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Abstract—A procedure was developed for preparing partially fluorinated dialkyl ethers by the reaction of
hexafluoropropylene with aliphatic and polyfluorinated alcohols in the presence of KOH. On treatment with
concentrated sulfuric acid, these ethers form akyl esters of acids, and on treatment with KOH, alkenyl ethers.

The problems in development of new ozone-friend-
ly solvents are largely determined by the need in re-
placement of Freon 113, widely used as solvent. The
main drawback of this Freon is that hydrocarbon oils
are limitedly or poorly soluble in it, and organofluo-
rine and organosilicon liquids are insoluble. Mgjor
efforts in this direction have not led to success. Orlov
et al. [1] suggested as one of alternatives hexafluoro-
cyclobutane, which is an efficient solvent for various
azeotropic compositions. This compound can be pre-
pared on the commercia scale from dichlorohexafluo-
rocyclobutane, which, in turn, is obtained by dimeri-
zation of trifluorochloroethylene. At the same time,
partialy fluorinated dialkyl ethers are also of inter-
est. The 3M company developed Freon HFE 7110,
CH30CF,CF,CF,CF3, but it also has certain draw-
backs, whereas tetrafluoroethyl difluoromethyl ether
CHF,CF,0CHF, can replace Freon 11 as a foaming
agent in production of foamed plastics and can be
used in microelectronics in dry etching instead of per-
fluorocarbons [2]. Ethers like C,FgOCH3 (bp 61°C),
(CF3),CFCF,0C,Hs, and others, used for extraction
of lavender essential oils, showed good performance
with respect to the quality of the extracted product and
the purity of the oils obtained therefrom [3]. These
ethers were used as solvents in chemical reactions, in
particular, in synthesis of amides derived from fluoro-
polyalkyl ethers for magnetic reproducing media [4]
and in oxidation of tetrafluoroethylene [5].

Partially fluorinated ethers were prepared by reac-
tions of hexafluoropropylene with acohols in the
presence of akali [6, 7] or with metal alcoholates in
toluene [8], dioxane [9], or methanol [10]. Polyoxaal-

kylene glycols add to hexafluoropropylene in the
presence of water traces across the olefin double bond;
the resulting adducts are used as compression, motor,
and vacuum oils [11]. Fully fluorinated dialkyl ethers
prepared by reactions of octafluoroisobutylene with
alcohals, followed by further electrochemical fluorina-
tion in anhydrous HF, e.g., (CF3),CFCF,OCFop 41,
are used as solvents for cleaning electronic circuits, as
refrigerants, as foaming agents, and as polymerization
media [12-14].

The goa of this study was to develop a commer-
cialy acceptable procedure for synthesis of partialy
fluorinated dialkyl ethers from available and relatively
cheap hexafluoropropylene and to examine the possi-
bilities of using these ethers as ozone-friendly sol-
vents and as intermediates in organofluorine synthesis.

When gaseous hexafluoropropylene is passed at
20-40°C through alcohols containing catalytic
amounts of sodium alcoholates or alkalis (the reaction
can also be performed in a pressure vessel), the alco-
hol adds across the double bond. The reaction path-
way only sightly depends on the conditions. The by-
products are alkenyl ethers formed by substitution of
the terminal fluorine atom at the double bond by al-
koxy groups and alkyl 2,3,3,3-tetrafluoropropionates,
their amount does not exceed 5% (cf. data from [15]):

5% KOH

CFCF=CF, RO—H) CF,CHFCF0OR

+ CF,CF=CFOR + CF,CH F@R,

where R =Me (1, V, VII), Et (1, VI, VIII), Pr-i (111),
CHF,CF,CH, (IV).
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Table 1. *H, 13C, and 1°F NMR spectra of new partialy fluorinated dialkyl ethers

Com- H NMR spectrum, 3,
pound ppm (J, Hz)

13C NMR  spectrum, 3,
ppm (Jer H2)

19F NMR spectrum, 3,
ppm (J, H2)

| 472 td (H2 36.4, 9.2),
3.63 (HY

Il 471 td (H2 432, 55),

1l |4.66 (H2, 50),
4.65 (H* 6.5),
1.29 (H>5, 6.5)

IV 429 t (H?% 50),
4.65 (H2, 6.5),
1.29 (H>5, 6.5)

VIl |5.27 (H?, 44.0, 6),

3.88 (H%),

1.33 (H®)

VI {510 (H2, Y34e 45, 20 7)
436 (H* 20,4 7.0,

1.34 (HS, 23,y 7.0)

4.03 (H* 7.1), 1.29 (H% 7.1)

120.4 (CY, Lo 255.9, %) 25.5),
118.8 (C3, Lo 249.9, %) 45.1),
87.6 (C?, o 200.6, %) 35.9),
50.0 (C% 3Jc 7.0)

120.3 (CY, Lo 280.0, %) 25.4),
118.7 (C3, L 265.9, %) 25.4),
85.1 (C?, o 200.0, %) 35.7),
60.7 (C% 2Jc 6.2), 14.2 (CY)
120.1 (CY, Lo 309.8, %) 26.0),
118.7 (C3, g 277.3, ) 21.9),
85.2 (C?, L 200.3, %) 37.6),
77.7 (C%, 22.8 (C>9)

119.9 (CY, L 2814, %) 27.6),
114.1 (C%, o 2206, %) 28.0),
109.1 (C3°, W 250.1, %) 35.8),
85.0 (C?, o 2019, %) 34.9),
60.5 (C% 2Jo 30.8),

120.5 (Ct, Yo 2819, %) 25.8),
84.1 (C?, L 1995, %) 35.8),
53.3 (C%

120.5 (Ct, Yo 2819, %) 27.8),
84.1 (C?, L 199.2, %) 35.6),
63.0 (C%, 132 (CP)

88.4 (FY), AB system (F°) 80.4
and 77.7 (Jgr 151.6), —48.2 (F?)

87.5 (FY), AB system 83.5 and
80.5 (Jgr 153.4), -48.3 (F?)

88.2 (F%, AB system
85.9 and 82.1 (Je 152.5),
—48.1 (F%, Jgy 40, Jer 12.5)

88.4 (F1), AB system

388 (F°) and 25.2 (F%)
(e 149.7), AB system

(F%) 82 and 79.8 (Jr 148.9),
—48.4 (F?)

87.6 (F., 8, 12),

—41.2 (F, 32, 10)

86.5 (F1, 8, 12),
—422 (F?, 45, 10)

The reaction involves the attack of the alkoxy
anion at the carbon atom of the hexafluoropropylene
double bond, with generation of the intermediate
carbanion. This species abstracts the proton from the
solvent to form the main reaction product |-1V. Stabi-
lization of the carbanion by elimination of the fluoride
ion from the a-position (from the CF, fragment)
yields the product of formal substitution of fluorine
a the double bond (compounds V, VI). The hydrogen
fluoride released in the process reacts with the akali,
and water participates in formation of the addition
product and can induce hydrolysis of both by-products
V, VI and target products I-1V. This is suggested by
isolation of HF from the mixture of reaction products
and formation of akyl 2,3,3,3-tetrafluoropropionates
VIl and VIII:

RO™ =
CF,CF=CF, — > [CF,CFCF,0R]

ot H,0
——CF,CHFCF,0R
3
— H,0 l 0

—=>CF,CF=CFOR —>—> CF.,CH F%O -
- R
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Indeed, heating of | and Il with concentrated sul-
furic acid at 40°C for 1 h, followed by treatment of
the reaction mixture with water, causes formation of
compounds V11 [6] and VIII in quantitative yield, and
heating with solid KOH in dioxane affords V and VI:

(1) H,SO 0O
—— 2% CF.CH F%O
(2) H,0 3 R

KOH
Dioxane

CF,CHFCF,OR —

CF,CF=CFOR,

where R = Me or Et.

The structures of the new compounds were con-
firmed by 1H, 13C, and °F NMR (Table 1), IR, and
mass spectrometry.

For partialy fluorinated dialkyl ethers, telomeric
alcohols, and partially fluorinated carboxylic acid
ester, we evaluated the toxicological parameters. The
results are listed in Table 2. It is seen that the com-
pounds belong to hazard class 111 (moderately toxic)
or 1V (weskly toxic substances).
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Table 2. Some toxicological parameters of organofluorine
compounds

LDso | LD100 | Hazard
Compound class
mg kgt
CF,CHFCF,0CH,CF,CHF, | 5000 IV
HCF,CF,CH,0CH,CH; 3420 | 6000 | I
HCF,CF,CH,OH 2320 | 3000 | I
HCF,CF,CF,CF,CH,OH 1180 | 2000 | I
CF,CHFC(O)OCH,H 5000 \,

EXPERIMENTAL

The 1H, 13C, and 1°F NMR spectra were recorded
on a Bruker WP 400 SY spectrometer (400, 100, and
188 MHz, respectively) relative to internal HMDS and
CeFg (Jcy Was not measured). The IR spectra were
taken on a Specord M-80 spectrometer (CCl,), and the
mass spectra (ionizing electron energy 70 €V), on a
Hewlett-Packard G 1800 A GCD gas chromatograph
with a mass-selective detector [30 m x 0.25 mm
capillary column coated with a 0.25-um layer of 5%
diphenylsiloxane-95% dimethylsiloxane copolymer
(HP-5); carrier gas helium, 1 ml min; vaporizer tem-
perature 280°C; column temperature schedule: 50°C,
2 min; heating to 280°C at a rate of 10 degmin™;
280°C, 5 min]. The progress of al the reactions was
monitored by 9F NMR spectroscopy. The reaction
mixtures were analyzed on an LKhM 72 chromato-
graph (15% SE-30, SKTF-803, QF-1 on Chromosorb
W, 4000 x 4-mm column).

The characteristics of the new compounds and
anaytical data are listed in Table 3.

IL'IN et al.

Synthesis of partially fluorinated dialkyl ethers.
(1) A 100-ml flask equipped with a magnetic stirrer,
a thermometer, a tube for input of gaseous reactants,
and a reflux condenser was charged with 40 ml of
absolute methanol, and 1 g of sodium metal was
added in portions at room temperature. After complete
dissolution of sodium, gaseous hexafluoropropylene
was passed at a rate chosen so as to minimize the
breakthrough of the gas. The process was performed
for 1.5 h, after which the reaction mixture was poured
into 300 ml of water and shaken; the lower organic
layer was separated and dried over CaCl2. The mix-
ture was analyzed by 9F NMR spectroscopy and gas
chromatography—mass spectrometry. The mixture was
distilled with collection of the 54-55°C fraction
(33 9).

(2) A similar flask was charged with 50 ml of an
alcohol (methanol, ethanal, isopropanol, 2,2,3,3-tetra-
fluoropropanol) and 5 g of KOH. A flow of gaseous
hexafluoropropylene was passed at atmospheric pres-
sure; in the process, the mixture warmed up from 20
to 40°C. After the heat release ceased, passing of
hexafluoropropylene was stopped, the mixture was
poured into 400 ml of cold water and shaken, and
the lower organic layer was separated, washed with
100 ml of water, and dried over CaCl,. The products
were distilled and analyzed.

(3) A 100-ml rotating autoclave was charged with
10 ml of methanol and 11.2 g of solid KOH; then the
autoclave was sedled, and 30 g of hexafluoropropyl-
ene was condensed into it through a valve. The auto-
clave was heated at 50°C for 1 h (the pressure rose to
4 atm), cooled, and opened; the contents were poured
into water. Compound | was obtained; yield 34.2 g
(94%), bp 54-55°C.

Table 3. Characteristics of partially fluorinated dialkyl ethers and analytical data

com- | Yidd, T, 0 0 Found, % Mz Calculated, %

pound | % oG np dg [M—H]* Formula M
C H F C H F

I 98 5455 |1.3470 |{1.4200 181 C,H,FsO 182

[ 99 64-65 |1.3460 {1.3040 | 31.79 | 3.19 | 57.73 | 196* |CsHgFsO | 30.61 | 3.06 | 58.16 | 196
31.64 | 3.05 | 57.91

Il 88 85-86 |1.3230 (1.280 210* | CgHgFO 210

v 87 |102-103|1.2930 (1578 | 26.11 | 1.73 | 67.11 | 282* |CgH,F1(O| 25.53 | 1.42 | 67.38 | 282
25.88 | 1.69 | 67.28

VII 60 9596 |1.3200 (1.358 | 29.78 | 2.46 | 46.86 | 159 C,H,F40,| 30.00 | 250 | 47.50 | 160
30.08 | 2.31 | 46.61

VI 94 |103-104|1.3340 [1.3040 | 34.36 | 3.44 | 44.30 | 174* |CgHgF,O,| 34.48 | 345 | 4368 | 174
34.43 | 3.55 | 44.67

* [M7].
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Hydrolysis of partially fluorinated dialkyl eth-
ers. (1) A 20-ml flask equipped with a magnetic stir-
rer and a reflux condenser was charged with 15 g of |
(with 11, the procedure was similar), and 15 g of
concentrated sulfuric acid was added. The mixture
dlightly warmed up. Then the mixture was heated with
dtirring for 1 h at 40°C and poured onto 50 g of ice;
the organic layer was separated, washed with water,
and dried over CaCl,,.

By this procedure, we prepared 10 g of compound
VIIl to be used in the subsequent studies as inter-
mediate.

(2) A similar flask was charged with 27 g of SbFs,
and 15 g of Il was added in portions with stirring, so
as to avoid warming up above room temperature. The
mixture was stirred at room temperature for 1 h and
poured into 50 g of ice; the organic layer was sep-
arated, washed with cold water, and dried over CaCl,.
The product was distilled, with collection of the frac-
tion boiling at 95-96°C; yield 8 g.

Reaction of KOH with partially fluorinated
dialkyl ethers. A 100-ml flask equipped with a mag-
netic stirrer, a thermometer, and a reflux condenser
was charged with 40 g of | (with 11, the procedure
was similar) and 50 ml of dry dioxane, after which
finely divided KOH was added in portions with stir-
ring at room temperature. The mixture warmed up.
Then the mixture was heated with stirring for 2 h at
40°C, and the reaction products were dlstllled off.
Compound V: yield 82%, bp 51-52°C, nD 1.3208,
d4 13601 (publlshed data [8]: bp 51.5°C/743 mm
Ho, nD 12970 d4 13595) V1: yield 78%, bp 71-
72°C, n 01.3210, d 12930 (publlshed data [8]: bp
71- 72°C/743 mm Hg, nD 1.3103, d4 1.2884).

CONCLUSIONS

(1) The possibility of preparing partially fluori-
nated dialkyl ethers by reaction of hexafluoropropyl-
ene with acohols (methanol, ethanol, isopropanol,
2,3,3,3-tetrafluoropropanol) in the presence of KOH
was examined. These ethers are formed by addition
of an alcohol across the double bond in hexafluoro-
propylene.

(2) Partialy fluorinated diakyl ethers are con-
verted to akyl 2,3,3,3-tetrafluoropropionates by treat-
ment with concentrated H,SO, and to alkyl pentaflu-
oropropenyl ethers by treatment with KOH.
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