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Abstract of the Disclosure: 3-Methylpyrazole and its
derivatives are prepared by reacting butenediols or
ethynylalkylcarbinols or their acylates in 30-100% by
weight sulfuric acid with unsubstituted or substituted

hydrazine or its salts in the presence of catalytic
amounts of lodine or an iodine compound.
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1
The preparation of 3-methvlpyrazole

The present invention relates to a novel process

for preparing 3-methylpyrazole and its derivatives of the

R2 R3
“ ] '
H3C NN I

I
R1

formula I

where R!, R? and R? are each hydrogen or alkyl, cyclo-

alkyl, aryl or aralkyl.
"The Chemistry of Heterocyclic Compounds" Vol.

22, chapters 3 and 5 describes many ways of synthesizing
pyrazole, eg. condensation of a,pf-dicarbonyl compounds
with hydrazines, reaction of ethynylcarbonyl compounds
with hydrazines, condensation of hydraZinoacetic esters
with 1,2-diketones or reaction in the presence of 2nCl,.

The dehydrogenation of 2-pyrazoline to the
pyrazole has also been disclosed, using chlorine or
alkali metal or alkaline earth metal hypochlorites (DE-A
30 35 395), using sulfur or selenium (DE-A 30 29 160) or
using aqueous hydrogen peroxide (DE-A 34 15 385). The
thermal gas-phase dehydrogenation of 2-pyrazoline on
palladium or platinum catalysts (DE-A 32 09 148) and the

thermolysis of N-sulfonyl-2-pyrazoline to the pyrazole
(DE-A 30 35 394) have also been disclosed. Canadian

patent n® 2.018.206 further discloses the dehydro-
genation of 2-pyrazoline in sulfuric acid in the presence

of iodine compounds.
However, the processes described above are

industrially unsatisfactory, whether because the yields
are only moderate, because the industrial implementation
is difficult, because the starting materials are
complicated and difficult to obtain, because the use of
very powerful oxidizing agents or costly catalysts 1is

necessary, because the formation of toxic by-products

such as hydrogen sulfide or selenide is unavoidable, or

because the preparation of N-substituted pyrazoles 1is
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impossible.

It is an object of the present invention to make
j-methylpyrazole and its derivatives available in an
industrially more straightforward and economic way.

We have found that this object is achieved by a
process for preparing 3-methylpyrazole and its deriva-

tives of the formula I

R 2 R3
Il l I
H3C T/N
R1
where R!, R’ and R® are each hydrogen or alkyl, cyclo-
alkyl, aryl or aralkyl, which comprises reacting

2-butene-1,4-diol, l-butene-3,4-diol or their acylates or
ethynylalkylcarbinols of the formula II

2

~CH y-R 3 11

H

HC=C—

O—O—

or their acylates in 30-100% by weight sulfuric acid with
unsubstituted or substituted hydrazine of the formula III

R'~-NH-NH, IIT

where R! has the abovementioned meaning, or its salts, in
the presence of catalytic amounts of iodine or an iodine

containing compound.
The reaction is depicted below for the case where

hydrazine hydrate and 2-butene-1,4-diol are used with
hydrogen iodide as catalyst,

| B
HoN=NH; - H20 + HO—CH;~CH=CH—CH ;0H ——>  H3C~-SN-N  + 2H;0
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2 HI & H 2S04 — 15 + S0; + Z2H0

O i 4LHH0 + H3C I N lN
HoN~NH; *« H0 + H CH ;=CH=CH~CH 20H + H 3504 SO, | 2 3C~ :}!'

The reaction of hydrazine hydrate with 3-methyl-
l-pentyn-3-0l is depicted below:

| .?H3 w. | CH3:I:__W/CH3
HoN-NH, + H,0 + HC= -(':--CH 7~CH3 ———>  H3C~~N-N + 2H 50
0

N I) - >  H3C

2HI

CH 3I—|‘/CH3 . | . CH 3:[—‘/' : ] CH 3 |
H 3C~~N-N + ' N/N' +
2HI + H2804  ————— I, + S0 + 2H,0

| ?H.3 | | S CH3NCH3 .
HaN-NH7 + H,0 + Hcsc-;-fls-_-cuz—cm ———s  H3C rlvn;_ + G4H,0 + SO,
oH - "

The process accord:.ng to the lnventa.on can be
used advantageously to prepare 3~methylpyrazoles ln'very

5 good yields in a one-pot process in an :n.ndustr::.ally
' straightforward:manner. . N .
- Examples of suitable starting materials for the
synthesis are: S - |
2-butene-l,4~diol,.1-butene~3,4édiol; 2-butene-1,4-diol

diacetate, 2-butene-1,4-?-d101‘, dipr_opionate, l-butene~3,4-~
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diol diacetate, l-butene-3,4-diol dipropionate, l-butyn-
3-ol, 1l-pentyn-3-ol, 1l-hexyn-3-0l, 1l-heptyn-3-ol, 3-
methyl-l-butyn-3-0l, 3-ethyl-l-butyn-3-0l, 3-propyl-1-
butyn-3-o0l, 3-methyl-l-pentyn-3-ol, 3-ethyl-l-pentyn-3-
ol, 3-propyl-l-pentyn-3-0l, 3-methyl-l-hexyn-3-ol, 3~
ethyl-l-hexyn-3~-0l, 3-propyl-l-hexyn-3-o0l, 3-methyl-1-
heptyn-3-o0l, 3-ethyl-l-heptyn-3-0l, 3-propyl-l-heptyn-3-
ol, 4-cyclohexyl-l-butyn-3-0l, 4-cyclohexyl-3-methyl-1-
butyn-3-0l, 4-cyclohexyl-l-pentyn-3-0l, and the corres-
ponding acylates such as acetates, propionates etc. The
nature of the acid component is unimportant in this
connection. Besides esters of aliphatic carboxylic acids
such as Cf4h~alkanecarboxyllc acids, it is also possible
to use esters of aromat:.c ~or araliphatic acids. The
choice will be based pr.unar;.ly on availability, price and
removability from the reactlon,mlxture.

Suitable as secohd reaction component are,
besides hydrazine;in%%—alkylhydrazines and C,~Cy-cyclo-
alkylhydrazines such as methyl-, ethyl- ¢ propyl-, iso-

'progyl—, butyl-, isobutyl-, t-butyl-, cyclopropyl-,

cyclobutyl-, cyclopentyl- or cyclohexylhydrazine. It is
likewise possible to use'arylhydrazines or aralkylhydra-

- zines such as phenylhydraz:.ne and phenyl-cl-cé-alkyl-

hydrazxnes, it also being 90931ble for the phenyl to be
substltuted in each case, .eg.a by halogen such as
fluor:.ne, chlorine or bromn.ne, C1~C4-alkyl or Clucq-alkoxy ’
examples being phenyl~ and benzylhydra21ne.

- In place of the free hydrazxne bases lt is also

- possible to use the:.r hydrates or salts with mineral

acids, eqg. sulfuric acmd, hydrochlorlc ac;d.orﬁphosphorlc

acid.

‘Suitable meanlngs of R® and R are, Dbesides
hydrogen, Cl-ca-a.lkyl 'in _part::.cu.lar Cl-éc,,-—alkyl, and the
meanings given for R'. | ' _

Besides elemental iodine, suitable catalysts are
iodine compounds such as hydrogen iodide, alkali metal
and alkaline earth metal iodides such as those of
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lithium, sodium, potassium, cesium, magnesium and
calcium, and other metal iodides: it is also possible to
use other inorganic iodine compounds such as alkali metal
and alkaline earth metal hypoiodides, iodites, iodates
and periodates or organic iodine compounds such as alkyl
iodides, eg. methyl iodide.

Sulfuric acid is used as oxidizing agent and as
condensation catalyst and can be employed in various
concentrations. Suitable concentrations are from 30 to
100% by weight, preferably from 45 to 90% by weight.

- The reaction is expediently carried out in such
a way that 1 mole of the appropriate hydrazine is heated
with from 0.5 to 2, in particular 0.8 to 1.5, moles of
butenediol or alkynylalklearbinol at from 50 to 250°C,
in particular 80 to 200°C, preferabLy 110 to 170°C, in
sulfuric acid in the;presence of catalytlc amounts of an
iodine compound, it being p0351b1e to remove part of the
water which is present and then formed in the reaction
mixture by distillation.

However, it is also possible to carry out the
reactlon under elevated pressure in less concentrated
sulfuric acid or at correspondlngly higher temperature,
or under reduced pressure in more concentrated sulfuric
acld or at correspondlngly lower temperature.-

~ Iodine or the iodine compound is generally
employed in thJ.s reactlon 'in amounts of from 0.01 to
10 mol ¥, in partlcular 0. 05 to 5 mol %, based on
hydrazine. ‘ ' o :

The react::.on can be carrled out 1in such a way
that all the<reactants are stlrred.ln.a'vessel and heated
to the reaction temperature, or by feedlng the reactants
as mixture or separately 1nto a preheated vessel or by

initially introducing part of ‘the reactants at the

reaction temperature and adding the remaxnder dropwise.

It is also possxble for sulfuric acid itself or
hydrazine/sulfuric acid to be lnltlally introduced into
the vessel, which is then heated to the reaction
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temperature, water distilling out. The start of pyrazole
formation is evident from the evolution of sulfur
dioxide. Absorption of the sulfur dioxide in sodium
hydroxide solution results in equimolar amounts of sodium
bisulfite solution of high purity.

Cooling the reaction mixture results in the
pyrazole crystallizing as the salt with sulfuric acid.

Most of the iodide which is employed is present
in the form of hydrogen iodide, which can be reused, in
the water which is distilled out. Working up is by
neutralization of the dark-brown reaction mixture, egq.
with sodium hydroxide solution, ammonia or other in-
organic bases, and extraction several times with a
solvent. The extracts are dried and evaporated to dryness
to yield the pyrazoles in 85 - 98% purity, it being
possible to increase the jpurity'.by'_distillation or
recrystallization.

The neutralized reaction mixture can also be
worked up by distillation, the distillate being composed
of water and pure pyrazole and the residue of sodium
sulfate (or ammonium sulfate) contaminated by organic by-
products. The impure ammonium sulfate obtained as residue
from the distillation on neutralization with ammonia can
be oxidized to nitrOgen and sulfur dioxide. The latter
can be converted via S0O; back into sulfuric acid.

The process can be carried out continuously or
batchwise, under atmospheric, superatmospheric or
slightly subatmospheric pressure. ' ,

The pyrazoles I ,which‘ can be prepared by the
process according to the invention are starting materials
for organic syntheses, eg. of pharmaceutical products and

crop protection agents.

EXAMPLE 1
A mixture of 100 g (2 mol) of hydrazine hydrate,
133.6 g (2.2 mol) of 2-butene-1,4-diol and 1.5 g of
sodium iodide was added over the course of 90 minutes to

a solution of 0.5 g of sodium iodide in 539.0 g of 80%

RN
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strength sulfuric acid (4.4 mol) at 120°C. After about 70
minutes, removal of water by distillation was started and
the mixture was gradually heated to 155°C.

240 g of water were distilled out. After the
addition was complete, the mixture was stirred at 155°C
for 30 minutes, then cooled to 70°C, neutralized with
775 g of 25% strength sodium hydroxide solution and
extracted with 1,2~dichloroethane.

The combined extracts were dried over sodium
sulfate, filtered and evaporated. 155.1 g of brown oil
were obtained and distilled under reduced pressure to
yield 124.3 g of colorless liquid of boiling point 109°C
(35 torr) which was identified, by comparing the physico-
chemical data with those of a COmparison sample, as 3(5)-
methylpyrazole, '

' EXAMPLE 2
A mixture of 2 g of sodium iodide and 100 g
(2.0 mol) of hydrazine hydrate was added to 718.7 g of
60% strength sulfuric acid (4.4 mol). 378.4 g (2.2 mol)
of l-butene-3,4-diol diacetate were then added dropwise
at 90°C over the course of 30 minutes. The mixture was
heated, removing water by distillation, to 140°C over the
course of 3 hours. It was then stirred at 140°C for a
further half hour. A total of 680 g of water/acetlc acid
was d::..stn.lled out. The mixture was cooled to 70°C,
ne_ut:calJ.zed with 1240 g o_f 15% strength sodium hydroxide
solution and extracted" 4 times with 1 .2 dichloroethane.
The combined organic extracts were dried over sodium
sulfate, filtered and evaporatede 178.3 g of a brown oil
were obtained and distilled under reduced pressure to

vield 118 g of 3-methylpyrazole

EXAMPLE 3

A solution of 1 g of sodium iodide in 50 g
(1L mol) of hydrazine hydrate was added dropwise to
431.2 g of 50% strength sulfuric acid (2.2 mol). The
resulting suspension was heated to 90°C and 107.8 g
(1.1 mol) of 3-methyl-l-pentyn-3-ol were added dropwise
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over the course of 30 minutes. The mixture was heated to
140°C, removing a total of 210 g of water by distilla-
tion, over the course of 100 minutes. Another gram of
sodium iodide was added and the mixture was heated to
150°C and stirred at this for 15 minutes. A total of
240 g of water was distilled out. The mixture was then
cooled to 70°C and neutralized with 575 g of 15% strength
sodium hydroxide solution. The neutralized reaction
mixture was extracted 4 times with 1,2-dichloroethane.
The combined extracts were dried over sodium
sulfate, filtered and evaporated. 114.8 g of a brown oil
were obtained and dissolved in 210 g of 15% strength
sulfur::.c acid and, after addition of active carbon,
stirred. The actlve carbon was flltered off and the

_flltrate was made alkal:.ne with 15% strength sodium

hydroxz.de gsolution, Wthh preca.pltated a solid which
melted at 152°C and was 1dent1.f1ed by elemental analysrs,

IR, NMR and mass spectra as 3,4 S-trrmethylpyrazole

EXAMPLE 4

40 g (l mol) of methylhydraz:.ne and 1 g of sodium
iodide were added to 308 0 g of 70% strength sulfuric

~acid (2.2 mol). 196.8 g (1.1 mol) of 2~ butene-l 4-diol

were added dropwn.se to this at 120 C over the course of
90 minutes. The ma.xture was heated to 130°C, remov:.ng

water by dJ.st:Lllat;Lon, over the course of half ‘an hour

and was stirred at thls temperature for a further half

- hour. A total of 155 g of water was dJ.stJ.lled out The
- reaction mixture was then neutral:n.zed at '70 C with 655 g

of 15% strength sodlum hydroxlde solutlon and extracted
with 1 2-d.1.chloroethane ‘The comb:l.ned ‘organic extracts

were dried, filtered and evaporated 58 59 of a brownlsh
red oil were obtalned '

Distrllation under reduced pressure resulted in
a 51% yield of a liquid of bolllng point 81°C (90 torr),

- which was J.dentlf:l.ed by IR and NMR spectra as a 1:1

mixture of 1,3- and 1,5-d1methylpyrazole.

|
f

5
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EXAMPLE 5

46 g (1 mol) of methylhydrazine and 1 g of sodium
iodide were added to 431.2 g of 50% strength sulfuric

acid (2.2 mol). 107.8 g (1.1 mol) of 3-methyl-l-pentyn-
3-ol were added dropwise at 90°C over the course of 30
minutes, and the mixture was heated to 155°C over the
course of 105 minutes. During this and the subsequent 30
minutes of stirring a total of 280 g of water were
distilled out. The reaction solution was then diluted
with 500 g of water and neutralized at 70°C with 128.7 g
of 50% strength sodium hydroxide solution. The mixture
was extracted three times with 1,2-dichloroethane, and
the combined organic extracts were dried over sodium
sulfate. Filtration and evaporation yielded a brown oil
which was distilled und_er' reduced pressure to give
101.8 g of colorless oil (82.1% of theory) of boiling
point 104°C (63 torr), which was identified by IR and NMR
spectra as 1,3,4,5-tetramethylpyrazole.

f.l
-
e}
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10
We claim:

1. A process for preparing 3-methylpyrazole and its

derivatives of the formula I

RZ:I:__T/R3
|
H3C N-N I

|
R1

where R', R® and R’ are each hydrogen or alkyl, cyclo-
alkyl, aryl or aralkyl, which comprises reacting
2-butene-1,4-diol, l-butene-3,4-diol or their acylates or

ethynylalkylcarbinols of the formula II

R 2

l
HCEC-?—CH2~R3

OH

11

or their acylates in 30-100% by weight sulfuric acid with
unsubstituted or substituted hydrazine of the formula III

R'~NH-NH, III

where R!' has the abovementioned meaning, or its salts, in
the presence of catalytic amounts of iodine or an iodine
containing compound.

2. A process as claimed in claim 1, wherein the
reaction is carried out at from 50 to 250°C.

3. A process as claimed in claim 1 or 2, wherein
the reaction is carried out in the presence of from 0.01
to 10 mol % iodine based on the hydrazine III.
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