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(57) Abstract: This application relates to efficient and economical synthetic chemical processes for the preparation of pesticidal
thioethers. Further, the present application relates to certain novel compounds useful in the preparation of pesticidal thioethers. Specif
ically, this application relates to a process for the preparation of 3-chloro- lZ/-pyrazol-4-amine and salts thereof. More particularly, this

o application relates to a process for the preparation of 3-chloro-li/-pyrazol-4-amine and salts thereof by halogenating and reducing 4-
nitropyrazole.
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PROCESSES FOR THE PREPARATION OF PESTICIDAL COMPOUNDS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional

Application Serial No. 62/440,236 filed December 29, 2016, which is incorporated herein by

this reference in its entirety.

TECHNICAL FIELD OF THE DISCLOSURE

This application relates to efficient and economical synthetic chemical processes for the

preparation of pesticidal thioethers. Further, the present application relates to certain novel

compounds useful in the preparation of pesticidal thioethers. Specifically, this application

relates to a process for the preparation of 3-chloro-l H-pyrazol-4-amine and salts thereof. More

particularly, this application relates to a process for the preparation of 3-chloro-l H-pyrazol-4-

amine and salts thereof by halogenating and reducing 4-nitropyrazole.

BACKGROUND OF THE DISCLOSURE

The following process is disclosed by Dahlbom, R. et al. Acta Pharm. Suec. 22, 147-

156(1985).

4-nitropyrazole (la)

Dahlbom et al. disclose on page 151 (paragraph 4) that "4-[n]itropyrazole (3.0 g, 0.027

mol) in ethanol (50 ml) and 5M HC1 (12 ml) was hydrogenated over a palladium catalyst (5%

on AI2O3) in a Parr apparatus at an initial pressure of 3-3.5 atm for 2 h . After filtration and

evaporation of the solvent in vacuo, the residue was purified by column chromatography

(AI 2O3, CHCI 3-CH 3OH (9:1)), affording 2.1 g (68%) of the title compound[.]"

For purposes of clarity, 5M (mol/L) HC1 (hydrochloric acid), is a concentration of about

15% by weight hydrogen chloride gas in water. Additionally, 3-3.5 atm (atmospheres), is a

pressure of about 300 kilopascals (kPa) to about 350 kPa.

It is noteworthy that the process disclosed by Dahlbom et al. was performed at a

volume/volume (v/v) ratio of ethanol to hydrochloric acid of about 4:1. Likewise, the Dahlbom

report does not disclose the temperature at which this process is conducted, nor does it report

the catalyst loading of palladium on alumina.



The following process is disclosed by Ramsden, N. et al. WO 2011/048082 Al,

115(2011).

4-nitropyrazole (1)

Ramsden et al. disclose on page 115 (lines 5-9) that "[a] solution of 4-nitropyrazole

(500 mg, 4.4 mmol) and palladium on alumina (50mg) in ethanol (lOmL) and hydrochloric acid

(2mL, 6M aqueous solution) was stirred at rt under a balloon of H2 for 16h. The mixture was

then filtered through Celite and the filtrate concentrated in vacuo to give 3-chloro-lH-pyrazol-

4-amine."

For purposes of clarity, 6 hydrochloric acid, is a concentration of about 19% by

weight hydrogen chloride gas in water. Additionally, a balloon of H2 (hydrogen gas), is a

pressure of about 1 atmosphere, which is equivalent to a pressure of about 100 kPa.

It is noteworthy that the process disclosed by Ramsden et al. was performed at a

volume/volume (v/v) ratio of ethanol to hydrochloric acid of 5:1. Likewise, the Ramsden report

does not disclose the weight percentage of palladium on alumina, the type of reaction vessel

used, or the yield of the reaction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a comparison of selectivity with Pt/C vs Pd/Alumina catalysts at different

HC1 concentrations.

DETAILED DESCRIPTION OF THE DISCLOSURE

This application relates to efficient and economical synthetic chemical processes

for the preparation of pesticidal thioethers. Further, the present application relates to certain

novel compounds useful in the preparation of pesticidal thioethers. Specifically, this application

relates to a process for the preparation of 3-chloro-l H-pyrazol-4-amine and salts thereof. More

particularly, this application relates to a process for the preparation of 3-chloro-l H-pyrazol-4-

amine and salts thereof by halogenating and reducing 4-nitropyrazole. The process of the

present application is described in Scheme 1 below.



l a

Scheme 1

In Scheme 1, 3-chloro-l H -pyrazol-4-amine hydrochloride (la) can be prepared by

halogenating and reducing 4-nitropyrazole. In the process of Scheme 1, the halogenation occurs

in the presence of from about 1% to about 40% HCl. In some embodiments, the HCl

concentration can be from about 31% (about 10 M) to about 38% (about 12.4 M). In some

embodiments, the HCl concentration is about 37% (about 12 M). It has been discovered that the

halogenation occurs at the 3-carbon of 4-nitropyrazole in the presence of higher concentrations

of HCl, such as about 31% (about 10 M) to about 38% (about 12.4 M), such as about 37%

(about 12 M).

The process of Scheme 1 can be conducted in the presence of an optional alcoholic

solvent, such as ethanol or isopropanol, at a v/v ratio of alcoholic solvent to hydrochloric acid

of about 1:99 to about 3:4, preferably about 1:9 to about 3:4, more preferably about 1:9.

It was surprisingly discovered, that use of about 3 1% to about 38% hydrochloric acid,

optionally in the presence of an additional alcoholic solvent at a v/v ratio of alcoholic solvent to

hydrochloric acid of about 1:9 to about 3:4, provides a selectivity of the desired halogenated

product 3-chloro-l H -pyrazol-4-amine hydrochloride (la) to the undesired non-halogenated b y

product l H -pyrazol-4-amine hydrochloride of about 7:1 to about 49:1.

It was surprisingly discovered, that use of about 37% hydrochloric acid, optionally in

the presence of isopropanol at a v/v ratio of isopropanol to hydrochloric acid of about 1:9,

provides a selectivity of the desired halogenated product 3-chloro-l H -pyrazol-4-amine

hydrochloride (la) to the undesired product l H -pyrazol-4-amine hydrochloride of about 16:1 to

about 49:1.

In the process of Scheme 1, the reduction can be carried out in the presence of hydrogen

gas at a pressure of about 100 kPa (about 14.5 psia) to about 30,000 kPa (about 4350 psia). In

some embodiments, the pressure is from about 100 kPa (about 14.5 psia) to about 6,000 kPa

(about 870 psia). In some embodiments, the pressure is from about 100 kPa (about 14.5 psia) to

about 800 kPa (about 116 psia).

The reduction can be catalyzed by a transition metal catalyst, such as palladium on

alumina (Pd/Al 20 3), which has a metal to solid support weight percentage of about 1 weight



percent to about 10 weight percent, more preferably about 5 weight percent. A catalyst loading

of about 0.003 mol percent to about 3 mol percent of the transition metal catalyst to 4-

nitropyrazole is preferred for the reduction.

The process of halogenating and reducing 4-nitropyrazole to 3-chloro- lH -pyrazol-4-

amine hydrochloride (la) shown in Scheme 1 can be conducted at temperatures of about 20 °C

to about 60 °C, preferably about 30 °C to about 40 °C. In some embodiments, the reaction can

b carried out in a glass reactor or a glass-lined Hastelloy C pressure reactor.

In Scheme 2, 3-chloro-l H -pyrazol-4-amine (1) is prepared by free-basing 3-chloro-l H -

pyrazol-4-amine hydrochloride (la) with a base, such as sodium bicarbonate or triethylamine.

HCI

( a )

Scheme 2

In an alternative embodiment, the compound of the formula l a can be prepared

according to Scheme 3 .

l a

Scheme 3

In the process of Scheme 3, 4-nitropyrazole is treated under reductive chlorination

conditions, wherein the reductive chlorination conditions comprise about 1 to about 10 wt Pt

or Pd/C, or a mixture thereof, in the presence of aqueous HCI under a hydrogen atmosphere of

from about 14 to about 105 psia. The reductive chlorination reaction of 4-nitropyrazole to

provide 3-chloro- 1H-pyrazol-4-aminc was previously described using Pd/A O as the catalyst

gave a low yield (58%) and did not mention the formation o any other impurities. The

process of Scheme 3 affords high selectivity (>95 ) f 3-chloro- l H -pyrazol-4-amine

hydrochloride while using concentrations HCI lower than 37%. The catalyst used for

this process can be platinum or palladium on carbon (Pt/C or Pd/C). or a mixture thereof.

Relative to Pd/A catalyst, Pd/C or Pt/C can provide higher selectivity at a given HCI

concentration. The selectivity benefit with Pt/C is more pronounced a lower HCI

concentrations. Without being bound by theory, i is believe that the activity o Pt/C catalyst



is better, which allows the reaction to proceed to completion more quickly or with a lower

amount of catalyst. Furthermore, it has been discovered that the Pt/C or Pd/C catalyst solves

the problem o a difficult catalyst filtration which was observed with the Pd/A O catalyst, as

the filtration of Pt/C or Pd/C catalyst is fast. In addition problems encountered in downstream

steps that may be attributed to the presence of minute quantities of aluminum salts dissolved in

the reaction product mixture are eliminated by using the Pt/C or Pd/C catalyst. I some

embodiments, the reaction can be carried out i a glass reactor or a glass-lined Hastelloy C

pressure reactor.

It will be appreciated that the reduction step of the processes described herein can be

carried out in the presence of additional palladium catalysts, such as palladium(II) acetate,

palladium(II) chloride, palladium(II) bromide, palladium(II) iodide, palladium(II)

acetylacetonate, allylpalladium(II) chloride dimer, palladium(II) nitrate hydrate, palladium(II)

sulfate, palladium on carbon, palladium on silica, palladium on calcium carbonate, palladium

on strontium carbonate, palladium on barium sulfate, palladium on barium sulfate, and

palladium on activated charcoal.

It will be appreciated that the reduction step of the processes described herein can be

carried out in the presence of additional platinum catalysts, such as (2,2'-

bipyridine)dichloroplatinum(II), ci -bis(acetonitrile)dichloroplatinum(II), cis-

bis(benzonitrile)dichloroplatinum(II), bis(tri-tert-butylphosphine)platinum(0), chloroplatinic

acid hydrate, (l,5-cyclooctadiene)dimethylplatinum(II), platinum(II) chloride, platinum(II)

bromide, platinum(II) iodide, platinum(IV) oxide, platinum on alumina, platinum on silica,

sulfided platinum on carbon, and platinum on activated charcoal.

It will be appreciated that the reduction step of the processes described herein can be

carried out in the presence of other transition metals, such as iron, nickel, tin, and catalysts or

pre-catalysts that may be prepared from them.

For small scale, bench top applications, the processes described herein can be conducted

in an autoclave reactor, a glass reactor, or a glass-lined reactor, preferably a glass reactor or a

glass-lined reactor. For large, commercial scale applications, the processes described herein can

be conducted in glass-lined reactors with a total capacity of about 50 L (about 13 gallons) to

about 95,000 L (about 25,000 gallons), preferably about 3700 L (about 970 gallons) to about

38,000 L (about 10,000 gallons).

The processes disclosed herein can be described according to any of the following

numbered embodiments.

1. A process for the preparation of 3-chloro-l H-pyrazol-4-amine hydrochloride (la)



I a ,

which comprises halogenating and reducing 4-nitropyrazole

with

(a) about 15% to about 40% hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) a transition metal catalyst,

at temperatures of about 20 °C to about 60 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:99 to about

3:4.

2. A process according to 1, wherein 4-nitropyrazole

is halogenated and reduced with

(a) about 36% to about 38% hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) palladium on alumina,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:99 to about

3:4.

3. A process according to 1, wherein 4-nitropyrazole



is halogenated and reduced with

(a) about 36% to about 38% hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) platinum on carbon,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:99 to about

3:4.

4 . A process according to 1 or 2 , wherein 4-nitropyrazole

is halogenated and reduced with

(a) about 36% to about 38% hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) palladium on alumina,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:9 to about

3:4.

5 . A process according to 1 or 2 , wherein 4-nitropyrazole

is halogenated and reduced with

(a) about 36% to about 38% hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) palladium on alumina,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:9.

6 . A process according to 1 or 3 , wherein 4-nitropyrazole



is halogenated and reduced with

(a) about 36% to about 38% hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) platinum on carbon,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:9 to about

3:4.

7 . A process according to 1 or 3 , wherein 4-nitropyrazole

is halogenated and reduced with

(a) about 36% to about 38% hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) platinum on carbon,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:9.

8 . A process for the preparation of 3-chloro-l H -pyrazol-4-amine hydrochloride (la)

I a ,

which comprises halogenating and reducing 4-nitropyrazole

with

(a) about 10 M to about 13 M hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) a transition metal catalyst,



at temperatures of about 20 °C to about 60 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:99 to about

3:4.

9. A process according to 8, wherein 4-nitropyrazole

is halogenated and reduced with

(a) about 11.6 M to about 12.4 M hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) palladium on alumina,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:99 to about

3:4.

10. A process according to 8, wherein 4-nitropyrazole

is halogenated and reduced with

(a) about 11.6 M to about 12.4 M hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) platinum on carbon,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:99 to about

3:4.

11. A process according to 8 or 9, wherein 4-nitropyrazole

is halogenated and reduced with

(a) about 11.6 M to about 12.4 M hydrochloric acid,



(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) palladium on alumina,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:9 to about

3:4.

12. A process according to 8 or 9, wherein 4-nitropyrazole

is halogenated and reduced with

(a) about 11.6 M to about 12.4 M hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) palladium on alumina,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:9.

13. A process according to 8 or 10, wherein 4-nitropyrazole

is halogenated and reduced with

(a) about 11.6 M to about 12.4 M hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) platinum on carbon,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:9 to about

3:4.

14. A process according to 8 or 10, wherein 4-nitropyrazole

is halogenated and reduced with



(a) about 11.6 M to about 12.4 M hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) platinum on carbon,

at temperatures of about 30 °C to about 40 °C, optionally in the presence of an additional

alcoholic solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:9.

15. A process according to any one of 1 to 14 further comprising, free-basing 3-chloro-l H -

pyrazol-4-amine hydrochloride (la)

HCI (la),

with a base to yield 3-chloro-l H -pyrazol-4-amine (1)

16. A process according to any one of 2, 4, 5, 9, 11, or 12, wherein palladium on alumina

has a metal to solid support weight percentage of about 1 weight percent to about 10 weight

percent.

17. A process according to any one of 2, 4, 5, 9, 11, or 12, wherein palladium on alumina

has a metal to solid support weight percentage of 5 weight percent.

18. A process according to any one of 3, 6, 7, 10, 13, or 14, wherein platinum on carbon has

a metal to solid support weight percentage of about 1 weight percent to about 10 weight

percent.

19. A process according to any one of 3, 6, 7, 10, 13, or 14, wherein platinum on carbon has

a metal to solid support weight percentage of 5 weight percent.

20. A process according to any one of 1 to 14, wherein the alcoholic solvent is ethanol.

21. A process according to any one of 1 to 14, wherein the alcoholic solvent is isopropanol.

EXAMPLES



These examples are for illustration purposes and are not to be construed as limiting this

disclosure to only the embodiments disclosed in these examples.

Starting materials, reagents, and solvents that were obtained from commercial sources

were used without further purification. Melting points are uncorrected. Examples using "room

temperature" were conducted in climate controlled laboratories with temperatures ranging from

about 20 °C to about 24 °C. Molecules are given their known names, named according to

naming programs within Accelrys Draw, ChemDraw, or ACD Name Pro. If such programs are

unable to name a molecule, such molecule is named using conventional naming rules. 1H NMR

spectral data are in ppm (δ) and were recorded at 300, 400, 500, or 600 MHz; 13C NMR spectral

data are in ppm (δ) and were recorded at 75, 100, or 150 MHz, and 19F NMR spectral data are

in ppm (δ) and were recorded at 376 MHz, unless otherwise stated.

Example 1: - Preparation of 3-chloro-l H -pyrazol-4-amine hydrochloride, compound la, using

Pd/Al 0 3 catalyst

l a B

1A. General method for the preparation of 3-chloro-l H -pyrazol-4-amine hydrochloride,

compound l a using high pressure glass lined Hastelloy reactor

To a Hastelloy C autoclave reactor was added 4-nitropyrazole (4.50 g, 39.8

mmol), EtOH (45 mL), 37% HCI (60mL), and 5% Pd/Al 20 3 (240mg, 0.11 mmol). The

reactor was assembled and stirred under a N2atmosphere. The reaction temperature was

adjusted to 30 °C, and the mixture was sparged with N2 (2 times) and then checked for

pressure leaks using N2. The reaction was then purged with H2 (144psig) to remove any left

over N2, and then vented. H2 was then added to a pressure of 104 psig and reaction let stir at

that pressure. Upon determination of reaction completeness the reaction was purged with N2

(2times) and disassembled. The crude solution was then filtered using a glass fiber

filter and assayed using an internal method. The ratio of the products l a to B were then

determined using 1H NMR based on known literature spectra.

IB. General method for the preparation of 3-chloro-l H -pyrazol-4-amine hydrochloride,

compound l a using glass reactor



To a 4 L glass reactor was added 4-nitropyrazole (76. 3g, 0.66 mol, 98.3% assay), 5%

Pd/Al 20 3 (44.4 g, 19.9 mmol, 4.53% water wet), and 37% aq , hydrochloric acid 1035 g .

The reactor temperature was adjusted to 30 °C. The reactor headspace was purged with N2,

then H2 (without agitation). The agitation blade speed was set to 300 RPM, and then

H2 was bubbled through the reactor at a low flow rate (<100 mL/min). Upon

determination of reaction completion, the reaction was purged with N2, and the catalyst was

filtered using a glass fiber filter and assayed using an internal method. The ratio of the

products l a and B were then determined using IH NMR based on known literature spectra.

Table 1 provides a summary of conditions and results for preparing using the above

procedures 1A and IB where the ratio of the products l a to B was determined by IH NMR

based on known literature spectra.

Table 1

Example 2 : - Preparation of 3-chloro-l H -pyrazol-4-amine hydrochloride, compound la, using

Pt/C or a mixture of Pt/C and Pd/C catalyst



2

la B

2A. General method for the preparation of 3-chloro-l H -pyrazol-4-amine hydrochloride,

compound l a using high pressure glass lined Hastelloy reactor

In a glass lined Hastelloy C Parr reactor was added 4-nitropyrazole (7.17 g, 97.6%

purity, 61.9 mmol), 37% HCI (73.5 mL, 86.97 g), 2-propanol (IPA, 8.15 mL, 6.3 g, 10 volume

%), and 5% Pt/C catalyst (1.35 g, 4.86wt% Pt, 0.54 mole% Pt relative to 4-nitropyrazole). The

reactor was sealed and the vessel was inerted by pressurizing with nitrogen (150 psig) and

venting (2 times) and then checked for leaks using nitrogen pressure at 150 psig. The vessel

was vented and then purged with hydrogen (100 psig) and then pressurized to 90 psig hydrogen.

The reaction was heated to 30 °C and the agitation was set to 800 rpm. The hydrogen uptake

rate was monitored and the reaction was continued until the hydrogen uptake rate reached 0

after 2.5 hours. The reaction was cooled, and the vessel was purged with nitrogen (2 times). The

reactor was opened and the product mixture was collected. The reaction mixture was assayed

using an internal standard HPLC method to determine a reaction yield of 96.8% of 3-chloro-

lH -pyrazol-4-amine hydrochloride (la). The ratio of the products l a to B were then

determined using 1Η NMR based on known literature spectra.

2B. General method for the preparation of 3-chloro-l H -pyrazol-4-amine hydrochloride,

compound l a using glass reactor

To a 4 L glass jacketed reactor was added 6.26 g of water wet 5%Pt/C catalyst (58.5 %

water, 2.08% Pt when corrected for water, 0.1 mole%), 37% HCI (930.6 g), 4-nitropyrazole

(77.0 g, 97.6wt% purity, 0.66 mole), and isopropanol (70.26 g). The mixture was agitated at

400 rpm and warmed to 30 °C. The reactor headspace was purged with nitrogen and then

hydrogen (without agitation). The agitation was set to 300 rpm, and then hydrogen was bubbled

subsurface through the reaction mixture at 0.2 L/min. After 24 hours of reaction time, the

reaction was incomplete at approximately 50% conversion. The reaction was purged with

nitrogen and additional 5%Pt/C catalyst (6.23 g) was added to the reaction. Hydrogen addition

was resumed and 100% conversion was attained after 5 additional hours of reaction time. The

reaction mixture was purged with nitrogen and the catalyst was removed by filtration through a

glass fiber filter. The filtered product mixture was assay by an internal standard HPLC method

to determine an in-pot yield of 93.5% of 3-chloro-l H -pyrazol-4-amine hydrochloride (la). The



ratio of the products l a to B were then determined using 1H NMR based on known literature

spectra.

Table 2 provides a summary of conditions and results for preparing using the above

procedures 2A and 2B where the mole % of product l a was determined by 1H NMR as the

ratio of the products l a to B based on known literature spectra. Figure 1 provides a

Comparison of selectivity with Pt/C vs Pd/Alumina catalysts at different HCl concentrations. In

the column "Type" this indicates the manufacturer for: A is Evonik Industries Noblyst®

P2060; B is Evonik Industries Noblyst® P2061; C is Johnson Matthey B1034018-5; D is Sigma

Aldrich lot MKBT9539V; E is Evonik Industries Noblyst® P2055; and F is Clariant lot 136-63.

Table 2



5% Pt/ C A 0.10% 17 0 30 90 83.2 88.9

PtCl2
0 50% 37 10% 30 90 14.0 78 0

5% Pt/ C E 0.10% 22 0 30 90 90.9 92 6

3 Pt/ C 0.10% 22 0 30 90 88.0 88.7

5% Pt/ C A 0.10% 37 10% 0-5 90 95.3 97.7

5% Pt/ C A 0.10% 32 0 30 70 91.2 97.0

5% Pt/ C A 0 10% 32 0 40 90 95.4 97 0

5% Pt/ C A 0 10% 22 0 30 70 88.3 90.3

5% Pt/C A 0.10% 37 10% 20 90 99 0 96.1

5% Pt/C B 0 10% 32 0 30 90 96.0 94 2

5% Pt/C B 0 10% 37 0 30 90 94.6 95 7

5% Pt/C F 0.10% 32 0 30 90 94.7 93.3

5% Pt/C E 0.10% 32 0 30 90 90.7 92.9

5% Pt/C E 010% 32 0 30 90 90 0 92 8

5% Pt/C A 0.05% 32 0 30 90 98.5 95.3

10%Pt/C E 0 10% 22 0 30 90 87.8 90.0

10%Pt/C A 0.10% 22 0 30 90 87.8 89 3

10%Pt/C E 0.05% 22 0 30 90 89.6 89 8

10%Pt/C A 0.05% 22 0 30 90 90.2 89.7

10%Pt/C E 0.05% 22 0 30 50 87.7 90.2

10%Pt/C E 0.05% 32 0 30 90 94.6 94.6

3-Chloro-l H -pyrazol-4-amine hydrochloride (la):

To a Hastelloy ® C autoclave reactor was added 4-nitropyrazole (4.61 g, 40.8 mmol),

ethanol (45 mL) and 31% hydrochloric acid (60 mL) (v/v 3:4), and palladium on alumina (5



weight percent, 0.240 g, 0 .110 mmol). The reactor was assembled and stirred under a nitrogen

atmosphere. The reaction temperature was adjusted to 30 °C, and the mixture was sparged with

nitrogen (2x) and then checked for pressure leaks using nitrogen. The reaction was then purged

with hydrogen (720 kPa) to remove an excess nitrogen and then vented. Hydrogen was then

added to a pressure of 720 kPa and the reaction was heated to 40 °C. When the reaction was

complete the vessel was purged with nitrogen (2x) and disassembled. The crude solution was

then filtered using a glass fiber filter and assayed using an internal standard HPLC method

(4.50 g, 75%): 1H NMR (400 MHz, MeOD) δ 8.03; 1 C NMR (400 MHz, MeOD) δ 110.91,

127.64, 134.80. The ratio of the title compound to lH -pyrazole-4-amine hydrochloride (about

7:1) was determined by 1H NMR.

Example 2 : 3-Chloro-l H -pyrazol-4-amine hydrochloride (la):

To a Hastelloy ® C autoclave reactor was added 4-nitropyrazole (4.50 g, 39.8 mmol),

ethanol (45 mL) and 37% hydrochloric acid (60 mL) (v/v 3:4), and palladium on alumina (5

weight percent, 0.240 g, 0 .110 mmol). The reactor was assembled and stirred under a nitrogen

atmosphere. The reaction temperature was adjusted to 30 °C, and the mixture was sparged with

nitrogen (2x) and then checked for pressure leaks using nitrogen. The reaction was then purged

with hydrogen (990 kPa) to remove an excess nitrogen and then vented. Hydrogen was then

added to a pressure of 720 kPa and the reaction was heated to 40 °C. When the reaction was

complete the vessel was purged with nitrogen (2x) and disassembled. The crude solution was

then filtered using a glass fiber filter and assayed using an internal standard HPLC method

(4.71 g, 77%). The ratio of the title compound to lH -pyrazole-4-amine hydrochloride (10:1)

was determined by 1H NMR.

Example 3 : 3-Chloro-l H -pyrazol-4-amine hydrochloride (la):

To a glass reactor (4 L) was added 4-nitropyrazole (76.3 g, 0.66 mol), palladium on

alumina (5 weight percent, 44.4 g, 19.9 mmol), and 31% hydrochloric acid (1035 g). The

reactor temperature was adjusted to 30 °C. The reactor headspace was purged with nitrogen,

then hydrogen gas (without agitation). The agitation blade speed was set to 300 RPM, and then

hydrogen gas (100 kPa) was bubbled (subsurface) through the reactor at a flow rate less than

100 niL/min. Upon reaction completion, the reactor was purged with nitrogen. The crude

solution was then filtered using a glass fiber filter and assayed using an internal standard HPLC

method (88.4 g, 87%). The ratio of the title compound to lH -pyrazole-4-amine hydrochloride

(12:1) was determined by 1H NMR.



Example: 4 3-Chloro-l H -pyrazol-4-amine hydrochloride (la):

To a glass reactor (4 L) was added 4-nitropyrazole (76.3 g, 0.66 mol), palladium on

alumina (5 weight percent, 44.4 g, 19.9 mmol), and 37% hydrochloric acid (1035 g). The

reactor temperature was adjusted to 30 °C. The reactor headspace was purged with nitrogen,

then hydrogen gas (without agitation). The agitation blade speed was set to 300 RPM, and then

hydrogen gas (100 kPa) was bubbled (subsurface) through the reactor at a flow rate less than

100 mL/min. Upon reaction completion, the reactor was purged with nitrogen. The crude

solution was then filtered using a glass fiber filter and assayed using an internal standard HPLC

method (97.6 g, 96%). The ratio of the title compound to lH -pyrazole-4-amine hydrochloride

(32:1) was determined by 1H NMR.

Example 5 : 3-Chloro-l H -pyrazol-4-amine hydrochloride (la):

To a glass reactor (4 L) was added 4-nitropyrazole (76.3 g, 0.66 mol), palladium on

alumina (5 weight percent, 44.4 g, 19.9 mmol), and 37% hydrochloric acid (1035 g). The

reactor temperature was adjusted to 40 °C. The reactor headspace was purged with nitrogen,

then hydrogen gas (without agitation). The agitation blade speed was set to 300 RPM, and then

hydrogen gas (100 kPa) was bubbled (subsurface) through the reactor at a flow rate less than

100 mL/min. Upon reaction completion, the reactor was purged with nitrogen. The crude

solution was then filtered using a glass fiber filter and assayed using an internal standard HPLC

method (96.6 g, 95%). The ratio of the title compound to lH -pyrazole-4-amine hydrochloride

(49:1) was determined by 1H NMR.

Example 6 : 3-Chloro-l H -pyrazol-4-amine hydrochloride (la):

To a glass reactor (150 mL) was added 4-nitropyrazole (9.82 g, 85.3 mmol), palladium

on alumina (5 weight percent, 5.81 g, 2.5 mmol), and 37% hydrochloric acid (135.6 g). The

reactor temperature was adjusted to 30 °C. The agitation was started and the reactor was purged

with nitrogen, then hydrogen gas. Hydrogen gas (about 240 kPa) was bubbled (subsurface)

through the reactor at a flow rate less than 50 mL/min. Upon reaction completion, the reactor

was purged with nitrogen. The crude reaction mixture was assayed using an internal standard

HPLC method. The mole ratio of the title compound to lH -pyrazole-4-amine hydrochloride

(25:1) was determined by 1H NMR.

Example 7 : 3-Chloro-l H -pyrazol-4-amine hydrochloride (la):



To a glass reactor (4 L) was added 4-nitropyrazole (154 g, 1.33 mol), palladium on

alumina (4.77 weight percent, 29.6 g, 13.3 mmol), isopropanol (138 g), and about 37%

hydrochloric acid (1896 g) (v/v 1:9). The reactor temperature was adjusted to 30 °C. The

reactor headspace was purged with nitrogen, then hydrogen gas (without agitation). The

agitation blade speed was set to 400 RPM, and then hydrogen gas (about 100 kPa) was bubbled

(subsurface) through the reactor at a flow rate less than 100 mL/min. Upon reaction completion,

the reactor was purged with nitrogen. The crude solution was then filtered using a glass fiber

filter and assayed using an internal standard HPLC method (196 g, 95%). The ratio of the title

compound to l H -pyrazole-4-amine hydrochloride (24:1) was determined by 1H NMR.

Example 8 : 3-Chloro-l H -pyrazol-4-amine hydrochloride (la):

To a glass-lined Hastelloy ® C autoclave reactor was added 4-nitropyrazole (7.17 g, 61.9

mmol), isopropanol (8.15 mL), and about 37% hydrochloric acid (73.5 mL) (v/v 1:9), and

platinum on carbon (5 weight percent, 1.35 g, 0.54 mol %). The reactor was sealed and the

vessel was purged with nitrogen (about 1000 kPa) and vented (2x). The vessel was vented and

then purged with hydrogen gas (about 800 kPa) and then pressurized to about 720 kPa with

hydrogen gas. The reaction was heated to 30 °C, and the agitation was set to 800 RPM. The

hydrogen uptake rate was monitored and the reaction was continued until the hydrogen uptake

ceased. The vessel was vented and purged with nitrogen (2x). The reactor was opened, and the

product mixture was collected. The reaction mixture was assayed using an internal standard

HPLC method (9.24 g, 97%). The ratio of the title compound to l H -pyrazole-4-amine

hydrochloride (24:1) was determined by 1H NMR.

COMPARATIVE EXAMPLES

Example CE-1: Synthesis of 3-chloro-l H -pyrazol-4-amine hydrochloride (la) using Dahlbom

et al. method.

Example CE- 1 is a comparative example wherein 4-nitropyrazole is halogenated and

reduced with the Dahlbom et al. conditions. Treatment of 4-nitropyrazole with about 15% (5 M)

hydrochloric acid in ethanol at a v/v ratio of ethanol to hydrochloric acid of about 4:1, afforded

the halogenated product 3-chloro-l H -pyrazol-4-amine hydrochloride (la) with a 1.6 times to

9.8 times less or 160% to 980% lower selectivity to the undesired non-halogenated product 1H -

pyrazol-4-amine hydrochloride, than the selectivity obtained using the conditions of the present

disclosure.



The Dahlbom report does not disclose the temperature at which this process is

conducted, nor does it report the catalyst loading of palladium on alumina. The following

reaction was conducted at room temperature with a catalyst loading of palladium on alumina of

0.3 mol percent.

lW-pyrazol-4-amine4-nitropyrazole (la) hydrochloride

A Parr bottle (500 mL) was charged with 4-nitropyrazole (3.00 g, 26.5 mmol),

palladium on alumina (5 weight percent, 0.150 g, 0.0705 mmol), about 15% (5 M) hydrochloric

acid (12 mL), and ethanol (50 mL). The mixture was purged with nitrogen (3x), and hydrogen

(3x). The reaction was agitated under 3-3.5 atmospheres (about 300 to about 350 kPa)

hydrogen gas for 2 hours. The reaction mixture was filtered, and the filtrates were concentrated

to afford the crude product as a yellow solid (3.1 g). 1H NMR indicated that the crude product

contained 4-nitropyrazole, 3-chloro-l H -pyrazol-4-amine hydrochloride, and lH -pyrazole-4-

amine hydrochloride in a ratio of 1.3:1:0.2. The combined yield of 3-chloro-l H -pyrazol-4-

amine hydrochloride and l H -pyrazole-4-amine hydrochloride was determined to be about 48%.

The ratio of 3-chloro-l H -pyrazol-4-amine hydrochloride to l H -pyrazole-4-amine hydrochloride

was determined by 1H NMR to be about 5:1.

This example shows that by utilizing the conditions reported by Dahlbom et al., that a

poor selectivity of halogenated product 3-chloro-l H -pyrazol-4-amine hydrochloride (la)

HCI

(la)

-halogenated by-product lH -pyrazol-4-amine hydrochloride

HCI

lH-pyrazol-4-amine hydrochloride



of about 5:1 was observed.

In their report, Dahlbom et al. do not recognize a selectivity problem associated with

halogenating and reducing 4-nitropyrazole with their reported conditions. Consequently, they

do not address what, if any, reaction variables might be optimized to improve the poor

selectivity.

Example CE-2:Synthesis of 3-chloro-l H -pyrazol-4-amine hydrochloride (la) using diluted

hydrochloric acid such as taught by Ramsden et al., optionally in the presence of ethanol.

Example CE-2 is a further comparative example wherein 4-nitropyrazole is halogenated

and reduced with similar conditions to those reported by Ramsden et al. Treatment of 4-

nitropyrazole with about 19% (about 6 M) hydrochloric acid in ethanol at a v/v ratio of ethanol

to hydrochloric acid of 5:2, afforded the desired halogenated product 3-chloro-l H -pyrazol-4-

amine hydrochloride (la) with 2.6 times to 16 times less or 260% to 1600% lower selectivity to

the undesired non-halogenated product lH -pyrazol-4-amine hydrochloride, than the selectivity

obtained using the conditions of the present disclosure.

The Ramsden report does not disclose the weight percent of palladium on alumina or the

type of reaction vessel used. The following reaction was conducted in Hastelloy® C autoclave

reactor with a eight percent of palladium on alumina of 5 weight percent.

lH-pyrazol-4-amine
hydrochloride

To a Hastelloy C autoclave reactor was added 4-nitropyrazole (4.50 g, 39.8 mmol),

ethanol, about 19% (about 6 M) hydrochloric acid, and palladium on alumina (5 weight percent,

0.240 g, 0.110 mmol). The reactor was assembled and stirred under a nitrogen atmosphere. The

reaction temperature was adjusted to 30 °C, and the mixture was sparged with nitrogen (2x) and

then checked for pressure leaks using nitrogen. The reaction was then purged with hydrogen

(about 990 kPa) to remove an excess nitrogen and then vented. Hydrogen was then added to a

pressure of about 720 kPa and the reaction was heated to 40 °C. When the reaction was

complete the vessel was purged with nitrogen (2x) and disassembled. The crude solution was

then filtered using a glass fiber filter and assayed using an internal standard HPLC method

(3.60 g, 59%, in pot). The ratio of the title compound to lH -pyrazole-4-amine hydrochloride

was determined by 1H NMR to be about 3:1.



This example shows that by utilizing similar conditions reported by Ramsden et al., that

a poor selectivity of halogenated product 3-chloro-l H -pyrazol-4-amine hydrochloride (la) to

non-halogenated by-product lH -pyrazol-4-amine hydrochloride of about 3:1 was observed.

In their report, Ramsden et al. do not recognize a selectivity problem associated with

halogenating and reducing 4-nitropyrazole with their reported conditions. Consequently, they

do not address what, if any, reaction variables might be optimized to improve the poor

selectivity.

Example CE-3 Synthesis of 3-chloro-l H -pyrazol-4-amine hydrochloride (la):

. . . , „ lH-pyrazol-4-amine
4-n.tropyrazole (la) hydrochloride

Example CE-3 are further comparative examples wherein 4-nitropyrazole is halogenated

and reduced with dilute hydrochloric acid (less than 31%). Treatment of 4-nitropyrazole with

diluted hydrochloric acid (less than 31%), optionally in the presence of an additional alcoholic

solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:6 to about 3:4,

afforded the desired halogenated product 3-chloro-l H -pyrazol-4-amine hydrochloride (la) with

at most 1.1 times to 7 times less or 110% to 700% lower selectivity to the undesired non-

halogenated product lH -pyrazol-4-amine hydrochloride, than the selectivity obtained using the

conditions of the present disclosure.

Procedure A

To a Hastelloy ® C autoclave reactor was added 4-nitropyrazole (4.50 g, 39.8 mmol),

ethanol, hydrochloric acid, and palladium on alumina (5 weight percent, 0.240 g, 0.1 10 mmol).

The reactor was assembled and stirred under a nitrogen atmosphere. The reaction temperature

was adjusted to 30 °C, and the mixture was sparged with nitrogen (2x) and then checked for

pressure leaks using nitrogen. The reaction was then purged with hydrogen (about 990 kPa) to

remove an excess nitrogen and then vented. Hydrogen was then added to the stated pressure and

the reaction was heated to 40 °C. When the reaction was complete the vessel was purged with

nitrogen (2x) and disassembled. The crude solution was then filtered using a glass fiber filter



and assayed using an internal standard HPLC method. The ratio of the title compound to 1H -

pyrazole-4-amine hydrochloride was determined by 1H NMR. See Table CE-3 DATA.

Procedure B

To a glass reactor (4 L) was added 4-nitropyrazole (76.3 g, 0.66 mol), palladium on

alumina (5 weight percent, 44.4 g, 19.9 mmol), and hydrochloric acid (18% or 5.7 M, 1035 g).

The reactor temperature was adjusted to 30 °C. The reactor headspace was purged with

nitrogen, then hydrogen gas (without agitation). The agitation blade speed was set to 300 RPM,

and then hydrogen gas (about 100 kPa) was bubbled (subsurface) through the reactor at a flow

rate less than 100 mL/min. Upon reaction completion, the reactor was purged with nitrogen.

The crude solution was then filtered using a glass fiber filter and assayed using an internal

standard HPLC method. The ratio of the title compound to l H -pyrazole-4-amine hydrochloride

was determined by 1H NMR. See TABLE CE-3 DATA.

It should be understood that while this invention has been described herein in terms of

specific embodiments set forth in detail, such embodiments are presented by way of illustration

of the general principles of the invention, and the invention is not necessarily limited thereto.

Certain modifications and variations in any given material, process step or chemical formula

will be readily apparent to those skilled in the art without departing from the true spirit and

scope of the present invention, and all such modifications and variations should be considered

within the scope of the claims that follow.



WHAT IS CLAIMED IS:

1. A process for the preparation of 3-chloro-l H -pyrazol-4-amine hydrochloride

(la)

I a ,

comprising halogenating and reducing 4-nitropyrazole

N

with

(a) about 17% to about 40% hydrochloric acid,

(b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and

(c) a transition metal catalyst selected from the group consisting of palladium on

alumina (Pd/Al20 3), palladium on carbon (Pd/C), platinum on carbon (Pt/C), and mixtures

thereof,

at temperatures of about 20 °C to about 60 °C, optionally in the presence of an alcoholic

solvent at a v/v ratio of alcoholic solvent to hydrochloric acid of about 1:99 to about 3:4.

2 . The process according to claim 1, wherein the transition metal catalyst is

palladium on alumina.

3 . The process according to claim 1, wherein the transition metal catalyst is

palladium on carbon.

4 . The process according to any one of claims 1 to 3, comprising about 36% to

about 38% hydrochloric acid.

5 . The process according to any one of claims 1 to 3, wherein the temperature

about 20 °C to about 40 °C.



6 . The process according to any one of claims 1 to 3, wherein the v/v ratio of

alcoholic solvent to hydrochloric acid is about 1:9 to about 3:4.

7 . The process according to claim 1, wherein the transition metal catalyst is

platinum on carbon.

8. The process according to claim 7, wherein the hydrochloric acid is about 17% to

about 22% v/v.

9 . The process according to claim 8, wherein the v/v ratio of alcoholic solvent to

hydrochloric acid is about 1:9 to about 3:4.

10. The process according to claim 9, wherein the v/v ratio of alcoholic solvent to

hydrochloric acid is about 1:9.

11. The process according to claim 7, wherein the hydrochloric acid is about 17% to

about 27% v/v.

12. The process according to claim 11, wherein the v/v ratio of alcoholic solvent to

hydrochloric acid is about 1:9 to about 3:4.

13. The process according to claim 12, wherein the v/v ratio of alcoholic solvent to

hydrochloric acid is about 1:9.

14. A process according to any one of claims 1, 2, 3, or 7 to 13 , further comprising

free-basing 3-chloro-l H -pyrazol-4-amine hydrochloride (la)

HCI (la),

with a base to yield 3-chloro-l H -pyrazol-4-amine (1)



15. A process according to any one of claims 1 or 2, wherein the palladium on

alumina has a metal to solid support weight percentage of about 1 weight percent to about 10

weight percent.

16. A process according to any one of claims 1 or 7 to 13, wherein the platinum on

carbon has a metal to solid support weight percentage of about 1 weight percent to about 10

weight percent.

17. The process according to any one of claims 1 or 7 to 13, wherein the alcoholic

solvent is ethanol.

18. The process according to any one of claims 1 or 7 to 13, wherein the alcoholic

solvent is isopropanol.

19. The process according to any one of claims 1 or 7 to 13, wherein the process is

performed in a glass-lined reactor.
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The inventions listed in Groups l+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups l+ formulae do not share a significant structural element requiring the selection of alternatives for the hydrochloric acid
content, hydrogen gas pressure, transition metal catalyst, and temperature and accordingly these groups lack unity a priori.

Additionally, even if Groups l+ were considered to share the technical features of a process for the preparation of
3-chloro-1H-pyrazol-4-amine hydrochloride (1a) comprising halogenating and reducing 4-nitropyrazole with (a) about 17% to about 40%
hydrochloric acid, (b) hydrogen gas at pressures of about 100 kPa to about 800 kPa, and (c) a transition metal catalyst selected from the
group consisting of palladium on alumina (PD/AI203), palladium on carbon (Pd/C) palladium on carbon (Pd/C), platinum on carbon
(Pt/C), and mixtures thereof, at temperatures of about 20 C to about 60 C, optionally in the presence of an alcoholic solvent at a v/v ratio
of alcoholic solvent to hydrochloric acid of about 1:99 to about 3:4, these shared technical features do not represent a contribution over
the prior art as disclosed by US 2012/0252779 A 1 to Ramsden et al. and US 2015/01 12075 A 1 to Dow AgroSciences LLC.

US 2012/0252779 A 1 to Ramsden et al. teach a process for the preparation of 3-chloro-1 H-pyrazol-4-amine (Para. [0677],
3-chloro-1H-pyrazol-4-amine) comprising halogenating and reducing 4-nitropyrazole (Para. [0677]) with (a) about 17% to about 40%
hydrochloric acid (Para. [0677], ...hydrochloric acid (2 mL, 6M aqueous solution...), (b) hydrogen gas at pressures of about 100 kPa
(Para. [0677], ...a balloon of H2...), and (c) a transition metal catalyst selected as palladium on alumina (PD/AI203) (Para. [0677],...
palladium on alumina...), at temperatures of about 25 C (Para. [0677], ...at rt...), in the presence of an alcoholic solvent (Para. [0677],...
ethanol...).

US 2015/01 12075 A 1 to Dow AgroSciences LLC teach a process for the preparation of 3-chloro-1H-pyrazol-4-amine hydrochloride (1a)
(Paras. [0019] and [0020]) comprising halogenating and reducing 4-nitropyrazole (Paras. [0019] and [0020]) with (a) about 17% to about
40% hydrochloric acid (Paras. [0019] and [0020]), and (c) a transition metal catalyst selected from the group consisting of palladium on
alumina (PD/AI203), (Paras. [0019] and [0020]), optionally in the presence of an alcoholic solvent at a v/v ratio of alcoholic solvent to
hydrochloric acid of about 1:99 to about 3:4 (Paras. [0019] and [0020]; 180 ml of HCI to 150 ml of ethanol.).

The inventions listed in Groups l+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.
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