PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6:

(11) International Publication Number:

WO 96/28404

C07C 21/18, 33/42, 69/145 Al .
(43) International Publication Date: 19 September 1996 (19.09.96)
(21) International Application Number: PCT/US96/02963 | (81) Designated States: AM, AU, BB, BG, BR, BY, CA, CN, CZ,

(22) International Filing Date: 1 March 1996 (01.03.96)

(30) Priority Data:

08/405,312 US

16 March 1995 (16.03.95)

(71) Applicant: ALLIEDSIGNAL INC. [US/US}; 101 Columbia
Road, P.O. Box 2245, Morristown, NJ 07962-2245 (US).

(72) Inventor: VAN DER PUY, Michael; 3 Exeter Road, Ambherst,
NY 14221 (US).

(74) Agent: CRISS, Roger, H.; AlliedSignal Inc., Law Dept. (C.A.
McNally), 101 Columbia Road, P.O. Box 2245, Morristown,
NIJ 07962-2245 (US).

EE, GE, HU, IS, JP, KE, KG, KP, KR, KZ, LK, LR, LT,
LV, MD, MG, MN, MW, MX, NO, NZ, PL, RO, RU, SD,
SG, SI, SK, TJ, TM, TT, UA, UG, UZ, VN, ARIPO patent
(KE, LS, MW, SD, SZ, UG), European patent (AT, BE,
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE), OAPI patent (BF, B}, CF, CG, CI, CM, GA, GN,
ML, MR, NE, SN, TD, TG).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: NOVEL INTERMEDIATES FOR THE SYNTHESIS OF TRIFLUOROMETHYLATED ORGANIC COMPOUNDS

(57) Abstract

Novel trifluoromethylated intermediates are provided which are useful in synthesizing trifluoromethylated organic compounds.
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a wide variety of trifluoromethylated organic compounds.
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NOVEL INTERMEDIATES FOR THE SYNTHESIS OF
TRIFLUOROMETHYLATED ORGANIC COMPOUNDS

Field of the Invention
The present invention relates to novel trifluoromethylated intermediates useful
in the synthesis of trifluoromethylated organic compounds and, in particular, to 1,1,1-

trifluoro-2-chlorobut-2-ene and its denvatives.

Background of the Invention
Fluorinated organic compounds, specifically trifluoromethylated organic
compounds, have found great utility as pharmaceuticals, agricultural chemicals, and
materials such as liquid crystals. One major route for the synthesis of these
organofluorine compounds utilizes trifluoromethylated intermediates.

A number of such trifluoromethylated intermediates and processes for their
synthesis have been disclosed. For example, Fujita et al., “Pracucal Stereocontrolled
Synthesis of Polyfluorinated Artificial Pyrethroids”, 60 Bull. Chem. Soc. Jpn. 4385
(1987) disclose the transformation of a CHO group to CH=C(CI)CF; by addition of

“CCL,CF; to an aldehyde carbonyl followed by B-elimination reduction.

Hiyama et al., “A Facile and Practical Synthesis of 1-Aryl-3,3,3-
Trifluoropropynes”, 62 Bull. Chem, Soc. Jpn. 352 (1989) disclose a one-pot reaction
by which aldehydes are converted to trifluoromethyl olefins using 1,1,1-tnchloro-2,2,2-
triflucroethane, zinc powder, and acetic anhydride.

Laurent et al., “Synthesis of Trifluoromethylalkenes and Alkynes.
Trifluormethy! Captodative Olefins”, 32 Tetrahedron Letters 307 (1991) disclose the
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preparation of B-ethylthio-B-trifluoromethylketones and aldehydes from B-chloroolefins
and CICF3;C=CR*CHO where R? is phenyl, thienyl, p-chloro-phenyl, or carboethoxy.

Despite the aforementioned disclosures, there exists a continuing need for the
development of versatile intermediates from which trifluoromethylated organic

compounds may be prepared.

Summary of the Invention

The present invention provides trifluoromethylated compounds of the general

formula:
CF;CCI=CHCHX

wherein X is hydrogen, fluorine, bromine, iodine, OC(O)CHs, or hydroxyl. The
compounds of the present invention are particularly useful and versatile intermediates
for the synthesis of organofluonne compounds because they contain a trifluoromethyl
group, a reactive allylic X group, and a CCI1=CH group which is a latent, or masked,
carbonyl group. The presence of these groups provides the intermediates of the present
invention with ample functionality for their further chemical transformation.

Description of the Preferred Embodiments
The trifluoromethylated compounds of the present invention are of the general
formula:
CF;CCI=CHCHX

wherein X is hydrogen, fluorine, bromine, iodine, OC(O)CHj, or hydroxyl.
Preparation of the compounds of the present invention proceeds by the general reaction:

CF,CCI=CHCH,Cl + NUC - CF,CCI=CHCH,NUC + Cl
wherein NUC represents the nucleophile.

The starting material for the reaction, 1,1.1 -trifluoro-2,4-dichlorobut-2-ene, or
HCFC-1343, may be prepared by passing HCFC-353, or 1,3,3-trichloro-4,4,4-
wriflucrobutane, over a catalyst at a temperature of about 285° C. Specifically, the
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catalyst is charged to a reactor, heated to 285° C. under a mitrogen flow, and HCFC-
353 is fed into the reactor. Contact times are from about 1 second to about 60 seconds,
preferably from about 5 seconds to about 20 seconds. Pressure is not critical.

Conversions for this process are approximately 50%.

HCFC-353 may be produced by an addition reaction of ethylene and 1,1,1-
trichloro-3,3,3-trifluoropropane, which are commercially available from AlliedSignal
Inc. and other domestic chemical manufacturers. Any commercially available catalyst
known in the art to be useful in catalyzing the addition of halocarbons to olefins may be
employed. Suitable addition catalysts include, without limitation, Copper (I) salts such
as cuprous chloride and cuprous iodide, iron (II) salts such as ferrous chloride and
ferrous acetate, and metal carbonyls such as iron carbonyl and cobalt carbonyl.
Cuprous chloride is preferred. Optionally, any well known co-catalyst useful in
catalyzing the addition of halocarbons to olefins may be employed in the reaction.
Suitable addition co-catalysts include aliphatic or aromatic amines such as pyndine and
diethylamine.

Any inert solvent which can dissolve the catalyst and is miscible with the
halocarbon may be used in the reaction. Suitable solvents include, without limitation,
commercially available low molecular weight nitriles such as acetonitrile and
propionitrile, low molecular weight alcohols such as tertiary butanol and isopropanol,
and amides such as dimethylformamide. Acetonitrile is preferred because of ease of
handling and stability.

The temperature at which the addition reaction is conducted and the penod of
reaction will depend upon the catalyst used. One of ordinary skill in the art can readily
optimize the conditions of the reaction without undue experimentation to produce
HCFC-353, but the temperature will generally be in the range of from about 50 to
about 150° C. for a period of from about 8 to about 72 hours.
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Pressure is not critical. Preferably, the reaction is conducted in an apparatus
made of corrosion resistant material such as TEFLON® and glass. The addition
product, HCFC-353, may be recovered by any means well known in the art such as
distillation and extraction.

The HCFC-353 is used to prepare HCFC-1343 as outlined in general above.
Useful catalysts for the preparation of HCFC-1343 include, without limitation, metal
oxides such as chrome (IIT) oxide, supported metal oxides such as chrome (III) oxade
supported on aluminum oxide or carbon, and supported metal halides such as cobalt
(II) chlonde and nickel (II) chloride supported on carbon, aluminum oxide, aluminum
fluoride, or a mixture of such supported materials, such as a mixture of Cr,0; and
Al,O;. Chrome (III) oxide is preferred due to its level of reactivity and commercial
availability. Suitable chrome (III) oxide catalysts are available from Mallinckrodt
Specialty Chemicals Co., St. Louis, Missouri. One of ordinary skill in the art can
readily optimize the conditions of the reaction, without undue experimentation, to
obtain the HCFC-1343 byproduct. Pressure is not cntical.

The trifluoromethylated intermediates of the present invention are prepared
using HCFC-1343 in either a one or a two step reaction. In general, the HCFC-1343
and the nucleophile are dissolved in a solvent and reacted. Any inert solvent miscible
with the halocarbon and nucleophile may be used. Exemplary solvents are, without
limitation, low molecular weight alcohols such as methanol and ethanol, amides such as
dimethylformamide, ketones such as acetone, sulfolane, and dimethylsulfoxide.
Preferably, the solvent is methanol, acetone, or dimethylformamide which are

inexpensive, readily available solvents.

Reactions of the type utilized for the production of the claimed
trifluoromethylated intermediates of the present invention are known. Further,
reaction conditions for the production of the claimed intermediates can be readily

determined by one of ordinary skill in the art. The conditions will depend upon the
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nucleophile and solvent utilized. In general, the HCFC-1343 and nucleophile are
reacted at a temperature from about 25° C. to about 150° C. or the boiling point of the
solvent. The period of reaction is from about several minutes to about several days.

The pressure at which the reaction is carried out is, generally, not critical.

The iodide intermediate of the present invention may be prepared by refluxing a
mixture of sodium iodide and HCFC-1343 in an at least 1 : 1 molar equivalent ratio in a
solvent. The preferred solvent is acetone because sodium iodide is appreciably soluble,

and the byproduct sodium chloride appreciably insoluble, in acetone.

Preparation of the bromide intermediate proceeds in a fashion similar to that of
the iodide intermediate. A mixture of sodium bromide and HCFC-1343 are refluxed in
a solvent. However, because the solubility of both sodium bromide and the byproduct
sodium chloride in the preferred solvent, acetone, are comparable an excess of sodium
bromide, from about 1.2 to about 2.0 equivalents, must be used in conjunction with a

longer reaction time in order to achieve high conversions.

The fluoride intermediate may be prepared by heating a metal fluonde, such as
sodium fluoride, cesium fluoride, or preferably potassium fluoride with HCFC-1343 in
a solvent having a boiling point of about 50° C. to about 250° C. Reaction imes will
vary depending on the solvent and are best determined by analysis during the course of
the reaction. At least 1 molar equivalent of metal fluoride is used. Suitable solvents
include polar, aprotic solvents such as dimethylsulfoxide, sulfolane, and, preferably,
dimethylformamide.

For the preparation of the acetate intermediate, either sodium acetate or
potassium acetate may be mixed with HCFC-1343 in a solvent and heated until the
desired conversion is attained. The solvent used may be a low molecular weight
alcohol or dimethylformamide. Dimethylformamide is preferred because the reaction

times are considerably less when this solvent is utilized. If dimethylformamide is used
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as a solvent, an aqueous work-up is used to remove solvent and inorganic salts from the

product prior to distillation.

The preparation of the alcohol intermediate may proceed by hydrolysis of the
acetate intermediate using potassium hydroxide or sodium hydroxide in a solvent,
preferably methanol or a mixture of methanol and water. The reaction proceeds
quickly and is exothermic and, thus, cooling may be necessary to control the reaction.
Reaction times are about one hour or less at a temperature of about 35° C.
Alternatively, the alcohol intermediate may be prepared from the HCFC-1343 in a one-
pot reaction in which the HCFC-1343 is refluxed with sodium acetate or potassium
acetate in methanol or ethanol.

The 1,1, 1-trifluoro-2-chlorobut-2-ene intermediate may be prepared by the
catalytic reduction of the alcohol intermediate in the absence of base. Well known
catalysts, such as supported rhodium or palladium, preferably Rh/C, and relatively mild
conditions, i.e., hydrogen pressures from about 1 to about 10 atm. and temperatures
from about 30° C. to about 150° C. may be used. Alternatively, the.Grignard reagent
of the bromide or iodide intermediate may be treated with a proton source, such as an
aqueous acid, to produce the 1,1,1 -trifluoro-2-chlorobut-2-ene. As yet another
alternative, the bromide or, preferably, the iodide intermediate may be selectively

reduced with a reducing agent.

The resulting intermediate compounds of the present invention are liquids
which may be purified by distillation. The ratio of the geometrical isomers for these
compounds is the same as that for HCFC-1343, which is about 93-97 % Z-isomer to

about 3-7 % E-isomer.

One of ordinary skill in the art will recognize that the trifluoromethylated
compounds of the present invention are useful as intermediates for the preparation of a

wide variety of organofluorine compounds. Exemplary of such organofluonine
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compounds are, without limitation, trifluoromethylated alcohols, alkynes, aldehydes,
esters, amines, and sulfur compounds. Such trifluoromethylated organic compounds

are used in or as pharmaceuticals, agricultural chemicals, and liquid crystals.

Alternatively, the compounds of the present invention may be used for the
preparation of other intermediates such as CF3CCI=CHCHO, CF;CCI=CHCH:CN,
CF,CCl=CHCH,SCH;, CF;CCI=CHCH,N(Et),, CF;CH,CH,CH,0H,
CF>CCl=CHCH,;CH(COOR),, CF;CCI=CHCOOR, and CF;CCl=CHCH;NH;
wherein R is alkyl or aryl. These intermediates also are useful in synthesizing
trifluoromethylated organic compounds.

The versatility of the intermediates of the present invention will be readily
apparent to those ordinarily skilled in the art. As an example, one intermediate of the
present invention, 3-chloro-4,4,4-trifluorobut-2-en-1-ol may be reduced in the presence
of a base to 4.4 4-trifluorobutan-1-ol which is used in pharmaceuticals. Alternatively,
reduction of 3-chloro-4,4,4-trifluorobut-2-en-1-ol without base results in 1,1,1-
trifluoro-2-chlorobut-2-ene, a precursor to the dienophile 1,1,1-trifluorobut-2-yne. As
yet another example, the alcohol intermediate may be oxidized to the aldehyde which is

used in the preparation of insecticides.

The intermediates of the present invention, their preparation and use will be

clarified further by a consideration of the following examples.

Example 1
A 600 mL stirred Monel autoclave was charged with 30 mL CH;CN, 3 mL
pyridine, 1 g Cul, and 199.6 g. CF;CCl;. The contents were cooled to -29° C., the
autoclave briefly evacuated, and charged with 24.4 g. ethylene. The contents were
heated to 135 - 145° C. for 22 h. After cooling the contents, the volatiles (unreacted
ethylene) were vented. The residue was diluted wath 300 mL water and extracted with
50 mL CH,Cl,. The organic layer was washed twice with 50 mL 5 % aqueous HCl, 2
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x 50 mL 5 % NaOH, 2 x 50 mL water and dried with CaCl,. Distillation at 145 mm
Hg gave 80 g., 58 % yield, of a colorless liquid identified spectroscopically as HCFC-
353, b.p. 102 - 103 ° C. '"H NMR: equal intensity triplets at 3 3.9 and 2.77. "°F NMR:
-81 (s) ppm. IR: strong bands characteristic of CF3CCly CH;- grouping at 1255, 1210,
and 1180 cm™. Gas chromatography (“GC”) determined that the product was 99 %

pure.

Example 2
A Mone! tube reactor was charged with 250 cc. of 1/8 in. Cr;0; pellets and

. heated to 285° C. under a nitrogen flow. 747 g. HCFC-353 was fed into the reactor at

40 mL/h. and nitrogen at 10 cc/min. 643 g. of organic products were collected in cold
traps and consisted of 37% CF>CCl=CHCH,Cl, HCFC-1343, and 62% starting
material by GC analysis. This indicated a 38% conversion and 97 % selectivity for
HCFC-1343. Distillation provided pure product with a 101° C. b.p.

Example 3

Potassium acetate, 40.0 g., 0.41 mol, were added to a solution of 60.0 g., 0.335
mol, CFsCCI=CHCH:Cl in 100 mL dimethylformamide and the mixture stirred and
heated under nitrogen to 75° C. for 10 minutes. The cooled reaction mixture was
poured into 200 mL water and extracted with 2 x 75 mL ether. The combined organic
layers were washed with 3 x 50 mL. water and dried with Na;SO,. Distillanon gave
53.9 g., 0.266 mol, 79% yield of (3-chloro-4,4,4-triﬂuorobut-2-enyl) acetate, b.p.43 -
45° C. at 10 mm Hg. GC indicated a mixture of geometrical isomers ina 93 : 7 rato.
FT-IR, thin film: 3069, 2943, 1752, 1675, 1436, 1382, 1367, 1307, 1227, 1190, 1148,
1050, 933, 813, and 735 cm. "H NMR: major isomer, 5 2.09 (s,3H),482(dq,J =
58 and 2.0 Hz), 6.58 (tq, J=5.8and 1.0 Hz); minor isomer, 2.08 (s), 4.8 (hidden),
and 6.30 (t, J = 6.2 Hz). 1°F NMR: major isomer, -70.3 ppm; minor isomer, -64.4
ppm. IR: 1752 cm™ (C=0) and 1674 cm’ (C=C).
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Example 4

A solution of 8.0 g. NaOH in 30 mL water was added, over 1 hour, to 40.6 g.
of the (3-chloro-4,4,4-trifluorobut-2-enyl) acetate of Example 2 in 40 mL methanol,
keeping the temperature less than 35° C. with the use of a water bath. After 1 hour, the
mixture was diluted with 100 mL water. The lower layer was separated and the
aqueous layer extracted with 2 x 50 mL ether. The combined organic layers were
washed with 25 mL brine, dried with Na;SO,, and distilled to give 26.9 g., 84 % yield,
of 99.7% pure, by GC, 3-chloro-4,4,4-trifluorobut-2-en-1-ol, b.p. 55° C. at 18 mm
Hg 'HNMR: 8 6.59 (t, 1 H), 4.39 (dq, 2 H), and 3.69 (s, 1 H). F NMR: -70.1
ppm. IR: 3340 cm” (OH) and 1669 cm™ (C=C).

Example 5

A mixture of potassium acetate, 122 g., 1.24 mol, methanol 600 mL, and 195.2
g., 1.09 mol CF3CCI=CHCH.Cl were refluxed under nitrogen for 48 h. Sodium
hydroxide, 6.0 g., were added and reflux continued for 2 h. The bulk of the methanol
was distilled and the cooled residue treated with 200 mL water. The aqueous mixture
was extracted with 2 x 50 mL ether, washed with brine and dried. Distillahon at 17 -
18 mm Hg gave 128.2 g., 73% yield, of colorless 3-chloro-4,4,4-trifluorobut-2-en-1-ol,
b.p.54 -55° C. of 99% purity.

Example 6

To a solution of 30.0 g., 0.1 mol Nal in 150 mL acetone at room temperature
were added 36.0 g., 0.20 mol, CF;CCI=CHCH,Cl. The mixture was stirred for 4 h.
and filtered. The filter cake was washed with a small amount of acetone and the filtrate
concentrated by rotary evaporation. The concentrate was washed with 40 mL 10% aq.
sodium sulfite, dried with MgSO,, and distilled at 52 mm Hg. 40.7 g, 75% yield, of a
yellow oil were obtained and identified as 1-iodo-3-chloro-4,4,4-trifluorobut-2-ene, b.p.
68° C. '"H NMR: 5 6.74 (1, 1 H) and 3.97 (dg, 2 H). '°F NMR: -70.0 ppm. IR: 1650
cm™ (C=C).
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Example 7
Sodium bromide, 25.0 g., 0.24 mol, CF;CCI=CHCHCl, 35.6 g, 0.199 mol,

and 150 mL acetone were refluxed for 21 h.,cooled and filtered. The filtrate and 11.0
g. fresh NaBr were then refluxed for an additional 3 days. After cooling and filtering
the mixture, the filtrate was distilled to give 36.7 g., 82 % yield, of 95% pure 1-bromo-
3-chloro-4,4,4-trifluorobut-2-ene as a 93.4 6.6 mixture of isomers, b.p. 117 - 122° C.
I'H NMR: 6 6.71 (t, J = 8 Hz, 1 H), 4.04 (d, J =8 Hz, 2 H). 'F NMR: major isomer, -
70.0 ppm and minor isomer -63.0 ppm. IR: 1657 cm™ (C=C).

Example 8

Potassium fluoride, 9.0 g., dimethylformamide 50 mL and 20.2 g.
CF5CCl=CHCH,CI were heated under nitrogen reflux in a flask fitted with a distillation
column and take-off head. Volatiles were removed up to a head temperature of 100°
C. over aperiod of 3 h. The crude material was redistilled to give 1,1,1,4-tetrafluoro-
2-chlorobut-2-ene, b.p. 65° C. 'HNMR: 8 6.7 (dt, ] =13.9 and 53 Hz,1 H)and 5.2
(ddq, J=46.3, 5.3 and 2 Hz, 2 H). ISt NMR: -70.5 and -224.4 ppm (td, ] = 46.3 and
13.9 Hz).

Example 9

Hydrogenation of 18.8 g. of 3-chloro-4,4,4-trifluorobut-2-en-1-ol was
conducted at a pressure of 45 psig and 75° C. using 0.160 g. 5% RN/C as catalyst.
Approximately one equivalent of H, was taken up in 24 h. The muxture was cooled
and centrifuged. Analysis of the lower liquid layer, 13.8 g., indicated essentally
complete conversion of starting matenial. Distillation gave 8.2 g, b.p. 56 - 57° C. of a
colorless liquid identified as a Z-isomer/E-isomer mixture of 1,1,1-trifluoro-2-
chlorobut-2-ene, 98.5% purity and 49% yield. Mass spectroscopy (m/z, %): 39 (35.6),
75 (100); 77 (31.7); 89 (28.8); 144 (P, 65); 146 (P +2,19.4). 19F NMR: -69.8 ppm.
'H NMR: 5 1.88 (3 H, dq, ] = 6.8 and 2.23 Hz), 6.55 (1 H, qq, J=6.8 and 1.0 Hz).
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Example 10

A 375 mL pressure bottle was charged with 16.1 g., 0.10 mol of 3-chloro-
4,4 4-trifluorobut-2-en-1-ol, 9.8 g., 0.10 mol potassium acetate, 30 mL methanol and
55 mg. 5% Pd/C catalyst. Hydrogenation was carried out at 45 - 50° C. and an
operating pressure at 40 -60 psig, adding H; as needed until the theoretical quantity had
been taken up, about 14 h. The mixture was cooled and filtered and the filtrate poured
into 150 mL water and extracted 4 x 50 mL ether. The combined ether layers were
washed with 50 mL bicarbonate solution, 50 mL brine, and dned with MgSO,.
Distillation gave 9.4 g., 73% yield, of 97% pure 4 4 A-trifluorobutan-1-ol.

Other embodiments of this invention will be apparent to those skilled in the art

from a consideration of this specification or practice of the invention herein.
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What is claimed is:

1. A compound of the formula CF,CCI=CHCH,X wherein X is hydrogen, fluorine,
bromine, iodine, OC(O)CH, or hydroxyl.

2. The compound according to claim 1 which is 1,1, 1-trifluoro-2-chlorobut-2-ene.

3. The compound according to claim 1 which is 1,1,1,4-tetrafluoro-2-chlorobut-2-ene.

4. The compound according to claim 1 which is 1-bromo-3-chloro-4,4,4-trifluorobut-

2-ene.

5. The compound according to claim 1 which is 1-iodo-3-chloro-4,4,4-trifluorobut-2-

ene.

6. The compound according to claim 1 which is (3 -chloro-4,4 4-trifluorobut-2-enyl)

acetate.

7. The compound according to claim 1 which is 3-chloro-4,4,4-trifluorobut-2-en-

1-ol.
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