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Process for the preparation of aqueous nicotinaldehyde

The present invention relates to a process for the preparation of an aqueous medium of
nicotinaldehyde of the formula I

OHC—\ 4 I,

in the presence of Raney-nickel in an aqueous medium of a carboxylic acid.

Nicotinaldehyde (3-pyridinaldehyde) is a useful reagent in the synthesis of agrochemicals.
For example the insecticide 6-methyl-4-(pyridin-3-yl-methyleneamino)-4,5-dihydro-
1,2,4-triazin-3(2H)-one can be prepared by the reaction between nicotinaldehyde and the
aminotriazinone 4-amino-6-methyl-3-ox0-2,3,4,5-tetrahydro-1,2,4-triazine as described in
published European patent application EP-A-0 314 615.

A synthesis of nicotinaldehyde by hydrogenation of the corresponding nitrile, namely
3-cyanopyridine, is described in US patent 2,945,862 in which strongly acidic conditions
are advocated. Sulfuric or oxalic acids are described as providing suitable conditions and
the yields are not of a high order. C. Ferri describes in .'Rcaktioncn der organischen Syn-
these, p. 92, (1978) the catalytic hydrogenation of aromatic nitriles, including cyanopyri-
dines, to the corresponding aldehydes in the presence of Raney-nickel. Again strongly
acidic conditions are proposed using sulfuric, oxalic or sulfonic acids. Thc strong amds

poison the Raney-nickel catalyst which supprcsscs the fonnaﬁon ‘of su;le Hrbducts g
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P. Tinapp describes in Chem. Ber., 102, p. 2770 to 2776 (1969) the hydrogenation of
aromatic nitriles with Raney-nickel in the presence of different acids. The selective satura-
tion of the carbon-nitrogen triple bond occurs only in the presence of strong acids, and no

partial hydrogenation was observed in the presence of acetic acid.

A process is described in published PCT application WO 92/02507 in which aldehydes are -
prepared by hydrogenating a mixture of a 3-cyanopyridine and a primary amine in the pre-
sence of a thodium-loaded catalyst to form a stable imine intermediate. The hydrogenation
catalyst is separated from the imine intermediate and this intermediate is then hydrolysed

to the corresponding aldehyde. However the yields are low and the use of rhodium in
industrial production processes is extremely expensive.

There is a need for an improved nicotinaldehyde synthesis which is more economical and

ecologically acceptable. The disadvantages of the known processes include low selecti-
vity, poor yields and corrosion of the nickel catalyst and the production vessels.

Surprisingly it has now been found that a high concentration of nicotinaldehyde can be
achieved under milder reaction conditions with superior yields and a higher degree of
selectivity. It has also been found that use of expensive rhodium-loaded catalysts is not
necessary.

The object of the present invention is to provide a process for the preparation of an
aqueous medium of 10 to 60 % nicotinaldehyde by weight by the catalytic reduction of
3-cyanopyridine under hydrogen in the presence of Raney-nickel, characterised in that
a) the Raney-nicke] catalyst is present in an amount between 2 and 10 weight-% with
Tespect to the cyanopyridine,

b) the solvent is aqueous carboxylic acid,

c) the pH is between 3.5 and 7,

d)_ the temperature is less than or equal to 40 °C,

¢) the hydrogen pressure is between 0.2 and 5 bar,

f) the amount of hydrogen taken up is up to 110 % with respect to the cyanopyridine, and
g) the amount of water present is in excess with respect to the cyanopyridine.

The process can be conducted continuously or batchwise. A batchwise process is pre-
ferred. The product of the process according to the invention can be used directly for -
further synthesis steps, or stored prior to further use.
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The amount of nicotinaldehyde in the aqueous medium is preferably 20 to 50 wt-%, more
preferably 25 to 40 wt-%.

The Raney-nickel is present in an amount preferably between 3 and 7 wt-% with respect to
the cyanopyridine. The Raney-nickel is stored under water prior to use.

The carboxylic acid can be present in stoichiometric or slightly sub-stoichiometric
amounts or in excess with respect to the cyanopyridine. Stoichiometric amounts are pre-
ferred. Carboxylic acids form a buffer with ammonia. The pH rises quickly to about 5
during the course of the inventive process, and it is surprising that the reaction runs to
completion at this pH without further addition of carboxylic acid. The pH may also be
controlled by contmuous addition of a carboxyhc acid. Examples of aqueous carboxylic
‘acid mixtures may contain an unlimited amount of C;-Cgalcohols and a C;- C5carboxy11c
acid. The solvent is preferably aqueous acetic acid.

The temperature is preferably between 10 and 30 °C, and more preferably between 20 and
30 °C. The hydrogen pressure is preferably between 0.5 and 3 bar, more preferably
between 0.5 and 1.5 bar. The water content with respect to the cyanopyridine is preferably
up to 60 % excess by weight, more preferably up to 40 wt-%. The reaction time is
typically between 3 and 6 hours. '

The carboxylic acids are non-~corrosive to the nickel catalyst in contrast to prior art pro-
cesses in which a corrosive medium is present, e.g. mineral acids. A particular disadvan-
tage of hydrochloric acid in this area is the production of ammonium chloride which
causes further corrosion of the production vessel. '

The advantages of this process are as follows:

i) nicotinaldehyde is formed as a storage-stable solution,

i) no corrosive ammonium chloride is produced, .

iii)  a very low concentration of nickel catalyst is required,

iv) high reaction selectivity, resulting in a decrease in the quantity of side-products
produced,

v) high aldehyde yield,

vi)  low contamination of the aldehyde solution with nickel, and

vii)  a high volume throughput increases production capacity thereby reducing unit
costs. '
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It is a further object of the present invention to provide a process for the preparation of a
compound of formula III

P50
(Im

wherein R, is hydrogen, C;-Cy,alkyl, C3-Cecycloalkyl, C;-Cyalkoxy-C;-Cealkyl,
C,-C;haloalkyl, phenyl, benzyl, phenethyl, phenpropyl, phenbutyl or phenpentyl, or a
phenyl, benzyl, phenethyl, phenpropyl, phenbutyl or phenpentyl radical that is mono- or
di-substituted by halogen, C;-Csalkyl, C;-Cyhaloalkyl, methoxy and/or ethoxy, Ry is
hydrogen, C;-Cgalkyl or C3-Cgcycloalkyl, or is phenyl that is unsubstituted or substituted
by C;-Cioalkyl, halogen or by C;-Cyshaloalkyl, or Ry and R, together form a saturated or

~ unsaturated 3- to 7-membered carbocycle, Rs is hydrogen or C;-Cealkyl and

Zis -N=CH- or -NH-CHj-,
.which process comprises reacting an aminouiazinonc of formula IV

Ry ]/QRN,NHZ .HCl _
l av)
A, |

wherein R;, R, and R3 have the meanings above with an aldehyde of formula V
OH y ' V)
¥/ 3
\_| | .
and, if desired, converting the resulting pyridyl-methyleneamino-triazinone by selective-
reduction into pyridyl-methylamino-triazinone,
wherein the aldehyde of formula V is prepared by the catalytic reduction of
3-cyanopyridine under hydrogen in the presence of Raney-nickel, characterised in that
a) the Raney-nickel catalyst is present in an amount between 2 and 10 weight-% with
respect to the cyanopyridine,
b) the solvent is aqueous carboxylic acid,

c) the pH is between 3.5 and 7,

d) the temperature is less than or equal to 40 °C This Sheet Has Been Replaced
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f) the amount of hydrogen taken up is up to 110 % with respect to the cyanopyridine, and
g) the amount of water present is in excess with respect to the cyanopyridine.

-5-

Preferred compounds of the formula III are those wherein R, is hydrogen, C;-Cgalkyl,
C;-Cscycloalkyl, phenyl or phenyl that is mono- or di-substituted by halogen, C;-Csalkyl,
methoxy or ethoxy, each of R, and R; is hydrogen or C,-C,alkyl and Z is -N=CH- or
-NH-CH,-, more preferred are those compounds of the formula III wherein R is hydro-
gen, C;-Cyalkyl, cyclopropyl or phenyl; R, is hydrogen, methyl or ethyl; and Rs is hydro-
gen or methyl; and Z is -N=CH- or -NH-CH,-; most preferred is 6-methyl-4-(pyridin-3-yl-
methyleneamino)-4,5-dihydro-1,2,4-triazin-3(2H)-one. :

A preferred embodiment of the present invention is a process wherein the aminotriazinone
of the formula IV is prepared by the solvolysis of a compound of formula VI

R, R

R, %Z/NHCOR,; '
| | VI
N /LO - | (VD

N
H
wherein R;, R, and R; have the meanings given above and Ry is H, C;-C;-alkyl,
C3-Cg-cyclpa1ky1, C,-C4-alkyl substituted by 1 to 9 chlorine atoms, C,-Cs-alkoxy,
C;-Gs-alkylthio, phenyl, pyridyl, or phenyl or pyridyl which is substituted with 1 to 3 sub-
stituents selected from the group of halogen, methyl, ethyl, methoxy, methylthio or nitro,
in the presence of hydrogen chloride, which is preferably gaseous, in an alcoholic

medium.

The alcoholic medium can consist of one or more primary, secondary or tertiary alcohols.
Examples are methanol, ethanol, n-propanol, isopropanol, n-butanol, n-pentanol or a mix-
ture of these. Methanol is preferred.

If gaseous hydrogen chloride is used the reaction medium of the solvolysis can be an-
hydrous or contain very small amounts of water so that the water content can be between 0
and 5 weight-% with respect to the acetyltriazinone of formula VL Substantiaily dry con-
ditions, i.e. 0 to 3 wt-% water content are preferred, more preferably 0 to 2 wt-% with
Tespect to the acetyltriazinone of formula VI. Anhydrous conditions, i.e. 0 wt-% water
content, are particularly preferred.
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The solvolysis reaction can be conducted at a temperature between 0°C and the boiling
point of the solvent used. The preferred temperature range is 40 to 50 °C.

-6-

If gaseous hydrogen chloride is used dry HCl gas is bubbled into the reaction mixture and
unreacted HCI is recycled. The reaction conditions remain non-corrosive to the reaction
vessel on account of the zero or very low water content.

The process according to the invention can be conducted in a batchwise or continuous
manner. Batchwise production is preferred.

An almost quantitative conversion is obtained by the formation and precipitation of the
aminotriazinone as its hydrogen chloride salt, combined with the formation of the ester of
the displaced -COR;, group.

The following Examples demonstrate the process of the invention.

The aldehyde yield is determined by HPLC or gravimetrically by derivatisation with
4-amino-6-methyl-3-0x0-2,3,4,5-tetrahydro-1,2,4-triazine, abbreviated aminotriazinone.

Example 1 (lab scale)

124.8 g 3-cyanopyridine, 277 g water and 72.2 g acetic acid are mixed together in a
stirring autoclave. 14.6 g moist Rancy—hickcl (Ni contents about 60 %) in 50 g water are
added to the mixture which is then hydrogenated under a constant hydrogen pressure of 1
bar. When 110 % of the theoretical hydrogen quantity have been taken up (after about 5
hours), the stirrer is switched off and the reaction mixture quenched with niu'ogch. The
tatalyst is filtered off under an-argon atmosphere and rinsed with water. 515 g product
solution are obtained after filtration with 20.9 % 3-pyridinaldehyde as determined by
HPLC. This represents a yield of 85.2 % of theory. The proportion of 3-picolylalcohol is

| '_ 0.4 % and that of 3-picolylamine 1.5 %. The aldehyde yield is found to be 84 % after
- derivatisation with aminotriazinone. The nickel loss of the catalyst is 115 mg,
. corresponding to ca. 1.3 % of the total nickel content.

. Example 2 (pilot plant scale)

The procedure used in Example 1 is repeated except that 200 kg 3-cyanopyridine are used

: and corresponding amounts of the other reagents are added (a 1600-fold scale-up). After
 filration 873 kg product solution are obtained with a 22.0 % content of 3-pyridinaldehyde
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(vield 93.3 % of theory). The 3-picolylamine content in the solution is 1.1 % and that of
3-picolylalcohol 0.1 %. The nickel loss from the catalyst is 0.5 % of the total nickel

content.

-7-

Example 3 (at constant pH 5)
104 g 3-cyanopyridine and 200 g water are combined in a stirring autoclave. 12.1 g moist

Raney-nickel (Ni contents about 60 %) in 42 g water are added to the reaction mixture
which is hydrogenated at room temperature under a constant hydrogen pressure of 1 bar.
191 g acetic acid are added in order to maintain a constant pH 5. When 110 % of the
theoretical hydrogen quantity has been taken up, the stirrer is switched off and the reaction -
mixture quenched with nitrogen. The catalyst is filtered off under an argon atmosphere

and rinsed with water. After filtration there are obtained 561 g 3-pyridinaldehyde solution.
The aldehyde yield is found to be 84 % after derivatisation of 140.2 g of the solution with
aminotriazinone. The nickel lost from the catalyst is 42 mg, corresponding to ca. 0.6 % of
the total nickel content. '

Example 4 (at 5 bar hydrogen pressure)

The procedure of Example 1 is followed except that the hydrogen _preséurc is maintained
at a constant 5 bar. After filtration, a product solution is obtained with 14 %
3-pyridinaldehyde as determined by HPLC, representing a yield of 64 %. The aldehyde
yield is 68 % after derivatisation with aminotriazinone.

. Example 5 (at pH 4.7 to 7)

The procedure of Example 1 is followed except that 57.6 g acetic acid and 19. 6 g sodium
acetate are added. The aldehyde yield after derivatisation with aminotriazinone is 73 %.
The nickel lost from the catalyst is ca. 0.5 % by weight of the total nickel content.

Example 6 (concentration of 50 % 3-cyanopyridine in water)

The procedure of Example 1 is followed except that 31.2 g 3-cyanopyridine and 31.2 g
water are used. After derivatisation with ammomazmone, the aldehyde yield is found to
be 82 %.

Example 7 (catalyst recycled)
The procedure of Example 1 is repeated. When 110 % of the theoretical amount of hydro-

gen have been taken up, the reaction is quenched with nitrogen and the hydrogenation
solution filtered through a 0.5 pm sintered metal plate (surface area 4.5 cm?) at the reactor
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pase. By addition of 3-cyanopyridine, water and acetic acid, the same catalyst is used as in
gxample 1 repeatedly. The aldehyde yield from the first three repeat cycles, in which the
hydrogenation tire is almost constant, is found to be 76 % by derivatisation with amino-

triazinone.

Example 8 Preparation of 4-amino-6-methyl-3-0x0-2,3,4,5-tetrahydro-1,2,4-triazine

HeC

A suspension is prepared of 39.9 g (0.234 mol) 6-methyl-4-acetylamino-4,5-dihydro-
1,2,4-triazin-3-(2H)-one in 99 g 95 % methanol. The suspension is heated to 45 °C and
becomes a clear colourless solution. At between 45 and 50 °C a total of 15.4 g (0.421 mol)
HCI are bubbled through this solution over a 2 to 3 hour period. After about 30 % of the
HC1 has been added the reaction mixture is seeded with 4-amino-6-methyl-3-o0xo-2,3,4,5-
tetrahydro-1,2,4-triazine hydrochloride. Thereafter 4-amino-6-methyl-3-ox0-2,3,4,5-

~ tetrahydro-1,2,4-triazine precipitates out continuously as the hydrochloride salt. After
about 2 hours stirring, the maximum conversion of over 99 % is reached. The reaction
mixture is brought to pH 5 by the addition of 50 % NaOH solution. The free amino-
triazinone 4-amino-6-methyl-3-0x0-2,3,4,5-tetrahydro-1,2,4-triazine is formed in an
amount of 29.7 g representing 14.3 % by weight of ‘the solution. This represents a yield of
99.2 % of theory. |

Example 9 Preparation of 6-methyl-4-(pyridin-3-ylmethyleneamino)-4,5-dihydro-
1,2,4-triazin-3(2H)-one

To a suspension of 164 g of 4-amino-6-methyl-3-oxo0-2,3,4,5-tetrahydro-1,2,4-triazine
hydrochloride in 500 ml methanol a 50 % NaOH solution is added until a pH of 6 is
reached. Now 486 g of a solution containing 22 % 3-pyridinaldehyde in water is added
maintaining a temperature below 70°C. After the addition is completed the reaction
mixture is kept at 65°C for two hours. Then the suspension is cooled to about 5°C, filtered
and dried to yield the title compound.

This Sheet Has Been Replaced
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what is claimed is
—_—

1. A process for the preparation of an aqueous medium of 10 to 60 % nicotinaldehyde by
weight by the catalytic reduction of 3-cyanopyridine under hydrogen in the presence of

Raney-nickel, characterised in that
a) the Raney-nickel catalyst is present in an amount between 2 and 10 weight-% with

respect to the cyanopyridine,

b) the solvent is aqueous carboxylic acid,

¢) the pH is between 3.5 and 7,

d) the temperature is less than or equal to 40 °C,

e) the hydrogen pressure is between 0.2 and 5 bar,

f) the amount of hydrogen taken up is up to 110 % with respect to the cyanopyridine, and
g) the amount of water present is in excess with respect to the cyanopyridine.

2. A process according to claim 1, wherein the Raney-nickel catalyst is present in an
amount between 3 and 7 wt-% with respect to the cyanopyridine.

3. A process according to claim 1, wherein the solvent is aqueous acetic acid.
4. A process according to claim 1, wherein the solvent is mixed with a C,-Cgalcohol.

5. A process acbording to claim 1, wherein the reaction temperature is between 10 and
30 °C.

6. A process according to claim 1, wherein the hydrogen pressure is between 0.5 and
3 bar. '

7. A process according to claim 5, wherein the hydrogen pressure is between 0.5 and
1.5 bar.

8. A process according to claim 1, wherein the water content-is up to 60 weight % excess.

i
o d
* c [ s *
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g. A process for the preparation of a compound of formula III

]/2< @ (umn)

H

wherein R, is hydrogen, C;-C;qalkyl, C3-Cecycloalkyl, C;-Cyatkoxy-Cy-Cealkyl,
C,-Cyhaloalkyl, phenyl, benzyl, phenethyl, phenpropyl, phenbutyl or phenpentyl, or a
phenyl, benzyl, phenethyl, phenpropyl, phenbutyl or phenpentyl radical that is mono- or
di-substituted by halogen, C;-Csalkyl, C;-Cyhaloalkyl, methoxy and/or ethoxy; Ry is
hydrogen, C;-Cgalkyl or C3-Cecycloalkyl, or is phenyl that is unsubstituted or substituted
by C;-Cypalkyl, halogen or by C;-Cjphaloalkyl; or Ry and R, together form a saturated or
unsaturated 3- to 7-membered carbocycle; R, is hydrogen or C;-Cgalkyl and Z is -N=CH-
or -NH-CHj-,
which process comprises reacting an aminotriazinone of formula IV

Ra Rj

» ™

"~ N

H
wherein R;, R, and R; have the meanings above
with an aldehyde of formula V

OHC

\ N/ | W,
and, if desired, converting the resulting pyridyl—mcthylcncanﬁno-tﬂazinone by selective .
reduction into pyridyl-methylamino-triazinone,
wherein the aldehyde of formula V is prepared by the catalytic reduction of 3—cyano—
pyridine under hydrogen in the presence of Raney-nickel, characterised in that '
a) the Raney-nickel catalyst is present in an amount between 2and 10 wcxght—% thhﬁ;'

respect to the cyanopyridine,
b) the solvent is aqueous carboxylic acid,
c) the pHis between 3.5 and 7,
d) the temperature is less than or equal to 40 °C,
e) the hydrogen pressure is between 0.2 and 5 bar, ‘
f) the amount of hydrogen taken up is up to 110 % with respect to the Cyanopyric
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g) the amount of water present is in excess with respect to the cyanopyridine.

10. A process according to claim 9 wherein R, is hydrogen, C,-Cgalkyl, C3-Cscycloalkyl,
pheny] or phenyl that is mono- or di-substituted by halogen, C;-Csalkyl, methoxy or
ethoxy, each of R, and R4 is hydrogen or C;-Cyalkyl and Z is -N=CH- or -NH-CHj;-.

11. A process according to claim 10 wherein R, is hydrogen, C;-C,alkyl, cyclopropyl or
phenyl; R, is hydrogen, methyl or ethyl; and Ry is hydrogen or methyl; and Z is -N=CH-
or -NH-CHj-.

12. A process according to claim 11 wherein the compound of formula III is 6-methy]-
4-(pyridin-3-ylmethyleneamino)-4,5-dihydro-1,2,4-triazin-3(2H)-one.

13. A process according to claim 9 wherein the aminotriazinone of the formula IV is
prepared by the solvolysis of a compound of formula VI

R, 278 NHOOR,
]/QN/
| /& VD)
o

N N
H

wherein R, is hydrogen, C;-C),alkyl, C5-Cgcycloalkyl, C,-Cyalkoxy-C;-Cgalkyl,
C;-Cqhaloalkyl, phenyl, benzyl, phenethyl, phenpropyl, phenbutyl or phenpentyl, or a
phenyl, benzyl, phenethyl, phenpropyl, phenbutyl or phenpentyl radical that is mono- or
-di-substituted by halogen, C;-Csalkyl, C;-C;haloalkyl, methoxy and/or ethoxy; R; is
hydrogen, C,-Cgalkyl or Q—Cgcycloa.lkyl, or is phenyl that is unsubstituted or substituted
by C;-C,alkyl, halogen or by C;-C;phaloalkyl; or R and R, together form a saturated or
unsaturated 3- to 7-membered carbocycle; Ry is hydrogen or C;-Cgalkyl; and Ry is H,
C;-C4-alkyl, C3-Cs-cycloalkyl, C;-C,-alkyl substituted by 1 to 9 chlorine atoms,
C,-Gs-alkoxy, C,-Cs-alkylthio, phenyl, pyridyl, or pheny! or pyridyl which is substituted
with 1 to 3 substituents selected from the group of halogen, methyl, ethyl, methoxy,
methylthio or nitro,
in the presence of hydrogen chloride in an alcoholic medium.

14. A process according to claim 13 wherein the hydrogen chloride is gaseous.



