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(CO)[err](acac)), complexes of rhodium with tertiary phosphines, and
mixtures thereof. Rh(CO)2(acac) is The present invention relates to a
process for  a preferred rhodium compound. the preparation of
[err]-hydroxyaldehydes.               Cobalt compounds which may
conveniently be [err] -Hydroxyaldehydes are useful as starting ma-   5
used in the catalyst for the process of the present terials for the
preparation of a wide variety of  invention in combination with the
hereinbefore products, for example dicarboxylic acids and de-  mentioned
rhodium  compounds, include cobalt rivatives thereof. It is known from US
patent No.  salts of aliphatic acids such as cobalt acetate, 3,463,819 and
European patent application publica-  cobalt formate, cobalt butyrate,
cobalt carbonate, tion No. EP-A2-0257967 that they may be obtained   10
cobalt octanoate, cobalt oleate as well as dicobalt from epoxides in small
quantities by reaction with  octacarbonyl (Co2(CO)s), complexes of cobalt
and carbon monoxide and hydrogen in the presence of  tertiary phosphine,
and mixtures thereof. Co2(CO)s a phosphine-modified catalyst containing
either co-  is a preferred cobalt compound. balt or rhodium.
In addition to the hereinbefore mentioned rho- Surprisingly, it has now
been found that [err]-  15  dium compound and cobalt compound the catalyst
hydroxyaldehydes may be obtained from epoxides    also  includes a tertiary
phosphine. Such  a with high conversion and selectivity using a
phosphine generally has a stabilising function in phosphine-modified
catalyst containing cobalt and  the catalyst. rhodium.
The tertiary phosphine is preferably a mon- The invention therefore
provides a process for  20  odentate tertiary phosphine; that is a tertiary
the preparation of [err]-hydroxyaldehydes, which com-  phosphine having a
single phosphorus atom as the prises reacting an epoxide with carbon
monoxide   sole complexing  site. This class of tertiary and hydrogen in
the presence of a catalyst com-  phosphines, hereinafter referred to as
tertiary prising a combination of a rhodium compound and   mono-phosphines,
preferably has from 3 to 36 car- a cobalt compound, modified with a
tertiary  25  bon atoms. Preferably at least one phosphorus phosphine.
substituent is aliphatic, and each phosphorus sub- The epoxide employed in
the process of the    stituent is a hydrocarbon substituent , i.e.,
contains present invention may be an acyclic or cyclic epox-  only atoms of
carbon and hydrogen, and is free ide. Acyclic epoxides are herein
considered to be  from aliphatic unsaturation. More preferably, each those
epoxides wherein the carbon atoms of the   30  phosphorus  substituent  is
aliphatic.  Such epoxy moiety are not members of a carbocyclic
phosphines are termed aliphatic tertiary mon- ring. Preferred acyclic
epoxides have a vicinal or  ophosphines herein. 1,2-epoxy group and are
based on saturated hy-       A preferred class of tertiary mono-phosphines
drocarbons having up to 10 carbon atoms wherein   may be represented by the
formula RRRP wherein the hydrocarbon entity may have an acyclic or  35
each R independently is monovalent hydrocarbon cyclic configuration.
Examples of a cyclic epoxides  of up to 20 carbon atoms, preferably up to
12, and include  ethylene  oxide,  propylene  oxide,     is free from
aliphatic unsaturation, with the proviso isobutylene oxide,
1,2-epoxyoctane, 3-cyclohexyl-  that two R groups may together form a
divalent 1,2-epoxypropane, 3,4-epoxynonane, 1,2-epoxy-      hydrocarbon
moiety of up to 12 carbon atoms. Of 2,4,4-trimethylhexane and
1,2-epoxydecane. Cyclic  40  course, at least one phosphorus substituent R
is epoxides are herein considered to be  those epox-  aliphatic as is
previously stated. Each group R, ides wherein the carbon atoms of the epoxy
moiety  when monovalent, is therefore alkyl, cycloalkyl or are also members
of a carbocyclic ring. Examples  aryl of up to 12 carbon atoms, preferably
of up to 6 of cyclic epoxides include cyclohexene oxide,     carbon atoms,
and is illustrated by alkyl groups cyclopentene oxide, cyclooctene oxide,
1,2-epoxy-  45  such as methyl, ethyl, butyl, isobutyl, 2-ethylhexyl,
4-methylcyclohexane,   4,5-dimethyl-1,2-epox-     octyl, benzyl,
8-phenylethyl and dodecyl; by ycyclohexane,
2,3-epoxy-decahydronaphthalene    cycloalkyl groups such as cyclopentyl,
cyclohexyl, and 1,2-epoxy-4-propylcyclohexane.                cyclooctyl,
2,3-diethylcyclopentyl,   4-butyl- More preferred are epoxides having a
1,2-ep-  cyclohexyl, 2,4,5-trimethylcyclohexyl and 3-butyl- oxy group and
containing up to 6 carbon atoms,  50  cyclooctyl; and by aryl groups such
as phenyl, ethylene oxide and propylene oxide being espe-    tolyl, xylyl,
o-phenylphenyl, p-tert-butylphenyl, 2,4- cially preferred.
diethylphenyl and m-cyclohexylphenyl. Rhodium compounds which may
conveniently          When two R groups together form a divalent be
employed in the catalyst, include rhodium ox-  hydrocarbon moiety, the
hydrocarbon moiety is ides, rhodium halogenides, such as [err]  55
preferably an alkylidene or cycloalkylidene group. and [err], rhodium
chlorocarbonyl [err]),        One preferred class of phosphines of formula
rhodium  nitrate, rhodium  acetylacetonate (Rh-   RRRP is that wherein each
R is a straight-chain (acac)3) and rhodium carbonyl acetylacetonate (Rh-
primary alkyl group, e.g. tri-n-butylphosphine. An- 2   
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of phosphines of formula    and hydroquinone. RRRP is that wherein two R
groups together form a    The catalyst may conveniently be obtained by
divalent hydrocarbon moiety. Examples of such     contacting the catalyst
components under stirring phosphines are 1-ethylphospholidine, 1-phenyl-
in the ratio as specified hereinbefore, in the liquid phospholidine,
1-phenylphosphorinane,  1-butyl-   5   reaction medium in the reactor. When
desired the phosphorinane,         4,4-dimethyl-1-phenyl-     catalyst may
be charged into the reactor as a phosphorinane,  1 -phenylphosphepane,
1-ethyl-   preformed material obtained by contacting said phosphepane,
3.6-dimethyl-1 -phenylphosphepane,   components e.g. in a suitable inert
solvent. 9-phenyl-9-phosphabicyclo[4.2.1 ]nonane, 9-phenyl-   Although the
preparation of the [err]-hydroxyal- 9-phosphabicyclo[3.3.1 ]nonane,  and
9-butyl-9-  10  dehydes may conveniently be conducted by charg-
phosphabicyclol4.2.1 ]nonane.                    ing the catalyst
components or the preformed cata- The tertiary phosphine may alternatively
be a  lyst to the reactor containing the epoxide, it is bidentate ligand,
i.e., a tertiary di-phosphine. Pre-  preferred to conduct the process of
the present ferred tertiary di-phosphines are represented by  invention in
a liquid phase which in addition to the the formula RRP-R'-PRR wherein R
has the pre-  15  epoxide contains an inert solvent. Although a wide
viously stated meanings, and R' is a divalent, sate-  variety of solvents
may be used which are inert to rated, aliphatic hydrocarbon moiety,
preferably an  the reactants and the catalyst and which are more-
a,[err]-alkylene of from 2 to 3 carbon atoms. Illustra-  over liquid at the
reaction temperature it is pre- tive di-phosphines of this class include
1.2-bis-  ferred to employ a non-hydroxylic, substantially
(diphenylphosphino)ethane,          1.2-bis-  20  anhydrous solvent which
is free from aliphatic car- (dibutylphosphino)ethane,           1,3-bis-
bon-carbon unsaturation and contains no atoms (dimethylphosphino)propane,
1,3-bis-      other than carbon, hydrogen and oxygen. Illustra-
(dihexylphosphino)propane,          1.2-bis-      tive of suitable solvents
are hydrocarbons, particu- (ditolylphosphino)ethane,           1,3-bis-
larly aromatic hydrocarbons of up to 10 carbon
(phenylpropylphosphino)propane,   I -(dibutyl-  25  atoms such as benzene,
toluene, xylene, ethylben- phosphino)-3-(diphenylphosphino)propane and 1-
zene, and butylbenzene; ketones, particularly al-
(dioctylphosphino)-2-(dibutylphosphino)propane.   iphatic ketones, i.e.,
alkanones, of up to 10 carbon Preferred tertiary phosphines in the process
of  atoms such as acetone, methyl ethyl ketone, meth- the present invention
are aliphatic tertiary mono-  yl isobutyl ketone, ethyl hexyl ketone and
dibutyl phosphines.                                  30  ketone; esters of
up to 10 carbon atoms, particu- In the process according to the invention,
the  larly lower alkyl esters of carboxylic acids which rhodium compound
and the cobalt compound are      acids are aliphatic or aromatic carboxylic
acids preferably employed in a ratio which corresponds  having one or more
carboxyl groups, preferably with a ratio of gram atoms rhodium to gram
atoms  from 1 to 2, such as ethyl acetate, methyl pro- cobalt in the range
of from 0.5:1 to 10:1, more  35  pionate, propyl butyrate, methyl benzoate,
diethyl preferably in a range 1:1 to 10:1, even more prefer-  glutarate,
diethyl phthalate and dimethyl tereph- ably in the range of from 1:1 to
5:1. The tertiary  thalate; and ethers of up to 10 carbon atoms and
phosphine is preferably employed in an amount     up to 4 ether oxygen
atoms, which ethers are which corresponds with a ratio of gram atoms of
cyclic or acylic ethers and which are preferably phosphorus of the
phosphine to gram atoms of  40  aliphatic ethers, e.g., diethyl ether,
diisopropyl rhodium and cobalt in the range of from 0.5:1 to  ether,
dibutyl ether, ethyl hexyl ether, methyl octyl 10:1, more preferably 1:1 to
4:1.                 ether, dimethoxyethane, diethylene glycol dimethyl The
catalyst as described hereinbefore is be-  ether, diethylene glycol diethyl
ether, glycerol lieved to be novel. Hence the, present invention  trimethyl
ether,    1,2,6-trimethoxyhexane, also relates to a catalyst composition
comprising a   45  tetrahydrofuran, 1,4-dioxane, 1,3-dioxane, 1,3-diox-
tertiary phosphine, a rhodium compound and a      olane and
2,4-dimethyl-1.3-dioxane. cobalt compound, wherein the ratio of gram atoms
Preferred solvents to be used in the process of of rhodium to gram atoms
cobalt is in the range of  the present invention are glycol ethers such as
from 1:1 to 10:1 and the ratio of gram atoms of   diethylene glycol
dimethyl ether and diethylene phosphorus of the phosphine to gram atoms of
50  glycol diethyl ether. rhodium and cobalt is in the range of from 1:1 to
The amount of solvent to be employed is not 4:1.
critical. Typical molar ratios of solvent to epoxide The process according
to the invention may be  will be in the range of from 2:1 to 150:1. The
effected in the presence of a minor amounts of a  optimum ratio of epoxide
to phosphine-modified weakly acidic compound, preferably an acid having  55
rhodium/cobalt-based catalyst will partly be deter- a pKa (measured at 18
[err]C in aqueous solution) >   mined by the nature of the individual
catalyst com- 2. Examples of weakly acidic compounds include    ponents as
well as by the nature of the epoxide. phenylphosphonic acid,
2,4,5-trimethylbenzoic acid  The molar ratio of epoxide to rhodium of the
cata- 3  
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wide ranges and will preferably  ized with a 40:14 molar mixture of carbon
monox- be in the range of from 10:1 to 106:1 and more    ide and hydrogen
to a pressure of 54 bar. The preferably in the range of from 102:1 to
10[err]:1.    temperature of the reactor was then raised to 90 The molar
ratio of carbon monoxide to hy-       [err]C. At the end of the reaction
(10 hr) 50% of the drogen most suitably employed in the process   5
epoxide had been converted. The reaction product according to the invention
is in the range of from  comprised 3-hydroxy-propanal-1 (90%) and acetal-
6:1 to 1:4, with best results being obtained when  dehyde (5%) as the major
components. ratios of from 3:1 to 1:2 are utilised. No special precautions
need to be taken with regard to the    Illustrative Embodiment I carbon
monoxide and hydrogen, and commercial  10 grades of these reactants are
satisfactory. The car-  0.3 mmol of Rh[err](acac), 0.1 mmol Co2- bon
monoxide and hydrogen are suitably employed    (CO)[err] and 0.8 mmol of
tributylphosphine are as separate materials although it is frequently ad-
charged  into a reactor containing 50 ml of vantageous to employ commercial
mixtures of        diethylene glycol dimethyl ether. After a number of
these materials, e.g., synthesis gas.         15  pressurizing
depressurizing cycles with carbon The process is conducted, in one
modification,  monoxide to remove air, 5 ml of ethylene oxide is by
charging the epoxide, catalyst and solvent to an  introduced and then the
reactor is pressurized with autoclave or similar pressure reactor and
introduc-  a 2:1 molar mixture of carbon monoxide and hy- ing the hydrogen
and carbon monoxide. Alter-       drogen to a pressure of 60 bar. The
temperature of natively, the process is conducted in a continuous   20  the
reactor is then raised to 100 [err] C. Similar results manner by contacting
the reactants and catalyst    to those of Example I may be obtained. during
passage through a reactor which is typically tubular in form. For best
results the process is   Illustrative Embodiment II conducted under
conditions of elevated tempera- ture and pressure. Reaction temperatures in
the   25  0.3 mmol of Rh[err](acac), 0.1 mmol Co2- range of from 50 *C to
250 [err]C are satisfactory,    (CO)[err]  and 0.8 mmol
triisopropylphosphine are with temperatures in the range of from 80 *C to
charged into a reactor containing 10 ml of pro- 150 *C being preferred. In
one method of effecting  pylene oxide and 50 ml of diethylene glycol
reaction, the reactants and catalysts are initially  dimethyl ether. After
a number of pressurizing de- contacted at a comparatively low reaction
tempera-  30  pressurizing cycles with carbon monoxide to re- ture e.g.
from 50 - 70 [err] C and the temperature is  move air, the reactor is
pressurized with a 2:1 subsequently raised gradually or in stages during
molar mixture of carbon monoxide and hydrogen to the course of the reaction
to e.g. a desired end   a pressure of 60 bar. The temperature of the reac-
temperature. The reaction pressure may vary over   tor is then raised to
110 [err]C. Similar results to a wide range and will generally be in the
range of  35  those of Example I may be obtained. from 5 to 150 bar,
although higher and lower pres- sures are not excluded. Frequently the
upper limit  Illustrative Embodiment III of the reaction pressure will be
dictated by the technical specification of the equipment employed,    0.2
mmol of Rh[err](acac), 0.05 mmol Co2- rather than by the actual reaction or
reactants.  40  (CO)[err] and 0.5 mmol trioctylphosphine are charged The
invention will be further illustrated by the  to a reactor containing 10 ml
propylene oxide and following Examples and Illustrative Embodiments    50
ml of diethylene glycol dimethyl ether. After a for which the following
information is provided.   number of pressurizing depressurizing cycles
with Product identification and analysis. The reac-  carbon monoxide to
remove air, the reactor is tion products were qualitatively analysed with
the   45  pressurized with a 2:1 molar mixture of carbon aid of Gas liquid
chromatographic separation in    monoxide and hydrogen to a pressure of 60
bar. combination with NMR and/or mass spectrography.    The temperature of
the reactor is then raised to Quantitative analysis was conducted via
G.L.C.     110 [err]C. Similar results to those of Example I may be
obtained. Example I                                     50      From the
results of comparative experiments, it would be expected that the addition
of the rhodium 0.3 mmol of Rh[err](acac), 0.1 mmol C0[err]-      catalyst
to the cobalt catalyst would have little or (CO)[err] and 0.5 mmol of
tri-cyclohexyl phosphine     no effect, because the rhodium catalyst is
much were charged into a reactor containing 50 ml of    less active than
the cobalt catalyst. Surprisingly, diethylene glycol dimethyl ether. After
a number of  55  however, the combined catalyst has substantially
pressurizing depressurizing cycles with carbon     greater selectivity.
monoxide to remove air, 5 ml of ethylene oxide was introduced and then the
reactor was pressur- 4 
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PatentansprUche 1. A process for the preparation of 0-hydroxyal-  1. Ein
Verfahren zur Herstellung von 8-Hydroxy- dehydes, which comprises reacting
an epoxide      aldehyden, welches die Umsetzung eines Ep- with carbon
monoxide and hydrogen in the   6      oxids mit Kohlenmonoxid und
Wasserstoff in presence of a catalyst comprising a combina-      Gegenwart
eines Katalysators, der elne Kombi- tion of a rhodium  compound and a
cobalt          nation aus einer Rhodiumverbindung und einer compound,
modified with a tertiary phosphine.     Kobaltverbindung umfaBt und mit
einem tertia- ren Phosphin modifiziert ist, umfaSt. 2. A process as claimed
in claim 1, wherein the   10 rhodium compound and cobalt compound are
2. Ein Verfahren, wie in Anspruch 1 beansprucht, employed in a ratio which
corresponds with a      in welchem die Rhodiumverbindung und die ratio of
gram atoms of rhodium to gram atoms      Kobaltverbindung in einem
Verh~ltnis einge- of cobalt in the range of from 1:1 to 10:1.       setzt
werden, das einem  Verh~ltnis der 1J      Grammatome Rhodium zu den
Grammatomen 3. A process as claimed in claim 1 or claim 2,        Kobalt im
Bereich von 1:1 bis 10:1 entspricht. wherein the tertiary phosphine is
employed in an amount which corresponds with a molar       3. Ein
Verfahren, wie in Anspruch 1 oder 2 bean- ratio of gram  atoms of
phosphorus of the         sprucht, In welchem das tertire Phosphin in
phosphine to gram atoms of rhodium and co-  20    elner Menge eingesetzt
wird, die einem Mol- bait in the range of from 1:1 to 4:1.
verhaltnis der Grammatome Phosphor des Phosphins zu den Grammatomen Rhodium
4. A process as claimed in any one of claims 1-3,     und Kobalt im Bereich
von 1:1 bis 4:1 ent- wherein the rhodium compound is a rhodium
spricht. oxide,  a  rhodium   halogenide,  rhodium   25 chlorocarbonyl,
rhodium nitrate, rhodium ac-   4. Ein Verfahren, wie in einem der Anspr~che
1 etylacetonate,   rhodium    carbonyl   ac-        bis 3 beansprucht, in
welchem die Rhodium- etylacetonate, a complex of rhodium with a
verbindung ein Rhodiumoxid, Rhodiumhaloge- tertiary phosphine or a mixture
thereof, and the  nid,  Rhodiumchlorcarbonyl,  Rhodiumnitrat, cobalt
compound is a cobalt salt of an aliphatic  3o  Rhodiumacetylacetonat,
Rhodiumcarbonylace- acid, dicobalt octacarbonyl, a complex of co-
tylacetonat, ein Komplex von Rhodium mit ei- balt with a tertiary
phosphine, or a mixture      nem tertilren Phosphin oder eine Mischung
thereof.                                          davon ist, und die
Kobaltverbindung ein Ko- baltsalz einer aliphatischen Saure, Dicobaltoc- 5.
A process as claimed in any one of claims 1-4,  35  tacarbonyl, ein Komplex
von Kobalt mit einem wherein the tertiary phosphine is an aliphatic
tertiaren Phosphin, oder eine Mischung davon tertiary monophosphine.
ist. 6. A process as claimed in any one of claims 1-5,  5. Ein Verfahren,
wie in einem der AnsprUche 1 wherein a glycol ether is present as a
solvent.   40  bis 4 beansprucht, in welchem das tertifre Phosphin ein
aliphatisches tertilres Mono- 7. A process as claimed in any one of claims
1-6,     phosphin ist. wherein the temperature is in the range of from
80-150 IC, and the pressure is in the range of  6. Ein Verfahren, wie in
einem der AnsprOche 1 from 5-150 bar.                           45      bis
5 beansprucht, in welchem ein Glykolather als Losungsmittel vorliegt. 6. A
process as claimed in any one of claims 1-7, wherein the epoxide is
ethylene oxide or pro-  7. Ein Verfahren, wie in einem der AnsprUche 1
pylene oxide.                                     bis 6 beansprucht, in
welchem die Temperatur 50     im Bereich von 80-150 C und der Druck im 9. A
catalyst composition comprising a tertiary       Bereich von 5 bis 150 Bar
liegt. phosphine, a rhodium compound and a cobalt compound wherein the
ratio of gram atoms of    8. Ein Verfahren, wie in elnem der AnsprUche 1
rhodium to gram atoms of cobalt is in the         bis 7 beansprucht, in
welchem das Epoxid range of from 1:1 to 10:1 and the ratio of gram   65
Ethylenoxid oder Propylenoxid ist. atoms of phosphorus of the phosphine to
gram atoms of rhodium and cobalt is in the range of  9. Eine
Katalysatorzusammensetzung, umfassend from 1:1 to 4:1.
ein tertiares Phosphin, eine Rhodiumverbin- 5 * c   L  M   S * 
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Kobaltverbindung, in welcher    8. Procede selon l'une quelconque des
revendi- das Verhaltnis der Grammatome Rhodium zu          cations 1-7,
dans lequel l'epoxyde est l'oxyde den Grammatomen Kobalt im Bereich von 1:1
d'ethylene ou l'oxyde de propylene. bis 10:1 und des Verhiltnis der
Grammatome Phosphor des Phosphins zu den Grammato-   5   9. Composition de
catalyseur comprenant une men Rhodium und Kobalt Im Bereich von 1:1
phosphine tertiaire, un compose de rhodium et bis 4:1 liegt.
un compose de cobalt, dans laquelle le rapport des atome-grammes de rhodium
aux atome- Revendlcations                                       grammes de
cobalt est dans la gamme de 1: 10      1 a 10: 1 et le rapport des
atome-grammes du 1. Proced6 de preparation de P-hydroxyaldehy-
phosphore de la phosphine aux atome-gram- des, qui comprend la r6action
d'un epoxyde        mes du rhodium et du cobalt dans la gamme avec du
monoxyde de carbone et de l'hydro-        de 1 1 a 4 :1. gene, en pr6sence
d'un catalyseur comprenant une combinaison d'un compose de rhodium et  15
d'un compose de cobalt, modifie par une phosphine tertiaire. 2. Procede
selon la revendication 1, dans lequel le compose de rhodium et le compose
de   20 cobalt sont employes dans un rapport qui cor- respond a un rapport
des atome-grammes de rhodium aux atome-grammes de cobalt, dans la gamme de
1: 1 a 10:1. 25 3. Procede selon la revendication 1 ou la revendi- cation
2, dans lequel la phosphine tertiaire est employee en une quantitf
correspondent h un rapport molaire des atome-grammes du phos- phore de la
phosphine aux atome-grammes du   30 rhodium et du cobalt dans la gamme de
1: 1 a 4 :1. 4. Proc6de selon l'une quelconque des revendi- cations 1-3,
dans lequel le compose de rho-  35 dium est un oxyde de rhodium, un
halogenure de rhodium, le rhodium-chlorocarbonyle, le ni- trate de rhodium,
I'acetylacetonate de rhodium, I'acetylacetonate de rhodium-carbonyle, un
complexe de rhodium avec une phosphine ter-  40 tiaire ou un melange de
ceux-ci, et le compos; de cobalt est un sel de cobalt d'un acide
aliphatique, le dicobalt-octacarbonyle, un corn- plexe de cobalt et de
phosphine tertialre, ou un melange de ceux-ci.                      45 5.
Proc6de selon l'une quelconque des revendi- cations 1-4, dans lequel la
phosphine tertiaire est une mono-phosphine tertiaire aliphatique. 50 6.
Proced6 selon l'une quelconque des revendi- cations 1-5, dans lequel un
ether de glycol est present comme solvent. 7. Proc~d6 selon l'une
quelconque des revendi-  65 cations 1-6, dans lequel la temperature est
dens la gamme de 80-150 * C et la pression est dans la gamme de 5-150 bars.
6                     |l  1l l111   1 |    


