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(54) Title: PROCESS AND CATALYST

(57) Abstract: Aromatic or heteroaromatic nitro compounds are catalytically hydrogenated to the corresponding amines in the
presence of a platinum catalyst comprising elemental platinum on a support; the platinum catalyst is modified with a molybdenum
compound and a phosphorus compound wherein the phosphorus has an oxidation state of less than +5, e.g. hypophosphorous
acid; the catalyst is particularly useful in the hydrogenation of nitro compounds with halogen and/or sulfur-containing sub­
stituents.
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PROCESS AND CATALYST

The invention relates to a process for the catalytic hydrogenation of aromatic and 

heteroaromatic nitro compounds to the corresponding amines. It further relates to a 

modified supported platinum catalyst containing molybdenum and phosphorus.

The reduction of aromatic and heteroaromatic nitro compounds provides an 

important synthetic route to the corresponding amines. However, the reaction proceeds 

over several intermediates and it is sometimes difficult to achieve a complete reduction. In 

particular the hydroxylamine intermediate often poses a problem since it is relatively stable 

and may accumulate in the reaction mixture. When the reduction is carried out via catalytic 

hydrogenation, other reducible substituents, such as halogen atoms or groups containing 

carbon-carbon multiple bonds, or sulfur-containing groups (e.g. thioether groups) can 

cause unwanted side reactions (e.g. hydrogenolysis or hydrogenation of carbon-carbon 

multiple bonds) or inhibition effects (“catalyst poisoning”), which result in formation of 

undesired byproducts, unsatisfactory yields, or the requirement of uneconomically large 

amounts of catalyst. It has been an objective of the present invention to provide a method 

for the selective reduction of aromatic and heteroaromatic nitro compounds to the 

corresponding amines that gives good yields even in the presence of halogen or oxygen- 

containing or sulfur-containing substituents without requiring drastic reaction conditions or 

unreasonably large amounts of catalyst.

According to the invention, this objective has been achieved by the processes and 

the catalysts described herein. It has been found that the performance of a supported 

platinum catalyst in the hydrogenation of an aromatic or heteroaromatic nitro compound to 

the corresponding amine can be substantially improved by modifying it with a 

molybdenum compound and a phosphorus compound wherein the phosphorus has an 

oxidation state of less than +5.

In particular, the invention provides a process for the catalytic hydrogenation of an 

aromatic or heteroaromatic nitro compound to the corresponding amine in the presence of 

a platinum catalyst comprising elemental platinum on a support, characterized in that the 

platinum catalyst has been modified with a molybdenum compound and a phosphorus 

compound wherein the phosphorus has an oxidation state of less than +5.
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In particular, the phosphorus compound is hypophosphorous acid or a salt or reaction 

product thereof and the molybdenum compound is an orthomolybdate or reaction product 

thereof (for example, ammonium orthomolybdate or zinc orthomolybdate or a reaction 

product thereof).

In particular, the invention provides a process wherein the aromatic or 

heteroaromatic nitro compound is substituted with one or more substituents selected from 

the group consisting of halogen atoms and oxygen-containing or sulfur-containing groups; 

especially the group consisting of halogen atoms and sulfur-containing groups.

In particular, the present invention concerns a process for the preparation of 5- 

aminopyrimidines which are useful intermediates in the preparation of pharmaceutically 

active triazolo[4,5-i/]pyrimidinc cyclopentanes.

The compound [15-(1α, 2α, 3β (lS*,2/?*)^)]-3-[7-[2-(3,4-difluorophenyl)- 

cyclopropyl]amino]-5-(propylthio)-3/Y-l,2,3-triazolo[4,5-i/]pyrimidin-3-yl)-5-(2-  

hydroxyethoxy)-cyclopentane-l,2-diol (Compound A), and similar such compounds, are 

disclosed in WO 00/34283 and WO 99/05143 as pharmaceutically active Ρ2τ (which is 

now usually referred to as P2Yi2) receptor antagonists. Such antagonists can be used as, 

inter alia, inhibitors of platelet activation, aggregation or degranulation.

Compound A

Compounds of formula (I) (see below) are useful in the preparation of Compound 

A and analogues thereof (see Example 3 of WO 01/92263).

In particular, the present invention provides a process for the preparation of a 

compound of formula (I):
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wherein X is halogen; Y is ZR1; Z is oxygen or sulphur; and R1 is Ci_6 alkyl, Ci_6 haloalkyl 

or C3-7 cycloalkyl; the process comprising hydrogenation in a suitable solvent of a nitro

in the presence of a supported platinum catalyst according to the invention.

In particular, the present compound of formula (II) is 4,6-dichloro-5-nitro-2-

(propylthio)-pyrimidine (also named 4,6-dichloro-5-nitro-2-(propylsulfanyl)pyrimidine). 

The modified catalysts according to the invention can be easily prepared and

activated. It is therefore possible to prepare them fresh before use, thus ensuring maximum 

activity. The process of the invention may be used to hydrogenate both mononitro 

compounds and compounds having two or more nitro groups.

In a preferred embodiment the phosphorus compound is hypophosphorous acid 

(H3PO2) or a salt thereof, such as sodium or calcium hypophosphite, or a reaction product 

of said acid or salt. The term “reaction product” is to be understood to mean any product 

resulting from a chemical reaction of said acid or salt with the platinum catalyst or the 

molybdenum compound, with hydrogen, or with the aromatic or heteroaromatic nitro 

compound or its hydrogenation products.

In another preferred embodiment the molybdenum compound is an orthomolybdate 

or dimolybdate (i.e., a salt containing the MoO2- or Μθ2θ|“ anion) or a polymolybdate 

(e.g. a salt containing the MO7OI4 anion), or a reaction product thereof. The term “reaction 

product” is to be understood to mean any product resulting from a chemical reaction of 

said molybdate with the platinum catalyst or the phosphorus compound, with hydrogen, or 

with the aromatic or heteroaromatic nitro compound or its hydrogenation products.
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Especially preferred are orthomolybdates, in particular ammonium orthomolybdate 

((NEU^MoOzi) or zinc orthomolybdate (ZnMoCk).

The support (carrier) of the platinum catalyst may be any usual carrier including, 

but not limited to, alumina, silica and charcoal (activated carbon), charcoal being preferred.

The process of the invention is particularly suited to the hydrogenation of nitro 

compounds which are substituted with one or more substituents selected from the group 

consisting of halogen atoms and sulfur-containing groups, such as alkylthio (alkylsulfanyl, 

thioether) groups. Said substituents will not interfere with the reduction of the nitro 

group(s) by causing unwanted side reactions or catalyst poisoning.

More preferably the process is employed for the hydrogenation of heteraromatic 

nitro compounds such as nitropyridines or nitropyrimidines, the latter being particularly 

preferred.

A specifically preferred heteroaromatic nitro compound is 4,6-dichloro-5-nitro- 

2-(propylsulfanyl)pyrimidine which can be reduced to 5-amino-4,6-dichloro-2-(propyl- 

sulfany l)pyrimidine.

The modified supported platinum catalyst containing molybdenum and a 

phosphorus compound, wherein the phosphorus has an oxidation state of less than +5, can 

be obtained by treating a supported platinum catalyst with an aqueous solution of hypo- 

phosphorous acid or a salt thereof and an orthomolybdate.

The molybdenum/platinum molar ratio is advantageously in the range of 1:1 to 

100:1, preferably in the range of 1:1 to 10:1 and most preferably in the range of 1:1 to 5:1, 

while the phosphorus/molybdenum molar ratio is advantageously in the range of 1:1 to 

100:1, preferably in the range of 1:1 to 10:1 and most preferably in the range of 1:1 to 5:1.

A suitable solvent for the hydrogenation of a compound of formula (II) is water, a 

Ci_6 aliphatic alcohol (such as ethanol and iso-propyl alcohol), an ether (for example a 

di(Ci_6 alkyl) ether, such as diethylether or methyl tert-butyl ether; or a cyclic ether such as 

tetrahydrofuran), an ester (for example ethyl acetate) or a hydrocarbon solvent (such as an 

aromatic hydrocarbon, for example benzene, toluene or a xylene). Appropriate mixtures of 

such solvents may also be used.

In another aspect the hydrogenation of a compound of formula (II) is conducted at a 

temperature in the range 10 to 90°C.
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In yet another aspect the hydrogenation of a compound of formula (II) is conducted 

at a pressure of 1 to 10 bar.

The following non-limiting examples will further illustrate the invention and its 

preferred embodiments.

Example 1: Catalyst preparation

To a slurry of 4.6 g of a commercial platinum on charcoal catalyst (5% Pt, 

Engelhard type 18, 40.5 weight% wet, lot #12410) in water (38 g), an aqueous solution of 

hypophosphorous acid (50%, 0.44 g, 3.4 mmol) was added and stirred for 15 minutes at 

20 °C. After this, ammonium orthomolybdate ((NH4)2MoO4, 0.27 g, 1.4 mmol; molar ratio 

H3PO2/(NH4)2MoO4 = 2.4:1; molar ratio (NH4)2MoO4/Pt = 2:1) was added to the slurry 

which was stirred vigorously over a period of 15 min and then transferred to the 

hydrogenation autoclave. The flask and the transfer line were flushed with fe/7-butyl 

methyl ether (31 g). The measured pH of the aqueous phase was 2.3 and the molybdenum 

content was 123 ppm.

Example 2: 5-Amino-4,6-dichloro-2-propvlsulfanvlpyrimidine

/e/7-Butyl methyl ether (370 g) was placed under nitrogen in a 1 L stainless steel 

autoclave equipped with a temperature-controlled jacket, an Ekato InterMIG® stirrer, an 

internal temperature sensor and a dip pipe, and 4,6-dichloro-5-nitro-2-propylsulfanyl- 

pyrimidine (94.5 g, 0.35 mol) was added and dissolved at a stirring rate of 200 min 1.

The catalyst suspension was prepared and transferred into the autoclave as 

described in the preceding example. The autoclave was sealed and the stirring rate was in­

creased to 600 min 1 while the autoclave was purged four times with nitrogen. Subse­

quently, hydrogen gas feed via the dip pipe at a constant flow rate (pmax = 10 bar) as well 

as a heating-up ramp (45 K/h) from 20 °C to 65 °C were started in parallel, while stirring at 

600 min '. The progress of the exothermic reaction was followed by recording the 

hydrogen uptake as well as the internal and jacket temperature curve. Upon completion of 

the hydrogen uptake (ca. 1.1 mol or 3 molar equivalents) after about 4 h, stirring of the 

reaction mixture was continued for an additional 3 hours at 65 °C. After unloading the 

autoclave (the reactor was cooled down to 20 °C, the hydrogen pressure was released and
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the reactor purged four times with nitrogen), the catalyst was filtered off The autoclave as 

well as the filter cake (catalyst) were washed with 7er/-butyl methyl ether (185 g). The 

organic phases were combined and the water layer separated. An IPC-sample was taken to 

analyze the product mixture.

The conversion was found to be quantitative with no nitroso or hydroxylamine 

intermediate being detectable.

*HNMR (CDC13, 400 MHz): δ 4.24 (br. s, 2H), 3.08 (t, 7= 7.2 Hz, 2H), 1.74 (sext., 

J= 7.2 Hz, 2H), 1.02 (t, J= 7.2 Hz, 3H).

Comparative Example 1: (Unmodified Pt/C catalyst)

fe/7-Butyl methyl ether (370 g) was placed under nitrogen in a 1 L stainless steel 

autoclave equipped with a temperature-controlled jacket, an InterMIG® stirrer, an internal 

temperature sensor and a dip pipe. 4,6-Dichloro-5-nitro-2-propylsulfanylpyrimidine 

(94.5 g, 0.35 mol) was added and dissolved at a stirring rate of 200 min The autoclave 

was purged four times with nitrogen (stirring rate: 600 min 1).

A slurry of the catalyst was prepared in a separate flask as follows: A commercial 

platinum on charcoal catalyst (4.6 g, 5% Pt, Engelhard type 18, 40.5 weight% wet, lot 

#12410; S/C=500:1) in water (38 g, 2.1 mol) was stirred for 15 min at 20 °C (the measured 

pH of the aqueous phase was 7.4). The resulting catalyst suspension was transferred into 

the autoclave and the flask and the transfer line were washed with fe/7-butyl methyl ether 

(31 g, 0.35 mol). The autoclave was then sealed and purged four times with nitrogen 

(stirring rate: 600 min 1).

Subsequently, the dosage of the hydrogen gas via dip pipe with a constant flow rate 

(Pmax = 10 bar) as well as the heating-up ramp (45 K/h) to 65 °C was started in parallel, 

while stirring at 600 min The progress of the exothermic reaction was followed by 

measuring the hydrogen uptake as well as the internal and jacket temperature curve. After 

completion of the hydrogen uptake, the stirring (600 min 1) of the reaction mixture was 

continued for an additional 3 h at 65 °C.

After unloading the autoclave (the reactor was cooled down to 20 °C, the H2- 

pressure was released and the reactor purged four times with nitrogen), the catalyst was 

filtered off. The autoclave as well as the filter cake (catalyst) was washed with fe/7-butyl
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methyl ether (185 g, 2.10 mol). The organic phases were combined and the water layer 

separated. An IPC-sample was taken to analyse the product mixture. Yield: 79 %.

The reference in this specification to any prior publication (or information derived 

from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general 

knowledge in the field of endeavour to which this specification relates.

Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or group 

of integers or steps but not the exclusion of any other integer or step or group of integers or 

steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for the catalytic hydrogenation of an aromatic or hetcroaromatic nitro 

compound to the corresponding amine in the presence of a platinum catalyst 

comprising elemental platinum on a support, characterized in that the platinum 

catalyst has been modified with a molybdenum compound and a phosphorus 

compound wherein the phosphorus has an oxidation state of less than +5.

2. The process of claim 1, wherein the phosphorus compound is hypophosphorous acid 

or a salt or reaction product thereof.

3. The process of claim 1 or 2, wherein the molybdenum compound is an ortho­

molybdate or reaction product thereof.

4. The process of claim 3, wherein the molybdenum compound is ammonium ortho­

molybdate or zinc orthomolybdatc or a reaction product thereof.

5. The process of any one of claims 1 Io 4, wherein the support is charcoal.

6. The process of any one of claims 1 to 5, wherein the catalyst has a molybdenum/pla- 

tinum molar ratio of 1:1 to 100:1 and a phosphorus/molybdenum molar ratio of 1:1 

to 100:1.

7. The process of claim 6, wherein the catalyst has a molybdcnum/platinum molar ratio 

of 1:1 to 10:1 and a phosphorus/molybdenum molar ratio of 1:1 to 10:1.

8. The process of any one of claims I to 7 wherein the aromatic or hetcroaromatic nitro 

compound is substituted with one or more substituents selected from the group 

consisting of halogen atoms and oxygen-containing or sulfur-containing groups.

9. The process of any one of claims 1 to 8 wherein the hetcroaromatic nitro compound 

is a nitropyrimidinc.
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The process of any one of claims 1 to 9 wherein the heteroaromatic nitro compound 

is a compound of formula (II)

O,N

11.11.

13.13.

14.14.

X

(ll)

wherein X is halogen; Y is ZR1; Z is oxygen or sulphur; and R1 is Cu, alkyl, Ciz. 

haloalkyl or C'?.? cycloalkyl.

The process of claim 10 wherein the heteroaromatic nitro compound is 4,6-dichloro- 

5-nitiO-2-(propylsulfanyl)pyrimidine.

A modified supported platinum catalyst containing molybdenum and a phosphorus 

compound, wherein the phosphorus has an oxidation state of less than +5, obtainable 

by treating a supported platinum catalyst with an aqueous solution of

hypophosphorous acid or a salt thereof and an orthomolybdatc in a molyb- 

denum/platinum molar ratio of 1:1 to 100:1 and a phosphorus/molybdcnum molar 

ratio of 1:1 to 100:1.

The modified supported platinum catalyst of claim 12, wherein the molyb- 

dcnum/platinum molar ratio is from 1:1 to 10:1 and the phosphorus/molybdcnum 

molar ratio is from 1:1 to 10:1.

The modified supported platinum catalyst of claim 12 or 13, wherein the ortho­

molybdatc is selected from ammonium orthomolybdatc and zinc orthomolybdatc.
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Ι 5. A process according to claim 1 substantially as hereinbefore described with 

reference to the Examples.

16. A modified supported platinum catalyst according to claim 12 substantially as 

hereinbefore described with reference to the Examples.


