ARYLCYCLOPROPYLACETAM DEDERI VATI VES USEFUL AS GLUCOKI NASE ACTI VATORS

Di abetes is a progressive di sease which adversely affects both | ongevity
and qual iwg 20fo/dsp3ze. Exi sting oral therapies, either al @oe/use000067603

conbi nation, do not exhibit 5 adequate or sustained glucose |owering
efficacy in patients with diabetes. Consequently, there is an unnet need
for inproved therapies for patients with diabetes. d ucokinase activators
(GKAs) represent a class of glucose-lowering agents which primarily act to
| ower bl ood gl ucose through nodul atory actions in the pancreatic b-cells

and tARYILCYELOPROPYIADE TAMIDEDERMATIVES S SERUR. RS GLULOKINASEIACTIVATORS
treatnent 10 of di abetes, for exanple those disclosed in WD 04/ 063179.

There remains a need for alternative GKAs as therapy for patients with
di abetes. It has been shown that G ucokinase (CGK) is critical for mediation
of gl ucose sensiDigpeiten isrreprb@msive@ﬁeﬁﬂetv@m&dd@ﬂsélﬁaﬂfé@& Hoytploh gealtamnits danpens

th t | atory I t duced. hypoglyceni a . Thus,
act i vat 1 on RIS aTRPRRR RoiePt Gk ok S P OREEHY FRE bt ed ri sk for

hypogl ycem a’ﬂe&il)éted&(‘sﬁﬁzaﬁéd@u@@&lro%ﬁ@g’lefﬁéac?Iili mpﬁtg lwritﬁ diabeee pide@faentie, and
gl ucagon leyels at | ow glucaose |le 4\@9 wlthllmted bl ood
brain bar r i BF SetrHemst 1eed jordmpioyetligrapiss Oéﬁéﬂ'en 8%1 ?bﬁTeSfor produci ng

severe hypogl ycemi@kinhiteach RO YORAs Aprbhiat PEIRS BNEIuERY R drAR afdve been found
to activate %I ucoki nase 20 both in vitro and in vivo. The conpounds of the

present i nvERER BEMHEY actiie krver blapdishierse dripushtmqdistasy adiopoidbcBANEF#IC exi sti ng

KAs. The C@H&?Q‘dﬂ@ﬁle%eﬁ 'Aemﬁﬁt%% §fktyn!h@f{ce®KA9 'Haxh:%‘é@n @@&&e& @di”i'lQa tlléatn?éﬁh' bi t
limted bl ood brain barrier perneabi resent invention is directed

to conmpBund¥ digheieh f@rcetxmal@éllog¢ @@@Rﬁieﬁaps%yo %%3 & dilietieceinaipsomirsd ifdri ons
contai ni ng HAGMASGRAs 3CthbMpy fRGhedl &N qiffREhods for the

It has been shown that Glucokinase (GK) is critical for mediation of glucose
sensing in neurons. GK activation in the hypothalamus dampens the counterregulatory
response to insulin-induced hypoglycemia. Thus, activation of GK in the brain with GKA

15  may produce an increased risk for hypoglycemia by decreasing secretion of epinephrine,
norepinephrine, and glucagon levels at low glucose levels. GKA compounds with limited
blood brain barrier permeability would have a lower potential for producing severe
hypoglycemia.

The compounds of the present invention have been found to activate glucokinase

20 both in vitro and in vivo. The compounds of the present invention have been found to
exhibit improved potency over existing GKAs. The compounds of the present invention
have been found to exhibit limited blood brain barrier permeability.

The present invention is directed to compounds which activate glucokinase,
pharmaceutical compositions containing them as an active ingredient, methods for the

25  treatment of disorders associated with glucokinase dysfunction, and to their use for the
treatment of diabetes, in particular Type II diabetes.

The present invention provides a compound of the formula:



25 treatnent of disorders associated with glucokinase dysfunction, and to
their use for the treatnent of diabetes, in particular Type |l diabetes.
The presewd 20rv80338on provi des a conpound of the fornul COMIS2009/067603
pharmaceutically acceptable salt thereof. A conpound of the present
invention has two stereocenters (*) and thus four possible stereoi soners.
It is intended that each stereoi sonmer and racem c or diastereoneric

m xtures, whether pure or partially pure, are included within the scope of
the invention. A preferred stereoi sonmer of a conpound of the present
invention has the structural formula: The present invention provides a
phar maceuti cal conposition conpri a conpound of the present invention,
or a pharmaceutically acceptable thereof and a pharnaceutically
acceptabl e diluent or carrier. The \eqs i nventi on provides a conpound of

Formula |, or a pharnmaceutically X ab It thereof, for use in
t herapy. The present inventi al g id@@f@ conpound of Formula I, or a
phar maceutical |y acceptabl e sahg1 &t eof for treat ment of
di abetes, in particular type | &' @i abetes. In an N agpect of the present

invention, there is provided the use of (B conpound of” Formula I, or a
pharnaceutlcally acceptabl e salt thereof, for the manufacture of a

medi canent §r@mhameaceytisalbnseeptable saltaliseqods. in particul ar Type |1 di abetes.
The present | nventd iRy GihdpRsd LR Lol ekt [k B BhAbEt es,

whi ch conpri ses ad%@%?ster?ng%%n e ecthe anount % g%conpo%n of Fornula
|, or a phapassibledteicombingrsafigemteatddthazhch Stcehr@nmer agdoragenfignan bei ng or

ani mal |5n (f gs?er%}&{ %%gxtuglgev%e%?e 1t1re opga%ﬁ'&llry? gn(%cf%}{'v&%%ﬁl tﬁe &%b%&? f O.r t he

t r eat nent E’t es mnistering an ective
anount of ameuwpuwnd of Formula I, or a
A preferred stereoisomer of a compound of the present invention has the structural
formula:
H
X N
N N\(/ /
A '
oo S’\,NO
10 The present invention provides a pharmaceutical composition comprising a

compound of the present invention, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable diluent or carrier.
The present invention provides a compound of Formula I, or a pharmaceutically

acceptable salt thereof, for use in therapy. The present invention also provides a

15  compound of Formula I, or a pharmaceutically acceptable salt thereof for use in the
treatment of diabetes, in particular type II diabetes. In another aspect of the present
invention, there is provided the use of a compound of Formula I, or a pharmaceutically
acceptable salt thereof, for the manufacture of a medicament for the treatment of diabetes,
in particular Type II diabetes.

20 The present invention provides a method for the treatment of diabetes, which
comprises administering an effective amount of a compound of Formula I, or a

pharmaceutically acceptable salt thereof, to a human being or animal in need thereof. The



pharmaceutically acceptable salt thereof, to a hunman being or animal in
need thereof. The present invention provides a pharnaceutical conposition
for use iwoOthavmpss3conpri sing a conpound of the present PCIWSR240006760Dr a
pharmaceutically acceptable salt thereof. The present invention provides a
phar maceuti cal conposition for use in diabetes, in particular type |

di abetes, conprising a conpound of the present invention, or a
pharmaceutically acceptable salt thereof-. As used herein the term
"pharnmaceutically acceptable salt” refers to salts of a conpound of the
present invention which are substantially non-toxic to |iving organi sns.
Such sal ts megnciovamoon ated prodidésogmethod fopthepaatinegt ¢fiepe Hrdeabpies, Iwhighown i n t he

art. See, e . P. t a e . b Ph eutical Salts:
Properties‘§ép&%%ﬁ%ﬁ%ﬁﬁéﬁﬁééF%%%%H§&3Wﬁ§$?%%ﬂ?”%@ggﬁ?%%ﬁ 3% Pharm Sci.
66, 2-19 ( 1lhArmhacewticpiiefceeptade pitahavadatatihombh Yeing aeqpiradiliienedltherdos.

hydr ochl ori de. sent iqventio ably

e conpounds of the pre . n e preferab
ol at od s prdF RECER I e eSS P ERE s (b ey 5B LFREY ) of
rout es. 3vbsdonfpiieing b @binpound WE the PARTD Hivich S ored hafridcedtically adeptatlsialtat i on.

Such pharnmaceutical conpositions and processes for preparing.s are wel |
known in th erﬁ?é %%8@?6 Iy SntORPHIV BHLar?ﬁ%e“%&ﬂlé%B S&f?ga%?fr‘%i th ‘@lg’%@ﬁ

Phar macy ( An ptidfiar 9pc BldiaBbes, @6tfiprisinkdH ddndund MAEKprEiehl ihedatiog oe. , 1995). In
a further aspect of the invention the present conpounds are adm nistered in
combi nat i orPhgiRaseHiralpccpriple sptithferfsubst ances. Such active substances

include for examl\@edRirdiREH# tehm HFnRLSHICAL RBepkdblCQTDIRAA QR JF6l udes

si mul t aneous, sequential or separate adm nistration. o )
compound of the present invention which are substantially non-toxic to living organisms.
Such salts and common methodology for preparing them are well known in the art. See,
e.g., P. Stahl, et al., Handbook of Pharmaceutical Salts: Properties Selection and Use,
(VCHA/Wiley-VCH, 2002); and J. Pharm. Sci. 66, 2-19 (1977). A preferred
pharmaceutically acceptable salt is hydrochloride.

15 The compounds of the present invention are preferably formulated as
pharmaceutical compositions administered by a variety of routes. Most preferably, such
compositions are for oral administration. Such pharmaceutical compositions and
processes for preparing same are well known in the art. See, e.g., Remington: The
Science and Practice of Pharmacy (A, Gennaro, ef al., eds., 19" ed., Mack Publishing Co.,

20 1995).

In a further aspect of the invention the present compounds are administered in
combination with one or more active substances. Such active substances include for
example metformin.

Administration in combination includes simultaneous, sequential or separate

25  administration.

The compound names for the following example are generated using AutoNom

2000.

General Procedures:
30  All water-or air-sensitive reactions are conducted in dry solvents under an inert

atmosphere. Mass spectra (MS) are obtained on an Agilent 1100 MSD spectrometer



The conpound nanes for the follow ng exanple are generated using Aut oNom
2000. Ceneral Procedures: Al water-or air-sensitive reactions are

conduct edwODreodvogosel vent s under an inert atnosphere. MaSTASe@v06e760N5) are
obtained on an Agilent 1100 MSD spectroneteroperating in el ectrospray node.
Optical rotations are obtained in chloroformon a JASCO DI P-370 digital
polarinmeter at 200C with a sodiumD line. Exanple 1:

(IR, 2S) - 2- Cycl ohexyl -1 -(4-cycl opropanesql f onyl - phenyl ) -

cycl opropanecar boxyl i c acid

[5-(2-pyrrolidin-I-yl-ethylsul fanyl)-thiazol-2-yl]-am de A)

(4- Cycl opr operésg inf deryrosppdemyde) -Qfitied gotattet it detAitden ehidrofsmen aSASCKt ur e of
(4-cycl opr f. l,= 0mac t id ethyl ester (250 g, 806
mol ) and g@ﬁgf§§%%§€¥¥%ﬁgﬁghy ggéWl %T&%b?q@gu mmol) in 1.5 L of ethanol
is stirred at roomtenperature until a light yellow solution is obtained.
Concentrated hydrochloric acid (20 nm., 233 nmol) is then added, and the

resulting m xtur ;19 e renoved to
provi de a cl ear .Bﬁ?@ﬁgﬁﬁg§f%fﬁsﬁ§ﬁé’ Qﬁc§ﬂaggg? Qgﬁ&hﬁﬁﬁgﬁﬁ of et hyl
acet at e.5 Théyslopodpanecnbaoxylit heid [wispautolidin--yllethylsusfanyl)-dtisohl-2¢lieonige sodi um

bi carbonate solution, followed by 1 L of saturated aqueous sodium chloride
sol ution. The aqueous phases ak extracted with ethyl acetate (2 x 500

m), and the organic | ayers are pi ned, dried over magnesium sul fate, and

filtered. This crude hydrazone solut (~ 2.1 L, assunmed to contain 363 g
of hydrozone |nterned|ate) IS s |Ie triethylamne (100 nL, 890
olu

nol ) i s added sl owy. Th es ' is Ieft to stand overnight,
during which tinme sonme solid ﬁreC|p|tates He\”T re is diluted with
ethyl acetate to a vol une 0f ©3° L, affording a so n, whi ch is washed
with 1L of water, followed by tmo 500 nL portions of water conbined with
sat ur at ed

A) (4-Cyclopropanesulfonyl-phenyl)-diazo-acetic acid ethyl ester

0o
AN 0
//'S \\O

10 A mixture of (4-cyclopropanesulfonyl-phenyl)-oxo-acetic acid ethyl ester (250 g,
806 mmol) and p-toluenesulfonyl hydrazide (187g, 984 mmol) in 1.5 L of ethanol is
stirred at room temperature until a light yellow solution is obtained. Concentrated
hydrochloric acid (20 mL, 233 mmol) is then added, and the resulting mixture is heated at
reflux for 3.5 h. Volatiles are removed to provide a clear light yellow oil, which is

15  dissolved in 1.5 L of ethyl acetate. This solution is then washed with 1 L of saturated
aqueous sodium bicarbonate solution, followed by 1 L of saturated aqueous sodium
chloride solution. The aqueous phases are back-extracted with ethyl acetate (2 x 500 ml),
and the organic layers are combined, dried over magnesium sulfate, and filtered. This
crude hydrazone solution (~ 2.1 L, assumed to contain 363 g of hydrozone intermediate)

20  is stirred well while triethylamine (100 mL, 890 mmol) is added slowly. The resulting
solution is left to stand overnight, during which time some solid precipitates. The mixture
is diluted with ethyl acetate to a volume of 3 L, affording a solution, which is washed
with 1 L of water, followed by two 500 mL portions of water combined with saturated

aqueous sodium chloride solution as necessary to break up any emulsions. The resulting



aqueous sodium chl oride solution as necessary to break up any enul sions.
The resul ti ngorgani c phase is then dried over magnesiumsulfate, filtered,
and concewOnatoa$033e af ford a danp solid, which is trituraras2eoobreonet hyl
t-butyl ether. The resulting slurry is filtered to afford a Iight yell ow
solid, which is dried under vacuumto afford 155 g of the title conmpound.
The filtrate is concentrated to an oil, which is triturated as above until
a freeflowing solid is obtained. This splid is isolated by filtration and
dried to afford an additional 10 g of the title conpound. LCVM5S (me): 295
(MtH) . B)

(I'R 2S) - 2- Gyegdnidigheyd is thefdlried evep pregpaneswl fheniterghenldopeayreted praffvahecar boxyl

ic acid To ol l.cyel ): Om_of
anhydr ous "}S?I oﬁ%neq{]%é%gﬁlﬁg?éﬁ%@ﬁlg? t?&ét%l(%%géﬂe r?f%ltmgn I Her ﬂter rmsphere
is added a zsfﬁnlralw ligin yoflow stlidakhish N-dpid hadeoydcuiR)e aﬁcvrﬂ-lsﬁgof nhand@ di r hodi um

bi s(ethyl acet ate duct (.120 nmo in.vin hexa 40 L)

it opwi so, it 37 Bt S Ry Sp PRl it G & oy B a6 %ac et o
aci d et hyl ﬂk&hﬁg sc(liJiEiQot#ﬂn@i, Thif 5010 iRT0la)ed Y dilttdide dnd aﬂm tadffbridiaan rates are
adjusted to nt |n ernal te rature The addition is

conpl ete af? ?}a tﬁe)?mi‘p@mﬂo?@\,”g&‘ﬁ/&) tzﬁg( glé'tl on mxture is stirred
for an additi onal 2 hours at 300C. VoI atiles are then renoved under vacuum
to afford crudgg&l R 28% 2- cycl ohexy

(4-cycl opr PTZCQDSF ohﬁﬁvéﬂyﬁ“)cyelyewaP%Hﬂ@émhswmc@pm@ee%rhgvryhést er as
a viscous bggyn oil (218 g, 579 mmol) which is dissolved in 1.1 L of

nmet hanol to afford a yell owbrown solution, to which a 5 N aqueous sodi um
hydr oxi de solution (500 nL, 2.5 mol ) added slowy. The resulting slurry

is then stirred at 500C for 1 hour, V\/mch time a solution forns.
Met hanol is renoved under vacuum and ethyl acetate i s added. The
resulting mxture is acidified by th of approxi mately 550 niL of
5% aqueous hydrochl oric acid, an&he yers are separated. The aqueous
| ayer is then c

10

To a solution of vinylcyclohexane (300 mL, 2.72 mol) in 150 mL of anhydrous
dichloromethane maintained at 25-30°C under an inert atmosphere is added a solution of
tetrakis[N-phthaloyl-(R)-tert-leucinato]dirhodium bis(ethylacetate) adduct (120 mg, 84
umol) in vinylcyclohexane (40 mL) dropwise, while portions of (4-cyclopropanesulfonyl-

15  phenyl)-diazo-acetic acid ethyl ester (169.40 g, 575.5 mmol) are added. The addition rates
are adjusted to maintain an internal temperature of 40°C. The addition is complete after
approximately1.5 hours, and the reaction mixture is stirred for an additional 2 hours at
30°C. Volatiles are then removed under vacuum to afford crude (1R,2S)-2-cyclohexyl-1-
(4-cyclopropanesulfonyl-phenyl)-cyclopropanecarboxylic acid ethyl ester as a viscous

20 brown oil (218 g, 579 mmol) which is dissolved in 1.1 L of methanol to afford a yellow-
brown solution, to which a 5 N aqueous sodium hydroxide solution (500 mL, 2.5 mmol)
is added slowly. The resulting slurry is then stirred at 50°C for 1 hour, during which time
a solution forms. Methanol is removed under vacuum, and 1 L of ethylacetate is added.
The resulting mixture is acidified by the addition of approximately 550 mL of 5%

25  aqueous hydrochloric acid, and the two layers are separated. The aqueous layer is then
extracted with two 500 mL portions of ethyl acetate. The organic phases are combined,
washed with 500 mL of saturated aqueous sodium chloride solution, dried over

magnesium sulfate, filtered, and concentrated to afford a moist pale yellow solid. This



extracted with two 500 nL portions of ethyl acetate. The organic phases are
conbi ned, washed with 500 nL of saturated aqueous sodi um chl ori de sol ution,
dri ed ovewOorsagvmssiam sul fate, filtered, and concentr at e@CraSadoPoswHOR NDI St
pal e yellow solid. Thismaterial is then dissolved in 1 L of nethanol. \Water
(1 L) is then added to the stirred solution over the course of 1.5 hours.
The resulting slurry is stirred at roomtenperature for 30 m nutes, and
then filtered. The filter pad is washedk-with 1:1 nmethanol/water, and dried
to afford the title conpound as pale yellow crystals (166 g). MS exact nass
cal cul ated 349. 14735; found 349. 14679 (Agilent 1100 LC TOF using

el ectrospr amatbltiﬂiiisztatri distplvefl & 1 R ofmethdrol. Whter @d&rﬂﬂlanuldbétoektsssdof the acid
o det er i L] ofd ol BY1 SRIREIS LR, LR LUALH B SohQluliG, Lo peaks
correspondi ng]t the Nt i oners &s separ ated JMEL o graphy on
an AD-H col fond0 (nirﬁﬂ:smnr)i tlealndﬂtetédaThe&B@r padtﬂ;\ wa il &ntlharﬂolhwthamohwxan @sd

tai ni f | t
SO o 1, st e Hrg i PR s o St s sy G eh S SIH WRE (550 L, @ 2
mol ) isS adﬁlﬁﬁilaltdd 339 My xasy fand B4paor o (A glienel 10648 -ThF ubndoledmbpray n 2. 5 L of

anhydr ous di oxane u[ni%ur an inert atnosphere. The tenperature rises slowy,
and t he reaerizgivnyilgiure 31S cooled in an ice bath when the |nternal

tenperature reaches.54C. Onc at ur a t he

ool i ng bath T8¢ PEREICART REY SALPRBR THT (8 o7 TR N ablE after 3
vacuu  The TEcl dua L5 tRan oI ST LLRE A 6 TNt AT ool LACTLOR bol 1 ng at
500G 1's ol MRy 2rea AP Sphgl i Fi b St et B8l or 1 oo

oi I (648 9)hexMRs cot@hing IRV NtDroacoaelhdian bi car bonate ((1.232 kg, 14.7 nol)

is added slowy in portions to a m xture of 5-brono-thiazol-2-ylam ne
hydr obrom de (1.53 Kg, 5.87 nol) in 7.5 L of isopropanol.

C) 5-(2-Pyrrolidin-1-yl-ethylsulfanyl)-thiazol-2-ylamine
S
H,N S
Yt
N @

Thiirane (550 mL, 9.2 mol ) is added to a mixture of pyrrolidine (543 mL, 6.57
15 mol)in 2.5 L of anhydrous dioxane under an inert atmosphere. The temperature rises
slowly, and the reaction mixture is cooled in an ice bath when the internal temperature
reaches 54°C. Once the temperature has dropped to 45°C, the cooling bath is removed
and the reaction mixture is heated to 60°C. After 3 hours, the mixture is cooled to room
temperature and concentrated under vacuum. The residue is then distilled at 6 mm Hg,
20  and a fraction boiling at 50°C is collected to afford 2-pyrrolidin-1-yl-ethanethiol as a
colorless oil (643 g). MS (m/e): 132 (M+H).

Sodium bicarbonate ((1.232 kg, 14.7 mol) is added slowly in portions to a mixture
of 5-bromo-thiazol-2-ylamine hydrobromide (1.53 Kg, 5.87 mol) in 7.5 L of isopropanol.
2-Pyrrolidin-1-yl-ethanethiol (1.060 Kg, 8.07 mol) is then added over 15 min, and the

25  resulting mixture is stirred at 60°C for 96 h. The temperature is increased to 70°C for 1 h,
and then the mixture is cooled to room temperature. Most of the isopropanol is removed
under vacuum, and the residue is taken up in 4 L of an isopropanol/chloroform solution
(1:9). Saturated aqueous sodium bicarbonate (4 L) is added, and the resulting mixture is
stirred for 30 minutes. The layers are separated and the aqueous phase is extracted with

30  three 4 L portions of an isopropanol/chloroform solution (1:9). The organic layers are



2-Pyrrolidin-|l-yl-ethanethiol (1.060 Kg, 8.07 nol) is then added over 15
mn, and the resulting mxture is stirred at 600C for 96 h. The tenperature
IS increa®oaotonstBBC for 1 h, and then the m xture is coOTA$2000/067503N
tenperature. Mdst of the isopropanol is renoved under vacuum and the
residue is taken up in 4 L of an isopropanol/chloroformsolution (1:9).
Sat ur at ed aqueous sodi um bi carbonate (4 L) is added, and the resulting

m xture is stirred for 30 mnutes. The-i.ayers are separated and the aqueous
phase is extracted with three 4 L portions of an isopropanol/chloroform
solution ( 1:9). The organic |ayers areconbined, dried over sodiumsulfate,
filtered, aswhboedcdrtvatreddiumdetaty,ddigred anflilvenceasaitd umigr yagsurdudhei s

triturated with 3 L .of. die | € r ilter ff 1.0 Qi first
porti on o Ehosteiafis RhEHRENIE or M chor oleRY oty T 11 e
i S concent r@iréeh dfoheatitleaoang@rdse bipdle-yahidve bolidg41(r g)t Teafilealte w doncétratedto

diethylether, and isplated a el sal i filtration. This lidis
Chen i ot et RO BR S Pued S % 1 byt Pl i B Bk O o
30 nmin. Uposy SlaslidnnThit solfdiothch enuaveting &, ofancsahbldaridshd @ilurd is [Kaics atat er i al

is isol ated i ration, triturated with diethyl ether_as above, and
ir 1 ed underastid BB LPPS poplinh s e o by Sre. TRE PEEBSoand. VS

(me): 230 kdvhkl byHiltration, triturated with diethyl ether as above, and dried under vacuum to
(IR 29)-2-Cycl ohexyl -1 - (4-cycl opr opanesul f onyl - phen ﬂ?-cyclopropanecarboxyl
ic acid [5-{rdinsditiogrl 1 st thettidy PglapqugHWW@f?ﬁ-a?éB?f- 1] -am de Oxal yl
chloride (146.89 nL, 1.69 nol) is added over 15 mn to a stirred solution
(()T R 2S) 1®- cD{18SHHCyclqhexdlc(dogyelopeapas equtfonyliphspdhgycjepr gpansgarbperiscar boxy!|
ic acid ( 29&i(9B-&p&?rﬁfﬂn-[f-;}l-lth&ﬂuﬁﬁlyll-)-tﬂiazélﬂflyﬁfaﬁﬁée di chl or onmet hane under an
i nert atnosphere. nmet hyl for mam de ('654. 61 i, 8.5 mmvl) is then added at
once, and the rd¥aly Fidgricedll ¢ 8OmLi 56Smiob idlded evenil §en tovistized sadioar e t hen
annydrous. dr chl o et paner i BRBPloPAT SRapL e bR el SRR Tre
sol ution i s(2eb00 gd0.847 mbICin I} i ef inply dnoindickldrpimetihnelynddr amphdrt dtmosphere.
15  Dimethylformamide (654.61 puL, 8.5 mmol) is then added at once, and the resulting
solution is stirred overnight. Volatiles are then removed under vacuum at 40°C to afford
an oil, which is dissolved in 3 L of anhydrous dichloromethane. An inert atmosphere is
reestablished, and the solution is cooled to <5°C. Triethylamine (177 mL 1.27 mol) is
then added dropwise over 20 minutes, leaving a dark solution. Sodium Sulfate (120.25 g,
20 0.847 mol) is added, followed by 5-(2-pyrrolidin-1-yl-ethylsulfanyl)-thiazol-2-ylamine
(213.60 g 0.931 mole). The internal temperature rises to 20°C. The reaction mixture is
stirred for 10 min in the cold, and is then allowed to warm to room temperature. After
being stirred overnight, the reaction mixture is poured onto 3 L of water. The resulting
mixture is stirred for a few minutes, and then the two layers are separated. The aqueous
25 layer is extracted with 1 L dichloromethane, and the dichloromethane solutions are
combined, dried over MgSOQy, filtered, and concentrated under vacuum at 40°C. The
resulting oil (556 g) is applied to silica gel plugs as a dichloromethane solution. Elution of
the plugs with 1:12:7 2M ammonia in methanol/ methyl t-butyl ether /heptane, followed
by 1:19 2M ammonia (in methanol)/ethyl acetate affords a brown foam (351 g).
30  Crystallization of 320 g of this material from methyl t-butyl ether and heptane, affords the

title compound (279.4 g) as an off-white solid after drying for 2 days at 45°C. LCMS
(m/e): 560 (M+H); [a]2) = - 44°.



t hen added dropwi se over 20 m nutes, |eaving a dark sol ution. Sodi um

Sul fate (120.25 g, 0.847 nol) is added, foll owed by

5- (2- pyr rabi2dionsb33gl - et hyl sul fanyl ) -t hi azol - 2-yl am ne ( PC3/U52009/067693 1
nole). The internal tenperature rises to 200C. The reaction mxture is
stirred for 10 mn in the cold, and is then allowed to warmto room
tenperature. After being stirred overnight, the reaction mxture is poured
onto 3 L of water. The resulting m xturg is stirred for a few m nutes, and
then the two | ayers are separated. The aqueous |layer is extracted with 1 L
di chl oronet hane, and the dichl oronmet hane sol utions are conbi ned, dried over
MySO , filtered, and concentrated under vacuum at 400C. The resulting oi

(556 g) is applied to silica gel g:l a_di chl oronet hane sol uti on.
Elution of the plugs with 1:12:7 LIS Al n met hanol / nethyl t-butyl

et her /heptane, The ﬂlhmmiﬂlebGKJiscﬂf&erMeaprmwd & K .daki MHhﬁnmggdddhdwﬂ pracet at e
affords a brgwn .foam (351 t|on of 32 terial

't om et hyl BGETTVE Fap Shirraifhirordfisiy ena e 1S tamBin 276, 4 o)
as an ofd - viBiopleysSAtth U337 1 BY-19x, Y9979 Afer purifitayen @t edbyfic id L (nrdl@)lots 560
(MtH); [ = - 44.d ucokin The hu i sof | essed
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1337, 175-190, 1997. After purification the enzyme is stored in al i quots at
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performed in at bottom 9 ates I1n a final 1ncubation volune
| COrL. fthe §GeMamtisonmallstdes éSG@‘figmagn@lmchiwdm@ mM dithiothreitol, 4 U/ml
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pot assi uncht ori esiunchl ori i'othreitdl
gl ucose- 6- pNA@phaa@etctemdvm@erwéglawsa.o?ﬂesmemmoést gcduededtier oi des, 5 m\/l ATP,
1nM dimethylsulfoxide and then added to the reaction mixture giving the final
dimethylsulfoxide concentration of 10%. The reaction is initiated by addition of 20 uL.
15  GK and run for 20 min at 37°C. The amount of formed NADH is measured as an increase
in absorbance at 340 nm using a microplate reader. Absorbance values are used for ECsg
calculations.
Example 1 activated GK with an EC5y = 42442 nM (n=5) at 10 mM glucose. It

also increased the enzyme activity in a concentration dependent manner at lower glucose

20  concentrations.

Glycolysis Assay
Rat insulinoma INS-1E cells are maintained at 37°C, 5% CO,, 95% humidity in

1640 medium supplemented with 11 mM glucose, 5% Fetal Bovine Serum, 50 uM 2-

25  Mercaptoethanol, 1 mM pyruvate, 10 mM HEPES and antibiotics. Prior to assay, cells are
trypsinized, pelleted by centrifugation and seeded into 96-well tissue culture assay plates
at the density of 30,000 cells/well. Cells are allowed to attach and incubated for 48 hours
at 37°C, 5% CO,. On the assay day, cells are washed with and incubated in 200 pL.
Earle’s Balanced Salt Solution (EBSS) buffer supplemented with 0.1% Bovine Serum

30  Albumin (BSA). After 30 minutes incubation, the buffer is removed and 100 uL EBSS
buffer containing 0.1% BSA, 8 mM glucose and the compound is added to cells.
Immediately after, 20 pL of CellTiter 96® AQueous One Solution Reagent is added to



NAD and a set concentration of glucose. Test conpounds are dissolved in

di nmet hyl sul f oxi de and then added to the reaction m xture giving the final
di met hyl swbf2onvmdae33soncentrati on of 10% The reaction i sPCHiuS2@9aa76by
addition of 20 nL & and run for 20 mn at 37C. The anount of formed NADH
is neasured as an increase in absorbance at 340 nmusing a mcropl ate
reader. Absorbance val ues are used for EC50 cal cul ations. Exanple 1
activated &K with an EC50 = 4242 nM (n=b) at 10 mM glucose. It also

i ncreased the enzyne activity in a concentration dependent manner at | ower
gl ucose concentrations. dycolysis Assay Rat insulinoma INS-1E cells are
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culture as ipl,?&igg alg[ the density of 30,000 cells/well. Cells are allowed
to attach a i hcu (t)g ot" 48 hours at 370C, 5% CO2. On the assay day,
cel I s ar®e washedhu, e @aghoiiiis WP ait @ebsér iRQfkidilarEdiolva 'te adtiahta mkest viad. t

Sol ution (EBSS) buffer supplenented with 0.1% Bovi ne Serum Al bum n ( BSA).
After 30 m nutes incubation, the buffer is renoved and 100 nL EBSS buffer
containing 0.1% BSA, 8 niM glo;:g(@@w@@ﬂomﬂaﬁcecm@mct)i s added to cells.

| medi ately after, 20 nmL of CellTiter 96(r) AQueous One Sol ution Reagent is
added tocel |'s antiale&itar b at ¢ Weighineds-ae %W%?n BRETHEREPONAR hour - At
the end of Adiekinaht @RI RANEE f%hlé%%d?f}’hﬂs%rerf@s@éii oveRSe Babkendal ues are
used for EC50 calculations. Exanple 1 stinulates glucose netabolismin rat

i nsul i nHha PREWERIEet Megstisd nanE egpRNETYAEgN g grous4h similar weights (=4 per

group). The compound is suspended in a 1:1 mixture of solutol/ethanol in a bath sonicator

(10% of total volume). The obtained suspension is then diluted with 9 volumes of 10%
aqueous solutol solution, and the compound is dosed orally at 1, 3, 6, 10, 20, and 30
mg/kg orally. Rats are given a 2 g/kg oral glucose bolus 2 hours after compound

15  administration. Blood is collected via tail bleed at 0, 15, 30, 60, 90 and 120 minutes post
glucose administration. Collected blood is placed into ethylenediaminetetraacetic acid
(EDTA) tubes at volume of 400 uL per sample, and the samples are kept on ice. Plasma is
isolated and stored at -20°C until samples are analyzed for glucose and compound
exposure. Area under the plasma glucose curve (glucose AUC) is calculated for each

20 group and the percentage decrease in the glucose AUC versus the control group is used as
a measure of efficacy of the compound to decrease plasma glucose.

Example 1 decreases plasma glucose in a dose-dependent manner at both fasted
and postprandial glucose levels. A maximal lowering of glucose AUC versus the
untreated control group is observed with the high dose (30 mg/kg) and represents a 42%

25  decrease. Interpolation of the data showed that a 20% glucose AUC decrease occurs at an
average compound concentration of 99 ng/ml (179 nM) in plasma, corresponding to a 6.9
mg/kg compound dose.

Thus, the compounds of the present invention are shown to activate GK in vivo.

30 Blood Brain Barrier Permeability

A stock compound solution is prepared in dimethylsulfoxide at 10 mM. A dose

solution is then prepared at ImM by diluting 100 pL of the stock with 900 pL of



Thus, the conpounds of the present invention are shown to activate &K in
vitro. Oral ducose Tol erance Test (OGIT) Male Wstar rats at a wei ght of
225- 250 gwoanw/dses8 on regul ar diet and with normal |i girCT@Bed00/ 067603
conditions. For the study, rats are fasted overnight before their exact
wei ghts are nmeasured, and are random zed into groups of simlar weights
(n=4 per group). The conpound is suspended in a 1:1 m xture of
solutol/ethanol in a bath sonicator (1386 of total volune). The obtained
suspension is then diluted with 9 vol unes of 10% aqueous sol utol sol ution,
and the conpound is dosed orally at 1, 3, 6, 10, 20, and 30 ng/kg orally.
Rats are gimepylene2lygbk grhedade ighdncioserdiob as I'2 bblou2s? mf-tkey vie dregaliven
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Vi vo.
extraction solvent are added to one part tissue. The samples are immediately

homogenized using an ultrasoinc cell dismemberator. Calibration standards are prepared
by spiking known concentrations of compound into blank mouse plasma and then treated
15  as plasma samples. All samples are centrifuged at 6000 RCF for 5 minutes. An aliquot
of supernatant from each sample is transferred to a polypropylene 96 well plate and
sealed for analysis by LC-MS/MS.
MS/MS is effected using a Sciex API 4000 triple quadrupole mass spectrometer
equipped with a turbo ion spray source. High Performance Liquid Chromatogaphy is
20  effected using a Phenomenex Hyrdro RP analytical column (100x 2.0 mm, 4 p) heated to
50°C and operated at a constant flow rate of 0.6 mL/minute. A mobile phase gradient is
utilized consisting of an initial mobile phase of 60:40 5 mM aqueous ammonium
formate:5mM ammonium formate in methanol with a hold time of 1 minute followed by a
linear 2 minute gradient to 10:90 5 mM aqueous ammonium formate:5mM ammonium
25  formate in methanol with a final hold time of 1 minute. Column effluent is diverted to
waste from 0-2.8 minutes and then directed into the mass spectrometer from 2.8-4.0
minutes MS/MS transitions monitored are 560/84. Quantitation of compound in test
samples is achieved by comparing peak area values to a quadratic equation weighted 1/x°
derived from the nominal concentrations of the calibration standards and their respective
30  peak arcas. Upper and Lower Limits of Quantitation are determined by the back

calculated recoveries of calibration standards that exceeded +/- 20% of theory. Brain



Bl ood Brain Barrier Perneability A stock conmpound solution is prepared in
di net hyl sul foxide at 10 mMM A dose solution is then prepared at | nM by

di | uti ng wOoQormknsad3dt he stock with 900 nlL of propyl ene gl pcolus20bmcHoTe i s
adm nistered as an |V bolus (2.2 nL/kg) via the tail vein into six nmale
CF-1 mce (approximately 23 g) for a target dose of 2.17 mmole/kg. Mce are
eut hani zed using both CO2 and cervical dislocation. Three mce are
sacrificed 5 m nutes post dose and thrge 60 m nutes post dose. Blood is
coll ected fromeach animal via cardiac puncture, and plasma is prepared
usi ng sodi um EDTA, transferred into pol ypropyl ene sanpl e tubes and

i medi at el ytissweoeeenusiiong agropriegal foCplaphetmtribugomusing clgklaticd Bdof ofoih each
ani mal and bﬂg qgﬁﬁaé d&%ﬂﬁ%n each half being transferred into
polypropyléﬁe §énp ubes and i medi ately frozen using dry ice. Plasm
sanpl es are pr eparédviiebloadbrainshasridp perpreelsilifyi df Exaople dfresphtat ieiamaasi ng t wo

parts of extr.action sovent 0%.t et rahydrof uran in et.oni tri.l to one
part plasnémgﬂgﬁWVQfﬁﬁ(ﬁpﬂﬁ QGGBWﬁﬁ Oﬂ¥§§?glﬁﬂ?m%ﬁ%%ﬁﬂ¥PE§@é#O§%9is assuned
t hat 1nop brahel/gdt gateme: 1 L vol une and two parts of extraction solvent are
added to one part tissue. The sanples are. i di atel y hompgeni zed using an
ul t rasoi nc ceIIr%?§ﬂ@W%@ﬂ%?gi?pr T%Yg¥pﬁhwgﬂ§ﬂbg?8§t%&%ggggﬁﬁﬁ@adby

spi ki ng Knoyin®aneepdrmditianandio ovinauinict pbentd] ftkcviatspoplyasii. and then
treated as plasma sanples. Al sanples are centrifuged at 6000 RCF for 5

m nutes. An aliquot of supernatant from each sanple is transferred to a

pol ypropyl ene 96 well plate and sealed for analysis by LCMS/MS. MS/MS is
effected using a Sciex APl 4000 triple quadrupol e mass spectroneter

equi pped with a turbo ion spray source. H gh Performance Liquid

Chr omat ogaphy is effected using a Phenonenex Hyrdro RP anal ytical columm
(100x 2.0 Mm 4 n) heated to 500C and operated at a constant flow rate of
0.6 nmL/mnute. A nobile phase gradient is



utilized consisting of an initial nobile phase of 60:40 5 nM aqueous

ammoni um f or mat e: 5M ammoni um formate in nethanol with a hold time of 1

m nut e fowDawdshss3a | i near 2 mnute gradient to 10: 90 BPCANIS2E9B61683

ammoni um f or mat e: 5nM amoni um forrmate in nethanol with a final hold tinme of
1 mnute. Colum effluent is diverted to waste fromO0-2.8 m nutes and then
directed into the mass spectroneter from2.8-4.0 mnutes MS/MS transitions
moni tored are 560/84. Quantitation of gonpound in test sanples is achieved
by conparing peak area values to a quadratic equation weighted 1/x2 derived
fromthe nom nal concentrations of the calibration standards and their
respective Y&dkLalMsas. Upper and Lower Limts of Quantitation are

determ ned by the back cal cul ated recoveries of calibration standards that
exceeded +/- 20% of theory. Braintissue concentrations are corrected for

pl asma contri butli on Wsdiongpoand dfttler fatrowle f act or of 16 nL of pl asnma/ gm nouse
brain. The in vivo blood brain barrier perneability of Exanple 1 resulted
in a nean brain/plasma ratio of 0 five m nutes post dose and a nean
total brain level of 0.539 nnol/g hat tinme. The conpounds of the
present invention have been shown to Haveqlinited bl ood brain barrier
pernmeability and so provides |im ¢€d dhtpal, for severe hypogl ycaem a. \\E
CLAIM 1. A conpound of the orsa phajmaceutically acceptable salt
thereof. 2. A conpound accordin§-10 claim1l ofstke mm a: or a

phar maceutical |y acceptabl e saft G hereof. 3. A phar utical conposition
conprising a conpound according to claiml or 2, or a pharmaceutically
acceptald e sal t drheh@ohccuticdlyacgbabragietheicofll | y acceptabl e dil uent or
carrier.

2. A compound according to claim 1 of the formula:

or a pharmaceutically acceptable salt thereof.

10
3. A pharmaceutical composition comprising a compound according to claim
1 or 2, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable diluent or carrier.

15 4. A compound according to claim 1 or 2, or a pharmaceutically acceptable

salt thereof, for use in therapy.

5. A compound according to claim 1 or 2, or a pharmaceutically acceptable
salt thereof, for use in the treatment of diabetes.

20
6. A compound according to claim 5, or a pharmaceutically acceptable salt

thereof, for use in the treatment of type II diabetes.



4. A conpound according to claim1 or 2, or a pharmaceutically acceptable
salt thereof, for use in therapy. 5. A conpound according to claim1l or 2,
or a pharwaceuwdsesBl y acceptable salt thereof, for use iPaTiUse0WMeBmdIENt Of
di abetes. 6. A conmpound according to claim5, or a pharmaceutically
acceptable salt thereof, for use in the treatnment of type Il diabetes.7. A
nmet hod for the treatnent of diabetes, which conprises adm nistering an

ef fective anount of a conpound according-to claiml1l or 2, or a
pharmaceutically acceptable salt thereof, to a hunman being or animal in
need thereof. 8 A nethod according to claim?7 for the treatnent of type |
di abetes. 9. A phar rrAaetthchbmtllcmwgshttdfdmbém whed comptifve pdipypisgompri Si Ng a
compound accor didideih@ bl Tk cHhodma AleofiRNBIIRES Uk hoallhoAECARLAR) © Sal
t hereof. 10. A p arneceut caf “¢& use 11 ?rea

di abet es conprlsmmmmhw@mmpmumﬂt@mhmndﬂng@hmamhmlmn&abﬂm@ofor a
pharmaceutically acceptable salt thereof. 11. A pharnaceutical conposition

according to claim10 for use in the treatnment of type Il diabetes.
5 8. A method according to claim 7 for the treatment of type I diabetes.
9. A pharmaceutical composition for use in therapy comprising a compound

according to claim 1 or 2, or a pharmaceutically acceptable salt thereof.

10 10. A pharmaceutical composition for use in the treatment of diabetes
comprising a compound according to claim 1 or 2, or a pharmaceutically

acceptable salt thereof.

11. A pharmaceutical composition according to claim 10 for use in the

15 treatment of type II diabetes.



