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Synthesis of Organic Oxygen-containing Cormpounds-

We, E. I. nv Ponr px NEMOURS AWD
Company, a corporation orgenived and
existing under the lawe of the Btate of
Delaware, vf Wilmington, Dcloware,

5 United States of America, do Lereby

declare the nature of this invention

. and in what manmer the same iz to he

performed, 1o be partieularly deseribed

and mseceriained in and by the following
10 statement :-—

This invention ralates to the synthesis
of organie oxygen-containing  comi-
pounds,

1t wap early observed hy Patart (French

15 Patent 583,448)) that when a mixture
coutaiming  etlylene, corbonm monoxide,
and hydrogen was heated under a pressure
of 150—250 atmaspheres at a temparature
of 300" (. in the presence of a zinc

20 chromagte catalyst, & reaction product was
obtained which consisted essentially of
methanel and hydrocarhons, but which
also contained very small quantities of
aldebydes and higher alechols. Smith,

25 Hawk, and Golden (J.A.C.B., 52, 3221)
reported that oxygen-containing com-
pounds other than methanol were formed
in 25—35% vield when mixtures of
ethylene, rarbon monoexide, and hydrogen

#0 wers heated at temperatures of 206°—
245° (., under atmospheric pressure in
the presence of a cobalt~copper-man-
ganese oxide catalyst,  The mature of
these oxygen-containing compounds was

85 not ascertained, although aldehyde boil-
ing below 100° C., were shown to he
resent, Later It was reporied {Germon

atents 539,990 and 660,619) that mix-
.tures of Lydrogen and cerbon monoxide

10 react with ethylene at high {emperature
(500" .} under inerensed pressures {150
atmospheres) to give & mixfure of hydro-
carbons, higher alcohols, and ketones.
More rscently Roelen (T.8. Patent

4% 2,427,066) found that propionaldehyde

. could_be gbiained in yie{)ds considerably

higher  than previously, .

e.g. 40
together with 5 *

other oxygen-containing
products, by precessing mixziures of
ethylene, c_ar%mn monnxide, and hydrogen 5o
ut a temperature of about 40°—200° C.,
under a pressure within the range 20—
300 atmosphcres in the presence of hydro- -
genation catalysts.

According to the present invention 5
there is provided & process for the produc-
tion of oxygen-containing organic com-
pounds which comprises reacting an
olefinic compound, earbon wmenoxide and
hydrogen at. 2 pressure exceeding 300 60
atmospheres guuge in the pregence of
bydrogenation eatalyst and at u tempera-
ture of T5°<250° C.

_This “invention involves the surprisin
disetvery ‘that at pressures in excess of 06
300. almosjpheres pauge, the formatlion of
ketones from compounds econtaining
olefinie unseturufion, “carbor monoxide
und hydrogen, in the presence of hydro- -
genation catulysts is completely or almost TO
completely avoided, and aldehydes are
formed in very high yields. More par-
ticularly, it huy bheen discovered in
necordance 'with the invention (hut the
reaction  hetween olefinic compounds, 75
earbon monoxide, und hydrogen produces
aldehydes In yields as higl as 709 o
100% ut pressures in excess of 300 almo-
wpheres, preferably within the range of .
about 323 to 1300 almospheres, at a tem- 80
perature of nbeut 75° to 260° C, prefer-
ably 100° (U, fo 200 (I, in the presence
of certain eatalysts to Le hersinnfter
disrlosed.

In one of its Lmportant aspects the 8%
invention may be viewed as o novel
method fer: eontrolling competing re-
actions in the olefine-H,-CO system, su
that the desired aldehyde products are
obtained selectively. Thug, for example 90
wher ethylene is the olefine, two compet-
ing reactions are Invalved as follows:—-
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(1) CH,=CH, +C0+H.—>CH,CH.CHO
{2) 2CH,=CH,+C0+ g—-—>CH30H,("}GH=CH3

in the propesses of the prior art these {wo
reactions {and others) take place simul-

taneously at pressures up to 300 atmo-

8 spherer, The normal effect of inereased

pressure would he o suppress reaction

;l) and to favour reastion (2) since the

ormer is accompenied by the smaller

volume detrease. - It wus therefore a sur-

L0 prising and unezpected discovery that

increage of pressure did not produce such

a result, but, ox the contrary, suppressed
reaction (2) instead of reaction (1).

The following tabla, based oz experi-

I5 mental data oblained hy procedures

deseribed more fully in the Examples

which Follow, brings out this anomalous
effect, The experiments wers mada by
heating . mixtures containing 75 co. di-
cthyl ather, 28 grams of ethylene and 10 20
gilmms of metallic cobalt catalyst in u
shaker fube im the presence of a gas con-
faining two volumes of hydrogen per
volume of ecarbon moenoxide. empera~
tures were held within the range
120°—160° C. The reaction is exothermie
and heat-removing means was required,
especiafly at higher pressures. The table
indicates that at pressures ahove ahout
200 atmospheres propionaldehyde forma- 80
tion was selectively favoured,

25

Rmiorion peTwEER RTHYLoNE, Hyproery snp OsRBoN MoXoxips.

Gauge Reaction Weiﬁ'ht of propion.  Weight of other
Pressures iime aldehyde (monomer  oxygen-coniain-
35 (atm.} {min.} and trimer) ing products
{oroms} (grams)
200 66 4.8 4.4
280 G0 4.7 10.4
350 71 ab 143

40 This advantage is observed mot anly
wiik ethylene but also with olefinio com-
peunds genexally. A further advantage
resulting from the wuse of pressures

reater thar 300 atmospheres gauge when

4 Exe olefinic repetant is propyleme, is that

the buiyraldehyde fraction contains a -

much higher ratio of =-butyraldehyde
relative o isobutyraldehyde than does the
corresponding (?roduct obtained of pres-
surey below 200 almospheres gauge.
The cffect of pressure in aslectively
favouring aldehyde formation is very 1iro-
nounced when the molar ratio of CO:H.
is initially from about 1:1.5 to about
1:10. These improved resulis are
realised not rnly with relatively stable
olefines sach as ethylems but also with
olefinic materials which polymerise
rapidly, such as the dienes, although loss
60 by polymerisation of the reactant when
tge Yat-ter type of olefinic materials is used
sometimes oceurs. Such loss may be
yeduced by the use of an inhibitor suck as
Gydzoquinone, .
Unsaturated
olefinie unsaturation which may be use
in accordance with this invention are the
olefinic hydrocarbons and other organic
enmpounds containing af least one non-
70 benzenoid double bond hefween earbon
atoms. Bxamples of snch cowpounds
ate the olefinie hydrovarbons themselves,
a.g. ethylene, alkyl-substituted ethylenes
. (such as propylenc, butens-2, isobutylene,
76 pentene-1, tetrametbyl ethylene, di-iso-
butylene, and eracked gasoline frackions),

50

55

65

compounds  containing~-

cyclohexsne, butadiene, isoprene, poly-
merised diemes, styreme, alpha-methyl
styrene, vinyl eylelohexene, pinene, limo-
nene, .nived olefine fraetions obtainahle
by cracking ondfer dehydrogenating
petrolenin, pyclohexadisiie, dicyelopenta-
dienc:’ unsaturated oxypenated com-
pounds such as allyl aleohol, allyl acetate,
allyl - ethers, methallyl alcohel, vinyt
acetate, furan, methyl methacrylate,
methyl - aerylate, methallyl propionate,
methyl oleate, methyl vinyl ketone,
methy]l winyl ether. cyclohexcne car-
hoxylic acids, esters of cyclohexene car- 90
hoxylie acids, (snch as methyl AS-eira-
Tiydro benzoatc), methallyl methaerylate,
acrolein; and, in general, the unsaturated
hydroearbons, esters, ethers, carboxylie
acids, amides, aldehydes and ketones von-
fainiag non-benzeneoid olefinie unsatura-
tion. The olefinie reactants emplayed in
the practice of this invention should pre-
ferably be deoxidized prior to use.

“The catelysts which may be emploved 100
include the hydrogenation eatalysts
generally, sueh as mickel, cobelt, irom,
copper, ruthenium, and miztures or com-
pounds thereof. These materials may be
used 4 combination with each other or
with inert materials. such us kieselguhr
o¢ “Puinice, or with promoters such a:z
theria or mangenese. The propartien of
catalyst employed is generally ahout 0.1
to 10:0% by weight of the totul reaction 110
mrxfure .

" The pressure is Mmited only by the
stremgth of the retaining wvesse! and may

95
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be as high as 3000 atmosphores or even
higher. THe reaction may bo conducted
either buotchwise or continuously. The
relative proportions of reactants employed
0 may bLe soichiometricallyrequired guan-
tities, although other proportions may be
employed if desired. * Txcellent results
are obtained when the molal’ ratio of
C0:H, :olefine is within-the range, 1:3:1
10 to abowt 1:4:1, but the invention 15 not
Timited to this range. JTn oue methed of
practising the invention the olefinic sorn-
pound, catalyst, and solvent are placed
in o pressure vessel, and s mixture of
15 carbon monoxide and hydrogen is injected
under very high pressure. Affer the
raaction ig compgiete, the resulting liquid
product is vemoved from the reaction
vessel and the aldehydes are separated
- ¥ therefrom by any suitable method, for
example by fractional distillation. In
some imetances, the product containg the
desired aldehydes in polymeric (particn-
larly trimeric) form, and sueh products
26 may be readily depolymerised during dis.
tillation to ob¥a’in the monomers,
I desired, any inert ]éiéq_uid mwuy be
employed as a reaction medium. More-
over, it has been discovered that in cer-
80 toin cases the yield of product amd, in
fact, the nature and rate of the reactions
ogeurring are determined, at least in part,
hy the nature of the reaction mediwn,
Thus, when water is cmployed, the
35 reaction yields relatively larze amounts
of wnsaturated aldehydes. Itxamples of
solvenis sitahle for the production of
saturated oaldehydes are cyclohexane,
exylene, methyl formate and diethy!
40 ather,

TLe advantages of the present invention
are that very high yields of aldabydas ave
obtained with such clefines as ethylene,
and the{ aldeliydic products caz he

46 obteined from oleflnic reactants which do
not give appreciable vields of aldehydes
at lower pressures. In many instances,
the aldehydes thus obtained can be Lydro-
geuated <n sitz to the corresponding

50 primary alechols. Formation of ketones,
or products derived therefrom, is virtually
compleiely avoided. .

‘While the process of the invention is

* applicable 40 the prepazation of seturated

56 and unsaturated aldelivdes, it is to be
understood that the method can The
adapted to the monufncture of other
nrganic compounds derivable therefrom,
Thus condensation produets of sueh slde-

60 hydes as are produeed from the
unsafurated compound, carbon monoxida,
ond hydrogen, may be converted to eyelic
trimers or high-boiling produets under
the rezetion conditions. Furthermore, if

6 the hydragenation is prolonged ,it {is

possible to convert the aldehydes to the
corresponding alcohols.  Alternativel s
the aldehgt_fles may be hydrogenatad fo tﬁe
¢orresponding aleohols in a separate step
in the absence of carbon monoxide. A% 70
femperalures ahove 180°—190° (., hydro-
genation -of carbon monoxide readily
oocurs gnd the aloohols produced either
by CO hydrogemation or by aldehyde
hydrogenation may react with aldehydes 75
simultaneously formed, so that the resul-
tant product may confain acetals,

he process of ihe invention may be
practised by henfing the reactants in any
suitahle prossure-resistant vessel such as 80
at autoclave or tubular converter prefer-
ably made of, or limed with, jnert
materials such as glass, porcelain, inert
metals and the like, Tf desived, constrme.-
tional materials yielding small amounts 85
of metallic carbonyls which are effective
as catalyst may be employed. Outstand-
ing results, hawever, pre obtained in
reuction vessels lined with gilver or
copper,  In the continuous process, the 60
reactauts may be introduced at ome or
moere points within the reactinn vessel if
desired. ~Tn'certain instances it is pre-
ferred to gmploy a tubulor reaction vessel
in which the temperature and pressure 95
are not uniforin throughout the length of
the vessel, '

In most-cdses it is preferred to emplay
mixiures ¢ontaining carhon monoxide and
hydrogen in the proportions of about 1:2 100
to l:éf, but ather mixtures of earbon men-
oxide and ‘hydrogen, containing inert
gases may be used, if desired. The use of
an excess of one of the reactants or of an
inert diluedt gas assists in dissipating the 105
heat of the reaction.

The products obtained in accerdance
with this invention are widely useful, and
are especially valuable as intermediates
for the manufacture of alcohols, glyeols, 110
esters, and nwnerous other materials,

The invention is illustrated but no*
limited by the following Examples.

Exuercs 1.

A reaction mixturs having the eomposi- 115
tion H,:CO:C.H, 4:1:1 was continu-
ously passed.at & gouge pressure of 500
atmospheres over reduced fused cobalt
eatalyst at a temperature of 140°—150° (.
and the liguid product was distilled for 120
recovery of the oxygen-containing con-
stituents. . Ay shown in the table helow
monomeric. ' ‘prapionaldekyde  formed
95.5% of the procduct.

Details of fwo like runs in which the 125
high rangs of pressure was employed and
in which the relative propartions of the
reactants were varied are also given. The
Ligher yield of aldehyde obtained at these




4 614,010

higher pressures is well brought out by obtained for o Eressure of 125 afamespleres

conparing these fgures

&
Reaction. Pressure
0 Ch (%fime) (ﬁmmi
1 arge in.} spheres
47, : 00 0. H, 0.5 500
H,:CO:C.H, 0.5 500
9H, : G0 : 0.1, 6.6 700
H.:00:0,H, 8.8 125
15 Exaupin 2.

A mixture contzining 10 grams of
reduced fused alkali-frec cobalt catalyst,
78 ce. of diethyl ether and 42.1 grams of
propylene was heafed in a silver-lined
20 shaker tube fo¥ 2 hours ai a temperaiure
of 108°—120° C. under a presswe of
470—T90 atmospheres ure with a
C0:2H, mixture. Distillation of the
regulling product geve 68.9 grams of n-
a5 hutyralde]fyde, correspunding to a con-
version of 97.19%. DPart of the product
wae trimer, which depolymerised during
the distillation,

Exarrere 3.

30 A mixiure containing 140 grams of
ethylene, 140 grams of carbon nionoxide
and 20 prams of hydrogen was pumped
through a ¥ lomgx1” diam. (inside
dirmetsion) silver-lined tube st a tempern_

25 ture of 140° (', under a pressure of 700
atmospheres gauge (during one hour).
The reaction wvessel contained 65 cos. of
metallic cobalt catalyst, 8 #0 14 mesh,
arranged in 3 beds separated hy eopper

with those gange. (Seet

e fourth line of the table),

Monomerie Diethyl
afm qon- ketone in
dehyde in, ligmid
liguid product
Beacting -  product %
[+
A8.8. 95.5 —
34 - 2.0 —
63 . 91 —
0. 80 22
s Exaurzr 6.
A mixiure containing 66.1 grams of @3
dicyclopentadiene, 78 coe. of diethyl

ether and 10 grems of reduced, fased
oobalt ‘edtalyst coptaining 3% of copper
was processed in a copper-lined shaker
tube with CO:2H, at 610 to 795 atmes- T
pheres gauge for 4.3 heurs at a tempera-
fure of T10°—132°C. On distillation, the
reaction product yielded 22.5 grums of
meno-aldebyde (B.P. 72° C. at 3 mm.,
carboryl number 340, cale., 346), and 78
27.8 grame of unidentified aldehyde-con-
taining produets having a boiling range

of from 85° C, at 8 mm. to 158° C, at

T mm,

. The carbonyl number is the number pf 8O
milligrams of EOX per pram of sample
required - to neutralise the aeid liberated
by reaction between the muterial tested
and hydrexylamine hydrochloride,

L Exarers 7. 85
_ A miviure confwining 82.1 grams (1.0
mols} of eyclohexane, 74 ee. of diethyl
ather and 10 grams of redoced, fused

40 zivets. Analysiy of the product showed cobalt'catalyst coniaining 3% of copper

that propionaldehyde wes produced In

309 conversion hased on the ethylene

eharged. The rate of ﬁ:mf[uotion of pro-

pionaldehyde was 140 1h. per cubic foot of
45 calalyst per hour.

Exampir 4.

The run deseribed in Bxample 8 was
repeated exacily except that the reaction
mizture also contained 900 grams of

B0 cyelohexane. The conversion of ethylene
to propionaldehyde was 809%. The rate
of production of propionaldebyde wus
180 1b. per cubie foot of catalyst per hour.

ExavrrE 5,

b5 A mixture containing 128 ce. eyclo-
hexane, 28 grams of ethylene and 10
grams of copper molyhdate catalyst was
heated for 3 hours at 155°—165° C. under
605-—310 atmospheres of CO:2TH., The

60 resulting reaction produet eonfained sub-
stantinlly no diethyl Lkefone, and wus
chiefly a mixture of propionatdehypde and
n-propanol,

was pidcessed in a  copper-lined shaker 80
tube for 2 Dlours under a pressure of
HR0—790 “atmospheres of CO:4H, af 2
temperature of 110°~112° €. On distil-
lation the produets yielded 41.5 grams of
hexnhydrobenzaldehyde, B.P, 355°—(0° 95
C. at 14 to 20 mm. {carbony]l number,
307.5. 508.1; Cale., 501}, 11.8 grams of
high-boiling  produets (103°/7 mm.—
1947 /5 mma,) and 8.6 grams of u distilla-
tion heel which D.(F]icarcd to be about half 100
hexahydrobensaldehyde trimer.

Exavwrere 8. -

A mixture containing 58.8 grams (0.716
mol} of eyclohexene, 75 cc. of cyelo-
hexane and 10 grams of u reduced, fused 105
cobalt calalyst was processed in 2 sopper-
lined-shaker tube for 2 hours. Suffieient
(‘0 and H, in the molar ratio of 1:4 wus
injecterd to mainfain &  pressure of
183—39G nimospheres gauge at the pper- 110
ating fenperature of 160°—170° C. Dis-
tillation .of the resalting product at
atmospherie pressure yiel(ﬁfd 3.3 granis
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of & mixture of cyclehexane and uncon-
verted cyelohexene (B.P. 81°-—83° C.:
cyolohexens content; about 41 grams), and
3.9 gramy of impure material boiling in
g the range, 66° C./18 mm.—81° O./2 mm,
and having a carbonyl number 196, There
remained only 0.9 gram of distillation
hee]. The results of this experiment, when
compered -with those of the cxperiment
deseribed in Example 7, shaw the poor
conversive obfained at relalively "low
Pressure.
" Hxawris 0.
A mixture compriing 43 grams of
15 methyl aerylate, 0.5 gram of hydro-
" guinone, 100 ce. of methyl formate aud
10 grams of reduced, fused cobalt cata-
lyst was processed in a shaker tube with
0:2H; wnder 3890—730 atmospheres
20 Sauge pressure at 146°—167° C, for one
our. +Omn distillation the product gave
methyl y-aldeh dobutyrate in 87.4%
E:ield (B.P. 62° C./10 mm.), characherised -
hydrogenation to tetramethylene
g5 Siyeol using copper chromite catalyst,
and reaction conditions eirea 230° O, and

708 atmospheres,
Exanrra 10. .
A mixture comprising 75 oe. of digthyl

80 ether, 20 grams of reduced, fused cobalt
oatalyst and 44 prama of bufadiene was

Olefinic

hexens

heated i a shaker tube for 2 hours at
142° to 220° C. under 2 prossure of
400-—575 atwnospheres of CO: H,. On dis.
tillation the resulting produst under 84
atmospheric pressure gave 11.4 grims of
a fraction which boiled within the range
J019—121" €, and had a ecarhonyl num-
ber of 449, -

7 Exaswere 11,

A mixture comprising 100 cc. of water,
16 grams of 2 reduced cobali-ivon catalyst
containing the componenis in the relative
proportions by weight 66:36 and %8

Tamg of ethylene was heated for 1.5 45
ﬁours ab 110°~—178> C. under a 0O :2H,
pressure of 850—730 atinospheres in a
stainless steel shaker tuhe. On distilla

10

tion the product yielded 13,3 grams of
proginmﬁehyda (B.P_ 40° Q.) =nd 14 60
gramg of alpha-methyl-heta-ethylaorolein

(B.P., water azeotrope, 94° (.. ; B.P. afler
separation from water, 135°—189° (),

Exarere 12.

The following fabls records a series of 55
ezperiments showing how various olefinic
compounds rezct with carbon monoxide
and hydrogen under the conditions stated,
The reaction was conduoted in a shaker
tube and réaction times of 0.5—2.0 hours 60
wara employed. :

and di-

Catalyst Raiio Tempersture Pressure: Product  A- Proxi-
Compound CO:H, ¢ atmospheres mate yield
- g8 %
65 Allyl cyanide Cohalt 1:1 130 630—750  y-cyano- 36
cyclo S tyralde-
ARG = T hyde
diluent) L et
Methyl A% ” 1:1  166—186  600—750 Methyl 70
70  tetrahydro- S formyl hexa-
benzoate hydro ben-
soate (B,P)
' 73°—78" (.
Furan ,, 1:2 100205  555—740 Mixtures —
L[] . of aldshydes
aud aieobals
(tetrahydry
furfuryl
alcoha]
g6 : identified)
Tﬁrimethyl- ' 1:2  130—140 G00—775 Mixt rehc:.oi- —
vihylene . ainin;
¥ boﬂigg a.l?hs—
R hyde and
(113 . S T aleohols
Allyl acetate  Cobalt  1:2  140—148 750775 CH,CO 39
: (methyl SR (5= )
formate= S (B.P. 80
. diluent) S 2 mm.)
90 Methyl oleate » 1:2 140146 6007 Mixed alde. 72
S hyde esters
Vinyl eyclo- " l:2 120134 476—720 Mixed mono-

aldehydes
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ExsnpLE 13,

A mixture comprising 56.1 grams ol
Putene-2, 100 ce. methyl formate, and 10
grams of reduced, fused alkali-free cobalt

5 catalyst wus heated in a silver-lined
ghaker tube fur 2 hours at 120—175° C,
under & CO:2H, pressuve of 460—770
atmospheres gauge. On distillalion the
comhined producis of two such raus
yiclded 110.3 grams of e-methyl butyral-
dehyde (B.P. 54" C.f{200 mm.), corres-
ponding to a cunversion of 64%.

10

Exanvere 14,

A mixiure containing 75 ce. of diethyl
cther, 28 prams of sthylene and 10 grams
of a reduced, fused, alkali-free cobalt
catalyst containing 3% of copper was
heated in a copper-lined shaker tube with
a gas containing 2 volumes of hydrogen
o0 per volume of carhon monozide under a

pressure of 460—780 atmospheres af &
femperature of 110°—120° O, for 1.8
lhours. The resulting produck was with-
drawn frow he reaction vesssl, the other

5 was removed therefvom by iraetional dis-
&illation and there was B}}éﬁ? a ée%-
ue comprising propionaldehyde (B.F.
46“_-—48‘110. und propionaldehyde {rimer
B.P., 65° (./12.5 mm.; z.d. at 25" C.

. line=1.4140), The Latter was depoly-
meriged by distillation in the presence of
a few drops of sulphuric acid, The total
weight of propionaldehyde obfained was
42.5 grums, votresponding to a conversion

of 78.8%.
Exaurre 14,

A mixbwe having the compusilion
41, :CO: C,H, was passed over mefallie
cobalt catalyst af 700 afmuspheres Cg*a.uge
40 Pressure sl a femperaturs of 170° C. gud

3 conact time of 0.8 minute. Distillation

. of the Tiquid produet showed that 65% of
the propylens had reacted, forming a pro-
duct which was chiefly a mixture of
normal and isobutyraldebydes. The rela.
tive aanounts of p-butyraldehyde and- iso-

16

80

35

45

butyraldebydes weve T59% oand 206%
respectively. Om_ repeiition of the
eriment  employing the wixture

50 H,:2C0:C,H, ot 500 atmospheres guuge
essure a fraction vonisining butyralde-
des was obtained. The relative amounts

of n-butyraldehyde and isobutyraldehvyde.

in this fraction were H6% and 44%

regpachively. ~~

Having now particularly deseribed and
ascertained the nature of our suid inven-
tion and in whot manmer the same is o
he performed, we declare that what we
elalm is:—

1. A process for the production of
oxygen-containing orgenic compounds
which eomprizes Teacting ax olefinic com-
pound, carbon monoxide and hydrogen at

55

80

A

o pressurs exceeding 300 wimospheres gh
gauge pnd ot a femperature of 75° C. to
250° €. in the presence of o hydrogena-
tion eatalyst.

2. A process as claimed in elaim 1 for
the production of aldelydic compounds.

3. A process as claimed in cleim 2
wherein the reaction temperature is main.
tained within the limits 100—200" C,

4, A process as clulmed in claim 2 or
8 wherein the molar ratio CO:H, lies
initiully within $he range 1:1.5 and 1: 1.

6. A process as claimed in any of elzims
1 to 4 wherein the hydrugenation catalyst
iz one containing niekel, eohalt, irom,
copper or ruthenium.

6. A process as claimed in claim 5
wherein, the catalyst is promoted with
thoria or menganese.

7, A process as claimed in any of claims
1 to 6 Wherein the caialyst is elnployed
i1 a propoerfion amounting to 0.1—10.0%
by weight of the total reaction mixtnre.

8. A process as claimed in any of claims
2 to 7 whevein the molar zatio CO:H;:
olefnf_ lies within the range 1:2:1 fo
1:4:10

9, A process as claimed in any of claims
1 to § in which the reaction is eonducted
in $ké presence of a selvent which is inert
to the Teactants.

10."A progess as claimed in any of
elaims 1 to 9 in which the reaction is con-
ductéd in Ghe presemce of water and
unsaturated aldehydes are chiained,

11. A process as eclaimpd in any of 104
olaims 1 to 10 wherein the solvent is
cyolohezane, xylene, metkyl formate or
diethyl ether end saturated aldehydes are
obtained.

12. A process as claimed in any of 106
claims I to 11 wherein the olefinic com-
pound contains (wo double bonds.

13. A process as clejmed in any of
cluims 1 to 12 wherein condensgbion pro-
duets of the aldehydes formed are reacied 11q
furtherin situ to give cydic trimers.
process 28 claimed in any of
claims 'l to 12 wherein the hdydru enation
is ~prolonged apd- the aldehydes fxst
fornied 4re thereby converied to aleohols. 175
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. {57 A -process as claimed in eny of

claims-1 o 12 wherein. a temperature uf
at least.180° C. is employed and acetals
are obiained.

16. A process as cleimed in any of 126
claims 1 to 19 wherain the reaction vessel
ia made of or lined with silver or cepper.

17. A process as claimed in any of
claims I to 16 wherein the reaction vessel
is consiructed of metals yielding small 125
amonnts of metallie earbonyls effective as
cutalysta.

18. A process as clajmed in any of
elaims 1 fo 17 wherein o tebular reaction
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vessel is employed and the temperature
and pressure vary throughout the length
thereof,

. 19. A process as olaimed in auy of
elaims 1 to IR wherein an inert gas or an
excess of one of the reactants 18 employed
23 & diluent for the paseous reactants.

0. A process for ihe production of
oxygen-containing organic compounds

substantislly as described in any of the 1g

toregoing Examples.

21, Oxzygen - containing  compounds
whenever produced by the process elaimed
in any of claims I {p 20.

Dated the 4th day of June, 1946,
J. W, RIDSDALE

Solicifor for the Applica’mts.
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