4 1, 153, 555 Yield: 2.8 g
(=85% of the theoretical); in which Rerr] and Rerr], which may be the
same m p. =220-222[ err] C (deconposition). or different, are
hydrogemor—acy—groups - or ‘

together formthe dival ent radical . EXAMPLE 7

24 g sodium thiosul phate were dissol ved [err] 5 in 200 m
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COMPLETE SPECIFICATION
Preparation of a Sulphur-Containing Pyridine Derivative

We, E. MERCK AKXKTIENGESELLSCHAFT, a
German Body Corporate of Frankfurterstrasse
250, Darmstadt, Germany, do hereby declare
the invention, for which we pray that a patent
may be granted to us, and thc method by
which it is to be performed, to te particu-
larly described in and by the following state-
ment: ~—

The present invention is concerned with a
process for the preparation of the sulphur-
containing pyridine derivative of formula I:

] i

uuf\rmz—s—s——tuz o
L g % L

and its salts.

Compound I is known as a therapeutic
substance for treating cerebral involution pro-
cesses, states of nervous exhaustion due to
senile involution, arrcsted development in
childhood and other cerebral insufficiencies.

There are several known methods for pre-
paring the disulphide I: .

According to German Patents No.
1,135,460 and 1,197,455, the compeund caz
be prepared by reacting a salt of 4,5-bis-
bromomethyl - 3 -hydroxy - 2 - methyl -
pyridine with an alkali metal xanthate and
then treating the product with a base or by
reacting said salt with an inerganic disul-
phide. In another known process (German
Patents No. 1,222,052 and 1,227,908} the
disulphide I is obtained by the oxidation of
2 - methyl - 3 - hydroxy - 4 - hydroxy -
methyl-5S-mercaptomethyl-pyridine or by rc-
acting the corresponding 5-halcgen methyl
compound with a disulphide (the hydroxy
groups in the starting materials arc pro-

~ tected, for cxample by acyl groups) and then

[Price 4s. 6d.]

splitting off the protective groups. In another
known process, compound I is prepared by
treating 5 - chloromethyl - 3 - hydroxy - 4 -
hydroxymethyl - 2 - methyl - pyridine with
thiourea, an alkali and an oxidising agent
(Spanish Patent No. 305,156). According to
a Japanese publication, the disulphide I can
also be obtained by treating 3-hydroxy-4-
hydroxy - methyl - 2 - methyl - 5 - thio -
cyanomethyl-pyridine with an alkali or by
the action of thiourea, potassium iodide or
ammonium thiocyanate on 2 - methyl - 3 -
hydroxy - 4 - hydroxymethyl - 5 - thio -
sulphatomethyl-pyridine in acid solution (Vita-
mines [Kyotc], Vol. 30, No. 6, page 431
(1964)). Japanese Patent Publication No.
19067 /1966 also discloses a process in which
compound I is prepared from 2-methyl-3-
hydroxy - 4 - hydroxymethyl - 5 - thiosul -
phato-methyl-pyridine by reaction with an
alkali metal hydrogen sulphide cr a Jower
alkyl mercaptan salt.

Only a few of the known processes for
preparing the disulphide I arc suitable in
practice, since most of them give low yields
and a final product that is very difficult to
purify; the main disadvantage of most known
processes is that the final product is impure.
As the disulphide I is used as the active sub-
stance in pharmaceutical compositions, it is
cssential to manufacture a pure compound
which is as free as possible from toxic by-
products. Another disadvantage of most
known methods is that very bad smells are
produced by the use of sulphides or mer-
captan salts, especially when working in acid
solution (e.g. in the method according to
Japancse Patent Publication No. 19067 /1966).

We have now developed an improved pro-
cess for the preparation of compound I and
its salts, which process is well suited for
operation on a commercial scale and which
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m p. =220-222[err] C (deconposition).

t he reaction
a neutral,

al kal i ne—pH—=and; if desprgd;; T

cycl ohexylidene - 3 - chiwt

medi um and t hen adj usting
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weakly acidic or weakly EXAMPLE 8
n lng 1Rg 55 \20a 53502475 -
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methyl - 5 - hydroxy - 4 "’hyd?oxyrret hyI - addition or quaternary (ammnl um
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VHAT V\E e, q, is acids, such as zinc chlonde
y - aluminiu ‘rlde Stron m+ner ids
process cl ai I n any of am preferr é& %

clmlms 1to 5.

ferent, are hydrogen or alkyl groups contain-
ing up to 5 carbon atoms or together form a
alkylidene group containing up to 5 carbon
atoms or, together with the carbon atem to
which they are attached, form a 5- or 6-
membered hydrocarbon ring, and

M is an alkali metal, preferably sodium or
potassium, with an acidic medium and then
adjusting the reaction mixture to a neutral,
weakly acid or weakly alkaline pH and, 1f
desired, converting the product of formula I
obtained to an acid addition for quaternary
ammonium salt thereof.

It is an unexpected disccvery that disul-
phide I can be prepared from Bunte salt II
by simple treatment with acid. It has been
stated in the literature that a Buate salt
does not give a disulphide when trcated with
acids (cf. Fourn.Chem.Soc. 1962, page 2172,
last paragraph). It could not therefore have
been anticipated that high yields of purc di-
sulphide I can be prepared by the process
according to the present invention.

In the starting spsteriad—II used in the
process according to the invention, the radi-
cals R, and R, are hydrogen or acyl groups,
particularly acyl groups containing up to 4
carbon atoms, such as formyl, acetyl, rro-
pionyl and butyryl. R; andfor R, can be
hydrogen or lower alklyl groups with up tc 5
carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl or butyl, or the radicals R, and R,
together form an alkylidene group, for ex-
ample methylene, ethylidene, n-propylidene,
isopropylidene, butylidene, pentylidene, hexyl-
idene, heptylidene, cctylidene or: ncanylidene.
The radicals R; and R, may also be. linked
together to form a 5- or 6-membered ring,
preferably a cyclopentane or cyclohexane ring.
The most preferred starting material II is

hydpa@blwt
d 4&sfa tUF?eltflprqlTeph _the
compound, particularly when an acid is used,
in a concentraticn of from 5 to 20% bty
weight. The time needed for optimum con-
version varies with the acidic compound used
and is everr more dependent on the temper-
ature. In general, it has been found advan-
tageous to let the acidic compound react with
the starting material II for a time. varying
from 5 minutes to several hours, for example
up to 24 hours, At elevated temperatures,
for example at reflux temperature, the time
required to obtain optimum conversien is
shorter than at lower temperatures. It is ad-
vantageous to carry out the process at ele-
vated tcmperatures, more particularly at re-
flux temperature, in order to speed up the
reaction. A high yield of pure product can
be obtained, for example, if the starting
material Il is boiled under reflux for 15
to 45 minutes with dilute hydrechloric acid,
mere particularly with from 2N t¢ 3N hydre-
chloric acid. Quantitative conversion can also
be obtained, for example, by treating. the
starting material with about 4N hydrochloric
acid at 80°C fer 5 hours. At a lower tem-
perature, for example 60°C, high yiclds can
be obtained after approximately 18—20
hours. Hydrobromic acid ds preferably used
in a concentration of approximately 8% by
weight, the reaction being carried out at a
fairly high temperature, for example at its
boiling point, for approximately 15 two 45
minutes, The most advantageous concentra-
tion for sulphuric acid has been found to be
from 15 to 259, by weight. p-Toluene sul-
phonic acid is preferably used in a concen-
tration of approximately 15%, by weight, the
reaction being carried outkboxlmg under re-
flux for appreximately 1} to 3 hours.

The time at wh'ch optimum conversion is
achieved can be determined by taking samples

Btk Aci EHit@l the @dost slufta‘blesa| 5,
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Pr €ss,
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washed with water and acetone. Yield: 92 g

disulphide was filtered off with suction.

Bui | di ngs, London, WC. 2. from which copies may be obt at ned. 4
1, 153, 555 Meld: 2.8 g (=85%of the theoretical); in which Rerr]
and R{err], which may be the sarre1153555 m p =220-222[err] C (decaposition)
or drfrfrerent, are nydrogen or grou
t oget hewd f}ﬁﬂam Nh’r" ARy sof ‘ﬁm of the theoretcaly m P ERNBLESST Y
24 g _sqdru; mrc §¢J " I"fﬁftt‘ge aﬁss%ﬁcmsmon) [err] 5 in 200 ni
wat er, néwraB of ghtl amamppnp 3 -gshh@rpnet hyl - 5 - hydroxyl
4 - 5 be done, for example, by adding an alkah, 23.2 g 5 - tromomethyl - 3 - hydroxy -

such as an alkali metal or alkaline earth 4 - hydroxy-methyl - 2 - methyl - pyridine

metal hydroxide, for example, potassium, were suspended in 70 ml water, the suspen- 70

sodium or calcium hydroxide, or by using a sion was mixed with a_solution of 24.8 g

salt with an alkaline reaction, for cxample an sodium thiosulpbate in 130 ml of water, and

10 alkali metal or alkaline earth metal carton- the mixture was kept at 40—45°C for 13
ate or bicarbonate, such as sodium, pctassium hcurs. 50 Ml concentrated HCl were then
or calcium bicarbonate, or by adding added and thc mixture was heated under re- 75
ammonia. The reaction mixture is p-refer- flux for half an hour. After cooling, the pH
ably adjusted to a pH of from 4 to 9 or 10. cf the solution was adjusted to 6.5 and the

15 The product of formula I is thus precipit- precipitated bis - [3 - hydroxy - 4 - hydroxy -

“ ated and can be separated in conventional methyl - 2 - methyl - pyridyl - (5) - methyl]
¢ manner. If the pH is strongly alkaline, how- disulphide was filtered off with suction. 80
<3 ever, the final product partly redissolves. For  Yicld: 17 g; m.p.=220—222°C (decomposi-
2 this reason, the pH is preferably from 4 to tion).
2 20 8, and advantageously from 6.5 to 8, in order ExXAMPLE 3
5 to. encourage precipitation and minimise re- 5 g sodium 3 - hydroxy - 4 - hydroxy -
5 solution. If necessary, the product can te methyl - 2 - methyl - pyridyl - (5) - methyl - 85
¢ further purified by seerystallizing from a suit- thiosulphate were heated under reflux in 50
able solvent, such as n-butancl or dimethyl ml 4N H.SO, for 30 minutes, the mixture

25 formamide/water. was cooled and ihen neutralised. The pre-

If desired, the disulphide I can then be cipitated bis - [3 - hydroxy - 4 - hydroxy -
converted by conventional procedures to an methyl - 2 - methyl - pyridyl - (5) - methyl] 90
acid additicn salt cr quaternary ammonium disulphide was filtered off with suction.
salt. Physiologically acceptable acid addition Yield: 2.97 g {(=93%, cof theoretical); m.p.

30 salts may be obtained, for example, by =220—222°C (decomposition).
adding inorganic acids, yuch as h}dr(:"hlorxc,
hydrobremic, phosphoric, sulphuric or nitric ExXAMPLE 4
acids, or organic acids, such as alkyl sul- 0 g sodium 3 - hydrexy - 4 - hydroxy - 95
phonic acids, for example, methane sul- mcthy! - 2 - methyl - pyridyl - (5) - methyl -

35 phonic acid or p-tolusne sulphonic acid.  thiosulphate were toiled under reflux for 30
These are added to compound I in free base minutes with 100 ml 2N HBr and the mix-
form. ture then ncutralised. Yield: 4.6 g (=729,

Strong mineral acids are preferred. of theoretical) of bis - [3 - hydroxy - 4 - 100
Quaternary ammonium salts are obtained by hydroxymethy! - 2 - methyl - pyridyl - (5) -

40 rcacting the frce base I with alkyl ha'des, methyl] disulphide; m.p.=220—222°C (de-
particularly mcthyl or cthyl halides, such as composition).
methyl iodide or cthyl tromide. If an un- ExAMPLE 5
desirable acid addition salt of compound I is 5 g sodium 3 - hydroxy - 4 - hydroxy - 105
fcrmed, the basc can bte liberated and con- methyl - 2 - methyl - pyridyl - (5) - methyl -

45 verted into a different acid addition calt. thlcculphatc were boiled for 2 hours under

In order that the invention may be more reflux in 50 ml 15%, aqueous p-toluene sul-
fully understocd, the following examples are phonic acid and the solution was subsequently
given by way of illustration caly:— neutralised. Yield: 285 g (=89°% of 110

theoretical) of bis - [3 - hydroxy - 4 -
ExaMPLE 1 hydroxymethyl - 2 - methyl - pyridyl - (5) -

50 A solution of 124 g sodium thiosulphate mecthyl] disulphide; m.p.=220—222°C (de-

in 500 ml water was added, while stirring, t6  composition).

a suspension of 93.5 g S5-chloromethyl-3-

hydroxy 4 - hydroxymethyl - 2 - methyl - EXAMPLE 6 115
pyridine in 500 m! of water. The mixture 6 g sodium 2 - methyl - 3 -acetoxy - 4 -

55 was kept at 60°C for between 1 and 1% acetoxymethyl - pyridyl - (5) - methyl - thio -
hours and 200 ml concentrated HCl were sulphate (prepared by reacting the corre-
then added. The mixture was then boiled sponding S-bromomethy! pyridine compound
under reflux for half an hour. After cooking, with sodium thiosulphate) were boiled for 120
the pH of the solution was adjusted to 6—7 half an hour under reflux in 60 ml 2N

60 by the addition of dilute NaOH and the hydrochloric acid and the mixture was then
precipitated bis - [3 - hydroxy - 4 - hydroxy - neutralised with 2N caustic soda. The pre-
methyl - 2 - methyl - pyridyl - (5) - methyl] cipitated bis - [3 - hydroxy - 4 - hydroxy -
disulphide is filtered off with suction and methyl - 2 - methyl - pyridyl - (5) - methyl] 125



hydr oxynet hyl - 6- net hyl pyridine (mp.
the m xture was stirred at 60[err]C for
trated hydrochloric acid were added to the

be t he—sare—or—dif=—45""

100[err] C) were added and
2 hours. 50 M concen- 10
Rlerr] and Rlerr], which may
———mxture, which was Then boil ed—under Teflux
ferent, are hydrogen or al kyl groups con- for 30 mnutes. After
cooling, the pHof the taining up to 5 carbon atoms or together Jorm
solution was adjusted to 6-7 by the addition a al kylidene group contai ni ng
up to 5 car Qon of dilute caustic 1go;jgssand the precipitated atons or,
t oget her w th—tfe—carbon—atoms—tO 5—rs—= 3 - Nnydroxy - 4 -
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ture to a neutr I"ﬂ%’é@ﬁf i di © %§ EXAMPLE 8
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hours 10 Ml concentrated hydrochloric acid
were then added and the mixturc was heated
under reflux for 30 minutes. After cooling,
the acid solution was extracted with ether so
as to remove the liberated cyclohexanone.
The solution was neutralised by the addition
of dilute caustic soda and the precipitated
bis - [3 - hydroxy - 4 - hydroxymethyl - 2 -
methyl  pyridyl - (5) - methyl] disulphide
was filtered off w1th suction. Yield: 3.1 g;
m.p. 220—222°C (decomposition).

WHAT WE CLAIM IS:—
1. A process for the preparation of com-

pound I herein and its salts, which comprises
treating a compound of the formula:

Ao

R;ﬂf:[]—tﬂz—s —§0y~—M
He—=xy !

4 prggess according to claim 1, in which
Sle acidic medium is a dilute uOlU. ion of a
strong mineral acid.

3. A process according to claim 1 or 2,
in which the acidic medium is IN to 4N
hydrochloric acid.

4. A process according to any of claims 1
to 3, in which the reaction mixture is ad-
justed to a pH of from 6.5 to 8.

5. A process for the preparation of com-
pound I herein substantially as herein des-
cribed in any of the Examples,

6. Compound I herein and its acid addition
and quaternary ammonium salts when pre-
pared by the process claimed in any of
claims 1 to 5.

A. A. THORNTON & CO
Chartered Patent Agents
Northumberland House

303 /306 High Holborn London, W.C.1
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of dilute caustic soda and the precipitated justed to a pHof. . from6.5 to

8. bis - [3 - hydroxy - 4 - hydroxynethyl - 2 - 5. A procgss for
t he preparation of com met hyl pyridyl - (5) - nethylj -disulphide
pound | here;n substantlally as herein CigS3555 was filtered off" W|th
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of dilute caustic soda and the precipitated
bis - [3 - hydroxy - 4 - hydroxymethyl - 2 -
methyl - pyridyl - (5) - methyl] d1Sulph1de
was filtered off with suction. Yield: 17.3 g;
m.p.=220—-222°C (decomposition).

ExAMPLE 8 ~

5.35 g 4',5' - cyclohexylidene - 3 - chloro -
methyl - 5 - hydroxy - 4 - hydroxymethyl -
6—methy1-pyr1dme were suspended in 50 ml
water, 4.5 g sodium thiosulphate were added
and the mixture was stirred at 60°C for 3
hours. 10 Ml concentrated hydrochloric acid
were then added and the mixture was heated
under reflux for 30 minutes. After cooling,
the acid solution was extracted with ether so
as to remove the liberated cyclohexanone.
The solution was neutralised by the addition
of dilute caustic soda and the precipitated
bis - [3 - hydroxy - 4 - hydroxymethyl - 2 -
methyl  pyridyl - (5) - methyl] disulphide
was filtered off with suction. Yield: 3.1 g;
m.p. 220—222°C (decomposition).

WHAT WE CLAIM IS:—

1. A process for the preparation of com-
pound I herein and its salts, which comprises
treating a compound of the formula:

by
{h—S-—SHh~—MN
“3C I

Y
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R

atoms or, together with the carbon atoms to
which they are arttached, form a 5- or 6-
membered hydrocarbon ring, and

M is an -eeidie metal, with an acidic
medium and then adjusting the reaction mix-
ture to a neutral, weakly acidic or weakly
alkaline pH and, if desired, converting the
product of formula I obtamed to an acid
addition or quaternary ammonijum salt there-
of.

2. A process according to claim 1, in which
the acidic medium is a dilute ..olunon of a
strong mineral acid.

3. A process according to claim 1 or 2,
in which the acidic medium is IN to 4N
hydrochloric acid.

4. A process according to any of claims 1
to 3, in which the reaction mixture is ad-
justed to a pH of from 6.5 to 8.

5. A process for the preparation of com-
pound I herein substantially as herein des-
cribed in any of the Examples.

6. Compound I herein and its acid addition
and quaternary ammonium salts when pre-
pared by the process claimed in any of
claims 1 to 5.
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