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Background of the invention
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rel ease kinetics. The objective of the present invention is solved by the
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by the use of a boronic acid

It is the objective of the present invention to provide an improved synthesis for the
compound N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)
phenyllacetamide and a stable salt which exhibits increased long term stability and
25 improved release kinetics from pharmaceutical formulations as well as a
pharmaceutical formulations comprising that salt with improved release kinetics.

The objective of the present invention is solved by the teaching of the independent
claims. Further advantageous features, aspects and details of the invention are

30 evident from the dependent claims, the description, the figures, and the examples
of the present application.

Description of the invention

The present invention relates to an improved and novel synthesis of the
35 pharmaceutically active compound N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-

N-methyl-2-[4-(2-pyridinyl)phenyllacetamide as well as its mesylate salt. This

improved synthesis starts from the same compounds as the older known synthesis

of the state of the art but combines three reaction steps by the use of a boronic acid
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WO 2013/ 045479PCT/ EP2012/ 068938 2 derivatives or borol ane reagent. This

nodi fi cati on makes the conplete synthesis easier by avoiding two separation
and puri fwoavixmssbeps and is al so abl §6to i ncrease t hepgirardo12besbe ol der
known synthesis as described in EP 1244641 Bl on page 21 starts from
2-bronopyridine. In step 1 the 2-trinethylstannanyl pyridine is prepared in
a 45 to 50%yield (of the theory). The 2-trinethyl stannanyl pyridine is
subsequenieriyativeacoreldonildrie edduent. (4Thisonogifieatdn ma%elttlee |cbnqv1@lers thesly ai n
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(4- pyri dithe gield. phenyl )acetic acid with about 95%vyield of t heory.
Consequently, the state of the art synthesis as shown beI ow 15conpri ses
3 steps with an over all yield of about 34%including two separation and

puri f Pcat |f&p'§?eb§0\mﬁwﬂthﬁé|§eﬁ& degcriped in k1 ¢4464kBlen proa gl writs reay
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purifyin em 20 The nt hesi s_of re ention.as own ow
step 408 N&@ﬂdH&f/ﬂ-\‘ Hehn “Tho LY TP By DSk e 53gadenty
reacted with ethyl (4-bromophenyl)acetate in order to obtain the ethyl (4-pyridin-2-
ylphenyl)acetate in a 75% yield. In the third step the ethyl (4-pyridin-2-
10 ylphenyl)acetate is saponified to the (4-pyridin-2-ylphenyl)acetic acid with about

95% yield of theory. Consequently, the state of the art synthesis as shown below

B Step 1 Sn(CHs)s Step2, 75% -
A | N . |
7 45-50% 7 Step 3, NaOH/EtOH, 95% '\ N

15  comprises 3 steps with an over all yield of about 34% including two separation and
purification steps which take time and involve the use of solvents for extracting
and washing the desired compounds as well as arrangements for purifying them.

20 The synthesis of the present invention as shown below
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conbi nes the three discrete steps by using boronic acid derivatives or
borol ane or a borinane reagent which allows for synthesis of the key

i nt er mediaioeo(304pydi di n- 2- yl phenyl)acetic acid in a sirgrEPItIA®Ees8t h an
over all yield of about 40% of theory oi ding the two separation and
purification steps of the state of the art synthesis. 5 As an added
benefit, the use of boron containing reagents is advantageous over the use
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Thus the present invention is directed to a method for synthesizing N-[5-
(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyl]acet-
amide and the mesylate salt thereof according to the following steps:
20

Step A:  Reacting compound A of the following general formula A*

A*
R1



R3 represents a | eaving group under basic conditions in order to obtain the
(4-pyridin-2-ylphenyl)acetic acid as an al kaline solution of the

corr espomnaiongi3oasd4Toxyl ate salt. 20The rzﬁsul ting PCT/EP2012/068938
(4-pyridin-2-yl phenyl)acetic acid was purified by sinple washings at
different pH and clear filtration steps followed by precipitation or
crystallization, preferably by properly adjusting the pH of an aqueous

aci di ¢ savhdreion of (4-pyridin2-yl phenyl)acetic acid with an appropriate
amount of - f bly 3.8 - 4.7. Beside the sinple

washi ng ang?fsr:élo{‘%aGﬁ%ﬁ-l%%érgg, gﬁ%&%ﬁ?her purification of 25the
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(4-pyridin-2-yl phenyl)acetic 'acid obtained fromstep A wth
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t hi azol - Zrigthl/rhhiABt hy1- 244- (2- pyri di nyl ) phenyl ] acetanide. It has to be

stated that a 10nmesyl ate.salt is. disclosed. in. 2006/ 1030 but not the
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N45- (am nosul fonyl) - 4- net hyl -1, 3-t hi azol -

2-y1] - N-net hyl - 244- ( 2- pyri di nyl ) phenyl Faset am de net hanesul fonic acid nono-
15hydrate may further conprise s¥€p irected to the preparation of a

pharmaceutical conposition of sajd t hanesuPfoni ¢ aci d nonohydrate salt:
Step D. Preparing a pharmaceutic osition of the crystalline N[5-

(am nosul fonyl)-4-nmet hyl-1, 3-thi azol - 2-y1] - N-net hyl - 244- ( 2- pyri di nyl ) phenyl
]- -120acetamdinde net hanesul fonic aci d nonohydrate with at | east one

R® represents a leaving group
under basic conditions in order to obtain the (4-pyridin-2-ylphenyl)acetic acid as an
alkaline solution of the corresponding carboxylate salt.

20  The resulting (4-pyridin-2-ylphenyl)acetic acid was purified by simple washings at
different pH and clear filtration steps followed by precipitation or crystallization,
preferably by properly adjusting the pH of an aqueous acidic solution of (4-pyridin-
2-ylphenyl)acetic acid with an appropriate amount of base to 3.5 — 5.0, preferably
3.8 —4.7. Beside the simple washing and filtration step, no further purification of

25 the (4-pyridin-2-ylphenyl)acetic acid or any of the intermediates by, for instance,
recrystallization or chromatography is required.

Step B:  Reacting (4-pyridin-2-ylphenyl)acetic acid obtained from step A with

30 4-methyl-2-(methylamino)-1,3-thiazole-5-sulfonamide

CH
ke



pharmaceutically acceptable carrier, excipient, solvent and/or diluent.
Such a pharmaceutical conposition can be prepared by adm xi ng or bl endi ng
t he crystwbI20188045479 PCT/EP2012/068938
N[ 5- (am nosul fonyl) - 4- et hyl - 1, 3-t hi azdl - 2- y1] - N-net hyl- 244- (2- pyri di nyl)
25phenyl ] - acet am de net hanesul foni ¢ acid nmonohydrate together with at | east
one pharnmaceutically acceptable carrier, excipient, solvent and/or diluent.
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pair of éﬁ Efda nEPARNGet&r 6 9{%0%}6%?&85\%35'0%&&. g?’bfﬁ'ﬁﬁ NeanNte-
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Ms0-). GCeneral fornula A* as shown below RI COOR2 A* 30covers all phenyl
acetic acid esters having a | eaving group on the phenyl residue in 03|t|on
4.  ThusuRh @p@ra@namtgpqaéﬁ@@@@ﬁtt@n qan beiprepaged hyjadmisig or bR thepTs.
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pharmaceutically acceptable carrier, excipient, solvent and/or diluent.

The inventive method may further comprise step E following the step D:

30 Step E: Adding acetylsalicylic acid, trifluridine, idoxuridine, foscarnet, cidofovir,
ganciclovir, aciclovir, penciclovir, valaciclovir and/or famciclovir to the
pharmaceutical composition of the crystalline N-[5-(aminosulfonyl)-4-
methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyl]-acetamide
methanesulfonic acid monohydrate and at least one pharmaceutically

35 acceptable carrier, excipient, solvent and/or diluent.



WO 2013/ 045479PCT/ EP2012/ 068938 7 The group R2 represents an al kyl residue
wth 1 to 6 carbon atons or a cycloal kyl residue with 3 to 6 carbon atons,
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neutral molecules. Common anionic leaving groups are halides such as Cl, Br’,
and |, and sulfonate esters, such as para-toluenesulfonate ("tosylate”, TsO"),
trifluoromethanesulfonate  (“triflate”, TfO~, CF3S0,07), benzenesulfonate

25 (“besylate, CeHsSO207) or methanesulfonate (“mesylate”, MsQ").

General formula A* as shown below

COOR?2
A*
R1

30 covers all phenyl acetic acid esters having a leaving group on the phenyl residue
in position 4.

Thus R’ preferably represents —F, —Cl, —-Br, -, —OMs, -OTf and -OTs. The
group “—~OMs” refers to —OMesylate, the group “—~OTf” refers to —OTriflate and the
35 group “~0OTs” refers to —OTosylate.



15 In step A this boronic acid derivative, borolane, borinane or diboronic
acid reagent is reacted with a conpound A of general fornmula A* in order to
obt ai n arwornbsyasedbat e borol an or borinane reagent whi cirCrEPR@R/05%6% at ed
and purified. This reaction my be supported by the use of either catal ysts
prepared in situ by conbination of palladium 20 salts such as [Pd(CQAc) 2]
and PdC12 with triphenyl phosphi ne (PPh3), tri-orthotolyl phosphine
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10 Table 1: Thermal analysis and pol ynorphic stability (Methods used: DSC,
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Further advantages of the present method are:
e Purification and Pd removal by successive washes of aqueous alkaline and
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15 e Additional Pd depletion by charcoal / Celite treatment.
e Crystallization is possible from either alkaline or acidic aqueous solutions by
neutralization (at preferably 50-70 °C)

Thereafter the (4-pyridin-2-ylphenyl)acetic acid was reacted with 4-methyl-2-
20  (methylamino)-1,3-thiazole-5-sulfonamide of the formula
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S/ —CHs
O~
o’ “NH,

which was prepared according to the synthesis disclosed in EP 1244641 B1 in
25 order to obtain N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-
pyridinyl)phenyllacetamide of the formula
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TGA: Ther nogravi netric Analysis or Thermal Gravinetric Analysis
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bad/ Now, Thus ther prasad! irention opee trglates HCthe xom@iound INHBHa@Indskbeny x4-TsOH
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according to the synthesis as disclosed herein.

This N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)-
20 phenyllacetamide was thereafter converted to the crystalline mesylate monohydrate

salt which was not disclosed in the state of the art so far. A not stoichiometric

mesylate salt was already known in the state of the art, but not the definite and

stoichiometric mono mesylate monohydrate salt having exactly one mol equivalent

water and one mol equivalent mesylate per mol equivalent N-[5-(aminosulfonyl)-4-
25  methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)-phenyl]acetamide.

Thus the present invention relates to the compound N-[5-(aminosulfonyl)-4-methyl-
1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)-phenyl]lacetamide methanesulfonic acid
monohydrate and especially to crystalline N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-

30  2-yl]-N-methyl-2-[4-(2-pyridinyl)-phenyl]lacetamide methanesulfonic acid mono-
hydrate as well as to crystalline N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-
methyl-2-[4-(2-pyridinyl)-phenyllacetamide  methanesulfonic acid monohydrate
obtainable and obtained according to the synthesis as disclosed herein. The N-[5-
(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)-phenyl]acet-

35 amide methanesulfonic acid monohydrate is substantially pure (purity above 96
weight-%, preferably > 98 weight-% and more preferably > 99 weight-%) and is the
definite monohydrate, i.e. 1 mol N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-
methyl-2-[4-(2-pyridinyl)-phenyllacetamide  methanesulfonic acid monohydrate
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contains 1 mol water and 1 mol mesylate anion in a regular crystalline structure as
shown in Figures 2 and 3.

The crystalline mesylate monohydrate salt of N-[5-(aminosulfonyl)-4-methyl-1,3-
thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)-phenyllacetamide is formed from a
supersaturated solution of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-
[4-(2-pyridinyl)-phenyl]lacetamide and methanesulfonic acid by crystallization under
controlled conditions. Preferred conditions for the crystallization are the addition of
methanesulfonic acid at elevated temperatures, and preferably between 30°C and
90°C, more preferably between 35°C and 80°C, still more preferably between 40°C
and 70°C, still more preferably between 45°C and 60°C and most preferably at 50°C
— 55°C to the mixture of an organic solvent and water containing N-[5-
(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyl]acet-
amide yielding a supersaturated solution of the mesylate of N-[5-(aminosulfonyl)-4-
methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyl]acetamide. Organic
solvents which are miscible or consolute with water are preferred such as MeOH,
EtOH, n-PrOH, I-PrOH, acetonitrile, THF, acetone. Moreover it is preferred to add
seed crystals of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-
pyridinyl)phenyl]lacetamide methanesulfonic acid monohydrate to this supersaturated
mixture also at elevated temperatures like 30°C to 90°C, preferably 35°C to 80°C,
more preferably 40°C to 70°C, still more preferably 45°C to 60°C and most
preferably at 50°C — 55°C. Also moderate to slow stirring of this mixture and a slow
cooling of this mixture to room temperature are preferred. Furthermore it is
preferred to add the methanesulfonic acid over 5 to 15 minutes at the elevated
temperature and to keep the resulting mixture at this elevated temperature for 0.5 to
5 hour and more preferably 1 to 2 hours after completion of the addition of the
methanesulfonic acid. The cooling to room temperature is performed within 1 to 5
hour and preferably 2 to 3 hours and the mixture is thereafter slowly stirred for
preferably another hour at room temperature. Then the crystals are filtered off,
washed with alcohol/water and preferably dried under vacuum at a temperature
between 20°C and 60°C, preferably starting at 20°C and ending at 60°C.

The crystalline mesylate monohydrate salt of N-[5-(aminosulfonyl)-4-methyl-1,3-
thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyllacetamide exhibits increased long term
stability properties and a desired or improved release kinetic especially from
pharmaceutical compositions and thus allows the preparation of long term stable
pharmaceutical compositions. The long term stability of the crystalline mono
mesylate monohydrate salt of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-

+



Crystallinity -- n.d. + n.d + n.d n.d + X-ray diffraction, mcroscopy Water
solubility (ng/100 nL) 39.4 n.d 138.3 n.d 50 n.d n.d 0.2 Solubility
screeni ngwetatsd4s47y t o deconposi tion o, d. ++ n.d - Srorageoiatcsyssl

methyl-2-[4-(2-pyridinyl)phenyllacetamide is superior in comparison to the free base
form of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-
pyridinyl)phenyl].

5  Moreover the crystalline mono mesylate monohydrate salt of N-[5-(aminosulfonyl)-4-
methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyllacetamide  exhibits also
polymorphic stability in comparison to the free base form or other salts as evident
from Table 1. Polymorphism refers to the ability of a solid material to exist in more
than one crystal structure or solid form.

10
Table 1: Thermal analysis and polymorphic stability (Methods used: DSC, TGA)
Form TGA Thermal stability of hydrate DSC
1xHCI 21% labile loss of water before melting
1xMsOH 4.3% stable loss of water before melting
1xTsOH 5.9% labile loss of water before melting
Free Base 8.8% labile loss of water before melting

TGA: Thermogravimetric Analysis or Thermal Gravimetric Analysis
DSC: Differential Scanning Calorimetry
Form: refers to the mono chloride salt, the mono mesylate salt, the mono tosylate salt and
15 the free base of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-
pyridinyl)phenyl]lacetamide

The free base form as well as the hydrochloride and tosylate salts form hydrates of
low thermal and low polymorphic stability. Upon mild heating (about 50°C to 60°C),
20 the water content is reduced which would make these salts and the free base form
extremely difficult to handle and to process during production and formulation. In
contrast the hydrate of the mono mesylate salt is thermally stable and polymorphic
stable at much higher temperatures of considerably above 100°C as judged by TGA.

25 The free base of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-
pyridinyl)-phenyllacetamide exists in four polymorphic forms and an amorphous form
at room temperature. In addition, several solvates can be detected for the free base
depending on the solvent. The data currently available do not permit the
identification of the thermodynamically most stable form because all batches

30 synthesised according to prior art display more than one melting peak by
differential scanning calorimetry. The physico-chemical properties of various salts
(hydrochloride HCI, mesylate MsOH, tosylate TsOH) as well as of the free base
have been investigated and compared (see Table 2).
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One possibility to prepare the crystalline N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-
yl]-N-methyl-2-[4-(2-pyridinyl)-phenyl]lacetamide methanesulfonic acid monohydrate
was by dissolving the base in 10 vol ethanol / water (1:1), adding 1.15 equivalents of
methanesulfonic acid at 50 — 55 °C during 5 — 15 min, seeding with 0.5 mol % of final
product, ageing for 1 — 1.5 h at 50°C and cooling to 20 — 25°C during 2.5h.
After further stirring for 1h, the crystalline mesylate monohydrate was isolated by

filtration and dried in vacuo, resulting in a yield of > 95%.
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be used cwonbsvm@seach as preferably an,iLnert carrier |ilPeTIERet10®96e893%t ar ch,
sucrose, cellul ose, 30 magnesium st eal te, dical cium phosphate, cal cium
sulfate, talc, mannitol, ethyl alcohol (liquid filled capsules); suitable
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Exampl e 1: Synthesis of

N 5- (am nosul fonyl)-4-net hyl -1, 3-t hi azol - 2-y1] - N-net hy1l- 2-

10[ 4- ( 2- pyoi2diang3d7ophenyl ] acet am de mai?anesul f onat e nomomypRe@ERAcSBEp 1
(Suzuki - M yaura coupling and saponification) The inertized reactor is
charged with bis(triphenyl phosphi ne)pal | adi un(11) chloride (0.010 eq.) and
reinertized. Then, toluene (1.65 vol.) is added. After heating to 15 40C,
triethyl aamimals(ratlﬁﬂ €@. )an sadidihesiratidns ohet tioe af veddky lof 4abphamphesyticacet at e
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60-90 m rﬁammowfongl)étmgmy%@ th;amifa -y Ivbleonethuy- 2a[t4 (|2em§1d"ZV|h‘§h@n)H]a§éf-ore
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eq.) Ls charg reacti on mx ure. Then, 30/o|\la0—l(600eq)|s
added®f olquM)é@tr@yO'Héﬁtthﬂg'n%V'%@ mepenyiets of r‘i@e & e%@ﬂ@”Y%?H?é‘r withra high

cont i nuedoddihg @Fosbeﬁﬁtlnélahc@&h@rﬁ %nQﬁm\éEfsﬁig@db% @hﬂQ@&ﬁg by 8BLkg At ®
oncentrated at

conversi on e reaction

o e S b SplyS B B BRR G P S T fmadﬁemgie FeeT ety hedt
react i on waekt aver the peribdog treatmentwat er (2. 72 vol .), cooled to 20C and the
25 phases are separated. The organic |ayer is di scarded whil e the pH of
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stirred floe paeferredsparebtarahapplicziionbefortber haysodfi aimiaisratiomoareddéynal,
filtrati Jé??ndl eafﬁrtr%b?@ti?gl t hﬂréddt%rgr |?1ﬁ’59 *(rae gt%ﬂoﬁgccﬁﬁﬁhﬁﬂcﬁla‘f” th

wat er an t e conbi ne frate t rans bac nt o e reactor.
The phasédtragesitargalr at B¥rangaat he intNagIRAl) aymtrabycmls he®efcutad noiestali t h
M BK.  Af tsgibcdignebLONsWhlinguntiepical e tﬁéﬂé@@ﬂﬁaﬁép Ic%\t@hOdCIThb éd}hwﬁé,t@féd’\/as

heat t 55C filt d.th | te tt
e S8, | Pebmechd: %&P%S{t@ag%ﬁﬁga o PHBIBAIS St el e ra ensliribeafoe O
nore w t lerystalihe atl-¢5k(svainesulfdhyd)-4-aiethy| 558 thiaral-2- yleememyneqm‘(Qprndrhgl 35 was

char ged -3.0 by

addi ti on%%f% hé%%’ Kl%rgq% t@(réég%%%dﬁpr%cguc c}r,S?)‘t:‘] ﬁﬁt%\%gfggb%maﬁ gccji'teﬁ 0 60C. More
NaOH was dosed to adjust the pHto 4.1-4.3. The resulting suspensi on was
sti r?ﬁd fraurther 1preférred eﬁ*@thpmajrfdrmuIHmmg obaneslalline 2R5-(Amiresulidaly| >-4-onal

stirfrng ) 12/,06¢ 1h
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ina fl O\ﬁulf@nll&lzﬁC mOﬂplﬁmra;e for d@anahorvta@ruﬁﬂ%im%epematlcnyth%ferr@ﬂépmcal
38-42% %r%ﬁ@an@ns( aaﬂéiesmueﬁéam) ERey rigashr érﬁulguaaége@bw tduspendidnt, from
step 1 (1.00 eq. r’Ea %/ql] (met hyl am'no) - 1, 3-t hi azol e- 5-sul f onan de
(1.02 eq Cﬁ'ntmﬂﬁﬁé 07' @Oﬁb@ S)a halkase (1.11 vol .) are added. The resulting
suspension i s cooI ed to OC prior to adding 1-

et hy2s3- (T%edbﬁﬂhfb)ﬂbhaﬁwwr%d)érw é&ﬁi}ddﬁbﬁlél é‘afﬂéﬁsc fé'djlj\)a@h@s éﬁd %@tu@ﬁal)y i noé

equal 10 portions .over a
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cont i nueaoheistiag di.tpresarlvaiivés, lzettioxielants) seatslizens | soludikxdce dinbyoddiPs. C. Then at
10- 15C about 2% (0.2 vol.) of the reaction mxture are added to water (12.3
vol) wt n at teast S mn. The r sultln%fthllndsungnmton s stirred ﬁt

10- 15C f SHNEReNiEa HASEES, GRanrs QS dnaY PREIEs3t dRattnPRG GomeryPna
reac80on cnarrmrsre‘oovexample ranirgal randgvedetdltle]l 58is| swaxes, | pasaffihgr sércheast

0.5 hb t

R P oAl U B SR
45 (Yo wagidLtats anskgingn aida g) Mituest ebdhesecabistanceashar ol arts

crude pr @i’r"rlﬂ&ongwﬁ:a)( §1c11§:|é/ @bn\)entr%ﬂgl ¥aYriRfs 6Uh 48 Mélﬁt§-7sd{l%I|IZIH§%§@ﬂt§19 on

LOD of crude e resul ting .suspensi on i heat'ed C and
I e P e o i T U L A 0
whi cB5i s b@mlzylecaledhcblo behiyih benzbatel | propiserny glyBert dtd-eutyénglchl, | toils,
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dosed over at i's continue

bef ore afd€Ras lisoid Atenss, frpesampls wgteroetmnpborswr&mﬁn&ogjé@plmsmewdmgq
After stirring for 1-1.5 h at 50C, the resulting suspension is cooled to 5C
over 2.5 h and stirred for further 0.5 h. Then, the solids are 30 filtered
of f, washed with water (3 x 2.96 vol.) and pre-dried on the nutsche filter
in a steady flow of N2. Final drying is acconplished in vacuo at 50-65C
using a conical drier. Typical yield: 78-83% Step 3 (Salt Formation) 35The



S5experiment. Slow stirring at 50-55C is continued for 60-90 mn prior to
cooling to 20-25C during > 2.5 h. After stirring for 1 nore h, the solids
are filtewvedooidss4mashed with ethanol /ywater 5:2 VA (3. POTERRO1R/06898%- dri ed
in anitrogen flow and transferred into”“a conical drier for final drying in
vacuo at 20-60C. Typical yield: >95% 10 Exanple 2: Tabl et conprising 60
ng of

N145- ( amagestd, feogyédthodylatetchigbsteadyl tdicatmds, MMemmmbﬂa%{x&prIdimyl) p
henyl ] ac nyention
as m croensltozec?q1 aC%tfé@éeCrﬁfg%&gst%ﬁm C%Eﬂg%%% Cﬁ've%@%ﬂ%gﬁﬁaa tﬁ%@ttagggtp (\(qrﬁased
on an un\}‘alrxmrs&@ﬂth%blselb)ﬁtarmeﬁst all'ine

N1[ 5- (am nosul fonyl) - 4-net hyl -1, 3-t hi azol - 2-y1] -

monohs e 216 iR ecthBaglon 18y doEh BECoatcly) MENH, PIMENRE 35, ,s
25 Nagneéammowémsdrémhﬂ rgrthizgole-wi Nsmethyig- [ﬂd2ﬂ>yﬁiglnyb p@ewllacedr ny

Exanmpl e Fmide rfdthbABAfRRITREHSHBRorRra® thrans orted. The formulatlon of the
N145- (am nosul f ridinyl)

(0] | aZO -
-phenyl]a?@@fraﬁpaﬁf@ﬁapm%t%a raayﬁﬁ%v S a Nﬁntacw'alp e Cetal e ont | on
as m cr onhisetgp@ @ icoen pusitioplisdck rassthidkenses, emollients, humectants, surfactants,

el %ﬁ@’é"'{'%%pfp?%%ﬁrx%e%ﬁ@ﬁﬁ?@&f&a 354 Vet onoliny Rippglapsne

rmnohydra:tyes m croni zed38. 4 zinc oxi de60.0 ng tal cunt0.0 ny
gl ycerol 120.0 ng WO 2013/ 045479PCT/ EP2012/ 068938 24

The inventive pharmaceutical composition may also be present as an alcoholic gel
which  comprises crystalline  N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-
15  methyl-2-[4-(2-pyridinyl)-phenyllacetamide methanesulfonic acid monohydrate and
one or more lower alcohols or lower polyols, such as ethanol, propylene glycol or

glycerol, and a thickening agent, such as siliceous earth. The oily-alcoholic gels
also comprise natural or synthetic oil or wax. Gels may also contain organic
thickeners, such as Gum arabic, xanthan gum, sodium alginate, cellulose

20 derivatives, preferably methylcellulose, hydroxymethylcellulose, hydroxyethyl-
cellulose, hydroxypropylcellulose, hydroxypropylmethylcellulose or inorganic
thickeners, such as aluminum silicates such as bentonite or a mixture of
polyethylene glycol and polyethylene glycol stearate or distearate.

25 An inventive pharmaceutical composition may contain the following preservatives:
phenoxyethanol, formaldehyde solution, parabens, pentanediol or sorbic acid.

As pharmaceutically acceptable carrier, excipient and/or diluents can be used
carriers such as preferably an inert carrier like lactose, starch, sucrose, cellulose,
30 magnesium stearate, dicalcium phosphate, calcium sulfate, talc, mannitol, ethyl
alcohol (liquid filled capsules); suitable binders include starch, gelatin, natural
sugars, corn sweeteners, natural and synthetic gums such as acacia, sodium
alginate, carboxymethylcellulose, polyethylene glycol and waxes, sugars such as
sucrose, starches derived from wheat corn rice and potato, natural gums such as
35 acacia, gelatin and tragacanth, derivatives of seaweed such as alginic acid,
sodium alginate and ammonium calcium alginate, cellulose materials such as
methylcellulose, sodium carboxymethylcellulose and hydroxypropylmethyl-
cellulose, polyvinylpyrrolidone, and inorganic compounds such as magnesium
aluminum silicate; lubricants such as boric acid, sodium benzoate, sodium acetate,
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I'nventron as m croni ze )

agisb @ndsspdiyipagleinade, elaysbkennas heataniteiseand effgnvescent mixtures;
4680l 55226068 Mhd agents, flavoring agents, preservatives; glidents are
for example silicon dioxide and talc; suitable adsorbent are clay, aluminum oxide,
suitable diluents are water or water/propylene glycol solutions for parenteral
injections, juice, sugars such as lactose, sucrose, mannitol, and sorbitol, starches
derived from wheat, corn rice, and potato, and celluloses such as microcrystalline
cellulose.

The following examples are included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques discovered by the
inventor to function well in the practice of the invention, and thus can be
considered to constitute preferred modes for its practice. However, those of skill
in the art should, in light of the present disclosure, appreciate that many changes
can be made in the specific embodiments which are disclosed and still obtain a
like or similar result without departing from the spirit and scope of the invention.

Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.
Accordingly, this description is to be construed as illustrative only and is for the
purpose of teaching those skilled in the art the general manner of carrying out the
invention. It is to be understood that the forms of the invention shown and
described herein are to be taken as examples of embodiments. Elements and
materials may be substituted for those illustrated and described herein, parts and
processes may be reversed, and certain features of the invention may be utilized
independently, all as would be apparent to one skilled in the art after having the
benefit of this description of the invention. Changes may be made in the
elements described herein without departing from the spirit and scope of the
invention as described in the following claims.



crystalline N-[5-(am nosul fonyl)-4-nmethyl-1, 3-thiazol-2-y1]-

N- et hyl- 2-[4- (2-pyri di nyl) - phenyl ] acet am de net hanesul fonic acid

nonohydr awe,2ors/@s4yai zed Pol yi nyl pyrrol '%glione 25 5M cr ocr peraipRoinmeses | ul ose
Croscanel | ose sodi um Magnesi um stearat® optionally HPMC fil mcoating 64. 00
myg 3.50 ng 20.00 ng 10.00 ng 0.85 ng 3.00 ng 10 Exanple 7: Crystal
structure of

N-[ 5- (am nosul fonyl) -4-nethyl-1, 3-thi azol -2-y1]-N-nmet hyl-2-[ 4-(2-

pyri di nyl ) phenyl ] acet am de net hane pil_%lsaci d nonohydrate 15Formul a
C19H24N407S3, M = 516.62, F(000) = , colorless plate, size 0.02 0.13
0.15 m®B, triclinic, space group P -1, Z =2, a = 9.4908(7)A, b = 9.5545(7)
A c = 14.4137(9) A a = 86.130(3), 13 = 72.104(3), y = 68.253(4), V =
1153.68(15) A3, Dcalc = 1.487 Mgy m3. The crystal was nmeasured 20 on a

Noni us KaPpPEGED: difs veRd BReiRrthgterd 3k vasi it BohiltRemghethedrapes i

Ka- r adi atstgingintdteAaR 10011913 per K9 BBtheTedfebifle mitdiiaretl staptidmaterial).
transm ssion 0.95/0.99, p = 0.370 mm 1. The COLLECT suite has been used for
datacol l ection and integration. Froma total of 43492 reflections, 6761
wer e independent (nerging r = 0.026). Fromthese, 4955 were considered as

observed O1. - : refd

structur eé)g/\fla@p%o] \(/%%ﬁtgéélg ?dr?ceiﬁ_g@lﬁ%@f% f)h‘gﬁe@% %%tkﬁ%ir# -%Q%efﬁ?ﬁ&
LeasflOsqlén(&pyridinyrenenyllasgtanise nrethiarestdionpiedmendhystial®l | non- hydr ogen
atons using the program CRYSTALS. R = 0.0313 (observed data), WR = 0.0432

(8! o Bhee Tlooneda JoRuct bobPTOATR] FBboRREERL Sooche To Somm L che
refi nementhe iBertidee @aytdrds chiarged with R(tréiprrgtshdsphine)palladium(ll) chloride
i N ot C g R RpPRAE 1 ok 0 TR Ko are his Aset. AR heatingo
monoh§dr eﬂtOéCatréetbw_emhe (3.60 gy )e's rdded35A syt Gl @h5H4@REEMDEFQMa¢€EIGtEQ38 26
3771 ad (GRS 91 et OB R TRl ot A phen
90-95°C prior to dosing pinacol borane (1.30 eq.) over a period of 60-90 min:
Stirring at 90-95°C is continued for at least 2 more h before conversion is checked
by HPLC. After cooling to 10°C, 2-chloropyridine (1.00 eq.) is charged to the
20 reaction mixture. Then, 30% NaOH (6.00 eq.) is added followed by heating to 55-
60°C. Stirring at this temperature is continued for at least 4 h before conversion is
checked by HPLC. Once conversion is deemed complete, the reaction mixture is
concentrated at about 300 mbar until 0.8 vol. of distillate have been collected.
The reaction mixture is diluted with water (2.72 vol.), cooled to 20°C and the
25 phases are separated. The organic layer is discarded, while the pH of the
aqueous layer is adjusted to pH 1 by addition of 33% HCI at 20°C. MIBK (2.30
vol.) and Celite (165 g/kg) are added and the resulting mixture is stirred for at least
15 min at 20°C before the solids are removed by filtration. The reactor and the
fiter cake are rinsed successively with water and the combined filtrate is
30 transferred back into the reactor. The phases are separated and the aqueous
layer is washed twice more with MIBK.  After dilution with water, the aqueous
acidic product solution was heated to 55°C and filtered through a plug packed with
Celite at the bottom and activated charcoal on top. The Celite/charcoal plug was
washed once more with pre-heated water (0.5 vol., 55°C) and the combined filtrate
35 was charged back into the reactor. At 20°C, the pH was adjusted to ~3.0 by
addition of 30% NaOH before the product solution was heated to 60°C. More
NaOH was dosed to adjust the pH to 4.1-4.3. The resulting suspension was
stirred for 1-1.5 h at 60°C prior to being cooled to 20°C. After additional stirring
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for at least 1 h at this temperature, the product was filtered, washed twice with
water, pre-dried in a flow of N, and finally dried in vacuo at 50-65°C. Typical
yield: 38-42%.

Step 2 (amide coupling)

The reactor is charged with product from step 1 (1.00 eq.) and 4-methyl-2-
(methylamino)-1,3-thiazole-5-sulfonamide (1.02 eq.). THF (7.08 vol.) and NMP
(1.11 vol.) are added. The resulting suspension is cooled to 0°C prior to adding 1-
ethyl-3-(3-dimethyllaminopropyl)carbodiimide hydrochloride (1.23 eq.) in 4 equal
portions over a period of > 90 min.  After at least 2 more h at 0°C, the reaction
mixture is warmed to 20°C. At this temperature, stirring is continued for additional
2 h before conversion is checked by HPLC. Then, at 10-15°C about 2% (0.2 vol.)
of the reaction mixture are added to water (12.3 vol) within at least 5 min. The
resulting thin suspension is stirred at 10-15°C for at least 1 h prior to dosage of the
remaining bulk of the reaction mixture over > 4 h. Stirring at 10-15°C is continued
for at least 0.5 h before the solids are filtered off, washed with water and dried on
a nutsche filter in a steady flow of N, until deemed sufficiently dry (LOD < 45 %
w/w; LOD: Loss on drying).

The feed reactor is charged with the crude product, THF (8.15 vol.), and water (up
to 1.17 vol. depending on LOD of crude product). The resulting suspension is
heated to 60-65°C and stirred for 1 h at this temperature. An almost clear solution
is obtained which is subjected to polish filtration using a heatable lense filter
heated to 60°C. The feed reactor, the transfer lines and the filter are successively
rinsed with a mixture of THF (0.44 vol.) and purified water (0.06 vol.) at 60-65°C.
The combined filtrate is collected in a separate reactor and heated to 50-55°C.
To the reactor content, water (3.23 vol.) is dosed over at least 30 min.  Stirring at
50-55°C is continued for 1-1.5 h before another portion of water (8.93 vol.) is
slowly added within 2 h.  After stirring for 1-1.5 h at 50°C, the resulting suspension
is cooled to 5°C over 2.5 h and stirred for further 0.5 h. Then, the solids are
filtered off, washed with water (3 x 2.96 vol.) and pre-dried on the nutsche filter in
a steady flow of No.  Final drying is accomplished in vacuo at 50-65°C using a
conical drier. Typical yield: 78-83%.

Step 3 (Salt Formation)

The reactor is charged with product from step 2 (1.00 eq.), ethanol (4.96 vol.) and
water (4.96 vol.). After heating the resulting suspension to 50-55°C,
methanesulfonic acid (1.15 eq.) is added within <15 min. Complete dissolution of
starting materials is typically observed at the very end of addition. Immediately
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Example 3:

Ointment comprising 30 mg of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-
30  methyl-2-[4-(2-pyridinyl)-phenyllacetamide (calculated as free base form) according

to the invention as micronized active compound

crystalline N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-
N-methyl-2-[4-(2-pyridinyl)-phenyl]lacetamide

35 methanesulfonic acid monohydrate, micronized 38.4 mg
zinc oxide 60.0 mg
talcum 60.0 mg

glycerol 120.0 mg



20 Tabl e 4: Conparison of exposures in the 13-week toxicity (free base) and
the 26- week toxicity (nesylate salt) studies in rats after one

adm ni st r&Di20r8/04847001 €, F femal e. Omxz%s t he maxi mal olpsemred 2068yt e
concentration; AUC(0_24) is defined as“the area under the analyte vs. tine
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down sunmmati on Free base 13-weektoxicity study (13-wts) day 1 Mesyl ate
nonohydr atrepyénegesoleoxi city study (26-wts) day 1 Expotfudengatio

26-w s/ 1%?#}?'8 se [ mg/ kg/ day] Gender Cmax [ng/ m ] AL&@ES(%) [ ngxh/ m ]
Crax [ ng 0.24) [ngxh/m] Cmax AUC(0-24) 10 M1 $7900 16935

5 Example 4:
Gel comprising 40 mg of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-
[4-(2-pyridinyl)-phenyl]lacetamide (calculated as free base form) according to the
invention as micronized active compound.

10  crystalline N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-
N-methyl-2-[4-(2-pyridinyl)-phenyl]lacetamide

methanesulfonic acid monohydrate, micronized 51.2 mg
solution of sodium hydroxide 30.0 mg
1,2-propandiol 80.0 mg
15  glycerol 20.0 mg
polyacrylic acid 60.0 mg
sterile water 280.0 mg

20 Example 5:
Gel comprising 40 mg of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-
[4-(2-pyridinyl)-phenyl]lacetamide (calculated as free base form) according to the
invention as micronized active compound.

25  crystalline N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-
N-methyl-2-[4-(2-pyridinyl)-phenyl]lacetamide

methanesulfonic acid monohydrate, micronized 51.2 mg
1,2-propandiol 80.0 mg
glycerol 20.0 mg

30 polyacrylic acid 60.0 mg
sterile water 280.0 mg
Example 6:

35 Tablet comprising 50 mg of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-
methyl-2-[4-(2-pyridinyl)-phenyl]lacetamide (calculated as free base form) according
to the invention as micronized active compound,
content of active compound about 59% (based on an unvarnished tablet):
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crystalline N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-
N-methyl-2-[4-(2-pyridinyl)-phenyl]lacetamide

methanesulfonic acid monohydrate, micronized 64.00 mg

Polyinylpyrrolidone 25 3.50 mg
5  Microcrystalline cellulose 20.00 mg

Croscamellose sodium 10.00 mg

Magnesium stearate 0.85 mg

optionally HPMC film coating 3.00 mg

10
Example 7:

Crystal structure of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-
pyridinyl)phenyl]lacetamide methanesulfonic acid monohydrate
15  Formula C1gH24N407S3, M =516.62, F(000) = 540,

colorless plate, size 0.02 - 0.13 - 0.15 mm?®, triclinic, space groupP -1 ,Z =2, a =
9.4908(7)A, b =9.5545(7) A, ¢ =14.4137(9) A, a =86.130(3)°, B = 72.104(3)°, y =
68.253(4)°, V = 1153.68(15) A3, Deaie. = 1.487 Mg m™. The crystal was measured
20 on a Nonius KappaCCD diffractometer at 293K using graphite-monochromated Mo
Kq-radiation with A = 0.71073 A, Omax = 30.065°.  Minimal/maximal transmission
0.95/0.99, y = 0.370 mm™. The COLLECT suite has been used for datacollection
and integration. From a total of 43492 reflections, 6761 were independent
(merging r = 0.026). From these, 4955 were considered as observed (1>3.00(l))
25 and were used to refine 298 parameters. The structure was solved by direct
methods using the program SIR92. Least-squares refinement against F was
carried out on all non-hydrogen atoms using the program CRYSTALS. R = 0.0313
(observed data), wR = 0.0432 (all data), GOF = 1.0736. Minimal/maximal
residual electron density = -0.28/0.33 e A®. Chebychev polynomial weights were
30 used to complete the refinement.

Single-crystal structure parameters for N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-
yl]-N-methyl-2-[4-(2-pyridinyl)phenyllacetamide methanesulfonic acid monohydrate
are shown in Figure 1 A.

35
Characteristic peaks of batch BXR3NC1 obtained by X-ray powder diffraction
analysis are shown in Table 3.
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Example 8:

The exposure of rats to N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-
[4-(2-pyridinyl)phenyllacetamide in a repeated dose 13-week toxicity study

10 performed with the free base N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-
methyl-2-[4-(2-pyridinyl)phenyllacetamide (free base) was compared to the
exposures observed in a 26-week repeated dose toxicity study performed with the
mesylate monohydrate. In both studies, the test items were administered as 0.5%
(w/v) tylose suspensions, and the concentrations were adjusted to the equivalents

15 of free base N-{5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-
pyridinyl)phenyllacetamide.

Exposures were comparable after administration of 10, 50 and 250 mg/kg/day
both after administration of the first dose (days 1, 2; Table 4), as well as after
20 repeated dose administration for 13 weeks (Table 5). There was an indication of
a possibly higher exposure after a dose of 10 mg/kg/day. Of note was the
observation that exposures after administration of N-[5-(aminosulfonyl)-4-methyl-



week 13 Exposure ratio 26-wts/13-wts Dose [ng/ kg/day] Gender Cmax [ng/m ]
AUC(0-24) [ngxh/m] Crmax [ng/m] AUC(O0.24) [ngxh/m] Crmax AUC(0-24) 10 M
15000 133W0Qo31844y9227165 1.5 1.7 50 lVb.}OOOO 332000 747POTEPIAED68938

1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyllacetamide mesylate monohydrate
were higher, after doses of 50 and 250 mg/kg/day (adjusted to the equivalents of
free base), as compared to exposures after administration of the free base. The
extent of exposure increased by up to 2.7-fold for Cnax and 4-fold for AUC. It is
5 concluded that N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-
pyridinyl)phenyllacetamide mesylate monohydrate gave rise to higher exposures
as compared to those observed following administration of equimolecular doses
(50 and 250 mg/kg/day) of free base equivalents of N-[5-(aminosulfonyl)-4-methyl-
1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyl]acetamide. Such a major
10 increase in the extent of exposure is thus indicative of the mesylate salts improved
physicochemical properties giving rise to a more favourable dissolution profile with
concomitant increase in systemic exposure relative to that observed following
administration of the freebase.
This enhancement in exposure, following administration of the mesylate salt,
15 therefore means that a higher exposure to the active ingredient is achieved giving
rise to a greater efficacy and higher viral resistance barrier, both regarded as an
essential feature for the treatment of viral infections. The enhancement of both
efficacy and resistance barrier are judged to be prime features associated with the
mesylate salt formulation
20
Table 4: Comparison of exposures in the 13-week toxicity (free base) and the 26-
week toxicity (mesylate salt) studies in rats after one administration. M male, F
female. Cnax is the maximal observed analyte concentration; AUC 0.24) is defined
as the area under the analyte vs. time concentration up to 24 hours post dosing;
25 calculated by linear up/In down summation

Free base Mesylate monohydrate | Exposure ratio
13-week toxicity | 26-week toxicity study | 26-wts/13-wts.
study (13-wts) (26-wts)
day 1 day 1
Dose [mg/kg/day] | Gender Ciax AUC .24 Ciax AUC .24 Cmax | AUC g24)
[ng/ml] | [ngxh/ml] [ng/ml] [ngxh/ml]
10 M 13300 87900 16935 118752 1.3 1.4
50 M 30600 248000 70324 633522 2.3 2.6
250 M 53900 567000 133776 1982721 2.5 35
10 F 15300 159000 17237 175125 1.1 1.1
50 F 35300 409000 77824 912978 2.2 2.2
250 F 68900 966000 146142 2473155 21 2.6
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Table 5: Comparison of exposures in the 13-week toxicity (free base) and the 26-
week toxicity (mesylate monohydrate salt) studies in rats in week 13. M male, F
5 female. Cnax is the maximal observed analyte concentration; AUC 24 is defined
as the area under the analyte vs. time concentration up to 24 hours post dosing;
calculated by linear up/In down summation

Free base Mesylate monohydrate | Exposure ratio
13-week toxicity 26-week toxicity study | 26-wts/13-wts
study (13-wts) (26-wts)
week 13 week 13
Dose [mg/kg/day] | Gender Crnax AUC .24 Crnax AUC .24 Cmax | AUC g24)
[ng/ml] | [ngxh/ml] [ng/ml] [ngxh/ml]
10 M 15000 133000 21840 227165 1.5 1.7
50 M 30000 332000 74719 959252 2.5 2.9
250 M 62800 661000 168968 2782092 2.7 4.2
10 F 25800 211000 25953 321135 1.0 1.5
50 40500 455000 106147 1205651 2.6 2.6
250 83000 1172000 | 217283 3584983 2.6 31
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crystal data, and C) an overlay 0 ra powder diffraction spectra of
N-[5- (am nosul fonyl)-4-nethyl-1, 3-thiazol -2-yl1]-N nethyl-244-(2- 15
pyri di nyl ) phenyl ] acet am de net hanesul foni c acid nonohydrate of batch
BXR3NC1 as neasaured (blue line) and as calculated (red line). D) Measured
X- r ay?pokd@irepht $RAWS of bat ch BXR3NCL 20Fi gure 2 shows the X-ray structure
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mesyl ate ani on. 30 from singl da
C) an overlay of the X-ray powder diffraction spectra of N-[5-

(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-

15 pyridinyl)phenyllacetamide methanesulfonic acid monohydrate of
batch BXR3NC1 as measaured (blue line) and as calculated (red
line).

D) Measured X-ray powder pattern of batch BXR3NC1

20 Figure 2 shows the X-ray structure of the N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-
2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyllacetamide methanesulfonic acid
monohydrate with indicated hydrogen bridges. It is shown that the
nitrogen atom of the pyridinyl ring (right side bottom) is protonated and that
a hydrogen bridge is formed between the hydrogen, which protonates the

25 pyridinyl ring nitrogen, and one oxygen of the mesylate anion, and that
another hydrogen bridge is formed between another oxygen of the
mesylate anion and the hydrogen of the water molecule while the other
hydrogen of the water molecule forms a hydrogen bridge with the oxygen
of another mesylate anion.

30

Figure 3 shows the single-crystal X-ray structure analysis of the N-[5-(amino-
sulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyl]acet-
amide methanesulfonic acid monohydrate as packing within the crystal. It
is shown that the phenylpyridinyl ring systems are oriented in planes,

35 which are parallel to each other.
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Claims -

Method for synthesizing N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl}-N-
methyl-2-[4-(2-pyridinyl)phenyl]acetamide according to the following steps:

Step A:
Reacting compound A of the following general formula A*

COOR?
A*
R
wherein

R’ represents a leaving group and
R? represents an alkyl residue with 1 to 6 carbon atoms or a cycloalkyl
residue with 3 to 6 carbon atoms

with a boronic acid derivative, borolane, borinane or diboronic acid reagent
under elimination of R'-H or R'-B(OR); and formation of an intermediate
boronic acid derivative of compound A,

wherein the intermediate boronic acid derivative is then reacted with the
pyridine compound B of the following general formula B*

N 3
N R
| B*
N
wherein
R® represents a leaving group

- under basic conditions in order to directly obtain (4-pyridin-2-ylphenyl)acetic

acid which is then purified.

Step B:
Reacting (4-pyridin-2-ylphenyl)acetic acid obtained from step A with 4-
methyl-2-(methylamino)-1,3-thiazole-5-sulfonamide
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o
N

W/N
S\R\C Hs

“NH,

H—

in order to obtain N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-y|]-N-methyl-2-
[4-(2-pyridinyl)phenyljacetamide of the formula

5
G
CH;s
/ 0 s\/gi
| , S
x AN O=jP™NH;
@)
2. Method according to claim 1 further comprising step C:

10 Converting  N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-
pyridinyl)phenyllacetamide with methanesulfonic acid in a mixture of an
organic :solvent and water to crystalline N-[5-(aminosulfonyl)-4-methyl-1,3-
thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl )phenyl]acetamide methanesulfonic acid
monohydrate of the formula

15 '

CHs
YN
CH
s\%; o
0= ~NH,
O

©
H3C_SO3 * Hzo

3.  Method according to claim 1, wherein R' and R® are independently of each
other selected form —F, —Cl, -Br, I, -OMs, -OTf and -OTs.
20 ' ' |
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4.

32

Method according to claim 1, wherein the boronic acid derivative, borolane,
borinane or diboronic acid reagent is selected from:

RY R2 o)
H R0 O~/ pb \
_B_ RP /B—B\ RE /B—H
RO TOR" e’ O O:E: o)

H f H
| EGR RaRb é
O/B\ o R 0} 0 RC o~ o
c B—B a f
R b 4 \ gd R R
Ra Rd R o O O fR R Re
RP R R R RS rd

wherein :

R, R”, R R, R’ RY R° and R represent independently of each other a
substituted or unsubstituted, linear or branched alkyl group with 1 to 10
carbon atoms or cycloalkyl group with 3 to 10 carbon atoms.

Method according to claim 1, wherein for the preparatioh of the intermediate
boronic acid derivative or borolane reagent, the reagents palladium acetate,
triethylamine and triphenylphosphine or PdCI2(PPhs). and triethylamine are
used. '

Method according to claim 1, wherein Step B is carried out with EDC x HCI
as coupling agent in a THF / NMP solvent mixture.

Method according to claim 2, wherein the mixture of of N-[5-(aminosulfonyt)-
4-methyl-1 ,3-thiazol-2—y|]-N#methyl-2—[4-(2—pyridinyl)phenyl]acetamide in an
organic solvent and water yields a supersaturated solution upon addition of
methanesulfonic acid at elevated temperatures from which the N-[5-
(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyl]-
acetamide methanesulfonic acid monohydrate crystallizes after either
extended stirring, seeding or cooling.

Method according to any one of claims 1 — 7 further comprising step D:
Preparing a pharmaceutical composition of the crystalline N-[5-
(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]-N-methyl-2-[4-(2-pyridinyl)phenyl]-
acetamide methanesulfonic acid monohydrate with at least one
pharmaceutically acceptable carrier, excipient, solvent and/or diluent.
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