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This invention is directed to diflucrochloroacetaldehyde,
CCIF,.CHO, and to precesses for making the same.

More particularly from process viewpoint, the inven-
tion relates to preparation of difluorochloroacetaldehyde
by catalytic gas-phase reaction of difiuorochloroacetyl
chloride, CCIF,.CQCI, and hydrogen, Catalytic reduc-
tion of acid chlorides to aldehydes has been suggested.
Prior proposals have been directed to reduction of ali-
phatic acid chlorides which do not contain chlorine other
than that present in the —COCI group. Difluorochloro-
acetyl chioride, the organic starting material employed in
practice of the present invention, contains chlorine in
the alkyl radical. Experience with chiorine containing
compounds would indicate that hydrogen reduction would
involve elimination of the chemically bound chlorine in
the alkyl group. For example, hydrogen reduction of
trichloroacetyl chloride in the presence of a supported
palladium catalyst has resulted in CHCl;/COCI as a reac-
tion product, thus indicating that alkyl chlorine of difiu-
orochloroacetyl chloride would be attacked and eliminated
as HCI in reactions of the type to which the invention
relates.

This invention is based on the discovery that by use
of a certain organic starting material, namely difluoro-
chloroacetyl chloride, and certain reaction conditions,
alkyl chlorine of the acid chloride starting material is
not attacked, contrary to what would be expected, and
that it thus becomes possible to make difluorochloro-
acetaldehyde, a new product, from difiuorochloroacetyl
chloride and hydrogen by an easily controllable catalytic
gas-phase reaction without loss of alkyl chlorine, Hence,
the invention comprises the selection of a certain c¢hloro-
fluorocarbon starting material, and the discovery of par-
ticular catalysts and catalytic reaction conditions, which
factors of starting material, catalysts and reaction condi-
tions conjunctively afford accomplishment of the invention
objectives. Hence, it has been found that when difluoro-
chloroaceiy] chloride is subjected to the action of hydro-
gen at certain relatively low elevated temperatures and
while in the presence of certain catalysts, no significant
attack on the alkyl chlorine of the starting material is
effected, and difluorochloroacetaldehyde is obtained in
vields substantially improved over the prior act.

Difluorochloroacetyl chloride, a known compound, is a
colorless Hequid boiling at 24.8° C. The process of the
invention may be represented theoretically by

CCIF,;.COCI4-Hy-+ CCIF,.CHO - HCI

An important feature of the invention is the nature of
the catalytic material employed and the composition
thereof. This catalyst consists of palladium supported
on activated carbon. It has been found that the catalysts
described afford two marked advantages, namely, facilitate
use of low reaction temperatures, and effect high yield of
sought-for product, With regard to preparation of the
catalyst, a water-soluble palladium salt which is capable
of reduction to elemental palladium by hydrogen may be
employed. Readily available palladium chloride is pre-
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ferred. Any of the commercial activated carbons may
be used, e. g. Columbia 6G carbon, Columbia SW carbon,
or Darco carbon. IF desirable, the activated carbon may
be treated preliminarily to remove any silica by leaching
with agueous HF, water washing, and drying. The gran-
ular, activated carbon support may be immersed in an
aqueous solution of. palladium chloride. The carbon
carrying absorbed palladium chloride is separated from
the water and preliminarily dried at about 120° C. The
catalyst may then be heated at temperatures of say 150~
300° C. in a stream of hydrogen to eliminate water and
reduce the palladium salt to elemental palladium. The
amounts of palladium employed may be such that the
finished palladivm on activated carbon catalyst contains
substantially in the range of 0.1-10.0 weight percent of
palladium based on the weight of carbon. The preferred
range of palladium concentration, to obtain optimum re-
sults, lies substantially in the range of about 0.5-1.5
weight percent of Pd.

_ Practice of the invention procedurally comprises pass-
ing a gas-phase mixture of difluorechloroacetyl chloride
and hydrogen thru a reaction zone containing the catalyst
indicated and maintained at relatively low elevated tem-
peratures, and recovering difluorochloreacetaldehyde from
the reaction zone exit. Apparatus may comprise prefer-
ably a tubular reactor, made of nickel or other suitable
material such as Inconel, Monel and stainless steel, mount-
ed in a furnace provided with means for maintaining the
reaction zone in the reactor at the desired elevated inter-
nal temperature. The reactor may include inlets for in-
troduction of controlled amounts of hydrogen and vapor-
ous difluorochloroacetyl chloride, and may be provided
with a reaction product exit connected to a conventional
product recovery system.

Significant reaction and formation of CCIF, CHO are
effected at temperatures as low as about 110° C. It has
been found that the properties of catalysts described are
such that reaction temperatures need not exceed about
200-210° C,, thus affording the advantages of avoiding
side reactions, decarbonylation and over reduction, indi-
cations being that the high yields obtained are attributable
to low temperatures which in torn appear to be ai-
tributable to the properties of the catalysts, Preferred
temperatures lie in the range of about 140-200° C., and
in some ¢ircumstances, optimum operating temperatures
lie in the range of about 140-180° C,

Hydrogen may be employed in any quantity sufficient
to react with a significant amount of the CCIF,.COCI
starting material. Stoichiometric amounts of reactants
are in a 1:1 molar ratio. Ordinarily, it is undesirable to
use hydrogen in quantity appreciably more than 1.5 mols
of hydrogen per mol of CCIF;.CQCI, preferred quantities
of hydrogen lying substantially in the range of 0.75-1.5
maols per mol of CCIF;.COCI.

Reaction or contact time necessary to effect the desired
percentage of reaction is dependent to some extent upon
temperature and catalyst concentration. Thus increas-
ing temperature and catalyst concentration with respect
to palladivm facilitate shorter contact time, and vice
versa, Contact time may lie in the range of 2-30 sec-
onds, preferably 5-15 seconds. For any given set of op-
erating conditions, optimum contact time may be deter-
mined by test run.

Products exiting the reaction zone consist of the sought-
for product CCIF, CHO and hydrogen chloride, together
with unreacted CCIF,.COCI and hydrogen. The organic
portion of the reactor exit may be isolated by suitable
cooling, such as in Dry-Ice acetone traps. By this pro-
cedure, unreacted hydrogen and a major part of the HCI
by-product pass thru the traps while CCIF;.CHO and
unreacted CCIF,.COCI are obtained as condensate in the
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traps. The CCIF,.CHO product may be recovered from
the condensate by fractional distillation.

Following is an example of practice of the invention.
For preparation of the palladiom catalyst, 14 mesh
Columbia 6G activated carbon was mixed with an agueous
palladium chloride solution in quantity such that 0.5 part
by weight, calculated as elemental palladium, was present
for each 100 parts of carbon. Hence, 0.85 g. of PdCl,
(17 g. of 5 w./w. percent palladium chloride solution),
were added to 100 g. of carbon. The requisite gquantity
of 5 w./w. percent PACl, solution was diluted to 150 mi.
with water before adding the carbon. After standing
for two hours with occasional shaking, the impregnated
carbon was decanted and oven-dried at 120° C. 150 mi.
of the catalyst were charged into a one-inch I, D. tubular
nickel reactor heated externally over 36 inches of length
by an electric furnace provided with automatic tempera-
ture contrel. The catalyst was disposed in a central 12
inch long length of the reactor. Reactor temperature,

as measured by an internally disposed thermocouple, was £

raised to 300° C. and maintained at this temperature for
two hours while passing hydrogen at the rate of 12 liters/
hour. This procedure completed the drying of the cata-
lyst and reduced the PACl, to Pd.

Reaction zone temperature was lowered to about 150°
C. During 12 hours, 913 g. of CCIF,.COCI (6.12 moles)
and 231 liters of hydrogen (9.65 moles) were passed si-
multaneously, at about constant rate, through the re-
actor. Reaction was moderately exothermic, and fem-
perature was maintained at about 150--160° C. through-
out the run. Exit products from the reactor were passed
through a glass flask cooled by acetone/Dry-Ice. Residual
hydrogen and HCI discharged from the flask were water
scrobbed, and unreacted hydrogen, as measured by a
wet gas-meter, amounted to 120 liters, 5.2 mols. The
material trapped in the acetone/Dry-Ice cooled flask
was fractionally distilled at atmospheric pressure using
an acefone/Dry-Ice cooled still head to provide appro-
priate reflux, the still being protected against the entry
of water by Drierite. Dissolved HCI was disengaged first
and discharged through the associated water srubber, A
total of 5.20 mols of chloride ion was found by titra-
tion in the scrub water. After disengagement of HCI, a
first fraction of 525 g. boiling substantially within the
range of about 18=30° C. was obtained leaving a first
still residue of about 130 g. The first fraction was redis-
tilled and there was recovered a second fraction of 355
g. identified by analysis to be CCIF,CHO having a
boiling point of 17.8° C., and a second still residue of
162 g. The first still residue was redistilled, and there
was recovered a third fraction of 53 g of CCIF.,.CHO
having a boiling point of 17.8° C,, affording a tofal of
408 g. of recovered CCIF,.CHO in liguid form. On the
basis of the CCIF,.COCI| starting material which had
reacted, yield of CCIF,.CHO monomer in lignid form
at this point was about 69%. The foregoing second still
residue of 162 g. solidified on cooling as solid CCIF..CHO
polymer which formed because the crude reaction product
constituting the still residue had been allowed to stand
overnight while saturated with HCl. Ice-water was added
to the solid material in amount more than enough to
hydrolyze any unreacted CCIF..COCI present, and such
CCIF,;.COCI hydrolyzed to CCIF;.COOH. The

CCIF,.CHO

polymer form is not reactive with water. Hence, the
CCIF;CHO polymer material was separated from the
water solution of CCIF,.COOH, and there was recovered
a white solid which, after washing and drying at 40°
C., weighed about 110 g. On strong heating to tempera-
ture of about 180° C., the while solid material vaporized
and on condensation was recovered as the CCIF..CHO
monomer in liquid form having the 17.8° C. boiling point.
On the basis of the CCIF,.COCI starting material which
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monemer and polymer (depolymerized to the CCIF,.CHO
monomer as described), was about 879%.

The CCIF;.CHO product of the invention is useful as
& slarting material in various organic synthesis processes.
The difluoroacetaldehyde, extremely scluble in water, has
been found to react exothermically with water to form a
stable, distillable hydrate having a boiling point of about
104-106° C. Hence, the monomeric aldehyde is a strong
dehydrating agent. For example, CCl,.CHO may be cm-
ployed to dehydrate agueous solutions of CCIF,.COQOH
by passing the aldehyde into the aqueous acid solution,
and distilling off the water as the aldehyde hydrate. To
further illustrate, in an operation in which a CCIF,.COCI-
hydrogen reaction was carried out similarly as in the
above example, during about 103 hrs. 1170 g of
CCIF,.COCl (7.8 mols) and 10.25 mols of hydrogen
were passed simultaneously, at about constant rate, thru a
reactor packed with the palladium-on-activated carbon
catalyst, both reactor and catalyst being substantially as
described above. Reaction temperature was about 170—
180° C. throughout the run. About 5.5 mols of hydro-
gen were consumed. The reactor exit, 1. ¢, CCIF,.CHO,
HCl, and unreacted CCIF,.COCI and hydrogen, were
passed into about 160 g. of water held at about 30-40° C.
It will be understood that on introduction into water, un-
reacted CCIF,.COC! hydrolyzed to CCIF,.COOH. The
liquor thus formed was distilled. A first fraction, boiling
up to approximately 100-102° C. and containing HCI
and CCIF,;.CHO not needed to tie up with water present,
was taken off. On cooling and condensation of this frac-
tion, about 221 g. of CCIF;.CHO were recovered as liquid,
the substantially anhydrous HCl remaining in the gas
phase and passing off as such. On continued distillation
of the liquor remaining in the still, there was recovered
as a second fraction about 435 g. of diflucrochloroacet-
aldehvde hydrate having a boiling point of about 104—
106° C. Thereafter, there was recovered as a third frac-
tion about 65 g. of liquid intermediate having a boiling
peint of about 106-120° C., and a final fraction compris-
ing about 188 g. of substantially anhydrous CCIF,.COOH
boiling in the range of about 120-122° C. The second
fraction removed substantially all the water from the sys-
tem. The foregoing shows that the affinity of the
CCIF,.CHO was so strong as to disassoclate water from
both the HCI and from the CCIF,.COOH, and to effect
removal of HCI as substantially anhydrous HCI, and sub-
sequent recovery of substantially anhydrons CCIF,.CO0OH
from its aqueous solution. Further, in view of the 17.8°
C. boiling point of CCIF,.CHO coupled with its high de-
hydrating properties, it has been found that gases contain-
ing water may be dehvdrated in the zas-phase by treat-
ment thereof with suitable quantities of CCIF,.CHO at
temoeratures suitably above the boiling point of
CCIF,.CHO and below the 104-106° C. boiling point of
the aldehvde dihydrate. In such circumstances, water is
separated out of the gas wvndergoing treatment as the
hydrate constituent of the condensed and liguefied di-
fluorochloroacetaldehyde hydrate,

¥ claim:

1. The process for making CCIF,.CHO which com-
prises subjecting gaseous CCIF,;.COCI to the action of a
reactive quantity of hydrogen while maintaining tempera-
ture substantially in the range of 110-210° C., and while
in the presence of palladium-activated carbon catalyst;
and recovering CCIF,.CHO from the resulting reaction
product,

2. The process of claim 1 in which temperature is sub-
stantially in the range of 140-180° C.

3. The process for making CCIF,.CHO which com-
prises subjecting gaseous CCIF,.COC! {o the action of a
reactive guantity of hydrogen, said guantity being not
substantially more than 1.5 molecular proportions of hy-
drogen per mol of CCIF,.COC] while maintaining tem-
perature substantially in the range of 110-210° C., and
while in the presence of a palladium on activated carbon
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catalyst containing not more than about 109% by weight and recovering CCIF..CHO from the resulting reaction
of palladium; and recovering CCIF;.CHO from the re- product,

sulting reaction product. 5. Difluorochloroacetaldehyde, CCIF,.CHO.
4, The process for making CCIF;.CHO which com- ) )
prises subjecting gaseous CCIF,COCI to the action of 5 References Cited in the file of this patent
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