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(57) Abstract

Heterocyclic aldehydes having the formula (I), in which A, B stand for possibly substituted methylene groups; m, n = 1 to § and
m+n > 2, are prepared by hydrogenating carboxylic acids having the formula (IIa) or their esters ({Ib) derived from C;-Co slcohols at 200
to 450 °C in the presenceof a catalyst. The products thus obtained are useful as precursors of cyclohexenone type herbicides.

(87) Zusammenfassung

Herstellung von heterocyclischen Aldehyden der allgemeinen Formel (I) (A, B = gegebenenfalls substituierte Methylengruppen; m, n
= 1 bis 5; m + n > 2) durch Hydrierung von Carbons#uren der allgemeinen Formel (Ila) oder deren Estemn (IIb), welche sich von einem Ci-
bis Cio-Alkoholen ableiten, bei 200 bis 450 °C an einem Katalysator, Die Verfahrensprodukte eignen sich als Vorprodukte fiir Herbizide

vom Cyclohexenontyp. |
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Process tor the Preparation of Heterocyclic Aldehydes

10

Description

The present invention relates to a process for the preparation of aldehydes of ths
general formula I

CHO
!
,?n - ?H (I},
O_Bm

in which the variables A and B stand for methy! groups which may carry one or

 two substituents inert under the conditions of the reaction, and m and p stand for 1
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to 5, the sum of m and p being greater than 2.

Aldehydes of the general formula I, in which the formyl group is attached to a
saturated ring interrupted by an oxygen atom, are of great significance as
intermediates. Thus 4-formyltetrahydropyran is for exampie a buiiding block for
herbicides of the cyclohexenone class (cf EP-4 142,741).

The preparation of aldehydes from carboxylic acids or carboxylic acid esters is
usually carried out in industrial plants in two stages in which the starting materials
are first of all reduced as far as the alcohol stage, and oxidation is then performed
to form the aldehyde. For example, the preparation of 4-formyltetrahydropyran
from methyl tetrahydropyran-4-carboxylate has been well examined {(c¢f EP-A
546,396 and DE-4 4,039,918).

EP-A 439,115 discloses the hydrogenation of aliphatic or alicyclic carboxylic
acids, eg, cyclohexanoic acid, in the presence of a chromium/zirconium dioxide
catalyst to produce the corresponding aldehydes.

EP-A 343,640 describes the hydrogenation of heteroaromatic carboxylic acids to
the corresponding aldehydes where the catalyst used must contain at least one
zinc or yttrium oxide, an oxide of the Lanthanide Group , or an oxide of a Group IVa
element such as zirconium oxide. No reference is made 1o saturated heterocyclics.

It is the object of the invention to partially hydrogenate the carboxylic acids Ila or
the esters 1ib by a direct route to form the aldehydes 1, /e without detouring
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through the alcohols and subsequent oxidation to the aldehydes.

Accordingly, there has been found a process for the preparation of the heterocyclic
aldehydes of formula I, wherein a carboxylic acid of the general formula Iia

?OOH
}?n - (l.-;H (Ila),

or one of its esters IIb derived from a C,;-C,,alcohol, is hydrogenated at a
temperature of from 200° to 450°C over a catalyst.

The carboxylic acids [1a and esters 11b suitable for the reaction to be carried out in
the process of the invention can carry, on the ring, primarily from one to three
substituents (R) which are inert under the reaction conditions, in particular
C,-Cs alkyl or C,-C; alkoxy groups.

The preferred end products of the process I are, for example, those derived from
carboxylic acids Ila or their esters IIb, in which the ring containing the oxygen
atom exhibits from § to 7 ring members, /e in which the sum of g and m is from 3
to 5, whilst one or two of the radicals R stand(s) for a C,-C, alkyl group and the
other radicals R stand for hydrogen. Such compounds [ are primarily 3—-formyl-2-
methyitetrahydrofuran, 3-formyi-2,4-dimethyltetrahydrofuran, 2-ethyl-4-formyl-
tetrahydrofuran, 3-formyli-5-isopropyltetrahydropyran, and 3-formyi-2,7-dimethyl-
oxepane. Those end products I are particularly preferred in which the hetero ring
is unsubstituted, as in 3-formyltetrahydrofuran and, in particular, 4-formyltetra-
hydropyran.

In the group of esters regarded as being suitable starting materials it is preferred to
use those esters IIb which are derived from C,-C,, monoalcohols. Of these, those
esters IIb are primarily suitable in which the monoalcohol component exhibits an
unsubstituted C;-C44 hydrocarbon radical, as in the case of

- the very particularly preferred C,-C,, alkanols, preferably C,-C, alkanols such
as, primarily, methanol, ethanol, »n-propanol, 1-methylethanol, »-butanoli, 1-
methylpropanol, 2-methylpropanol and 1,1-dimethylethanol and in addition »-
pentanol, n-hexanol, n-heptanol, n-octanol, and 2-ethylhexanol, and also

- C;3-Cqp-cycloalkanols, preferably C;-Cg cycloalkanols such as, primarily, cyclo-
pentanol and cyclohexanol and also 2-methylcyclohexanol, 2,6-dimethyl-
cyclohexanol, cycloheptanol, and cyclooctanol,
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-  Cg-Cyp aromatic monoalcohols, preferably phenol and also the naphthols or

- Gr-Cyaralkanols, preferably phenyl-(C,-C;)-alkanols such as, primarily,
phenyimethanol, 2-phenylethanol and 3-phenyipropan-1-ol and also 1-
phenylethanol, 2-phenylpropan-1-ol, and 1-phenylpropan-1-ol.

In the case of the preparation of 4-formyitetrahydropyran it is particularly preferred
to start from tetrahydropyran-4-carboxylic acid or its methyi or ethyl ester.

Some of the carboxylic acids I1a and esters I1b are commercially available, or they
can be obtained in known manner (cf Houben-Weyl, Metlioden der Organischen
Chemie 4th Edition, Thieme Verlag, Stuttgart, Vol. 8, page 365 et seq and page
508 et seq).

The catalysts suitable for the process of the invention preferably consist of from 75
to 100wt%, and more preferably of from 90 to 100wt%, of zirconium dioxide
and/or one or a number of manganese oxides. The zirconium dioxide used usually
has a BET surface area of from 5 to 150, preferably from 20 to 130, and in
particular from 40 to 120 m2/g, where the BET surface area is taken to be the

20 catalyst surface area as determined by the Brunauer-Emmett-Teller method (cf Z.

35

Anal. Chem. 238, page 187 (1968)). Preferably monoclinic zirconium dioxide is
used and also that having a cubic or tetragonal crystal lattice.

Of the manganese oxides, manganese(l1) oxide and also manganese(I11) oxide and
manganese(1V) oxide and mixtures thereof are primarily suitable. The BET surface
areas range in this case usually from 5 to 60 m2/g and preferably from 10 to
50 m2/g.

In a preferred embodiment of the process of the invention there is used a catalyst
which contains, in addition to zirconium dioxide and/or one or more manganese
oxides, from 0.1 to 10 and primarily from 0.5 to 5 wt% of one or more compounds
of chromium, yttrium, and/or one or more elements of the lanthanide series of the
Periodic Table (referred to below as "lanthanide elements”), the compounds of the
lanthanide elements being preferred.

The lanthanide elements comprise lanthanum, cerium, praseodymium, neodymium,
promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium,

erbium, thullium, ytterbium and lutetium.

The compounds of lanthanum and praseodymium, and in addition those of
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cerium, samarium, neodymium, and europium, are primarily suitable as constitu-
ents of the catalysts used in the present invention.

Those catalysts are preferably used in which the chromium or the lanthanide
elements is/are present at least partially, and in particular to an extent of more
than 80 wt%, in oxidic form.

In the preparation of the catalysts these elements are therefore preferably used as
oxides, or in the form of those of their compounds which can be readily converted
to the oxides by heating, if required in the presence of water and/or oxygen.

These include, in the case of the lanthanide elements, primarily the trivalent oxides
such as cerium(Iil) oxide and lanthanum(ill) oxide and also the chiorides and
nitrates such as lanthanum(Iil) nitrate, cerium(ill) nitrate, praseodymium(1II)
chloride and samarium(Ill) chioride and compounds containing organic anions
such as the acetates and the oxalates, eg cerium(111) oxalate.

In the case of chromium, chromium(Iil) oxide and the chiorides, nitrates and
acetates of trivalent chromium, in particular chromium(iil) chloride and chro-
mium(IIi) nitrate, are primarily suitable for the preparation of the catalysts suitable
for the process of the invention.

In a particularly preferred embodiment of the process of the invention a catalyst is
used which essentially consists of zirconium dioxide and contains from 0.1 to 1 G,
in particular from 0.5 to 5wt% of a compound of one or more lanthanide elements,
primarily lanthanum{111) oxide.

Incidentally, traces of the elements iron, aluminum, silicon and magnesium at a
total concentration of less than 2 wt%, based on the total weight of the catalyst,
have no visibly injurious effect on the success of the process of the invention.

These catalysts, if not commercially available, can be obtained in known manner
(cf, eg, Catal. Rev. - Sci. Eng. 27, pp 341 to 372 (1985)).

The catalysts can be used as supported catalysts on a conventional inert support
such as silicon dioxide or aluminum oxide or, primarily, as solid catalysts. They are
suitable in the form of extrudates preferably having a maximum diameter of from 1

to 5 mm, pellets or balls.

The amounts stated below concerning the composition of the catalysts relate to
their active material with no regard to the support materials.
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The hydrogenation of the carboxylic acids 11a or esters Iib is carried out preferably
at temperatures of from 250° to 400°C, usually from 300° to 380°C and
pressures of from 0.1 to 20 bar, preferably from 0.8 to 5 bar and in particular under
standard pressure.

Generally, the process is carried out at a space velocity of from 0.01 to 10 kg,
preferably from 0.01 to 3kg, of starting compound I1 per kilogram of catalyst per
hour.,

Preferabiy the conditions are adjusted such that during the hydrogenation from 2 to
100 mol, in particular from 10 to 70 mol, of hydrogen are present per mole of I1.

As a precautionary measurse, an inert gas, primarily nitrogen or steam and also
argon can be mixed with the hydrogen.

Particularly the solid compounds 11 can be caused to react in liquid phase in a
solvent which is inert under the hydrogenating conditions, such as a hydrocarbon,
eg, n—hexane or cyclohexane, or water, but the reaction is preferably carried out
without the use of a solvent.

In reactions in the gas phase the compounds 11 are introduced into the reaction
zone advantageously in vaporous form and, if required, by means of a stream of
carrier gas. The preferred carrier gas is nitrogen.

Preferably the hydrogenation of the compounds i is carried out continucusly and
primarily in the gas phase following the techniques known for this purpose, in
particular over a fixed catalyst bed.

In a further preferred embodiment, which is in itself particularly advantageous, the
starting material used for the preparation of 4-formyltetrahydropyran is tetrahydro-
pyran-4-carboxylic acid or one of its esters derived from a C,-C,, alcohol, and the
hydrogenation is carried out in the presence of a catalyst which essentially
consists of zirconium dioxide and contains from 0.1 to 5wi% of lanthanum(III)
oxide, in which case the process is advantageously carried out at a temperature of
from 300° to 380°C and a pressure of from 0.8 10 5 bar.

Processing of the crude reaction mixture to provide the end product 1 can be

carried out in known manner, primarily by remaoval, if required, of the solvent by
distillation and purification of the crude product, for example by distillation or
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recrystallization.

The catalysts can in most cases be regenerated by heating to from 300° to 450°C
in a stream of oxygen or air.

During the hydrogenation of the carboxylic acids I1a or the esters 11b by-products
are formed in some cases to a minor extent, as a result of overreduction,
sspecially the corresponding primary alcohols, which can be oxidized in known
manner, If desired, 1o produce the aldehydes I.
10
Since oxidation of these alcohols is also successfully carried out using the
catalysts described above as being suitable for use in the process of the invention,
it is possible to recycle the said alcohols to the process of the invention,
advantageously after mixing the same with starting material I1a or 11b.
15
In some cases the primary alcohols react with the carboxylic acids lla to form
esters or with the esters Iib to form transesterification products, which can be
converted to aldehydes [ in the process of the invention by causing them to be
recycled to the process, advantageously after being mixed with fresh carboxylic
20 acid I1a or ester 1lb.

For example, in the synthesis of 4-formyltetrahydropyran, the by-products {4-
hydroxymethyltetrahydropyran and tetrahydropyran-4-yi-methyl tetrahydropyran-
4-carboxylate} can be recycled to the process of the invention together with

2s unconverted starting compound {tetrahydropyran-4-carboxylic ester (11b)} without
previous separation, since the said components have a higher boiling point than
the desired end product 4-formyltetrahydropyran and the latter is thus readily
separable.

30 The process of the invention gives vyields of the aldehydes I usually between 20
and 80 %, in selectivities of from 50 to 90 %.

The end products are suitable as intermediates for herbicides of the cyclohexen-
one class (cf, eg, EP-A 142,741).

35

Examples

In the following examples some of the catalysts used were commercially available,
whereas the others we prepared ourseives.

40

A) Preparation Of The Catalysts
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Monaoclinic zirconium dioxide (Norton, Akron, Ohio) in the form of extrudates (3 mm
in diameter) or manganese oxide (MnO, prepared from manganese(11) carbonate, cf
Hollemann-Wiberg, Lelirbuch der anorgarnischen Chemie, 81st-90th Edition, Verlag
Walter de Gruyter, Berlin, page 905) in the form of pellets was impregnated with
s an aqueous solution of the lanthanide element nitrate, of yttrium(111) nitrate, or of
chromium(1il) nitrate with thorough mixing and kept at room temperature for 2
hours. The catalyst thus obtained was then dried for 15 hours at a temperature of
120°C and heated for 2 to 4 hours at from 400° to 500°C in a stream of air.

0 B) Preparation Of 4~Formyitetrahydropyran

Per hour, 10 grams of methyl tetrahydropyran-4-carboxylate were evaporated at a
temperature of from 250° to 300°C, and caused to react, together with 100 liters
of hydrogen, in a tubular reactor having a diameter of 25 mm over 100 g of catalyst

s CAT doped as stated and having the surface area S stated at a temperature of
T°C. The continuously withdrawn crude product was condensed and analyzed by
quantitative gas chromatography for 4-formyltetrahydropyran.

The details of the experiments carried out and the results thereof are summarized
20 iN the following table.

Table

Preparation Of 4-Formyltetrahydropyran

25 T | ] 4:-F0rmyftetra.hydropyran
No.| CAT iDopev:i with | Doping concentration| S T Conversion  Yield Selectivity
| [wt%3 [m2/gl| °C | [%]  [%]  [%]
(1 |20, | - - 42 1350 | 625 | 39.3 | 62.8 |
2 |z0, | La 3 51 {330 | 48.9 39.7 81.2 |
0 [3 [210, | Lo 3 96 (330 519 | 37.2 | 71.7
4 1210, | La 3 51 |350 | 68.7 50.5 73.5
5 |2r0, | Ce 3 51 |350 | 50.0 36.1 72.2
6 |20, | Pr 3 51 {350 | 65.7 47.8 72.8
7" |20, | La 3 96 [350 | 100 76.0 76.0
s |8 |20, | Y 3 92 (330 54 371 | 68.7
9 |Mo | - ] - | 44 |370| 573 | 361 | 63.0

* Starting compound: tetrahydropyran-4-carboxylic acid
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C) Preparation Of 4-Formyltetrahydropyran in a Pilot Plant

Per hour, 130 grams of methyl tetrahydropyran-4-carboxylate were evaporated at
a temperature of 250°C, and caused to react, together with 1200 liters of
s hydrogen, in a tubular reactor having a diameter of 24 mm and a length of 4 m over
1700 mL of catalyst 2 at a temperature of from 330° to 355°C. The continuously
withdrawn crude product was condensed and analyzed by quantitative gas
chromatography. The duration of the experiment was 2700h. The average
aldehyde yield was 52 % (selectivity 83 %).
10 |
D) Preparation of 4-Formyltetrahydropyran (FTHP) in a Pilot Plant with Recycling of
the By-products

The method used was that described under C) except that the continuously

s Withdrawn crude product following condensation was collected over a period of 7
days and then distilled batchwise (5 m Sulzer CY Packing, approx. 50 theoretical
separating stages). Following said purification by distillation, unconverted methyl
tetrahydropyran-4-carboxylate (THPE), 4-hydroxymethyltetrahydropyran (HMTHP),
and tetrahydropyranmethyl tetrahydropyran-4-carboxylate (THPPE) were recycled

20 10 the hydrogenation stage. After a number of recyfcles had been carried out the
following steady—state quantities were established:

Feed (21.8 kg every 7 days):

s — THPE (fresh) 11.3 kg (78 mol)

-  THPE (recycled) 1.0kg { 7 mol)
- HMTHP (recycled) 6.7 kg (58 mol)
- THPPE (recycled) 2.1 kg { 9mol)

- Other by-products 0.7 kg.

30

Purification by distillation:

- Fraction 1: methanol + low-boilers (b.p. 38~-80°C/300 mbar) 2.5kg

- Fraction 2: FTHP {b.p. 81°C/ 30 mbar) 8.0kg (70 mol)
s — Fraction 3: THPE (b.p. 94°C/ 30 mbar) 1.0kg{ 7 mol)
- -Fraction 4: HMTHP (b.p. 118°C/ 30 mbar) 6.8 kg (59 mol)
- Fraction 5: THPPE (b.p. 165°C/ 5Smbar) 2.1 kg {( 9 mol)

Intermediate fractions were reused in the next distillation and residual useful
w0 products thus recovered. The yield of 4-formyltetrahydropyran (based on fresh
THPE) was, following distillation, 90 % (purity better than 88 %).
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CLAIMS
1. A process for the preparation of an aldehyde of the general formula I
CHO
|
?n - ICH (I),
O - Bm

in which the variables A and B stand for methylene groups which may carry one or
two substituents inert under the reaction conditions, and m and n stand for 1 to 5,
the sum of m and n being greater than 2, wherein a carboxylic acid of the general

formula Ila

?OOH
»?n — C'JH (11a),
O R Bm

or one of its esters IIb derived from a C;-Cqqalcohol, is hydrogenated at a
temperature of from 200° to 450°C over a catalyst.

2. A process as defined in claim 1, wherein the hydrogenation is carried
out in the gas phase.

3. A process as defined in claim 1 or 2, whereln the
catalyst essentially consists of zirconium dioxide and/or

one Oor more manganese oxides.

q . A process as defined 1in claim 3, wherein the catalyst
also contains from 0.1 to 10 wt% of one or more compounds

of chromium and/or one or more elements of the lanthanide

series of the Periodic Table.

5. A process as defined in claim 4, whereln the compounds

—

of chromium and/or of the 2lements of the lanthanide series

of the Periodic Table are present 1n the catalyst at least

partially in oxidic form.
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6. A process as defined 1n any one o¢f claims 1 to 5,
whereln the catalyst essentlally consists of zirconium

dioxlde and also contains trom 0.1 to 10 wt% of a compound

—

’.'

of one or more elements of the lathanide series of the

e

Periodic Table.

7. A process as defined 1n any one of claims 1 to o,

wherein the catalyst essentially consists of zirconium

dioxide and also contains from 0.5 to 5 wt® of

lanthanum(III) oxide.

3. A process as defined 1in any one of claims 1 to 7,

wherein the catalyst essentially consists of monoclinic

zirconium dioxide.

v

9. A process for the preparation of 4-formyltetrahydro-

pyran, wherein tetrahydropyran-4-carboxylic acid or one of

its esters derived from a C1-C1p alcohol 1s hydrogenated 1n

13

the presence of a catalyst, which essentially consists o:

zirconium dioxide and contains from 0.1 to 5 wt% of

lanthanum (III) oxide.
10. A process as defined 1n c¢laim 1, wherein the desired
product (I) 1s separated from the hydrogenation mixture,

and by-products contained 1in saild mixture and comprising

— an alcohol corresponding tc the aldehyde (1) and/or

—~ esters of said alcohol with I1Ia or IIb,

are again treated by sald process, together or not with the

starting compound Ila or IIDb.
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