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Abstract

Mixtures of regioisomeric adducts of monoiodoperfluoroalkanes Re—1 (Rg=C4F,, C¢F)3, CgF ;) with allyl acetate, RFCH,CHICH,0Ac
(la-1c) and rearranged adducts RzCH,CH(OAc)-CH,l (2a-2c), were converted chemoselectively to the corresponding oxiranes
RCH,CH(—O-)CH, (3a-3c) in yields of 94-96% (total yields of the two-step synthesis starting from Re-I were 85-87%). The
chemoselectivity of the oxirane formation appeared to be very dependent on the solvent used. Dependence on the reaction conditions on
formation of byproducts RexCH=CHCH,OAc (4a-4¢) and RexCH=CHCH,OH (5a-5¢) in the epoxidation reaction was studied. © 1997

Elsevier Science S.A.
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1. Introduction

Oxiranes are very important synthetic and industrial inter-
mediates. Fluorinated oxiranes have been also a subject of
much interest because such compounds are versatile and val-
uable intermediates for special products and various poly-
meric materials. For example, fluorinated oxiranes can be
transformed to new alkenes [1,2], polyhalogenated fluoroh-
ydrins [3] and to new surfactants [4-6]. They are used in
the preparation of polymeric materials as telechelic diols or
polyethers with fluorinated side chains for water uptake
[7,8], novel acrylates for adhesive compositions [9], coat-
ings [10] including ones of low surface tension [11], and
telechelic epoxides [12] with particular naval applications
[12].

The literature describes several synthetic ways to fluoroal-
kyl oxiranes, as previously reviewed [13]. Most authors
started the syntheses of epoxides from addition products of
perfluoroalkyl iodides to allyl alcohol [14-23] or to allyl
acetate [24-28] followed by cyclisation. Several authors
described syntheses of perfluoroalkyloxiranes starting from
perfluoroalkyl ethylenes [29-31] or from branched 3-(per-
fluoroalkyl)propenes [32]. There was also developed a
direct epoxidation of 3-(perfluoralkyl) propenes with the flu-
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orine—water agent [33,34]. In addition, the reaction of fluor-
inated hydroxyderivatives with epichlorohydrin led to an
epoxy compound with an ether bridge [35].

In our previous papers we reported syntheses of a series of
perfluoroalkyl oxiranes from adducts of perfluoroalkyl
iodides [36] to allylic hydroxy compounds and from indi-
vidual adducts of the iodides to allyl acetate [37]. As
described in a preliminary communication [38], we wish to
report here a convenient synthesis of (perfluoroalkylme-
thyl)oxiranes, based on our previously described addition
reaction of perfluoroalkyl iodides to allyl acetate [39] in
which mixtures of regioisomeric products were formed. Pre-
vious yields of epoxides prepared from individual adducts
were not very high (52% [24], 48% [271, 32-75% [36])
with the exception of tertiary perfluoroalkyl (82-96% [32]).
However, we have observed a strong influence of solvents
on the epoxide yield [37] and, in addition, we found the
formation of byproducts in the epoxidation reaction that were
not reported in the former papers [18,24,27] or were not
formed due to a steric hindrance of tert. perfluoroalkyl
([321). Therefore, we directed our efforts to find conditions
for high chemoselective conversion of the adducts to the
corresponding epoxides and we now present the influence of
reaction conditions on the yields of epoxides 3a-3c and on
the formation of byproducts.
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Scheme 1. Chemo selective preparation of fluoroalkyloxiranes.

2. Results and discussion
2.1. Preparation of epoxides

The peroxide-induced addition of monoiodoperfiuoroal-
kanes 1a-lc to allyl acetate usually affords [39] a mixture
of regioisomeric adducts la-1c and 2a-2c¢ (Scheme 1)
because the primary adducts la—1c partially rearrange in a
subsequent thermal reaction [40] to regioisomers 2a—2c. In
a larger preparative scale, relative yields of rearranged prod-
ucts 2a-2c were 4-15% [39], but at higher temperatures the
yields can achieve 89% [40]. Therefore it was important to
know if both regioisomers 1 and 2 can be transformed to the
same epoxide 3 as reported previously [32] for a mixture of
similar bromoacetates (but with tert. perfluoroalkyl in the
molecule). We have found that such a conversion is possible
(Scheme 1) and that the epoxidation reaction can be carried
out with high yields (Table 1). The epoxidation was carried
out in a quasi-heterogenous system in an aprotic solvent with
solid potassium hydroxide as base.

Owing to insolubility of alkali metal hydroxide in aprotic
solvents, the reaction probably took place on the surface of
hydroxide particles. The suggested mechanism is depicted in
Scheme 1: water, which is formed stoichiometrically in the
reaction, is absorbed on the hydroxide surface and in this
layer, base hydrolysis of the acetates la-1c¢ or 2a—2c can
proceed; intermediate A is transformed to iodohydrin salt
(intermediate B) from which epoxides 3a-3c¢ are formed by
an intramolecular substitution reaction [ 14-23].

Rearranged adducts 2a—2c are acetates of secondary alco-
hols. Therefore, their base hydrolyses according to Scheme 1

will generally proceed more slowly than hydrolyses of pri-
mary acetates 1la-1c [41]. We verified these relative rates on
an equimolar mixture of acetates 1b and 2b. The relative
amount of the isomer 2b in the reaction mixture increased in
time and reached 60% rel. in 2 h under 68% conversion. Thus,
the slower hydrolysis of the secondary acetate 2b was
confirmed.

The potassium hydroxide promoted epoxidations of both
individual adducts la—1c and their mixtures with regioiso-
mers 2a—2c in refluxing hexane took place with complete
conversion, with a selectivity of 98% and with yields of 94—
96% (Table 2, vide infra). In contrast to these results, the
epoxidation reaction with sodium hydroxide was slower and
the yields of epoxides were lower (in the earlier report [27]
the yield was 48%). The results of the epoxidation with
sodium hydroxide in different solvents are summarised in
Table 1 (byproducts were not analysed). It can be seen that
the yields of epoxide 3a were increased with decreasing sol-
ubility of water in an ether: the lowest yield was obtained in
tetrahydrofuran while the highest yield was achieved in dibu-
tyl ether. Non-polar hexane appeared to be the best solvent,
but potassium hydroxide gave better yields of the epoxides
3a—3c than sodium hydroxide (Table 2) and in a shorter time.

2.2. Formation of byproducts in the preparation of
epoxides 3a-3c

The yields of epoxides 3a—3c are extremely sensitive to
the solvents used. It was shown in the preceding paper [37]
that even the change of pentane for hexane can increase the
yields dramatically (Table 2). Moreover, we discovered that
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Table 1
Yields of the reaction of iodopolyfluoroalkyl acetates R—CH,~CHX—CH,Y (X, Y =1, OAc; Xa, C,F;; Xb, CF,,; Xe, CF;;) with sodium hydroxide
Starting compound Solvent * Time (h) Conversion (%) Epoxide yield

Purity (%) (g/mmol) 2 (%)
la 100 66.5/150 THF 10 100 3a 112 27
1a 100 66.5/150 Et,0 25 82 3a 165 40
1a 100 66.5/150 (iPr),0 10 78 3a 239 58
la 100 66.5/150 Bu,0 5 89 3a 255 62
1b 96" 58.8/108 Hexane 3 100 3b 336 94 ¢
1b 96° 58.8/108 Hexane ¢ 8 98 3b 332 93¢
1b 96 ° 56.4/103 Et,O 30 81 3b 15.1 40

# Refluxing mixture.

® 6% of regioisomer 2b.
° Purity 99%.

9 Room temperature.

a solvent can have a dramatic influence on the formation of
byproducts in the epoxidation reaction. In the previous papers
[18,24,27], the formation of byproducts in the preparation
of the epoxides from iodoacetates la—lc has not been
mentioned.

It is known from the literature that iodohydrin acetates la—
1c or bromohydrin acetates of a similar structure eliminated
hydrogen iodide or bromide [18,42—44] when reacted with
a hydroxide in a polar solvent, but in a protic solvent such as
methanol, together with elimination, hydrolysis of the ester
took place [18,43,44] to give exclusively (3-perfluoral-

Table 2

kyl)allyl alcohols (5a—5Sc, Scheme 2). To our surprise, we
observed the formation of unsaturated byproducts 4 and S
also when diethyl ether was used as the solvent (Scheme 2).
This solvent has been used formerly [ 18,24,27] for the trans-
formation of adducts 1a—1e to the epoxides 3a-3c, but the
formation of byproducts has not been reported. We have
found that regioisomeric iodohydrin acetates 1 and 2 give a
different pattern of byproducts (Table 2): in the reaction of
primary adducts 1la—1c the reaction mixtures contained ace-
tates of unsaturated alcohols 4a—4c as major components
(55-63%, vs. 0-8% for rearranged 2a—2¢ in diethyl ether),

Selectivity of the reaction of iodopolyfluoroalkyl acetates R—CH,—~CHX-CH,Y (X, Y =1, OAc) with potassium hydroxide in various solvents

Starting compound KOH/R-1®  Solvent® Time Reaction mixture composition * (%rel.) Epoxide

(h) yield (%)

Rg X Y {mol/mol) Epoxide Unsaturated Unsaturated
3a-3c ester 4a—4c¢ alcohol Sa-5c¢

1a C.F, 1 OAc 24 hexane ¢ 5 - - - 3a 55
1a C;Fq 1 OAc 24 hexane 25 98 0 2 3a 94
la C,Fy 1 OAc 24 ether ¢ 5 40 55 5 3a 35
la C,Fy 1 OAc 24 tetraglyme 6 - - - 3a 10
la C4Fo 1 OAc 24 decalin 7 - - - 3a 74
2a C,F, OAc If 24 ether © 5 52 0 48 3a 42
1b CeFis I OAc 2.0 hexane ¢ 16 - - - 3b 57
1b CeFi3 I OAc 24 hexane 2 98 0 2 3b 95
1b C¢Fi3 | OAc 2.4 ether © 6 31 61 3b 25
1b C¢F13 OAc 18 24 ether © 6 41 8 51 3b 36
1c CsFiy I OAc 25 pentane ¢ 5 - - - 3¢ 30
1c CsFy; 1 OAc 2.0 hexane ¢ 5 - - - 3¢ 80
1c CgF 17 I OAc 24 hexane 2 98 0 2 3c 96
1c CgFi7 I OAc 24 ether © 7 25 63 12 3c 17
2c CsF17 OAc Ik 2.4 ether 7 36 8 56 3¢ 29

* GC analyses with calibration.

® R-I as Re—CH,~CHX-CH,Y (see above).

¢ Reflux, complete conversion of starting compounds.
9 Ref. [24].

¢ Diethyl ether.

114% of the isomer 1a.

8 13% of the isomer 1b.

" [5% of the isomer 1c.
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Scheme 2. Formation of byproducts in diethyl ether.

while rearranged adducts 2a—2¢ are mainly transformed to
the corresponding alkenols Sa—5c¢ (48-56%, vs. 5-12% for
la-1c). The relative amount of the unsaturated products 4
and 5 increased with the perfluoro-alkyl chain length for both
non-rearranged (1) and rearranged (2) substrates (Table 2,
reactions in diethyl ether). The mechanism of the formation
of the unsaturated compounds 4 or 5 is probably the same
(Scheme 2): the elimination of hydrogen iodide is induced
by the attack of hydroxide ion on the acidic C-H bond at C3;
b-elimination reactions probably proceed through a highly
polar transition state (Elcb-like, [46,47]) and diethyl ether
that dissolves water (which is formed by the reaction) is
probably able to solvate the transition state. In the case of the
adducts la-le¢, the corresponding acetates 4a—dc were
formed in one step (Scheme 2); their subsequent hydrolysis
to the alkenols 5a—5c has to be comparatively slow as their
content was high in the mixture (55-63% rel., Table 2, reac-
tions in diethyl ether). In contrast to 1a—1c, the elimination
of acetic acid from the rearranged adducts 2a—2¢ leads to the
corresponding allylic iodides 10a-10¢ (Scheme 2), which
are probably rapidly converted to allylic alcohols 5a-5¢ as
we have not found the intermediates 10a~10c¢ in the reaction

Table 3

Reactions of epoxides Re—CH,~CH(-0-)CH, (3a-3¢) with KOH in solvents *

mixtures. Small amounts of unsaturated acetates 4a—4c can
be formed from the corresponding isomers la—1c, which are
present in the starting 2a~2c. Thus, the results in Table 2
reveal different behaviour of primary adducts 1a—1¢ and rear-
ranged adducts 2a—2c in side reactions in diethyl ether.

The alcohols 5a—5¢ can also be formed from epoxides 3a—
3c in a subsequent reaction (Scheme 2): the mechanism is
the same as in the formation of unsaturated products—the
attack of the acidic C-H bond at C3 by hydroxide anion
followed by a rearrangement of the carbanion intermediate 7
and hydrolysis of the alkoxide 8. There is evidence in the
literature for such reactions [44,45,48,49]. To confirm the
assumption of the formation of alkenols Sa—5¢ from epoxides
3a-3c in a subsequent reaction (Scheme 2), we carried out
the reactions of pure epoxides with potassium hydroxide in
hexane and in diethyl ether. The results are summarised in
Table 3 and showed that in hexane no unsaturated byproducts
were formed.

In a non-polar solvent such as hexane the formation of
unsaturated products 4a-4c¢, Sa-5c¢ was suppressed to a min-
imum, but unsaturated alcohols 5a—5¢ were detected in all
reaction mixtures in amount up to 2% (Table 2). Table 3

Epoxide Content of Re—CH=CH-CH,OH in the reaction mixture
Hexane Diethyl ether
3a C4Fy Sa 0 11
3b CeFis 5b 0 17
3¢ CgFy, Sc 4} 21

® For reaction conditions see Section 4.
® GC analysis with calibration.
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shows that these small amounts of allylic alcohols Sa—5c that
appeared even in the epoxidation in hexane (Table 2) were
not formed from epoxides 3a—3c, but very probably from the
starting iodoacetates 1a—1c or 2a—2c by the sequence of reac-
tions as depicted in Scheme 2.

Structures of the compounds prepared were elucidated on
the basis of elemental analyses and 'H, *C and !°F NMR
spectra. A detailed study of the '*C NMR spectra of the
epoxide 3b and similar compounds has been published [S0].
In the preceding paper [37], 'H and '>*C NMR spectra of
individual epoxides 3a-3c were given. The chemical shifts
of the corresponding individual atoms and groups appeared
to be similar one to another in the compounds 3a-3c, 4a—4c¢
and Sa-Sc, and therefore we present the data in a overlapped
form (see Experimental details).

3. Conclusions

An optimised and highly selective synthesis of [ (perfluo-
roalkyl)methyljoxiranes from adducts of iodoperfluoroal-
kanes with allyl acetate was developed. On total conversion
of adducts, the chemoselectivity was 98% and epoxide yields
were 94-96%. The formation of byproducts in the epoxida-
tion reaction was studied and explained by a set of chemical
reactions. It has been shown that the change of solvent from
hexane to diethyl ether can dramatically decrease the che-
moselectivity of the epoxide formation. Unsaturated byprod-
ucts formed were characterised for first time. The fluorinated
oxiranes obtained are precursors of new functional and tele-
chelic derivatives and amphiphilic monomers which are
under investigation.

4. Experimental details
4.1. General comments

Boiling points were not corrected. GC analyses were per-
formed on a Chrom 5 instrument (Laboratorni pgistroje,
Prague; FID, 380X 0.3 cm column packed with silicon elas-
tomer E-301 on Chromaton N-AW-DMCS (Lachema,
Brno), nitrogen) and on Delsi apparatus (model 330,
equipped with SE30 column, 100 cm X 1/8 in. (i.d.); nitro-
gen was used as carrier gas, detector/injector temperatures
were 260/255 °C, temperature programme in the range 50—
250 °C); the GC apparatus was connected to a Hewlett-Pack-
ard integrator (model 3390). NMR spectra were recorded on
a Bruker 400 AM (FT, '°F at 376.5 MHz) and a Bruker WP
80 SY (FT, '°F at 75 MHz) instruments using TMS and
CFCl, as the internal standards. Chemical shifts are quoted
in ppm (s singlet, bs broad singlet, d doublet, t triplet, q
quadruplet, m multiplet), coupling constants J in Hz, solvent
CDCl,.

Chemicals used were as follows. Silicagel L40/100
(Merck), potassium hydroxide pellets were ground to pow-

der before use; iodoperfluoroalkanes were obtained from EIf
Atochem and distilled before use. Dibenzoyl peroxide was
precipitated from its chloroform solution by methanol and
dried in vacuo. Allyl acetate (Aldrich) was used without
purification. Diethyl ether, diisopropyl ether and dibutyl ether
were dried with sodium and distilled over sodium, hexane
(Fluka) was distilled prior to use and stored over molecular
sieves; tetrahydrofuran (Fluka) was dried with sodium and
distilled over sodium [51].

4.2. Preparation of epoxides 3a-3c

4.2.1. From individual non-rearranged acetates la—Ic by
reaction with potassium hydroxide

Powdered potassium hydroxide (13.5 g, 0.24 mol) was
added to a vigorously stirred solution of acetate la-lc
(0.1 mol) in hexane (150 ml, 1.15 mol) placed in a 250 ml
round-bottomed flask, equipped with a Dimroth reflux con-
denser connected to the atmosphere through a drying tube
(sodium hydroxide) and with magnetic stirrer. The mixture
was then refluxed for 2-3 h; after cooling, the solid (potas-
sium iodide and hydroxide) was filtered off and solvent was
then distilled off on a rectification column (Vigreux-type,
50 cm). The composition of the residue, which was a raw
epoxide, was checked by GC (SE30, 180 °C) and pure epox-
ide (3a-3c) was obtained by distillation under reduced pres-
sure (for b.p., yields and elemental analyses see Table 4).

4.2.2. From acetate la or 1b by reaction with sodium
hydroxide

Heterogenous mixture of acetates 1a or 1b (for amounts
see Table 1), powdered sodium hydroxide (hydroxide/ace-
tate, 2.4 mol/mol), and a solvent (150 ml) was refluxed
while stirring in the apparatus as in Section 4.2.1. (aflask of
250 ml). The epoxide 3a or 3b was obtained by the treatment
of the reaction mixture as in Section 4.2.1. (for yields see
Table 1, for b.p. see Table 4).

4.2.3. From mixtures of acetates 1 and rearranged acetates
2 (2-15% rel.) by reaction with potassium hydroxide

In the apparatus as in Section 4.2.1. (a flask of 1000 ml),
a heterogenous mixture of potassium hydroxide (53.9 g,
0.96 mol), acetate 1a or 1b or 1c and rearranged acetate 2a
or 2b or 2¢ (0.4 mol) in hexane (600 ml, 4.59 mol) was
refluxed for 2-3 h while stirring. The epoxides (3a-3c) were
obtained by the treatment of the reaction mixture as in Sec-
tion 4.2.1. (for b.p. see Table 4).

Yields: a mixture of isomers 1a and 2a (0.4 mol together,
98% mol of 1a, 2% mol of 2b) afforded 103.8 g (94%) of
3a, purity 99%; a mixture of isomers 1b and 2b (0.4 mol
together, 94% mol of 1b, 6% mol of 2b) gave 142.9 g (95%)
of 3b, purity 99%; a mixture of isomers 1c¢ and 2¢ (0.4 mol
together, 85% mol of 1¢, 15% mol of 2¢) yielded 182.8 g
(96%) of 3¢, purity 99% (viz Table 4).
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Table 4
Physical properties and elemental analyses of compounds 3-5

Starting Product Yield Purity (%) B.p. (°C/mmHg) Formula MW Analysis: found/calculated (%)
compounds —

(g) (%) C H F
la 3a 26.0 94 99 84-86/150 C;HsF,0O 276.10 30.22/30.45 1.95/1.83 62.15/61.93
1b 3b 35.7 95 99 88-89/60 CoHsF,,0 376.12 28.45/28.74 1.41/1.34 65.81/65.67
1c 3c 45.7 96 99 92-93/25 C,HsF;0 476.13 27.58/27.75 1.13/1.06 67.97/67.83
2a (13% 1a) 3a 12.8 93 99 95-96/200
2b (13% 1b) 3b 17.7 94 99 98-99/100
2¢ (13% 1c) 3c 22.6 95 99 96-98/30
1a (2% 2a) 3a 103.8 94 99 75-77/100
1b (6% 2b) 3b 1429 95 99 77-79/40
1c (15% 2¢) 3c 182.8 96 99 85-77/20
la 4a 636 S0 98 63-65/20 CyH-,F,0, 318.14 33.85/33.98 2.37/2.22 54.12/53.75
1b 4b 920 55 98 83-85/10 CH/F;:0, 418.15 31.78/31.60 1.82/1.69 59.42/59.06
1c 4c 124 60 98 77-79/1 C3H.F,0, 518.17 30.23/30.13 1.42/1.36 62.87/62.33
2a (13% 1a) 5a 442 40 98 57-59/30 C,HsF,0 276.10 30.37/30.45 1.94/1.83 62.18/61.93
2b (13% 1b) 5b 722 48 98 72-74/20 C,HsF,;0 376.12 28.87/28.74 1.42/1.34 65.91/65.67
2¢ (13% 1c¢) Sc 10.1 53 98 87-89/10 C,;HsF,;O 476.13 2791/21.75 1.15/1.06 68.05/67.83
3a Sa 0.25 9 97 52-54/20
3b 5b 0.56 15 97 65-67/10
3c 5c 0.86 18 99 80-82/5

4.2.4. From rearranged acetates 2a-2c¢ by reaction with
potassium hydroxide

The reactions were carried out as in Section 4.2.1. Heter-
ogeneous mixture of acetate 2a—2c¢ (13% rel. of 1, 50 mmol),
potassium hydroxide (6.74 g; 120 mmol) and hexane
(75 ml) wasreacted for 2-3 h and treated as in Section 4.2.1.
(for yields and b.p. see Table 4).

4.2.5. Relative reaction rate of isomers 1b and 2b with potas-
sium hydroxide

In the apparatus as in Section 4.2.1. (a three-necked flask
of 100 ml), a heterogenous mixture of potassium hydroxide
(4.5 g, 80 mmol), acetate 1b and rearranged acetate 2b
(15 mmol and 15 mmol) in hexane (50 ml) was stirred at
20 °C. The conversion was monitored by GC (E301, 80 °C)
by taking periodically samples of the reaction mixture (ca.
1 ml). The samples were filtered through a short column of
silica (1 ml hexane added), the solvent and most of epoxide
were removed on a rotary evaporator and the residue was
analysed by '"H NMR by which the contents of the isomers
of 1b and 2b were determined.

Results (time-2b content (%rel.)/conversion (%)):
0 min-50/0, 30 min-56/42, 1 h-59/51, 1.5 h-59/60, 2 h—
60/68, 2.5 h—60/75, 3 h—60/81.

Overlapped NMR spectra of 3a—3c:

'H NMR (CDCly) &: 2.18, 2.29 (2Xdm, 2H, CH,CF,,
2Jun=12);2.45 (dd, 1H(a), CH,, yn =4, *Juu =6); 2.75
(t, 1H(b), CH,, *Jyy=>Juy=4); 3.12 (dgq, 1H, CH,
*Jun=6(q) and 4) ppm.

13C NMR (CDCl,) &: 34.74-34.89 (t, 1C, CH,CF,,
2Jep=21); 44.11-44.19 (t, 1C, CHO, 3J=5); 44.94-
45.08 (s, 1C, CH,0); 109-119 (m, 4-8C, CF, and CF;)
ppm.

F NMR (CDCl;) & —81.35 to —82.77 (t, 3F, CF;,
Jep=10); —113.02 to —11422 (m, 2F, CF,CH,);
—122.15 to —125.63 (m, 2-10F, 1-5 CF,); —126.34 to
—127.67 (m, 2F, CF,CF;) ppm.

4.3. Formation of byproducts 4 and 5 in epoxidation
reactions

4.3.1. Epoxidations in diethyl ether

In the apparatus as in Section 4.2.1., a heterogenous mix-
ture of potassium hydroxide (5.39 g, 96 mmol), acetate 1a—
1c or rearranged acetate 2a—2¢ (40 mmol together, 100% mol
of 1a-1e, or 87% mol of 2a-2¢) and diethyl ether (60 ml,
0.573 mol) was refluxed for 5—h while stirring. After the
treatment of the reaction mixture as in Section 4.2.1. and
distilling off the solvent, the composition of the residue was
checked (GC, E301, 150 °C) and the residue was distilled
under reduced pressure: in the case of the substrates la—c,
epoxides 3a-3c were collected as the first fraction followed
by the fraction of unsaturated acetates 4a—4c; in the case of
the substrates 2a—2c, again epoxides 3a—3c were collected as
the first fraction followed by the fraction of unsaturated alco-
hols Sa—5¢; compositions of the reaction mixture are given
in Table 2 (for yields, b.p. and elemental analyses see
Table 4).

Overlapped NMR spectra of 4a—4¢ (R—CH=CH-CH,-
OAc):

"HNMR (CDCl,) §, cis/trans = 15/85:2.10,2.14 (2 Xs,
6H (cis, trans), 2 CH,); 4.74, 4.88 (2 Xm, 4H(trans, cis), 2
CH,0); 5.67, 591 (2Xdt, 2H(cis, trans), 2 CF,CH=,
e = 15, yr =13 (1) ); 6.24, 6.48 (2 X dm, 2H(cis, trans),,
2 CH,CH=, *Jyyy=15) ppm.

13C NMR (CDCl5) 8:21.17,21.22 (2 X s, 2C(trans, cis),
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2 CH;); 61.10, 62.75 (2 Xs, 2C(cis, trans), 2 CH,0); 105~
125 (m, 4-8C, CF, and CF;); 118.56, 119.18 (2 Xt, 2C(cis,
trans), 2 CF,CH=, 2Jop=23); 13698, 140.12 (2xt,
2C(trans, cis), 2 CH,CH=, 3Jcz=9(trans), *Jop=
5.7(cis)); 170.77,170.83 (2 X s, 2C(cis, trans }, 2 CO) ppm.

F NMR (CDCl,): as for 3a—-3c.

Overlapped NMR spectra of 5a-5¢ (Re~CH=CH-CH,-
OH):

'H NMR (CDCl;) &, cis/trans=17/83: 1.55, 1.94
(2 Xbs, 2H(cis, trans), 2 OH); 4.36, 4.47 (2 Xd, 4H(trans,
cis), 2 CH,0, *Jyu=3(cis), 3y =2(trans)); 5.58, 5.97
(2Xdt, 2H(cis, trans ), 2 CE,CH=, Yy = 15, Jyge = 13(1) );
6.30, 6.54 (2xdm, 2H(cis, trans), 2 CH,CH=, 3J;;;; = 15)
ppm.

3C NMR (CDCl,) 8: 59.69, 62.00 (2 Xs, 2C(cis, trans),
2 CH,0H); 105-125 (m, 4-8C, CF, and CF); 116.92,
117.01 (2 Xt,2C(cis, trans ), 2 CF,CH=, 2J o =23); 141.94,
144.96 (2xt, 2C(trans, cis), 2 CH,CH=, *J - =8.6(trans),
*Jeg=5.2(cis)) ppm.

F NMR (CDCl,): as for 3a—3c.

4.3.2. Reactions of epoxides 3a-3c¢c with potassium
hydroxide

In the apparatus as in Section 4.2.1. (atwo-necked round-
bottomed flask, 25 ml), a heterogenous mixture of powdered
potassium hydroxide (0.67 g, 12 mmol), epoxide 3a-3c
(10 mmol) and hexane or diethyl ether (15 ml) was refluxed
for 2-3 h (hexane) or 5-h (diethyl ether) while stirring.
Then, GC analysis (E301, 150 °C) of the mixture was carried
out (Table 3).

After cooling the mixture, the solid (potassium iodide and
hydroxide) was filtered off on a sintered glass filter and
washed with the solvent which was then distilled off on a
rectification column. The composition of the residue was
checked by GC and the residue was distilled under reduced
pressure: epoxides 3a—3c were distilled as the first fraction
followed by the fraction of unsaturated alcohols Sa—c¢ (for
b.p. and yields see Table 4).

Acknowledgements

The authors thank Tempus Programme JEP 2139 for the
opportunity for V. Cirkva to visit E.-N.S.C., Montpellier, for
a part of his Ph.D. study and the Elf Atochem S.A. for the
gift of perfluoroalkyl iodides. The authors also express their
thanks to Dr. J. Kviéala for helpful discussions. Elemental
analyses were performed in the Analytical Department of the
Institute of Chemical Technology, Prague (Dr. L. Helesic,
Head). The research was also supported by grant No. 203/
95/1146 of the Grant Agency of the Czech Republic.

References

[1] P.L. Coe, A. Sellars, J.C. Tatlow, H.C. Fielding, G. Whittaker, J.
Fluorine Chem. 27 (1985) 71.

{2] D.LJ. Clive, C.V. Denyer, J. Chem. Soc., Chem. Commun. 7 (1973)
253.

[3] M.M. Chaabouni, A. Baklouti, Bull. Soc. Chem. Fr. 4 (1989) 549.

[4] S. Szényi, A. Cambon, Fr. Pat. 2 530 623 (1984); [Chem. Abs. 100
(1984) 176 906].

{51 S. Szényi, R. Vandamme, A. Cambon, J. Fluorine Chem. 30 (1985)
37.

[6] O. Paleta, V. Cirkva, R. Polik, K. Kefurt, J. Moravcov4, M. Kodiéek,
S.Forman, M. Bare3, Conf. 3éme Colloque Francophone sur la Chimie
Organique du Fluor, Reims, 1996, P 10.

[7] R.B. Gosnell, J. Hollander, J. Macromol. Sci. Phys. B14 (1967) 831.

[8] J. Hollander, F.D. Trischler, E.S. Harrison, Am. Chem. Soc., Div.
Polymer Chem. 8 (1967) 1149; [Chem. Abs. 70 (1969) 97 293].

[9] T. Maruno, K. Nakamura, A. Ohmori, Y. Shimizu, M. Kubo, H.
Kobayashi, Eur. Pat. Appl. 0295639 (1988); [Chem. Abs. 111
(1989) 79 484].

[10] A. Ohmori, Ger. Pat. DE 2 939 550 (1980); [Chem. Abs. 93 (1980}
47 875].

[11] C. Guery, T. Hugues, N. Kotea, M. Viguier, A. Commeyras, J. Fluorine
Chem. 45 (1989) 206.

[12] JR. Griffith, J.G. O'Rear, U.S. Pat. 4 045 408 (1977); [Chem. Abs.
93 (1980) 47 875].

[13] P. Tarrant, E.G. Allison, K.P. Barthold, E.C. Stump Jr., in: P. Tarrant
(ed.), Fluorine Chemistry Reviews, vol. 5, Dekker, New York, 1971,
p.77.

[14] ).D. Park, F.E. Rogers, J.R. Lacher, J. Org. Chem. 26 (1961) 2089.

[15] H. Jaeger, Ger. Offen. 2 142 056 (1972); [Chem. Abs. 77 (1972)
125 942].

[16] T. Fuchikami, Y. Shibata, H. Urata, Chem. Lett. 3 (1987) 521.

[17] T. Fuchikami, Y. Obata, H. Urata, Jpn. Kokai Tokkyo Koho JP
6317 858 (1988); [Chem. Abs. 109 (1988) 111 055].

{18] N.O. Brace, J. Fluorine Chem. 20 (1982) 313.

[19] P. Calas, A. Commeyras, Eur. Pat. 43 758 (1982); [Chem. Abs. 96
(1982) 132 156].

[20] A. Commeyras, R. Sagnes, C. Guery, Eur. Pat. 43 757 (1982));
[Chem. Abs. 96 (1982) 199 075].

[21] T. Umemoto, Y. Kuriu, S. Nakayama, Tetrahedron Lett. 23 (1982)
1169.

[22] P. Blickle, K. Hintzer, W. Schwertfeger, D. Ulmschneider, Eur. Pat.
287 004 (1988); [Chem. Abs. 110 (1989) 115 496].

[23] P. Laurent, H. Blancou, A. Commeyras, J. Fluorine Chem. 64 (1993)
125.

[24] S.P.Khrlakyan, V.V. Shokina, L. Knunyants, Izv. Akad. Nauk SSSR,
Ser. Khim. (1965) 72.

[25] F.W. Evans, M.H. Litt, U.S. Pat. 3,388 078 (1968); [Chem. Abs. 69
(1968) 28 654g].

[26] P. Laurent, H. Blancou, A. Commeyras, J. Fluorine Chem. 54 (1993)
291.

[27] N.O. Brace, J. Org. Chem. 27 (1962) 3033.

[28] Daikin Kogyo Co., Fr. Pat. 1 475 237 (1967); Chem. Abs. 67 (1967)
100 975.

{29] M.M. Chaabouni, A. Baklouti, S. Szonyi, A. Cambon, J. Fluorine
Chem. 46 (1990) 307.

[30] C. Condures, R. Pastor, A. Cambon, J. Fluorine Chem. 24 (1984) 93.

[31] P.S. Abenin, F. Szényi, A. Cambon, J. Fluorine Chem. 55 (1991) 1.

[32] W. Dmowski, H. Plenkiewicz, J. Porwisiak, J. Fluorine Chem. 41
(1988) 191.

[33] MH. Huang, B.E. Smart, A E. Feiring, S.M. Rozen, J. Org. Chem. 56
(1991) 3187.

[34] SM. Rozen, B.E. Smart, PCT Int. Appl. WO 91 05778 (1991);
[Chem. Abs. 115 (1991) 71 372].

[35] B. Boutevin, J.P. Hugon, Y. Pietrasanta, J. Fluorine Chem. 17 (1981)
357.

[36] M. Kotora, M. Héjek, B. Ameduri, B. Boutevin, J. Fluorine Chem. 68
(1994) 49.



158 V. Cirkva et al. / Journal of Fluorine Chemistry 83 (1997) 151-158

[37] B. Guyot, B. Améduri, B. Boutevin, J, Fluorine Chem. 74 (1995) 233.

[38] V. Cirkva, B. Améduri, J. Kviéala, O. Paleta, B. Boutevin, Proc. Int.
Conf. Fluorinated Monomers and Polymers, Prague, July 1993, P 33.

[39] V. Cirkva, B. Améduri, B. Boutevin, J. Kviéala, O. Paleta, J. Fluorine
Chem. 74 (1995) 97.

[40] M. Kotora, J. Kvi¢ala, B. Améduri, M. Hijek, B. Boutevin, J. Fluorine
Chem. 64 (1993) 259.

[41] M.L. Bender, Chem. Rev. 60 (1960) 53.

[42] A.E. Feiring, J. Org. Chem. 50 (1985) 3269.

[43] Daikin Kogyo Co., Brit. Pat. 1 101 049 (1968); [Chem. Abs. 68
(1968) 60 504).

[44] H. Plenkiewicz, W. Dmowski, J. Fluorine Chem. 51 (1991) 43.

[45] 1. March, Advanced Organic Chemistry, 4th ed., Wiley, New York,
1992, p. 1013.

[46] D.J. McLennan, Q. Rev. Chem. Soc. 21 (1967) 490.

[47] HF. Koch, Acc. Chem. Res. 17 (1984) 137.

[48] J.G. Smith, Synthesis (1984) 629.

[49]) J.X. Crandall, M. Apparu, Org. React. 29 (1983) 345,

[50] G. Serratrice, M.-1. Stebe, J.-J. Delpuech, J. Fluorine Chem. 25 (1984)
275.

[51] B.S. Fumiss, A.J. Hammford, P.W.G. Smith, A R. Tatchell, Vogel’s
Textbook of Practical Organic Chemistry, 5th ed., Wiley, New York,
1991, p. 406.



