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A New Synthesis of 1,1-Bis(trifluoromethyl)-Substituted
Alkenes

M. Hanack,* C. Korhummel

Institut fiir Organische Chemie der Universitdt Tiibingen, Lehrstuhl 11,
D-7400 Tiibingen, West Germany

1,1-Bis(trifluoromethyl)-substituted alkenes 6 are obtained by the reac-
tion of aldehydes 5 with triphenylphosphine (4) and 2,2-dichlorohexa-
fluoropropane (3) in modest to good yields. The alkenes 6 are not easily
accessible by other routes.

Bis(trifluoromethyl)alkenes 6 are an interesting class of com-
pounds, which are, for instance, used as starting material for
the synthesis of fluorinated pyrethroids. Because of the induc-
tive effect of the geminal trifluoromethylgroups. Michael-
addition reactions can be performed quite easily with 6 giving
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rise to a number of useful compounds in high yields.> Until
now, only a few 1,1-bis(trifluoromethyl)alkenes 6 have been
prepared, mainly by the following methods:

- by the reaction of hexafluoroacetone with a corresponding
phosphorus-ylide in a Wittig-reaction;?

- by the reaction of hexafluoroacetone with phosphono-ylides*
in a Horner-Emmons-reaction (particularly for the synthesis of
unsaturated triffuoromethyl-aldehydes); and

- by the Wittig-reaction of hexafluoroisopropyliden-triphenyl-
phosphorane with aldehydes.®

These methods, however, involve relatively high costs and are
time-consuming. We have now looked into a new synthetic
route, which dispenses with hexafluoroacetone and hexaflu-
oropropene.’ which are highly toxic, relatively expensive and
not easily prepared in the laboratory. The synthesis described
here starts from 2,2-dichlorohexafluoropropane (3), which is
obtained in high yields from hexachloroacetone (1) via octa-
chloropropane (2).2:7
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2,2-Dichlorohexafluoropropane (3) reacts in an aprotic solvent
at —65°C until — 50°C with triphenylphosphine (4) and an
aldehyde 5 to give the corresponding bis(trifluoromethyl)al-
kenes 6 in modest to good yields, depending on the reactivity of
the aldehyde (Table).
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[t is necessary to work under anhydrous conditions during the
reaction of 3 with 4 and 5, because first a chlorine atom from 2,2-
dichlorohexafluoropropane (3) is removed by triphenylphos-
phine (4) as a chlorocation. In the presence of water, the
carbanion left behind is at once withdrawn from the reaction as
2-chloro-1,1,1,3,3,3-hexafluoropropane. The mechanism of fur-
ther reaction-steps is still not clear. It is possible that the
carbanion reacts directly with the aldehyde or a phosphorus-
ylide is intermediately formed analogous to the reaction of
triphenylphosphine (4) with tetrachloromethane.?®

Later we shall report elsewhere on the experiments designed to
clarify the mechanism of this reaction.

The olefination reaction described here can be applied generally,
with a few exceptions. The following rule is valid: The higher the
activity of the carbonyl group of the aldehyde, the easier is the
formation of the corresponding 1,1-bis(trifluoromethyhalkene
6. During the olefination reaction, the carbonyl function of the
aldehyde is partially chlorinated to 8 by the dichlorotriphenyl-
phosphorane (7) formed during the reaction. This side reaction
can be suppressed by using suitable reaction conditions (several
days at — 63°C to — 50°C).
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When a less reactive aldehyde is used, a higher reaction tempera-
ture must be used. and hence the chlorination of the aldehyde
becomes the main reaction. Because of the lower reactivity of
ketones, no reaction was observed, with the exception of a,x,a-
trifluoroacetophenone. In this case, the yield was less than 2%,
although the ketone is activated by the three fluorine atoms.

2-Chloro-3-methylbutanal (5j) was prepared according to a literature
procedure.'? The reported procedure'® for the preparation of 3,3-
dichloro-2-propenal (5i) was improved with a yield of 72% by varying
the reaction conditions.

3,3-Dichloro-2-propenal (5i):'°

A solution of 1,1,1,3-tetrachloro-3-ethoxypropane!!  (225.8 g,
1.0 mol) in acetone (400 mL) is added dropwise 1o a stirred mixture of
acetone (400 mL) and water (600 mL). Acetone is then removed by
distillation at 95°C through a packed column (40 cm). The acetone
fraction is redistilled and the residue is mixed with the residue obtained
from the first destillation. After separation of the organic layer, the
aqueous phase is extracted with ether (5 x 100 mL). The ether extract is
combined with the organic layer and dried (MgSQ,). The solvent is
removed, and the product is distilled to afford pure 5i as a yellow oil;
yield: 89.9 g (72%); b.p. 124°C/1 bar (Lit.? b.p. 124-125°C/1 bar).

Bis(trifluoromethyl)alkenes 6; General Procedure:

Method A (for 6¢, 6d, 6g—k): To a soluton of triphenylphosphine
(285.6 g,1.09 mol) in dry CH,Cl, (1450 mL) cooled to — 63 °C (cryostat)
a precooled (— 63 C) solution of the corresponding aldehyde (0.5 mol,
0.25 mol in the case of dialdehydes) in dry CH,Cl, (200 mL) is added.
2,2-Dichlorohexafluoropropane (110.0 g, 0.5 mol) is added dropwise to
the mixture from a dropping funnel that is cooled to 0°C. After stirring
for 72 h at — 63°C, the mixture is slowly warmed to room temperature.
The solvent is then removed under reduced pressure using a distillation
bridge, whereby the cooler and the receiver are cooled to — 60°C. The
residue is dissolved in MeOH (120 mL) and then extracted with pe-
troleum ether (30/50) (8 x 30 mL). The petroleum ether phase and the
distilled CH,Cl, are combined and the solvent is distilled through an
efficient packed column (40 cm). The pure bis(trifluoromethyl)atkenes
can be obtained by distillation.

Mecthod B (for 6a): instead of CH,Cl,, the higher boiling CH,Br, is
uscd. The desired alkene is distilled out of the reaction mixture over a slit
tube column (reaction temperature: — 50°C).
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Table. 1,1-Bis(trifluoromethyhalkenes 6a--k Preparcd

Molecular IR (filmj* 'H-NMR (CDCL)

Prod-  Yield* b.p.

uct (%) (°C/mbar) Formula® viem ') &, J(Hz)
6a 3 5871013 CyH 1678, 1400, 1.2 (1. 3H, J- 7.9, H-3) 245
(192.2) 13501100 (da. 2H, J="7.79, H-5): 6 7 {L.
L, J =7, H-4)
6h 22 7411013 C,HgF, 1680, 1400, 096 (1, 3H, J =73, H-7); 1.53
(206.1) 13301120 (tq, 2H, J == 7.3, H-0); 2.54 2.22
(m. 2H, -5 6.72 (. 1H, J
= 7.9, H-4)
6¢ 88 7816 CyoHCIFE, 1665, 1400, 7.37 (s, 4H, H-6. 7. 9, and 10);
(274.6) 1350 1100 7.57 (s, tH, H-$)
6d 27 101/16 Cy HgFO 1650, 1508, 3.84 (s, 3H, H-11); 6.92(d, 2H, J
67/1.71% (270.2) 1400, =%, H-7and 9); 7.44 (d, 2H, J
13501100 =9, 1-6 and 10); 7.49 (s, 1 H, H-
4)
6e 4 76/100 C,oHy,F, 2040, 2860, 0.93-2.04 (m, 10OH, H-¢ w0 10);
(246.2) 1670, 248279 (m, 1H, H-5 649
13401140 (dsept, 1TH, J = 11.10, *J,
=1.24, H-4)
of 37 141/1013 CHLF,0 1660, 1390, 6.56 (dd, 1H., /== 3.6, 1.8, H-7);
(230.1) {380, 699 (d, 1H, J = 3.0, H-6); 7.25 (s,
13101150 1, 14y, 763 (d 1K, J
= 1.8 Hz, H-8)
gt 50 1067201 CroHFy, 1660, 1395, 7.45 ¢s, 4H, 11-6, 7. 9 and 10);
m.p. S1°¢ (402.2) 1320 1150 7.63 (s, 2H, 2 x H-4)
(KBr)
6h* 10 123/100 CiaHF 1670, 1406, 7.27-7.50 (m. 411, H-6 to 9); 7.56
(402.2) 1310 1150 (5. 2H. 2 = H-4)
6i 83 126/1013 CH,CLE, 1650, 158G, 693 (d, 1H. J =120, 11-5); 7.3
(259.0) 1400, (d. TH, /=120, H-4)
13501100
6j 62 73133 Cy T, Cli, 1680, 1470, 1.¢4 and 1.08 (2d, 6H, J = 6.6,
(254.6) 1350--1100 H-7 and §); 2.00 (dsept, 1H, J
= 0.6 Hz, H-6); 4.61 (dd, 111, J
= 11.4. 6.6, H-3); 6.68 (d. 1H. J
11.4, H-4)
ok 54 7452 CroHeFy 3060, 3040, 743 (s, SH, H-6 to 10); 7.606 (s,
52/13° (240.2) 1660, 11, 14y
1400 1160.
980
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BCNMR (CDCL)e
8, J(Hz)

13.2(C-7 [q): 21.6 (C-6 11]); 30.0 (C-5 [1]);
1204 {q. Ve p=274, C-L and 2); 1223
(sept, Sy = 32, C3); 147.6 (C-4 |d))

120.6 (sept, Yoy = 31, C-3); 1211, 1206
(2q, "= 271, C-1 and 2); 129.0, 129.0,
130.7(C-6, 7. 9 and 10. [2d], C-5), 137.1 (C-
8): 142.1 (C-4. [d])

S48 (C-11 [q]): 1141 (C-7 und 9 [d]: 117.0
(sept, ZJo ¢ = 3, C-3% 1207, 1217 (2q.
W =274, C-1 and 2); 123.1 (C-5); 1323
(C-6.and 10 [d]): 143.0 (C-4 [d]); 1623 (C-
8

1130 (C-7[d]); 120.6 (C-6 1 1203, 122.1
(24, ey = 273, C-1 and 2); 1280 (m, C
31280 (C4 [d]): 146.2 (C-3); 147.4 (C-8
[d])

121.0, 121.4 2q. Y.
2): 122.3 (sept, 2J,

g 274, 20(C-1 and
32, 2x(-3), 129.2

(C-6, 7. 9 and 10 {d]k Ik,%;‘%.l (C-5 and -8);
1420 (2 < C-4 [dD)
120.0, 1211 2q. 'Je e =

274, 2% (C-1 and
) 1248 (sepl. e =324, 2xCa3);
128.2 (C-7 and &€ {d]); 1299 (C-6 and ¥ [ d]):
130.2 (C-5 and 10); 140.5 (m, e ¢ = 2.5,
22C-4|dY)

12138 (q, 'Joop = 273. C-1 and 2); 1214
(sept, 2Je =33 (C 1214 (C-5 [d]
133.8 (C-4, [d]): 136.8 (C-6)

17.9. 188 (C-7 and &, 12 ]); 35.2 (C-6, [d]):
59.8 (C-5, [a]) 1210 (g, "Je =275, C-1
and 2); 122.5 (sept, e _p =~ 33, C-3); 144.0
(C-4, [d]

120.7 {sept, 2oy == 32, C-30 121201219
(g, ey 273) and (. "oy = 273), C-1
and 271 128.7 (C-6 and 10 |d]): 129.3 (C-8
ldp: 1306 7C-7 and 9 |dj)y 1313 (C-3),

Yield of pure isolated product.

Satisfactory microanalyses obtained: C 40.24, H +0.09, (1 +G.19.

F 4 0.31. Exception: 6g (C --0.60).

Recorded on a Perkin Elmer 398 Infrared spectrophotometer.

4 Recorded on Varian EM 360 (60 MHz), Bruker WH 90 (90 MHz)
and Bruker HFX 90 (9¢ MHz) spectrometers.

¢ Recorded on a Bruker WIH 90 (22.63 MI1z) spectrometer; { | refers

to the multiplicity of the signal in the off-resonance spectrum.

Method C (for 6b and 6e): Method A is followed with ihe following
changes. The reaction temperature is kept at — S0°C. At the end of the
reaction, the CH,Cl, is distilled unter reduced pressure and the pasty
residue is ground fine with white sand and extracted with #-pentanc for
6 1 in a soxhlet extractor. After recombination of the CH,CL, and the n-
pentane solution, the product is worked up further according to Method
A.

Received: 9 March 1987

" Coupling conslants are not clearly delinable, because the expected
seplet signals superimpose with both the quartets of C-1 and C-2 and
the singiet of C-4.

2 The p- and the o-dialdehydes were converted to the corresponding
dienes 6g and 6h, respectively.
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