continued on facing page) 
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TABLE 1 (continued) 

4 He 7.5 d HdHe = 1.5 

Br 

e 

Hd 6.6 m 

d % 

105.7 

H 1 AB P,F,I = 290 v 112.2 

CC’ 

“_c?. Fb 
211.1 dm 

FbHb = 4.4 . 0 

bcy 
;F3 ‘b 

5.1 dddq HbFox12.0,HbFc~r7.3 

HbFs x 6.0 

Fa 74.6 dtd FaFp 10.3 

FaFb L FaFcs 8.8 

2 Hd 6.5 s 

d Fc 
104.9 

1 Al-3 F,Fp 300 

Fo’ 113.3 

‘b 210.8 dm FbHb t 46.2 

Hb 5.1 ddqn HbFc = 12.0 

HbF,zHbFo 1s 6.0 

Fa 74.6 qd FaFb= FaFc rFaFCa 

I 10.4 

(continued overleaf) 
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TABLE 1 ( continued ) 

a Fc 106.2 I 

AB F,F,t = 285 
Fc' 108.1 

Fb 137.5 ddq FaFo'"FbFo t 11.0 

Fa 77.6 dd FaFc~=FbFc4=9.3 

FaFb = 6.7 

1 (four isomers) Fd 47.3 d(J=4), 
47.5 s, 53.0 m, 
and 53.4 m 

Cl Cl 
Cl Fc four complex AB 

F Fc’ 1 quartets center- FcFc/=275(approx.) 
d ed at 107.7 

CF3 Fb 133.0, 133.5,133.5, 
0 and 134.0 

(quintets) FbFa= FbFc= 6.3 

Fa 77.1 m 

8 (two isomers) Fd 67.3 d 
AB FdFd*= 150 

Fd' 72.0 d 
Cl Cl 

FdFc= 0 and 5 

% 

I 

two complex AB 

Fc' 
quartets center- F&f = 275 
ed at 108 (approx.) 

CF3 F b 134.7 two quintets FbFa I FbPcz 
0 

= 6.3 

'a 77.6 m 

(contin~ on facing page) 
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TABLE 1 ( continued ) 

2 (two isomers) Fe 68.1 

I 

two AB systems 

Fe/ 76.1 

Fd 
-l=c 

Cl 

/Cl 
F2\()ACF cc' 
ee' \2 

*CCC' 

Fd 135.9 ml 

Fc 1 complex systems 
Y \ 

CF3 F,rJcentered at 115 
a 

Fb 136.4 two quintets 

Fa 77.5 m 

FeF,f= 148 
FeFd = 8.3 

Fr ed 2 He 

F,,F,"F,,F,P 6.5 

10 

d Cl 

, 

Fe 94.8 s 

Fd 118.4 s 

Fc 

I 

AB quartet centered 
R= ca. 285 

F,# at 114.5 FcFc 

Fb 140.7 

Fa 77.4 td FaFo=FaFcAO.O 

FaFb I 7.6 

lla 

Cl 

c5 
Cl 

F2 0 F2 

F 76.1 s 
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TABLE 1 (continued) 

F 73.8 s 

Fa 79.0 dt 

Fb 137.5 tt 

Fc 75.7 dt 

FaFb s 13.5,F F a cx 4.2 

FbFc = 6.7 

J2J Fa 79.1 dt "aFb= 13.6, FaFc= 4.2 

133.5 tt = 6.8 b Fb 'b'c 
Br 

Fc 73.8 dt 

F2 
a c 

d = 

a 

b 

doublet, t = triplet, q = quartet,, qn = quintet, 
m = multiplet; 
positive upfield from CC13F for "F and downfield from 
TMS for 'H; 
only obvious coupling constants are quoted. 
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-trichlorofuran 6 was formed as the main product. It was 
proved by heating of 2 in a solvent at 150 -200°, that de- 
chlorination proceeds also in the absence of potassium 
fluoride. 

However, it has been found that prolonged heating of 2 
with an excess of dry powdered potassium fluoride in an auto- 
clave at 240 - 300' leads to a stepwise substitution of 
chlorine atoms in the furan ring by fluorines to give mixtures 
of chloro-fluoro-2-(2-chlorohexafluoropropyl)-di~drofurans 
'J,8,2 and x, together with only small amounts cf the dechlori- 
nated product 6 . 

2. KF + 
240- 3ocP 

s 7 - 

+ + 

The results are summarised in Table 2. In the tempera- 
ture range 240 - 280°, 2-(2-ohlorohexafluoropropyl)-5-fluoro- 
-2,3,4,5-tetrachloro-2,5-dihydrofuran 1 was obtained as the 
main component of the reaction mixture. Increased temperature 
(300') and prolonged reaction time gave rise to higher 
fluorinated products L&j, and 2. Perfluorinated products were 
not obtained because further increase of temperature or pro- 
longation of the reaction time led to a substantial carboni- 
sation of the organic material. 
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TABLE 2 

Fluorination of 2-(2_chlorohexafluoropropyl)-pentaohloro- 
-2,5-dihydrofuran 2 with dry potassium fluoride 

Reaction conditions Yield of Major components of the 

temp. time products reaction mixture Cg.l.c.96) 

240 30 74.1 78.0 1.6 14.5 
260 16 70.6 77.0 2.2 16.0 

280 16 75.3 29.0 3.8 51.2 8.0 

300 16 70.5 1.2 7.2 38.5 38.1 
300 20 68.2 2.5 13.4 75.3 3.8 

300 25 55.3 1.8 50.7 43.3 

a weight sb of the substrate 1. 

Structure of compounds 1 - 10 suggests that in the ex- - 
change fluorination reaotions, two mechanisms are involved. 
Substitution of chlorines bonded to sp3 ring carbon of 2 to 
form compounds 1 and 8 proceeds most probably & a simple SN2 
mechanism, while further fluorination of 2 to give 2 and B 
involves a sequence of addition-elimination reactions as 
follows : 

Cl 

Cl - 

CF2.CFCI.CF3 

s 2 

10 - 



233 

Compounds 6 - _ 10 were isolated by preparative g.1.c. 
and identified by elemental analysis and spectral methods. 
The " F n.m.r. spectra .(Table 1) of compounds 8 and 2 exhibited 
double signals for the ring CF2 group and'for side chain fluo- 
rines, indicating therefore the appearance of two diastereoiso- 
merit forms of these compounds. The ring CP2 group of 8 and 4 
form an Ah spin system with J(AB) = 150 and 148 Hz,respectively 
i.e. within the range which in series of alkyl substituted 
perfluorooxanes and perfluorooxolanes, has been found characte- 
ristic of geminal fluorines at an CL carbon to oxygen [ 10 ] . 
The occurrence of four signals for each group of fluorines in 
the n.m.r. spectrum of 1, indicates that this compound appears 
as a mixture of four diastereoisomers. The position of the vi- 
nylic fluorine in compound 2 has been evidenced by coupling to 
the neighbouring AB fluorines c3J = 8.3 and ca. 2 Hz!. The lo- 
cation of the vinylic fluorine is also confirmed by considera- 
tion of a possible substitution mechanism, as discussed above. 

Compound IO, as seen from its n.m.r. spectrum, did not 
exhibit,diastereoisomersd It means a lack of a second asymetric 
centre in this molecule, besides CFCl group in the side chain, 
and therefore, position 2,3 must be assigned to the double bond 
in compound 10. No coupling between vicinal fluorines of the - 
ring CF2 groups of 10 was observed; this is a common feature 
for saturated perfluorinated compounds. 

The mass spectra (Table 3) of the majority of compounds 

2-- 10 exhibited molecular ions of high intensities. The most 
characteristic ions for compounds 2,4,2,&,and l0, in which the 
hexafluoropropyl substituent was attached to the ring sp2 car- 
bon, were those formed by elimination of CF3CFH or CF3CFC1 
fragments. For compounds 2,7,8 - - -9 elimination of halogens, and 
for compound 4 elimation of CB3U'C1CF2 group seemed to be 
characteristic behaviour. 

We also carried out the exchange fluorination of 3,4-di- 
chloro-2,2,5,5-tetrafluoro-2,5-dihydrofuran G [ll, 121 and 
3,4-dibromo- 2,2,5,5-tetrafluoro-2,5-dihydrofuran x , con- 
veniently prepared from dichloro- and dibromo-maleic anhy- 
drides by reaction (with sulphur tetrafluoride. Thus, treat- 
ment of lla and lib with potassium fluoride in dimethyl- 
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formamide or sulpholane gave 3-chloro-2,2,4,5,5-pentafluoro- 

-2,5,dihydrofuran 12a and 3-bromo-!. 3,3,4,5,5-pentafluoro-2,5- 
dihydrofuran 12b as virtually the only products; perfluoro- 
-2,5-dihydrofuran was formed in less than a 1 % yield. 

.X k 

Q F2 F2 

u, 12e ; 

x, J2J ; 

x m Cl 

X = Br 

Reaction of llb with dry potassium fluoride in an auto- 

KF 
DMFor * 

sulpholane 

clave at 290 - 300' also gave compound. D, but in only 20% 
yield together with 45% recovery of starting material. The 
use of a higher reaction temperature led to carbonisation of 
the organic material. 

"F n.m.r. and mass speotra (Table 2 and 3) gave clear 

evidence for the struoture of compounds 12a and 12b. 

EXPERIMENTAL 

Boiling points (uncorrected) were determined in a capil- 
lary. 'H and '9Fn.m.r.speotra were recorded with a JEOL 
JNM-4H-100 speotrometer, and mass spectra were obtained with 
an Analytical GCMS System LKB-2091. 1.r. spectra were record- 
ed with a Beckmann IR 4240 spectrometer. G.1.c. analyses were 
performed with a Chromatron GCHF.18.3.4' instrument (GDR) 
using a 3.5 m x 0.4 cm column for analytical work and 4.0 m 
x 1.0 cm oolumn for preparative work, both columns paoked 
with Chromosorb G coated with 3% silicon oil SE-52. 

2-(2-Chlorohexe;fluoropropyl)-pentachloro-2,5-di~drofuran 2. 

A solution of 2-(2H-hexafluoropropyl)-tetrahydrofuran 1 
(26.6 g, 0.12 mole) in Ccl4 ( 15 ml ) was placed in a three 
necked glass flask equipped with magnetic stirrer, reflux 
condenser and thermometer. The reactor was warmed to gentle 
reflux and then a slow stream of chlorine was introduced while 
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irradiating by an external U.V. lamp. The chlorination was con- 

tinued for 45 hours. During this time the reaction temperature 
was increased from an initial 70' to 210'. Distillation 
(105-106°/16 rnmHg) gave 51.1 g (yield 99.8 %) of material 
identified as 2-(2-chlorohexafluoropropyl)-pentschloro-2,5- 
dihydrofuran 2. 

Bromination of 2-(2H-hexafluoropropyl)-tetrahydrofuran 1. 

A solution of bromine (25.3 g, 0.16 mole) in CC14 
(10 ml) was added during 2 hours to an agitated solution of 
2-(2H-hexafluoropropyl)-tetrahydrofuran 1 (13.3 g, 0.06 mole) 
in CC14 (IO ml) at 50 - 60’. The reaction mixture was reflux- 
ed for 20 hours and the reaction temperature was gradually 
increased to ca.150'. Distillation (boiling range 45 - 120°/ 

10 mmHg) gave 18.8 g of oily material identified by g.1.c. - 
m.s.: analysis as a mixture of bromofluorocompounds. Prepara- 
tive g.l.0. separation allowed isolation of three shorter re- 
tention products, which were identified by spectral methods 
and elemental analysis (Table 2 and 3) as compounds &4,and 2. 

tieactions of 2-(2-chlorohexafluoropropyl)-pentachloro-2,5-di- 
hydrofuran 1 with potassium fluoride. 

a) In aprotic solvents. 

Compound 2 (5.1 g, 0.012 mole), diglyme or N,N-dimetyl- 
pyrrolidone (10 ml) and dry KF (8.1 g, 0.14 mole) were 

stirred together at 165 - 182' for 10 hours. A product and 
a part of-the solvent were distilled off from the reaction 
mixture (boiling range 80 - 180'1, diluted with water and the 
bottom organic layer was separated. This material (2.6 g) 
was shown by g.1.c. to contain 2&% of the solvent and 80% of 
a single product. Preparative g.1.o. isolation gave a pure 
compound identified as 2-(2-chlorohexafluoropropyl)-3,4,5- 
-tri.chlorofuran 6. Yield 49%. A similar run in diglyme with- 
out potassium fluoride also gave compound 6 as the only pro- 
duct. 



239 

b) In an autoclave without solvent. 

A mixture of 2 ( 8.5 g, 0.02 mole ) and freshly dried 
potassium fluoride ( 15 g, 0.26 mole ) was placed in a 30 ml 
stainless steel autoclave and heated at 240 - 300' for 16 - 
- 25 hours. After completion of the reaction the contents of 
the autoclave were added to water and steam-distilled. The 
distillate was separated and the organic layer was dried over si- 

lica-gel and subjected to g.l.c. analysis. The results are 
summarized in Table 1. Preparative g.1.c. separation gave 
compounds 6 - lJ, which were identified by spectral methods 
and elemental analysis ( Table 2 and 3 ). 

Synthesis of 3,4-dichloro-2,2,5,5-tetrafluoro-2,5-dihydro- 

furan lla. 

3,4-Dichloromaleic anhydride ( 455 g, 2.72 mole 1, an- 
hydrous hydrogen fluoride ( 40 g, 2.0 mole) and sulphur tetra- 
fluoride ( 760 g, 7.0 mole ) were placed in a 2 1 stainless 
steel rocking autoclave and heated at 200' for 24 hours. Af- 
ter completion of the reaction the reactor was allowed to 
cool to ambient temperature and then depressurixed.The liquid 
reaction mixture was poured into iced water and neutralized c 
by stirring for 2 hours with 10 % aqueous KOH and then washed 
with water and dried over MgS04 to give 224 g of raw material 
conWining 95.3 % of compound e, 2.7 % of CF3CC1=CC1CF3 
and 2% other material. Yield 39 "/o. Distillation through 500 mm 

Fischer type column (Bflchi) gave compound 3 of 99 % 
purity. 

Synthesis Of 3,4-dibromo-2,2,5,5-tetrafluoro_2,5_dihydro_ 

furan 71b . 

3,4-Dibromomaleic anhydride ( 500 g, 1.95 mole 1, an- 
hydrous-hydrogen fluoride ( 40 g, 2.0 mole ) and sulphur 
tetrafluoride ( 600 g, 5.5 mole ) were reacted at 200' for 
24 hours. The reaction mixture was worked up as described 
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above to give 375 g of raw material containing 77.6 % of 
compound lib . G.1.c. yield 50 %. Distillation through a 
Fischer column gave compound c ( 240 g ) of 95 % purity. 

Reaction of 3,4-diohloro-2,2,5,5-tetrafluoro-2,5-dihydro- 

furan lla with potassium fluoride. 

The reaction was carried out in a 500 ml glass reactor 
equipped with a 0.5 m spiral distillation column and a cold 
finger type distillation head. The distillation head was, kept 
at -10' using a 10 % aqueous ethanol-solid carbon dioxide mix- 
ture as cooling medium. The distillation head was connected 
to two receivers kept at -10' and -78'. The reactor was 
heated by means of an oil bath and its contents were stirred 
with a magnetic bar. 

Dimethylformamide (200 ml), freshly dried KF (200 g), 
and compound Ila (105 g, 0.5 mole) were placed in the reaot- 
or and warmed slowly to 100'. At this temperature slow distil- 
lation occured and low boiling liquid was condensed in the 
receivers. After 4 hours at loo', the reaction temperature 
was raised gradually during 3 hours to 150'. Combined distil- 
late collected at -10' ( 68 g ) and -78' ( 11 g ) was shown 
by g.1.c. to consist of 3-chloro-2,2,4,5,5-pentafluoro-2,5- 
-dihydrofuran 12a (63 X, g.1.c. yield 51.5 %) and unreacted 
Ila (37 %I. Redistillation gave compound 2 (47 g) of 97 % 
purity. 

Reaction of 3,4-dibromo-2,2,5,5-tetrafluoro-2,5-dihydro- 

furan lib with potassium fluoride. 

The reaction was carried out using apparatus as de- 
scribed above. 

Dimethylformamide (150 ml), dried KF (100 g, 1.72 mole), 
and compound llb (150 g, 0.5 mole) were heated at 120-130' 
(slow reflux) for 4 hours and then reaction temperature was 
gradually raised to 160'. A distillate collected in the first 
receiver (at 0') was 3-bromo-2,2,4,5,5-pentafluoro-2,5-di- 
hydrofuran _l2J (80 g, yield 70.8 '%I of 97 % purity. 
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A distillate (10 g) condensed in the second receiver 
(at -78') was found by g.l.c.-m.s. to consist of compound 
12b (66 $1, CF3CBrZFCF3 (28.5 %s), and perfluoro-2,5-dihyd- 
rofuran (5.5 4). 

A similar run using sulpholane as a solvent gave com- 
pound 12b in a 77.8 % yield and of 97.5 % purity. 
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