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2, 6-di ai ni no-4,5,6, 7-tetrahydro- benzthi azole, an

i nternedi ate useful in the production of pram pexole.

The invention also relates to the synthesis of

pram pexol e.

(S)-4,5,6, 7-tetrahydro- N6- propyl - 2, 6- benzot hi azol edi am

ine (or (S)-2-amno-4,5,6,7-

t et rahydr o- 6- (propyl am ri o) benzot hi azol e), nore

commonly known as pram pexole, is used in both early
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timul ate dopam ne receptors in the brain. This has

been described in EP O 186 087. EP 0 186 087 al so

descri bes the synthesis of various teiralrydro

benzot hi azol es, including pram pexole. In particular,

the synthesis of pram pexole by the follow ng reaction

pat hway is described. An initial reaction between

brom ne and 4-acetyl ai ni do- cycl ohexanone is carried

out in glacial acetic acid, with stirring for several

hour a Lhics |

addi e e SRk plhce (5 niil S¥Rrholg s, 7tetranycro-
bensthorelen amiiniermediats usefal éd theaprddoctiost af sraofipexole. The invention also
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cyclohexanone is carried out in glacial acetic acid, with stirring for several hours at room
temperature. This is followed by the addition of thiourea under refluxing conditions. The
reaction mixture is cooled, and crystals of G6-acetylamino-2-amino-4,5,6,7-tetrahydro-
benzthiazole-hydrobromide arc precipitated. The precipitate is filtered, then washed with
water and acetone. The crystals are then dissolved in hydrobromic acid and the solution is
refluxed for several hours. The solution is then concentraied by evaporation and the residue
dissolved in methanol, from which crystals of 2,6-diamino-4,5,6,7-tetrahydro-benzthiazole-
dihydrobromide are formed. Subsequently, the 2,6-diamino-4,5,6,7-tetrahydro-benzthiazole-'
dihydrobromide may be converted te pramixexole.

This synthesis is illustrated by the following reaction scheme:
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separate reaction steps, each requiring different
conditions, solvents, tenperatures, etc. This
necessitates a di scontinuous process and nore than one
i sol ation step, which entails |onger processing tineg,
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This synthetic pathway involves separate reaction steps, each requiring different conditions,
solveats, temperatures, ctc. This necessitates a discontinuous process and more than one
isolation step, which entails longer processing time, lower yields (product is lost during each
tsolation step), increased effluent load. and increased solvent usage, in comparison with a

CONfinuous process.



used in the previously described processes. According
to one aspect of the present invention there is
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2, 6-di arnino-4,5,6, 7-tetrahydro-benzot hi azol e, which
met hod conprises conprising: (i) reacting bromne
Wi th a solution of 4-acetam do-cycl ohexanone in water
to produce 2-bronp-4-acetam do-cycl ohexanone; (ii)
after step (i), adding thiourea to produce
6- acet yl am no- 2- am no- 4, 5, 6, 7- t &t r ahydr o- benzt hi azol e-
di hyclrobromde; (iii) after step (ii), adding an
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2, 6-di arnino-4,5, 6, 7-tetrahydro- "benzt hrazol e; and ‘
Kenwhiaableefrost émcétamido-cydaticatnong, which avoids the multiple isolation steps
2,5; di am no-4,5, 6, 7-t etrahydr o- benzt hi azole free
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The bromne is preferably added dropwi se to the i )
cyslohestrat tadpredudeohaseinoiie-eslaekanene AT kigstep may be carried out in the

same reaction vessel as subsequent steps (i) to (iv), thereby avoiding an additional isolation
step.

The oxidation reaction may be carried out using oxidising ageunts including, for
example, Jones reagent, sodium hypochlorite, manganese dioxide, pyridinium dichromate or
potassium permanganate.

In step (i), the 4-acetamido-cyclohexanone solution and the bromine are preferably

" ¢ombined in the reaction vessel at a temperature in the range 5°Cto 75°C, more preferably in
the range 15°C to 40°C, and most preferably about room temperature (approximately 25°C).
The bromine is preferably added dropwise to the 4-acetamido-cyclohexanone solution. After
the bromine and the 4-acetamido-cyclohexanone solution have been combined, the mixture is

preferably heated to a temperature in the range 30°C to 80°C, more preferably 40°C to 50°C,



the brom ne and the 4-acetam do-cycl ohexanone sol ution
have been conbined, the m xture is preferably heated

W 00a/04saperature in the range 30C to 80C, norBCT/GB2003/004734
preferably 40C to 50C, WD 2004/041797
PCT/ GB2003/ 004734 4 and nost preferably about 45C,
and mai ntained at or near this tenperature until the
brom nation is conplete. The conpl etion of
brom n.ation is indicated by the elimnation of the
characteristic brown colour of ghe bromne. In step
(i i) t he terrperature is preferably increased to 50'C

f 70C to 90C, nd t .
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, {éot her aspect of the present invention there is
YB¥6vi ded a nethod of synthesising pram pexol e,

Co”ﬁ“ﬁ@étﬁ‘z@m@&@mﬁbﬁm RhcétathMoldythhexanone, may conveniently be formed by
2, 6-di am no-4, 5, tetra. hydro- benzothi azole by the

lhmmoobfﬂmelpmmd@hwemh on, then converting it to
prarq\l% a%ove described compound, 2,6-diamino-4,5,6,7-tetrahydro-benzthiazole, is

useful as an intermediate in the production of pramipexole and related compounds.

According to another aspect of the present invention there is provided a method of
synthesising pramipexole, comprising the steps of : forming 2,6-diamino-4,5,6,7-tetrahydro-
benzothiazole by the method of the present invention, then converting it to pramipexole.

The conversion of 2,6-diamino-4,5,6,7-tetrahydro-benzothiazole to pramipexole is
well known in the prior art and is described, for example, in US 4,731,374. Any of the
methods described in US 4,731,3 74, may be used in the present invention.

In one embddiﬁ]ent; the 2;6;dia'rniﬁo;d,5,6,7itetréh)}dro-bellzothiazole is converted to
pramipexole by reaction with a propionyl halide, such as propionyl bromide. under suitable
reaction conditions,

Both 2,6-diamino-4.5,6,7-tetrahydro-benzthiazole and pramipexole have an

asymmetric carbon atom, and exist as two distinct enantiomers: the S(-) isomer and the R(+)



The conversion of
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descri bed, for exanple, in US 4,731, 374. Any of the

met hods described in US 4,731, 374, may be used in the

present invention. In one enbodi nent, the

2, 6-di am no-4,5, 6, 7-tetrahydr o-benzot hi azole is

converted to pram pexole by reaction with a.

propi onyl halide, such as propignyl brom de. under

suitable reaction conditions, Both
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enant i oners | ndi
Aleenatiesly] pradnipexdle dadediedcan Be pradueedbrior to resolution, then the mixture
2,6-diamno-4,5,6, 7-tetrahydro-ben7.thiazole can be
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compounds, and thus the yield is higher and the processing time is lower. Furthermore,

owing to the absence of an organic solvent (such as acetic acid) the costs are lower, and the

reaction conditions are milder — the milder reaction conditions also have a positive impact on

product purity.
The invention will now be further described with reference to the following

Examples.

Example 1
Bromine (112g) was added dropwise to a solution of 4-acetamidocyclohexanone

{100g) in 500ml water at room temperature. The mixture was warmed to approximately

45°C and maintained at this temperature until the bromine colour had been lost. To this,



two-step propylation of the single enantioner of the

di -am no precursor conprising the steps of reaction
wowRaoh/opr7opi onanhydri de fol | owed by a reducti onPOF/GBR@3/004734

propi onyl intermedi ate. The synthesis of the present

I nvention avoids the need to isolate internediate

conpounds, and thus the yield is higher and the

processing tine is lower. Furthernore, ow ng to the

absence of an organic solvent (such as acetic acid)

the costs are lower, and the r@action conditions are

mlder - the mlder reaction conditions also have a
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%gded dropwi se to a sol ution of
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proxi nat el
filtrbiidn, bhé whakiwdl wieh clledivahadndeged.| Dsé prodiQcttsSoff-White in colour, and
2004/ 041797 PCT/ GB2003/ 004734 6 thiourea (125g) was
thgell wasppreramaielt esminikeiehteat ed to approxi mately
80C. To this, aqueous hydrobrom c acid (100m ) was
added, and the contents of the reaction vessel were

Brafpleed. The contents were then cooled to
approxi mately 10C, and neutralized with caustic |ye
sol utfpgnsolati ¢f faemsamido-cyclohexanol (100 g) in acetone (IL) was added Jones

Y " i . B 9, 1 7- - . 3 ¢
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181l Thel @edessTéferhp rengest wiiguankhedby hédition ©0kpropafsld(400 ml) and the

the yield was apdoroxi mately 60g. in vvei%(l*;qt. Exanmpl e 2
sahgent eS| Teeke Wider redusedipicERT e ARG HEKARJIS0¢ mBb Wgs added, the contents
| g ¥ p el f 5
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coreermitedinddr-reduced pressure and the residue dissolved in water (500 ml). Bromine

(112 g) was added dropwise and the further reactions were carried out as described in

Example 1.

Example 3
To a suspension of 4-acetamido-cyclohexanol (100 g) in water (300 ml) was added a

solution of 10% sodium hypochlorite {500ml) and the contents stirred at room temperature

for 12 hours. To this was added liquid bromine (112 g) and further reactions carried out as

described in Example 1.

It will be appreciated that the invention described above may be modified.



15C. The excess of the reagent was quenched by
addi tion of isopropanol (400 m) and the solvent was
wo esmwerdIunder reduced pressure. Ethyl acetat eP€BGB20083)004734
was added, the contents stirred for 10 m nutes and
t he | ower aqueous portion drained off. Ethyl acetate
was concentrated under reduced pressure and the
resi due dissolved in water (500 m). Bronmine (112 Q)
was added dropw se and the further reactions were
carried out as described in Exanple 1. Exanple 3 To a
suspensi on of 4-acetam do-cycl ohexanol (100 g) in
(300 M) was added a solution of 10% sodi um
lorite (500nl) and the contents stirred at room

tenperature for 12 hours. To this was added |iquid
brom ne (112 g) and further reactions carried out as
ldesci bwthddo M@ 2)6-diaming-H )5 dg@tambydemﬂ&a“ne@thtahak which method
C%e mvEntl on descri bedﬁazgve maybe i nodi ied.
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tm@irmacb pUﬂJmelésmlytlhemstkmmom 5,(6q7lalenfah'ycb6 befitthiazole; (iii) adding an
reacting brom a solutjion of 4-acetam do-
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met hod according to claim1 wherein step (iii) is

3 oot ARl 9R® oL Tt dtuse suscrrsisters of steps ) t

acety am no-

(i raedeeeed oo igtagdlé tchetich vesb@®t hod according to claiml
or 2, wherein any three successive steps of steps (i)

to
4 A method according to claim 1, 2 or 3, wherein steps (i) to (iv) are carried out in 2

single reaction vessel.

5 A method according to claim 1, 2, 3 or 4, further comprising, prior to step (i), the step

of oxidising 4-acetamido-cyclohexanol to produce 4-acetamido-cyclohexanone.

& A method according to claim 5, wherein the step of oxidising 4-acetamido-
cyclohexanol to produce 4-acetamido-cyclohexanons and at least three successive steps of

steps (1) to (iv) are carricd out in a single reaction vessel,

7 A method according to any preceding claim wherein in step (i) the solution of 4-

acetamido-cyclohexanone in water and bromine are combined at a temperature of from 15°C

to 40°C.



(iv) are carried out in a single reaction vessel. 4 A
nmet hod according to claim1, 2 or 3, wherein steps (i)
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5 A nmethod according to claim1, 2, 3 or 4, further
conprising, prior to step (i), the step of oxidising
4- acet am do- cycl ohexanol to produce
4- acet am do- cycl ohexanone. 6 A method according to
claimb5, wherein the step of ox%?ising 4- acet am do-
cycl ohexanol to produce 4-acet af do-cycl ohexanone and
at |l east three successive steps of steps (i) to (iv)
are carried out in a single reaction vessel, 7 A

nmet hqd acgcordi ng,to an recedi ng claimwherein in
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after the brom ne and the 4- acetam do-cycl ohexanone

brogpipatigniskamelaseen combi ned, the mixture is heated to
a tenperature of from40C to 50C, and maintai ned at
or near this tenperature until the brom nationis

9 conphahethod abedfeinBQd aa¢ GRERUMNG JIQH@WMGREIEQ§§E%%§J BeMemperature is
. Wherein, in step (ii), the tenperature is increased
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claim wherein step (iii) is carried out under

refluxing conditions. 11 A nethod according to any

10pr ecediethod hadomiimpas @hf prédetiiy higR Whdrkin 8 (ig%ﬁfﬁﬁﬁed out under
0

tep éiv,,, the reaction m xture is cooled to
repwens CRRdtiAgut ral i sed. 12 A nethod according to any
preceding claim further conprising the step of

resol vi ng
11 A method according to any preceding claim wherein, after step (iii) but before step

(iv), the reaction mixture is cooled to 5°C to 20°C, then neuiralised.

12 A method according to any preceding claim, further com‘pn'sing the step of resolving
the 2,6-diamino-4,5,6,7-tetrahydro-benzothiazole isolated in step (1v) into its R(+) and S()

enantiomers and recovering the R(+) and/or 5(-) enantiomer.

13 A method of synthesising pramipexole, comprising the steps of : forming 2,6-
diamino-4,5,6,7-tetrahydro-benzothiazole by a method according to any precedmg claim, and

converting it to pramipexole.

14 ° A method according to claim 13, wherein 2,6-diamino-4,5,6,7-tetrahydro-

benzothiazole is converted to pramipexole by reaction with a propiony! halide.

15 A method according to claim 13 or 14, wherein the 2,6-diamino-4,5,6,7-tetrahydro-

benzothiazole comprises the R(+) enantiomer.



the 2,6-diamno 14,5, 6, 7-tetrahydro- benzot hi azol e

isolated in step (iv) intoits R(+) and S(-)
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conprising the steps of : formng 2, 6-

di arnino-4,5,6, 7-tetral zydro- benzot hi a2ol e by a net hod

according to any preceding claim and converting it

to pram pexole. 14 ' A nethod according to claim 13,

wherein 2, 6-di arnino-4,5, 6, 7-te¥rahydro- benzot hi azol e

is converted to pram pexole by reaction with a

propi onyl halide. 15 A nmethod according to claim 13 or

14, wherein the 2, 6-di am no-4,5, 6, 7-tetrahydro-
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2, 6-di am no-4,5, 6, 7-tetrahydro- benzot hi azol e

conprises the S(-) enantionmer. 17 A nethod according
ITo chanethad aocordisg tatedaiei b3 tond4, wherein the 2,6-diamino-4,5,6,7-tetrahydro-
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claim 14, further conprising the step of resolving the

pram pexole into its R(+) and S(-) enantiorners and
L& ecoVenpthgdtdveording tanddier 18(-firthenasmpasig . thi%tdy of resolving the

met h_od] of synt g(ﬁ%;%p i .
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19 A method of synthesing 2,6-diamino-4,5,6,7-tetrahydro-benzthiazole substantially as

herein described with reference to the Examples.



