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REACTICNS OF FLUORO OLEFINS
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Apan from it practical importance, the study of the catalytic hydrogenation of perfluoro olefins has a
direct bearing on the theory of heterogeneous catalysis. As the rate of hydrogenation must be directly related
to the state of the 1-bond of the olefins and increase with reduction in its electron density, it may be supposed
that the hydrogenation of perfluoro olefins, which have a swong affinity for nucleophiles, will proceed very readily
and that in the series of perfluoro olefins the ease of hydrogenation will increase from perfluoroethylene to
perfluoroisobutene; this view corresponds to the observations of Schuster [1] on the diminution in the rate of
hydrogenation of the usual olefins as we pass from ethylene through propene to isobutene, and also to the results
of Patk's work [2) on the comparison of the heats of hydrogenation of vinyl chloride and chlorotrifluoroethylene.
Our wotk on the hydrogenation of perfluoroethylene, perfluoropropene, and perflucrolsobutene showed thar per-
fluoro olefins are hydrogenared smoothly with molecular hydrogen over palladium and nickel catalysts (3, 4).
Over a palladium catalyst (1% Pd/ Al,O) at room temperature products of the normal addition of hydrogen are
formed almost exclusively in quantitative yield: I,1,2,2- terrafluoroethane, 1,1,1,2,3,3-hexaflooropropane, and
9-{difluoromethyl)-1,1,1,3,3,3-hexafluoropropane, respectively, Hydrogenation over a mickel catalyst (reduced
nickel oxide) requires a higher temperature (60-100°) and leads to a mixture of hydrogenation products, con-
sisting of the normal products and products of the replacement of flucrine by hydrogen, e.g., 1,1,2-trifluoroethane,
in the hydrogenation of perflucroethylene, and 1,1,1,3,3,3-hexafluoro- 2- methylpropane, in the hydrogenation of
perfluoroisobutene. In the bydrogenation of chiorotrifluoroethylene over 1% Pd/AlyOy at room temperature re-
placement of chlorine by hydrogen occurred with the formation of trifluoroethylene and its subsequent hydro-
genation, Under certain experimental conditions CFg=CFH is the main reaction product and can be cbtained
in about 60% yield together with trifluorcethane.

The hydrogenation of perfluorobutadiene proceeded with the formation of 1,1,2,3,4,4-hexafluorobutane.
The dehydrofluorination of fluoro hydrocarbons obtained by the hydrogenation of perflucro olefins made it
possible to prepare some previously unknown or difficultly accessible fluoro alefins. Thus, the product of the
hydrogenation of perfluoroisobutene, 2- (difluoromethyl)-1,1,1,3,3,3-hexaflucropropane (I}, readily eliminates
hydrogen fluoride, even under the action of aqueous alkali, with formation of 1,3,3,3-tetrafluoro- 2- (trifluoro-
methyl) propene (11). The structure of the olefin obtained was proved by its oxidation to hexafluoroacetone,
which simultaneocusly confirmed the saucmre of the original 2- a&nno-..oﬂnﬁﬁv. 1,1,1,3,3,3-hexafluoropropans,
1o which a different bolling point had previously been atmibuted [5]. Further hydrogenation of 1,3,3,3-tetzafluoro-
2-(mifluoromethy!) propene gave 1,1,1,3,3,3-hexafluoro- 2- (flucromethyl) propane (110, the dehydroflucrination
of which readily gave the previously difficultly accessible 3,3,3-triflucro- 2- (triflucromethyl) propene av) 6.

3,3,3- Trifluaro- 2- (iriflucromethyl) propene {IV) was hydrogenated over a palladium catalyst with forma-
tion of 1,1,1,3,83,3- hexafluoro- 2-methylpropane (V); the latter, as indicated above, was obtained in noEEn.u.Eo
amount in the hydrogenation of perflucroisobutene over a nickel catalyst at about 100°. The dehydrofluorinatiod
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of this fluoro hydrocarbon with the formadon of 1,1,3,3,3- pentafluoro- 2- methylpropene {VI) occurred when it
was passed through a melt of 90% potassium hydroxide at 170°. The hydrogenation product from perfluoro-
propene, 1,1,1,2,3,3-hexafluotopropane {VIl), was readily dehydroflucrinated with formation of 1,2,3,3,3-penta-
fluoropropene (VLI), which is isomeric with the known 1,1,3,3,3- pentafluoropropene (IX) [7). The structure of
the olefin obtained was proved by a comparison of the nuclear magnetic resonance specua of these olefins and
by their further transformations on hydrogenaron and dehydrogenation. Thus, on the hydrogenation of 1,2,3,3,3~
pentafluoropropene we obtained 1,1,1,2,3- pentafluotopropane (X), b. p. 20°, the nuclear magnetic spectrum of
which dilfered greatly from that of 1,1,1,3,3- pentafluoropropane (XI), b. p. 12°, obtained by the hydrogenation
of 1,1,3,3,3 pentafluoropropene. By the dehydrofluorination of these hydrogenation products we obtained, re-
spectively, the olefins 2,3,3,3-teuafluoropropene (X!1), b, p. = 28° [1], and 1,3,3,3- tetzafluoropropene (XIL1),

b. p. ~ 16" (8, 9).

1 —-HF
CF,—CF=CF, - CF—~CFH—CF,H —— CF;—CF=CFH
(Vi (vl
-HF
CF,—CF=CFH |a-.v CFy—CFH—CFH, ~on CF,—CF=CH,
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. Ha «HF
pPd KOH
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In the hydrogenation of 1,2,3,3,3- peatafinoropropene, together with the main reaction product 1,1,1,2,3-
pentafluoropropane, we isolated 1,1,1,2-tetrafluoropropane CFy—GCFH —CHy, b. p. —1° The dehydrofluorina-
tion of the hydrogenation product from perfluorobutadiene, 1,1,2,3,4,4- hexafluorobutane, occurred with the

elimination of pne molecule of HF from the 2,3-positions:

—HF .
CF:H—CFH—CFH—CF3H — — CFiH—CF=CH—CF3H

The structure of the resulting olefin was proved by its oxidatdon to difluoroacetic acld,

The study of the catalytic hydrogenation of perflucro olefins widens the possibilities for the syntiresis of
saturated and unsaturated fluore hydrocarbons. The usual general method for the preparation of flucrine-con-
taining compounds is the replacement of hydrogen atorns by halogen and further flucrination. Catalytic hydro-
genation with subsequent dehydroflucrination leads to a process of stepwise replacement of fluorine atoms by
hydrogen, and in this case the fluorine- and hydrogen containing olefins that cannot be obtained by the usual
method become accessible. Moceover, this method makes {t possible to prepare compounds in an individuat,
pure state, which is usually not attained by the halogenation method (see table). The work is being continued,
particuiarly in relation to the kinetics of the hydrogenation of perfluoro olefins,
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TABLE
Compounds Obtained by Catalytic Hydrogenation and Dehydrofluorination Reactions

No. Formula B.p.(*C}|| Wo. Formula B.p.("C)
|
AL _ws il 12 | cr-cocrH 17
2 CF,H—CFH, 3 CF,
3 CF, GFH —51 13 CF,- CH-CFH. 40
4 CF.~CFH—CF,;H 5 m_“.
53 | cF,—cF-cFH —20 i | cr-c-cH, 13
§ | cF,~CFH-CFH, 20 &
7 | CF.-CF Ch 24 15 | cF _cH-cH 2y
g8 | cr.-cru-cnh, —1 ' ' -
9 | CP—CH~CFH 12 G CFa
10 | CF.-~CH..CFH —16 16 | CFC=CF: 12
it CF,-CH - CF.H 33 CH,
n_"m. 17 CF,H —CFH~-CFH -CF:H 65
_- 18 | CFH—CF~CH-CF.H 56
EXPERIMENTAL

Preparation of Palladium Catalyst. Calcined alumina (41 g) in the form of small pieces, 4-5 mm ia
dlameter, was immersed in a solution of 0.87 g of palladium chloride in 100 ml of water and left for several
hours. The solution was decanted, and a mixture of 5 ml of 38% formaldehyde solution, 10 ml of 2 N NaCH,
and 75 ml of water was added to the residue. After several hours the resuiting catalyst was washed with distilled
water until alkali was completely removed, placed in the elecuically heated reaction tube, and dried ina

stream of alr at 250-280°, We obtained 39 g of Pd/ Al;Os catalyst.

preparation of Nickel Catalyst. pieces of compressed nickel oxide, diameter 3-4 mm, were placed in a
hydrogenation tube and heated in 2 sueam of hydrogen at 300 until water ceased to be liberated. The resulting

pickel catalyst was preserved in a hydrogen atmosphere.

Hydrogenation of Tewrafluoroethylene, 1. Through a glass wbe containing nickel catalyst obtained by the
reduction of 70 g of nickel oxide we passed 20 liters (STP) of a mixture containiog 40% of C,F, and 60% of Hy.
The rate of passage was 4.6 liters/hr. At the start of the experiment the temperature [ose as 2 result of the exo-
thermic character of the reaction from 95° to 158°, and it then remained at this level. As a result of the reaction
we obtained 28.5 g of condensate, which was collected in a trap at ~60°, and distillation of this through a column
gave 24.2 g (66%) of tetrafluoroethane, b. p. — 22.5°, and 4.2 g of uifluoroethane, b. p. 2.5°. The total yleld
was 80% on the teuaflucroethylene taken, The lterature gives: CFRCFH hasb. p. = 23° [10], and CFFICFH,
has b. p. 3° [11).

2. A mixture (35.2 liters at STP) of 40% of CgF, and 80% of Hy was passed through a glass tube containing
5.6 g of 1% Pd/ Al,O; at 5.25 liters/br. The temperature cose from 19° 10 90° and remained 1n the raoge 85-90°.
In the experiment 63.5 g of substance was condensed, and from this we obtained 62.4 g of tewraflucroethane by
distillation. The condensate did not contaia trifivorcethane, The yield of CFHCFH on the amount of tetra-
fiuoroethylene taken was 97.3%.

Hvdrogenation of Chlorotrifluoroethylene. A mixture (18.85 liters at STP) of 40% of chlorotrifluoroethyiene
(by volume) and 60% of Hy was passed for three hours at room temperature through a tube containing 15 g of 1%
Pd/ Al0;. The gaseous reaction products were passed through a vessel containing aqueous NaCH for the absorption
of HC1 and were condensed in a recelver cooled to = 78°, As a result of the reaction we collected 27.2 g of
condensate, from which, after distillation, we obrained 5 g of unchanged chlorotriflucroethylene, 14 g of wifluoto-
ethylene, b.p. — 51°,and 6.7 ¢ of triflucroethane, b. p. 3°. The over-alt yield of wifluoroethylene and :
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uifluorcethane was 75.5% on the amount of chlorote!fluntoethylene taken for teaction, The yield of CF. 2 =Ch,_
was 51%; it was identified as its dibromide CF,BrCFHBr, b, p. 76" and n®D 1.415[12).

Hydrogenation of Perfluoropropene. A mixture (18 liters at STP) of 40% of perfluctopropene and 60%
of Hy was passed ac 3 liters/ht over 15 g of 1% Pd/AL,O;. At the srart of tie experiment the temperature rose
from 20° 10 50°, and during the Bydrogenation it kept at 50°, As a rcsult of the reaction 50.4 £ of substance
was condersed In the receiver, which was cooled to — 70°: from this distillation gave 48.4 g (96% on pe:-
fluoropropene taken} of 1,1,1,2,3,3-hexafluoropropane, b. p- 4-5°. Found %: C 23.33: H 1.98; F 74.53;
mol. wt. 151 CglF,, Calculated %: C 23.67; H 1.31; F 75.00; mol. wr. 152.

Hydrogenation of Perfluotoisobutene. 1. A mixwre {1B.7 liters at STP) of 40% of petfluoroisobutene (by
volume) and 60% of Hy was passed at 3 lirers/hr over 15 g of 1% palladium on alumina. At the start of the
experiment the temperature rose from 20 ° o 60°, and during the hydrogenation it kept at 55-60°. As a result
of the reactlon 65 g of substance was condensed in the recelver, which was cooled to ~ 60°; from this distillation
through a column gave 8 g of unchanged perfluoroisobutene and 57% (85% on the petfluoroisobutene taken) of
2- (difluoromethyl)-1,1,1,3,3,3- hexafluoroptopane, b. p. 33-34° and d%, 1.558. Found %; C 23,88; H 1.05;
F 74.76; mol, wi 202.8. CetlFy. Calculated%: C 23.76; H 0.99; F 175.25; mol, wt. 202,

2. A mixuure (37,2 liters at STP) of 20% of perfluoroisobutene and 80% of H, was passed at 100-130°
through a glass tube comaining nickel catalyst prepared by the reduction of 100 g of nickel oxide, The reaction
products were passed through a wash bottle contalning aqueous alkali aod were condensed in a wap cooled to
— 60°, Distillarion of 50 g of the mixrure of hydrogenation products gave 12 g of unreacted perfluoroisoburene,
5.5 g (10%) of n-n&_._:o_.o:._nn:ivuu.u.H.u.w.w.—.oxu::o_..ovuov»:n. b.p. 33-34%,and 32,1 g(70%onthe perfiuoro-
isobutene that reacted) of 1.1.1.3,3,3-hexafluoro«2-methylpropane, b.p. 21°. Found%: C 28.46; H 2.35; mol.
wt. 166. Calculated %: C 28.91; H 2.35: mol. wt. 166. C H,F. According to the literature (13] 1,1,1,3,3.3-

hexafluore-2-methylpropane has b.p. 21°.

Dehydrofluorination of nAUE:o«oan&u:Yu.H.u.u.w.u-wnx»n—_onowuovhan. 2-(Difluoromethy1)-1,1,1,3,3,3-
hexafluoropropane (50 g) was added gradually to 30% aqueous KOH (40 ml), and the mixture was heated for
15-20 miautes at 40- 50 * under reflux; the rezcton products were then distilled off into a trap cooled to ~ 70°,
We obtained 46 g of condensare, from which by distillation through 2 column we isolated 7 g of unchanged
u.&S:o_.anSﬁv H.H.H.m.u.u-aaxun:onovnoumuo and 35 g (76%) of 1,3,3,3- tetrafluoro- n.ﬁﬁ?.o—.o..:nuic
propene, b. p. 17- 18°. Found%: C 25.96; H 0.64; F 73.17 : mol, wt. 182.5. CHF,. Calculated %:

C 2.3 H 0.54: F 13,07; mol, wt. 182,

Oxidation of 1,3,3,3- Tetrafluoro- 2-(trifluorome th )propene, 1,3,3,3- Tetrafluoro- 2-{uifluoromethyl)
ptopene was gradually added to a stirred solution of 30 g of potassium permanganate in 130-156 mi of
water warmed to 35-40°; the reaction mixture was heated further for 2- 2.5 hours under reflux at 30-40°. Sulfur
dioxide was passed through the cooled solution unti] colorless, and the precipitate was fiitered off and washed
with hot water; the filirate was extracted with ether for 24 hours in a concinuous-extraction apparatus, The
ether extract was dried with anhydrous magnesium sulfate and distilled. After the removal of ether we obtained
8 g (50%) of hexafluoroacetone hydrate, b. p. 55° (80 mm) and 0®D 1.332. The semicarbazone had m. p.
153°, undepressed by admixture of a sample of hexafluorcacetone semicarbazone prepared by the oxidation of

perfluoroisobutene 14, 15).
Hydrogenation of 1,3,3,3- Tewrafluoro- 2-(uifluoromethyl) propene. A mixrure of 40 g of gaseous 1,3,3,3-
tetrafluoro- 2- (trifluoromethyl) propene and hydrogen (2:3 by volume) was passed over 1% Pd/Al;O4 at room
temperature. The hydrogenation gave 34 g (80%) of 1,1,1,3,3,3-hexafluoro- 2-(luoromethyl) propane, b. p.
39-40°. Found%: C 26,10; H 1.66; F 72.29. CgHyF7. Calculared%: C 26.08; H 1.62; F 72.28.

Dehydroflucrination of 1,1,1,3,3,3-Hexafluoro- 2- Sconoanﬁwcvnovnnn. 1,1,1,3,3,3-Hexafluoro- 2-
{flvorome thyI) propane (34 g) was added to a suspension of 20 g of KOH powder in 20- 25 ml of dibuty] ether;
after the addition the reaction mixture was heated for 20- 30 minutes at 40-50 ® under reflux. The reaction
products were then distilled off into a uap cooled to — 60°. After distillation we obtained 21.5 g (70%) of
3,3,3-triflucro- m-?nn:onoauﬁxc propene, b. p. 13-14° [6]. Found %; C 29.46: H 1.30; F 69,90; mol. wt.
164. G F,. Calculated %: € 29.26: H 1.15; F 69.51; mol. wt. 164,

~
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Dehydrofluorination of 1,1,1,3,3,3-Hexafluoro- 2- methyipropane. 40-50 g of 90% KOH was placed in a
J-tubé 2nd melted by heating it to 170-172° ina glycerol bath. Gaseous 1,1,1,3,3,3-hexafluoro- 2- methyl-
propane (34 g) was passed slowly through the melt, and the reaction products were collected in a cooled tzap
and then again passed through the alkali melt 2-3 times, As a result of the reaction we obtained 20 g of sub-
stance, from which by distillarion through a column we fsolated 6 g of unchanged 1,1,1,3,3,3-hexafluoro-2-
methylptopane and 13.2¢g (54% on the 1,1 ,1,3,3,3-hexafluoro- 2-methylpropane that reacted) of 1,1,3,3,3-
pentaftuoro- 2- methylpropene, b. p. 12-13°, For 1,1,3,3,3- pentafluoto- 2- methylpropene the literature (6, 13)
glves b. p. 13.8°. Found%: C 32.07; H 2.04; F 65.96; mol, wt. 147, CHyFs. Calculated %: C 32.87;

H 2,05; F 65.06; mol. wt. 146.

Dehydrofluorination of 1,1,1,2,3,3-Hexafluoropropane. 1,1,1,2,3,3-Hexafluoropropane (24 g was passed
nof 18 g of KOH powder in 15 i of dibutyi ether with stirring and cooling with ice water.
Reaction occurred with evolution of heat, and the reaction products liberated were collected in a wap cooled to
— 70°. ‘We obtained 17.3 g of substance, from which by distillation we isolated 3.5 g of unchanged 1,1,1,2,3,3-
hexafluotopropane, b. p. 4-5°, and 12.8 g 60%) of 1,2,3,3,3-pentafluoropropene (CF4CF =CFH), b, p. — 20°.
Found%: C 27.21; H 0.79; F 71.71; mol. wi 132.5. CgiF;. Calculated % C 27.27; H 0.15; F 71.96;

mol. wt. 132.

slowly into a suspensio

Hydrogenation of 1,2,3,3,3~ pentafluoro pe. A mixture of 23 g of gaseous 1,2,3,3,3- pentaflvoro-
propene and hydrogen {2:3 by volume) was passed over 1% Pd/Al,Oy at room ternperature. The hydrogenation
products were collected in a cooled trap and distilled through 2 column. We cbtalned 13,2 g (60%) of 1,1,1,2,3-
pentachloropropane, b. p. 20°. NMR (nuclear magnetic resonance spectum): O 7,15 (CFy); 20,59 (CFH);
2346 (CFH:). Found%: C 06.88; H 2.59; F 70,22 mol wt, 134.5. CHFs. Calculated%: C 26.84;
H 2.23; F 70.88; mol. wr. 134. We isolated also 6.6 8 (about 30%) of 1,1,1,2- teachlozopropane, b. p.

—1°. Found%: C 30.71; H 3,95; mol. wt. 115: CHF, Calculated %: C 31.03: H 3.44; mol, wt, 116.

Dehydroflucrination of 1,1,1,2,3-Pentafluoropropane. 1,1,1,2,3- Pentafluoropropane (20 g) was added with
stirring to a suspension of 20 g of KOH in dibutyl ether. The reaction products were collected in a trap cooled
10 — 718°, and were then passed again through the suspension of alkali. Distillation of the reaction products
through a column gave 11.5 g (70%) of 2,3,3,3-terafluoropropene, b. p. ~ 28° (7).

Hydrogenation of 1,1,3,3,3- pentafluoropropene, A mixture of 20 g of gaseous 1,1,3,3,3- pentafluofopropene
and hydrogen (2:3 by volume) was passed over 1% Pd/Al,Oy at room temperature, Distillation of the reaction
products gave 16 g {70% on the 1,1,3,3,3- pentaflucropropene aken) of 1,1,1,3,3- pentafluoropropane, b. p. 12°.
NMR: & 5,57 (CFa); 10,72 (CFzH) * Found %: C 27.03; H 2.05; F 70.43; mol. wi. 135. CHgFs.
Calculated %: C 26.84; H 2.23; F 70.83; mol, wt, 134.

Dehydrofluorination of 1,1,1,3,3- Pentafluoropropane. 1,1,1,3,3-Pentafluoropropane (15 g) was passed
twice through a suspension of 20 g of KOH powder in dibutyl ether. The condensed reaction product was. distilied
through a column and gave 9 g (70%) of 1,3,3,3-vetrafluoropropene, b. p. ~ 16° [8, 9L

Hydrogenation of perfluotobutadiene, A mixture (20 ltess) of perflucrobutadiene and hydrogen (ratio
1:4 by volume) was passed over 15 3 of 1% Pd/AlO, at room Temperawire, The reaction gave 20 g (66%)
of 1,1,2,3,4,4-hexafluorobutave [16], b. p. 63-65° and n®D 1.2985.

Dehydrofluorination of 1,1,2,3,4,4-Hexafluorobutane, 1,1,2,3,4,4-Hexafluorobutane (11 g) was refluxed
for 1-1.5 hours in presence of KOH powder (25-30 g); the reaction products were then distlled off through 2
column. We obtained 8.5 g (85%) of 1,1,2,4,4-pentafluoro- 2-butene, b, p. 56° and o®D 1.308. Found %:
C 52.76: H 2.24; F 64.91. Gfg,y. Calculated%: C 32.8T: H 2.04; F 65.06.

* The spectza of nuclear magpetic resopance (NMR) of F1? were determined at the Radiotechnics Depastmert
of the Physics Faculty of the Moscow State University by Yu. S. Konstantinov. The resonance frequency of the
supporting sample (CF,Cly) was 18.25 MHz. The relative chemical displacement was calculated from the
formula 6 = & f/ fyuppont -10°, in which f is the resonance frequency.
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Oxidation of 1,1,2,4,4-Pentafluoro- 2-butene. With passage of carbon dioxide, 15 g of 1,1,2,4,4-penta-
fluoro- 2- butene was added gradually to a solution of 50 g of potassium permanganate in 250 ml of watex at
roor temperature; reaction occurred with evolution of heat; stirring was continued for 4-4.5 hours, The
reaction mixture was then stirred further for 5-6 hours with passage of carbon dioxide and warming to 60-70°.
Sulfur dioxide was passed through the cooled solution until colocless, and the precipitate was filtered off. The
filtrate was placed in a continuous extractor and extracted with ether for 24 hours. The ether solution was dried
and distilled; we isolated 7.6 g (40%) of difluoroacetic acid, b, p. 128-130°. The acid was identified as ius
aniline salt, m. p. 78", undepressed by admixture of the aniline salt prepared from pure difluoroacetic acid.

Bromination of 1,1,2,4,4-Pentafluorc-2-butene. Bromine (3 m1) was added to a soluton of 8 g of 1,1,2,
4,4-pentafiuoro- 2-butene in 10 ml of glacial acetic acid, and the mixture was heated in a sealed twbe ina
bolling water bath, The reaction solution was washed with sodium bicarbonate solution and with water, and it
was dried with anhydrous magnesium sulfate, Distillation gave 9.5 g (about 46%) of the dibromide, b. p.
146-148°, Found%: C 16,00; H 1,07; F 31.46. CHyFgBry. Calculared%: C 15.69; H 0.98; F 31.06.

SUMMARY

1. It is shown that perfluoro olefins may be catalytically hydrogenated. Perfluoroethylene, pesflucro-
propene, perfluoroisobutene, and other fluoro olefins were hydrogenated over nickel and palladium catalysts.

2. In hydrogenation over a nickel catalyst, in addition to the normal products of hydrogen addirion,
products resulting from the further replacement of flucrine by hydrogen are formed. Over a palladium catalyst
products of normal hydrogenation are formed almost exclusively,

3. By the catalytic hydsogenation of perfluoro olefins with subsequent debydrofluorination, various ethylene,
propene, and isobutene derivatives containing different amounts of fluorine were synthesized.
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