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Thiol compounds exist in many chemical and
biochemical systems, and in many cases are undesirable or
15 harmful compounds requiring selective removal or chemical
conversion from the system. The thiol group SH (otherwise
known as the mercaptan group or the sulfhydryl group)
often confers malodorous properties on compounds
20 containing it. Minerals such as mineral fuel deposits
{oil, natural gas and coal, for example) are often
contaminated with malodorous thiol compounds. Gaseous
effluents from the extraction and refining of crude oil,
gasificarion of coal and mining of natural gas are often
contaminated with thiols, and require removal of thiols
therefrom to meet environmental standards.

The manufacture of certain pharmaceutical
products, for example cimetidine, ranitidine and
30 nizatidine, involves the use of sulfur-containing reagents
and the production of methyl mercaptan by-products. The
current method of disposal of these products is by
incineration, which leads to the production of sulfuric
- 35 acid, discharged as a component of %acid rain". An
improved wmethod of trapping thiols in this context is also
reguired.

Thiol trapping agents can be used in diagnostic

 processes to trap organic mercaptans. Also, they can be
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and the production of methyl nercaptan by-products. The current

nmet hod of disposal of these products is by I nci neration, which | eads
to the production of sulfuric 35 acid, discharged as a conponent of
"acid rain". An i mproved nethod of trapping thiols in this context
Is al so wo $7Rfa93r ed. Thi ol trappi ng agenpgreasrtmratised in
di agnostic processes to trap organic_ngrcaptans. Al so, they can be
WD 97/ 31893 PCT/ CA97/ 0137

- 2- used as diagnostic reagents, for exanple, in the

det ection of sul®98§drydsgr ddpgneptpeot tpagents, for examplef pdmt | dllear
interest in conngsteciioi IJF i fhhdpyEseRéups\iNiprotelinist he trappi ng of

bi ochem cal thi ol conpounds such as enzynmes. Many enzynmes contain
active thiol groups, derived fromtheir cysteine residues.

Sel ective inhibition of t deaytiquiaaf inkaresyzyesconnectigrr wiibhy tde
irreversibly,s bypréaait ofintentiuh f ¥st heler dxhgding &f O¥ASchbRidali dragical

system nmay thuqcfoQg1%?e basi s_of therapeutic treatnentt ExagFles of
such enzynes TROPGHFAh & PARAPES . 1l REEr PP2XTRE s §ontRtHe AShiven
[err]-]| Convidriding cErpapse, degtiaed dExonfitheisomystssineH \Hesidues.

Cat hepsin B and dettamgvReeinhiPli Lt edei e act WIDRT H FhsRaASESymes,
i ncl udi ng progres%;v%. artiugge and . bonq}dggra ation assogL%te wi.t h
arthritis. I NHDIFSEDLY O T HR e R e p Shs™ HaTe ThusRd™Padh¥e fheir
i nf | ammat i ontffandchiol jgxeupsiesin uat béalegicmi neystamiel Bapf thus hifprinsthe The
20 cal ci um assomadigf o ot RaERsealdDdireacmend . | ExHA¥8eHEBR suchdezRymaked
with AIzheinve%§£SE§§ﬁg . + et ;

psin B, Papain, HY*/K*-ATPase, Interleukin B-1

Converting Enzyme, protein disulfide isomerase (HIV).

15 Cathepsin B and L have been implicated in a
number of diseases, including progressive cartilage and
bone degradation associated with arthritis. Inhibitors
of these cathepsins have caused reduced inflammation and
joint destruction in animal models of arthritis. The

20 calcium associated proteases calpain I and II have been
associated with Alzheimer's disease.

Interleukin beta converting enzyme (M. Mullican

et al., Bioorganic & Medicinal Chem. Lett., 1994, 2359)

25 is a key target for drug discovery because of its key

role in the 1zrelease of the inflammatory protein,

interleukin-1 b eta. Excessive levels of interleukin-1

beta are implicated in a wide variety of diseases

including rheumatoid arthritis, psoriasis, inflammatory

30 bowel disease, and insulin-dependent diabetes. Like

thiol protease, ite mechanism of action involves a
cysteine resides at the active site.

Proposed reversible inhibitors of these enzymes

35 include peptido aldehydes, nitriles, ~-ketocarbonyl
compounds . Proposed irreversible inhibitors include
peptido halomethyl ketones, diazomethylketones,
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I nterl eukin beta converting enzyme (M Millican et al., Bioorganic &
Medi ci nal Chem Lett., 1994, 2359) 25 is a key target for drug discovery

because of its key role in the release of the inflamatory protein,
interleukin-1 b eta. Excessive |levels of interleukin-| beta are .
implicated ig,poAigds variety of diseases I ncl udi ng r heupgtehdhee13?
arthritis, psoriasrs, inflammatory 30 bowel, disease, and

i nsul i n- dependent di abet es. Li ke t hi ©1  protease, its nmechani sm of
action involves a cysteine resides at the active site.

Proposed reversi bdeylonymsithyls of kehenes enzykesogsthyhgnifieniyept | d@lts,
al dehydes, nltrléﬁo%udes anaketigear tyamebnes COKD@HBG@\ thBé@pct&ﬁ&)ounds

eversi bl MBI URLS 0G] Ude s PSRl ane NALAIERIM, ok 9PO%me

PCT/ CA97/ 00137 structural types have found sgrious ufdllidigsetsds| drug

ket ones, ketpmetdnd addeani um sal ts, epoxi des and vinyl sul fones.
Al t Hough t hese conpounds are known to be thiol protease inhibitors,
none of the structural types have found serious utilities as drug 5

candi dat es. ThEh eergETEP PP IOETo NPPIRD Sg8sricc HSY/KY-ATPase,
Heerr]/Kierr] ATPagtso knows $& l¢hR W?:I%thhﬁurﬂéo'fl%b%&l mﬁ&%@dl ARl kgat ed
in the devel o qpﬁmarit of ept}:, gers i.n lg n@){me 10 al so
contains active t @"ﬁ?% dE&FPVEE f"rlézl‘?\rﬁhe’r’} mAMMAURt ei ne R sCPGELe
The inhi biti oW ofaksn scen29mS| sagiye thigfl t feowps maderiiyeds ffon r chedent
OL peptic ul cerH+/ sten.rféx_lr%ﬁdugél ol -:%aaalmglagsﬁt 5fcenlgeeﬂ§9ﬂetggl BREDI t
e razorn?y™ Mdd ghel ATEARS, pAfaexamnle Olntleh SPmadc %udy i
humans. Thiol trapping agents can be used to inhibit the
enzyme Ht/Kt-ATPase. An example of such compound is

15 omeprazole.

The present invention provides novel processes

20 for trapping thiol compounds, which comprises reacting

them with certain thiadiazoles. Some of the thiadiazoles

used in the present invention are novel chemical

compounds. Others are known compounds, but not previously

proposed for this use. The compounds used in the present

25 invention are characterized by a 1,2,4-thiadiazole ring

structure, substituted at position 3 but unsubstituted at
position N-2.

One group of compounds for use in the process
38 of the invention are 1,2,4-thiadiazolo-[4,5-
albenzimidazoles corresponding to the following formula

I:



°*The present invention provides novel processes 20 for trapping thiol

conpounds, which conprises reacting themw th certain thiadi azol es.
¢ Sone of the thiadiazol es used in the present invention are novel
chemi cal conmpounds. Qthers are known conpounds, but not previously

proposed forwd Bisasesse. The conpounds used in the present 2pciyouenbiion are
characterized by a 1,2,4-thiadiazole ring_ 4 _structure, substituted at

position-3 but unsubstituted at position N 2. One group
of conpounds for use in the process 30 of t he I nvention are

|, 2, 4-t hi adi azol o- [ 4, B! al benzi m dazol es corresponding to the foll ow ng
formul a | : R2 97/31893

PCT/ CA97/ 00137 -4- [err]

or pharnmaceuti CaF!f ab?e salts thereof, wherein: Rerr],

Rlerr], Rerr], errlqare dependently hydrogen, | ower al kyl, 5 halo,
nitro, am no, hydroxy, vy lower al koxy, | ower al kyl am no, | ower

NHAGNR R NHPD) BT 53311 cppspb} € Reley (harees,l iBarpyn:

hydr ogen, |ower alkyl, aryl or 10 lower arylalkyl, or R and R" in NR R’

formwith the N-gl, Rat,OTR33, fRVea s ShaepeitRatas hﬁﬁ&rdg@)ﬁql | Kowd N Dby,

formula 5 th nitro, amino, hydroxy, lower alkoxy, lower
alkylamino, lower dialkylamino, NR'R", OC{O}R', OC{O)OR’',
OC(O)NR'R", NR'(COR'), NHC(O)NR'R", NHC(Q)OR',CONR'R”

R', R" are independently hydrogen, lower alkyl, aryl or
16 lower arylalkyl, or R' and R" in NR'R" form with the N-

atom a five or six-membered heterocyclic ring of formula

()
(CH2h  yherein n is 4 or 5, and y is selected from:

{1) groups of the formula:

7
15 R

in which R7 represents hydrogen, hydroxy, lower
alkyl, lower cycloalkyl, lower alkoxy, lower
alkenyl, lower alkynyl, aryl, lower arylalkyl,
heterocyclyl, hetero-cyclyloxy, heterocyclyl-

20 loweralkylene, a group NR'R" where R' and R*
are independently selected from hydrogen, lower
alkyl, aryl and lower arylalkyl, or R' and R*"
when taken together form with the N-atom a five
or six membered heterocyclic ring N (CHplp,

25 wherein n = 4 or 5; and a group ANR'R", AOR
wherein A is an amino acid residue or a peptide
of 2 to 3 amino acid residues and R', R" have
the same definition as above



wherein nis 4 or 5, and y is selected from (1) groups of the

forml a: [err] in which R err]

represents hydrogen, hydroxy, |ower al kyl, I ower cycl oal kyl,
t | ower al koxy, |ower al kenyl, I ower alkynyl, aryl, |ower.

aryl al kyl ,  wo 9731893 het erocyclyl, hetero-cyclyloxy, prewesooysryl- 20

| oner al kyl ene, a group NR R' where R and R's . are

i ndependent |y sel ected from hydrogen, | ower al kyl, aryl and

| ower arylal kyl, or R and R when taken together for Lth

the N-atoma fivel? heterogyelyl: nenf@¥ed het%ﬁi}@fﬂgq' ertﬁ’Fé":N@l%'

(CHerr])n 25 . Wheweinadkyl4loweb; _aahﬁlmgr beperbRY&lyl A@Rno,

wherein A is an amno aci dypgstdug )94 18nRERRIAS-heterocyclyl OF 2ah@nd-

am no acid residues and R have t he s§r,re def)nition as

above WO 97/ 31893beterocyclyl, the heterocyclic ring Dbeing

PCT/ CA97/ 00133 attached at any heterodiom or cagBpn atom which

hetérocyclyl, = 1over —alkuhene- gt ehacucbition of a ptable s¥bcure,

al kyl -1 ower al kyl ene heterocyc am no, ower

al kyl ene- ani no- het er ocycl yR™ orgh%m' Rgterocyclic ring bedpgcyopfionaipy
het erocyclic ring beingsubstituted withti-gCchelsatitapptbeseleatedh firom
carbon at om whi ch lower "S8KLAS | Bylh&xr! €ahiof Pf 2n8h8P! C10wer

4

'
structure, and the heter ocyc}’l c ring being opiionall
substituted Wilth 1-3 subst RFHEEHRRINR gt etey§Hnplkylamino; l°w?’6v\é?[k8¥¥§ll;
hydroxy; nitro; am no; |owkowedOalkyl substiaidtedaminh; 1dB- babetish&ytansno;

| ower al koxy; LUt ed oist-n ' ts s
el ected from hydroxy, | O\I\B?l%! Eil cgfrﬁl arrgg : 2, otk ]"%EK%P?E%H’%'

hal ophenyl, heterocyclyl, BRFHGky ophenyl, heteropyGlyl. 5 qaFRreAT HARTI ;

| ower acyl ; lower 15 lower  allabiyaarbendnyl; lowewer aabkyl - shibkenyl ;
ami do; al 1yl 3106073 ro ANy | 1%%&0%&%559&&6%%?? amido;

15
wi th am no, hal o hydroxy, | al_ kox | ower \ .l ower
al kyl ami no or di-| )c/)vver )6/” kﬁfﬁ‘no;ben%’,l" gﬁenyl opticnally sugsizltuted

with amino, halo hydroxy, lower alkoxy, lower
alkyl, lower alkylamino or di-lower alkylamino;
heterocyclyl optionally substituted with 1-3
20 substituents selected from nitro, hydroxy,
lower alkoxy, lower alkyl, amino, halo, lower
alkylamino, di-lower alkylamino; with the
proviso that the heterocyclyl group Y isg not
l1~imidazolyl or substituted l-imidazolyl;
25 (3} NR'R" or -CHy-NR'R" wherein R’', R" have the
same definition as above;
(4) ANR'R", AOR wherein A is an amino acid residue
or a peptide of 2 to 3 amino acid residues and
R', R" have the same definition as above

30 (5) lower 2- {alkoxycarbonyl)alkyl
(6) halo
(7) groups of formula R8-CHOH- wherein R® is
hydrogen, lower alkyl, aryl, lower arylalkyl,
v lower cycloalkyl, lower alkenyl, lower alkynyl
35 or heterocyclyl, the heterocyclic ring being
. attached at any heteroatom or carbon atom which

results in the creation of a stable structure,



heterocyclyl optionally substituted with 1-3 20 substituents

selected from nitro, hydr oxy, | oner al koxy, |ower alkyl,

am no, hal o, |ower al kyl am no, di-lower alkylam no; W th

t he provi so that the heterocyclyl group Y is not

1-i m dazol yl worersigest i tuted 1-i m dazolyl; 25 (3) NR R, ,@&,,mm.,'

-CHerr]-NR R wherein R, R' have the _ 6 - sane definition as

above; - (4) ANR R', ACR wherein Ais an anmi no acid residue

or a peptide of 2 to 3 amno acid residues and R, R have

the sane definitil@d as abo9eo@es ¢£)formula oRRrC P=NeRI %y oechariyd )Ryl s

(6) hal o (7) hPd L3R Qwer! AniphacxRLEL- HE 15 falr%u? RS
aryla :

Rlerr] is hydrqgen, |awer. al kyl, aryl, |ower
| ower cycl oal kyl, | ower al {Senagyerov%ky&'kyﬂ%l'%1°wer arylagkyl, fower
heterocyclyl, the heterocsxtiealipilng Beway alkenyl, loweattatkedynt @ny

het er oat om orscarbon at omwdidrbeyclyl, the hesHLbSyEDL he G4 t .00, a
stabl e structure, a%c%éélégs b 5 l, rih Q&rg
PCT/ CA97/ 00137 ak any carbog atom wpgeh resudtgypin of
formul a RO-C(=NOR[ err])- vishe ¢inearfionr pfia stable structureydrogen | ower

al kyl or lower agyjalkyl, BR&R alkoxy,  lowb$ |0‘ﬁ‘§:§rl§|lr%vk\g aryly ol guer
aryl al kyl, | ower (i¥:%| oal Kyl_, |ower al kenyl", "'owef al Kynyl~ or
5 het er ocycl yl Y8R er ocpOMeE Mt Wwctylalkoxy = or
attached at #hy carbon at dmtsiriostrelydokys in the creation of
a stabl e structureo) (Bwer  AIRYBEUIESHFDOXY: LowdPVWely 1k AR AlKIXY,
| ower cycl oaalrkq}(%)(‘ _e L oyer het er o \écﬂ,al koX or !
het er ocycl yl oxy; (10) 2¥YISadzEenyly| () sul FSPé ultingher lower

al kyl sul finyl, arylgdjyigulfomgl,  lowenry|sxyXdikylsulfinyl,

| ower aryl alherlesbbfomyl suisd el a Fi M s rrv1 -
het er ocycl yl %ﬂ fonyl, he erociﬁwlﬁgul I%Id; 15ﬁ¥£éwé‘wlo§%§ﬁgp’lly
substituted With 1 to 2 sUbstrbgantsSubstituted withsd & &y suhsthtuenser
al kyl , hal o, nitro, selected framwdrdeyer| owdkydl koxyal®ey gnatps,of
formul a NR BydroxyOC(1dwRr alk&ek O @F » groupS R NEBmula
NR (COR), NHC(ONR R', Nlﬁg(,g,g?’ V‘@%QSJE.' aﬁ? 0C(0)OR' 0C (0) NR'R",

NR' (COR'), NHC{(O)JNR'R", NHC(O)OR' where R' and
20 R" have the meanings given above;
(11) groups of the formula -C{=NOH)COOR!l wherein
R11 is lower alkyl;
{12} hydrogen, substituted lower alkyl, aryl, lower
arylalkyl, lower cycloalkyl, each group being
25 optionally substituted with 1 to 2 substituents
selected from halo, nitro, amino, hydroxy,
lower alkoxy, lower alkylamino, lower
dialkylamino, NR'R"Y, OC(O)R", OC(OJOR',
OC(O)NR'R", NR'(COR'), NHC(O)}NR'R", NHC (O)OR!,
30 with R' and R" having the meanings given above.

A second class of compounds for use in the process
of the present invention is bicyclic compounds, namely
imidazo[1,2-d]-1,2,4-thiadiazole of the following formula

35 II:



20 R' have the neanings given above; (11) groups of the

formula -C(=NOH) COOR[err] wherein Rlerr] is |lower alkyl;
(12) hydr ogen, substituted | ower al kyl, aryl, |ower

aryl al kyl, 1 ower cycl oal kyl, each group being 25 optionally.
substituted %‘]29"(#1830 2 substituents sel ect ed piormmeived1e?
nitro, am no, hydroxy, | ower _ .al koxy, | ower al kyl am no,
| ower . di al kyl am no, NR R', OC(OR, oC(O Or
OC(ONRR', NR(COR), NHCCONR R', NHC(OOR, 30 with R and R
havi ng t he neani nggb iv$p above. A second cl ass of conpounds for
use in the process 0 he present invention is bicyclic conpounds,

nanel y i mdazo[1 8, 4-t hi adi azol e of the following fornula 35 I1:
W097/ 31893 R6 ! PCT/ CA97/ 00137

-7- [err] rein Rlerr] and R err] can have the sane neani ngs
as Rerr], Rerr], R3Yand @A&ain formula Il above, and Y is as previously
defimed. 5 A thir

Itkgss of conpounds for use in the
present inventi onwhegedns8BsenduRéd cal haves st igancedieanings & Rol &2 of

general formula IRB and r% EBf Fhrmula 11 WER,Y dsdag def i fedpabeysusand
T represents .
defined.
5 A third class of compounds for use in the
present invention are 3-substituted, N-2-unsubstituted
thiadiazoles of general formula IXI

:
N;f;g
Y IIX

whexre Y is as defined above, and T represents
10
(a) a lower alkyl group, a lower
alkylaryl group, a secondary or tertiary
amine group, an amino acid residue or a
heterocyclic group selected from azole,

15 pyridine, piperadine, piperazine and
morpholino;
or (b} a group - M [- AMA -] L where M
is a chemical spacer group bonded to the
20 thiadiazole nucleus and selected from
8] H O B
I I o
-¢-, ~-N-and - C - N -;
25
L. is an N-terminal peptide protector group
- or a terminal group
) O
30 Il

-OR', NR'R", - C - R!



=10 (a) a lower alkyl group, a | ower

al kyl aryl group, a secondary or tertiary am ne group, an
.amno acid residue or a het er ocyclic group selected from
*azol e, 15 pyri di ne, pi per adi ne, piperazine and _

nor phol i N0; wa 97731893 or (b) a group - M - AVA- pedyelBigoRs7M

is a chem cal spacer group bonded to the 20, _ t hi adi azol e

nucl eus and selected from O H O H

- ¢c-, - N-and - C- N-; 25 Lis an N-tern nal

pepti de protector group or a termnal group

O 30 -OR , MRe®e R' CandRR" are as\\Be$¥ih3#893

PCT/ CA97/ 00137
where R and R
an anmi no acid or

n 5

5

above; and - AMK - is an amlno acid or.

peptide pefidug o5 i[dt?gp - ﬁ“% CHA[ gpri\{A _

wher e Al whér@nptonies Oénirh%dénoé\f.l #ReNknown amino

are as defined

acid a-substituents and n is apn_integer, . from]l to 3;
-NHPh or a di phenyl - guanlg'ne Skitpen® and n is ‘an gpteger

or (c)
fornmul a

10

15

20

25

30

rom 1 to 3\H

or (c) -NHPh or a diphenyl-guanidine group
of the formula

NH
I

- N-C - Ph

I
Ph

in which Ph represents phenyl optionally
substituted with hydroxy, lower alkoxy or
amino.
Novel, monocyclic compounds fo ruse in the
present invention are 3-substituted, N-2-unsubstituted
thiadiazoles of general formula IIIa

¥ IIIa

where Y' is lower alkyl, lower alkoxy, amino, carboxyl,
lower alkoxycarbonyl oxr l-piperazinyl optionally
substituted at the 4-position with lower alkyl; lower
alkyl substituted with 1 or 2 substituents selected from
hydroxy, lower alkylcarbamoyl, phenyl, halophenyl,
heterocyclyl, carboxy and lower alkoxycarbonyl; benzyl;
phenyl optionally substituted with amino, halo, hydroxy,
lower alkoxy, lower alkyl, lower alkylamino, or di{lower
alkyl)amino; heterocyclyl optionally substituted with 1 -
3 gubstituents selected from nitroc, amino, halo, hydxoxy,

[ S

-



« [err] - N- C- Ph 15 [err]

Ph I n which Ph represents phenyl optionally
substituted with hydroxy, |ower al koxy or 20 am no.

* Novel, nonocyclic conmpounds fo ruse in the present invention are
3-substituteq”oghg?#psubstituted t hi adi azol es of gener alpcrmaswbas? | | a
[err] la 25 where Y[err] is loger alkyl, |ower alkoxy, am no,
car boxyl , . | ower al koxycar bonyl or 1- pi per azi nyl optionally
substituted at the 4-position with | ower alkyl; |ower al kyl substituted

with 1 or 2 substieweht3alkersact kewes opdkyl, 2 1kylpdno, ‘or dif{lower
a: tyl car bzgm)y: , baphymy&mind}al ophemyldipkenyametvgy cl wherehr _bdarqtla_ncbkhewyéllr

al Koxycar ponyl ; nz ; P on ; | t . W m : o,
hydr oxy, I owe]‘r%ué% ox?z,rel ogégﬂé?‘%?f% I%\%\Aéar/tla ytc.iam'l‘btnl(;%fill orﬁgd‘lio?'l O\Ané/e%?fm

al kyl ) am no; het ehyéyexy| cpplovenl pikexpst i t utPYkicyl]l where the pyridyl
sulbstituents sel egtgg hEOBPYibHALl1FTdibstideedhyditbX)yl, - 3 substiMents
97/ 31893 . . R CAqE(gQ;SJ [UEL

al koxy, | ower al ks?}e?%%%rﬁé?"f(g%ﬁon’o,a%.?nodi_(}%;(v\%r a Kyl])oaYln‘%rnoé;l o
1, 1- di phenyl met hylowemepéknl, bdewerpladhyilaminoy j gFs dighlowegptabaal)amino;

substituted w thorhal@roummnidie-CO-NHh}dvexralierli ower al koxy; 2-pyri dyl
where the pyridyl 5 ring is optionally substituted with 1 - 3 substituents
selected fromnitro, am no, hal o, hydroxy, |ower al koxy, | ower al kyl,

| oner al kyl anttho, and Qi x¢rRFEasengisky| ) am no;

(a) a group - T [- AMA -] L where T is a
chemical spacer group bonded to the

thiadiazole nucleus and selected from
15 O H O H

I i (.

-C¢~, - N-and-C-N -;

20 1, is an N-terminal peptide protector group
or a terminal group

o)
i

25 -OR', NR'R", - C - R!

where R' and R" are as defined above; and
- AMA - 1is an amino acid or peptide
residue -[ NH - cHal - o }- , where al is
30 any one of the known amino acid o-
substituents and n is an integer from 1 to
3; with the provisos that, when 0 is -
NHPh, then ¥' is not alkoxy, dialkylamino,
hydroxyalkylamino, di (hydroxyalkyl)amino;

35 and when Y' is 4-substituted piperazinyl,
- Q is not a group - T - [AMA)-L.
- Another aspect of the present invention is the

use of compounds of the general formulae given above as



cor a group -CH err]-CO NH | ower al kyl ; 10 and Q represents

(a) agroup - T[- AMA -] L where Tis a chem ca
. spacer group bonded to the t hi adi azol e nucl eus and
“sel ected from 15 @) H O H
[err] woomsess - C-, - N-and - C- N-; 20 pcricasroe13r
s an N-term nal peptide protector group_ 10 - or a term nal
group . O
1 25 -OR, \RR', - C- R

L

where R and R' thielasrappingdagenVve: imntghe reaction of thiol - cépounds an
amno acid or pepkrd®@ith to form disulfidesidbipouddsNH - 16EAl SLEEL 1ot |-

n where Alerr]
a_

of .

' 30, th [
Wentngo  coppapads Fatre Phed niBgerot T (§ o 1n

am no , aci d

3; with the pro#fyssughrediwnesuchi @s body fluids, at tempéfRiturtesernnd is
not al koxy, §li abk@k2mMdther appropriate condiBY6h8XYEd KWa@BtB9n 1iquid

di(hydroxyalkylgg

pi perazi nyl,
Anot her aspect

general fornul agriiks
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en.Y is 4-substituted
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of the present invention is the use of conpounds of the

& 97/ 31893
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FIGURE 1 1is an illustration of the chemical
interaction between thiol compounds and 3-substituted
1,2,4-thiadiazole compounds according to the present
invention;

FIGURE 2 is an illustration of a synthetic
route for preparation of the most preferred compound for
use in the process of the present invention;

FIGURE 3 is a graphical presentation of the
results of Example 41 below.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred compounds used in the
pharmaceutical processes of the present invention, i.e.
in inhibition of the proton pump enzyme by reaction of
the mercaptan group thereof, show specificity for the
mercaptan functional group as demonstrated by the fact
that the imidazol[l,2-d}l-thiadiazole nucleus of these
compound show limited or no reactivity towards other
nucleophiles present in vivo such as amines, hydroxide or
iodide ions. In chemical model systems, the heterocyclic
ring of 1,2,4-thiadiazolo[4,5-a)lbenzimidazole in
particular is unreactive towards these nucleophiles.

Particularly preferred compounds of formulae I
and II for use in processes according to the invention

-



. thiol trapping agents in the reaction of thiol conpounds therewith to

form di sul fi de conpounds. The reactions with thiol conpounds take
place in solution, e.g. in aqueous nedi um such as body fluids, at

> tenperatures and 5 under other appropriate conditions to maintain liquid
sol utions or pyspaRs ons of the reactants. BRI EF REFERENCAIT®IFHE
DRAW NGS 10 FIGURE 1 is an illus{yation of the chem cal
interacti on between thiol conpounds and 3-substituted 1,2,4-thiadiazo|e
conmpounds according to the present i nvention; 15 I%E

is an illustrati8feobboge symtwaich R° andR% axs hrdxegevi Gy t‘l‘ﬁe
preferred conpounghépéin R7uUse ilewelre alikgtesargfl,t hydrogeant dmvm-rpyntﬁyl

FIGURE 3 is a graphij S J f .t 0 I ; W.
DRESCI PTI ON OF Tképtﬁﬁﬁﬁkﬁsﬁmﬁﬁ%%em%% D ! bansts pre eér}'fééﬁ

conpounds used from metinel %‘%H&F#ﬁ&utlcal processes of the present

I nvention, i.es in inhibition of the proton punp enzynme by reaction of

t he Trer capt an group thereofy %ﬁ‘%s&fl%lrfl'fyc' tdQe sttf}_ﬁg, a{}ﬁcaﬁé‘fbrred

functional group as dermnstrat
i mi dazo[ 1, 2- d] - t hoEewRzef ecowlﬂfs acé’PrdFHEsEOSBh%oﬂ’f)%‘EﬁﬁF sHE®RGHRR &reor
no reactivity towshése OhBeing aﬁﬂﬁbeaalﬂdl % peptade iresidvue Side ashamsnes,

hydr oxi de or i adl LOAS, m)ggj r&pQﬁ: %q
ring of 1, 2, gg%% |8§zo o?“z?%g é‘lgxeenZI m daz el%nlsn partlcu ar %
unreactive todhr d%ot%%el‘h'ﬂ%‘}"édﬁhll gmino 3654 x pepiide tgsidue side
preferred conpoundraiis f wanil Be lattadhed | tof othelsdiicyciiacess estrmiosaildicn

to the invention nucleus at the 3- position of the thiadiazole ring (group
Y). In wmonocyclic compounds, such side chains can be

attached at position 3 or position 5.

15

The use of amino acid or peptide residues as
side chains in the monocyclic compounds used in the
present invention, particularly when they are attached to
the nucleus at position 5, allows selection of an
20 appropriate such group having binding affinity for the
enzyme which is to be inhibited by the compound.
Furthermore, the binding affinity can be arranged, by
appropriate choice of such a side group, so that the
compound binds to the enzyme at a location on the
25 proteinaceous chain of the enzyme adjacent to the thiol
group of the enzyrﬁe which the compound is to attack. As
described below and illustrated in Fig. 1 of the
accompanying drawings, it is the -S-N=C- grouping of the
compounds of the invention, activated by an appropriately
30 chosen group Y, which is instrumental in attacking the
thiol compound to form a disulfide. The presence of an
appropriately chosen enzyme binding or recognition group
as a side chain on the compound at a position remote from
the -S-N=C- group allows the compound to seek out and
35 bind to the selected enzyme, to enhance the chemical
- attack of the thiol group of the enzyme. Compounds of
this nature, according to the invention, are accordingly
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- 11 - are those in which R5 and R6 are hydrogen, and Y is R err]CQ
wherein R7 is lower alkyl, aryl, hydrogen, or 2-pyridyl optionally
substituted with 1 to 3 substituents sel ected from nmet hyl and net hoxy.
5 wovsfses particularly interesting, and prefervcgcasrooisgr oup of
conpounds according to the present inveptign_are t hose having am no
acid or. peptide residue side chains. These can be nono, di or
tri-cyclic conpounds according 10 to the invention. The am no acid or

pepti de resi dudighd¥ selechaVRsigahheir arEaRFeduPEnt Ae®BrEyEiTc shosen
tricyclic rheltes and here3-myrdsi léesn péadthievd hi el etkhiengthgodep
Y). In nonocychi.c,C S i chaihs,.gcan,he ttached R
position 3 or %%%%Piqn_g.mﬁ?ht éﬁ%b&ﬂég;’!ﬁﬂéléé gPQaﬁﬁﬁ?éﬁﬁﬂi%ﬁ %@%tide
resi dues as regpgaiEhaPnsids FIBPonocycl i ¢ conpounds used in the
present invention, particularly when they are attached to t he nucl eus.
at position 5, allows sefeclLion.of  an ropgd i uch g hayin
binding affinity for theJk Li"g,%lzf}nr‘fe m%’i?%ﬁpeg & i_b"‘ubt e%f‘%) (o
conpound. FentRérfotde @Fdng Ry ZEFidne yleusybeleeammperidey of
appropri ate ch@&ogmudk:such a side group, so that the conpound binds to
the enzyne at a | ocat{on on the 25 protei naceous chain of the enzyne

adj acent to the thiol group of the enzynme which the conpound is to

attack. As d&cr[beld bel ow and illustrated in Fig. 1 of the
acconpanyi ng drgieR i

3 { he -S-N=C- grouping of the conpounds of
the invention, actfvatéged by a aﬂpropriately 30, chosen group Y, which is
instrumental in attacking the -dPUEBApIENES?Y Y r m a disul fide. The
presence oftoanThis Fyougpriat ehy ebosgnieidynmeelueadtagfor red@pisinorB gr oup
as a side chai n npQund, at Pt Qn te fr _alshe -.S; -
group allows t gaceév%%%% tggs(ej?eklggtagg%g S%St;[n tot%hgﬂgel eg%leﬁgre% nme,
to enhance thetBRERPEal ACCHGINAYof 3 hECTRPERA gRYGE &S t FemetBsPRE 5~
Conpounds of amihbis, 2pd eitlel addaeeld Nheapinde thmsentside, greupcdssuhdigl y

through its 5-amino group, is a good iphibitor of
15 cathepsin L, cathepsin B and papain.

Peptido recognition sequences for cathepsin B
and L may be defined as follows (shown attached to the 5-
position of 1,2,4-thiadiazole of the present invention):

Y N ;'\1
b g »—NH-CO-NH-CH-CO-NH-B;
N\S
20
YWT’N ¢1
}—~CO-NH-CH-CO-NH-B;
N-s
v COOB;
T co-m-
$—CO-NH-CH-CO—N
Neg
YYN
I >—Nn{co-¢H-NH)-PG

where Y is as previously defined;



o
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- 12 - hi ghly selective in their attack upon a specific, chosen
enzyme, and are nuch | ess reactive towards other thiols whi ch t hey

m ght encounter, due to the presence of the recognition side group. 5
A specific ewayphgmeef such a side group contai ns the anramcasnodizzesi due
| eucyl 1soanyl am de, of forml a: - igecrr]

[-CO | eucyl -NHisoamyl) 10 This group is the recognition sequence for

cat hepsin B and papain, at a location adjacent to the -SH group
thereof. Accordingly, a conpound such as 3-net hoxy-5-

am no-1, 2, 4-thi adi azol e bearing this $hde group bound through its
5-am no group, is a good inhibitor of |15 cathepsin L, cathepsin B and
papai n. Peptido r gnidj on.gequences for cathepsin B

and L may be defined as follows ?@ﬁomn attached to the 5- position of
1,2, 4-thi adi a?ol e of the present invention): [err] 20

[err] inWRich Ydse aSepifedentishy adefdnied acid residue so that

A, is any a-group from known amino acids, PG is an N-

protective group selected from heterocyclylcarbonyl,
benzoyl, carbobenzyloxy and tert.-butoxy; B, is hydrogen,

10 lower alkyl optionally substituted with amino, guanidino
or N,N-di-(loweralkyl)quanidino; and n is 1 or 2.

The same groups can be utilized in bi- and tri-
cyclic compounds according to the present invention.

15 Preferred as group -NH-CHAq{-CO- is leucyl. Preferred as
group B is hydrogen, iscamyl or 4-~quanidinobutyl.

Preferred as group PG is carbobenzyloxy. Preferred as

group {(CO-CHAq-NH),, is the dipeptide phenylalanyl-alanyl.

20 Por inhibition of interleukin £#-1 converting
enzyme, the recognition side chain as compounds of the
present invention is preferably a tripeptide, e.g. a side
group of general formula:

25

—NH{CO—FH—NHE*PG
Aq

30
where - (CO-CHA4-NH)- is -valinyl-alaninyl-aspartyl- and
PG is carbobenzyloxy, preferably attached to a position
remote from the -S-N=C- grouping, e.g. posgition 5 of a
monocyclic thiadiazole of the invention.
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-13 - [err] 5 in each case
representing an amno acid residue so that Alerr] is any a-group from
known am no acids, PGis an N protective group selected from

het er ocycl y\wers7iedey! | benzoyl, carbobenzyl oxy and tertpehahsnops7Bl err]
is hydrogen, 10 |ower al kyl optlonally supgtituted with am no, guanidino
or N, N-di-(loweral kyl)quanidino; and nis 1 or 2. The sane
groups can be utilized in bi- and tri- cyclic compounds according to
the present invention. 15 Preferred as group -NH-CHA[err]-CO is |eucyl.

Preferred as group Bﬂc&érdmﬁqugenaddfuﬁﬁndl Oépébiﬁﬁﬁﬂxﬂynobﬂéﬁérred

Pr ef d b f
(E:eo (e:lr—l,rb\[eer?]s %Ll)%iéﬂpg%ﬁé gél'i‘f Of L) EL;%I eEfx ?%esemé 9 R¥8ntion

For inhibition épcinder F@mkphn?%rw t: t@hv%rwmgesenwerﬁzyr@mmeamd or
recognition si dpepbalie 26sLAIPOWES @ompbends oPressiildnvention is

preferably a tripeptide, e.g. a side group of general formula: 25
CO-NH- CH NH—Q )!\
CH3, CH3

of formula:

Hp-0-C-NH-CH-C-NH—{
CHe I N

N Y

@)

© 1o

of formula:

CH. o) S—
3\ |1 N
5:HCH2-CH2-NH-c-cl:H-NH-%-NH—Q i
CHs4 ?HZ o) N Y
CH,
cH
CHyY CHy

15
especially when Y = OCHj

of formula:

i 2 S
MeO—C -NH-CH-C - NH——QN)S\
Y
CH
CHy~ 'CHa

20

compounds in which W is an amino acid or peptide residue

of formula AOR' or ANR'R", e.g. compounds of formula:



s- NH-(CO- CH- NH)[err] -PG [err] 30 where -

(CO-CHAlerr]-NH) - is -valinyl-alaninyl-aspartyl- and PG is

car bobenzyl oxy, preferably attached to a position renote fromthe
*-S-N=C grouping, e.g. position 5 of a nonocycli c thiadi azol e of the

i nventi on. WO 97/31893 WO 97/ 31893 PCT/CAS7/00137

PCT/ CA97/ 00137 - 184_-

Accordi ngly, additional specifically preferred conmpounds of formula Il

for the present invention i ncl ude conpounds in which T represents an

am no acid or 5 peptideSrakidue, e.g. conpounds of fornula: [err]

of fornul a: N—Q M Terr]

N~ Y
OCHs

and of formula:

S—N

l“I\N—Ql\l)s\Y

OCHj

CHy

21l compounds used in the process of the
present invention are characterized by the 3-substituted
1,2,4-thiadiazole 1ring structure, unsubstituted at N-2
capable of chemical reaction with thiols to cleave the S-

10 N bond at position 1,2. Provided that these
characteristics are maintained, the range of groups and
substituents at position 4 and 5 of the thiadiazole
nucleus can be very broad, without seriously impacting
upon this essential chemical reactivity of the compounds.

15

As used herein:

The term "lower”, as applied for example to
lower alkyl, means 1 to 8 carbon atoms.
20
The term "aryl", alone or in combination, means
a phenyl or naphthyl radical which optionally carries omne
or more substituents selected from alkyl, alkoxy,
halogen, hydroxy, amino and the like, such as phenyl, p-
25 tolyl, 4 -methoxyphenyl, 4 - (tert-butoxy)phenyl, 4-

fluorophenyl, 4-chlorophenyl, 4-hydroxyphenyl, 1-
naphthyl, 2-naphthyl and the like.

The term “arylalkoxy carbonyl®, alone or in
30 combination, means a radical of the formula -C(0O)-0-
arylalkyl, in which the term “T“arylalkyl" has the



. [err] of formula: 15 especially when Y = OCCR[ err] of

fornmul a: 0 0 [err] 20 conpounds i n which
Wis an amno acid or peptide residue of formula AOR or ANR R', e.qg.
= conpounds of forml a: WO 97/ 31893 )
PCT/ CA97/ GPd 37131893 - 15 - PCT/CAYTOOI3Y
and of formul a: - 16 -
significance given above. An example of an arylalkoxy-

carbonyl radical is benzyloxycarbonyl.

The term "arylalkyl®" means an alkyl radical in
5 which one hydrogen atom is replaced by an aryl radical,
such as benzyl, phenylethyl and the like.

The term *"cycloalkylcarbonyl" means an acyl
group derived from a monocyclic or bridged
10 cycloalkanecarboxylic acid such as cyclopropanecarbonyl,
cyclohexanecarbonyl, adamantanecarbonyl, and the like, or
from a benz-fused monocyclic cycloalkanecarboxylic acid
which is optionally substituted by, for example,
alkylamino, such as 1,2,3,4-tetrahydro-2-naphthoyl, 2-

15 acetamido-1,2,3,4-tetrahydro-2-naphthoyl.

The terxrm "arylalkancyl" means an acyl radical
derived from an aryl-substituted alkanecarboxylic acid
such as phenylacetyl, 3-phenylpropionyl, hydrocinnamoyl,

20 4-phenylbutyryl, {(2-naphthyl)acetyl, 4-
chlorohydrocinnamoyl, 4 -aminohydrocinnamoyl, 4-
methoxyhydrocinnamoyl, and the like.

The term "aroyl" means an acyl radical derived
25 from an aromatic carboxylic acid. Examples of such
radicals include aromatic carboxylic acid, an optionally
substituted benzoic or naphthoic acids such as benzoyl,
4-chloro-benzoyl, 4-carboxybenzoyl, 4-{(benzyloxy-
carbonyl] benzoyl, 1l-naphthoyl, 2-naphthoyl, 6é-carboxy-2-
30 naphthoyl, 6 - [ (benzyloxy) carbonyll] -2-naphthoyl, 3-
benzyloxy-2-naphthoyl, 3-hydroxy-2-naphthoyl, 3-

[ (benzyloxy) formamido] ~-2-naphthoyl, and the like.

The term "heterocyclyl®", as used herein except

35 where noted, represents a stable 5- to 7-membered mono or
bicyclic or stable 7- to 10-membered bicyelic
heterocyclic ring which is either saturated or



[err] Al'l conpounds used in the process of the pr esent

I nvention are characterized by the 3-substituted 1,2,4-thiadiazole ring
structure, unsubstituted at N2 capabl e of chemi cal reaction with
thiols to cleave the S- 10 N bond at position 1, 2. Provi ded

t hat t hesquoomsighdar acteri sti cs are nmi ntai ned, the rangePCT/C4PUEY and
substituents at position 4 and 5 of the thyadiazole nucl eus can be very
broad, wi.thout seriously inpacting upon this essential chem cal
reactivity of the conpounds. 15 used. herein:

The tern1"|omer”ﬂsé§uéﬁbF¢eda?%rw¥ﬁﬁﬂnﬂQP§%§ts °fl8ﬁ€P°ﬁlﬂ§Pmsne3H§ frep g
carbon atons. 2@mne to three Thiseteroatomsy| "selalcted orfxom corie nagroup
means o2 Pienkond Bangt e gadigal ml&ﬁuomﬂe%ahl VBl HiR5o088  and'
more substituents ron1 aIk Yi g hyd roxy,
anmi no and the | iSMdfugyudietaIophens may. °PBF9P‘3 Y4°?Féf1ﬁ5 gph
4-(tert-butosy) piespben atom wdyor ephtayally dechlquatpheniped, and

4-Hydroxyphenyl p ; EBQE hyly, q&% e k
The term aryI%Pf%?aln%a Eg Eﬁg¥]1§%o % 1 éﬂla |%§HE§$ a%%g%s a
radi cal of théEfPBPﬁulh&t-SEPG)’C@c riggy| aﬁyﬁuseduw @h.‘%ﬁmqu’ﬁe riRgm

"aryl al kyl" haghet heterocyclic\WPifg/ 3h§9Dbe attached at any heterocatom

PCT/ CA97/ 00137 r carpon atom w PﬁCh results 1 éﬁ% creatl 'gg%fé(@{gfigiven
above. An exanple of an ary

0Xy- carb %& radi ca
benzyl oxycarBongEructure. Examp qqmaq rﬁ“qgry FE?PeYﬁﬁéﬁs ARCTBERYS

radi cal in commonly known as heterocyclyl include piperidinyl,
piperazinyl, 2-oxopiperazinyl, 2-oxopiper-azinyl, 2~

oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxoazepinyl,

azepinyl, pyrrolyl, 4-piperidonyl, pyrrolidinyl,

15 pyrazolyl, pyrazolidinyl, imidazolyl, imidazolinyl,
imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl,

pyridazinyl, oxazolidinyl, isoxazolyl, isoxazolidinyl,
morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl,
gquinuclidinyl, isothiazoli-dinyl, indolyl, quinolinyl,

20 isoguinolinyl, benzimidazolyl, thiadiazolyl,
benzopyranyl, benzothiazolyl, benzoxazolyl, Furyl,
tetrahydrofuryl, tetrahydropyranyl, thienyl,
benzothienyl, tetrahydroguinolinyl (e.g. 1,2,3,4-
tetrahydro-2-quinolinyl, etec.), 1,2,3,4-tetrahydro-

25 isoquinolinyl {e.g. 1,2,3,4-tetrahydro-1-oxo-
isogquinolinyl ete.), guinoxalinyl, beta-carbolinyl, 2-
benzofurancarbonyl, thiamorpholinyl, thiamorpholinyl

sulfoxide, thiamorpholinyl sulfone, oxadiazolyl and the
like. The heterocycle may be substituted on one or more

30 carbon atoms or heteroatom which results in the creation
of a stable structure.

*Amino acid residues” wmeans any of the

naturally occurring alpha-, beta-, and gamma-amino

35 carboxylic acids, including their D and L optical isomers
and racemic mixtures thereof, and the N-lower alkyl- and
N-phenyl lower alkyl-dérivatives of these amino acids.



*5 which one hydrogen atomis repl aced by an aryl radical, such as

benzyl phenyl et hyl and the |ike. The term
cycloalkylcarbonyl means an acyl group derived from a
“nmonocyclic or bri dged 10 cycl oal kanecar boxylic acid such as

cycl opr opanggégshsgys . cycl ohexanecar bonyl , adamant anecach@agheeisnd t he
like , or froma benz-fused nonocycli_c gycloalkanecarboxyllc aci d

which 1is optionally substituted by, for exanpl e, al kyl am no, such

as 1, 2, 3, 4-tetrahydro-2- napht hoyl ,  2-
acet ani do- 1, 2, 3,28 A%} RS- ﬁ%‘fﬂ‘f@%y%s bonded through arhpitrgegan of
"aryl al kanoyl g lanSaxaimacyﬂczaadl cathe naﬂﬁ‘&l\m Bbﬁtﬁrﬁﬂn@r )élmSiébS&d:i&E ed

al kanecar boxyl i ' ch enyl acet, hen r Opi on .

hydr oci nnanoy! , %58% p%nny%buflggogp Stdeet ¥LItF2- Ehe %yﬁo ﬁetf]%"éntwn

4- chl orohydP&éPﬁﬁanﬂWt are Ro&nj ﬁéﬁ&ﬁ?@cﬁman@}lanlne: grginine,

met hoxyhydr osi naansa;thg:.aéd taiparithe. acid, cysteine, A&t "gieyamideans,

I di cal b I
on acyl 2ol cal 05ty Vi, 2l Oy A0 OB DEBLLGCRLS, youc BB o

of such cals e |c acl an o
substituted ben2gEdngr rEPHIRIOSac §§néﬁbhn%vs @Walanme, proline,
4-chl oro- benzoykerine4- Cad’th@b)&tmﬁzoylthyroxﬂte[,(b tWphan, EPFO9IH ]

b l, 1 - , o5 )
ot bonzyl oxy) o aenaker ) 2 PeRl didnel CALERXY f%mé“%z AasBBbER e | fria.
3- hydr oxy- ZJKapﬁFﬁWF’-’ed amigo acmp( B@#ﬁ“@ﬁy)w omqomvaphlmne,and

the Iike. phenylalaniife, t esdlelReiirrs,0indlne, asgames Hel exsa 35
where noted, re e t t @ﬁi Jmpo or bi cyclic or
stable 7- BE?EIB.S%%%%& 2@)’% ie QPE 2 e%e%ocycl ic ring which

S ei t her sat ur at ed or WD 97/ 31893

PCT/ CA97/ 00137 All alpha-amino acids é¥cept glydHifataetradagg =and

whi ch Con5i§§s QLagérBRQ QLQH%etE!E’éJéﬁBn atom. As a result, they are

optically active, existing in either D or L form as a

racemic mixture. Accordingly, some of the compounds of

the present invention may be prepared in optically active

form, or as racemic mixtures of the compounds claimed
20 herein.

The term YA" wherein A is an amino acid or
peptide of 2 to 2 amino acid residues refers to an amino
acid or a peptide diradical starting with the HN- radical

25 on the left hand side of A and terminated by the -C(0)
radical on the right hand side. For example, the amino
acid glycine is abbreviated HACH wherein A is HN-CHp-

c{0).

30 The term T“aryloxyalkanoyl" means an acyl
radical of the formula aryl-O-alkanoyl.

The term ‘"hetexrocyclyloxycarbonyl" means an
acyl group derived from heterocyclyl-O-CO- wherein
35 heterocyclyl is defined above.



. one to three heteroatons selected from the group consi sting of

N, O S, and wherein the nitrogen and sul fur heteroatons nay be
optionally oxidized, and the 5 nitrogen atom may optionally be

qguat er ni zed, and i ncl udi ng any bicyclic group in which any of the
above defygemiat erocyclic rings is fused to a benzene PCINGA97/00137The
heterocyclic ring nmay be attached at any hefgroatom or carbon atom
which results in the creation of a stable 10 structure. Exanpl es of
such heterocyclic el enents, commonl y known as heteroc i ncl ude
pi peri di nyl, pi perazi e toTByS BFE@F%‘EY%JSIYlalkaZ‘"é'%pl %z?ﬁylﬁcylz-
oxopi peri di nyI radZeaXo@erivedd fiydm a heevamprdylrpubstitutedpialiane
pyrrolyl, 4-p . yr yl | i,

pyrazol i d| nyl , &R %Wé ac“? g%%gil'ﬁlny ,he&éro&yé%?z)ol rar nyI he psyarufedyl ,
pyrazi nyl , py?%%‘ﬂfh‘ﬁnce 9’-"}5’%’ PBYEnyl, oxazolidinyl, i soxazol yl,

| soxazol i di nys , nor phol i nyl, th| azol yI t hi azol i di nyl,

i sothi azolyl, = qui nucl igidyle {?é?éf&&}élﬁ'aﬁ)’clogrchgﬁqﬁi" w@4hBOlNY!

20 i soqui noI i nyl, benzi m dazo
benzopyranyl,  ®EWrotFRd¥eRY | deriyedy ofxom yR, hepgrgfyclyl-substituted
t et r ahydr of uryI alkyl o-tmmahycbvhm;e"mnyl Jheterocythy@nyl has lsez ot Hamiay| |

t et rahydroqw noI 4 bavd t et r ahydr o- 2- qui nol i nyl ,
etc.), 2, é et ra% 'gpreg lv§11 %ségw nol i nyl (e.g.

1,2,3,4- tetré‘hydro 1- oxo- I soqui nolinyl etc.), quinoxalinyl,

bet a-carbolinyl, 2- b erteo f tteyam Ceenbioiwal kanoy hit anteapholahnyalcyl radical

t hi amor phol i ny!| deriH f@asg e’at@m-@&@s'tm{htéﬂl q&gge%eﬁiggfgw a¥g the

| i ke. The heteroc ‘\4 e substitut ne or on atons or
het er oat om whi ch” %Eea"r‘fs he PREREr GXOPBN AR & sPERbPRY Yt r §EFpPgary or
"AmM no acid resedussy nReEn® gngmpofcozttlae.mngnasubatityuenn:scursfei]ma@ted

| pha-, bet d - 3 b I
al pha ol £xdRd nfABR ndM BRa 35 1I6AT, Ozs)eyc a£ 1nch 1%%1&%3

and L optical isoners racemc m Xtures er eo N-T0

al kyl - and %Yl%]rﬁﬁll‘fyo\ﬁélﬂ‘yél kpfigats \2nd &€ dfkehese amino acids.
WO 97/ 31893 PCT/ CA97/ 00137

- 18- The am no acid rggiadugcbar POSHRA LBEQYEAbTe N hEAJESKPE saitst

refers to pharmaceutically acceptable salts of the

20 compounds of this invention which retain the biological

activity of the parent compounds and are not bioclogically

or otherwise undesirable (e.g. the salts are stable}.

Salts of the two types wmay be formed from the compounds

of this invention: (1) salte of inorganic and organic

25 Dbases from compounds Formula I which have a carboxylic

acid functional group. (2) Acid addition salts may be

formed at the amine functional group of many of the
compounds of this invention.

30 Pharmaceutically acceptable salts derived from
inorganic bases include sodium, potassium, lithium,
ammonium, calcium, magnesium, ferrous, =zinc, copper,
manganous, aluminum, ferric, manganic salts and the like.
Particularly preferred are the ammonium, potassium,

35 sodium, calcium and magnesium salts. Pharmaceutically
acceptable, non-toxic salts derived from organic bases
include salts of primary, secondary and tertiary amines,



* the am no acid. The naturally occurring am no acids whi ch can be

I ncorporated into the present invention I ncl ude, but are not limted
to, alanine, arginine, 5 asparagine, aspartic acid, cysteine, cystine,
glutamc acid, glutam ne, glycine, histidine, isoleucine, |eucine,

| ysi ne, nelydemigea. orni thine, phenyl al ani ne, proline, PCHRALFIG0137

t hreoni ne, thyroxine, tryptophan, tyrgosine, val i ne, beta-al ani ne,
and ganma-ani nobutyric acid. 10 Preferred am no acid residues include
proline, |eucine, phenyl al ani ne, i sol euci ne, al anine, gamma-ani no
butyric acPEbshEtRERd gl yRigRs antppheding| yohgleurally  occurring) |

al pha- agﬁs no aCéstﬁi('Ctﬁﬁéd Ganindls, wﬁlaiidlwlaaﬁinh"s_ drRR Hadie ia&yr@mémaxcgé:gr bon
atom are t hey ptica cti.ye, .existi in either or
L formas a ?glr;%%%hi c %aéﬁursea.ltgAc%%? di%&%??%%ﬁg ot 1t hgggo%ﬁﬁ&ebf '
t he present inyépprerepMlamdienr epar edrinetdml@ailing, act | vediethylaminenr as
racenmi c mx¢ ureﬁi@éhﬂ@nﬁfémoun%?ﬁpm@uage, her eidthanolamine, 2-The
term"A" vvhereén Atislan. argto aci or. ti.de of 2.fo 3 am no acid

resi dues ref er S TS RLAMARTEIORer g or ’émbée)%%"ﬂ'é’edi r adPERYLBEFIHE i ¢ h
the HN- radi caly®bre on t avgirine handhbstfaligfe, A archfifgimenat edonedine,- C( O

radi cal on thenyaghbrdmiie,Si de.choighegXxanphetathe, an Nechylembdihedingci Ne s

abbrevi at ed in Ais errl. Q... . 30 . The
term "aryl ox&z}‘k%@n%%fﬂe' rrea“r‘n%l _ [“cggbfle' r atglgecc)ﬁrog‘fmfahe f GTHUYES -

aryl - O al kéhoypiperazine,  piperifitne er mi¥-esheolpdperiibngcar rviptamimeans an
acyl group dessiesl add OfRe NEKRS OCYakYh 1Sty MREFSIAEBDRRIBIONR-Y! |s

def i ned above'toxic bavé\oesgw 3%%%3 isopro; ine diethylami
PCT/ CA97/ 00137 propyhymine, iethylamine,
ethanolamine, piperidine, tromethamine,

dicyclohexylamine, choline and caffeine.

15 Pharmaceuntically acceptable acid addition salts
are formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like and organic acids such as
acetic acid, propionic acid, glycolic acid, pyruvic acid,

20 oxalic acid, malic acid, malonic acid, succinic acig,
maleic acid, fumaric acid, tartaric acid, c¢itric acid,

benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, P-
toluenesulfonic acid, salicylic acid and the like.
25
The term "animals" refers tc humans as well as
all other animal species, particularly mammals (e.g.
dogs, cats, horses, cattle, pigs etc.), reptiles, €£ish,
insects and helminths.
30
Some specific, most preferred compounds for use
in processes according to the present invention are the
following:
35 3-{1-oxoethyl}-1,2,4-thiadiazolo{4,5-
albenzimidazole, which has the follewing chemical

formula:



The term "heterocycl yl al kanoyl " means an acyl radi cal derived froma
het erocycl yl - substi tut ed al kane carboxylic acid wherein heterocyclyl
has the sane significance given above. The term

"het erocycl yl al koxycar bonyl " nmeans an acyl radical derived froma

het er ocycl ylwe vhsikést ut ed al kyl - O- COOH wherein het er @cyataptoo13has

the sane signi ficance given above. _194 _ The term

"am noal kanoyl " neans an acyl radi cal derived from an am no-substituted
al kanecar boxylic acid wherein the am no group can be a prinmary,
secondary or tertiary am no group containing substituents selected 15

from hydr ogen, N(I aryl, aral kyl, cycloal kyl, cycl oal kyl al kyl
radi cal s and the "Phar nmaceuti cal |y accept abl e,

non-toxic salts” Nef rs to pharmaceutically acceptable salts of the 20
conmpounds of this inx;Zfﬁon whi ch retain the biol ogical activity of the
parent conpounds and®#&ke not biologically or otherw se undesirable
(e.g. the salts are st d®te). Salts of the two types may be forned from
t he conpounds of Lt .éyHY (Lh,salt 15#3 d organic 25
bases fromconpounds3 hb%uﬁﬂg#§E lhaééﬁahcg?gditggi .(%I functi onal
group. (2) AC|dbﬁﬂaﬂﬁFéﬁzg%?t§“ﬁﬁ§1@@s heofpddowing rhemdiGed forarlana

group of many of N. conpounds of this invention. 30

Phar maceuti cal | yr}\beé)l e salts derived from i norgani ¢ bases include
sodium potassiu NI i&hium ammoni um cal ci um magnesi um ferrous,

zi nc, copper, nagg%ﬁ%us, alum num ferric, manganic salts and the |ike.
Particularly prefer re the ammoni um potassium 35 sodium cal cium
and magnesi ufm sal ts. 5ﬁarnaceutically acceptabl e, non-toxic salts
derived from organi c bases i nclude salts of primary, secondary and
tertiary am nes,

3-{2-pyridyl)-~-1,2,4-thiadiazolof4,5-a]
benzimidazole, which has the following chemical formula:

gz
N

Q
7 "N
3- (4-methyl-1-pipexrazinyl)-1,2,4-thiadiazolo-{4,5-
albenzimidazole, which has the following chemical

15 formuala:

>
>¢N

3- {(4-morpholinyl)-1,2,4-thiadiazolo(4,5-albenzimida-

20 zole, which has the following chemical formula:



WD 97/ 31893 PCT/ CA97/ 00137
- 20 - substituted am nes i ncl udi ng natural |y occurring

. Substituted am nes, cyclic amnes and basic ion exchange resins. Such

salts are exenpli.fied by, for exanple, i sopropopyl am ne,

tri met hyl - av0 sws31893 diethylamne, 5 triethylanm ne, rtrxmuunmdxnn ne,
et hanol am ne, 2- di met hyl am noet haggl ., tronmet ham ne,

di cycl ohexam ne, | ysi ne, ar gi ni ne, hi sti di ne, caf f ei ne,

procai ne, hydr alyr am ne, chol i ne, bet ai ne, et hyl enedi am ne,
gl ucosani ne, cam' ne, t heobr oni ne, purines, 10 piperazine,
pi peri di ne, s pitperi di ne, pol yam ne resins and the I|ike.
Particularly preferr rgani ¢ non- t oxi c bases are

i sopropyl am ne, ¥ et hyl am ne, et hanol am ne, pi peri di ne,

t romet ham ne, <a?éyclohexylanine, choline and caffeine. 15

Phar maceutically ptable acid addition salts are formed with

i norgani ¢ aci ds such- as-dhGRI aRh § - 1 2, 8Oi1eh 2 WA [ATSC 43pkfl,-Sul furic
acid, nitric acid p@PrIC %ﬁ agf the like ,an 2 %anlc aci ds such
as acetic éﬂf%az?%%ﬂné%ﬁ §I§% ewing.jch ﬁ&f@gv oTEULE: 20 oxalic

acid, malic acid, malonic acid, succinic aC|d mal eic acid, fumaric
acid, tartaric . citric aC|d benzoi c aci d, ci nnam ¢

aci d, mandel )a%gd met hanesul f oni ¢ aci d, et hanesul foni c
acid, endsul fonic acid, salicylic acid and the |ike. 25

The term'’ anlnals regfers to humans as well as all other animal species,
particularly ma (e.qg. dogs, cats, horses, cattle, pigs etc.),
reptiles, f§sh, insects and hel minths. 30 Sone specific,

nost preferred conppuyids.dQr 2“&%1;;.3&&&&100@3%5%%b@ﬁ%%%é‘xgoié’ t B sRpesent

invention are the

3-(1- oxoethyl)hﬁfszftggi%ﬂW&?glSPﬁmscal £oHWdR7i ni dazol e, which has the

foll owi ng chem cal formul a: WD 97/ 31893
PCT/ CA97/ 00137 N
C T e
NF&
10 3-{{4-methoxy-3,5-dimethyl-2-pyridyl)oxomethyl] -

1,2,4-thiadiazolo{4,5-a}lbenzimidazole, which has the
following chemical formula:

T~
N

N
g
cHy” Y chy
OCH;,
15 3~carboxy-1,2,4~thiadiazolo-[4,5-albenzimidazole,

which has the following chemical formula:

T
Nfz
OOH {Na)



- 21 - [err]

3- (oxophenyl net hyl ) -1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol e, which has

the follow ng chem cal fornmnula: [err]
3-(2-pyridyl)-1, 2, 4-thiadiazol o[ 4, 5-a] benzi m dazol e, which has the
foll owi ng cheiwear3mex nul a: 10 [err] ‘

3-(4-net hyl -1-pi perazinyl)-1, 2, 4-t hi adi azol_os}4, 5- aIbeﬁ?FﬁP‘g?g'%,
whi ch has - the fol |l owi ng chem cal 15 fornmul a: [err]

3- (4-nDrphoIinyI)-1,274-th'adiazoIo 4, 5-a] benzi m da- 20 zole, which has
the follow ng chenical F8Fﬁh?’é¥‘3‘“ -methoxy-3, 5~-dimethyl-2-pyridyl)

oxomethyl]—1,2,4—thiadiazolo[4,5—a}benzimidazole,

which
has the following chemical formula:
CH10 N
N\
T
O
1
CH™ XY “CH,
OCH;
5 3-(4-methylphenylsu1fonyl)—1,2,4—thiadiazolo f{4,5-
albenzimidazole, which has the following chemical
formula:

G
>¢N

0=8=0

CHy

3—(l-oxoethyl)imidazo[l,z—d]-l,2,4—thiadiazole,
which has the following chemical formula:

N
[
N
O={2§’
15 CHs

3-(oxophenylmethyl}imidazo[l,z—d]—1,2,4—thiadiazole
which has the following chemical formula:



WO 97/ 31893 PCT/ CA97/ 00137

- 22 - [err] 3-

, (1-pyrrolidinyl)-1,2, 4-thiadiazol o[ 4, 5-a] benz- i m dazol e, which has the
" follow ng cheni cal for mul a: 3-brono-1, 2,4-thiadiazol o[ 4,
5-a] benzi mpdoapligs wWhi ch has the follow ng chem caI f oA ere0137

[err] 10 3- ( (4-nethoxy-3,5-dinethy§42 pyri dyl ) oxonet hyl ] - 1,2,
4-t hi adi azolo [4, 5-a) benzi m dazol e, whi ¢ has t he fol |l ow ng

chem cal fornul a: N
‘E.?\?
N

(}=Ca
Ph
3-(4-acetyl-1-piperazinyl)-1,2,4-thiadiazolof4,s-
albenzimidazole, which has the following chemical
formula:

G
>¢N

3-{4-(3-amino-2-pyridyl)piperazinyl] -1,2,4-
thiadiazolo(4,5-a}benzimidazole, which has the following
chemical formula:

10
3-{4-(2-pyridyl)piperazinylll,2,4-thiadiazolo- (4,5~

albenzimidazole, which has the following chemical
formula:

N
oy

s



[err] 15 3-carboxy-1, 2, 4-thiadiazolo- [4,5-a] benzim dazole,

whi ch has the follow ng chem cal fornula: [err]

WO 97/ 31893 PCT/ CA97/ 00137

- 23 - 7- met hoxy- 3-[ (4- net hoxy- 3, 5-di et hyl - 2- pyri dyl)

oxonet hyl ] - 1, YQI¥HB®di azol of 4, 5- a] benzi mi dazol e, whi ch Pcmkﬂiw&pg'
foll ow ng chem cal formula: [err] - 25 2 137

3- (4- net hyl'phenyl sul fonyl ) -1, 2, 4-t hi adi azol o [ 4, 5- a] benzi m dazol e,
whi ch has the follgmﬁgg(thenical . formul a: 10 [err]
0=S=0 amlno-z—pyrldyl)plperazinyl~methyl]~1,2,4_

thiadiazolo-[4,S—a1benzimidazole,
chemical formula:

G

>~s
%

N

which has the following

A\

5 HeN

o 3-[4-(2-pyridy1)piperazinyl—methyl}-1,2,4—
thladlazolo—[4,5—a]benzimidazole,

which h .
chemical formula: as the following

10 =

‘ 3-{[4~(1-(4-chloropheny1)—1—pheny1methy1)—
plperazinyl]methyl}-l,2,4—thiadi
a]benzimidazole, which
formula:

3
fu\:\ ()
()

Cl

(3—Methoxy-1,2,4-thiadiazol—5
leucyl isoamylamide, which has the
formula:

azolo[4,5-

has the following chemical

15

—yl)carbamoyl—L-
following chemical

20



* CH3 3- (Il -oxoethyl)imdazo[ 1, 2- d]-1, 2, 4-thiadiazol e, whi ch has .

the foll owi ng chem cal formnula: [err] 3-
(oxophenyl methyl ) imdazo [1,2-d] -1, 2,4-thiadiazole, whi ch has the
* follow ng chem cal formula: WO 97/ 31893 _
PCT/ CA97/ 004/g731893 o - 24 - rCT/CR6Hdo137
3- (4-acetyl-1-piperazinyl)- 1,2, 4-thiadi az lo 4,5 - al benzi m dazol e,
which has the foll owi ng chemi cal ormula: 5 [err]
MeO
S NE
H H O
and 5- [carbobenzyloxy-L-phenylalanyl -L-

alaninamido] -3-methoxy-1,2,4-thiadiazole, which has the
following chemical formula:

OMe

— )QWNJ\ L

O CHgH

The present invention provides synthetic
methods for preparing compounds useful in the invention.
Some of these methods involve conversion of one compound

16 into another, different such compound. The choice of
method depends largely upon the desired Y group, i.e. the
substituent on the 3-position in the final compound.

In the imidazo{1l,2-dlthiadiazole compounds and
compounds of formula IV described in these processes, X

15 and Z are R®, R® or when taken together represents a
benzene ring fused to the imidazo rxring and being
optionally substituted with R, R2, R3 and R4,

In a first process, applicable to bi- or tri-
cyclic compounds, the corresponding 3-oxo compound of

20 formula V (below), carrying a lower alkyl or lower
arylalkyl substituent at position 2 is reacted with YCN
in an inert solvent. This method is appropriate for

compounds in which Y is lower alkyl, aryl, arylalkyl,
cycloalkyl, 1l-haloalkyl, 1,1-dihaloalkyl, heterocyclyl,

25 lower alkyl sulfonyl or aryl sulfonyl. The reaction can
be represented as follows:



+ 3-[4-(3-am no-2-pyridyl)piperazinyl] -1,2,4-

t hi adi azol o[ 4, 5- al benzi m dazol e, which has the foll ow ng chem cal
formul a: [err]

* 3-[4-(2-pyridyl)piperazinyl]l,2,4-thiadi azol o-[ 4, 5- a] benzi m dazol e,
which has t oW ng chem cal formul a: [ er rpcTICA97/00137
WO 67/ 31pgs | WOaR o . PCT/ CA7/ 00137
- 25 - 3-[4-(3-am no- 2- pyri dyl )Pl perazi nyl -nmethyl ]-1, 2, 4-

t hi adi azol o- [ 4, 5- a] benzi m dazol e, which has the foll ow ng chemi cal
formul a: X [err]

10

1s

20

25

30

J:Nys YCN IN¥§
e TP
5§ R Y

Z
{Vv)

The appropriate nitrile compounds YCN wherein Y is lower
alkyl, aryl, arylalkyl, cycloalkyl, 32-haloalkyl, 1,1-
dihaloalkyl, lower alkylsul fonyl, arylsulfonyl or
heterocyclyl are for the most part commercially available
e.g. from Aldrich Chemical Co. Alternatively, they can be
prepared by methods known in the Art (see for example
Chapter 17 in Organic PFunctional Group Preparations, Vol.
I by Sandler and Karo, Academic  Press, 1983) .,

Acetonitrile, benzonitrile, 2-cyanopyridine, cyclo-
pentylcyanide, dibromoacetonitrile, 6-cyanopurine and p-
toluenesulfonyl cyanide are some typical examples. The

reaction normally takes place at elevated temperature
between 70 to 140°C in an inert solvent such as toluene,
dimethylformamide for a period of 6 to 24 hours,
preferably 16 hours. In some cages, YCN is used as the
solvent. The product is isolated by conventional means.

Compounds of formulae I and II, i.e. bicyclic
and tricyclic compounds, in which Y is amino, lower
alkylamino, lower dialkylamino, thioalkyl can also be
prepared by using compounds of formula YCN wherein Y is
amino, lower alkylamino, lower dialkylamino or lower
thioalkyl. Examples of YCN 1is this category are
cyanamide, 1l1-piperidinecarbo-nitrile, methyl thiocyanate
which are commercially available. Compounds YCN can also
be synthesized from c¢yanogen bromide according to
literature procedures {see p.174, Fieser and Fieser,
Reagents in Organic Synthesis, John Wiley and Sons,
1967) .



* 3-[4-(2-pyridyl)piperazinyl-nethyll -1,2,4-

t hi adi azol o-[ 4, 5- a] benzi m dazol e, which has the follow ng chem cal
~fornul a: [err] 10
" 3-{[4-(1-(4-chl orophenyl)-I-phenyl net hyl ) - .
pi perazi nyba®idindst - 1, 2, 4-t hi adi azol o[ 4, 5- al benzi m gageheroorshi ch
has t he fol |l ow ng chem cal forgyla: 15 [err]
(3- Met hoxy- 1, 2, 4-t hi adi azol - 5-yl ) car banoyT - L- | eucyl isoanyl am de,
whi ch has the follow ng chem cal formul a: 20 WD 97/ 31893
PCT/ CA97/ 00137 2-Alkyl-1,2,4-thiadiazolopht, 5-al benzigidpzole-

3(2H) -ones of formula V are prepared from alkyl
isocyanate and 2-mercaptobenzimidazole according to the
procedure of Martin et al., Tetrahedron, 1983, 39, 2311.
5 2-Alkylimid-azoi{l,2-d]-1,2,4-thiadiazole-3 (2H}-ones of
formula V are prepared from alkyl isocyanate and 2-
mercaptoimidazole according to the procedure of
Tittlebach et al., J. Prakt Chem. 1988, 330, 338-348.
The 2-mercaptobenzimidazoles are either commercially
10 available, or can be prepared by methods well known in
the art or readily available in the literature.
Commercially available 2-mercaptobenzimid-azoles includes

5-methyl -2-mercaptobenzimidazole, 5-methoxy-2-
mercaptobenzimidazole, 5-chloro-2-mercaptobenz-imidazole.
15 Suitable 2-mercaptobenzimidazole which are not

commercially available can be prepared by known methods.

Preparative method include those of Billeter et al.,

Ber., 1887, 20, 231, Org. Synth., Coll. Vol. 4, 569,

Futaki et al., J. Pharm. 8Soc. Jpn., 1954, 74, 1365,
20 Bucknall et al., Nature, 1967, 213, 1099.

In a second, similar process, applicable for
the preparation of bicyclic and tricyclic compounds in
which group Y in the final compound is R7-c=0 and R7 is

25 lower alkyl, aryl, 1lower arylalkyl, Ilower cycloalkyl,
lower alkoxy, amino, lower alkylamino, lower
dialkylamino, heterocyclyl, the heterocyclic ring being
attached at any heterocatom or carbon atom which results
in the creation of a stable structure, NR'R", ANR'R",

30 AOR' wherein A is an amino acid residue or a peptide of 2
to 3 amino acid residues and R', R" have the same
definition as above, a compound of general formula:

R7._ _CN

h¢

O
35



. and 5-[ car bobenzyl oxy- L- phenyl al anyl - L-

al ani nam do] - 3- net hoxy-1, 2, 4-thi adi azol e, which has the fol |l ow ng
chem cal fornul a: [err] The present
*invention provi des synt hetic nmet hods for preparing conpounds usef ul

in the invenghpgmn&n some of these nmethods invol ve conver sipefrcab7/oos?
compound 10 ‘into another, different such ggnpound. The choi ce of
nmet hod depends | argely upon the desired Y group, i.e. the substituent on
the 3-position in the final conpound. . In the .
i m dazo[ 1, 2- d] t hiigdirgastedc¥Wapbuhls aATresPABHICLRTSXSf CoBPREPg Ferrying
descr ihbed in thege IQMAG:GS!B_&&I $rlicnes Zryielkyer bhbsBEEﬁéz]xt Ot WpeBit akan
t oget her represents.a enzene ki t | i a g
optionally substgfuﬁég‘wﬁtﬁcﬁfg??§,gﬁgéégﬁﬁiﬁ4§érr%dégé'%&g £138e BgoggggIn
a first process, akpyei.chbh&:to bi- or tri- cyclic compounds, the
correspondi ng 3-oxo conpound of formula V (below), carrying a | ower
al kyl or | ower xaryl al kyl subs |tuentXat|@osition 2 is reacted with YCN
in an inert solvent N\Thi S rrﬁ/hg)‘dd,@ apropxi ate for conpounds in which
Mgyl al Xyl , ¥, 1-hal oal kyl ,
| fonyl or aryl sulfonyl.

Y is |lower alkyl, ajyl o

1, 1-di hal oal kyl , méte cyﬁlyl, 25 Towe al
The reaction can be epﬁ@sented as foll ows:
PCT/ CA97/ 0013; 0 Y 27 -

(V)

WO 97/ 31893

The reaction may be carried out in an inert
solvent eguch ags dichloromethane, tetrahydrofuran or

dimethylform-amide. The reaction takes place at xroom
10 temperature over a period of 3 to 48 hours, usually about
6 hours. The resulting solid is then isolated by

conventional means.

Most cyanoketones, cyanoester derivatives of
15 formula VI are commercially available. The cyancketone
derivatives used in this invention are either
commercially available or can be prepared by methods
known in the art. The commercially available
cyancketones include, benzoyl cyanide, acetyl cyvanide,
20 wethoxycarbonyl cyanide. A list of commercially available
cyanide derivatives is available (Chem Sources, U.S.A.,
24th Ed., 1983, Directories Publishing Company Inc.,
Ormont  Beach, Fla.). Appropriate  cyanoketones,
cyanocesters which are not commercially available can be
25 readily prepared by methods known in the art such as the
ones described in Mathieu et al., Formation of C-C Bonds,
Vol I, p. 456-457, George Thieme Verlag, 1973, Stuttgart.
Other suitable wmethods include those of Koenig et al.,
Tet. Lett., 1974, 2275 and 2aAndo et al., Synthesis, 1983,
30 637. These methods include reacting an acid chloride
with cuprous cyanide or potassium cyanide.



*[err] (V) The appropriate nitrile conpounds YCN wherein Y

is | ower al kyl, aryl, arylal kyl, cycloal kyl, 1-haloalkyl, 1,1- 5
dlhaloalkyl | ower al kyl sul fonyl, aryl sul fonyl or het er ocycl yl
‘are for the nost part conmercially avai | abl e e.g. fromAldrich Chem cal
Co. Alternatyg/#lxgest hey can be prepared by net hods knop@ricReidees7Ar t
(see for exanple Chapter 17 in Organicgdunctional G oup Preparations,
Vol. 10 .1 by Sandler and Karo, Academi c Press, 1983).
Acetonitrile, benzonitrile, 2-cyanopyridine, cyclo- pentyl cyani de,

di bromoacetonitrile, 6-cy%%kﬁﬁnﬁQ%¥eéﬁd Gﬂmpounﬂélaéné9ﬁmﬂéhyﬂ cyarnwhfiectar e
some typi cal 1§X&f’fﬁ.lse$t7 -cle whererifia(l‘{ﬂi 343 s &HEB Janet ai@eﬁsumcq% as e&ﬁa&ﬂé ed
terrperat ure e rr | ne t _sol ven su

SFTreet G 01l WdRa 081 beSE (oS F v

t ol uene, dlne Q
preferably 16 héuﬂ§9r3¥ﬂ §b#§ éhségﬂa bl redywbgraint Hal is Sblh@&ngeﬁThe

product 15 1201 8her tun CAMEBIIONE! IEASe cadica owe snCOIPOUMRS |

formul ae I and cyc I'C conpounds |n

ami no, | ower ach¢%§l&ﬁﬁﬁ6 JonER GH&PRy?aﬁFiU eTt FHSHAER) @nf aF3p the
prepared by usi pgpred@misdl xhls : fornula YCN wherein Y is am no, | ower
al kyl am no, |ower dial kylam no or r 25 t hi oal kyl. Exanples of YCN

is this categd* N € cyananld i peridinecarbo-nitrile, methyl
t hi ocyanate whiflchNar e connerC|aIIy av Ngabl e.  Conpounds YCN can al so

be synthesizedz.p §yanogeﬁ¢-br ccording to literature
17

procedures (see MNi eser and Fi eser), Reagents in Organic Synthesis,
John Wl ey and Sgg§ Ha}967). vy WO 97/ 31893
PCT/ CA97/ 00137 K7 - 28 -

A third ©process for making the imidazole and
10 benzimidazole products with Y-groups as in the second

process described above, involves, as a final step,

reacting a 2-thiocether diazole compound of formula VI

with m-chloroperbenzoic acid (MCPBA) in an inert solvent,

to effect cyclization to form the 1,2,4-thiadiazcle ring,
I5 and can be represented as follows:

CN CN X _-N
— + SH
IX Z \
X a7

Y Vi
A bromoheterocyclylacetonitrile derivative
{(VII} can be reacted with 2-mercaptobenzimidazole (VIII)
20 in base to give a compound of formula VI. Examples of

those bases are sodium hydroxide or potassium hydroxide.
The reaction takes place in a mixture of water and
alcohol at room temperature for about 1 to 16 hours,



. 2-Al kyl -1, 2, 4-t hi adi azol o( 4, 5- al benzi m dazol e- 3 (2H) -ones of

formula V are prepared from alkyl i socyanate and
2- mer capt obenzi m dazol e according to the procedure of Martin et al.

* Tetrahedron, 1983, 39, 2311. 5 2-Alkylimd-azo(1,2-d]
-1, 2, 4- t hi adigag@Rse’( 2H) - ones of formula V are pr emdmimmn
al kyl isocyanate and 2- mer capt oi m dazog£ _according to t he
procedure_ of Tittlebach et al., J. Prakt Chem 1988, 330, 338-348.
The 2-nmercapt obenzi m dazoles are ei ther commercial ly 10 avail able, or

can be prepared byeferabd¥ feMouRAowtben Producte C%ﬂounér VL ghgjj F§olated
available in the cbhieneidhig€l meansCommercially avail able

2- mer capt obenzi m d- azol es i ncl udes 5- et hyl - 2- mer capt obenzi m dazol e,

5- met hoxy- 2- mer capt obenzi m dazol e, 5-chl oro-2-nmer capt obenz-i m dazol e.
15 Suitable  2-nercapt obeemponmthzofe TomaFeh Wikhe m-chdproperbenzoic
comrerci al |y avakkall e iganabe pnepar edlbgnkneuehmeidodschloromdtpaiedt | o€

met hod i ncl ude t o§ed9é)égbﬂ)gg§ et (gl give t%?r ' Bﬁélgglzn ZQ’f 2%271:@%854

Synth., Coll. Vo aki
74, 1365 20 Buwkeufl Y%tial R IQa’Pure T&%reaz;\zsonlmes place at roomp g3

tsecondI simlar a&a@esatuﬁ@ptbﬁaabeuéos{ to tmeacsuﬁnar;a&emaﬂ(}ybmg[@éwﬁ agtjo
ri cyclic conpou C I n IS err
y o5 AR hBpauritS AR Bl lebele Dilar W

and Rlerr] is 25 REPAFX rar ovier cycl oal kyl ,
| ower al kory, am no, | ower al kyl am no, | ower di al kyl am no,
het erocycl yl, the heterocyehécC ri ngrdieitHederocgtllatacdeahitriyidet er ogrom or

carbon at om whi c L0 pt r i f t ",
S LT SBkEILLSe 19! Byt ek SRR S p AN G SRR,
3 amino acid resfag@aland RWltP? Lﬁé’?‘@"‘?ﬁlécﬁhwﬂlde démi R | éﬁlea§ afRlrenty
conmpound of genegathf8sthfbon tetraehlbpridadd WD 97/ 31893
PCT/ CA97/ 00134
A fourth process uses a compound of formula IA
ag the starting material, and derivatizes it to a
compound of formula I in which Y is -CHOH-R’ {formula IB)

or -C=NOH-R7 (formula IC), or -COOH {formula ID), thus:

20
Compounds of formula IB can be prepared by the

reduction of the corresponding compounds of formula IA

wherein Y is R7-C=0 with sodium borohydride, or sodium

cyancborohydride in alcohol. Compound of formula IB is
25 isolated by conventional means.



- 29 - is reacted with the corresponding 3-oxo conpound carrying a
| ower al kyl or |ower arylalkyl substituent at position 2, I.e. a
conmpound of forrmula V used in the first process above, thus:

“Terr] (V) The reaction may be carried out in an_inert
sol vent  sug@ipe738893di chl or onet hane, tetrahydrofuran or pcricasroors?

di met hyl f or m am de. The reaction takes place at room 10 tenperature
over a period of 3 to 48 hours, usually about 6 hours. The
resulting solid is then isolated b conventi onal neans.

Mbst cyanoket ones, cyanod<st&rowsts vati vgé"“b’flalSICf ofFRu| Pev| paepared by
commerci al |y avaehabisg cdhgomymnokefontula Idezh'erathves igUFEU-c=0 Nwith hi s

LI O A1 oo b Rlpcne SRITTLELALLY B O oot be R Y
cyanoket ones m%’F%lde bYRxeyy1anire de, a@éthﬁmfé% 20 eveexpkamingonyl

cyani de. A |3 stb@hzeDsFr Clndlney, avdiel abheersmﬁyaﬂl slexétesne/ ald s dxdime

avai l abl e (Cher‘rl§o‘té)%£fs Oé{ﬁ? xﬁ]ed 1r1:|t2h4e)t Ed (8%383 orD' rect (1r| es Puglelo‘fihl ng

Conpany | nc pr oprl es,
cyanoesters whi @84 aKargot %mc*cuauwtmll aﬁreuﬁar?l@@azgtlpaadl 13889,
prepared by netvells Krowrhaptieterast such as the ones described in

Mat hieu et al., Formation of C-C Bonds, Vol |, p. 456-457, George Thi ene
Verlag, 1973, Stuttgart. Q her sui tabl e_met hods incl ude those of Koenig
et al. ¥ot. Lett., 1$pFpomnds ofdfaxmulat IRl in Spiched’s is1daBiray

637. These rretdsmﬁswnglragaré@aayl RBeaBade dly@&bqylsﬂg of WHe cdiiAns
cyani de or pOta$§|Hg19¥ﬁ9| wherein Y is R7-C=0 and R7 is lower alkoxy.
The reaction is carried out in 1M sodium hydroxide at

room temperature in a mixture of water and an organic
15 solvent such as wmethanol, ethanol, 1,4-dioxane or
acetonitrile. The product is isclated by conventional

means after neutralization of the base with diluted acid.

A fifth process, applicable to the preparation

20 of compounds of formulae I and II according to the
invention in which Y represents halogen, uses the same
starting compound of formula V as used in the first and
second process, and reacts it with cyanogen halide, thus:

X N X N
ZJ[,\?\? — ZIN%\T’
}fN‘R f Y

25 v
The reaction takes place in an inert solvent. The

compound is isolated by conventional means.

A sixth process uses as starting materials the

30 compounds of formulae I and II where Y represents
halogen, e.g. compounds prepared according to the fifth
process above, and reacts them with a primary or
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- 30 - Al ternatively, conpounds of formula | in which

Yis Rerr]-C=0 wherein R err] has the sanme definition as above can be
" prepared by the hydrolysis of conpounds of formula | wherein Y is

R err] - C( Hal ycesvshgsdand wherein Hal is a hal ogen. 5 Such pordyshekirsi s

can be carried out in a strongly acidyg nedia or in aqueous silver

nitrate, and can be represent ed thus: ferr] A third

process for naking the imdazole _and 10 benzi m dazole products

with Y-groups assSefcpfAar¥ecdmire. orpr 8¢esBolesdt? bt vVaboRe, CPARORYEs ©hs a

final step, foeaallhng ahdrébnoet ber NRiRT | moroMANRIR'Of dror.nulg VIR

ith hi ' ' ; ' t t
Syl 2ati on Lo fSuet ket ot tRFRAleldn e R6bbe JoUER proccas 1 BSLeEH o

as foll ows: best thgrx]in the starting material is fromine. It can

br onohet erocysl ybacebppebéntdd thugari vative (VI'l1) can be reacted with
2- mer capt obenzi m dazole (VII1) 20 in base to give a conpound of formula
VI. Exanples of X t hose bases are i hydr oxi de or potassi um

hydr oxi de. Th Qg{éon t ks pl ace in?\ i xture of water and
al cohol at roomtenper e for—abwut % 6 r§nours,
pa N%& %N
Y
Nucleophiles such as lower alkoxides, aryloxides, lower
arylalkoxides, lower cycloalkoxides, ammonia, lower
alkylamines, lower dialkylamines, heterocyclic amines,
10 HNR'R", HANR'R", HAOR', wherein A 1is an amino acid
residue or a peptide of 2 to 3 amino acid residues, react
with compounds of formula I wherein Y = bromide in an
inert solvent to give compounds of formula I wherein Y is
lower alkoxy, aryloxy, lower arylalkoxy, lower
15 cycloalkoxy, amino, lower alkylamino, lower dialkylamino,
NR'R", ANR'R”, AOR', wherein A is an amino acid residue
or a peptide of 2 to 3 amino acid residues.

A seventh process uses as starting materials
20 compounds of formulae I and II according to the invention
in which Y represents COOH ({preparable by the fourth
process above), and reacts them with an amine to give a
compound of formula I wherein Y is CO-R7, wherein R7 is
NR’R¥, AOR’, ANR’‘R”, thus:
25
X

X N
ZI:)ti T ZJ['?\E

| oL,
HOOC R7

- In this way, compounds of formulae I and II in
which Y is R7-C=0 and R7 is NR'R”, AOR', ANR'R” can be
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- 31 - preferably 8 hours, the product conpound VI is isolated by
.conventional neans. Compound VI reacts wth

m chl oroperbenzoic 5 acid, in an inert solvent such as dichl oronet hane,

or 1, 2- divehheigeet hane to give the conpound of fornula lpericaseese Y 1S

R err]-C=0 The reaction takes place at_ r,gom tenperature for about 3
to 8 hours, preferably 3 hours. The product is isolated by conventi onal
means. 10 The br onohet erocycl yl acetonitrile (V1)

derivative is i rPXSRAFYS epir c¥RIGE I cthAg eApddsd 8fid componrida Xfwith
N- br onpsucci ni ni flernul=ani i eBetresHl ventis cosHChigh Gaf bamitet hach! aiisde. 15

A fourth proces A of pforgul a | A . . the. st Lhg . .
material, and deri \S}zat'i zes | ’tr}gst gﬂkaRw %50_3355%%%9% grsrtrﬁffa%tokn‘v\ﬁf’ch Y
is -CHOH Rl err] %r mAeperge of op - éelwirayinng | agestnulsedhc) asor 1-GBEH
(fornula 1D),s t Kisethylaminopkepyl) -3-ethylcarbodiim2fe (EDCI) and
Conpounds  of forﬂ%l%ﬁy%eﬁggtgfagéfgar %.Qx byax% heinert solvent such as

tetrahydrofuran, dimethylformamide or dichloromethane.

An eighth process applicable for the

10 preparation of compounds in which Y represents lower

alkylsulfonyl, arylsulfonyl, heterocyclylsulfonyl, lower

aryl alkylsulfonyl, Ilower alkylsulfinyl, arylsulfinyl,

heterocyclylsulfinyl or lower arylalkylsulfinyl comprises

reaction of the corresponding thiocether compound with the

15 predetermined stoichiometric amount of an oxidizing
agent, thus:

XN X N
ZJ[N?;,?, -_’ ZIN¢E

Sri2 r12-Fo)

where n = 1 or 2. A preferred oxidizing agent for use in
20 this process 1is meta-chloroperbenzoic acid mCPBA, but
there are many other, suitable such oxidizing agents.

One of the preferred processes according to the

invention is the inhibition of enzymes, in wvitro or in

25 vivo, and specifically the inhibition of the proton pump
enzyme H*/K*-ATPase, so as to treat gastric ulcers in
humans. A major development in the treatment of peptic
ulcers has been realized with the introduction of H*/K*-
ATPase inhibitors. The enzyme HY/Kt-ATPase, which is

30 also known as the proton pump, is located in the membrane
of gastric parietal cells and is responsible for the
transport of protons from blood to lumen, decreasing the



- reduction of the correspondi ng conpounds of fornula I A wherein Y is
Rl err]-C=0 wth sodi um borohydri de, or sodium cyanobor ohydride in

al cohol. Conpound of fornula IBis 25 isolated by conventional neans.
WO 97/ 31893 PCT/ CA97/ 00137

- 32 - 9({3 s? Conpounds of fornula I C can be prepar ed:dnc,gymoxs-r

reacting corrpoun formula | wherein Y is Ig[err] C=Owth

hydr oxyl anmi ne derivati ves. Exanpl es of hydr oxyl am nes are

hydr oxyl am ne, met hoxyl am ne, et hoxyl am ne, 5 benzyl oxyl -am ne.

The conversion ofpH ledt opeomackn cortapts whishnelfadmc fifenpearayvatien aot

(see, for exanpl ﬁ@i@'ﬁicers anﬁh&aéefe&g@éhé‘sﬁmsttneabr&esﬁ of (;:hef
nas,_o

Preparations, 198 Val 2 o]
formula 1D in whikhe®Ph s W&P&k?ﬂ npcgﬁagglﬁgepar & 5VYRE’ b %&P hehze
hydrol ysis of thepronpbingls a meinsor mfl a Yragtams n neiPtleR[ epiterz0 ang

Rlerr] is |owey ahdid¥stratedN&n ea&;e Ofbpe%ﬁibrl estafplesn BMisQdi UM The

hydroxi de at t t { nd
Soivent such  ast RATRHLIOL CHa RERGRRC LIVASHT RS eV ARCAPIFo

The product is isvbataedwidecomashetynart otheansthiodr FeARDiHg zalhetmcaﬂ

the base with di | &ffems) Cboth blochem:.cal (énfzyfnbﬁléi 0688S indRRtreall eak0
accor

the preparation 20 of co
e P O e oGO TRAS P Lk B 82 v LA AR LA 0 Ll
of formula V s uskezhethylimericapsanand second process, and reacts it with
cyanogen hal i de, thus: [err]

Since the thiadiazole compounds trap thiol

containing compounds by the formation of a S-S bond, they
can be cysteine SH modifiexrs. Thus the thiol trapping
15 agents can be used as affinity labels in the chemical
modification of cysteine residues on an enzyme. Because
these compounds can function as affinity 1labels to
enzymes containing cysteine residues, they are useful
inhibitors of many physiologic enzymes such as Cathepsin
20 B, Papain, Interleukin -1 Converting Enzyme, and
protein disulfide isomerase (HIV), as well as H*/K*-
ATPase. Because enzyme pathways are implicated in a
variety of physioclogical conditions and disease states,
the compounds of this invention have many potential
25 therapeutic utilities.

Alternatively, thiol trapping agents can react
with cysteine residue on enzymes and proteins, and
thereby alter the biochemical properties of the enzyme.

30 Thiol trapping agents can be useful stabilizers and
enhancers of <cysteine <residue <containing enzymes.
Example of some of these therapeutic important enzymes
are PCl convertase, furin (see O'Rabilly S. et al., New
Bngland Journal of Medicine, 1995, 23, 1386-1390). PC1

35 1is the convertase responsible for the processing of
proglucagon into the peptide GLP-1. Regulators of GLP-1
may be useful therapeutic. agents for the treatment of



« 25 The reaction takes place in an inert solvent. The

conpound is isolated by conventional neans. A sixth process
uses as starting materials the 30 conpounds of formulae | and Il where Y
“represents hal ogen, e.g. conpounds prepared according to the fifth
process abo reacts themw th a primary or 3
PCT/ CA97/ Oo\f&%gﬁﬂg” 33 secon aé’éﬁgﬁ ne,
or alcohal, to give a conmpound of forr‘rﬁFa I vvherel nYis NRR', AOR,
ANRR, OR. R, KR have the sane definition as above. This process
proceeds bestiahietrsY and tdleessittar.t i ngompoendsal ofs tiriem teventiorcanre’

be represented tt'ﬂ‘i%l trapp:mg a ents and [ced'rf ]be used as SNQSHQQEQ}Leﬁn@JCh

as | ower. aIKOX|de %on é koxi des,
cycl oal koxi des, © CY%'?/%’F’E °°“§Ial%§‘ll fi AREYMeJyer d| aI kyI ani nes,
het er ocycl i c am nes 10 HNRR', HANR R', HAOR, wherein Is an

amno acid s resi due O@h@ pggéﬁg@ng; gft&g %&Mlﬁfé di f eéﬁgug cbgact

wi th conpounds of wher ei n byom de vep to
gi ve conpounds 8f %ﬁmi"’é"? Mef’ﬁnYkﬁes llluqtﬁﬁ&ed ‘%\Ykﬂ%?‘,‘s ofr yrbeix

| ower aryl al keggetion| ovieh 1bheyetind korycapramo, |Thes dlkyganenglly ower
di al kyl am no, J.llhlgtgate&"\lﬁu RrigACR ofv"eﬁéebecémbén%@nanwfﬁ’ég rgsigue

or a peptide of t cid residues.
pep fo t::gh ggof reagent representing a phenethyl group.
10 In addition, based on prior art (Im et al., J. Biol.

Chem., 1985, 260, 4591; Sturm et al., J. Oxg. Chen.,
1987, 52, 4573; Lorentzon et al., Biochim., Biophys.
Acta, 1985, 817, 25), phenethyl-mercaptan is useful as a
model for the H¥/K*-ATPase to examine the reactivity of
15 compounds towards thiol group(s) of the enzyme. It was
found that compounds of formula I react with phenethyl
mercaptan (RSH = PhCH,CH,SH, Fig.l) in an inert solvent
to give the compound of formula XI. The compound of
formula XI reacts with an additional mole of phenethyl
20 mercaptan to produce a compound of formula XII which
decomposes to give compounds of formula XIII and XIV.

A minimum of two moles of phenethyl mercaptan

for 1 mole of substrate is required to effect the ring

25 opening of 1,2,4-thiadiazolol4,5-albenzimidazoles to give
the compound of formula XII. In general, the ring
opening reaction 1is slow with two moles of phenethyl
mercaptan. The reaction rate increases rapidly when a
large excess of phenethyl mercaptan (for example, 25

30 fold) is used. It was found that compounds used in the
present invention react rapidly with phenethyl mercaptan
according to the process set out in Fig. 1. The
disulfide could not be isolated since it was found to
react rapidly with a second mercaptan to give the

35 disulfide of phenethyl mercaptan and the illustrated
intermediate. This degradation of the trapped thiol
intermediate to form the disulfide has also been observed



A seventh process uses as starting materials 20 conpounds of fornul ae |

and Il according to the invention I n which Y represents COOH
(preparable by the fourth process above), and reacts themw th an am ne
to give a conpound of forrmula | wherein Yis CORerr], wherein R err]
i's NR R'woofAises ANR R', thus: 25 [err] PCT/CA97M0137 | n
this way, conpounds of fornmulae | and Il jrq . which Yis Rerr]-C0 and
Rlerr] is. NRR', AOR, ANR R' can be V\D 97/31893

PCT/ CA97/ 00137 . ﬁ/ﬁ epar eg ¥
reacting the carboxyhecchergcabnpedsd &PT t:h‘*fc?irr aPFPRRE  ditfindbergs &EooH
with an am no acali anrdeMed., KdNR.R' 1986, ardmesiIAMN .R', Ibr ismin escizdthyst er
HAOR , in at ( 2

% %%?e%ﬁey%g?b%?gmg the @Q@S(Ed Sé@b aﬁ'x&olﬁng ttack

di met hyI am nopr
hydr oxybenzot r i |aé1oth?r &hiol,greup E’BP%n‘POtSIERH‘P rhsbecause of steric
t et r ahydr of ursan, £ £k treatsh \g FodrirEiice (thedlapblroaorrebﬁameo enzymes or wouldn

eighth process, . an Slf@%&mrt%flﬁ ‘1 cpcfeapéﬁ&tiethgf evggmms

in which Y repréesen | sul
het erocycl yl sul fapgiihen ggaximal Fhjol @IIPyPs&Ff BH?Fentr owdp Pylc'@ﬁleﬁvnyl

aryl sul finyl, thie ey dewlds ubf inyibridowsE theykakipesul finyl conprises
reaction of the correspondi ng t hi oet her corrpound with the 15 predeterm ned
stoichionetric amount of an_ oxidizinhg ent, thuys: .

10 According to the presen invention, it has been

found that compound such as 3-methoxy-5-amino-1,2,4-
thiadiazoles reacted with benzyl mercaptan in an organic
solvent such as methanocl to give 3-thiocarbamoyl

methoxyisourea:
i 7
Me
MeOo N PhCH,SH 07]-—1\
HN )\
N\S NI, s NH,
EN
CH,Ph J
PhCstH

7/'_ )\ + PhCH,SSCH,Ph
NH,
15
Other 1,2,4-thiadiazoles such as 3-methyl-5-
dibenzylamino-1,2,4-thiadiazole, 3-methyl-5-benzylamino-
1,2,4-thiadiazole and 3,5-di(3-pyridyl)-1,2,4-thiadiazole
do not 1react with Dbenzyl mercaptan under similar
20 conditions. The chemical reactivity of monocyclic 1,2,4-
thiadiazole as thiol trapping agent depends on the
substituent at the 3 and 5 position of the ring system.

1,2,4~-thiadiazolo[4,5-albenzimidazole
25 derivatives undergo similar reaction with mercaptans



"[err] where n = 1 or 2. A preferred oxidizing agent for use in 20

this process is neta-chloroperbenzoic acid nCPBA but there are many
other, suitable such oxidizing agents. One of the preferred
processes according to the invention is the inhibition of enzynes, in
vitro or inywoerkss0, and specifically the inhibition of tBerragheisPUN
enzyne H+/ Kl err] ATPase, so as to treat ggsEFig ulcers in humans. A maj or
devel opnment in the treatnment of peptic ulcers has been realized with the

introduction of Herr]/Klerr] ATPase inhibitors. The enzyne

Wew]/merH-Aﬂ%—- NWﬂch Is 3 ahse-Nnown af the proton punp, is
| ocated in the e>\ sk rli ri k-g€] |s and is responsible for
t he transport D nto?f fr BI blunﬁn ecreasing the -

WO 97/ 31893 nf CA97/ 00137 |

- 35 - pH of sto h contents which Iveads tjp aggravation of

peptic ulcers. The effectiveness of ftiuemdaaeCcess of the pr esent

i nvention in trapping this enzyne angl hence providing a neans of

treating peptic ulcer , s-N.5 de vsPragbed in the specific
exanpl es bel ow. —RSH e$sMeOibf_ t he present invention are
however applicabl e dﬁpfﬁ% ty of other thiol trapping chem cal

systens, both blochen1cal (enz ){and industrial, as set out bel ow

in connection with theill reactiwity towards 10 phenet hyl ner capt an.

Since the thiadiazol e conmpounds trap thiol cont ai ni ng conmpounds by the
formation of a S-S bond, N, can be cysteine SH nodifiers. Thus the
t hi ol trapping RSSR +  SH + Ph-CO-COOMe

AN

H

When RSH is thiolphenol, the resulting Ph-S-S-Ph dimer
can be isolated. This reaction is also general for a
variety of 1,2,4-bicyclic and tricyeclic 1,2,4-

5 thiadiazoles with different substituent at the 3 position
of the heterocycle.

The preferred compounds used in the processes

of this invention are heterocycles with molecular weight

10 less than 440. The spectrum of log P of these molecules,

i.e. the partition coefficient between octanol and water,

varies from 0.5 to 4.0 which covers the lipophilicity

range of most known drugs. These are important factors

in the development of therapeutic agents, and reflect

15 that individual analogs may have potential application as

therapeutic agents in diseases wherein the inhibition of

thicl containing enzymes 1is a potential solution to
treatment of the disease.

20 The specificity of the compounds wused in
processes of the present invention for the mercaptan
functional group 1is shown by the fact that these
compounds show limited or no reactivity towards other
nucleophiles present in vivo such as amines, hydroxide or

25 iodide ions. In chemical model systems, the heterocyclic



» 15 agents can be used as affinity labels in the chem cal nodi fication

of cysteine residues on an enzyne. Because t hese conpounds can function
as affinity |abels to enzymes containing cysteine residues, they are

* useful i nhi bitors of many physiol ogi c enzynes such as Cathepsin 20 B,
Papai n, | nt@ipleaisiden [err]-1 Converting Enzyne, and PCT/QAL0813]
disulfide isonerase (H'V), as well as HerrddKlerr]- ATPase. Because
enzyme pat-hways are inplicated in a variety of physiological conditions
and di sease states, t he corrpounds of .this inventjon have nmany potentlal
25 therapeutic uF+RFti esOf 4-thiadigzp Prﬁét?v‘éi Pengipifazqls, i ngs

agents can reactunreaetive \iveinde cbesdusucheapirdlress and proteins, and
thereby alter the biochem cal properties of the enzyrre 30 Thi ol trappi ng
agents can be useful stabilizers ang enh nceré cysteine residue
containing enzynes. EahpPReGH Lone PIEIEREE i EOFpFe an®
enzynes are PfFrocesses t asoxidingn @:seetﬁieRapréd;ng mvaitn,ori\lew.s 7~
Engl'and Journal gf, ’E@@” 1960733 43860dciRN)-o - bfohbeny1] -
convertase respon3| forp( e prgceSS| n r.ogl ucago% ?ﬁto t% )
peptide GLP-1. Regut diivradigrodeds) s “a]ﬁ%‘frz%’é} " the Qb’éutld“%?@éﬂ’t]se f or
t he treatment ofcarrles an !ﬂb@kaﬂSQBthdrawlng group at the 3-position '
PCT/ CA97/ 00137 of the heterocyclic. ring. I ﬁﬁ% llmlteg'%gﬁhﬁ§l§gfs n

obesity. Compounds of this invention g é igf g
can be used ¥ sYaBT¥i zefBeaffructugnnghcEhiso F°¥,‘9€‘t‘% REQVRANGY X-
enzynes. 5 ray cryBhalrdegtaphyy ofnt hambrrpbﬁndsmthelm oCemSs

of the invention,can Ahdfwsaﬁ@t 8ehUnPERN Aty LOE! broviabRACAR MY

phenet hyl mercaptapn, | s I S genera ustr
acconpanyi ng draW’rfb"s“c% Rr the (ﬂhef‘l’ré‘a?hlbqle‘?te‘atg}'enf’ reb?%%erﬂq“??g’“&d
phenet hyl group.Fifthdmn addpecdfijc basedaddspri arf art itgl m greglarationBi ol .

Chem, 1985, lgGochéz%heﬁ%ﬁ:%ﬁt afll- progerfdb ald!'Rven in AR spedirde’3;
Lor ent zon et al. ofhl m Bi o%‘%
éxamp elow compound is active in the suppression
of gastric acid secretion in animal model.

For the treatment of peptic ulcers, the
20 compounds may be used in the process of the invention
by administration orally, topically, or parenterally in
dosage unit formulations containing conventional non-
toxic pharmaceutically acceptable carriers, adjuvants and
vehicles. The term parenteral as used herein includes
25 subcutaneous injection or infusion techniques. In
addition to the treatment of warm-blooded animals such as
mice, rats, horses, cattle, sheep, dogs, cats, etc., the
compounds of the invention are effective in the treatment
of humans.
30
For compositions, conventional non-toxic solid
carriers include, for example, pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium
saccharin, talcum, cellulose, glucose, sucrose, magnesium
35 carbonate, and the like may be used. The active compound
as defined above may be formulated as liguid pharmaceuti-
cally administrable compositions can, for example, be



* Acta, 1985, 817, 25), phenethyl-nercaptan is useful as a nodel for the
Herr]/Klerr]-ATPase to exanmne the reactivity of 15 conpounds towards

thiol group(s) of the enzyne. It was found that conpounds of formula |
“react with phenethyl mercaptan (RSH = PhCH err]CH err]SH, Fig.1) in an

inert sol vephorsiged 0 0i ve the conpound of formula XlI. The peavdupsnohaof
formula XI reacts with an additional nole f phenethyl 20 nercaptan to

produce a conpound of fornula XI| which deconposes to gi ve conpounds
of fornmula X Il and X V. ) _ A m ni mum of two nol es of phenet hyl
mer capt an frrepRYas e Rf Aigaolamiagd. s ddgperednge ebfect Bhe Eiotgves

openi ng of 1,2, bnigthad aZ®! abfifed! BBBEE MaghdZ RS dnd10iptarmaceults ca@@pound
of formula Xl Iéd. \;ant%engrr]ala, the.exr,l n% c ogem{lcll react |:gn is slowwth
two ol es of pHEREthyY mr c S ARST ThEYBacHT on T3t e THIR thrs e ¥ 2F 55 dl v
when a | ar g2 ldngess aghephencdentiraas,caplavetpdr esthasiad, 28180 thel d)

i's used. It swas ifiendebhathex¥HIOUREemUSEdsbllutdén o’ 888PEnsINENt | OR £r €act.
rapidly with pkgene.t@é mer capt an accordi% to_ the ., process set  out
in Fig. 1. O9°M&SY gi S i dePIFTHEBE i soTARPUARe i tE%s PSund
to react rapidiiipisitefed mayoadispereniaim a origiae aneendsofdinenl-todéc of
phenet hyl  mer Gandian axynd subBeantds USsudt €ths  wettSPdic! € emu1ERES ing.
degradati on of th% tre}%oe({het hi.al int er medi ate to fqQrm the diSul Pi de
has al so been &S Fed * g7/ $Pgg3 Sxample, sodium acetate,

PCT/ CA97/ 00937 sorbitan monolaurate, triethgplamine sodiume eketatel

nmodel for the H:QlilhakbeahinédTEassrd lidadber mdiual methods) oeMpdeptheny.
1986, 29, 1329). that in the real enz t he Second

step invol ving Sé’tcf"ag?sla%engt?gé{ﬁ)g%ﬁ%rk’[‘%w G Sttt GPRBFeﬁggggnt B8Suse
of steric 5 faitiddedprahi bthisg ate appforcheximple emegneBeningbaohds
| ead to fornatipharehcaudisedl f bdeeihody, iMhdiep @8MhihiatompandNOkl8ton,
prioxi mal ¢ ol 5r OUplis PEESE - 247k POt Bnga88Rposte st e WA Hul 8R050
to be administered will, in any event, contain a quantity
of the active compound{s) in an amount effective to

alleviate the symptoms of the subject being treated.

20 The pharmaceutical compositions containing the
active ingredient may be in a form suitable for oral use,
for example, as tablets, troches, 1lozenges, aqueous or
oily suspensions, dispersible powders or granules,
emulsions, hard and soft capsules, or syrups or elixirs.

25 Compositions intended for oral wuse may be prepared
according to any method known to the art for the
manufacture of pharmaceutical compositions and such
compositions contain one or more agents from the group
consisting of sweetening agents, flavouring agents,

30 colouring agents and preserving agents in order to
provide pharmaceutically elegant and palatable
preparations. Tablets contain the active ingredient in
admixture with the non-toxic pharmaceutically acceptable
excipients which are suitable for the manufacture of

35 tablets. The excipients may be for example, inert
diluents, such as calcium phosphate or sodium phosphate;
granulating and disintegrating agents, for example, corn



- 10 According to the present invention, it has been found t hat
conpound such as 3-net hoxy-5-am no-1, 2, 4- t hi adi azol es reacted with
benzyl nercaptan in an organic solvent such as nethanol to give

* 3-t hi ocar banoyl met hoxyi sour ea: [err] [err] 15
Q her 1, 2, 4- kb 9fH180! es such as 3-net hyl - 5- PCT/CA97/00137
di benzyl am no-1, 2, 4-t hi adi azol e, 3-met hyl 45- benzyl am no-

1,2, 4-thiadiazole and 3,5-di (3-pyridyl)-1,2,4-thiadi azol e do not react
with benzyl nercaptan wunder, simlar 20 conditions. The chem cal
reactivity of noff@Fr&hirc @F 2 atginic hpgif s, RIRES: WPIFREF apfidy SFERPLE
depends on the stethdt,i tgednitial dheadaahd, 5 apdsi hiloriaaft inkye sgerts,ysEem
1, 2, 4-t hi adi azol I q%[gai l:daz eri i Anger il ar
reaction with rre(r%'[cx;ép %%s B %aé%t 1893 o4 . of Talc.™' The
PCT/ CA97/ 00137 tablets may be coated by knowypg _techniques to dela)[ eﬁaf

5 disintegration and absorption in the gastrointestinal
tract and thereby provide a sustained action over a long
period. For monostearate or glyceryl distearate may be

employed.

-

10 Formulations for oral use may also be presented
as hard gelatin capsules wherein the active ingredients
are mixed with an inert solid diluent, for example,
calcium phosphate or kaolin, or as soft gelatin capsules
wherein the active ingredient is mixed with water or an

15 o0il medium, for example peanut oil, liquid paraffin, or
olive oil.

Agueous suspensions contain the active

materials in admixture with the excipient suitable for

20 the manufacture of aqueous suspensions. Such excipients
are suspending agents, for example sodium
carboxymethylcellu-lose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate,

polyvinylpyrrolidone, gum and gum acacia; dispersing or
25 wetting agents may be a naturally-occurring phosphate,
for example lecithin, or condensation products of an
alkene oxide with fatty acids, for example
polyoxyethylene stearate, or condensation products of
ethylene oxide with long chain aliphatic alcohols, for
30 example heptadecathyl-eneoxycetanol, or condensation
products of ethylene oxide with partial esters derived
from fatty acids and hexitol anhydrides, for example
polyethylene sorbitan monooleate. The aqueous
suspensions may also contain one or wmore preservatives,
35 for example ethyl, or n-propyl, p-hydroxybenzoate, one or
: more colouring agents, such as sucrose or saccharin.



*When RSH is thiol phenol, the resulting Ph-S S-Ph di ner can be

I solated. This reaction is also general for a variety of
1,2, 4-bicyclic and tricyclic 1,2,4- 5 thiadiazoles with different
substituent at the 3 position of the heterocycle. The

preferred cmmdg used in the processes of this invenpceiadfedrs7
heterocycles with nol ecul ar weight 10 |esg,than 440. The spectrum of |og
P of these nol ecul es, i.e. the partitioncoefficient between octanol and
wat er , varies fromO0.5 to 4.0 which covers the lipophilicity range of
most known drugs. These Q:EYi npoMgRensianst or day | ket he fdemulapednt by

t her apeult ic algempeaadngethecac&het hagréabm dil aaﬂééé)@%v\%@)’obﬁvefor
potential appli er apeut | ent, | eases. wherein the
i nhi bition of %%t#&ﬁ cont cé’ﬁ%. n%'{)gnz?riréggl sQ) i3, éjé |eal SLg| (Y oficFgRut
treatment of th@idis@¥seln appineral oil ppeh §|§ec3+1fqué+dt yangffirhe The

conpounds usedoilly suppansicirs fhy! o8Nk | ENEAkOIhd O%gk?@. MeggApt an.

functional grou o] e fact _tha como S W | i ted
or no reactivi t%xkﬁ‘ﬁa?d\é\%o%wfg % C & péafggﬁtﬂ es8ht i l{'\qu
ami nes, hydr oxi §Ue§ﬁ325n90(ﬁ£@é1tﬁonéuchn%hehh@%ﬂ wetic| foyish erabpvehe and

heterocyclic  flavour¥k87/a3t888 may be added to provide a palatable
PCT/ CA97/ 00137 oral preparation. These compositions may be preserved by

10 the addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for
preparation of an aqueous suspension by the addition of
water provide the active ingredient in admixture with the

15 dispersing or wetting agent, suspending agent and one or
more preservatives. Suitable dispersing or wetting
agents and suspending agents are exemplified by those
already mentioned above. Additional recipients, for
example sweetening, flavouring and colouring agents, may

20 also be present.

The pharmaceutical composition of the invention
may also be in the form of oil-in-water emulsions. The
oily phase wmay be a vegetable oil, for example olive oil

25 or arachis oil, or a mineral oil, for example 1liquid
paraffin or mixtures of these. Suitable emuilsifying
agents way be mnaturally-occurring phogphates, esters
derived from fatty acids and hexitol anhydrides, for
example sorbitan monooleate, and condensation products of

30 the said partial esters with ethylene oxide, for example
polyoxyethylene sorbitan monooleate. The emulsion may
also contain sweetening and flavouring agents.

Syrups and elixirs may be formulated with

35 sweetening agents, for example glycerol, propylene
glycol, sorbitol or sucrose. Such formulations may also
contain a demulcent, a preservative and flavouring and



= - 39 - ring of 1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol e S

unreactive towards these nucl eophiles. One specific,

preferred conmpound for use in 5 processes according to the present
“invention is 7- met hoxy- 3- [ (4- met hoxy- 3, :

5-di met hyl - 2y highehy Oxonet hyl ] - 1, PCT/CA97/00137

2, 4-t hi adi azol of 4, 5-a] benzi m dazol e. Thi _ nol ecul e carries an

el ectron-w t hdrawi ng group at the 3-position of the heterocyclic ring.

It has limted solubility in 10 water. The structure of this conpound was

proved by X- qopurings Bgent§gr aphg . PharpacauticedCcompRsitiprs mapsbhe

spectronetry and mianBRitald anaicpeisngr ovbdednaddichbenal art  asidgncenbee

the chem cal identjty.qf this ound, urt her specifjc_  details
of - its o orepatiaabte (d BpSPERR Sy westARE THaent¥ P dnd,  gugbEufing
the specific agenys ewhbeh owavehdbesmhpoentipredctabpye.n t Rhesupperideon

of gastric acisd seGeRitiaPlel HrapaFBtiBRAGhy also be a sterf® ihhBctable
treatment of pesotllu%.oul cers, t he 20 c:orrpoundso he used i t?f

process of the iTRention BYRERFHTt rift i oh &é’f%xﬁcopipééfﬁf’g?rﬁ Y-
parenteral ly in accepsabde diluendranl gelvent cofeni axamplonaenai endlit hon-
tT ﬁXif phar mace;Jt iithi'ilimmieah bck._ﬂ::ﬁ.@”ihﬁ\gﬁg Q:gi'eUVé’cgie.%_?[téHBie veﬁ(féﬁ&slt €snd

e term parenteral,.as,use rein_includes ubcut aneous_ inpection or

i nfusi on techni qst?elg%nt% %hfa(r%‘ &Y ad FtiSH‘P§83’?‘§e fteat ?’@ﬁ?r()f Ringer's
war m bl ooded ¥ni meilatigns aand isgteeicr ssedivwor sbdoridet |aplutticep, doks,

cats, etc., the a3qi¢aeRQUNEH&S bbfsi&&@nté&w&ﬁo@{aflqgtiaﬁpiay&?eas a
conventi o

t r eat ment of hymans. 30 . For c ositions al
non-toxic solid sgivc%’?’rfér EUPREPLLRS Weoc}lugkan%[fg%, %bﬁSr Rﬁé@ﬁ??cﬁ’i’yg]?gﬂ'ég of
manni tol , | act os&ixedareil maynbsi empdcradatimclyddngmsynthesdchacing- or
tal cum cel | ul os@igglyde@saesSUCT DS € adHREDES] urfh%gg Gl agech ARG thEedd ke

Y e her it Bedd P¥EaC RO e ARLAFLERSS APONE RS OT MY o o 20

l'i quid pharnmaceut - m i stra CONPOSI t ohs can. oror exanpl e,
be
Parenteral administration is generally
characterized by injection, either subcutaneously,
intramuscularly or intravenously. Injectables can be
2¢ prepared in conventional forms, either as liquid

solutions or suspension in liguid prior to injection, or
as emulsions. Suitable excipients are for example,
water, saline, dextrose, glycerol, ethanol or the like.
In addition, if desired, the pharmaceutical compositions
25 to be administered may also contain minor amounts of non-
toxic auxiliary substance such as wetting or emulsifying
agents, pH buffering agents and the 1like, such as for
example, sodium acetate, sorbitan monolaurate,
triethanolamine oleate, etc.
30
The amount of active ingredient that wmay be
combined with the carrier materials to produce a single
dosage form will vary depending upon the host treated and
the particular mode of administration of humans may
35 contain from 0.5 mg to S gm of active agent compounded
with an appropriate and convent amount of carrier
material which may vary from about 5 to about 95% of the
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- 40 - prepared by dissolving, dispersing, etc. an active

. conpound as defined above and optional pharmaceutically adj uvants in a
carrier, such as, for exanple, water, sal i ne, aqueous dextrose, |
glycerol, egBafneiges and the 5 Ilike, to thereby form a solpdriud706137
suspensi on. | f desired, t he phgymceuti cal conposition to
be adm ni stered may al so contain a m nor anmount of non-toxic
auxi liary substances such as wetting or enmulsifyin agents and the

li ke, for exanpFetakodiampogdsiane, 1®osegsi twnltofsizng avellt rdendraidlyan ne
sodi um acet at e, contdin ebBERGERTEREMOLBALE, 18ty 6t Wdloulelddsm®f ol @RAr i Ng
such dosage forgrgtﬁ;ee & 1k will be apparent to those skilled in
this art: for ~exanple, = s€é Remington's Phar maceuti cal Sci ences,
Mack Publishing Conpany, Easton, 15 Pa, 15th Edition, 1975. The
conposition of fornulati at willd bé&eaadintexistiond, W IHowelhBranNy t@went .the
contain a quantj . s Of act| C ound(s) .in.an,amount,_effecti,ve to
alleviate the sé é/cf‘l()"frrlzscoof‘%ot@%e gﬁ%%gctp%le)i lr‘il?lgn Ygrégf gé.cula,’éo patient w"}éﬁe
phar maceut i cal i WPomsac¥RraehY ngft Kectorgciingdudiggedhentaatdywity in a
}‘orm suitabl e for eonal speéitic é&ﬁp&fﬁ@mﬂ@lo@?_dt,aftw age,tr}:ﬂa Seight,
ozenges, aqueous_ or uspensions,. dispers e __powders “or
granul es, erﬁﬁ%ef?oanls,f’%%%}y'an%eﬁ’of *Rapshites, %6r asdfrlﬁ‘ﬁ.?t%? &PPyi FER95
Conposi ti on®¥ | re@wRiapion ored the MPeyeratyr fartle Paztéondang diseasp
met hod known t auddérdiiing @hetrtBpy. manufacture of pharmaceuti cal
conpositions and such conpositions contain one or nore agents fromthe
gr oup consi sting,..of .sweetenin ent s flavourin agents, 30
col ouring agents and ‘Bt e’s’éﬁﬁetﬁéma tggfﬁh%# dg‘?sfﬁlgeéprQi ggl““rated
pharmaceutical I3 tifd dANowingaBfeciPit ab@itiles. pPreparations. Tablets

contain the active ingredient in adm xture with the non-toxic

phar maceut i sal | SPECIRIC DESCRIPTEGN | DO THE MOSTH PREFERRED AEMBOD INENTE

manuf acture of 35 tablets. Th excipients may b for exanple, inert
di l uents, such as cal ci um phosphate or sodli’ijemfhosphat e; granul ati ng and

di sintegrating agents, for exanple, c
Preparation of Bromo(2-pyridyl)acetonitrile

To a solution of (2-pyridyl)acetonitrile (12.0

20 g, 0.10 mole} in 150 ml of carbon tetrachloride, was
added 18.1 g of N-bromosuccinimide (0.10 mole} at room
temperature. The mixture was refluxed for 1.5 h. The
resulting precipitate was removed by filtration and the
solvent was removed under reduced pressure to give the

25 crude product, which was recrystallized from hexane to
yield 18.6 g (94 %) of the title compound as red
crystals: mp 62-64°C; 1H NMR (DMSO-dg) 8 8.67 (4, 1H),
7.97 (&£, 1H), 7.70 (4, 1H), 7.51 {td, 1H) 5.60(p,1H) ppm;

IR (KBr) : 3064, 2972, 1712, 1587, 1470, 1439, 1051, 993

38 om~l; MS m/z 196, 198 (M*), 117 (M* - Br); HRMS caled for
CHgBrN, 195.9630, found 195.9645.

Proceeding in a similar mannexr, the following
compound was made:
35 Dbromo{4-methoxy-3,5-dimethyl-2-pyridyl)acetonitrile:
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- 41 - starch, or alginic acid; binding agents, for exanple

starch, gelatin or acacia, and lubricating agents, for exanpl e
magnesi um st earate, stearic acid or talc. The tabl ets nmay be coated
by known teckywhehisigest 0 delay the 5 disintegration and absorpricas?em3® he
gastroi ntesti nal tract and thereby praqvigge_a sustained action over a
| ong period. For nonostearate or glyceryl distearate nay be

enpl oyed. 10 Forqylatlons f or oral use may_al so_be presented

as hard gel atin dstA&T WHerd AMhe R aYedi RgPedii8nt S8+ 5aP2 Afxed®w th
an inert solid mglgyuésfchpxa@pie , Sﬁplchugbphogphqﬁg pkA0L3A, NRE as
soft gelatin Capsﬁhﬁﬁﬁga 5 egglnlggel ctiy ggregbegg 2g1§§d 9hgh ter

or an 15 oil nedi r éxanplée peanu 0|I |dU| paraf fve

oil. 60.1AGYe@Is 99,SUSNENS| QNS 05 Qpni;aiIR  {KEer) acaaye 2988

materials in zg 2}% e J\_/gsté'u t ;xciﬁ)égntsﬂu tgpﬁ_e {non_ 2Ghs E,p @ggjf as%yre

of dqueous suspen3|ods exci prents sspendi’ng agents,

for exanpl e ’@bduu%ﬁs [ Ear b8k ﬂethylcellu Iose

met hyl cel | ul ose, hydr oxypr opyl net hyl cel | ul ose, sodi um

al gi nate, pol yvi nyl pyrrolidone, gum 5%1 umpacaci a; di spersing or 25
0S

wetting agents nay be a naturally-occurrin hat e, for exang
lecithin, or con &f prodiREs of drf2- en%ﬁ% olydlithdol (grpyridyh} ¢y

aci ds, forio aewrpnheétrilepol yoxyethylene stearate, or condensation

products of et hyl ene oxi dg sz'é '&ngzcﬂéf& d&%ﬁgdgggggol& 3f00:;g,

exanpl e hept adecat hyl - eneoxycetanol , con
et hyl ene oxi de widt-I? pﬁWFﬂ&PresP€P§°é§rPM¥%ﬂY1)QQQERPFSFF}eaCKGS5%nErhe%r@ol

anhydrides, for amaﬂpbeand|§aea§§tﬂhemerbeaabetan 37mgnaalocainble) in THe
agueous suspengi %r},sd@gyma}qs% fiCho1 £ o YRECHBLESE" Y@ by o5 Eérfé)r

exanpl e ethyl, or "n-pro enzo col ou
agents, such Ms §hcros€ r §8%8ﬂ%¥|nwas evaPOratEd The  resiaue was
dissolved in ethyl acetate, washed with water and then

saturated sodium chloride solution. The organic layer
was dried over magnesium sulfate and evaporated to give a
solid. The crude product was further purified by column
20 chromatography on silica gel (100% ethyl acetate) to give
66 mg (10%) of the title compound as a solid; mp 166-
167°cC; iy NMR (DMSO-dg)d 9.3 (m, 1H), 8.65 {m, 2H), 8.32

{m, 1H), 7.78 {(br s, 4H}, 4.81 (bxr s, 2H} ppm; IR : 2206,
1512, 1465, 1432, 1357, 1179, 740 cm~ 1.

25
In a similar manner, by replacing 2-mercapto-
benzimidazole with 2-mercaptoimidazole, the following
compound was made:

3¢ {(2-imidazolyl)thio] (2-pyridyl)acetonitrile:
mp 203-204°C (dec); 1H NMR (CDC13)8 8.51 (&, 1H), 7.65
(t, 1H), 7.36 (4, 2H), 7.12 (&, 1H), 7.03 (44, 1H), 6.33
] (br s, 2H) ppm, 13C NMR (CDCl3)}3 154.08, 148.23, 145.76,
136.84, 134.95, 134.43, 119.15, 118.40, 109.32, 96.15
35 ppm; IR (KBr) 3344, 3225, 2202, 1643, 1493, 1485, 1427
cm~1;
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- 42 - O ly suspensions may be formul ated by
.suspending the active ingredient in a vegetable oil, for exanpl e
arachis oil, olive oil, sesane oil or coconut oil, or in a mneral oi
such as | i qQuyeloaagaaf fin. The 5 oily suspensions may conpgiritadzddisyckeni ng
agent, for exanpl e beeswax, hard pagaffin or cetyl alcohol.
Sweet eni ng agents such as those set forth above, and flavouri ng agents
may be added to provide a pal atabl e oral preparation. These
conpositions may be preserved by 10 the addition of an anti-oxidant such as
ascorbic acid. Di spersi Exampawdsrs and granul es suitable for

preparation of PHUSPLS sughpensi of pym%%%,%g@ yeggl%dazolw_\%ﬁ O%Pw de

the active ingredient 1n adnmi xture wth di'spersing agent,
suspendi ng agenPeRReFEHMR %TdimWﬂez‘Eﬁsﬁkbﬂqwltrl% tabl e dispersing
or wetting s agents andresuspensbing iagenics amen@xeapbbtseﬂebuoim

al ready nmentioged,.ahove, s Adg' E_J;Og\%lle r‘fﬁ 3%5 Ozgo B} esgnpé

sweet eni ng, flavourt ng. an c%) ouring c?
The phar maceut i anh%n%lé@l“ﬁ’eﬁ?'of"’af%@ C‘rﬁf’erﬂ‘bﬁnl Of’r'atye‘alll%@be feilkawed or m

of oil-in-waterpbgnulsions. The oily p}m@(q&mebgoﬁyvggglagh&ﬂgn_,gj or

exanpl e olive gﬁ,} g@ (Hllt%l(i (glof‘ablg nerdell 1P I mofr exarg; UI d

paraffin or enu13|fy| ng
natural | y- oé‘burF?‘P@e{ﬁﬁﬁﬂmt e%’hee@%‘FBre waer ibeageflr dia fmﬂ/u:acf@s éndh
hexi tol anhydrigeger f ar nitreyafplaemsspheian rrmmola.e@é@,na@d SRRSO N

products of 30 the said.Ragt! q{Y es%ﬂ‘%ﬁ%\é 14}1 et Q}/}denq: oxi de F n%g;(]? Iﬁe

pol yoxyet hyl ene sor bitan_ non mul STon nay
sweet eni ng_ and FY2RRIRG S age'ﬁ]t‘% residue °btalne%yfwt§§s a?ﬁ'élrw‘%%’rs"lﬁéy be
formul ated wi t hcRborfiveet,enangy thRgerhioroform «sanplashedl YTekdhes RWi®pyl ene

gl ycol , SOVPA t QiaQly- Su%ased h I:%P“' ﬁa&%ﬂ@éiﬂﬁy Hh5Fate . CONt A} Q,
denul cent, a preservative and FTavouri
evaporation of the solvent the crude product was

recrystallized from diethyl ether to give 22.6 g (920%) of
the title compound as yellowish crystals: mp 193-1970C;
1y NMR (CDC13)5 8.25 (s,1H}, 7.65 {d4d, 1H), '7.30 (m, 1H),

20 6.90 {(m, 1H), 6.30 (br s, 2H), 3.95 (s, 3H), 3.75 (s,
3H), 2.50 (s, 3H), 2.20 (e, 3H) ppm.

Example 4
Synthesis of 3-[oxo(2-pyridyl)methyl)imidazoll, 2-d)-
25 1,2,4-thiadiazole

To a solution of [{2-imidazolyl)thio] (2~
pyxridyl) acetonitrile (30 mg, 0.14 mmole) in 5 ml of
chloroform, was added portionwise 0.12 g of 60% m-

30 chloroperbenzoic acid (0.42 mmol). The mixture was
stirred at room temperature for 10 h. The resulting
mixture was washed with water and saturated sodium
bicarbonate solution. The organic phase was then treated
with charcoal, and filtered to give the crude product.

35 Chromatography on silica gel (100% ethyl acetate) affords
22 mg (84 %) of the title compound as a yellowish solid:
mp 147-148°C; 1H NMR (CDCl3)8 8.87 (d, 1H), 8.30 (m, 2H),
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- 43 - col ouring agents. The pharnmaceutical conpositions may be
formul ated according to the known art using those sui t abl e di spersing
* or wetting agents and suspending agents whi ch have been nentioned.
above. Thewd # H,g S injectable preparation nay also be pcwtasidoes?
I nj ectabl e sol'ution or suspension in a pen-toxic parenterally-
acceptabl e diluent or solvent, for exanple as a solution in 1, 3-butane
diol. Anong the acceptable vehlcles and solvents that nmay be enBBoyed
are water, Ringef-9510m,sdHiti h$7 dmd i1$dtofi-62 S@di dF) EHMr i dBR x
sol ution. I'n 170@ddl hic@d, Eixkd aid s £ eapvenmtonal HrmMenptayed agod

sol vent or suspe@g di 4gy sz  hissupdpese . epy7 bl and fixed oil may
be enpl oyed inclu ’n ynthetlc nono- or di gl ycerides. In addition,

fatty acids such as oleic 15 acid find use in the preparation or
I nj ect abl es. ParenteraJ gxgm$mensstrat|on general ly

characterlzed b njection her Qu I ra arly
or |ntravenously% t#‘ }’gﬁt abldég n“ﬁ&h% 'C%?ggg%e C%@%’H?%ﬁg
fornms, either @gyrifdydlirdomethyh] m,ub#stblagésmm{wwﬁhmmdpﬂpéﬁ to
injection, or  apas emul Se-%&hoxysul-lmblxeatw-m @uameahgl b opyreaprp! e,
wat er , sallne dextroES g et %ggé ?é Eﬁﬂé‘%&n& zd n addition, if
desired, the pharRREGPYEarte ﬁ%03| FBONE28 6D TR ere& may al so
contai n m nort®anopunts of nBﬂ a solugipra aﬁkuIﬁ%n@ﬁ@hmamranéensa@ﬁdagohzik|ng

or emul sifying tmegfmtﬁetﬂbkm fsardlm@tag@nﬁsp?ﬁﬂhﬁn&dd&@lt&aga ags o1
exanpl e, sod|un1 1%ceta . b& 08 ur at hanolan1ne
g t ~Of

ol eate, etc. wmo PFO r%gr%%?eﬁ?é?élér%%
conbi ned with théO&aW|0@ﬂomperba$%01® ricHuth 62 Fngle MmolR)s adibs$ \r@% |l

vary dependi ng UﬂﬁnlbbembIOéE theatStbranthe o-Bhecpaatifiyl arpepass o 1 h.
adm ni strati ﬂge Bftg ngb?:bcont al n f r.om Oth5e r’rgeggt??lgg}ngg‘tﬁ%y Vs

agent conpou prla e dnd ¢onvent
mat eri al which rmylvmg\ fﬁfbmra’géuttwa\&l%”ﬁt Low, 3f Bhe The resultmg

mixture was then washed with water and dried over

magnesium sulfate. The solvent was evaporated to give

the crude product. Chromatography on silica gel (ethyl
20 acetate: hexane 1:1) yields 0.828 g (10%) of 7-methoxy-3-

{{4-methoxy-3,5-dimethyl-2-pyridyl}oxomethyl]-~1,2,4~

thiadiazolol4,5-albenzimidazole as a yellowish solid and

0.828 g (10%) of 6-methoxy-3-[(4-methoxy-3,5-dimethyl-2-

pyridyl) oxomethyll -1,2,4-thiadiazolo(4,5~albenzimidazole
25 as a solid.

7-methoxy-3-[(4-methoxy-3,5-dimethyl-2-

pyridyl)oxomethyl] -1,2,4-thiadiazolo[4,5-albenzimidazole:

mp 170-171°C; 1H NMR (DMSO-dg)d 8.34 (s, 1H), 7.86 (d,
30 1H), 7.29 (4, 1H), 6.93 (dd, 1H), 3.84 (s, 6H), 2.42 (s,

3H), 2.31 (s, 3H) ppm; IR (KBr) : 1684, 1654 cm™1; MS m/z

369 (M*+1).

6-methoxy-3- [ (4-methoxy-3,5-dimethyi-2-
35 pyridyl)oxomethyll-1i,2,4-thiadiazolol4,5~-albenzimidazole:
mp 196-197°C; 1H NMR (DMSO-dg)8 8.34 (s, 1H), 7.67 (4,

1H), 7.34 (4, 1H), 7.10 (dd, 1H), 3.84 (s, 3H), 3.74 (s,
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- 44 - total conposition. Dosage unit fornms will generally
,contain between fromabout 1 ng to about 500 ng of an active

i ngredi ent. 5 It wll be wunderstood, however, that the
speci fic dogg, dmNgds for any particular patient will de? APRGsA
variety of factors including the activity 8 of the specitic conpound
enpl oyed,. t he age, body wei ght, genera? health, sex, diet, time of
adm ni stration, drug 10 conbi nation and the severity of the particul ar
di sease und@Hyei Rg4thésapyf), 2.31 (s, THR) i pvrent IRN(KBCf ur theBe cm”
descri bed and i Rl.usysaf2d 369 (M#} thhe foll owi ng specific exanples. 15
SPECI FI C DESCRI PTION OF THE MOST PREFERRED EMBODI MENTS

Exanmple 1 Preparation of Brono(2-pyri dyI )acetonitrile To
a solution of (2- pyridyl)acetonitrile(lz 20 g, 0.120 mole) in 150 m
of carbon tegrachloride, addedeh@pl ed60f N-bronosuccini mde (0.10

nol e) at room r at The mxt Se r ef ed for 1.5 h. The
resul ting preci ﬁﬂlfﬁ\gg& géﬁ’tﬁf G‘%‘?'PVF#F&#\B "t% sol vent was
renoved under reduced preBsuae scdufiive tdfe 23- pmd@b)ranhmlt\mﬁlleh s
recrystal lized §r ogbhsxmiom 20/in2l d:arL%nGteqrae&ﬂorﬁe ddifea thrt! e

d 64C;
comount 55 lonogy Hialalal [ o iad eyl o déocmt mm[;rgkm
IR (KBr) : 3064Th@oZ@sultidg I&&ﬂ;uzﬂsﬂ?@aelﬁéﬁteﬁoaﬂg 288180 fod eez] ;h.NB

mz 196, 198 1 o SRE f N H
195. 3630, fougdl\&)fé%ll z°&Mn§' "l ‘%&% c%e""’dufgﬁgﬁ%gr]su %‘?{J]QM‘%;]

the fol | owi ng %‘??b)(ﬁﬁfdi%‘gaﬁaoee"ap\%atﬁfion‘b°(@l hbky2 39 (96%) of
5- di net hyl - 2- pydidydhatetrrridyill)ecetonitrile as a dark-brown solid: mp

59-61°C; 1H NMR (CDCly) & 8.62 (d, 1H), 7.93 (4, 1iH),
15 7.86 (dt, 1H), 7.35 (dt, 1H) ppm; 13C NMR (CDC13}8

155.23, 148.94, 138.24, 1125.38, 120.55, 115.81, 30.81
ppm; HRMS calcd for CHHyN,Br,: 273.8741, found: 273.8730.

Example 7
20 Synthesis of 2-butyl-1,2,4-thiadiazolo{4,5~-
albenzimidazole-3 (2H) -one
The mixture of 2-mercaptobenzimidazole (29.30
g, 0.195 mwole}) and butyl isocyanate (48.3 mlL, 0.33 mole}
in a 500 ml of round-bottom flask equipped with a
25 condenser was heated to 130-140°C in an oil bath for 45
min. After the reaction mixture was cooled to room
temperature, the solid was filtered, washed with hexane,
and dried under vacuum to give 43.48 g (89 %) of 1-
{(butylcarbamoyl) -1,3-dihydrobenz-imidazole~-2-thione as
30 white crystals: mp 179-180°C.

To a solution of 1-{butylcarbamoyl)-1,3-
dihydro-benzimidazole-2-thione (39.89 g, 0.16 mole) in
250 mL of chloroform, was added 25.57 g (0.16 mole) of

35 bromine, in 110 mL of chloroform, at 0°C. After the
addition was complete, triethylamine (44.6 mL, 0.32
mole), in 80 mL of chloioform, was added dropwise to the
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45 - np 56-57[err]C, [err]H NVR (CDC13) [err] 8.31 (s, 1H), 5.67 (s,
1H), 3.81 (s, 3H), 2.37 (s, 3H), 2.30 ( s, 3H ppm [err]C NWR
(CDC13)[err] 164.84, 150.19, 149.56, 128.28, 125.59, 115. 49, 60. 135,
27.99, 13.51,wddbiltseppm | R (KBr) : 3415, 2988, 5 2210, 13€A/cA»B®371255,
997, 791 cnierr]; MS mlz 255, 257 (M ggl), 175 (Merr] - Br).

Exnple 2 . Synthesis of [ (2- benzi mi dazol yl )t hio] (2-pyridyl) 10
acetonitrile A m xture of 2-nercaptobenzim dazol e (0.30 g,

3.0 rmole), broRRRSEIRA iBAHSEEet oS (MHEFtUrs, ¥gsgstizrgd ol EPTamd
pot assi um car bonaa@di{flicdhalg 43.10, namel edhem SHirred rdt ofoctlr \temperature for

N, N-di net hyl f or meqd dg Wa$,e6alsd r3hg®RiGehoe g'aéf’ ‘b‘ashed T@Eths%\éégt é;ﬁas

evapor at ed. The residue was In ethyl acetate, washe

with water and theRe? Withi @ aft@d <% Hfﬁ‘cﬁl“gf?ﬂ‘é SATAHGR:  THhe SFHRAFC
| ayer was &jrlhlyemewasmgn'lmzi Uswrestt | rhaegtree seluch @\nﬁ.piatat atidt @vgiporated to

lid. Th d f h
on Siiicn ool (100N s "Ehudel ef‘fﬁ“&’ | REEPA AR (R R
conpound as a solﬁ‘%l"e hed. 9 (BFEC [’érr]zFlb?WRl( ‘cﬁwl)a[?@rlﬂ[‘*g%

(m 1H), 8.65 (maBénzitidRzole-3(af) dbde &5 IBldurisssikrystals:(bp 3532H)

ppm IR : 2206, 1540123t146956143% k35 fart1f9er/ 43 .CH ‘S_rrralﬁed%%nt 1983,

In a simlar manner, b repl acing 2-mer Capt o- benzi mi
2-mer captoim H’azo?%' 3¢ -0l | owi ng conpound was nade: 30
[(2-im dazolyl) thio] (2-pyridyl) acetonitrile: np 203-204C (dec);

e e e vl
(CDO [err])[err] BRFFF2 f48“2tsh oxBegaliyl fapeisinatesy gthe 1 feligwing
119. 15, 118. 40, 1@9n:8ﬁm®6wé5e made :
15 2-ethyl-1,2,4-thiadiazolol4,5-aljbenzimidazole-3 (2H) -one
2~-isopropyl-1,2,4-thiadiazolol4,5-albenzimidazole-3 {(2H) -
one
2-methyl-1,2,4~-thiadiazolo{4,5-albenzimidazole-3 (2H} -~one
2-phenyl-1,2,4-thiadiazolo[4,5-albenzimidazole-3 (2H) ~one
26 2-benzyl-1,2,4-thiadiazolo[4,5-a]lbenzimidazole~3 (2H)-one

Example 8
Synthesis of 3-{dibromo (2-pyridyl)methyl] -1,2,4-
thiadiazolo {4,5-albenzimidazole
25 A mixture of 2-butyl-1,2,4-thiadiazolo[4,5-a)
benzimidazole-3 (2H) -one (2.0 g, 8.1 mmol) and dibromo(2-
pyridyl)acetonitrile {4.91 g, 17.8 mmol) in 50 mlL of
dichloromethane was heated to reflux for 16 h. After
cooling to room temperature, the precipitate was
30 filtered, washed with dichloromethane and dried to give
2.76 g {B0%) of the title compound as a light-brown
solid: mp 195°C (dec); IH NMR (CDCl3) 8 8.25 (m, 2H),
7.96 {(&t, 1H), 7.76 {d, 1H), 7.32 (m, 2H), 6.5S {t, 1H),
6.92 (s, 1H) ppm; 13c NMR (CDC13)8 166.08, 157.95,

35 150.34, 148.28, 147.71, 138.31, 128.76, 124.79, 124.58,

122.94, 121.68, 119.49, 113.97, 54.37 ppm; HRMS calcd for
C14HgBryN,S: 421.8836, found: 421.8850.



35 ppm IR (KBr) 3344, 3225, 2202, 1643, 1493, 1485, 1427 W's)
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.- 46 - Exanpl e 3 synt hesi s of
[ (5- met hoxy-2 -benxi m dazolyl) thio] (4- _
met hoxy- 3, 5-wos®wsfayd - 2- pyri dyl )acetonitrile 5 eI e7Rssyt | On
of 2-nmercapt o- 5- net hoxybenzi - m dazol g,(15.1g, 0.14 nole) dissolved in
40 m of .8. 4% sodi um hydroxi de, was added 170 m of nethanol, foll owed
by br ono( 4- et hoxy- 3, 5- di net hyl - 2-

pyridyl)acetonitrile(21.4 g, 0.11 nol e) at room 10 tenperature.
The m xture was heated to ref lux f or gxdmpie ginder a nitrogen atnosphere.

The resulting prgci.pitate was renoved . b filjratio and t he
met hanol  was s@&unge 5%‘3 r sted \A&xﬂ%’e‘i" é‘?ﬁ&ﬁ¥¥) obt %11 %b%’%”@ﬂf‘r[&c Peg
Wi th chl or ofkan#imddazere chl or of orm was washed 3 times with 15 water
and dried @ver magnesium sulfate. Af ter evaporation of the

solvent, the crude product was recrystalli romdiethyl ether to
give 22.6 g (90% of %"he “l’l'xﬁuéfecorﬁ)%ung'é'ééggﬁ'&M%’%%P@."?ﬁps“
193-197[err] C, 2] bepaimiAarmie XU wne ){6ei0r |g,8 225 3( smbdle) #AndSbéddoylH) ,
7.30 (m 1H), 2Qya@i2%@ (EMsell),, 48..80mmble) Sin2bh, wd 2% diSh1dbmefndne (S
3H), 2.50 (s, 3'\_»Da’s 2.%@1:%3, 3@ ppm Exanpl e
4 Synt hesi s o8t SRS 235y r iXRAM WP AR ES 2 0fPF  294) Bos  The
1,2,4_thiadﬂgzopgecipitate was filgered andfagliesh witdf dichloromethane.

[ (2-imdazolyl) titleOkchAde proftabeYhas a6t ORid11ieG3¢ rBB, aleddndmpbeyiid 5
m  of chl orofsoglg] was added(%tl onw_se O. #?2_ &ﬁ?f hGO(V m 13‘10

chl or oper benzoi ¢ ““acid 0. 42 1).  “The sAqraPhegdmethyl) £ 7 o2 41
room t enper at ur &hfigdizgoho 4, Sl r benrinidazoler asuyeldey \wagtsals:t mmat er

and saturated saqdipuipi°cpi tar m;ﬁat(epggngpt 508.39heaor gani c 7ptg§se(a/yas1ﬁh'en
treated with charcoal, and filtered to give the crude product.
15 7.73 (t, 1H), 7.59 ({t, 2H), 7.50 (t, 1H), 7.36 (t, 1H)

ppm; 13C NMR (CDCl13)8 180.86, 163.69, 150.82, 146.70,
134.79, 134.34, 131.22 (2C), 129.46 (2C), 128.74, 125.82,

122.27, 119.49, 115.23 ppm; IR (KBr) : 1671 cm~l; HRMS
caled for C;gHgN30S: 279.0466, found: 279.047S. Anal.

20 Calecd for CygHgN30S: C, 64.50; H, 3.25; N, 15.04. Found:
C, 63.93; H, 3.10; N, 14.53.

In a similar manner, by replacing benzoyl
cyanide with pyruvonitrile, the following compound was
25 made:

3-{1l-oxoethyl)-1,2,4-thiadiazolo[4,5~-albenzimidazole: mp
180-181 °C; 1H NMR (CDC1l,)8 8.7¢ (4, 1H), 7.80 (&, 1H),

7.50 {(t, 1H), 7.38 (t, 1H), 2.83 (s, 3H); 13¢c NMR
30 {CDCl;)8 187.02, 164.15, 150.69, 147.78, 129.63, 125.82,

122.26, 119.27, 115.94, 26.74 ppm; IR (KBr) : 1703 cm~1.
HRMS calcd for CgH7N30S: 217.0310, found: 217.0318.

Anal. Calecd for C;gHsN30S: C, 55.29; H, 3.25; N, 19.34.

Found: C, 55.31; H, 3.29; N, 19.46.
35



35 Chromatography on silica gel (100% ethyl acetate) affords 22 ngy (84

%9 of the title conpound as a yellow sh solid: np 147-148[err]C, [err]H
NVR (CDCl [err])[err] 8.87 (d, 1H), 8.30 (m 2H), WD 97/ 31893

PCT/ CA97/ 00137 - 47 - 7.95 (m 1H),
7.57 (M 1Hwobo73med M 1H) ppm IR (KBr) 1700, 1660 roYFca9mpo137 MS
mz 230 W? calcd for d er r,__.le[_err] N err] OGS 230. 0262,

f ound: 230 0267. 5 Exampl e 5 Synt hesi s

of 7- met hoxy- 3- [(4 met hoxy- 3, 5- di net hyl - 2-
pyridyl ) oxonet hyl |- 1, 2, 4- tHi adi aSéPélars. BaRReBI nikih, JePlacing,q benzoyl

6- met hoxy- 3- [ (4-<Eli&irhrdé/ -wai fh dbtiRdhydyahiges, dithe followdmgt Rympouhd’, are
4-t hi adi azolo [4 a] benzi m' dazole 10 To a sol ution of

[ (5- met hoxy- 2- bedr‘l2|em dazol yl)
t hi ol (4- met hoxy- %Slmmmlz By fyrhiadiazalald), §- aj Bengimidagplea s mol e)

in 400 m of £Ch|3)-fOf-Qf:fBbﬂ@&)a(iQQ%dﬂ@:QéMf&olo{46@%Mﬁbmm&ﬁ120l c acid
(5.02 0. 30 Mol 2] ({l SR B hepyach fyd Do Y leriUaQLObO6 R 28 O 5 [ 711 C

during a period of ‘i'on"Was over reaction
m xture was ’B@fi##t@dia@c'lﬁoom tenperature for 1 h.  The resulting

m xture was therns weshebpdndylsabmetByL) o |54 -evaadiazolagaesiam sul f at e.

The sol vent was 0 give t he crude product. Chronat ogr aphy
on silica gel %’xﬂz‘%ﬁ{%@z@&t&t ate: hexane 1:1) yields 0.828 ?% (10% of

7- met hoxy- 3-10 3{(ermﬂe?mp}ahba@.lmmml)zlp%ﬂdyh}eﬂbm}@ T
t hi adi azol o[ 4, 5-pdhenmidazdaeol e as a yel I owi sh solid and .828 g (10%
of 6-net hoxy-3-[ (4-net hoxy- 3, 5-di et hyl -
pyr| dyl ) oxomet hyl ] -1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol e 25 as a solid.
- met hoxy- 3- [ (4- met hoxy 3, 5-di net hyl - zﬁxamplpyilpdw ) oxonet hyl ]
- 1 2, 4-t hi adi azadyaithesi® al benzi g dazol e: 3 -methipl 172,14 1EB 4 afddazbio VRS -

(DVBO-d[ err] ) er 7 86 (d 30 1H) 7.29 (d, 1H), 6.93 (dd,

1H), 3.84 (s)j éﬂb‘%“?}%’i woll) ppm_ 1R (KBN) ' 1684,

1654 cnferr]; Ms nlz 36@'?%&2%1% 2y4 thladlazolo 4,5-albenzimidazole-
3(2H)-one (1.00 g, 4.04 mmol) was refluxed in 100 mL

acetonitrile for 18 h. The solvent was then evaporated
and the residue was recrystallized from methanol to give

20 0.671 g (B8%) of the title compound: mp 192-193 °C; 3im
NMR (CDClj) $ 7.81 {dm, 2H), 7.47 (td, 1H), 7.34 (td,
iH), 2.92 (s, 3H) ppm; IR {KBr) : 1564, 1481, 1453, 1430,
1304, 1208, 756, 745 cm™1l; MS m/z 189 (M*), 148 (M*-
CH3CN).

25

In a similar manner, by replacing acetonitrile

with other alkyl nitriles, the following compounds are
prepared:
3~ethyl-1,2,4~thiadiazolo[4,5-albenzimidazole

36 3-isopropyl-1,2,4-thiadiazolo{4,5-albenzimidazole
3-{2-methylpropyl)-1,2,4-thiadiazolo[4,5-albenzimidazole

BExanple 11
35 Synthesis of 3-{[4- (methoxycarbonyl)phenyll)-1,2,4-
N thiadiazolo[4,5-albenzimidazole



*6- met hoxy-3- ((4-nethoxy-3, 5-dinethyl-2- 35

pyridyl)oxonet hyl]-1, 2, 4-t hi adi azol o[ 4, 5-a] benzi m dazol e:
,196-197[err]C [err]H NVR (DMBO-d[err])[err] 8.34 (s, 1H), 7.67 (d,
1H), 7.34 (d, 1H), 7.10 (dd, 1H), 3.84 (s, 3H), 3.74 (s, WO

97/ 1393 WO 97/31893 PCT/ CA97/ 0013 cricagroots?

- 48 - 3H), 2.44 (s, 3H), 2.31 (s, 3HL,ppm IR (KBr) : 1684 cm 1;
MS mz 369 (Merr]+ 1). 5 Exanpl e 6

Synt hesi s of di brono(2-pyridyl)acetonitrile To a sol ution of

(2-pyridyl)acetonitr@ e (Wagure g,0%0. 82nbwtylik 2,20 thiaddrkoho [4,5-a]
Eet rachlt ori del\g@‘é_lz_xﬁdﬂngéab?lg-z (i’.'?)OJtHiféJCFd Iy rr]&,del.gzl?m@oﬂ?)l 1044 ”Iﬂ@%})ﬁ %t4toom
enper at ur e. e.resulting.mxture e o reflux for, :
After cooling, FN@“BP&WB?{:%th\Aéi fi| tz\gﬁgo‘f‘mgﬁée tAr %oﬁ"l‘ OEtQ[LF ¢RFBFi de
was evapor at ed methane wass hgatedyfoofrefluxdifipzo@d b pyr Thy| prectipatatel e
386621 ?Sr k-1 a; wgwggl if?.ltgﬁle_lt)i anégw{%ﬁé;a rd%ri [&rdllhorwgtggﬁg £§r§19ieH§ 8Tk
. ’ ’ . f y . ) pm
13C NMR (DA [&rr]) [(g‘rar% °%155. 53? {412@%}})%@0%?) 1%@?%@}‘&2&@5,
115. 81, 30.81 thiagpagoHRVE4od-edbeorigidazdle ems] NaerwliBrg esplid273mB741,

found: 273.8730204-206°C; 1H NMR (CDCla) & 8.33EXaNPhE)7 27Q985yg§ hesjs.
of 2-butyl -1, 2, 4-thi adi azol o[ 4, % al bensi m dazol e-3 (2H) -one

The mixture of Z-f8r &bt 0BBnzi hidPazbre 28D, 30-20 (t.01Hd5 #olo@) Gnd X yl

i socyanate (é8. gphl, TES3nmml e)cpeliis aaédbeyl  absroondakat.iven fieskio,

equi pped with a 25 condenser was heated to 130-140C in an oil bath for 45
mn.  After tRhé3rébctildt fPxt H3P - AdLCoollEP - 690 3CdomL25 Bdnpetat 138, t he

solid was filtenaed,.98nshaed.oit hsheganppm; IR (KBx) 1729, 1508, 1448,
1275, 733 com™l; HRMS caled for CygH11N30,S, 309.0572

found 309.05719.
15
Example 12
Synthesis of 3-(4-methylphenylsulfonyl)-1,2,4-thiadiazolo
f4,5-a)lbenzimidazole

20 A mixture of 2-butyl-1,2,4-thiadiazolof4,5-a)
benzimidazole-3(2H)-one (10.0 g, 40.4 mmole) and p-
toluenesulfonyl cyanide (14.7 g, 81.0 mmole) in 120 mL of
dichloromethane was stirred at room temperature for 20 h.
The precipitate was filtered and washed with dichloro-

25 methane to yield 12.2 g (91%) of 3-(4-methylphenyl-
sulfonyl)-1,2,4~-thiadiazolo[4,5-albenzimidazole as white
powder: mp 231-234°C; IH NMR (CDCl3) & 8.53 (4, 1H),

8.04 (d, 2H), 7.82 (d, 1H), 7.56-7.44 (m, 4H), 2.53 (s,
3H) ppm; 13C NMR (CDC13)8 163.72, 150.38, 147.97, 147.54,

30 132.48, 130.30(2C), 128.97(2C), 128.49, 126.14, 123.06,
119.70, 114.67, 21.93 ppm; IR (KBr) : 1592, 1525, 1444,
1337, 1151, 1081, 735 cm~l; HRMS calecd for C;gHpN30,S5:

329.0293, found: 329.0300. Anal. Calcd for
Cy5Hy1N30p85: C, 54.70; H, 3.37; N, 12.76. Found: C,

35 54.29; H, 3.14; N, 14.53.



*and dried under vacuumto give 43.48 g (89 % of 1-

(butyl carbanoyl ) -1, 3-di hydrobenz-i m dazol e- 2-t hi one as 30 white
crystals: np 179-180[err]C To a solution of
*1- (but yl car banoyl ) -1, 3- di hydr o- benzi m dazol e-2-thione (39.89 g, 0.16
mole) in 2%/ 9l chlorof orm was added 25.57 g (0 .16 nedBEAo0iss
bromne, in 110 nL of chloroform at O[err After the addi ti on was
conplete, triethylamne (44.6 niL, 0.32 m)e) in 80 nL of chloroform
was added dropwi se to the WO 97/ 31893
PCT/ CA97/ 00137 Example 139 - reaction mixture.

The nixture was Sgjni€Rélsod Qfeﬁﬂkﬁ‘eiﬂ&rﬂ:ﬂsrbonﬁddht,iZQ@a*:hﬂa&aémﬂ:F*ﬂaﬂ-a]

stirred at room tgé?era.téjare{or The resulting m xture was washed
wi th-water and en Wih a 10% sodi um sul fate sol ution. The or ganic 5
| ayer was dried over magnedt umixtnrat ecfin®0dydrar éd4tbhiadiagadko (hé -@lude

product. RecrystpéhzZitdaub -zt Baaol (4. 0 §aveeld. JnQucg.e()Gg%dOfmethyl

ot D SRR o MR AR S dae T
Tet r ahedron 1983, mathage Q@glg«;tlrred at rOom temperatyrei far r?dnnler [The
][eIo: acing n- butylprec meawsg ﬂilﬂbmee%nr?i:»ké/éhédqu%lﬁﬂgéfcﬁmlléﬁ?ﬁnethane
ol | owi ng ounswer e: -e -1, -1 hi_ adi azo

[4, 5- a]ben2|n1daz ? Y § %%e ?84%) ¥ % %metﬁoxycaégonéi) ~1,2,4-
2-isopropyl -11®, 4‘&1?#14%7@64 of 4, S-aljurnrAmidazede e a8 2 colourpees solid:

2-methyl -1, 2, 4- thhladzmmms[%,,Sla] tmnzum)d me&%l( 2(Id) 196 7.822-(aheAy -1
2, 4-t hi adi azol o[ 4, 5-a]benzim dazole-3 (2 -one 13
2-benzyl -1, 2, 4- t hT &tk adbt o) 5- J)-Bénziti dkBbi e431'(2#IF'-é"ﬁ’é ppm; +°C NMR
Exanpl e 8 synf@R@lp 8 164002, 156351 dill500KG( 2199k Bdy| 1ROt BYl ] 125.234-

thiadiazolo [4,5-plbenzi M dazol € 115 41, 54.04 ppm; IR (KBr) : 1733 cm-1;
15 HRMS calcd for CqgH;N30,8 233.0259, found 233.0262.
Anal. Calcd. for Cy0oH7N30,S8: C, 51.50; H, 3.02; N, 18.02.

Found: C, 51.41; H, 2.89; N, 18.16.

In a similar manner, by replacing methyl
20 cyanoformate with other cyanoformates, the following
compounds are made:

3-{ethoxycarbonyl)-1,2,4-thiadiazolof4,5-albenzimidazole
3 - {butoxycarbonyl) -1, 2, 4-thiadiazolo{4,5-albenzimidazole
25 3-(isopropoxycarbonyl)-1,2,4-thiadiazolof4,5-albenzimid-
azole
3- [ (benzyloxy) carbonyll -1,2,4~thiadiazolo[4,5-albenzimid-
azole
3-[{cyclopentyloxy)carbonyl] -1, 2,4-thiadiazolo[4,5-al
30 benzimidazole.

Example 14
Synthesis of 3-(2-pyridyl)-1,2,4-thiadiazolo[4,5-a)
benzimidazole
35 A mixture of 2-butyl-1,2,4-thiadiazolo{4,5-a]

benzimidazole-3(2H)-one (15.0 g, 60.7 mmole) and 2-
cyanopyridine (13.3 g, 0.13 mole) in 150 mL of



25 A mxture of 2-butyl-1,2,4-thiadiazolo[4, 5-a)
benzi m dazol e-3(2H)-one (2.0 g, 8.1 mol) and di brono(2-

. pyridyl)acetonitrile (4.91 g, 17.8 mmol ) in 50 nmL of di chl or onet hane
was heated to reflux for 16 h. Af ter cooling to room tenperature,
the precipybstsmsedvas 30 filtered, washed wi th di chl or onetrlanrersdveisglri ed to
gi ve 2.76 g (80% of the title co und as a |ight-brown solid:
np 195[err]C (dec); [err]H NVR (CDO [err] [err] 8.25 (m 2H), 7.96
(dt, 1H), 7.76 (d, 1H), 7.32 (m 2H), 6.95 (t, 1H), 6.92 (s, 1H ppm

[err]C NVR (CBCHerPPRLBaRe wasesDgred Bt ghom YEmpegagyre 1Ay 282 h47. 71,
138. 31, 128. 76;Thk24. prechipdtiBe wa22. 94i1dede®8, 448. 49adldq 97, wddn 37
ppm HRMS cal 0%1095%03%%@% l'terrdll%re[ e{(;]i\l[err(]&%)ﬂl 8%36%2 pf o:lzugg'l)_

421. 8850.
PCT/ CA97/ 00137 1.2,4-thiadiazolo[4,5~-albenzimidazolgpas a white solid:

Exarrpl ed9 ls Spnthesisatd; 3y Qmoh(emmgvshywelxa 4111h] agi agolQ[ 418y 2l
ensi m dazole 5

2-butyl -1, 2, 4- 8nP8dildz o84, F- 95" (ta] H@ﬁ:ﬂ M- @820459 FBIH) -ork? (660 B 24.3
ol e) and benzrogm (t cmam #e3¢6.(86 agn)4gph; nHBelMRN (8BcHk) §f 166.10,

di chl or onet hane stirred at room_ tenperature for 24 h. The

10 preci pitat el\ﬁéso?r I tlel;toealan&"\ﬁagﬁed W7 H3di R or¢rethhe®. 125n85 cr ude
product was reargsedl | i124dskr; omzacanonaivqg1gi,verls.336. ﬁt&n IRg (kBx) ( 96%

of 3- (qsopae@yl ”EBBX' )1& , 4rsg7, alsighadi aé 'OL EEQ’ *in d as

yel | ow crysta g err ier

er

(d, 3H), 7. ﬁ; 353 8 %e{srj %ﬁ)b % l°d7 2%
(t, 1H R?R :(&a Jer&fi)[lérrF §8@ 2%, 69 Foyyé 8L,
146. 70, 13@ 798 1134 $hol3L 22 640, 129.46 (2C), 128.74, 125.82,
122.27, 119.49, 11’5 23 ppm’ IR (KBr) : 1671 cnjerr]; HRVS cal cd for
Cerr]JHerr]Nerr]0S: 279. 0466 found: 279.0475. Anal . 20 Calcd for
Cerr]HernyNerr]0S: C, 64.50; H 3.25; N, 15.04. Found: C, 63.93; H,
3.10; N, 14.53. Example 15

Synthesis of 3-amino-1,2,4-thiadiazolo[4,5-

albenzimidazole

20 To a cooled solution of 2-butyl-1,2,4-

thiadiazolo([4,5-albenzimidazole-3(2H)-one (2.00 g, 8.08
mmole}) in 25 mL dichloromethane, cyanamide (0.728 g, 16.2
mmole) was added in one portion and the mixture was
stirred '‘for 48 h at room temperature. The resulting
25 precipitate was filtered, slurried in methanol and
subsequently washed with dichloromethane to give 1.01 g
{66%) of 3-amino-1,2,4-thiadiazolo[4,5-albenzimidazole as
colourless crystals: mp 255-256°C; 1H NMR (DMSO-dg)8 8.23
{d, 1H€}, 7.7r (4, 1H), 7.43 (t, 1H), 7.54 (s, 2H), 7.32
30 (t, 1H) ppm; IR (KBr) : 3302, 3151, 1661, 1577, 1487,
1473, 1251, 1207, 810 om™l; HRMS caled for CgHgNS
150.0313, found 150.0293. BAnal. Calcd for CgHgN4S: C,

50.51; H, 3.18; N, 29.45. Pound: C, 50.26; H, 3.26; N,
29.38.
35
Example 16



*In a simlar manner, by replacing benzoyl cyanide with pyruvonitrile,
the foll owi ng conpound was 25 made:

. 3-(1-oxoethyl)-1, 2, 4-thiadi azol o[ 4, 5- a] benzi m dazol e: np 180- 181 C;
1H NVR (CDCl [err])[err] 8.70 (d, 1H), 7.80 (d, 1H), 7.50 (t, 1H),
7.38 (t, 1Ryoomssd® (s; 3H); [err]C NWR 30 (CDdA [err])domradoradidr 02,
164. 15, 150.69, 147.78, 129.63, 125.82, 122.26, 119.27, 115.94, 26.74
ppm IR (KBr) : 1703 cnferr]. HRVS  cal c& “for C[err]H[err]N[err]OS
217.0310, found: 217.0318. Anal . Calcd for CJerr]Herr]Nerr]0S: C,
55.29; H, 3.25; Nyntheuis REind: C, 55. 3tbrpmoslpd, 4 Nehimgliagolyi4, 5-
WO 97/ 31893 a]benzim:dazole PCT/ CA97/ 00137
- 51 - In a,si r pl agi yani de
Wi t h-ot her cyanides, the f(ﬁ I gl’/‘\/l n gaw 2 %t?ﬁ i 2 Egtc}g%%dou s3]

3- (1- oxopr opyl ) - 1b@mmwa§m1&za|(8?m ) b%n%umdaﬂopemmsleé gnd cyanogen
1- oxobutyl) - 1,2, dofdthiatd ago2a] @,,54almemmﬂaml1aoo mL of dichloromethane

3- (12 oxo- 2- phenyl et hyl i adi azol o 4 5- nzi a ol e

3- (cycl opent yl oxoff h %5“3“214 {\?N atif A% ol '6F %ure Bnzi ol e 18he

3- (1- oxo- 2- pht halﬂm@déttfrﬁ}‘-le) e Zihteredi QZ’G‘I ofaphedgwith d}eﬂ%m!&zmaae
Exanpl e 10 Syid hpbeBd 4.18 gof (31%) os tmbhwnollzz %lﬁnﬂal&&@ue,[{é,,é 15

benzi m dazol 4.t hi ad 4.5-
benzi n dazol 6. ® AR, 86 8 “hisa b8 4BF A8 e 1 Bh
acetonitrile 1r P38 230! enttHilas % H’@n p’cﬁa't el-32 (Gnd ¥he 7edPdue
was recrystallizegyfrom) rregﬁnol 113@ OWMR 2Q10167éD91§ &ﬁ%o_qu)t Be tkbl 9g,

conmpound: np 192-193 [err] [err]
149.67, 125.22, 125 53, 122.25, 119.48, 117.25, 111.27

- ppm; IR ({KBr):3025, 2925, 1601, 1493, 1451, 1028, 757,
701 cm”l; HRMS calcd for CgHyN3SBr 252.9309, found
IS 252.9307. Anal. Calecd for CgHyN3SBr: C, 37.81; H,

1.59; N, 16.54. Found: C, 37.44; H, 1.33; N, 16.57.

In a similar manner, by replacing cyanocgen
bromide with other cyanogen halides, the following
20 compounds are made:
3-iodo-1,2,4-thiadiazolo(4,5-albenzimidazole
3-chloro-1,2,4-thiadiazolo[4,5-albenzimidazole

Example 17

25 Synthesis of 3-[oxo{(2-pyridyl)methyl)-1,2,4-thiadiazolo

[4,5-albenzimidazole
To a solution of 3-[dibromo(2-pyridyl)methyl]-
1,2,4-thiadiazolof{4,5~albenzimidazole (2.02 g, 4.76 mmol)
in 75 mL tetrahydrofuran was added a solution of silver
30 nitrate (0.8%0 g, 5.24 mmol) in 75 mL water. The
suspension was stirred for 2 days and then basified to pH
6 with aqueous scdium bicarbonate. After the addition of
1 mL saturated aqueous sodium chloride, the mixture was
filtered on celite and the celite was washed with ethyl
35 acetate. After extraction with water, the ethyl acetate
was dried and evaporated to give a crude residue which
was purified by flash chromatography using a mixture of



«NWR (CDCl [err]) [err] 7.81 (dm 2H), 7.47 (td, 1H), 7.34 (td, 1H), 2.92

(s, 3H ppm IR (KBr) : 1564, 1481, 1453, 1430, 1304, 1208, 756, 745
cnmerr]; MSmz 189 (Merr]), 148 (Merr]- CHerr]CN. 25

In a simlar manner, by replacing acetonitrile wi th ot her al kyl
nitriles, t®ed8kd99W Ng conpounds are pr epar ed: PCT/CA97/00137

3-ethyl -1, 2, 4-thi adi azol o[ 4, 5- al benzi m dazgy e 30

3-isopropyl -1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol e

3-(2- et hyl prop % 1,2, 4 t hi adi azol o[ 4, 5- a] benzi m dazol e

Exanpl e 11 35 ‘é@/ PFRke mgthanod  4020¢ Jpdfokh®a? HesRA ) pHerBf 19 - 785 )4-

t hi adi azol o] 4, %ﬁ]ﬁemztimhazm@ound was ob¥EiRdd 34893 yvellow solJ.d mp

PCT/ CA97/ 00137 5 xt ure
of 2- butyl - 182 Bﬁn adll%ezco)l o] [I‘I41‘1§nR ]‘CDCl%gnzsl %Sda“znél éné(Zlgi) 3one 0.3 g,
1.2 mmol e) and lié)thyIB 39 (2, cyhobéngdat &4q,0. #1H} g, 7288 niwhl e}HI n 77.%13 of

dichloro- s npif@neimps pasy egidcp rehHl, ux7 for @ad)- m‘[h phY; €TRPI (Al 418/0

was filtered and she W th chl o rret hane to_gi g
s 11 o e AL S SLETELIENS 495 Y800t sz
[ 4, 5-a] benzi m d&al £ 148 HM+whi H{@- pznidyﬂ.)quiCN) 204- 206] err] C, [err]H NWR

(Chdl[err]) [err] 8.33 (d, 2H), 7.98 (d, 2H), 7.83 (d, 1H), 7.49 (m
2H), 7.20 (t, 1K), 4.02 (s, 3H) 10 ppm [err]C NVR (CDC[err])[err]

165. 96, 165.30, 151.08, 149.10, 133.16, 132.55, 130.24(20),

128. 69(3C),10125. 34, 121.58, 119. 9Exappide018 52. 56 ppm | R (KBr)

1729, 1508, 144kme es135275 L"‘f?’ cni %r-r[]bd.sh'%o &fbb 1)mathy1] -1,2,4-
Cerr]Herr] N er r:] (g rrJ 572 (iund 09. 05 15

Exanpl e 12 a 10[4 -a benzimidazo

A mixture of 3-bromo-1,2,4-thiadiazolo(4,5-

15 albenzimidazole (0.2 g, 0.78 mmole}, diethyl malonate

(0.15 g, 0.94 wmwmol) and triethylamine (0.13 mL, 0.94

mmole) in 8 wh of THF was refluxed under a nitrogen

atmosphere for 36 h. The resulting wixture was extracted

with ethyl acetate, washed with water and 10 % agueous

20 sodium sulfate. The organic layer was dried over

magnesium sulfate to give the crude product, which was

purified by flash chromatography (35% ethyl acetate : 65%

hexane) to afford 0.14 g (54%) of the title compound as a
vyellow oil:

25 1H NMR (CDCl3)d 9.48 (s, 1H), 8.06 (4, 1H), 7.63 (d, 1H),

7.34-7.31 (m, 2H), 4.39 (g, 4H), 1.35 (t, 6H) ppm; IR
(£ilm) 1748 cm"l. HRMS calcd for CjgHygN30,S 333.0783,

found 333.0794.

30 Example 19
Synthesis of 3-methoxy-1,2,4-thiadiazolo[4,5~a)
benzimidazole
To a cooled mixture of 3-bromo-1,2,4-
thiadiazolc [4,5-albenzimidazole (4.55 g, 17.9 mmole) in
35 50 mL of methanol, sodium methoxide (0.967 g, 17.9 mmole)
was added in one portion and stirred for 4 h at room
temperature. The reaction mixture was evaporated to



°» Synt hesi s of 3-(4-nethyl phenylsul fonyl) -1,2, 4-thiadiazolo [ 4, 5-a]

" benzi m dazol e 20 A mxture of
2-butyl -1, 2, 4-thi adi azol o[ 4, 5-a] benzi m dazol e-3(2H)-one (10.0 g,
40.4 mole) and p- t ol uenesul fonyl cyanide (14.7 g, 81.0 nmole) in

120 nmL of wologdik®r onet hane was stirred at room t enper at upeTcas7@ish.

The precipitate was filtered and washed wi.tgydichloro- 25 nethane to
yield 12..2 g (919 of 3-(4-nethyl phenyl-

sul fonyl)-1, 2, 4-thi adi azol o] 4, 5- a] benzi m dazole as _white powder: np
231-234C, [err] HXMRRSS( Tor Veyuum, ged  ghes regjduewas taksno&lp( din
2H), 7.82 (d, 1HethylSGcétébe( mnddmMash2dS¥its, water3M) T of@adlc Nafrer
(CDCl[err])[err] 3 1 8 5 gl 4 29(28)
120 97(20), 120799, 138 T4 gl Husdh, chyeiteq dha Brap e
(KBr) : 1592, 152’5611144-"21 g 16%4%) 198 31%%@0’%*3 nf*éFh]La Bk cor 1 or

Clerr]H err] NEerra]}ﬂeazm}\Sﬂmas]e as col3R@1eR83crystalsoumpl: 1732079300, 1y

Anal - Cal cdnmrf ofcpel) 6 erebHer,r [er ri Ofer (d S QHH 7 @2 5% 701\/@
3.37; N, 12.76. Found: "C, 35 54.29; H, 3.14;. N, 14,
97/ 31893 7.27 (t, 1H), 4.32 (s, 3H) ppw;p @Wﬁo@@?lg)s 163.2,

- 53 - 3 148 e f
3- (et hoxycar boné 6 ? t hj ad}%szo oEzagpb]1 11%1 n2| m ?21 ?‘ﬁ r 57.5
A nmixture P ut%Z KBr). Hﬁ%’cﬂ*a?o?"&@ 528} 1692' 1404, 1275, 1255,
benzi m dazol QGB(IBI))sonelos(M 0785 cth6l2 nmmbad). arcda]rml hydar CgHGWgosh oranat e

(2.75 g, 32.4 in_ 30 of _di¢hl oro- was stirred at room
t enper at ur e fo % HThému‘ Bre Pp??ateFﬁ’/HE‘gFl Ffetsédzﬁnd%éhé"(f'vmq'h

di chl or onet hane 20 4%0 (i ve 3.36 g (84% of

3- (et hoxycar bonyl ) - 1, 2 4- t hi adi azol o [4,5-a]benzim dazole as a
col ourl ess solid,; 8 209[er'v_€ld [errrlH NI\/RIQ&CDC%ER}[err] 8.61 (d,
1H) , 7.82 (d, 1H), 7 sy & 1 aqidlg 3150

[err]C NWVR 15 (m@me}) [Wa it qme:ozmexa@ Sl kylsecigies, 146089, f diZOniihg
125. 93, 122. 4dmpddfadGarel Haadl, 54.04 ppm IR (KBr) : 1733 cnferr];

3-ethoxy-1,2,4-thiadiazolo4,5-albenzimidazole
3-propoxy-1,2,4-thiadiazolo[4,5-albenzimidazole
3-iscopropoxy-1,2,4-thiadiazolof4,5-albenzimidazole

20 3-butoxy-1,2,4-thiadiazolol4,5-albenzimidazole
3-tert-butoxy-1,2,4-thiadiazolo[4,5-a] benzim.;ldazole
3-(cyclopentyloxy)-1,2,4-thiadiazolo4,5-albenzimidazole

Example 20

2s sSynthesis of 3-{dimethylamino)-1,2,4-thiadiazolo[4,5-a)

benzimidazole
To a cooled mixture of 3-bromo-1,2,4-
thiadiazolo [4,5-albenzimidazole (15.44 g, 0.0603 mole)
in 100 mL dichloromethane, dimethylamine (40% solution in
30 water) (5.44 g, 0.121 mole) was added dropwise. The
reaction mixture was allowed to stir for 16 h at room
temperature. It was then diluted with dichloromethane,
washed with water, dried with sodium sulfate and
evaporated under vacuum to give 10.47 g (80%) of 3-
35 (dimethylamino)-1,2,4-thiadiazolol4,5-albenzimidazole as
colourless crystals: mp 102-104°C; 1H NMR (CDC13)8 7.74



15 HRMB calcd for (derr]Herr]Nerr]dJerr]S 233.0259, found

" 233.0262. Anal . Calcd. for Jerr]Herr]Nerr]derr]S: C 51.50; H,
.3.02; N, 18.02. Found: C, 51.41; H 2.89; N, 18.16. In
a simlar manner, by replacing nmethyl 20 cyanoformate wth other
cyanof or mat o 973éd f ol | owi ng conpounds are nade: PCTICAST/00137

3- (et hoxycarbonyl ) -1, 2, 4-t hi adi azol o[ 4, 5: aj penzi m dazol e

3- (but oxycar bonyl ) -1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol e 25 3-

(1 sopropoxycar bzn ?’r 1, 2, 4 th| adi azol o[ 4, 5-a] benzi m d- azol e

3-[ (benzyl oxy) ¢ 214 (i o azo?o"{ .a] B8hzi #+-06 (s, £ copm.
3-[ (cycl opentyl M?}ca?ﬁéﬁ?l fQI £1.0Hy bNaSt afol 8F408: a.3@ -6Ben . 2AH €.

Exanpl e 14 PYRLEESES 54, 5q,f u, 2.58; erléjéﬂgo 1, 2, 4-t hi adt azol of 4, 5- a]
benzi m dazol e 35 m'xture’

2-butyl -1, 2, 4-t hi adi azol o] 4, 5 a] ben2| m dazol e-3(2H)-one (15.0 g,

60.7 mmole)s and 2- Ircyarsimidiati manne¢]13by rapladidd dimd#hylanihe 150
m.  of : :

PCT/ CA97/ 00137 w1yﬁ)égﬂéy£§%ines, the follow1ng_pqgfqpnds weﬁ?cﬂ?%?bnethane
was stirred at roomtenperature for 72 h. The precipitate was

filtered and 3- ¢ashethmingi)t-h, 2, 4- dhtH DI (a3 He al) Befk¥RidRz414d: (68 of

g (rerp>1/r7i3d>1/I7)4[ er ri G Jj[%erﬂﬁ H%WQZ%BCWR ﬁj?fn)z Bd%é {md Q%-i) \A’hls%o { Ol <

1H), 81630 M), | H)43 709 (H),1H).217.(80 () 1H)E8 7(H7 ), 1k es (¢, 7 47
(t, 1H), 7.37 (dy) ppm [err]C NWR (CDCl [err])[err] 166.10, 151. 09,
150. 11, 148.74, 147.73, 137.38, 130.50, 125. 85, 125. 24, 124.52, 121.41,

119.11, 116.33 ppm IR (KBr)
~-{1-pyrrolyl)-1,2,4-thiadiazolo[4,5-albenzimidazole: mp

118-119°C; 1B NMR (CDC13)8 7.77 (t, 2H), 7.43 (t, 1H),
1s  7.28 (t, 1H), 3.71 {m, 4H), 2.07 (m, 4H) ppm.

3-(4-moxrpholinyl) -1, 2,4-thiadiazolo[4,5-albenzimidazole:

mp 140-142°C; 1 NMR (CDC13)8 7.78 (4, 1H), 7.60 (&, 1H),

7.45 (t, 1H), 7.32 (t, 1H), 3.99 {(m, 4H), 3.48 (m, 4H)
20 ppm.

3-(1-piperazinyl)-1,2,4-thiadiazolo({4,5-albenzimidazole:

mp 116-118°C; 1 NMR (CDC13)8 7.76 (d, 1H), 7.63 (4, 1H),

7.42 (t, 1H), 7.30 {t, 1H), 3.41 (m, 4H), 3.15 (t, 4H),
25 2.00 (br s, 1H) ppm.

3-{4-methyl-1-piperazinyl)-1,2,4-thiadiazolo(4,5-a]

benzimidazole: mp 158-158.5°C; 1H NMR (CDCl3)8 7.77 (4,

1H), 7.64 {(d, 1B), 7.42 (t, 1H), 7.32 (t, 1H), 3.49 (m,
30 4H), 2.70 (m, 4H), 2.43 {s, 3H) ppm.

3-[{2- (methoxycarbonyl)methyl]amino] -1,2,4-

thiadiazolo[4,5-albenzimidazole: mp 196-197°C. anal. Calcd
for C11H1gNy40,8: C, 50.37; H, 3.84; N, 21.36. Found: C,

35 50.13; H, 3.96; N, 21.26.



® 10 3419, 3054, 1611, 1587, 1501, 1463, 1446, 727 cnferr]. HRVS cal cd

“for Jerr]Herr]Nerr]S 252.0470, found 252.0882. Anal. Calcd for
,ClerrJHerr]Nerr]S C 61.89; H 3.20; N, 22.21. Found: C, 61. 48;
H 3.30; N, 22.24. 15 Exanmpl e 15 .
Synt hesi s WO 97/31883 3-am no-1, 2, 4-t hi adi azol o(4, 5- PCT/CA9700137
a)] benzi m dazol e 20 To a cogled sol ution of
2-butyl-1,2, 4- t hi adi azol o[ 4, 5-a] benzi m dazol e-3(2H)-one (2.00 g,
8.08 mmol e) in 25 nL di chl oronet hane, cyanam de (0.728 g, 16.2

nmml e) was added in one pofPi BnSARHLIHIIRATr PY\EePlacing dipgthylamgng at
room t enper at ur e withl ke hees nhtilagpRbl i Prasingis, atthe @28 1okihgeteflpousfuisi ed
in methanol ang_gqe. Subsequently washed with dichl oronmethane to give 1.01
g =~ (6699 of 3-amno-1,2,4-thiadiazolo[4,5-al benzi m dazol e as

col ourl ess cryst rdmekpy3aningsd, 2 4 triadiRzPERED Bif 2l ben3imidazplzs

(d, 1H), 7.71s(d, 1H), 7.43 (t, 1H), 7.54 (s, 2H), 7.32 30 (t, 1H) ppm

| R (KBr) 3302, 3151, 1661, 1577, 1487, 1473, 1251, 1207, 810

cnferr]; HRVMS calcd for Cerr]Herr]Nerr]S 190. 0313, found

190. 0293. Anal . Cal cd for C8H6NAS: CExamplesgls): H 3.18; N, 29.45,

E)(zundl: C,1650. 26; sgntBesfis N, of 29. 38[ (RPdroxyimino)phenylmethyl]-1,2,4-
anpl e K R

PCT/ CA97/ 00137 thiudy\gzgzé%a'ggsa]benzim:.dazole 55 - synt hesi s of

3-brono- 1, 2, 49t hi adi azol 014, 5- a] benzi ni dazol e A nixture

of 2-butyl-1,2,4-thiadi azpbo[s, Bodhtion hemzionbdagol er ALHmeng (S5£0 9.
20,7, 010190 408 UAER o1 Ly ST S S

The in 7 mL of ethanol was added 0.5 wL (6.46 mwmmol) of

pyridine and 0.5 g (7.20 mmol) of hydroxylamine

15  hydrochloride, The mixture was refluxed for overnight.

The precipitate was collected by filtration, and washed

with methanol and dichloromethane to give the crude

product, which was recrystallized from methanol to yield

0.47 g (89%) of the title compound as white crystals. mp

20 247°C; 1H NMR (DMSO-dg}d 11.89 (s, 1H), 7.81 (d, 1H},

7.73 (4d, 2H), 7.45-7.53 (m, 5H), 7.32 (t, 1H) ppm; 13¢c

NMR (CDC13)8 168.25, 155.24, 150.52, 147.95, 136.94,

135.67, 134.30(2C), 133.03, 131.52(2C), 130.35, 127.26,

124.28, 116.91 ppm; IR (KBr) : 2731, 1549, 1475, 1450,

25 1251, 1194, 983, 753, 736 om” 1 . HRMS caled for
015H10N4OS 294 .0575, found 294.0583.

Example 22

Synthesis of 3-(1l-hydroxyethyl)-1,2,4-thiadiazolof4, 5-a]

30 Dbenzimidazole
To a suspension of 3-{1-oxoethyl)-1,2,4-
thiadiazolo(4,5-albenzimidazole (729 wg, 3.36 mmol) in
200 mL methanol, was added sodium borohydride (140 wmg,
3.69 mmol). The mixture was stirred for 30 min and 0.1
35 wmhL of water was added. The methanol was evaporated and
the residue was partitioned between ethyl acetate and 0.1
M hydrochloric acid. The aqueous phase was extracted



¢ precipitate was filtered and washed wi th dichl or omet hane to yield 4.18

g (819 of 3-brono-1, 2, 4-thiadi azol o[ 4, 5- al benzi m dazole as a white
s powder: np 189-190 [err]C, [err]H NVR 10 (CDCl[err])[err] 8.23 (d, 1H),
7.82 (d, 1H, 7.52 (t, 1H), 7.42 (d, 1H) ppm [err]C NWR (1:1
CDCl [err] : \Wfysghogrr]) : [err] 162.78, 149. 67, 129. 2Zpcii@kemB1371122. 25,
119. 48, 117.25, 111.27 ppm | R (KBr)ggQ25, 2925, 1601, 1493, 1451,
1028, 757, 701 cnferr]; HRMS cal cd for Cerr]Herr] N err]SBr 252. 9309,
found 15 252.9307. Anal . Calcd for (Jerr]Herr] N err] SBr: C, _37.81;
H, 1.59; withgethylrggagate; 37The; ofganigiphppeggwsye combined,

In a sinilar neawesd thyidephat BFiaganageed and beeapaambsd.h dheercxaiygnogen

hal i des, th f |
3 5-a] beni m eoates P pEXHANEY, e oliREGaraphy a0 dutubedd) 22010
Exanpl e 17 25 "gthansat s of F° [ oxo( iFeri dyl) ﬁEt(hyT‘ ydtaxyethy Lyilad éZoI 0
[4, 5-al benzithierii#arlol4,5-a] benzilddazedéuti ompofi74-175°C; I1H NMR

3- [ di br omo( 2- pyérb@mg))mmg]cd 1)1, .40t Nigadizazg gl o 475-@hbenz)ni dazel e
(2.02 g, 4.76 ol in 75 L tetrahydrof’uran was added a sol'ution of

silver 30 ni t(’fai-e 1K), 8939 ofa.5. 3 » &vl6) (din1HYG A.84wdder 3H) Tipe;
suspensi ondwaSn@tl (ke ffr 3aad?yslsmd ti@ut baiabaed 1t4g1pH 137456 \Mtztsfa
aqueous sodi um bj car e e e iti ur,a

aqueous sodi urr7r£ ’or?ggg't%@% E‘ﬁ%g ngg 7%1B| é‘rleac“bn ce’?§t8/5n§qtghe
celite waslﬂ\/vasﬁé*d wil4d e@ﬁ“yl* SH3CHERHLEM. - After extraction with water, the
ethyl acetate was dried and evaporated to give a crude residue which

was purified by flash chronmat ography using a m xture of WO
97/ 31893 Example 23pCT/ CA97/ 00137

- 56 - chiyaitenin /| ot hanadrbdy0 1] 298 - theadiasslo [4], 503 ) Hen sl - of
the title corrpg%q_ewas obtained as a yellow solid: np
15 To a 6 mL solution of iN NaOH, 3- (methoxy-carbonyl)-
1,2,4-thiadiazolo[4,5-albenzimidazole {1.0 g, 4.3 mmole)
in 6 ml of dioxane, was added. The reaction mixture was
stirred at room temperature until completion. The
resulting mixture was then acidified with 3N HCl to pH
20 ~2.0, and stirred at room temperature for an additional
0.5 h. The solid was filtered, washed with water, and
dried under vacuum at 60 °C for 24 h to yield 0.74 g (78
%) of the title compound as a colourless solid: mp 184-
185°C (dec); 1R NMR (DMSO-dg)d 13.79 (br s, 1H), 8.59 (4,

25 1H), 7.78 {(d, 1H), 7.51 (t, 1H), 7.40 (t, 1H); IR (KBx)
13435, 1705 em™; MS m/z 193 (M - OH), 175 (M* - CO,).

Example 24
Synthesis of sodium 3-carboxylato-1,2,4-thiadiazolo(4,5-
30 a)] benzimidazole
To a suspension of 3-carboxy-1,2,4-thiadiazolo
{4,5-albenzimidazole (10.00 g, 45.62 mmol) in wmethancl
{150 ml) and water (100 ml), 1M NaOH (45.6 ml) was added
over a period of 1 h. After 4 h, the solution turned
3§ clear and the wmethanol was Yemoved under reduced -
pressure. The aqueous solution was extracted with



«182 186[err]C (dec); [err]HNWR (CDCl[err])[err] 8.85 (m 1H), 9.31 (dt,
1R) 8.19 (d, 1H), 8.01 (td, LH), 7.83 (d, 1H), 7.63 5 (ddd, 1H), 7.50
. (ddd, 1H), 7.35 (ddd, 1H) ppm IR (film 1673, 1511, 1444, 1235, 1057,
3879, 733 cnjerr]; Ms mlz 280 (M+), 148 1Merr] - (2-pyridyl)C(OCN).
10 WO 9713 Exanpl e 18 Synt hesi s of PCTICA97/00137
3- [b|s(ethoxycarbonyl)nethyl] 1,2, 4- t higgdi asol o[ 4, 5- a] benzi m dasol e
A mxture. of 3-brono- 1 2, thladlazolo[4 5- 15 a] benzimdazole (0.2
g, 0.78 mmmole), dieth rral onat e (0.15 g, 0.94 nmol) and
triethyl ani ne (ocmeamorm ghe agpephe) Phafe gwaE Jfrepge-wadefefte ugdye
under a nitrogen the eipDspbempohnd 3IBoha The gmsulisng mhdud esolbd: mp
extracted WU elocacabgr VRIS dth b YRl ofaantelO % 38U98US 189
sodi um sul fate. drgani c |ayer !
sulfate to give thescrude prBducts.ashi ch, waEH) pppurl?'?ed Mfl(a:mso d )8
chr omat ogr aphy (35@6ethy| cetate : 65% hexang afford 54@@
of the title Co r’rp’tﬁ?rr 045 %ea 76, ye’r‘*%\ﬁ%ﬂ | 148P4, [ejr%? W?&Eﬁ?[er"??)[érr]
9.48 (s, 1H), 8.og-®7,1H)16.0663pKkmw; IR (KBr) :7.3385/ 243 .m 165, 2639,

(9, 4H), 1.35 (tys-Bt) 1QRA1 188, s2tfi129 ckf48 cnferr]. HRVE calcd for

C[err]H[err]N[err]O[err]S 33370783, f ound 333.0794. 30
Exanpl e 19 Synt hesi s of 3- met hoxy- 1, 2, 4-t hi sdi azol o[ 4, 5-a]
benzi m dazol e To a cocmadplerrz&ture of 3-brono-1, 2, 4-

thi adi azol o [, 5 'tEbHaZC" e r.(f* 55 98- %Zqﬁefﬂﬁ-%) ﬂ1'be§§z1591§”=10§ 4-

nmet hanol , sodi um Jtiﬁ I de ( , n one

portion and sti r “pd'{’ i gf‘ ’l‘@ﬁﬁ?f’&?u?bhy‘x\a"l‘l’fgh?%&t i on mixture

was evapor at ed WO 97/ 31893

PCT/ CA97/ 00137 To a clear solution of 3-(4-methyl-1-
piperazinyl) ~-1,2,4-thiadiazolo[4,5-albenzimidazole

15 (6.07g, 22.21 wmol)} din 100 ml of dichloromethane,
hydrogen chloride gas was bubbled through for 40 min. The
solution became turbid with time. The suspension was
filtered and dried umder vacuum to give the title
compound as a fine white powder 7.60 g (99 %). mp 252 ©C

20 {(dec); 1H NMR (DMSO-dg & Dy0 )& 7.85 (&, 2H), 7.60 (t,
1H), 7.51 (t, 1H), 3.86 (m, 2H), 3.56 (m, 6H), 2.91 (s,
3H) ppm; 13C NMR (DMSO-dg & Dy0)8 164.39, 148.80, 144.27,
126.592, 126.12, 123.41, 117.08, 113.20, 51.19, 45.87,
42.32 ppm; IR (KBr) : 3420, 1606, 1571, 1475, 1461, 1225,

25 981, 761 cm~1.

Example 26
Preparation of 2-butylimidazol[l,2-d]1-1,2,4-thiadiazole-3
{2H) -one
30 2-Mercaptoimidazole (24.39 g, 0.244 mole) and

butyl isocyanate (48.3 g, 0.487 mole) were combined in a
round-bottom flask and heated to 50°C for 30 min or until
the reaction was complete by TLC. The reaction mixture
was then cooled to room temperature and the solidified
. 35 mass was triturated with 50 mL of hexane for 30 min. The
beige ‘solid was filtered, washed with a minimum amcunt of



.- 57 - dryness under vacuum and the residue was taken-up in et hyl
acetate and washed with water. The organic | ayer was dried with
.sodium sul fate, filtered and evaporated to yield 3.64 g (94% of

:3- et hoxy-1, 2, 4-t hi adi azol of 4,5- 5 a] benzi mi dazol e as col ourl ess crystals:

np 172- 175 [y dlames 1H NVR (CDCl [err])[err] 7.83 (d, 11plpchordprid, 1H),
7.42 (t, 1H), 7.27 (t, 1H), 4.32 (s,_3H) ppm 13C NWR (CDCl[err])[err]
163.2, -  150.3, 148.1, 128.2, 124.9, 12178, 119.2, 111.7, 57.5 ppm
IR (KBr) : 3418, 2942, 1595, 1492, 1404, 1275, 1255, 10 1206, 1083, 755
crierr].  Anal hexaws| apdf grief crnder creduged rpuEssune to yishd @4 196 3 44;
N, 20.49. Founds3g) b2. 38 (vdtydcabbambyl) -1,20#hydroimidazole-2-thidheé

simlar manner, _by, Lepl aci odi um 15 ppthoxide with other netal
al kyl oxi des, t hggf%ﬁ%%vi%épsqcaslsc’om oégdgga"?‘e made:

3-ethoxy-1, 2, 4-t hi adi azol o[ 4, 5- al benzi m dazol e
g- propoxy- 1, 2,14- t hi aﬂ! azop®|[ léoiu@i&@ngbﬁtéﬂﬂﬁhg |1- (Igutylcarbamoyl) -1,3-
-1 SOPr opoxy- 1, - | 1 a70 0_ 93 enzi azo

S butosy S 5 G A AR 4 aLREN 1080 952Y mmole) suspendea

3-tert-but oxy-1in 4% hiwddi 50| dighionpmethand depoiled to 0°C under a

?é;((cyfl oggntzél oX¥frdgeh 4aTt|ﬂi]9&§hé%"g!,0[\6’a§|‘ ahaeazimgﬁm ﬁ_(3._’79 g, [4235.7 ]
anpl e €SI (0] - I el Dy nin = L. -thl adl azol ol 4, 5-a

benzi m dazol e ’%{ﬁeh" ‘ﬁ“"l?’&% a" %%ol“gf'd °%)m é?ﬁ%’i“"‘&?t 3% pr otfb- £ 2, 4-

t hi adi azol 01¢ 4, Grebwiestr i matmest-e (15£44xg, the0683dibia) was i redniletle,

di f:hl) or onet hgg%rﬂkwmfﬁe nglg?] (é@%gsolw.lts)nmma;é)? d‘ﬂ@%@ﬁrefll( "'_i-n431?’ mL?; 121

nol e was adaegd. ar W Se. e Leactl O XL ur was al | owe 0 Ir

for 16 h at r oo%&fgﬁogﬁ%e}}aé’teyrvé?s PRI PR, At BRF wepRperature  of

di chl or onet hanethe resgkier miktpre wageer exgeeded W t AC. sodhemreadtiigne

and evapor ahietbuiylerasy afaitiidied W@ b0.47 for( 3% adefit3ond® 2 h and
R L L
diluted with 150 mlL of dichloromethane and washed twice
with water and once with a saturated sodium chloride
solution. The orxganic layer was then dried over
magnesium sulfate and evaporated to dryness to yield 4.30
20 g (92%) of 2-butylimidazoll,2-dl-1,2,4-thiadiazole-3(2H)-
one as an off-white powder: mp 142-143°C; 1 NMR
(CDC13)6 7.40 (4, 1H), 7.20 (4, 1H), 3.79 (t, 2H), 1.73
{m, 2H), 1.40 (m, 2H), 0.957 (t, 3H) ppm; IR (KBr) : 1702
cm~1,

In a similar manner, by =replacing butyl
isocyanate with other selected isocyanates, the following
compounds are made:
2-methylimidazo[1,2-d]-1,2,4-thiadiazole-~3 (2H) -one

30 2-ethylimidazo[l,2-dl-1,2,4-thiadiazole-3(2H) -one
2-propylimidazo[1,2-d]l-1,2,4-thiadiazole-3 (2H) -one
2-isopropylimidazo{l,2-d]-1,2,4-thiadiazole-3(2H} -one
2-pentylimidazof1,2-d]-1,2,4-thiadiazole-3(2H) -one
2-hexylimidazo[1,2-d]-1,2,4-thiadiazole~3 (2H) ~one

35 2-cyclohexylimidazo([1,2-d}-1,2,4-thiadiazole-3{2H) -one
2-benzylimidazo{1l,2-d]-1,2,4-thiadiazole-3{2H) -one



-WD 97/ 31893 PCT/ CA97/ 00137

- 58 - (t, 2H), 7.41 (t, 1H), 7.27 (t, 1H , 3.06 (s, 6H) ppm
Anal . Calcd for CJerr]Herr]Nerr]S: C, 55.03; H 4.62; N, 25.69.

«Found: C, 54.53; H, 4.90; N, 25.50. 5 In a simlar manner,
by repl aci ng Jpa®s{ays am ne with other am nes, the foll oworgcasenEaennds
wer e made: 3-(ethylam no)-1, 2, 4-t hi adiggzal o[ 4, 5- a] benzi m dazol e:
164.5-165[err]C (dec); [err]H NWVR (CDCl [err])[err] 7.78 (m 2H), 7.65 (d,
10 1H), 7.43 (t, 1H, 7.21 (t, 1H 3.68 (g, 2H, 1.45 (t, 3H) ppm
3-(1-pyrrolyl)-1,2, 4-thi adi azol o[ 4, 5- a] @ ddzole: np 118-119C,
[err] H NMR ( CDCl3@yrettideis 77 (tonH) B-41 -oikpethlyl) inbdazo P8 A-d] -1, 43. 71

(m 4H), 207(m 3: m)rpholinyl) 124thiadiazo|o
[ 4, 5:a] benzi m dazoﬂllﬂ,}dl@ﬂgle 3&8) d [err]H NWVR (CDCl [err]

1H), 7.60 (d, 1H), 3(t°°°.L1H), solption of (§-but 1919‘-*“3(4%204#0'2 91348

ET 54|—|% b20 ppnsOI 1,2, 4-3:!{1kdﬂaaenazamdi))~dne2 @ i Qﬂll azalso mmole) )m 5 mL
ajl pbenzi m dazgi e;

4,5° 8l benzim dazgl €is iy Pinddfid? BFHiihestt iy, %54% E»ﬁaoﬂm

3.15 (t, 4H 25 vgamoa@@q:dsdrmi%nan allowed to stir for 24 h.

3-(4-net hyl -1 - pi a)te1w354théhadeZQéQ£&1 afiltrationi Wadﬁéel altmo

A et
158- 158. 5 C
1H), 7. 42[ ?,[r] & cl;{]%)fo%@gh&.ggd &L’%‘h]g{?éi#d é}\égr rg78ufé§|) Bﬂ%sg\éré?)t?
3M ppm 31[1[ A -6y c & bdAYE) nePRy| $aki reFeatyimidazo (1, 2-d] -
t hi adi azol o[ 4, 5- a] jJegzivhiddiakele AP({IW6-ckie/ Gs Apallokadtében cri@usals mp

QerrlHerrINerr] g0 3c,Cipbar’ (dpci, ¥4 8M23 2163616 0U8%1 Cys, 1y,
2.78 (s, 3H) ppm; IR (KBr)d 3436, 3168, 3106, 1516, 1408,
1363, 1229, 1136, 730 cm~l. Anal. Calcd for CgHgN38O: C,

15 43.11; H, 3.01; N, 25,13, Found: C, 43.11; H, 2.91; N,
25.27.

In a similar manner, by replacing pyruvonitrile
with benzoyl cyanide, the following compound was made:
20 3-{oxophenylmethyl) imidazoli,2-d}-1,2,4-thiadiazole-
3{2H)-one: mp 166-168°C; 1H NMR {(CDCl3)8 8.44 (d, 2H),

8.40 (s, 1H), 7.70 (d, 1H), 7.58 {(t, 3H) ppm.

In a similar manner, by replacing pyruvonitrilie
25 with other selected cyanide or nitriles, the following
compounds are made:
3~ {1-oxopropyl)imidazol[1,2-d)-1,2,4-thiadiazole-3 (2H) ~one
3-{1-oxobutyl)imidazo[l,2-d] -1,2,4-thiadiazole-3 (2H) ~one
3-(1-oxopentyl) imidazo{l,2-d}~-1,2,4-thiadiazole-3 {2H) -one
30 3-{1-oxohexyl)imidazol1,2-d]-1,2,4-thiadiazole-3(2H)-one
3-(cyclopentyloxomethyl)imidazoll,2-dj-1,2,4-thiadiazole-
3(2H) -one
3-(1-oxo-2-phthalimidoethyl}imidazo[1l,2-d]-1,2,4-
thiadiazole-3(2H) -one
35

Example 28



-35 50.13; H 3.96; N, 21.26. WD 97/ 31893

PCT/ CA97/ 00137 - 59 - In a
sim lar manner, by replacing dinmethylam ne wi th ot her nucleophilic

<am nes, the follow ng conmpound is made: )

3- (et hyl amyRpdnsksed, 4-t hi adi azol of 4, 5- a] benzi m dazol e PCT/CA97/00137

Exanpl e 21 Synt hesi s of 3- [ (hggr_oxyi m no) phanyl net hyl ]

-1,2,4- . t hi adi axol o[ 4, 5-a] benzi m dazol e” 10 To a solution

of 0.5 g (2.79 mml) of 3- e
(oxophenyl net hy Bynthesdist hi afii az8F épatBoxyeanbannlddmidazo [1, 2td] 71, bf
et hanol was addedifabapbiré6. 46 nmol ) of pyridine and 0.5 g (7.20

mrol ) of hydroxylamne 15 _hydrochl oride. ~Th I xture.wag ref] uxed for
over ni ght . The preci pfr? a?e%\?xﬁge olsf’ggﬁéanbggf g’ﬁ‘ﬁﬁi’)ﬂﬁﬁﬁ‘d%\ﬂéﬁgﬁ

wi th nmethanol ahd2dtchhbrdinrdiand (RF) gore tRe®ZradelS5.0 pnokkictin \#8 ol was
recrystallized §iem sbhietidnd 0 weehfll cyafbfinatS8992 .94 §he g thfole)

conpound as white crystals. .20 247 err] C. err]H NWR

(D%O dlerr]) [ eFrf #1358 %fgfﬁeﬁﬁ,a?ég%ﬁe(k}*t&k&,w;s stprred ggr 3§ b
7.45-7.53 (m G5#f, TPoE fempexEturgpm Ther peecipitafe (€Bs! [fdditexrkdr rdnd
135 52020, 130 gar Tar G WasheSulth dichiddmithare’ 3 g 2218 &
1549, 1475, 1456?5"@% 125%% 119%,‘““‘?)‘%ﬁ‘?"y"fém%g%m%%‘éﬂﬁ‘d] ~ vt -
calcd for 10 thérdlagele | Nser cpisuplesgs5ryystahsd 29n. 0588.5-165 ©C;
Exanpl e 22 By nimaesiepcnf) 5§ I.0b hyedr et Mylsh- ed, 41?1tmi adirazol0[ 41h- ]

30 benzi m dazol e To a suspensi on 0
3- (1- oxoet hyl ) -BP®; 4IR (KBr)d 3440, 1737, 1527, 1253, 1071 cm~l. Anal.

Calcd for CgHgN30pS: C, 39.34; H, 2.75; N, 22.94. Found:
C, 35.41; H, 2.51; N, 22.94.
15
In a esimilar manner, by replacing methyl
cyancformate with other cyanoformates, the following
compounds are made:
3~ {ethoxycarbonyl)imidazo[1,2-d] -1,2,4-thiadiazole
20 3- {propoxycabonyl)imidazo(l,2-d}-1,2,4-thiadiazole
3- (butoxycabonyl) imidazo(1,2-dl-1,2,4~thiadiazole
3- (isopropoxycarbonyl) imidazo[1,2-d] -1,2,4-thiadiazole
3-[{pentyloxy) cabonyll}imidazo[l,2~d]-1,2,4~thiadiazole
3~ [{cyclopentyloxy) cabonyl] imidazo[l,2-d}-1,2,4~-
25 thiadiazole
3- [ {benzyloxy) cabonyl]limidazo{l,2-d}-1,2,4-thiadiazole

Example 29
Synthesis of 3-bromoimidazo[l,2-d]-1,2,4-thiadiazole
30 To a cooled solution of 2-butylimidazoll,2-d]-
1,2,4-thiadiazole-3(2H)-one (4.78 g, 0.0242 mole) in 25
mL dichloromethane, cyanogen bromide (5.13 g, 0.0482
mole) was added in one portion and the mixture was
stirred for 16 h at room temperature. The precipitate
33 was filtered, slurried in 10 wmL of methanol and
subsequently washed with dichloromethane to give 4.45 g
(90%) of 3-bromoimidazofl,2-d)}-1,2,4-thiadiazole as a



.t hi adi azol o[ 4, 5-a] benzi m dazole (729 ng, 3.36 Mol ) in 200 nmL net hanol ,

"was added sodi um borohydride (140 ny, - 3.69 mmol ). The m xture was
stirred for 30 mn and 0.1 35 nL of water was added. The nethanol was
sevaporated and the residue was partitioned between ethyl acetate and 0.1
M hydr ochl or i\go3¢hfles The aqueous phase was extracted PCT/CAMDOSYET 31893
PCT/ CA97/ 00137 _ g5 -60 - wi th ethyl

acetate. . The organi c phases were conbi ned, washed twice with brine,
dried and evapor ated. The crude resi due was purified by chromatography

usi ng chl or of or mgolourkesishpewder: mpt 8200C (gegk; MS m/z 205, 203 (M*).

3- (1- hydroxyet hylAndl, .2, £alsd fhralhazi s, 5- }a]HZQJerQA A2d&50| &, 1.48; N,
174-175[err]C, J[errl]H I(—!%D% ]?ﬁerr H) , d, 1H)
7.47-(td, 1H), ‘3‘%;2 IEL(t3d"5 Lséi (F?’am c fg g(ol '3H)
ppm IR (KBr)l -413136, 19543; QA492.67478, 1%451: 237438 1%0 1200,
1123, 1103, 1@93, 752, 729, 711 cnferr]; Ms mz 219 10 (Iv[err]) 148

rr] - CH CH(0
(Syl\//[nte hre]si s mLer;,] caE bg?()c/:N) 113, 43¢ i 4L8%0| BRARET ) b’%’ﬁz.‘?ﬁplacmrggafé?@%%n

To a 6 L sol uti drcofideN NEOH, @t@mhmnoaebonyaﬂldes, the following
1, 2, 4-t hi adi azol Jfhpenldaedztmhs@eol e (1.0 g,” 4.3 ol e) in 6 nL of
di oxane, was added., The r.eaction rred at room
tenperature unti é%’ g? rﬁi) 2%2 4%&?3?‘???1 €nixture was then
acidified wit$ 3I\3-H®110tr@lp$=ldé@°{122ﬂd} -dn@ ,4r-thiadiazokeom tenperature for

an additi onal 0. 5h. The solid was filtered, washed with water, and
dri ed under vacuumat 60 [err]C for 24n§"t0 Xl e&q 0.74 g (78 % of the
title conpound as a colourless solid TER-® 185[err]C (dec); [err]R

NVR ( DVBO- d[ er r | vathiesis. 790f br 3smethylsglgonyitl, 23 - thipdiazedold, 514
7.51 (t, 1H), 7. HenklimidEkaieR (KBr) © 3435, 1705 cnjerr]; MS mz 193

é&&ﬁ;[L é4c*bﬁ 175 (Merrlmy- ,Chehfidn of 3-methylthio-1,2,4-thiadiazolo
[4,5-albenzimidazole (100 mg, ©0.45 mmole) in 10 mL
dichloromethane was added m-chloroperbenzoic acid (287
mg, ©0.95 mmole}. The mixture was stirred at room
temperature and the starting material was converted to

20 the sulfoxide after a few hours; it was then further'
oxidized to the sulfone after 18 h. The solvent was then
evaporated and the residue purified by chromatography
using chloroform/ methanol 10:0.1 as the eluent to yield
50 mg (44% of 3-methylsulfonyl-1,2,4-thiadiazolo(4,5-al

25 benzimidazole as white solid: mp 203-207°C (dec):; 1H NMR
(CDC13)5 8.31 (d,1H}, 7.84 (d,1H}), 7.54 (ddd, 1H), 7.43
(td, 1H), 3.63 (s, 3H) ppm; IR {KBr) : 1530, 1487, 1444,
1324, 1315, 1193, 1147, 1141, 735 cm“l, MS m/z 253 (M%),
174 (M* - CH3S0,), 148 {M* - CH3SO,CN}.

30
Example 31
Synthesis of 3-[4-(2-pyridyl)piperazinyl]-1,2,4-
thiadiazolo [4,5-albenzimidazole
To a cooled solution of 3-bromo-1,2-4-
35 thiadiazolo [4,5-albenzimidazole (0.30 g, 1.17 mmol) in
10 mL of dichloromethane, 2-pyridylpiperazine (0.54 mL,
3.51 mmol) was added dropwise and the mixture was allowed



-Synthesis of sodi um 3-carboxyl ato-1, 2, 4-t hi adi azol o[ 4,5- 30 a]

benzi m dazol e To a suspension of 3-carboxy-1, 2, 4-thiadiazol o
[ 4, 5- al benzi mi dazole (10.00 g, 45.62 mmol) in nethanol (150 m) and
water (100 m), 1M NaCH (45.6 m) was added over a period of 1 h.
After 4 h, twgomsikesti on turned 35 clear and the nethangcroxsvesenoved
under reduced pressure. The aqueoys _solution was extracted
with - WD 97/ 31893

PCT/ CA97/ 00137 - 61 - chl oroform the

aqueous phase w&e Brtdsz&ogr lédht.o Jibge reactipe mixtureowpsuddlyeted 4wgth 959
?3 al\ﬁblni t<7e ggl i(g'oogm. of 2&%@%1{0??&1&&1@[ aha] Hgg@@dg Dlysii} da[a%&])dzerlaglcsﬁi\@%
(DVBO-d[ err]) [ ePF] fé‘f"zd"?“féel.‘fe,x[%'é.@'14 . 4,°‘i‘-’%‘.‘é§ﬁ%’?§ s
122. 74, 1184z¥ed19BeDospRiNm | Fukigye and gygporabad tqeglve 1§4yellow
%gZio 14;43, 5.33_6:118%1&2]:9‘0@@[ eﬁg}iiied byI column ch.romlatogrgpily Bempl e .
r epar at . -(4- - 1: erazinyl )- , 4-
t hi adi azol o [ 4, §8§fﬁén§?$ﬁ la%’%?%’ a'T(%le'rsetolc Iao%’lhggg s611d (B'%.}g' 685%) iy
clear  solutionH-NMR (CBCl4)eBh§8- 1m, 4H,pi2GHphzi AyBE (m, 4H, 2CH,),
-1,2,4-thiadi azgl gL 4, 5- a] benzi i dgzol . 074, 21 I ),e 1 100
m of dichl orgr’n?a ha(gné’, Qﬁ' h%r ggén%c'%l%orlgtge égé V\A/aaéﬂbub%% t'fr o for
40 mn. The AgH) ut ToASbd@ametH.urby%erBiit b7 t§%el(d: THe daEhensi-FF wed
filtered andodriird avee; sasdium,t argi porthe, taig.e 176-100mpeend as a fine
white powder 7.60 g (99 %9. np 252 [err]C 20 (dec); [err]HR NWR
(DVMsO-d[err] & Dferr]O) Jerr] 7.85 (d, 2H), 7.60 %’ 1H, 7.51 (t,
1H), 3.86 (m 2H), 3.56 ( 6/, Sigilpy wanmgm), noRy [ cFRPERRMIE  2-
(DMSO-d[err] & pyeidyDpipsrdzited with 1dthédd, pilgkhaZine dedid@mtdZres,1athel 2,

123.41, 117.08 , 87.4.. 42.32 ppm IR (KBr) : 3420,
1606, 1571, 5147§‘,’1%2’1‘,@ 1"2°é'§f]°‘%’§89§’%?e7'§id%h{ err].

3-[4-ethylpiperazinyl] -1,2,4-thiadiazolo[4,5~a]

benzimidazole

lg-NMR (CDCl3)8 1.15 ({t, 3H, CH3), 2.55 {q, 2H, CHy),

2.70 (br. s, 4H, 2 CHy), 3.49 (br.s, 4H, 2CHp)}, 7.25 (m,
20 1 H, ArH), 7.40 {(m, 1H, ArH), 7.65 (d, 1H, AxH), 7.79 (4,

1H, ArH); m.p. 153-154.5°C.

3- [4-propylpiperazinyl}-1,2,4-thiadiazolo[4,5-a]
benzimidazole

25 1H-NMR (CDCl;) & 0.96 (t,3H, CH3), 1.58 (m, 2H, CHj),
2.45 (t, 2H, CHy), 2.74 (br. s, 4H, 2CHy), 3.49 (br. s, 4
H, ZCHZ), 7.26 (&, 1H, Ar®), 7.30 (t, 1H, AxH), 7.84 (4,

1 H, ArH), 7.77 (4, 1H, ArH); m.p. 137-138°C.

30 3-[4-(2-hydroxyethyl)piperazinyl] -1,2,4-thiadiazolo{4,5~
al benzimidazole
1y-NMR (CDCl3) & 2.65 (s, 1H, OH), 2.72 (t, 2H, CHy) 2.84
(s, 4H, 2CH,), 3.51 (s, 4H, 2CH;) 3.70 (t, 2H, CHy} 7.31
(t, 1, ArH), 7.45 (t, 1H, ArH), 7.66 (d, 1H, AxH), 7.80
35 (d, 1H, ArH); m.p. 160-161.5°cC.



. Exanpl e 26 Preparation of 2-butylimdazo[l, 2-d]-1, 2,4-thiadiazole-3
(2H) -one 30 2- Mercaptoi m dazole (24.39 g, 0.244 nole) and
butyl isocyanate (48.3 g, 0.487 nole) were conbined in a round- bottom
flask and heated to 50[err]C for 30 min or until the reacti on was.

conpl et e by wés7nigealhe reaction m xture was t hen cool e@CrEAsvonts?
tenperature and the solidified 35 mnass wgs; triturated with 50 nL of hexane
for 30 mn. The beige solid was filtered, washed with a m ni nrum anount
of WD 97/ 31893 i . o PCT/ CA97/ 00137
- 62 - hexanés ahd thioxerhsayirirarrethpleds dr 8 -thipfipgosa (965 p!
(939 of 1-(butyeasihidapdlle 1, 3-di hydr oi n1 dazol e- 2-t hi one as beige

crystals: np 664 81[,@5 10 nteai ni
1- (butyl car bamoyl) 3](&(:13)0% hycfr oi ﬁln'dazm e§§éﬁn o%eg)& @ 4%92§q}{2r)rﬁol
suspended I 6.4%5 d, oinl BRbhHDpy oedhanédconl Bd ATHO| err.pC L(lh:d:els alH,

nitrogen at n%)spg edﬁprqm}ﬂe (73 4?,_9 (Q g_% 7ArH) maDl=g) (tdl g@lol ved
in 15 nL ororret ane er. er
addition was & 4e?e?8 {d, tH’et ﬁﬁ*bm ﬁe8%4(§1 QIH 4?‘r§)m*rﬁ1 -®) &Jésél ved
in 15 nL dizmcs‘lmzet hane was added such that the tenperature of t he
reaction m xture never exceeded O [err]C The reaction m xt ure was

mai nt ai ned at O[err]Cfor an addltlonal 2 and .15 _then stlrredfor 16 h

at room t enper af uF4-PenaNiniRErRRARY L '1&1%1%3\9311?5‘3}8(54"\? 3t

di chl or onet imnebamhmﬁﬁmietw ce with water and once with a satur at ed
sodi um chl ori de1 ol n e r ganis Izq._.)ﬁer Syq L i
over magnesi um sul f(g%%:g )Bd ev?a-&p] “g?e% toﬁdr "t V@ 4|9el Eﬁﬁ 30 fgd

(929 of 2-but y?¢#alvazdfac 248y - £82, ZF’hHl'acﬁ é’?ol7e5§(2‘l“|)'- H, Brd).ad- sén

of f-white powdes; 1m rrmrmzvl‘}a[?ar]ﬁi ARSI H. oMo B err]) (o1
7.40 (d, 1H), 7.20 (d, 73 0 (m 2H),
0.957 (t, 3H ppm IR (KBr) : 1702 cr‘r{err] 25 In a
simlar nmatner3-l4cinnggiydpipgrabimsl -1, 2-4-sbdpdhateleis Saaher sel ected

i socyanat es, t hsadfilnliQuizdde
lg-NMR (CDC13)8 2.81 (s, 4H, 2CH), 3.32 (d, 2H, CHy),
3.51 (s, 4H, 2CHy), 6.27-6.36 {(m, 1H, CH), 6.60 (d, 1H,
CH), 7.23 -~ 7.46 (m, 7H, AxH), 7.65 (d, 1 H, ArH), 7.79
20 (4, 1H, ArH); m.p. 120-121.5°C.

3-[4- (3-amino-2-pyridyl)piperazinyl]li,2,4-
thiadiazolo(4,5-albenzimidazole
lg-NMR (CDC13)8 3.42 (m, 4H, 2CHy), 3.55 (m, 4H, 2 CHy),
25 3.88 (s, 2H, NHy), 6.92 (dd, J=4.74 HZ, 7.69 Hz, 1H, pyr-
H-4), 7.02 (dd, J = 1.57 Hz, 7.69 Hz, 1H, pyr-H-3), 7.30
(d, 1H), ArH), 7.44 (4, 1H, ArH), 7.76 {(apparent br. t,
2H, ArH), 7.86 (dd, J = 1.57 Hz, 4.78 Hz, 1H, pyr-H);
m.p. 176-177.5°C.
30
3-{4-(1- (4-chlorophenyl) -1-phenylmethyl)piperazinyll -
1,2,4-thiadiazolo[4,5-albenzimidazole
1H-NMR (CDCl3) & 2.68 (br.s, 4H, 2CH,), 3.49 {br.s, 4H,
2CH;), 4.35 (s, 1H, CH), 7.2-7.5 (m, 11H, ArH), 7.59 (d,

35 1H, ArH), 7.7% {(d, 1H, AxH}; m.p. 172.5-174°C.



.conmpounds are nade: 2-met hyl i m dazo [ 1, 2-d]

-1,2,4-thiadi azol e- 3(2H) - one 30

2-ethylimdazo[ 1, 2-d]-1, 2, 4-thiadi azol e- 3(2H) - one 2- propyl i m dazo

i(1,2-d] -1,2,4-thiadiazole-3 (2H) -one 2-isopropylimdazo[1, 2-d]
-1,2,4-thi a&y .9+ 853> (2H) -one 2-pentylimdazo[1, 2-d PCTI/CA97/008137
-1, 2, 4-thi adi azol e- 3(2H) one

2- hexyl i mi dazo[ 1, 2-d] -1, 2, 4-t hi adi azol e- 3(6£H)_-one 35 2-cycl ohexylim dazo
[1, 2-d] -1, 2,4-thi adl azol e-3 (2H) -one 2-benzylimdazo[1,2-d] -1, 2, 4

-thiadiazole - 3 (2 H - one E¥gnpYe 31303

PCT/ CA97/ 00137 theais of 3- [2 pyri%glam;no] =168, 4- thladlazol [ ,5-a]
Exanpl e 27 th 8 (1- oxoet hyl)im dazo[l, 2-d]-1, 2, 4-
t hi adi azol e- 3( le To a cool ed sol ution of

2-butylimdazo[1,2-d]- 8o 1,2, 4-¢dpkefl azsrduBion) - ok ( B-4orqpo-12264-

mole) in 5 tmadaa‘az@l@mosoapﬁ@ﬁ@ﬁuwdl\éorvot tmlg (1.49 @mo2?- 4n"HEl €)
was added dropw_se

OWe stir for 24 Leci pitate was '
then col l ected "y Fi %It? ]i’d ‘Wég‘r?é’t? %h m°3¥rc1fﬁ1&eoné?h%2@ &hd 2-93
evapor at ed undesmalgdd st mmmleopm% | the. lﬁmtigr% 3\&8@ aillowed to

3-(1-oxoet hyl) idiidazQl] 4& #.- The *edcfidd ROLARY &

zlgl I gIV\-I)I- grseglcr St%alé@lor%aféz 14%1% '{?ﬁ e]dl-l- NI\/R v§a[ 4,%)-[ge %238 23

3106, 1516,1014G8d then] 3g3ne] A29x P§3@L>730T¢w[ smg]amAnaayet:ahrea fwted
Qerr]Herr] N Qﬁfe]xSQxa&;esﬁﬁn gl fdte Hand. @%ap&&:a@éa 186 1Wda Ge14dwll;

Eyrﬁvgﬁl ter le ® %'E;\ﬁzt%o t?eanzgdyla Vanl%Mh@Dﬁ&PP% g? ﬁ%ﬁﬁ‘# epgamagg 20

3- (oxophenyl netd)y lpyirviggzea . h 2, Zagiaﬁerzt %ot higdizag olpgr-H) , 5(.213!) wnemm)

(136 ﬁbsc 7[3;;1 Hﬁ)‘g’R% S'BGJte”h)[% 4él(gm 259; ru g 4 HX iﬁabll;%o . 70
er

repl aci ng pyr uvihi ¢ 1 BEEY, B¢ 28 oﬁverlfbelpéférgéi'c‘yam d?e5%f5'rﬁ517r°fCF-es t he

foll ow ng

In a similar manner, by 1xreplacing 2-
aminopyridine with other amine derivatives, the following
compounds were made:

20 3-[3-pyridylamino]l-1,2,4-thiadiazolo(4,5-albenzimidazole
lp-NMR (CDC13)8 7.41 (t, 1H, AxH), 7.48 (t, 1H, ArH),
7.62 (dd, 1H, pyr-H), 7.75 {4, 1H, ArH), 8.34 (4, 1H,
ArH), 8.44 (m, 2H, pyr-H), 9.02 (4,1H, pyr-H); wm.p. 175~
176°C.

3-[2-pyridylmethylamino] -1, 2, 4-thiadiazolo{4,5-a]l

benzimidazole

1g-NMR (CDC13)8 2.02 (s, 1H, NH), 4.84 (&, 2H, CH2),

7.22-7.56 (M, 4H, 2AxH & 2 Pyr-H), 7.75 (m, 2H, ArH &
30 pyr-H), 7.85 (d, 1H, ArH), B.66 {d, 1H, pyr-H); m.p.

155.5-157°C,

3- [N-methyl- {2-pyxridylethyl)amino] -1,2,4~-thiadiazolo{4, 5~
al benzimidazole
35



_conpounds are made:
"3-(1-oxopropyl)imdazo[l, 2-d]-
3-(1-oxobutyl)imdazo[ 1, 2-d] , 2,

1,2, 4-thiadi azol e- 3(2H) - one

-1,2,4

. 3-(1-oxopentyl)imdazofl,2-d]-1, 2, 4-
-1,2,4-

o[1, 2-

azo

t
t hi adi azol e- 3( 2H) - one

t hi adi azol e- 3(2H) - one 39

t hi adi azol e-3 (2H) -OﬂEpc'r/cAg‘l/oms"I
d

1

3- (1- oxohexyhad ¥ fgg0l 1, 2 d] , 2,
3-(cycl opent yl oxonet hyl )i m dazo[ ]-1, 2,4t hi adi azol e- 3(2H) - one
3- (1- oxo- 2- pht hal i m doet hyl )i m dazo[ 1, 2-d] -1,2, 4- t hi adi azol e-3 (2H)
-one 35 Exanpl e 28 WO 97/ 31893

PCT/ CA97/ 00137 IH-NMR (CDCl3)3 3.11 (s, 3H, -CB4), 3.18 St heBis CHxIf,
3- (nmethoxycarbofiyay &1 da@o Ciiy) 2-dloal7a?- (m, 2u)i pgragple7.26 (m, 1
To a cool ed solution of 2- butyI | m dazo[ 1, 2-d] -

1, 2, 4- t hi adi azol B~ 3pZ+H) ond -89, 95, g 1H5 AFHinol 2)53 n(ps M, Byr-H), 7.63
di chl or onet hane, (apt hytl, oanof oy mat e(12. 84 ArH30 newiie) (4, 1HRAS piddey ;
dr opw se and he Xtﬂff IVQP;%cSt' rred for 16 h at room tenperature.
The preci pi tate ered and subsequent|ly washed with

di chl oronet hane to give 2.18 g (80% of
3- (et hoxycar bonyl )i m dazo[ 1, 2-d]-1,2,4- 10 thiadiazole as colourless

crystals: np 164.5-165 J[err]C [%i (CDCI[err])[err] 8.13 (s,
1H), 7.51 (s, 1H), 4.11 (s, 3|_2:a ppm glé r)[err] 3440, 1737, 1527,
1253, 1071 cni er§ynthemis |l cP B3 2 cA-Unlsitazglof475-aj|
22.94. Foundio pedzimiBakbled 2.51; N, 22.94. 15 In a
simlar manner, by replaci ”gsé'ﬂ{!é’én of 3%{19&?% a WL Ao 14, 5-a)

cyanof ormates, the follown
3 (et hoxycar bonyPeR# Wsfeple- a]<2§) 2°Elet hi &%ft azde 2(f0-65 mwmol)  and

3- (propoxycabonytbﬁmuiba:&hm:[n:h.,thd]e 1,2{dsth9 adi agol e 151.6 mmol) in

3- (but oxycabonyl 34 éﬂ#%.zcﬁ[eé: ] (%tsg %lft)h'w%%' qr%ed for 48 h. A white

3-(|sopropox car onyl )i mdazo ] t hiadi azole

3-[ (pentyl ox l]lrtrﬂt&azé’ﬁ‘f ZfG}'mi‘LaZ apd hl%kﬁ azdigeluble solid was

3-[(cycl opentyl osdyDteadan Wd i v . 5029d] (7752, 4f the title compound: 1H
NMR (CDC13)8 4.79 (s, 2H, CHy), 7.42 (t, 1H, ArH), 7.51
(t, 1H, AxrH), 7.84 (d, 1H, ArH), 7.%94 (d, 1H, ArH); mp

242-244°C,

20
Example 34
Synthesis of 3-{[4-ethylpiperazinyl)methyl}-1,2,4-
thiadia-zclo[4,5~albenzimidazole
1-Ethylpiperazine {0.732 ml, 6.03 mmol) was
25 added to a suspension of 3-bromomethyl-1,2,4-
thiadiazolol4,5~a] benzimidazole (704 mg, 2.62 mmol) in
dichloromethane (20 mL). The mixture was left stirring
at room temperature for 26 hr. The material was diluted
with dichloromethane (150 mlL), and washed with water (15
3% wh) and brine (15 mbL). The organic layer was dried over
sodium sulfate and evaporated to give a solid which was
recrystallized from acetonitrile (600 gm, 75.9% yield).
1H-NMR (CDC13)8 1.06 (r, 3H, CH3), 2.39 (g, 2H, CHy) 2.42
{m, 4H, 2CI-12), 2,70 {(m, 4H, 2CHy), 3.90 (s, 2H, CH,),
35 7.31 (t, 1H, ArH), 7.43 (¢, 1H, AxrH), 7.78 (d, 1H, ArH),
7.92 (4, 1H, ArH); m.p. 140-141.5°C.



;25 thiadi azol e 3-[ (benzyl oxy) cabonyl I i m dazo[ 1, 2-d] - 1, 2, 4-t hi adi azol e

Exanpl e 29 Synt hesi s of 3-bronoi mdazo[1l, 2-d]-1, 2, 4-thi adi azole 30

To a cool ed solution of 2-butylimdazo[l, 2-d]-

21, 2, 4-t hi adi azol e-3(2H)-one (4.78 g, 0.0242 nole) in 25 mL .

di chl or onet kay@ysgasanogen brom de (5.13 g, 0.0482 ol epcwedspodasd i n
one portion and the m xture was stirr for 16 h at roomtenperature.
The preci.pitate 35 was filtered, slurried in 10 nL of nmethanol and
subsequent |y washed with dichl oronmethane to give 4.45 g (90% of

3-bronoi m dazo[ 1, 2-d] - 1, I 4- tthi adiimidpr asmapner, by Woep¥agims®3 1-
PCT/ CA97/ 00137ethylpipera-zine with piperazin€5 -deriva€D&nll | €Sshe

powder: np 220 5 03 (Merr]). Anal . Calcd for
c:[err]H[err]|\|[%rg'rrli£§“gé‘il ‘f‘;"#l?’\@ﬁgﬁ’%%'“ﬁg 52. 55, H_142 N 19.72: O
3.75; S. 15.023-Bi4 Bvomolpmmzl Tmethgl} Hh,2, 4-thipdiamoled445-ab, 2. 67
S, 14.61; Bg, bggnggmdgzole I n a siml a[ hmannelr by repl aci ng
cyanogen er i owi.ng

conpounds are rirgg%'qﬁ w&glﬁggm rhg C%BZ 411;‘51ad%‘5'20lzg 1H2) -

3-chl oroi m daz@&}f 3928} - 2H2, zﬂ&j‘)l.aoﬁeﬁ%l (abr S. 4H, 2CHy), 2.70 (s, 4H,
Exanpl e 30
benzi m dazol e 15 To a solution of 3-nethylt hio- , 4-t'hi adi azol o
[ 4, 5- a] benzi mi #8Ebt e 7-8900(d:nytH, OREE) . nfpP8) (d:n 1HQ Aﬁii) ; m p. 108-

di chl or onetdhaneips. added m chl oroperbenzoic acid (287 ng, 0.95

The mxture was stirred at room tenperature and the

nmol e) .

2841 hes| so (f 2m Salhhyhsebf eayl 18, 2aduy hlﬁduazai Ol 5- 2]

starting material was converted to 20 the sulfoxide after a few hours; it
was then furthadr{[4- (xdwizexyetsyl hpipera oiny Hmeshyld -f, 2The sol vent was

t hen

15

20

30

35

thiadiazolo [4,S5-albenzimidazole
lH-NMR (CDC13)8 2.55 (M, 6H, 2CH; of piperazine, CH,),
2.70 {(m, 4H, 2CH2), 3.61 (m, 2H, CHZ), 3.99 (s, 2H, CH2),

7.32 (t, 1H, AxH}, 7.45 (t, 1H, AxH), 7.78 (4, 1H, ArH)},
7.91 (d, 1H, AxH}; wm.p. 165-166.5°C.

3-{ [4-phenylpiperazinyllmethyl}-1,2,4~thiadiazolo[4,5-a]
benzimidazole

1g-NMR(CDC13) 8 2.80 (m, 4H, 2CHy), 3.20 (m, 4H, 2CH,),
4.00 (s, 2H, CH2), €.90 (m, 3H, AxH), 7.25 (t, 4H, ArH),

7.50 (t, 1H, ArH), 7.80 (4, 1H, ArH), 8.00 (d, 1H, ArH);
m.p. 197-197.5 °C.

3-{[4- (¢-amino)phenylpiperazinyllmethyl}-1,2,4-
thiadiazolo [4,5-albenzimidazole

1H-NMR (CDC13)8 2.82 (m, 4 H, 2 CHp), 3.00 {m, 4H, 2CHp),
3.31 (s, 2H, NHp), 4.01 (s, 2H, CHp), 6.63 (d, 2H, ArH),

6.78 (4, 2H, ArH), 7.32 {t, 1H, ArH), 7.45 ({(t,1H, ArH),
7.80 (d, 1H, ArH), 7.98 (d, 1H, ArH); m.p. 199.5-200.5°C.

3-{[4-benzylpiperazinyllmethyl}-1,2,4-thiadiazolo(4,5-a]
benzimidazole

lg-NMR (CDC1l3)8 2.50 (br.s, 4H, 2CH;), 2.68 (br.s, A4H,
2CH,), 3.49 (s. 2H, CH,), 3.98 (S, 2h, chb2), 7.30 (t, 6H,



.evaporated and the residue purified by chromatography usi ng chl orof orm

nmet hanol 10:0.1 as the eluent to yield 50 ng (44% of

3-net hyl sul fonyl -1, 2, 4-t hi adi azol o[ 4,5-a] 25 benzim dazole as white solid:
smp 203-207C (dec); [err]H NWR (ChCl[err])[err] 8.31 (d,1H), 7.84 .

(d, 1H), 7.54 wi@dgesH), 7.43 (td, 1H), 3.63 (s, 3H pprCT/ICOTEDT?) ;
1530, 1487, 1444, 1324, 1315, 1193, 114%, 1141, 735 cnferr], M5 mz 253
(Merr]), . 174 (l\/[err] CHerr]SOerr]), 148 (l\/[err] -
CH[err]SQerr]CN) Synt hesi s

3-[ 4- (2Jﬁ99udyafﬁuﬂéwaéﬁhyﬁrﬂ)1 7-39 14, %Hraarﬁkola 94 (d, 1H,
[4,5 al benzi m dazah® ; m.p. 120.5-12F%c. a cooled solution of
3-brono-1, 2-4- 35 thiadi azolo [4, 5-a] benzi m dazole (0.30 g, 1.17 nmol) in

10 i of di chl oronet hane, iyl‘l dyl pi per azine_ (0.54 nm, . 3.51 mmol)
was added dr opwi s%{éﬁdcﬂﬁ@aw et el Imekdy ) -1, 2, 4 -thjpdiazpiegs, 5-
PCT/ CA97/ 00133 a} benzn.mldazole - 66 - to stir for 16

h. TH ti lsut f t d
tashed w th varer GG oHECElig POl i, et flE 9158 %Orﬁﬁeaggeaﬁp c
| ayer was dri% 4ov(§3r i LFFHZS?UI 328 afftt hpdritled 2 (@ alFel 5

hexan) Lo yi ol d a“mLI ‘f‘.de‘z’ém%’ 30 Z”?;%’%ap“ (““?‘HNNR‘*F“% i

(CDO [err])[err] ¥ &Hf e » FE3 (% 2B, FeHlerMp. 162g 75
(m 2H, pyr- Hp, 1'5.33’@: (t, 1H, ArH) 7.44 (t, 1H, ArH), 7.55 (m
1H, pyr-H, 7.68 (d, 1H, ArH) 7.79 (d, 10 1H ArH) 8.24 (m 1H,

pyr-H)y, mp. 176-177.5[err sim|lar manner ,

by replacing 32{f4- <2p9¥ra9¥3plw%rﬂ%mmﬁtsﬁb-lp?p%rtgﬁ%azolo
derivatives, the {4 S~ hd)bbnmmgdmnmunds wer e nade: 15

3-[ 4-et hyl pi i 4
R SRR S e
.70 (br. Hpepro £ 4I1¥'1 2@ er®Y3- H’? 0%-3 It

ArH), 7.45 (t, 2H, ArH), 7.80 (d, 1H, ArH); 7.98 {4, 1iH,
pyr-H), 8.18 (m, 1H, pyr-H); m.p. 214-214.5°C.

3-{4~(3~amino-2-pyridyl)piperazinylimethyl}-1,2,4-

20 thiadiazolol[4,5-albenzimidazole
13-NMR (CDC13)8 2.82 (br.s, 4H, 2 CHp), 3.17 (br.s, 4H,
2CHy), 3.79 (s, 2H, NHp), 4.07 (s, 1H, CHy), 6.84 (m, 1H,

pyx-H), 6.94 (m, 1 H, pyr-H), 7.30 {m, 1H, ArH), 7.50 (m,
1H, ArxH), 7.79 (m, 2H, pyr-H, ArH), 8.0 (d, 1H, ArH);
25 m.p. 214-215.5°C,

3-{[4- {¢-methoxyphenyl) piperazinyllmethyl}-11,2,4-

thiadiazolo[4,5-a)benzimidazole

1H-NMR (CDC13)8 2.80 (m, 4H, 2CHp), 3.10 {m, 4H, 2 CH,),
30 3.80 (s, 3H, OCH3), 4.10 (s, 2H, CHy), 6.80 (m, 4H, ArH),

7.30 (t, 1H, ArH), 7.50 (t, 1H, ArH), 7.80 (d, 1 H, ArH),
8.00 (d, 1H, ArH); m.p. 202-204.5°C.

3-{[4-(1- (4-chlorophenyl) -1-phenylmethyl)piperazinyl}
- 35 methyl)}-1,2,4-thiadiazolo{4,5-albenzimidazole



.20 1 H ArH), 7.40 (m 1H, ArH), 7.65 (d, 1H, ArH), 7.79 (d, 1lh, ArH);
m p. 153-154. 5C. 3-[ 4-propyl pi perazinyl]-1, 2, 4-thi adi azol o[ 4, 5- a]
benzi m dazole 25 1H-NWR (CDCl[err]) [err] 0.96 (t,3H, CHerr]), 1.58
i(m 2H, CHerr]), 2.45 (t, 2H, CHerr]), 2.74 (br. s, 4H 2CHerr]),
3.49 (br. swdlersseH, 2CHerr]), 7.26 (t, 1H, ArH), 7.30 (berrtkbrodidd) . 7. 64
(d, 1H AH, 7.77 (d, 1H ArH; mp,,137-138C. 30 3- [4-

(2- hydroxyet hyl ) pi perazinyl] -1, 2,4-thi agl azolo [4, 5- a)

benzi m dazol e err] H NWR err]) [err] 2.65 (s, IH OH), 2.72 (t,
2H, CHerr]) 2.18’41\&““2 ‘%?Clahﬁ écﬁ eh?xj )8, 3H512( £HLA1, 2268( ébr};s 34H) 2t

2H Crlerr]) 7cHp), 3.60 (WA o HEmy], 48. 68, (33Handr by 7766009, 4dHm H)

7.80 35 (d, 1H, ArH)r mg 160- 161. 5[err] WO 97/ 31893
PCT/ CA97/ 00137 10H, ATH), 7.50 (t, iH, ArH), 7.79 (dg71H, ArH),37.p1. (d,
(3-chl or ophenylipi, p&r#2i; npl p- 182 84Ra.hi adi azol o [4, 5-a] benzi m dazol e

[err]H-NVR ¢CDCl [err])[err] 3.37 (m 6H 3CH2), 3.54 (m 4H, 2CHerr]),
6.88 (d, 1H, ArH), 7.04 (dd, 1 H ArH), 7.10 br.s, 1H 5 ArH), 7.29 (t,
1H, ArH), 7.41 (t, 1H, ArH), 7.50 (t, le 35 ArH), 7.78 (d, 1H, ArH),
7.82 (d, 1H, ASMbth&Bhs bf835&19:0p?19mfﬁdﬂ6ﬂﬂ§1-1,2,4—thiadiazolo[4,5-

3-[ 4-benzyl pi p th| adi azol o[ 4,5-a] 10 benzi m dazol e
[err]H- NMR ( errH‘ferZT (br , 4H, 2CH2), 3.49 (br.s 4H,

>CH err]), 3.66 (s, lmréflra")ln87 (906%. BY, £nf7 GRNOIY Hyas FAdeW to (d,
1H, ArH), 7078a(dsuk§enéibb ot p. 3lﬁﬁbﬁdﬁbﬁﬂywldlﬁ 4- tﬁﬁad1azolo[4 5-a]

3-[ 4- | hj,ad i
ok CCR SRl 16 bt oS
3.51 (s, 4H BPEHrer r'%e HLHEAKS IS Jrﬁftlwtleq)m%aen rqem fHemperature

for 26 h. The material was diluted with dichloromethane
{100 mL), and washed with water (3 x 40 mL) and 10%
15 sodium sulfate solution {15 mlL). The organic layer was
dried over magnesium sulfate and evaporated to give a
solid which was recrystallized from acetonitrile (370 mg,
69% yield). IlH-NMR (CDCl3) & 0.82 (t, 6H, 2CH;), 1.50
(m, 4H, 2CHp), 2.60 (m, 4H, 2CH;), 4.11 (s, 2H, CHp),

20 7.31 (t, 1H, ArH), 7.44 (t, 1H, ArH), 7.78 (d, 1H, ArH),
8.03 (d, 1H, ArH); m.p. 70-5-72.5°C.

In a similar manner, by replacing dipropylamine
with other amine derivatives, the following compounds
25 were made:
3-dimethylaminomethyl-1,2,4-thiadiazolof4,5-
albenzimidazole
H-NMR (CDC13)8 2.41 (s, 6H, 2 CH3), 3.90 (s, 2H, CH,),

7.32 (t, 1H, ArH), 7.44 {(t, 1H, ArH), 7.76 (d, 1H, ArH),
30 7.99 (4, 1H, ArH); m.p. 134-135.5°C.

3-diethylaminomethyl-1,2,4-thiadiazolo[4,5-

albenzimidazole

1H- NMR (CDCly) & 1.07 (t, 6H, 2CH3), 2.73 (q, 4H, 2
35 CHy), 4.08 (s, 2H, CHp), 7.30 (m, 1H, ArH), 7.43 {(m, 1H,



CH), 7.23 - 7.46 (m 7H, ArH), 7.65 (d, 1 H ArM, 7.79 20 (d, 1H ArH);

m p. 120-121.5[err]C 3-14-(3-am no-2- pyridyl) pi perazinylll, 2, 4-
t hi adi azol o [ 4, 5-a] benzi m dazol e 1H- NVR (CDCl3)[err] 3.42 (m 4H,

. 2CH err]), 3.55 (m 4H, 2 CHerr]), 25 3.88 (s, 2H, NHerr]), 6.92 (dd,
J=4.74 HZ, TwWeth¥tseslH, pyr- H4), 7.02 (dd, J = 1.57 PeT/ICKIT®OIAz, 1H,
pyr-H3), 7.30 (d, 1H, ArH, 7.44 (ds3.1, ArH), 7.76 (apparent br.
t, 2H, ArH), 7.86 (dd, J = 1.57 Hz, 4.78 Hz, 1H, pyr-H); m p.

176-177.5[err] C._ 30
3-[ 4- (1- (4- chl or®¥gHenyV)71- ﬁﬁenﬂ%tw))'pl 569%12|(ﬁy| ]1H ArH); m.p. 109-

1,2, 4thladlazolni(xlg'a’lca.lbenmmdazole [err]R-NMR (CDC [err]) [err]
2.68(br.s, 4H, 2CHerr]), 3.49 (br.s, 4H, 2CH err]), 4.35 (s, 1H, CH),
7.2-7.5 11H, Ar d, 35 1H Ar 1H ArH); mp.
172.5-172?2rr](:3 d;gutylammmémgypg&ggeé Ii?:.adlazolgcéé - H P

PCT/ CA97/ 00137 a)benzimidazole - 68 -

Exarpl e 32 HPIRES! Pepdl ;) 83 d BPYEd Ve oL, 21 424 Nl 4 aﬁol %ﬁ?i al
benzi m dasol e cool e 3.1 i on rorm -

5 t hi adi azol of 4,543 b@hzu‘#ﬁ'da?z&“e)(é -89 . 1“1'7 Ha)) 4-05s,
di chl or omet hane, 5 2yam nopyg | diRg (G %EG @, §H93Ar%{) rrvfob); was gﬁdegrm ,

dropwi se and the m xtur'e was _al | owe or 48 The reaction
m xture wad di | B e vidn HporrH) n‘E%f 7d3c7ﬁ"1 ér(?mst hane and washed with
water (2 x 3@ nL) 10 and then brine (1 x 25 nL). The organic layer was
dried over IRy '{-}!{Bﬁ%bfnéi:ﬁ vENd oY ananatkedake168iixesa yel | ow sol i d
(0.26 g, 83% [err|H CD(fl[err )[err] 6. 59 (apparent 5 1 H,
pyr-H), 7.12 (a ®1H, pyr-H), 7.28 (t, 1H, ArH), 7.38 (t,
1H, ArH), 7.51 (TH-NMR mnm&)pyz &, (W, AH,13 %),I H,.'7Ar Hjn, 8H282( §Hz1H,
pyr-H: mp. 155 3d5¢sersuC cn,) 7.33 (¢, 1H, ArH), 7.45 (t, 1H, ArxH),

15 7.80 (4, 1H, AxH), 7.91 (4, 1 H, ArH); m.p. 145-147°C.

3-(imidazolylmethyl)1,2,4-thiadiazolo[4,5-albenzimidazole
iy, NMR (CDC13)8 6.35 (s, 2H, CHp), 7.48 (t, 1H, ArH),
7.54 (t, 1H, ArH), 7.72 (4, 1H, ArH), 7.84 (m, 2H, ArH,

20 Imd-H), 8.14 {(d, 1H, ArH), 8.12 (d, 1H, ArH); wm.p. 226-
227 °C.

3-(1,2,4-triazolylmethyl)-1,2,4~thiadiazolol4,5-a)
benzimidazole

25 lH-NMR (CDC13)8 6.26 (s, 2H, CHy), 7.39 (t, 1H, ArH),
7.50 (t, 1H,, ArH), 7.80 {4, 1H, ArH), 8.04 (4, 1H, ArH),
8.10 (s, 1H, H of triazole), 8.83 (s, 1 H, H of
triazole); wm.p. 204.5-206°C.

30 Example 36
Synthesis of 3- (2-pyrazinyl)-1,2,4~thiadiazolo{4,5~al
benzimidazole
. A mixture of 2-butyl-1,2,4-thiadiazolo[4,5-a ]

benzimidazole-3 (2H) -one {300 mg, 1.213 mmol) and
35 pyrazinecarbonitrile (319 mg, 3.03 wmmol) in 8 mL of
dicloromethane was stirred at room temperature for 36 hr.



.In a simlar manner, by repl aci ng 2- am nopyridine with other
am ne derivatives, the foll ow ng conpounds were made: 20
3-(3-pyridyl am nol -1, 2, 4-t hi adi azol o(4, 5-al benzi m dazol e [ err] H NVR
*(CDCl[err])[err] 7.41 (t, 1H, ArH, 7.48 (t, 1, ArH), 7.62 (dd, ILH,
pyr-H), 7. 7wdebstss8H ArH) , 8.34 (d, |H, ArH), 8.44 (mpcPiaaspemast)
9.02 (d,IH pyr-H; mp. 175- 176C. 25 94 . 3-[2-pyridyl nmet hyl am no] - 1,
2, 4-t hi adi azol o[ 4, 5- a] benzirn'dazole [err]H-NMR (CDCl[err])[err]
2.02 (s, 1H, N 4. 84 2H 22-7.56 I\/l 4H, 2ArH & 2 r-H)
7 75 (m 2H ArfPR 30Pr%§/jr9%5éte7 88" d, {%teﬁreﬁ) (HRshefy  Rit:

155. 5-d6dikerdn@thane to give 0.28 g (91%) of 3-{2-pyrazinyl) -
3 [N‘ met hyl - (2- pys 'Mﬁmmqgﬁsla?bénéﬂﬁﬂgﬂ@ 0k ¥ whitdl so1ig;

benzi m dazol e 3p
PCT/ CA97/ 00137 ~* NMR (cocf3) %6 (£, 1H, A¥Ro 7.50 (£ iy AW .

(CDCl[err])[errt.e8. 14, 8, &Hﬂ)m[se%b] )(d 3 18, Abm) 2He Elﬁ[ab&]h 2m,_3- 87,
9t, 2H, CH err] 7.40

(t. 1H ArH), 7‘)’%2‘2"(()% Sf’H]K ;‘#HFDPY#EQ ’25(5d25%H5 ReH), 7.74 (ll\/l d,

ArH), 8.41 (d, 1H, pyr-H; 5 mp. 105-107C

Exampl e 33 Synt hesi s of 3- brmtehqu 1, 2, 4-t hi adi azol o[ 4, 5-a]
10 beni zi m daso % s& 39 23

2-butyl -1, 2, 4- t HRIHEEAS o[ 4°8. 4 BTV BipsFazinvigarhonyl-23. 49,

60. 65 rrrmW) thintliazolorldnSastbenzinidaxzole (18. 19 g, 151. 6 mol )
I n di chl oromet hane (150 nmL) was stirred for 48 h. A white 15

precipitate was forned alldlt_gg soiélble ol i.d WA 155 g

ony J.ml azole 2.19 mmol)
was added to a solution of 2~carboxy-1,2,4-
thiadiazolo[4,5-a] benzimidazole (0.3 g, 1.37 wmwmol) in

15 DMF (10 wlL). The resulting solution was stirred at 40°C
for 2 h. The reaction mixture gradually changed from a
white suspension into a yellow soclution. N-(2-
pyridyl)piperazine (0.268 g, 1.64 wmol) was added to the
reaction mixture. The resulting mixture was stirred at

20 40°C for 3 h, and cooled. The material was diluted with
dicloromethane (100 mlL) wad washed with 1N HC1 (40 mlL),
and then 5% NaOH (60 mL). The organic layer was dried
over magnesium sulfate and evaporated to give the title
compound as a solid (0.2 g, 40% yield).

25 _
lg-NMR (CDCl3) 8 3.63 (m, 2 H, CHp), 3.79 (m, 2H, CHy),
4.05 (m, 4 H, 2CH;), 6.70 (m, 2H, pyr-H}), 7.30 (t, 1H,
ArH), 7.40-7.60 {m, 2H, ArH and pyr-H), 7.80 (d4, 1H,
ArH}, 8.00 (d, 1 H, ArH), 8.23 {m, 1H, pyr-H); m.p. 222-

30 223.5°C,.

In a similar manner, by replacing 4- (2-pyridyl)
piperazine with other amine derivatives, the following
compounds were made:

3s
3-{4- (benzyl)piperazinylcarbonyl}-1,2,4-thiadiazolo[4,5-
a] benzimidazole



filtered to give 12.50 g (77% of the title conpound: [err]H NVR

" (cpcil3)[err] 4.79 (s, 2H, CHerr]), 7.42 (t, 1H ArH, 7.51 (t, 1H,
ArH, 7.84 (d, 1H ArH, 7. 94 (d, 1H, ArH); np 242-244[err]C. 20

. Exanpl e 34 Synt hesi s of 3-{[ 4- et hyl pi perazinyl ] met hyl }-1, 2, 4-
t hi adi a- zol ofgg, @E:i%genm m dazol e 1- Et hyl pi per peT/oa9%@13732 ni ,
6. 03 mml) was 2 added to a suspens;son of 3-brononet hyl -1, 2, 4-

t hi adi azol.ot4,5-a] benzim dazole (704 ng, 2.62 mol) in
dichloronethane%o m). The mxture was |left stirring

t enperature for MR GFRCImAL & 2217206l didBut &d CH2) » \M3t'ﬁ°d|(§hl 3?‘1@n§ﬁ2&me
(150 ni), and weshed .t hrjaten,(157301 nt) and Zrine (.4% n),. 1HTh@.rmganl c
| ayer was dried over sodi um sul fate and evaporated to gl ve a soI

whi ch was r it AHedAFEbm 3c?8 offt1 i e DO HnP- 733 @%y?%’rtﬁ
[err]H—NIVR (ChCl[err])[err] 1.06 (t, 3H, CHerr]), 2.39 (q, 2H CH[err])

731 (t, in Am‘}m"%&ﬁ‘%hm%ﬁ?gi\iﬁ?{lé%%@?ae“ B eyt iy

ArH); mp. 140- WD 97/ 31893

PCT/ CA97/ 00137 11{ NMR (cnc13)8 2.37 (s, 3H, CH3}702.51 (t, 2H, cs;z), I'n
a simlar MRANG ., Db, £ A9 (el om, cBLDYIBLBRAeZi 0f, i) D

p| per azi ne der?vat i ves ol 176w ng co?rpounds weré ima

3-{[ 4- pr opyl pi per &4 n(yi,] Iiﬂ,hgslrm 1,2, ZlBt bt adithz xdt)[,4,7588] (d5 beHzl m:H(azoI e

err] H NVMR r r 9 t, 3H CHerr]), 1.51 m 2H,
[CH[e]rr]) {ogD%Q%r (]d) &k ]Cﬁ?g?r])( 2 50 (br.[s, 11?4 ZCH[err](), 2.70 (s,

4H, 2CH err]), 3. 99 (s 2H, CHerr]), 7.32 (t, 1H, ArH), 7.45 (t, 1H,
ArH, 7.80 (d, 1H ArH), 7.95 (d, liBxafplie; 381 p. 108- 10 110[err]C.
3'{[4 (2- hydr oxyghitrekRisPer & Nyld @By 1pigefazinyl )i, 204328 iQd1azo10
[4,5-a] benzim daIZO|5e-a]benzimidazole
15 A mixture of potassium carbonate (700 mg, 5.06
mmol), butyl bromide {(0.43 mL, 0.4 mmol}, 3-piperazinjr1-
1,2,4-thiadiazolo{4,5-albenzimidazole (798 mg, 3.07 wmmol)
in THF (15 mL) and DMSO {2 wlL) was refluxed for 16 h.
The solution was evaporated to dryness, the residue
20 partitioned between dichloromethane and water. The
organic layer was washed five times with water, dried
over sodium sulfate and evaporated to give an oil. This
oil was mixed with acetonitrile, an insoluble solid was
formed which was filtered (595 mg). The solid was
25 purified by chromatography to give the title compound
which was recrystallized from hexane (5:95) (440 mg,
41%) .

lg-NMR (CDC13)8 0.95 (t, 3H, CH3), 1.30 (m, 2H, CHy),
30 1.50 (m, 2 H, CHy), 2.40 {(t, 2H, CHy), 2.7 (m, 4H, 2CH,),
3.5 (m, 4H, 2CHy), 7.3 (t, 1H, ArH), 7.4 (t, 1H, ArH),

7.65 (d, 1H, ArH), 7.8 {(d, 1H, ArH); m.p. 121-122.5°C,

Example 39
35 Synthesis of 2-mercapto-5- (tert-butoxycarbonyl)amino-
benzimidazole



_[err]HHNVR (CDCl[err])[err] 2.55 (M 6H, 2CH err] of piperazine,

CHerr]), 15 2.70 (m 4H, 2CHerr]), 3.61 (m 2H, CHerr]), 3.99 (s, 2H,

CHerr]), 7.32 (t, 1H ArH), 7.45 (t, 1H ArH), 7.78 (d, 1H, ArH),

7.91 (d, 1H, ArH; mp. 165-166.5C

3-{[ 4- phenwy@opsigeszi nyl ] net hyl } -1, 2, 4-t hi adi azol o[ 4, 5-a] %rmmﬁazol e

[err]HHNMR(CDCl [err]) [err] 2.80 (m 4H,,2CH err]), 3.20 (m 4H,

2CH err]), 4.00 (s, 2H, CHerr]), 6.90 (m 3H, ArH), 7.25 (t, 4H ArH),

7.50 (t, ‘1H, ArH), 7.80 (d, 1H ArH), 8.00 (d, 1H, ArH); mp. 197-197.5

[err]C. 25 Ag-[(4- (4ﬂamméstp1¢@nquﬁ p@r—mrﬁyp]:ﬁeﬁhyit;rqb@mmdazole

th gd'cﬁ[m' 0]§4(563d0b§r'2l5m1da’230|:ﬁuol) &ﬁriﬁwwﬁ%%&er(ahb[gr,rllé &al(En 4
err , err S

oH, CHerr]). o) #nié%’ﬁ’zﬁ)iﬁ S'%L) &% "%a‘ejr NELAL “'f[ ‘](’%1“"1‘-“190 ArH)

7.45 (t,1H ArFjen, coniceem(a&edlﬁﬂAr(H)z pLDgwag, af&#d Angpwigey in ca.

%9?[2 ﬁOO S?Grli Gnin. The hrTsultlng dark brown Em.xture was refluxed I
enzyl pi o) i.m dazol e
35  1H NVR ch%[is% %%Hg%é)f’ h Ztée’ik#&gj(ﬁa—f 18 ?Cé %]“88“ ‘gﬁﬂé E%

2CH err]), 3. 4@1% azsanFetﬁ:?)soél% Psca:zlppna;tmazyolwtmx(tcp BH, 7.0.

WO 97/ 31893 The mixture was diluted w1th EtOH (50 mLHCT/s%:%ﬁQQl%Kth

id o A G B el (et A0 (700 ()

Ar H) c nnaryl pi per a
met hyl }-1, 8 4- ‘ﬁﬁ%df’%ﬁol Ypghed wdty] E@@ﬁz.(.:ﬁ d‘az’gﬂ% mL) . mhﬁmombmed
(CDC1[ er I’] ) erfiltkatle waB ddhcert@HRA Jin? valrud Mo HMEcrCH &I Id) of a

Car ke oy A oy o, ZMorrRbEE L dge o (prddl ndfl petle save g
1H, ArH), 7. ggm(a mg}:papg;cp.bs amﬁnfgabengggudazole (6.74 g, 80%) as a
light brown solid. 1H-NMR (DMSO)&: 4.98 (br. s, 2H),

15 6.40-6.43 (m, 2H, Ar-H), 6.81-6.85 (4, J=9.0Hz, 1H, Ar-

H), 12.06 (br. s, 1H). 13c-NMR (DMS0)&: 165.9 (CS),

144.9, 133.4, 123.6, 109.8, 94.4 IR (KBr, cm~1): 3362,

3295, 3173, 1637, 1622, 1507.

26 B. A solution of 2-mercapto-5-aminobenzimidazole
(22.0 g, 133.2 mmol) and di-tert-butyldicarbonate (30.52
g, 139.86 mmol) in anhydrous THF (200 wL) was stirred at
room temperature for 16 h under a blanket of nitrogen.

25 THF was removed by evaporation under reduced
pressure and the residue was crystallized from
acetonitrile to afford the title compound (28.7 g, 80%)
as a light yellow solid. 1H-NMR (DMSO)3: 1.50 (s, 9H),
7.00 (d, J=8.6 Hz, 1H, Ar-H), 7.11 (dd, J=8.6 and 1.8 Hz

30 1H, Ar-H), 7.53 (s, 1H, Ar-H), 9.41 (br.s, 1H), 12.41
{br.s, 2H). 13c-NMR (DMSO}d: 167.9 {CS), 152.9 (C=0),
134.9, 134.9, 132.5, 127.5, 113.3, 108.3, 98.5, 79.0 (C-
0), 28.2 IR (KBr, cm"l): 3300, 3127, 1724, 1706, 1623,
1530. M.p. 217.1-217.7°cC. Elemental BAnalysis calc

35 {found) %, C 54.32 (54.32); H 5.70 {(5.71) and N 15.84
{15.85) .



10 163[err] C

4- (4- et hoxyphenS7I3) [
t hi adi azol of 4, 5§é]—t$gﬁ£r=n¥uﬁe=ar@rb°nv[lé
4H, 2CHerr]}, 3,204¢thidéthiazoXd By, 5-a]beNziRid@8zébe 3H, OCHerr]),

3-([4-(2-pyridyl)piperazinyl]nethyl)-1, 2, 4-thiadiazolo
[ 4, 5-a] benzi m dazol e [err]HHNMR (CDC1l3))[err] 2.80 (m 4H, 2CHerr])
3.60 (m 4H, 2CHerr), 15 4.00 (s, 2H, CHerr]), 6.60 (m 2H, pyr-H),

Za&%%%g%?%g%{%é%ﬁ%ﬁéﬁa?f%?g!ﬁ:5~a]benzimidazole and

ARipORRR e %93 AkbydEe- (m

, '2H, CH , 6.80 4H, , 7.30 (t, 1H._ .50 1H,
o i H, Ar(nh,) égr%osil&fr’iﬁ, Aﬂ%—l); mljp.“é %%?§%4§5fée%$§ C
3-{[ 4- (| - (4- chl bHEPKERFTIONY bh AR FRRIRAYHFELEE fY-485 9, 43.12 mmol)
rret?yl)-/lb(z),lgl-?t Hnadi-agdledled, 5@l BNz piedRéated to 100 WO RFE3LIAERd n-
PCT/ CA97

ArH) -,

(CoCl[err])[err] .
CH err]), 3.189 mixtpre @gserthen shemred a

7.80 (d,

ArH), 7.50 (t,

82- 84C.

5

15

25

30

35

PSRBT B i 178 b3 via pyriggdR The

tdo18dHEo %otth (thmpbdatAick) and Filuted withlbhexdind) ; (20@.
ml) . The solid was collé@gggﬂﬁ}:%hction filtration and
dried under vacuum to afford 1-butylcarbonyl-Z-mercapto-
5~ {tert-butoxycarbonyl)amino-benzimidazole (14.19 g,

95%). 1H-NMR (DMSO) &: 0.94 (t, J= 7.2 Hz, 3H), 1.20-
1.60 (m, 4H, 2CH,), 1.51 (s, O9H), 3.37-3.43 (m, 2H,

CHyN), 7.19-7.23 {dd, J=9.0 and 1.9 Hz, 1H, Ar-H), 7.64
(s, 1H), 7.96 {4, J=9.0 Hz, 1H, Ar-H), 9.59 (s, 1H),
10.22 (t, J=5.4 Hz, 1H, NHCH,). Elemental Analysis calc
{(found %: C 56.0 (55.8); H 6.6 (5.7) and N 15.4 (15.3).

B. A slurry of i1-butylcarbamoyl-2-mexrcapto-5-
{tert-butoxycarbonyl)aminobenzimidazole (12.90¢ g. 34.50
mmol) in chloroform (50 mL) was cooled to -5°C and
triethylamine ({%.% wmL, 70.79 mmol) was added in one
portion. The resulting clear solution was stirred at ca.
0°C for 45 win., then bromine (1.82 mL, 35.4 mmol) in
chloroform (40 mL) was added dropwise over ca. 1.5 h.

After stirring for a further 15 min at ¢ °C,
the mixture was allowed to warm to room temperature then
diluted with chloroform (1.25 L). The organic phase was
washed with brine (2 x 100 mkL), dried over sodium
sulfate, filtered and concentrated in vacuo. The residue
was slurried in methanol (100 wmL) and filtered. The off-
white solid was collected and dried under wvacuum to
afford the title compounds as a mixture in ca. 85/15
ratio {by 1H-NMR).

4.10

. 7.31 (t, 1H, ArH), 7.45 (t, 2H, ArH), 7.80 (d, 1H, ArH); 7.98 (d, 1H,
pyr-H), 8. 18woWyaiges PYr-H); mp. 214-214.5C PCT/CA97/00137
3-{4-(3-am no-2-pyridyl)pi perazinyl Jmethyl y51,2,4- 20
t hi adi azol.o[ 4, 5-a] benzi m dazol e [err]HNVMR (CDCl[err])8 2.82 (br.s,
4H, 2 CHerr]), 3.17 (br.s, 4H, ZCH[err]l 3.79 (s, 2H, NHerr]),
4.07 (s, 1H CHerr]), 6.84 (m 1H  Exp®Ple)405 94 (m 1 H pyr-H), 7.30
(m 1HH) ArH), 7syathesis ofli!-Atirt-bitddycgrhordtl) aminoH2 -Butfl -3 Soko- (d,
1H, ArH); 25 m

H14Br}507 “50-fomol -,  then jon



.Synt hesi s of 3-di propyl am nonet hyl -1, 2, 4-t hi adi azol o[ 4, 5- aj
benzi m dazol e D propylamne (0.64 nL, 4.67 mmol) was added
to 10 a suspension of 3-brononethyl-1,2,4-thiadiazol o 4, 5-a]

-benzi m dazole (0.5 g, 1.87 mmol) in dichloronmethane (40 m.). The

m Xture waswgddsifdsi rring at roomtenperature for 26 hpefdBgodmisnri al
was diluted with dichl oronet hane (1Q0,4L), and washed with water (3 x

40 ML) and 10% 15 sodiumsulfate solution (15 nL). The organic |ayer was
dried over magnesi um sul fate and evaporated to give a solid which was
recrystallized fromacetonitrile (370 nyg, 69% yi el d) . [err]H—NIVR

(CDd [err]) [err] 0.82 (thebprogskl me] ieétié&) obta:(tf&d% ~ e2. 60

4H, 2CH 1 A | t 44 t,
(13 AH), i ?éfgg'ef‘l%ﬁ j"’ﬁ‘f‘f\) néibe [e” 1?5%?%‘“'%1 BE o5 P%a"asc i |
In a simlar Proﬂ?tilép?%&:wfg qgrﬁ”ﬁ?wpéﬁﬂﬁeto theyi 2 hiasteans .ani ne

derivativess t@chel! awi:ndacRmpoumeso)2%: WarLe NeJeI=7.2 Hz, 3H), 1.36-
3- di met hyl am namashyly, 102648t s adiidz )4, 3-.53 (sal 3&?8%”@3 o4 £
S,

err] H NMR er errl,.,2.4 err H, err
732 (11 1H AP Pl M*gﬁ&; e MY SN e SRS
ArH); mp. 1343185758z, 1H, p&-@kl)ethyle@m(ra)rremws-hﬂ,&ﬁhlﬁsz%Hol-f)[ 5-
a] benzi m dazol 15 S;EBQLer&}% [err] 1.07 (t, 6H 2CHerr

2.73 (q, 4H 3535 Clt%er ), d H CHerr]), 7.30 (m 1H ArH),
7.43 (m 1R0 WD 97/ 31893

PCT/ CA97/ 00137 Isomer 2 : lH-NMR (DMSO) §: 0.95 (t, 73=7. 2 Hz, ), 1667 (d,
1H, ArH), 8. 041 69, (yH, At n@pzn,l cn ), 14055 efd | Csn), 1.65-1.73

3-di but yl th 1 t | | b d
[erlr] Ilfl-mlvgm( [e%irq])Fé?f] % %:1]36127% g‘ILSI gcﬁ[g gf) egél rzn%u;l%ho e?—i,nzdﬂf'err] ),
J=8.7 Hz, 1H, Ar-H}, 7.63 (4, J=8.6 Hz, 1H, Ar-H), 8.34
15 (s, 1H, Ar-H), 9.60 (s, 1H).

Example 41
Synthesis of 5t*amino- [3-(2-pyridyl)]-1,2,4-thiadiazolo
20 [4,5-albenzimidazole and 6'-amino-[3-{(2-pyridyl))-1,2,4-
thiadiazolo[4,5-albenzimidazole
A. To a slurry of products from Example 40, part B
{1.0 g, 2.76 mmol) in chloxoform (5.0 mL) was added 2-
cyanopyridine (0.575 g, 5.52 mmol) in one portion. The
25 resulting mixture was refluxed for 5 h, then stirred at
room temperature for 16 h.
Chlorcform was removed under reduced pressure
and the residue was slurried with diethyl ether (10 mL)
and filtered. The off-white golid was collected and
30 dried under wvacuum. Thus, 0.68 g (67%) of S'-(tert-
butoxycar-bonyl)amino- [3- (2-pyridyl)1-1,2,4~-thiadiazolo
(4,5~a] benzimidazole and 6'-~{tert-butoxycarbonyl)amino-
[3-(2-pyridyl)]-1,2,4-thiadiazolo[4,5-albenzimidazole in
ca. 1l:1 ratio were obtained.
35 la-NMR (CDC13) 3: 1.56 (s, 9H), 6.67 ({(br.s. 1H, NH),

7.23-7.32 (m, 1H, py-H), 7.54-6.60 (m, 1H, Ar-H), 7.66-
7.69 (d, J=8.7 Hz, 0.5H, Ar-H), 7.79 (4, J=1.9 Hz, 0.5 H,



1.43 (m 41, 2 CHerr]) 2.65 (m 4H, 2CHerr]) 4.10 (S, 2H CHerr]),

7.27 (t, 1H ArH), 7.45 (t, 1H ArH), 7.78 (d, 1H ArH), 8.02 (d, 1H,
ArH); mp. 72-72.5C 10 3- (nor phol i nonmet hyl ) -1, 2, 4-t hi adi azol o[ 4, 5-

a) benzi m dazol e [err]H-NMR (CDCl[err])[err] 2.66 (m 4H, 2 CHerr]),
3.71 (m 4H1w3f?‘[tﬁfr]) 3.99 (s, 2H, CHerr]) 7.33 (t,pcarcavambis7 7. 45
(t, 1H, ArH) 7.80 (d, 1H ArH), 7.91 ¢d,.1 HArH; mp. 145-147C

3- (imdazolylmethyl) 1,2, 4-thiadiazolo (4,5-a] benzi m'dazole

[err]H, NI\/R(CDCl[err])[err] 6.35 (s, 2H, Cgl&er;a]'}? 7.48 (t, 1H, ArH

7.54 (t, 1H, A|AH)'H)7 72 93¢d . 9BH (tar =8 - P 2HPY APH @0281%3%4)(“18 14
(d, 1H, ArH) 11.12 (;sgr Ii) &), (), oG Hz, 823 [BrrA£H), 8.86-8.89

it ke S e i,

7.50 (t, 1H, , AHd). 07588, (By-HH ang H)- 208 bx.8; 9 8.10 (s,
1H, H of grlazole) 8.83 (s, 1 H H of trlazole) m p.
204.:5-206[err] C a n s
of 3-(2-pyr azPﬁyI) 1, 2, il ts%ugﬁ?'afgl otb[e4 %o ouriah rgﬂr?%l%% 1'I‘S‘a"sxérﬁpef

A mixture of 2-Wdtylpars M- (hiddbaz@-JR4 W)] in abéﬁ%Pﬁ?-%z@lfeiE{lzmnone
(300 ng, 1. %k3u (POkL) weRe 2birP¥aaatnesskbosipétditurd M 40 h3. 03
mol) N 8, O e di 6l GUONEENARS RS o el HUadPM LEHPELRLYfe T
PCT/ CA97/ 001187 wmaterials were removed in vaccup. TheThresigueciyas at e

\(Agi% 1(‘) ;lg ezgd s}%&éledV\ﬁﬁhealetlﬁrl htettl:lhgrdiﬁﬂﬂoﬂf@m’@i'ﬁai&at%f&ig\ataea 2%;@
white solid: = Eitde %ﬂz“ﬂﬁ’/ﬁ“?%oéf[‘é‘ﬁ ?%gﬁﬁo giéz‘“’ftaﬁaihgafxgr ('6)79%5 St
1H, ArH), 96. 6%) in ca. a 1:1 m:r.xture of isomers (by HPLC: 20 mM
ammonium acetate/acetonitrile 80/20; <C18 column). IR
15 {KBr, cm~1): 3419, 1611, 1551, 1527. Elemental Analysis:
calc. (found) %: C41.5 (41.0}); H 3.2 (3.5) and N 18.6

{18.3).

Example 42

20 Synthesis of 1,2,4-thiadiazolo[4,5-ajbenzinmidazol-3-yl-L-

leucyl isomylamide.
Potassium carbonate (544 mg, 3.94 mmol}) was
added to a solution of L-leucyl isoamylamide (0.788 g,
3.94 mmol) and 3-bromo-1,2,4-thiadiazolo{4,5-
25 albenzimidazole (1.0 g, 3.94 mmol} in THF {15 mL). The
mixture was stirred at room temperature for 16 h and
then refluxed for a further 8 h. The solvent was
evaporated to dryness and the residue was partitioned
between ethyl acetate (125 mL) and water (15 mL). The
30 organic phase was washed with brine (10 mL}, dried over
sodium sulfate and evaporated to give a solid which was

further purified by column chromatography (10% MeOH:
CHCl3) to give the title compound (715 mg).

35 1lH-NMR (CDCl;) 8 0.92 (d, 6H, 2CH3), 0.82-1.10 (44, 6H,
N 2CH3), 1.40-1.52 {m, 2H), 1.54-1.78 (m, 2H), 1.80-2.00
(m, 2H, CHp), 3.34-3.45 (m, 2H, CHoNH), 4.48-4.58 (m, 1H,



5 7.83 (d, IH ArH, 867 (d 1H AH, 887 (br.d, 2H py-H, 9.59

(s, 1H, py-H); nmp 255-256.5[err]C Exanpl e 37
Synt hesi s of 4- (2-pyridyl) pi perazi nyl carbonyl -1, 2,4- 10 thiadiazolo
-[ 4, 5-a] benzi m dazol e 1, 1- Car bonyl di i m dazole (0.355 ¢,

2.19 mol) woeitess  added to a solution of 2- CREPRAYYd01Y, 4-
t hi adi azol o[ 4, 5-a] benzimdazole (0.3 g,501..37 mmol) in 15 DWW (10 ni).

The resul-ting solution was stirred at 40C for 2 h. The reaction
m xture graduall ged froma whi_te suspensmn into a _yellow
sol uti on. %f oF ﬁeu)pyrqtﬁﬁ )b‘fpepaérﬁ Eo. 268 HEEDs nfof§ Was

added to the g=g gaqtg O xXigew), 770e (@suiﬁl ng_ﬁn 4ty5e WQ,SH§t| P ad at

20 40[err]C for_3 apdgc ue
di cl or onet hane { ’Ooﬁrﬂ_)g ngghe&rw?ﬁh 1N% d(m%&h ! 9 é’lﬁd BRef! 506
NaOH (60 L). T7H# didgadle Pafel Hms AriHd over magnesium sul fate and

evapor at ed tso didte NMre t(ld;jcq )6 e9apOUNfod ey ,SOlligh (0. 2(cg,s)40%lgbe|4d) 25
[ err] H NVR (CDCI[err]) gerr 3 69 (m 2 H, CH[err]) 3.79 (m "2H CHérr]),
4.05 (m 4 H 2&5-&r]327 r701%‘¥n5:2|—p-2-‘py3rr H}1971r301(‘9 2,1H55 4 (A:HHFQ).
7.40-7.60 (m 4aH7,AsHd, ar,\dapyrz Hs.d, 8.« d23lb, 22.4H2.8.00 (d, 1 H

ArH), 8.23 2- 5 I
sirlr;?lar manglglr ﬁ{j re%l aci ng (% py3r$ ylf%%ﬁ [%?Bé]r gg_?l) Wt ot her ami Rea

derivatives, tH’éPf -0l YWy ° wepBajygeés: 36ale. (found) %; C
3-{4- (benzyie) pigaenazi{syl.gay bony’v}zi &z lbst)hl adhazoboffsde3). Q)
benzi m dazol e WO 97/ 31893
PCT/ CA97/ 00137 - 75 -
Example 43

Synthesis of {1,2,4-thiadiazolo[4,5-albenzimidazol-3-yl}-
carbonyl-L-leucyl igoamylamide
15 1,1-Carbonyldimidazole (1.30 g, 8.03 mmol) was
added to a suspension of 3-carboxy-1,2,4-thiadiazolo4,5-
al] benzimidazole (1.10 g, 5.02 mmol) in DMF (30 mL). The
mixture was heated at 45 °C for 2 h at which time the
mixture turned into a yellow solution. The solution was
20 cooled to 0 °C, leucyl isocamylamide (1.21 g, 6.02 wmmol)
and DMF (5 mL) were added and the resulting mixture was
stirred for 16 h at R.T. The mixture wad diluted with
ether (400 mL), and the ethereal layer washed with 0.5 M
HCl (25 mL), water (3 x 25 mL}, and brine (925 wmL). The
25 ethereal 1layer was dried over sodium sulfate, and
evaporated to give a solid (1.77 g} which was further
purified by column chromatography to give 1.33 g of the
desired material.
1H-NMR (CDCl3)8 0.90 (d, 6H, J=6.5 Hz, 2CH3), 1.05 (dd,
30 6H, 20H3), 1.38-1.48 (m, 2H), 1.54-1.68 {m, 1B}, 1.72-
1.85 {m, 3H), 3.22-3.38 (m, 2H, CH5NH), 4.62-4.78 (m, 1H,
CHCO), 6.30 (t, 1H, NH), 7.32 (t, 1H, J=7.3 Hz, Ar-H)},
7.45 (¢, 1H, J-7.4 Hz, Ar-H), 7.75 (d, 1H, J=8.0 Hz, Ar-
H), 7.93 (4, 1H, J=8.4 Hz, Ar-H), 8.73 (4, 1H, J=8.3 Hz,
35 NH).



[err]HNWR (CDCl [err]) [err] 2.72 (m 4H, 2 CHerr]), 3.60 (s, 2H,

"CHerr]), 3.92 (m 4H, 2CHerr]), 7.31 (t, 7H, ArH), 7.46 (t, 1H ArH),
7.80 (d, 1H, ArH), 7.98 (d, 1H, ArH); mp. 230-5-231.5C 5

.3-{4- et hyl pi perazi nyl carbonyl }-1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol e
[err]H NVR (% g§1)[err] 2.37 (s, 3M CHerr]), 2.51 (dcrCAdro0137
CHerr]), ) ﬁ?t, 2H, CHerr]), 3.90 (& 2H, CHerr]), 3.96 (t, 2H,
CHerr]), . 7.33 (t, 1H ArH), 7.73 (t, 11=| ArH), 7.80 (d, 1 H ArH), 10

7.98 (d, IH ArH), Exanpl e 38 Synt hesi s
of 3- (4- buty:_Qp‘JF‘ﬁeNHBi KEPFL3 N, 2,170 t&hi ERCEIol 364.4 [(48%, albBr%i M- BRzD] e
15 A mxtu f Ssi ar e 0 5. ,
butyl brom de ( &gé L 18‘%(4% %@ & ngfiam %Q% P, Me.3? B2.6 (EHEO),

1, 2, 4- t hi adi azol 6@445 éfb%nzi"?n?j-az"éi é‘ (?989rrg2 39072l )22-1- in THF (15

m_) and DVSO (2 oR) (KBS, rem-tuxedfom (M)h. 1651 (deoksoligaan was evapor at ed
to dryness, tge Meﬁl d£§4 ?67@@rt|t|oned bet ween di chl or onet hane and

wat er. The ganrc Tayer was washed five tines with water, dried
over sodium sulfate and evaporated to give an oil. This oil was m xed
with acetonitrile, an insoluble solid was formed which was filtered
(595 np). The solid was 25 purified by chromatography to give the
title conpound whi ch was recrystal | F5e®Rk¢ A hexane (5:95) (440 ny,
419 . [ err Birnbh@lig GEE § -cmiing-S-mptho®p-1 (2 ,4-3hiadiaenie), 1.30 |Im
2H, CH err]) 4,230 1. 50 (m ) 4 7

aH 2cHerr]). %l m'm%hﬂ e e% "’a% gré%ar&?‘H Ar d"]“# 4g°é:té’@m
AN, 7. 65 Pgocedpre, pf Iz, 29 ede rAPFl) alm,p Chewy BeX 5[ ok

Exanpl e 39 35 Symsheeysnaminde (Emrg;apBo:JSSmmélérira@Lﬁ@d@;&ammw Jecard no-
benzim dazole  gojution of HC1 (5.77 g) in methanol (100 mlL). The
resulting mixture was stirred at room temperature for 3
15 days. The residue was evaporated under reduced pressure
to give methylisourea hydrochloride ({15.16 g). Sodium
hypochlorite solution (0.76%9 M, 1 49 mL) was added
dropwise to a solution of methylisourea hydrochloride
(12.63 g, 0.114 mol) in water (75 wmL) at 0 °C over 30
20 min. After 1.5 h, the solution was saturated with sodium
chloride and extracted with ether (3 x 700 mL). The
combined ethereal layer was dried over sodium sulfate and
evaporated to give N-chloromethylisourea (10.26 g, B83%
yield). XSCN (9.19 g, 94.5 mmol) was added to a solution
25 of N-chloromethylisourea (10.26 g. 94.5 mmol) in methanol
(200 mL). After 16 h, the insoluble residue was filtered
and further washed with methancl. The combined filtrate
was evaporated to give a solid which was purified by
column chromatography (elution g r adient: 5 to 7% MeOH:
30 CHClj). The isolated solid was recrystallized from

toluene to give the title compound {(3.14 g).

Example 45
35 Synthesis of 5-{3-methoxy-1,2,4-thiadiazolyl}carbamoyl-
isoleucyl isoamylamide



. WD 97/ 31893 PCT/ CA97/ 00137

- 76 - A A mxture of 2-nmercapto-5-nitrobenzi mdazole
(10.0 g, 5 1.23 nmol) and iron fillings (8.0 g, 143.24 mol ) in ethanol
(80 nL) and water (10 nmlL) was refluxed. Then, concentrated HO (1.2 nl)
was added ¢ l&? inca. 5 12 mn. The resul ting dar gcBayspeid7xt ure
was refluxe or a further 1.5 h then.cooled in ice and neutralized
with a saturated sodi um bi carbonate solution to pH 7.0. The m xture was
diluted with EtOH (50 nmL), slurried with celite (0.82 g) and filtered

over a bed of celite. ®he 1@oluikenwas ofiashel-ahiro-metl®xy-108, At) .

The conbi ned th:.afdlézfcﬁke Wwa® @nonerw &ﬁtﬁﬁ)' Niry oo (9o axiltprdag adaeal a

i ght brown solid. , ﬁstalllz tlot yat er %a\iga

2- mer capt o- 5- & I FEER, | hPdd o8IV %°‘3’4 3m BRI -837 gfﬁ' bPoRA

sol i d. [ er r IhchINR FRVBOIHromil etlgglandme L. 0BH)g, 1&.3%. m@ek). 48t (A5 2H,

/]A.\g-Cl_DNi\/RG (SDJ;NE 5 (aﬁhd J‘lﬁ%@mreékﬂtl mlxtt‘ﬂ}:e %aBOGSt%Q%‘ed Sat('j 15)3084 4 1R
- err

(KBr, cni err]) ture %3595? %?173 1%%‘7‘?“ .2‘1‘ % mide = 5

solution of &J& &a.ptbrﬁ?-— mﬂdbenﬂzldﬂ@émbaethanezma ok 1@3526@;13&) and

di-tert-butyl C&Fé&l’ bﬁ"ai@n( 30a%2er 2 Gh, 138 BGoiw@niy #é‘s aBnDMQ{VQ&'SuKBEr( 200
m) was stirr

om t enperat ur'e for 16 un nket of
ni trogen. §e£1ced pres‘?ﬁl‘—:eWa ng FRG ot ai%’(ﬁ”ﬁ‘le %dgFo‘PEdzégﬂ
pressure 1andul) the Theesuatwa':.aﬁaswascrvg&sﬂwld i with dmmnlum acalldateril e

Egrf}‘fHorN S/R t ?e ddit tdcgfgommd £28mt.) 1ax1&019r1ne ags@ hbght yehd owrgahaé
(dd, J=8.6 aﬁ'c\ﬁﬁ)% drrlﬁg /&F"‘% 59‘1‘5%‘“ E’s‘&gf"ﬂa RP%—&)“’"?%*E“(%FQ‘E

12. 41 (br .giste 249 011 mh;NVRwaeDWB@)-Fee@] by16Pigmn( @S)romﬂsgggapl(lz-c»
134.9, 134.9, (13325%5 Mek7 . 5, CHUB;)3,td 09i8e ©e 5tigbe Ocdripound (F6928g2 IR
(KBr, cnie r]) 3300 d§127’ 1724, 1706, 1623, 1530. Mp.

217. 1- 217 ]rﬂ’f‘C Ilenmental Analysis <calc 35 (found) %, C 54.32

(54.32); H 5 730; ~-NMR ATPCand N 05884(d, J£€5B3jz, 6H, 2CH3), 0.93 (dd,
6H, 2CH3), 1.34 (m, 2H), 1.53-1.73 (m, 4H, CH; of leu,

CH, of iscamyl), 3.17-3.33 (m, 2H, CHyNH), 4.10 (s, 3H,
OCH3), 6.58 (t, J=5.4 Hz, 1H, NHCHz), 6.70 (4, J=8.6 Hz,

20 1H, NHCH), 12.60 (br.s, 1H, NHCO}.

13c.NMR (CDCly & 178.1 ({C-OCH3), 171.7 (CH-C=0), 166.0
(C-8), 1 5 3.9 (N-CO-N), 56.6 (CH30), 52.7 (CH-CO), 41.9,

38.2, 38.0, 2 5.8, 2 4.7, 22.8, 22.4, 22.3, 22.2. IR
25 (KBr, cm~1l): 3359 (NH), 1701 (C=0), 1680, 1645, 1 554.
M.p. 169~172°C.

Example 46
Synthesis of 5-{benzyloxycarbonyl-L-phenylalanyl-~L-
30 alaniamido}-3-methoxy-1,2,4-thiadiazole
EDCI (300 mg, 1.62 mmol) was added to a
solution of HOBt (131 mg, 0.97 mmol) and carbobenzyloxy-
L-phenylalanyl-L-alanine (300 wmwg, 0.81 mmol) in DMF (2
mL) at 0 °C. After 25 win., S-amino~3-methoxy-1,2,4-
35 thiadiazole (140 mg, 1.05 mmol) was added and the -
solution was stirred at rxoom temperature for 2 days. The
material was evaporated to dryness and extracted with
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T- 77 - Exanpl e 40 Synt hesi s of
5- (tert-butoxycarbonyl)am no- 2- butyl - 3- oxo-
2, 3-di hydro-1, 2, 4-t hi adi azol o-[ 4, 5- al benzi m dazol e and .

- (tert-but Quy f.ﬁjr?%nyl ) am no- 2- but yl - 3- ox0- 2, 3-di hydro- 5pCTICA97/00137
1 2, 4-thi adi azo 5-a] benzi m dazol e ) To a slurry
of 2-mer capto-5-(tert- but oxycar bonyl”) ami nobenzi mi dazol e (11.46 g,
43. 19 mmol) in o-xylene (50 nlL) pre-heated to 100 [err] C was added n-
butyl isocyanat eetfyB atet#e 79 Fhel prgrpicylayege. wasTHried owext wasdinmgs
then heated at 145145k [ e4hd C EQipdrdrdl tHEN give CORhEdOLD I GBHth was
tenperature and ghishfhapdgheddex ey (#20u: cddl,) The Spldih wes oRll et ed
by suction filtration and dri ed under vacuumzio afford
1- but yl car bonyl - gokid caprerial. 5The epelishwag Carssdey PawifdeBe®yi abdakol e
(14.19 g, 45 l@ﬁé@ cmpcmangth( DSBOMePBr -] CHQCY4) (o give. 30Hmg ),
1.20- 1.60 én% 2CH er 1.5 (s, 9H), 3.37-3.43 (m 2H,
CH2N), 7.19-7. 23RgdL o ‘9 Hz, 1H Ar-R), 7.64 (s, 1H), 7.96
(d, J=9.0 Hz, I—FHNMIH)(MeC@)SQ A.#2 ¥A), 3H, CHE) 222(80-2095 AAdz, 1Hd, CHy
NHCH err]). E e&@ﬂ%ﬁé) Angl.ysis. £a Qaao 1(faqura;d:2%of.<: e )0, ($598) (sH 6u6
(5.7) and N 15. cé ‘5% sl _ur \é 8
1- but yI car banoy| 391)e'r c4ap4(% 1H'(té’?‘tcﬂo&foi’§? ar b8nyP) 4 ndBenzirdgfol e
(12.90 g. 3410 ala) mH .05 |(|s,anoroCE§)m 15@-7.20 Was 188pl Axi-HX 0
-5[err]C and triethylamne (9.9 nL, 70.79 mmpl) was added in one
25 portion. The resulting clear solution was stirred at ca. Oferr]C
for 45 nin., thetP iR ndMEODBY H77.35. (Camp)) i H74-4 dEPer ot % @ ( 4GOM.)
was added dr opvv' $69 oyer(csa 1158“3 (co 138.2, &\E‘BGI’L studlmg hew .a,

further 15 mn I e_wa Iowe tor
t enperature theaizg J d‘%gd h{norggér?d (%%5 éH %ase was
washed with bYi néCIQCZH:«x) A0 - ﬁL)(CHdM e&%v%r(%dﬁﬁurrﬁ 25 ‘Ffﬁ:a‘t:%) f| I ter ed and

concentrated in vacuo. The residue was slurried in nmethanol (100 ni) and
filtered. The off- 35 white solid was collected and dried under vacuumto
afford the title conpounds as a m xture in ca. 85/15 rati o (by
[err] H NWR). Example 47

Synthesis of N-[3- (4-methyl-piperazinyl-yl) - (1,2,4]

20 thiadiazol-5-yl]-N-phenyl-benzamidine.
5-Cyanimino-4,5-dihydro-3, 4-diphenyl-1,2,4-

diphenyl-1,2,4-thiadiazole was prepared according to the
procedure of H. Sonnenschein et al., Liebigs Ann. Chem.,
1992, 287-28%9. 1-Methylpiperazine (0.152 ml, 1.375 mmol)

25 was added to a solution of 5-cyanimino-4,5-dihydro-3,4-
diphenyl-1,2,4~-thiadiazole {153 mg, 0.55 mmol) in dioxane
{3 ml). The mixture was stirred at room temperature for
3 days. TLC {35% EtOAc : hexane} indicated reaction
completion. A white solid was formed which was filtered

30 and then recrystallized from dichloromethane : hexane
{(1:9). This gave 97 mg of the titled compound which was

further purified by column chromatography (10% MeOH

CH,Cls) .

H~-NMR (CDCl3) : 2.3 (s, 3H, OMe), 2.4 (m, 4 H, 2CH3), 3.5
35 {m, 4H, 2CH2}, 7.15-7.25 {m, 10H, ArH), 8.51 (s, iH, NH).

M.p. = 152.5-152.7°C.
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- 78 - The proton NVR spectra obtained by heating the
sanpl es were hel pful in the assignnent of the peaks in the aromatic
.region corresponding to the 2 isoners. 5 Isoner 1 : [err]H NVR (DMSO
[err]: O0.95wd9mismsé. 2 Hz, 3H), 1.36- 1.43 (q, J=6.8 HzpcPidastdoi=rr]N),
1.53 (S, 3H), 1.65-1.73 (m 2H, CHerrgy .. 3.73-3.78 (t, J=6.8 Hz, 2H,
CHerr], -N), 7.38 (d, J=8.7 Hz, 1H, Ar-H), 7.80 (d, J=8.6 Hz, 1H,
Ar-H), 7.98 (s, 1H, Ar-H, 9. 53( 1H) 10 | somer 2 : [err]H—NI\/R

(DVBO) [err]: 0.95 (t, J=7.2 Hz, 3H), Mxaxple 4B 1 43 (q J=7.4 Hz, 2H,
CH err] CH err] )Acil 584t 149 ofl . Hindthbiky-3 - [(#rm@thofhf 25 ]dimetnid~3-78

(U 35,5 1 g obenda 9% (8 g eoglinbyte g S asdudin O

J=8.6 Hz,
Exanpl e 41 synt hesi s TO ofXaBing| fEid 3§Fz~b|5§'1l§lﬂyl 9f- 1the 4 qamtdensdol o
20 [4, 5- al Benztovgsaral, e tiendonpound was| dic2opyeddih) b khiAidum volume

t hi adi azol o] 4, l Renzd d%ﬂ;{ oduct s _from
Exanpl e 40, pa%@B rﬁh eréhe7 rém]fgmgn Sc%l%&r%'(??xo %SA)%der%{) a2 &dded
2- cyanopyridiate § 1-5"-7’53%; of bydrpghioric oAtifdort |®HE TaBpoend ewakt i ng
m xture was refﬂcumaj thootbeb vieryt Beabséi ifiescid and waOMASRIING alevboetey 16

h. G or S FSoV, u re ce ressure and the
resi due was, sl & ed W t%r"?ng ‘Jl[ th%?j QL%%?.) 2 °§ IFEPEE2 % ne
of f-white Mol i WSRFRZOE) ectB fa’i‘ﬁj 3pth %FFl eBaRder uvéemmxt Templete. 68 ¢
(6799 of 5'-(tdecfomposition in a few minutes under the above

but oxycar - bO“Y'&ogﬂé_'%g_ ng (2 Eyﬁ'gy'fﬁ%%c%l [.Jlet kﬁ&diwﬁazt%\%s aré4%sgpg.)cz.or

benzi m dazol e ut okycar
[ 3- (2- pyri dyl ) )&eL, Oﬂe?r@ﬁpéal afolf0 d[ifesilalt éﬁ%. ﬁraaeepe agpnt incgeidiq
rati o were obt aiedddim BecaleertiheNMze (ERBiketin] acié@rr]: 1.56 (s, 9H),

6.67 (br.ss 1H, NH), 7.23-7.32 (m 1H, py-H), 7.54-6.60 (m 1H,
Ar-H), 7.66- 7.69 (d, J=8.7 Hz, 0.5H, Ar-I—g, 7.79 (d, J=1.9 Hz, 0.5 H,
Example 4
Reaction of 3-[{4-methoxy-3,5~dimethyl-2-pyridyl)

oxomethyl] -1,2,4-thiadiazolo{4,5~albenzimidazole with 3-
mercaptopropionic acid.

20 To a suspension of 250 mg of 3-[(4-methoxy-3,5-
dimethyl-2-pyridyl)oxomethyl]l-1,2,4-thiadiazolo 4,5~
albenzimidazole in 125 wlh methanol and 38 miL 0.1 M
hydrochloric acid was added 161 uL of 3-mexcaptopropionic
acid. After complete degradation of the starting

25 material, the mixture was neutralized to pH 6 with
aqueous sodium bicarbonate and extracted with ethyl
acetate. The ethyl acetate was dried on anhydrous
magnesium sulfate and evaporated. The crude material was
purified by chromatography to give 93 mg of 2-imino-2-(2-

30 mercapto-l-benzimidazolyl)-1-{4-methoxy~-3,5-dimethyl-2-
pyridyl) ethanone, 65 mg of 2-mercaptobenzimidazole and
61 mg of methyl 2-(4-wethoxy-3,5-dimethyl-2-pyridyl)-2-
oxoacetate. 2-Imino-2-(2-mercapto-l-benzimidazolyl)-1-
{4-methoxy-3,5-dimethyl-2-pyridyl) ethanone: 1 NMR

35 (CDC13)5 10.55 {br s, 1H, NH or SH}, 10.35 {(br s, 1H, NH
or SH), 8.10 (d, 1H, J = 7 Hz, ArH), 7.80 (s, 1H, H6 of
pyridyl), 7.35 - 7.20 {(m, 2H, 2 X ArH), 7.10 (4, 1H, J =
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- 79 - Ar-H), 7.93-7.98 (t, J=8.0 Hz, 1H py-H), 8.28-8.32 (m

1H, py-H), 8.64 (d, J=9.0 Hz, 0.5 H Ar-H), 8.86-8.89 (dd, J=4.8 and
0.9 Hz, 0.5 H py-H), 8.98 (br.d, J=4.8 Hz, 0.5 H py-H) and 9.20.(br.
s, 0.5 H. $yoomibs A slurry of the conmpounds obtai remrcan74Bi3NpI €
41, part A (1.0 g, 2.72 mol) in a solutionHf HCL in MeCOH (25 nlL) were
stirred at. roomtenperature for 4.5 h. A further 25 nL of HCL in MeOR

was added, and vglatjle 10__. materj.al e ve L n, vacgguo. The
resi due was stu Fi eé’f{ﬁ’d%ét"ﬁylcssét \tg%{' a?n%l%rs?'l tga?gforssaf %gl:']d@d"%g f
title compounds 2sl% hder I3HghtAx@H)ovppaCl ZFBI t{EBE). 30 3262, 16816%L635.ca.

a 1:1 mxture of_ lsone by C. vl a I u t acetegnitrile
80/ 20; C18 coIJt‘J}?r%)'. ii?ée 1%5%& ,lgg?r[er:"r?]7)2f 380 TEOUA " ﬁ%,gﬁ‘w?.w
El ement al Anal ysfglectrospgay) (fB(ad) 39¢: CMHS (41, 0)%9Y 3.(MH(3. 5) add N
}-8.264 " ((258.53) lmer4captobenzi.mildazolele) . Z-Wt@bﬁaﬁzaﬁidﬁ?alégﬁ thef
, 2, 4-t hi adi azol g - i 70l - 3-yl L=, . C ani de.
Pot assi um car bon"é%teé%%%ﬁ%yg#%g %9“)%’ \%\%érfuca]édgo‘iejoa/ l{ oi‘%q{s%tthcl SRBe
L-1 eucyl isoany|Bisehagest 78eop, AldrighgfhemicpdpiCP. by aff NMR, IR and
%lt;r ?Tg r1T1_)2 4- tTEi-miJ azol omérhyl1 25 23{@&@3&1&%:95edizﬂeﬂu@-ﬁ-p@%iraml))gi-ﬂ

: e m,xt.ur st t.room, t erature fo
and then re ?J%(ceec]:a‘%&dr ?%tﬁgﬁ%h&‘ 8'%%e (séoﬁ\%nt&%s £'£ ](s'
evapor ated t¥ dr3fes8CEnk: t heBT eés dudHnaQCHak ¢ i 2i ©heds, 3HpeAXEHp) et Byl
acetate (125 nl)(&ndsmat arcEELSpph) . IR Th@ex30 : orpen) cipbdseiwes, Wasbad
wi th brine (10 m_g, dried over sodi um sul fate and evagorated to give a
solid which was 31¢yri382, k396 dd20y A8PE4rm7¢Rr sMat ogMaphyz( 284 BOH*
CHCl[err]) to giWe t¥es tiMH e cogpeundii&/ 1®'my) coM85 -[ep] H NVR (CDO [err])

[err] 0.92 (d, 6H, 2CHerr]), 0.92-1.10 (dd, 6H, 2CH3), 1.40-1.52 (m
2H), 1.54-1.78 (m 2H), 1.80-2.00 (m 2H CHerr]), 3.34-3.45 (m 2H,
CH2NH), 4.48154.58 (m | H, Example 50

Reaction of 3-{dimethylamino)-1,2,4-thiadiazoclo([4,5-a]
benzimidazole with phenethyl mercaptan.

To a solution of 23 mg of 3-(dimethylamino)-

1,2,4-thiadiazolo[4,5-albenzimidazole in 10 mL of

20 methanol was added 360 ul. of phenethyl wercaptan. After

1 min, the reaction is complete. The solvent was

evaporated and the crude material was purified by

chromatography to give 15 mg of N1, ,N!-dimethyl-2-

mercapto-1i-benzimidazolylamidine: 1H NMR (DMSO-dg)8é 7.3-

25 7.0 (m, 4H, 4 X ArH), 3.35 (br s, 2H, NH, SH), 2.88 (s,
6H, 2 X NCH3) ppm; IR (KBr) : 3210, 1641, 1475, 1452,

1407, 1319 cm™l; MS m/z 220 (M+), 150 (M* - Me,NC=NH).

30 Example 51
Reaction of 3-bromo-1,2,4-thiadiazolo[4,5-albenzimidazole
with phenethyl mercaptan.
To a suspension of 500 mg of 3-bromo-1,2,4-
thiadiazolo([4,5-albenzimidazole in S0 ml, methanol was
- 35 added 730 pL of phenethyl mercaptan. The solid rapidly
dissolves. After completion of the reaction, the solvent



WO 97/ 31893 PCT/ CA97/ 00137

"- 80 - a-CH of leu), 6.56 (t, J=5.6 Hz, 1H, NHCH err]), 6.60 (d,
J=8.3 Hz, 1H, NHCH), 7.15 (t, 1H, J=7.4 Hz, Ar-H), 7.34 {t, 1H, J=8.2
Hz, Ar-H), 7.64 (d, IH J=8.2 Hz, Ar-H), 7.77 (d, 1H, J=8.1 Hz, Ar-H),
5 13C NWR who@Gidegrr])[err] 172.5 (COCH), 164.4 (c-Spercaormorsy 150.4
145.0, 127.8, 124.5, 121.3, 119.1, 110.2, g85.4 (CHCO , 41.7, 38.4,
38.2, 25.8, 24.9, 23.0, 22.4, 22.1. IEQ(thlnfiIm cm1l): 3241 (NH),
1660 (C=0), 1574. Mp. 105-107 [err]C. Elenental Analysis: Calc.

(found) % C 10asgEvVERorstedoprnd Hhe 2regidps punyfigd; by( throgptography

Exagpl eI 4E | tSy@thSIZS)GOing{b,f 2- mért:apa&ﬁ%&fﬂﬁmgia%uaeaékgbﬁ%ﬂxéiyg%-

car pony euaq) (0] opy | VA .
ﬂnﬁqﬁlgg ?ajﬁ 85 (br s (],)Lg &y bopyLdi m dazole  {-

g, 8.03 mml) was suspe
3-carboxy-1, 2, 4—t}h|mﬂﬂthpm£ 4;[5 (KBr) a): lww miadpag| e14519,101;g;3,5.923mml)

in DMF (30 gL) 75£hgm-1 ﬂ%({k}‘é%'}’?s(mat ggoat( 45 [&W]C for 2 h at which

time the m xture turned 1nto a eIIowsqutlon The sol ution was 20
cooled to O [err]C, leucyl isoanmylamde (1.21 g, 6.02 nmol) and DMF (5
m.) were added and the resulting m xt Bk&mpé 52 sStirred for 16 h at R T.

The m xture wa d with et her d,t her e

washed with 0. g‘ﬁnbw’gm (25, wat & 4?‘%‘{3’2! gy 4 Qﬁé‘%%ﬁ%f?b@m)
The 25 et her eaflbapeinidazoie afl thy phengthyh mexreantan and evaporated to
give a solig (1.77 g) wieha walutibherof 2Ppumid i o by-metbsRy-1,2,4-

(DA fer ) ?FZ?F}*%Q-‘%S %?%ﬁa?fbg"%?m%daﬁgff'eéf??ﬁ%? a"ae%k% 2
2CH err]), 1.38d¢d4375( L 1f phempthylsgnerqapte). 1A179er 1 mings thy 3H),
3.22-3.38 (m 2é|ac€irlbﬁrli]sNH)qmp4eGB 4. 78hd Mnefhlyl 2-meCtbfdo-L-Bbhzii- 1H,

4711l pibbpdedesltps i, soghelbh oo b B8 el
J=8.3 Hz, 35 hpbroduct of the reaction: —dg) 5 13. 45 {(br s,
1H, SH or NH), 9.8 (s, 1H, NH or SH), 7.7 (4, 1H, J = 8
Hz, AYxH}, 7.35 - 7.2 (m, 3H, 3 X ArH), 3.95 (s, 3H, OCH3)
ppm; IR (KBr) : 3437, 3095, 1679, 1450, 1440, 1376, 1193,
735 em™1; MS m/z = 207 (M*), 150 (M* - MeOC=NH).
20
Example 53
Reaction of 3-(oxophenylmethyl)-1,2,4-thiadiazolo[4,5-a]
benzimidazole with phenethyl mercaptan
To a suspengion of 26 mg of 3-
25 {oxophenylmethyl)-1,2,4-thiadiazolol4,5-albenzimidazole
in 10 mL methanol was added 31 pL of phenethyl mercaptan.
It was found that the substrate undergoes complete
conversion to 2-mercaptobenzimidazole by comparing with
an authentic sample of 2-mercaptobenzimidazole purchased
30 from Aldrich Chemical Co.
Example 54
Reaction of 3-[hydroxy(4-methoxy-3,5-dimethyl-2-pyridyl)
methyl]-1,2,4-thiadiazolo[4,5-albenzimidazole with
phenethyl mercaptan.
35 To a suspension of 25 mg of 3-[hydroxy(4-
methoxy-3,5-dimethyl-2-pyridyl)methyl] -1,2,4-
thiadiazolo(4,5~albenzimidazole in 10 wlh methanol was
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- 81 - [err]C-NMR (CDCl [err]) 170.8 (COCH), 164.4 (CS), 155.4,

150. 5, 144.1, 129.4, 125.8, 122,2, 119.1, 116.3, 52.6 (CHCO, 41. 4,

38.3, 38.2, 25.8, 24.9, 22.9, 22.4, 22.1. IR (KBr, cnferr]: 3295 (NH),

1651 (C=0), Ynddrages Mp. 164- 167[err] C PCT/CA97/00137

Exanpl e 44 Synt heai s of 5-am no- 3-net hqﬁy-_l, 2, 4-thi adi azol e 10

This materijal was prepared according to the procedure of J. _

Goeredeler et al., Chem Ber., 1955, 88, 843. Cyanamide (5.77 g, 13.78

mol ) was added adfided y259 aL of shendtdiylofmeygaptes.7Atg)was feuhdndhat( 100

m). The regell tbﬁﬁsﬂi-dﬁé”euﬂaédééééreéoﬁéléﬂwm EGHRREF S K € f:@r 3-15

days. The residue was eva Qrate n £ reduced PRI essur ‘%
f%z‘ig Jo ik et W‘ffg‘ocrﬁnor i% h§6’lt&ﬁ on

met hyl i sour ea hyHBFotaR
(0.769 M 1 49 ns3nwies caﬁopaduercap@tpbpwzsezd@—%plmsmn@ws@fd rfaoy [A1simicha

hydrochl ori des chdwiz83 . 0.114 nol) in water (75 nmL) at O [err]C over 30

20 nin. After 1.5 h, the solution was saturated with sodi um chl ori de
and extracted with ether (3 x 700 niL). The conbi ned et hereal |ayer -
was dried over sodium sul fate and Exarplet 88 to give

N-chl g(rjogez hy|i3ﬁh[diﬂ.dn10-526f ®f 83% 3- [%(gehdi:h rﬁmzlél%sl&&nygé-i @ng ,
was added to a s 0 nme i, sous ea in
net hanol O'%‘#L‘% ﬁ%fer 12%{{*];' g’eﬁﬁé%%' ?e&dﬁé%ﬂa H%’Fé‘Fggga

and further Wash&t‘%ﬂﬂﬂmt hanol . The conbi ned f| ltrate was evapor at ed
to give a solid which was purified by coI um1 chromatography (elution g

: 0 ;
ecryotailized from . Heomehgbeablon of fif me i Sty 1pbegyL)
Exanpl e 45 35 Synifieenild -1eR. 45t¥3ammM152alb€hzmiwlﬁ)ear Fethopl-
methanol was added 313 ulL. of phenethyl mercaptan. It was

15 found that the substrate undergoes complete conversion to
2-mercaptobenzimidazole by comparing with an authentic

sample of 2-mercaptobenzimidazole purchased from Aldrich

Chemical Co.

20 Example 56
Reaction of 5-amino-3-methoxy-1,2,4-thiadiazole with

Phenethyl mercaptan
To a solution of 250 mg of S5-amino-3-methoxy-
1,2,4~thiadiazole in 10 mlL methanol was added 1.3 mL of
2s phenethyl wmercaptan. After completion of the reaction,
the solvent was evaporated. The crude material was
purified by chromatography to give 236 wmg of 3-
carbamoylisourea. The structure of the compound was
confirmed by X-ray crystallography:
30
1 NMR (CDC13)8 10 (br s, 1H, NH), 6.55 (br d, 2H, NHy),
5.55 (br s, 1H, NH), 3.75 (s, 3H, OCH3) ppm {in solution,
the compound may exist in the 1i-thiocarbamoylisocurea
tautomeric form to give 1 NH, and 2 NH in the NMR
35 spectrum)}; IR (KBr) 3420, 3282, 3266, 3169, 1626, 1601,
1519, 1465, 1411, 1380, 1098 cm'l; MS m/z 133 (MY), 117
(Mt - NH,), 100 (M* - SH).
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sol ution of 5- am no- 3- net hoxy- 1, 2, 4- t hi adi azole (1.0 g, 7.67
mmol) in THF (20 nL) was added dropwi se to a solution of triphosgene
(0.837 0, 2wilornrgesmol ) and dipropyl ethylamne (1.08 g, Bepeaddorsy at 15
5 Jerr]C and the resulting mxture stirred at room
tenperature for 1 hr. A solution of |eucyl-isoanylamn de (1.53 g, 7.62
mol ) in dichloromethane (15 nlL) was added over 15 mn. After 2 h, the
sol vent was renoved under reduced pressure, and the residue diluted

with EtOAc (500 10 nl). The mat eri @xampe washed with amonium sulfate

solution (10% Jon2Nd br de ) he g ried
over sodi um sul tégiand eva or at ed%?o[rw "‘5.’T‘$ a‘r?l %.‘Hﬁﬁ*t?ﬂ %?Yﬁw%ﬂ'?ed by
col um chr omat RFeRARAYL] -1 2, $othiiiazadiqd4],Srp] Penginidazole tit| with
conmpound (489|§paﬁ3ih¥l%mhkehﬂ£an [err]H-NVR (CDCl [err])  0.86 (d,

J=6.55 Hz, 6H, 2CH 093 CHerr
1.53-1.73 (m 4H[ a"tan E%?’er“%] -2 %ﬁﬁéi’)"’a ﬁcz‘lé?%?ﬁ’(m

2H, CH err]NH) 2 4S}5§Pe§819w of Wﬁeﬁrwtnm@ .(-“t -diJees by 1H2 - pi dyl)
[\IHCH][ <ca:r rN M? ? Bxomdthyxd -8, biz4 - 205 adid zd¥dCh), 5 - ]ﬁnazbéﬂz:(rh:[?déao c:i:&c_)mgi% 0
err] G ry

[T O AR (e !y Wikl B3 S0 o 7 ety
38.0, 2 5. 8“’ 2342171 438g mbp. 4, After 2§t2rrngt11f,e (rrnaturen{ atr];rooza359
(NH), 1701 (C-@empk&30urd646r 41 554the mid¥ure A3 %Z&E?éilgéd t

Coarble 10 a3 by, gy BSRERAACD) G0 QR TR T 2
mol) was ad@&ferto The ethay ukaver d'falsl-l(SBtJ-e(dil341 n@odmnwsmhiﬂge caamid
car bobenzyl oxyevaporhtghieny! almy! - bradeni aaret89D MyasO. %ﬁuﬁ&ﬁbﬁ | NpyPVF
(2 nL)lgt %hkgﬁgkgéraﬁﬁ eQefétf&Q graglgn nol&%”ﬁ%BR ’héxane to
30% EtOAc: hexane) to give 110 mg of diphenethyl
disulfide (92% yield from phenethyl wercaptan), 63 mg of
the methyl ester of 2-oxo-2-(4-wethoxy-3,5-dimethyl-2-
pyridyl)acetic acid (37.6% yield from consumed titled
20 1,2,4-thiadiazolo (4,5-albenzimidazole), 44 mg of 3-[(4-
methoxy-3,5-dimethyl-2-pyridyl) oxomethyll-1,2,4-
thiadiazolo[4,5-albenzimidazole (14.6% recovered starting
material) and 2-merxrcaptobenzi-midazole (46 mg, 40% yield
from titled 1,2,4-thiadiazolo [4,5-albenzimidazole).

Methyl 2-oxo-2-{4-methoxy-3,5-dimethyl-2-pyridyl)acetate:
1B NMR (CDC13)8 8.45 (s, 1H, ArH), 4.1 (s, 3H, OCH3),
3.85 (s, 3H, OCH3), 2.65 (s, 3H, ArCH3), 2.4 (s, 3H,
ArCH3) ppm; IR (KBr) : 1747, 1703, 1468, 1394, 1310,

30 1242, 1206, 1120, 1004, 740 cm™l; MS m/z 224 (Mt » HO,
164 (M* - COyMe}, 136 (M* - CO,Me - CO).

2-Mercaptobenzimidazole: the material was found to be
identical to an authentic s ample purchased from Aldrich
35 Chemical Co. by 1H NMR, IR and TLC.



.35 thiadiazole (140 ng, 1.05 mol) was added and the sol ution
was stirred at roomtenperature for 2 days. The mat eri al was evapor at ed
to dryness and extracted with WO 97/ 31893

PCT/ CA97/ 00137 - 83 - et hyl acetate.
The organi c |ywp9sspes dried over sodi um sul fate and evaparmetasdodiTgi ve
an oil which was chromat ogr aphed (10%_MggH. CHerr]d[err]) to yield 90
ng of .solid material. The solid was further purified by thick 5

| er ch onet cor S LathHeCH: e BRALE] SHL L) (RO 3D 19 Sl gl

(dd, 1H, CHerr] 20H2%’phe'5 4273, @8~35¥8 @) 1 7—+3Q3H[(@rr]41'bf M’) S-Y¥R(s,

3H, CH err] O(cpki4a BGddyolHuo. 2z CHaW, 4ehen284558 {28.4H 14dChef 10
ala), 5.05 (s, 2H, [err]), 7.10-7.40(m 10H, Ar-H). [err] G NWR
(MeOD)[err] 177.3 (COCH err]), 174.4 (CO, 174.2 (CO, 169.5 (CS), 158.3
(Cderr]), 138.2, 138 1 130.4, 129.4, Exanp28.58 128.8, 128.7, 127.8,
127.7, 67.7 (OCH 57615 CH err 7/ err] o).

(CH err] CH, (17 2 err O 3. (E mgtk()g_'lp e]: thigmgr% %7
Synt hesi s iﬁdlﬁsplezi&nﬁrme%%daﬂﬂﬂ witR thigphemnof] 20

t hi adi azol - 5- yI] N- phanyl - bepzwibmli ne of 3-{4- methylp:.perazxnyl) 12,4~

5- Cyani m no- 4, 5- Q:ﬂa,lﬁ(&rlgzgléTg'Qhﬂ}yAnz]n@ﬂ%zolf ﬁ%%ﬁ?@éﬂxl 1de g{' gf?i azoI €

was prepared acco ng ONNENSC
Li ebi gs Ann. @he-31 “mmedhy andgy t’!’B—Q’thn%t h{} ptbetzi nd2( Q415@mﬁ1) 14875
mol) 25 was addedhanod gabatabn aid TICHOL Ni120- A1%- waBY gt OrBed-at room

di phenyl -1, 2, 4-t Rig ($3 rmB | a The
m xture was sti er eg&"?é ?’gg?n %eirsrpg%at% fo e a.g %135 QSSTE‘@}(’??S%G}%
hexane) i ndi caBéyer @d@qlge residue whn.ch was partltz.oned between ether

{3 x 100 ml) and water {20 ml). The ethereal layer was
15 dried over sodium sulfate and evaporated to give 753 wg
of diphenyl disulfide (53.3% yield). The aqueous layer
was neutralized by dropwise addition of 2N NaOH at 0 °C
and then extracted with dichloromethane (3 x 100 ml).
The dichloromethane layer was dried over sodium sulfate
20 and evaporated to give 1-[imino-(5-methyl-piperazine-1-
yl} wmethyl-1H-benzimidazole-2-thiol as a solid (1.13 g,
95.1% yield).
H-NMR (DMSO): 2.19 (s, 3H, N-Me), 2.33 {br.s, 4H,
2CHyCH3-), 3.24 (br. s, 4H, 2CH3CHy-), 7.14-7.23 (m, 4H,
25 ArH).
C-NMR (bMSO): 44.81, 45.11, 53.59, 108.52, 110.42,
123.09, 123.89, 131.47, 131.57, 149-34 (C=NH), 166.89

{CSH) .
30
Example 58
Reaction of 3-benzoyl-1,2,4-thiadiazolo[4,5-
albenzimidazole with thiophenol
35 A solution of thiophenol (1.08 ml, 10.47 mmol), 3-

- benzoyl-1,2,4-thiadiazolo[4, 5-albenzimidazole {975 mg,
3.49 mmol) in methanol {400 ml) and 1N HC1 solution (120



_conpletion. A white solid was fornmed which was filtered 30 and then

recrystallized fromdichloronethane hexane (1:9). This gave 97 ngy
of the titled conpound which was further purified by colum

.chromat ography (10% MeCH: CHerr]dJferr]). HNW (CDC[err]) 2.3
(s, 3H, OVe)woestsssm 4 H 2CHerr]), 3.5 35 (m 4H, Zm[péf,a,-,,&ljlﬁ 7.25
(m 10H, ArH), 8.51 (s, 1H, NH). M p. 5o 152. 5-152. 7C.

97/ 31893 . "PCT/ CA97/ 00137

- 84 - Exanpl e 48 Acid stability of

7- met hoxy- 3- [ (4uklet Weey - St Brxidreaty| rdom temperature for 16 h. The
yr'dy|)OxonEtVBQﬂuﬁEéh‘%éé“éﬂﬂp%%@ﬂ%ﬁ4UQdELbQ@éh@baaégkgsure to Femove To

exanm ne acid sta it of the ca tioned ound, e C oun
di ssolved in aMff t%‘ﬂ v JtiTm Oust W%ﬁol 2¢H %?ﬁ i Y EIEBI JtPon
was added to a8t dars%q:?i"tﬂ (RAFAGPORGHFo EPELACER Wl‘FHeC@Q fdaund

was f ound tﬂx@eo\iﬁhﬁl&t aﬂﬁ;ﬂ Nwasi ddﬂ@hmé:ot abaymﬁe(‘émefa% angaf ter

tirri f 48 Nh t he
cther Pand, (RBRANES damriste & sSBEumAefe: BRteFial suapoRuriisos

under the abdwe columpo nurpm@negragme t4 Bivedichzofel Hewingtdongsouards :
superi or to oneprazole as a direct thiol trapping agent in acidic
medi um because g 1€ SARECabN (96h Ing 1861

Exanpl e 49 I%regy?cétn?(r)n ? ( gb T‘g 2 J'dho§§7 3, g glg'rret Enéopyrl dyl)
oxonet hyl ] -12, 2 hexamieadi whitlo|[ Has- acid;aaqumldabIWet\m t @ighenyl d:.sulfide

mer capt opr opi OFyerAGdrieél Chemical. 10 a suspension of 250 ng of
3- [ (4- et hoxy- 3; gz <aﬁ1§t Y 520 ¥E ckyn' )0234)”51&4}%'] NE 3?547t4§ O%a22ﬁ0(4 >

a] benzi m dazole _In ano l1oric acid
was added 161 PERITL st%'?’resr"(:agi"opr%l oﬁ?’é ’ "Q’E“Fd ‘CDCIAf)terl Cotpfet e
degradati on ofiz7t @3, stapsipgh 25 3AtAGE al, the m xture was neut raI lzed to
pH 6 with . aqueous “sodi um bi car bonat e and ext ract ed with ethyl

acet at e. Fhe acetate was _ drjed on rous gneS| um

th
sul fate and ev&p&‘%)f/’é‘ﬂ CRARZLPIRAFINE 48D Wehs 2k "pd’f‘r% id By =
chronat ogr aphy 2fo@ gkE¥ea83 NU w¥xatd)M GBiéh(2has identical NMR to 2-

mercaptobenzi-midazole from Aldrich Chemical.

20 Methyl benzoylformate (120 mg, 2 1% yield; R;3=0.57, 20%

EtOAc : hexane) which has identical NMR to wmethyl
benzoylformate from Aldrich <Chemical. H-NMR (CDClgy):

52.67, 128.86, 130.03, 1 32.44, 134.89, 164.01 (C=0),
185.98 (C=0), IR: 1740, 1687, cm~ 1.

25
Example 60
Reaction of 1,2,4-thiadiazolo[4,5-albenzimidazole
derivative with 2-mercaptoethanol. Determination of tj,,
values.
30 Calculated amount of the 1,2,4-thiadiazolof4,5-al

benzimidazole derivative (final solution strength = 5x10~
3M) and phenol (118 mg, final solution strength = 5 x 10~
3M) were dissolved in of methanol {250 wml} in a
volumetric flask. 100 ml of the solution was transferred
33 to a clean volumetric flask, and the resulting solution
was stirred at R.T. 100 ul of 2-wercaptoethancl (£final
solution strength = 1.15 x 1072M) was added within 60 sec



30 nercapto-I|-benzimdazolyl)-1-(4-nethoxy-3,5-dinethyl - 2- pyridyl)

" et hanone, 65 ng of 2-nercaptobenzi ni dazol e and 61 ng of nethyl
2- (4- met hoxy- 3, 5-di et hyl - 2- pyridyl)-2- oxoacet at e.

. 2-1m no-2-(2-nercapto-1-benzi m dazol yl ) - 1- .
(4- met hoxy- 3, RpdhARbyY! - 2- pyri dyl ) et hanone: [ err] H NVRcTacA97/00137
(Ch [err])[err] 10.55 (br s, 1H NH or SH)g410.35 (br s, 1H NH or
SH), 8.10 (d, 1H, J:7Hz ArH, 7.80 (s, 1H, H6 of pyridyl), 7.35 -
7.20 (m 2H, 2 X ArH), 10(d 1H J = WD 97/ 31893

PCT/ CA97/ 00137 Wwith the tip of the syrlnge insexgged into tgegsp%utp@pﬁ
3.75 (s, 3M OCH¥e Jcourade60f( she 3tbadtidd] evas monitored. by HESC FHewlett
ArCH err]) ppm | ) 2 69 ' 2, 328,
1272 1247, 1004‘3?2‘%% é’rdr q@ém]’ éq“? e o é’)% exl’%%f ]33936 et r]
) 191  (ME[err[Ci8 COénm5an#eP€aBYoééﬁ2Fﬁ?’aa%%¢e§ . The Column
2- Mer capt obenzi midazailited t heith vt erbal wies fommchiium beadetertid;cal 3¢9 an

SULRENL) © ST © ocec RUEShagef g Bhuge g ool Co. by [er]FT 1
oxoacet at e: [ err HeNORREESR) f%ﬁ‘?t}’)cfférq‘}“%e%%lswaiﬁahﬁlrf ated ps fpllegs:3H,
OCH err]), 3.85 %, tihe OCHie0% |3tartitly maredihl Aréddiiridd Junrdadted. (S,
3H, Ar CH[err]) PRY ReETFBr of:w e ajc %% iﬁf@in#%%ﬁzerla 1310, 1242,

Zat

égfgrr]lﬁ/é? 24(1\/[7 ?mplqﬁ:@,tr]s a {hsample/ 1?;@ g%er r‘l

Exanpl e 50 R&aﬁ{él * ofoos 3- (dmetmydﬂaam)eal sa;aéi-ﬂﬂﬂgadaaa:@ﬂ[ﬂ was]
benzi m dazol e w Falio[’.@g?eqﬁgin%%r c%p% ﬁl (;18| L BSal 4 6t %] benotﬁe S(%|1 FI on %It 23

ng of 3-(dinmethyFamno) - zi'm dazo
10 nL of 20 CREFREAGRAIRG YRIGNF SEOUPERATEEGIStAHEHAChIRteEEaApt an.
Af ter 1 m n, RehbBeionieactodHn itridalicete. 1,2,3hehisdi aesles WAS with

te\(;apglr\ellteed ged mg?gaﬁfggg%ﬁf%rﬁﬁ Wasl_gijrified by chr omat ogr aphy
mer capt o- I-ben2| amdine: [err]H NNR(DIVBOd[err])[err] 7.3- 25
7.0 (m 4H, 4 X A A5 br s, 2H NH, SH), 2.88 (s,
N |
N

Y
Y Group t¥% at pH = 7.0
MeO 0.31 h
Me,N 1.5 h
morpholino 2.4 h
4-methylpiperazinyl 6.7 h
phenyl 45 h
methyl 59 h
2-pyridyl 134 h
acetyl 110 h
morpholinomethyl 98 h
dimethylaminocethyl 64 h
Example 61

Effects of compounds of Formula I on Gagtric Acid
20 Secretions in Rats



.6H, 2 X NCH err]) ppm IR (KBr) ; 3210, 1641, 1475, 1452, 1407, 1319

cnferr]; MS mz 220 (Merr]), 150 (Merr] - Me[err] NC=NH). 30

Exanpl e 51 Reaction of 3-bronp-1, 2, 4-thi adi azol o[ 4, 5- a] benzi m dazol e
-wi th phenet hyl nercaptan. To a suspension of 500 ng of .

3- brono- 1, 2whomstgest hi adi azol o[ 4, 5-a] benzi m dazol e in 50 mhoRhégagds was 35

added 790 [err]L of phenethyl nercaptan-_ 9 he solid rapidly di ssol ves.

After corpletion of the reaction, the solvent WO 97/ 31893

PCT/ CA97/ 00137 86 was evapor at ed

and the residue purifiedFBpteds ondubyr &tf-240 o gﬁaﬂsfzgﬁvmlm-nawley
2- mer capt o- 1- besatiamiveaa | Ratfddidy ide n frod efsdd] NMR: ( DVBOdEeE! ] Lharr]

1509, 1450, 1365 1B wR vk Seflotfhoq ety I
of compound of Formul afp| 3HP ummoﬁzéggh agn differeft

CN) .
3- net hoxy- 152 &alyli.adi awel dchr latean bﬁél@éwwéeéoleale@ttﬂéta%taﬁch a
(0]

nercaptan 4-
t hi adi azol 0[4 5° é“f’f}é‘ﬁ%ﬁ%"dg’zfolpe%% i‘ﬁeﬁiﬂgf ?rét EB%“—WA%’- gﬁada%o'g%
[err]L of phené’?ﬁylom%ﬂ%pﬁad theaf pytomusi wast Hdgated, eawid onrashealpl et e.
The nethyl 2- mgagapie; lahangeWipheral daéﬁé@é:aéé&ma{gd@é ylvz}@f albdent i bped as

the major reactjon_ 1 roduc of the reac DVEO-d[ err])
[err] 1345 (brsmmacgs sii“ Nl ﬁdji) L &P eNery 1oy, J

=8 Hz 10 Ar MEn.7 S35 - 39, mipm agH, tbexgp«slegrxc3 eﬁl(usptm;omd{uad];n
ppm IR (KBr) re&éﬁfaci@95tolﬁzger&ﬂl59 tﬂél‘l&xsé-ﬁ?@tnélgg’cret;og 35 goigrrl;
ga?plze:&'z%(n (M.ng)u]:) Wa%S(%e(:NLgE{zLd in each l_Qrastrlc effluent sample by
back-titration to pH 7.0 using 0.02M NaOH. Then, 5 mL of
an 8% peptone meal (pH 5.5) was instilled into the
15 stomachs, mixed, and drained after 10 min each time for 2
hours. Acid output was deterxrmined in each gastric
effluent containing the peptone meal by back-titration to
pH 5.5 using 0.02 M NaCH.

20 In the controlled vehicle (n = 6), 8% peptone
stimulated acid output is noted at 160 mmol/30 min aftexr
1 br., while rats dosed with 7-methoxy-3-[(4-methoxy-3,5-
dimethyl-2-pyridyl)oxomethyl) -1, 2,4-thiadiazolo[4,5-
albenzimidazole have an observed level of acid output at
25 20 pmmol/30 win after 1 h. 7-Methoxy-3-[(4-methoxy-3,5-
dimethyl-2-pyridyl)oxomethyl] -1,2,4-thiadiazolo[4,5-
albenzimidazole demonstrated significant (p < 0.05)
inhibition of meal-stimulated acid secretion at 300
umol /kg doses.
30
Example 62
Effects of compounds of Foxrmula I on Gastric Acid
Secretions in Rats {Dose-dependent study)
Fasted, adult (140-240g), male, Sprague-Dawley
35 rats were fasted for 24 h from food, but not water, and
then treated by oral gavage with 1 to 1.5 mL total volume
of 4 different doses (0.3, 3, 30, and 300 pamol/kg} of



Reaction of 3-(oxophenyl nethyl)-1,2,4-thiadi azol o[ 4, 5-a]

" benzi m dazol e with phenethyl mercaptan To a suspensi on
of 26 ny of 3- 25 (oxophenyl net hyl)

.-1,2,4-thiadiazol o] 4, 5- a] benzi m dazol e in 10 nL et hanol was added 31
[err]L of phgpgbiyigearer capt an. It was found that the sulygtricabbeoe1s?
under goes conpl ete conversion to 2-nmercaptobenzi m dazol e by conparing
W th an aut hentic sanple of 2-nercaptobenzim dazol e purchased 30 from
Al drich Chem cal Co. npl e 54 Reacti on

of  3-[ hydr oxy( 4eaehhegprousddicpredifferenyr fays) TWOm:—’!QWIS] latex, rats
4-thi adi azol o [ 4wera] haBsthe€EZdd Gvith a cdmblinatichhefepbitobBrEiAand5

To a SUSpenS'OEﬁyngngéi ngpfngpﬁghigy%§%3g§ened and the pylorus was

met hoxy- 3, 5-di ne pyT
t hi adi azol of 4, 5- &kgaked cms% érachea 0 gmstries hand bpgxdpheral venyms

97/ 31893 5 canulas were placed. The stoRQEhQA%%&@Oaﬁva ed Wlth 10
- 87 - added ZBOSL‘e Lnof heneég gagt ?g Itnvva
the substrate [Rdérgées &oﬁp nWé?sl i 3 S ' Ga e

mer capt obenzi mi dafbleeny cmdadted winh xecenhamdes.c Acsdnmw:mit was
2- mer capt obenzi nhdgezpl Redurighasadhl r gaadd il | @Er1verkeNbsab1£0. b

T N Ty e e el

To a suspensi®dn 8% B@Pﬁgn%fm®1[((@}h§t By| paengnytilied into the stomachs,
sul fonyl]-1, 2, 4- hitkéd] aaalio ddaSnakbaneer doZ@lie idhdd fime fopEbhapplas

added 313 [err]L of phenet hyl nerc 15 found that the substrate
under goes conpl et'&* %onv&r%'ll%n &6 8&% cdamﬁgbeﬁ% dB3r Dy ecfo'ﬁf)‘:?ﬂtng
wi th an aut hent i 8ample skiplhadk-tityattamt él@erﬁi n? déz sisd nguriits el MNaoH.
Al drich Chenafeér Coneasuring basal acid output for at least 30
15 minutes, acid output was then measured during a 2 h
intravenous infusion of histamine (5 mg/kg).

Figure 3 shows gastric acid output (mmol/min)
after administration of wvehicle and after administration
20 of 4 doses of 7-methoxy-3-[(4-methoxy-3,5-dimethyl-2-
pyridyl) oxomethyl]-1,2,4-thiadiazolo{4,5-albenzimidazole
(0.3, 3, 30, and 300 mmol/kg) in anesthetized rats.
7-methoxy-3-~{ (4~-methoxy-3,5-dimethyl-2-pyridyl)
oxomethyl] -1,2,4-thiadiazolo[4,5-albenzimidazole
25 demonstrated significant (p < 0.05) inhibition of
histamine-stimulated acid secretion at 3, 30, 300 amol/kg
doses.

Example 63
30 In Vitro Inhibition of Gastric Acid BSecretion By 3-(4-

methyl-l-piperazinyl)-1,2,4-thiadiazolo[4,5-
albenzimidazole dihydrochloride
Acid secretion is measured indirectly by the
accumulation of the weak base 14C-aminopyrine in the
35 isolated murine gastric glands of mouse. The assay is
- performed in polypropylene eppendorf tubes containing 0.5
wl: of resuspended mouse gastric glands. In addition,



20 Exanpl e 56 Reaction of

" 5-am no- 3- met hoxy- 1, 2, 4-t hi adi azol e wth phenet hyl mercapt an

To a solution of 250 ng of 5-am no-3-net hoxy- 1,2,4-thiadiazole in 10

. L et hanol was added 1.3 nlL of 25 phenethyl nercaptan. After conpletion of
“the reacti Oy g7a1s0hN€ SOl vent was evaporated. The crude negepégdnodns
purified by cﬁromat ography to give 236 ng of 3-

car banoyl.i sourea. The structure of the corfpound was confirmed by X-ray
crystal |l ography: 30 [err]H NVR (CDCl[err])[err] 10 (br s, 1H NH), 6.55
(br d, 2H, NH etnxh}gq conﬁa:EnS '(lhe sestel Bidig, 3a¢dd( mecBeitagtbfiesr J(e.ppm (in

sol ution, t ts hi ogapPa

taut omeric for?zgéxz lve NH err andéﬂ::L ¥ 1#115 hl( NI\/F\)b nEXL—%ﬁQH&f)'i anfi
(KBr) 3420, @myrﬂ 9, f3¥Es I‘W?l {ncubated f°f46533 min 4 a4 383,
1098 cnferr], ME ndmd I&ht(iMuous]ly, rbtated. (Wher rpactibheis] )s;:oﬂ:ﬁ@d( bferr]

;3 C'SF}Q)CIAQ?/ 00 f37 ceﬂ@.@:.%z{g%ﬁgﬁ of the gland suspen{gs{:gr.on for five min. at

Exanpl e 57 Rt Pon  Supgrnatany_ s, aEpiragesd, deaviBenyihe - peiiay )
oxonet hyl ]-1, 2 dbmmwmrm[a&%ﬁdtmizzl rylcemdsl. e The pellet 5ipheaehbyl

A A oI Mnd e Al Jﬁ&l it in Ll 1) alBE) piBRogaged o
oxorre'? hyliog (2) %LF ggl of\gx raPﬁé‘ﬁggin‘ ’o?‘g 7(’3 ﬁ‘g‘—,etic g 73Rt )
I n met hanol 1( 1wdﬁt)1cmndof) bdinynidilachbor i £1i, athed AfRBBiodtivityAffier
stirring the crg,ﬁttlérde :.ﬁt I’%l@a couhfOPel fdlimah?’ 951 Fhe t RGcliXt ULE Was

neutralized to gueous . sodi um bi carbonate and_extracted with
et hyl et herradlﬂ?é’téf’ﬁéy FaﬁaPe%aéndFPsdP&ﬁledeeﬁrgﬁP%@% dhgectly
evapor at ed. witie theideampateri @f wasid pubeingd skberébedhr onat BgeaAphy
(el ution gradi %{preﬂ%é%%&@“ ifiexgne W B0% B ACaexanet oggiye 110
ng of di pheneth di sul ?li)%e (92%¥> e %om henet@l mercantang 63 ny
of experlment energy 1inde endent con umpt:Lo was estimated

with 0.1 mM of dinitrophenol and basal acid secretion in

the absence of acid stimulants. These values were then

subtracted from corresponding results in order to
calculate basal or secretagogue stimulated acid
20 secretion.

Mouse glands respond to a variety of
conventional secretagogues and post-receptor mediators
but not to gastxrin. The maximum stimulation of acid
secretion is achieved with 1 mM cAMP, 0.1 wM histamine,

25 0.1 mM IBMX, 10uM carbachol, 10 puM forskolin, 10 uM
calcium ionophore A23187, 1 pM thapsigarin. Each
experiment is repeated a number of times and all results
are expressed as a ¥ of the maximum stimulation. For the
purpoge of comparing the relative potency of the

30 compounds, each experiment contains positive controls
using omeprazole for post-receptor / cAMP mediated
responses and ranitidine which inhibits histamine
mediated acid secretion.

3-{4-Methyl-1-piperazinyl)}-1,2,4-

35 thiadiazolo[4,5-albenzimidazole dihydrochloride
completely inhibited cAMP and histamine stimulated acid



the nethyl ester of 2-ox0-2-(4-nethoxy-3,5-dinethyl- o
pyridyl)acetic acid (37.6%yield fromconsuned titled 20 1, 2, 4-thi adi azolo
[ 4, 5- a] benzi mi dazol e), 44 ng of 3-[(4-

. met hoxy- 3, 5-di net hyl - 2- pyri dyl ) oxonet hyl ] -1, 2, 4- _ o

t hi adi azol o[ 4ygyf3faezi m dazole (14. 6% recovered starting pcrieisemesdt) and
2- mer capt obenzi - m dazole (46 ng, 40%yvyield 95 _fromtitled

1,2, 4-t hi adi azol o [4, 5-a] benzi m dazol e). 25 Met hyl

2- 2-(4-nmeth i met h yridyl)acet at

(c%éo[erﬁ]){rgrrfx)éciggtg 3, &‘F H}'J? r%}’%g t%ﬁ =By ePF%’j’ed‘]‘re'st%% FRs0 3H,
OCHerr]), 2.65 (\r&lugFEoArﬁh'{ﬁrddn)pou&d‘lwéS £éthd to Hﬁ'@ﬂgﬂf]) ppm IR
(KBr) : 1747, 1703, 1468, 1394, 1310, 30 1242, 1206, 1120, 1004, 740
cnferr]; MS Mz 224 (Merr] + HO, 164 (Merr] - Cqerr]M), 136
(Merr] - CJerr]Me - CO). 2- I\/Ercmaﬁapwzs'm dazol e: Ejhe matilrha! \r/]va:s‘;5
f dtob t n Cg urchase rom ri.c
Chent cal Co. By terrf#‘%ﬂvh YR ShEREH °20 RLREES  Bed " BRpALR" Y
PCT/ CA97/ 00137 thiadiazoles ana 891,2, A -thiadhenolald, 5-
disulfide: H NVR]béaRGhiddzdlde dridat{ves: Slinzyme 2Addaifd | GhlCIKidetid - 27

m 6H, Ar 7. ArH) C- NWR (CDCl [err]: 35.79, 40.27,
(126 46, 12?) 57, %gﬁs‘égl’“’i 5 Exanpl e 58
Reacti on of Condlt:.q,rm( Zﬁ%ttlﬂﬁ aboyer eKpgyjmemts ,an be found in

t hi adi azol o[ 40 5- ahbe izl Dowrp | e fdiridhdeli: OpeRgkd Rr. et alA BiSOhethi iy

i hydricﬁf‘omyg?bﬁsr%‘ Meggetgaati pox T SBETARD %@ﬁﬁe dpfey; | %?a"' )
12.94 nmmol) in31, J-r?@t Haﬁ857€40§aﬁppnan§ 1I\FHCP1(12@19I°719ma§tS‘Y| rY9&® ,at
room tenper agaje dmao3sbsTlays. Aherypiedl alemﬂmora:tcﬁﬁﬂst&ed d;f' ve
a solid residue m‘)&@l S ar f.hﬁi@ﬂ%&: b%%%gﬂt@%@f&n suc 3 éh&gl feﬁ 1mélﬁld

water (20 m e, et erea er was rred over | URT'ST
evapor at ed t & gi YBB¥RELIRp could heynasrhieved uip d%?’f%Bﬁ@%lyl’éV@l) hourppe
aqueous | ayer  mombsoring rte zeshplletdr ppobhsesadeitvoon(0fe 2N NaPd stlene

[err]C vs time), and analyzing the data. The analysis yield two

parameters: the % inhibition once steady state was re
ached, and a rate constant which represents the rate at
20 which this steady state is reached. Typically, the
enzyme activity decreases with time until the maximum
level of inhibition is reached {i.e. steady state) where
the enzyme activity remains constant. Since significant
levels of activity could still be detected at steady
25 state (i.e. inhibition is not complete), the data was
fitted to equation (1), which is normally used for slow-
binding reversible inhibitors.
(vi - vp) [ 1 - e¥ggt ]
(P] = vy.t + (1)
30 kobs

% inhibition = (1 - vy / vg). 100 {2)

In this equation, ([P] represents the concentration of

product (obtained from the flourescene readings), kaps is
35 the first order rate constant to reach steady state, Vo

is the initial rate which corresponds to the rate in the
absence of the inhibitor, and v; is the rate of the



.and then extracted wth dichloronethane (3 x 100 m). The

di chl oronet hane | ayer was dried over sodiumsulfate 20 and evaporated to
give 1-[im no-(5-nethyl-piperazine-|- yl)

met hyl - 1H benzi m dazol e-2-thiol as a solid (1.13 g, 95. 1% vyi el d).

H NVR (DVBQogrndssy® (s, 3H N-Me), 2.33 (br.s, 4H pcwcasmoorsr

2CH err]CH[err]-), 3.24 (br. s, 4H 2CHergd CHerr]-), 7.14-7.23 (m 4H,

25 ArH) .. C-NWVR (DVSO): 44.81, 45.11, 53.59, 109.52, 110.42,
123.09, 123.89,  131.47, 131.57, 149-34 (C=NH), 166.89 (CSH. 30
Exanpl e 59 Fehiitsf enzyme @t steady stRiipoy| The 5 inhikisdorzoles] 4, 5-
a] benzi m dazol eobitdimedimphesialy Iquation A23¢! wheed @het ki enasurba08

m, 10.47 mol )in3the aset@pl -di 2the! Hnddbazek Olwhs5-add@nzbi dazol ean (975
ny, 3.49 mol ) in nmethanol (400 rri}1 and 1N HC1l sol ution (120 WO
97/ 31893 example of a simple mechanism L@y EWAD A @roFress is given

90 - ms welow:sStirred at roomtenperature for 16 h. The .
sol ution was evapor atgd, under reduced pressure to renove nmet hanol ; the
aqueous m xtur S &aICF ed to pH 7.0 wi th solid sodi um bi carbonate
and extracted with CH err] Ferr]. 5 The organic | ayer was dried over

sodi um sul fate and févaporated to give a solid. This material was
purified byF@o| ueivi® hr oRebarfsbhy the gi velute ¢8| | dabeg clsomided

D phenyl disul fi : (o] o = 0. 69, 10% Et oAc 10 hexane) which
has i denti cal f& |6ﬁ§%§ bflia b dapond 88: L0 F A omi oo

H NVR (CDCl [erriops 7. w.'g% %’%*z’gefﬁwo, 7.35-7.45 (m 4H, ArH);
7.63-7.68 m The weHe of NRs (CBAgrvith inpib326r conce2fradilenl
29.241, 137.21%ftkn kofes is much slower than kgplinhl and kgpg/ [inh]

can be used to approximate k,,. This approach is used in
this study and the results are shown in below:
3-[4-methylpiperazinyl]l -1,2,4-thiadiazolo(4,5-a]

15 benzimidazole
cathepsin L: 98% inhibition at 200 pm
[inhibitor] ;kepg/ [inh] = 24 M~1g-1.
cathepsin B: 68% inhibition at 200 pum [inhibitor];
kobg/ [inhl= 19 m~1g-1,

20 papain: 99% inhibition at 200 um [inhibitor];kgpg/ [inhl]
= 28 M1g-1,

1,2,4-thiadiazolo[4,5-albenzimidazol-3-yl carboxylic acid
sodium salt

25 cathepsin Li: 98% inhibition at 50 UM
[inhibitor} ;kopg/ [inhl = 184 M~1lg-1.
cathepsin B: 85% inhibition at 200 pM

finhibitor] ;kepg/ [inh] = 34 M~1s71,
papain: 99.6% inhibition at 200 uM [inhibitor) ;kgpg/ [inhl

30 = 131 M~1lg-1,

3- [2~-pyridylcarbonyl] -1,2,4-thiadiazolo[4,5-
albenzimidazole



_ 2-nercapt obenzi m dazole (180 ng, 34.3%yield;, Rerr] = 0.46, 20% Et CAc

. hexane) which has identical NMR to 2- nmer capt obenzi - m dazole from
Aldrich Chemcal. 20 Methyl benzoylformate (120 ngy, 2 1%yi el d;

Rl err]=0.57, 20% Et OAc : hexane) which has identical NVR to nethyl
benzoyl f or matygo §#41883A drich Chemical. HNWR (CDCl[err]): PCHLASTI01328. 86,
130.03, 1 32.44, 134.89, 164.01 (C=0O, - 98598 (CO, IR 1740, 1687,
cnerr]. 25 Exanpl e 60 React i on of

1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol e deri, vatl ve with

2- mer capt oet hanoFa hﬂ’%%‘ﬁn natFéon of 9P&rr]| AehibitiaR es 3§p 200 wM
Cal cul ated anouninhibitde] ; Ko, /Ainh) adi aganotel5- a] benzi m dazol e

derivative (final soI utjon strength_= 5x and enol

final solution sERERGPFE 5 xBio- %[err]lﬁiquFggﬂl sso?‘ged |3g§f netfianol
(250 M) in a {inbilbihedr] dcgﬂge(s{hnhloe 1% BTlaTe sol ution was transferred
35 to a cl eans VO%HBEHNC7B§a§%hlﬁﬁgléﬁea§:e§u';m ng@@imﬂ&r} \A@fqlﬁhurr-ed
at RT. 100 [err 2- mer capt oet hanol  (fi nal sol uti on ength 1.15
x 10-[err]M was24@geM W thin 60 sec WO 97/ 31893

PCT/ CA97/ 00137 - 91 - with the tip of

the syringe |nsert d into the so The. cour the reaction was
moni tored by HPLE (NelipEhqlinomes, E*é'éira R i 10 @ﬁ&q‘p%ed with a PE
express 3.3 cm a]be@mmﬂm and an UV detector set at 254 nm The
colum 5 igp ebdtRebsiith 120% S8os ™  apnDRitien acetate; 20%

o0 uM
acetonitrile as ﬁhfg%@b‘ééﬁ ﬁio?:tssi%r{é" o] IO%QﬁIEag_e reaction conpletion was

cal cul ated as folt startlng mat eri al renai ned
unr eact ed. Akath in %oﬁ unreag&ed stanibigismterigt 10 3po

uM
{hsample/[err]in t} err slgmal_el/[err]lnt .std at time
O * 100% The E/‘ﬁ% ac?ro' sqb&/t{l ng{;IE matéérl al Iotted agal nst the

time scale, t[erPapaint 2y iimhikditden at éeprwpéﬁ@w%‘brbﬁ%hﬁ dmhdact ed
starting matgial. y-15-Reaction of tricyclic 1, 2, 4-thi adi azol es
wi th 15 mercaptoethanol at pH 7.0

1,2,4-thiadiazolo{4,5-albenzimidazol-3-yl-L~proline
methyl ester

cathepsin L: 99% inhibition at 10 HM
20 [inhibitor};kgpg/[inh] = 1050 M~1s-1,
cathepsin B: 88% inhibition at 10 UM

{inhibitor] ;kgpg/ [inh] = 626 M~1s-1.
papain: 97% inhibition at 0.26 pM [inhibitor];kgpg/ [inh]

= 356 M~1g-1

25
3-[2- (N-morpholino)ethoxy] -1,2,4-thiadiazolol4,5-a]
benzimidazole
cathepsin L: 99% inhibition at 25 uM
[inhibitor] ;kgpg/ [inh] = 356 M~1s71,

30 cathepsin B: 91% inhibition at 50 uM
[inhibitor] ;kgpg/ [inh] = 107 M~1s~1,
papain: 99.6% inhibition at 0.66 uM

[inhibitor] ;kgpg/ [inh]l = 5560 M~ 1g~1,



.Jerr] Y G oup t[err] at pH 7.0

MeO 0.31 h Me[err] N
1.5 h nmor phol i no 2.4 h

+ 4- et hyl pi per azi nyl 6.7 h phenyl _ 45
h WEdYdo3 59 h 2- P¥ETEXS700137
134 h acetyl - 9g 110 h
nor phol i nonet hyl 98 h di et hyl am noet hyl 64
h . Exanpl e 61 Effects of conpounds of
Fornul a | on Gakk+34-Abigdiezste (5 oridbanziRitezol-3-yl} - riFBil-a93
PCT/ CA97/ 00137 1eucyl iscamylamide - 92 - Fast ed,
adult (140-240 .6, Sprague- ey ., .rats.were fasted for 24 h from
food, but not mat%¥¥>§ﬁh ﬁ?henD?ggated 1%avage®hith Fto 144 ni

total volume [indribisepdakepel (Fehing 307 pEGe FLerr] mol /Kg) on different

5 days. WO gapain:l adsy , idrdisicane anest PRt iEediwithe x , foMNation
of pentobartital and th&opental, t he abdonen was opened Bﬁd t he pyl orus
was |igated, aﬁﬂ"lphgﬁbak, gastric, and peripheral venous canul as were
pl aced. The stomachs were | avaged with 10 nL 0.9% saline every 10 10

mn. for 30 mn _gnd stric, efifd t colhected i . __Jeceptacles to
deternine the %aggl mrgglﬁagge%fieﬁ onﬂlaﬁiggoiyhhSﬁfgﬂf‘og\;a"slﬁfe]t%ﬁned in each
gastric effl uedtScamydpaigy back-titration to pH 7.0 using 0.02M NaCH
Then, 5 nl jof cathaps8%6 pent onesnealnHipHtiod) was instjkl edihRipithe ;
kobg/ [inh) = 3482 M~1g~1,
cathepsin B: 56% inhibition at 5 uM [inhibitor];
kobs/ [inh} = 1062 M—ls—l.
papain: 87% inhibition at 1 uaM [inhibitorl; kgpg/[inh] =

15 3896 M~1lg-1,

Example 65

Crystal structure determination of enzyme inhibitor
20 complex of 5-{3-methoxy-1,2,4-thiadiazolyl}carbamoyl-
isoleucyl isoamylamide (T11AA) with papain and actinidin:

T11lAA/ papain complex and T1lAA/actinidin complex
Purified papain was obtained commercially and
purified actinidin was obtained by an aqueous extraction
25 of homogenized Kiwifruit, followed by ammonium sulfate
fractionation and DEAE ion-exchange chromatography. The
actinidin/T11AA and papain T11AA reactions followed the

gsame protocol. The mercaptoproteins were isolated by R-
mercaptoethanol activated mercurial-agrose affinity
30 chromatography. The proteins were eluted as wmercurial
derivatives. The mercurial-mercaptoproteins, at 0.1%

w/v, were incubated with an 8-fold molar excess of T1laA
and EDTA at pH 7.5. Papail/T11AA was redissolved at 2.5%
w/v in 67% 2:1 methanol/ethanocl, 76 mM NaCl, and 1 mM

35 Al100-73.
Papain T11AA crystals were grown by sitting-
drop vapour diffusion. An aliquot of papain T1122A was



15 stonmachs, m xed, and drained after 10 mn each tine for 2 hour s.

“Acid output was deternmined in each gastric ef fl uent contai ni ng
t he peptone neal by back-titration to pH 5.5 using 0.02 M NaCH. 20
In the controlled vehicle (n = 6), 8% peptone stinmulated acid output is
noted at 160 Aidgs M n after 1 hr., while rats dosed vwdiicasr00137
7- met hoxy- 3-[ (4- net hoxy- 3, 5-
di met hyl - 2-pyri dyl ) oxomet hyl ) -1, 2, 4-t hi adi’ azoI o[ 4, 5- a) benzi m dazol e

have an observed level of acid output at 25 20 [err]mmol /30 min after 1 h.
7- Met hoxy- 3- [ ( 4- diaxchibRFed, 5- overdi net hyFesenyaiirdy| Fogkaasingl | 67%2, 2:1
4-thiadi azol o [‘Hx%thanoillaeﬁih@l d&z&l@ ldﬂrﬁﬁh%hba.hﬁdnesbﬁﬁférpaﬁﬂ o(P at

0. 05) i nhi bitiagn al - ted _acjd.se 0 err]m)I/kg
doses. 30 A" Y. "Eakad LIRS EETS 1§6§£g 1‘:)1;|f ec s of cé‘[rrpounds of

Formula | on Gastric Acid ActBeidin i BHAA W%t%efiﬂfﬁ-v@épéﬁe%ﬁ’ét%ﬁv)ln

Fasted, adult s(14% %@gr}msrmbefeﬁprggues oy 805 mat sraveae f agbedni®in 24

hfromfood, but wat er t hen treated by ,oral. gavage with 1 to
L5 o total vol diana"SiEveedle  wep®sietRl o by Rl S8l {Vagous

[err]mol /kg) of diffusionwD 97A31893 wmixture of actlnldln T1iAA and
SCI4CA97408137 reserv01r solutlon, whlch contakhed %ﬂlﬁpﬁaﬁéscﬁﬁﬁgéﬁd o

i fferent days e anest het |

combi nation of pént ob"“é"o@‘*J f 4 anai“mon”(“ﬁ gﬂé\ggé PRE abtf Mez%asovoeﬁen%lbe and
the pyl orus s reservgaredt 4ntCir dedvas Si@ﬂé‘«?r cryshalis pgréphie af venbhs

5 canul as were pla@aged. The stomachs were | avaged with 10 m. 0. 9% sal i ne
collecte

every 10 min. for 30 mn astric [

recept acl es. Aci d outgﬁg V\ﬂg Al JEtE ”l{gohlg% I%a%hwa’és???ge%fsﬁ%t
sanpl e by back- <arigiarut Fuhes oc%m@%uwlmmﬂwm Theerdats wexd  an
10 8% pept one rraadnéeth& oh \Wasiiefihnis! |M3.ﬂ.t|1f-1hQréh@e&b@ﬁﬁﬁh&ountedmdheda

R e T
usi ng 0.02 M NaOAcl e“%@t@?‘ ﬁ@&smapﬁgnﬁaéaMa§ra56@% papdf GWOatdqt@asﬁetaio
were collected on two actinidin T11AA crystals. XDS was
used for data reduction and the respective data sets were
scaled together. The protein crystals had the following
20 unit cell dimensions:
For papain/T11AA: a=42.9A, b=49.9A, c=95.7A, =8= =90 .
For actinidin/T11AA: a=3.%A, b=77.%A, c=81.4A, =Rf= =90 .
Both crystals had the space group P242:2;. The
papain/T11AA scaled data set was complete to a resolution
25 of 2.2a (60% complete to 2.0A) with an overall Rsym =
8.8%. The actinidin scaled data set was complete to a
resolution of 2.7A with an overall Rsym=10%. XPLOR was
used for structural refinements. 65 water molecules were

modeled into the papain T11AA structure. For papain

30 T11AA, the Rorygr = 18.4% and the Repee = 20.4%. For
actinidin T11AA, the Rgoryst = 20.5% and the Rfypee =
24 .4%.

The electron dens.ity maps for the papain T11AA

and actinidin T11AA complexes showed continuous electron

335 density extending from their <respective catalytic
cysteine residues (Cys25). This demonstrated that T11AA
reacted covalently with papain and actinidin to produce



.15 mnutes, acid output was then neasured during a 2 h I nt ravenous

I nfusi on of histam ne (5 ng/kg). Figure 3 shows gastric
acid out put (muol/m n) after adm nistration of vehicle and after

-adm ni stration 20 of 4 doses of 7-nethoxy-3-[(4-nethoxy-3,5-dinethyl -
pyridyl) owaeishah] - 1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol epcricadfhoss? 3 30,
and 300 nmmol / kg) in anest heti zed rats. 10

7- met hoxy.- 3-[ (4- net hoxy- 3, 5- di net hyl - 2- pyrldyl)

oxonet hyl ] -1, 2, 4-t hi adi azol o[ 4, 5-a] benzi m dazol e 25 denonstrated
significant (Prateim/imhihigeri tqomwleges. hi ELEM newssi maamndetadivd
secretion at 3mcﬁ1éléii)ch.r£tﬁ5 rdil dditive siteseF. papa:.n whereas a partial

Exanpl e 63 30 | itian etlon 3-(4-

met hyl -1 - pi per ang?énfy éfgt wagdcgtugggt?ﬁ&S'&O&Ci belh rﬁ%aﬂﬁ‘é‘ve site

di hydr ochl ori def PaPaln wherqu R sﬁ%i?’cétalloﬁ‘qd?lnﬁ'ééﬂﬁednl ¥dier @tiipighing he
accunul ati ors ofadticraedlchass Mﬁ:aﬂﬂédﬂppyl’l ne in the 35 i sol ated nuri ne

gastric gl ands of nouse. ngh:g asg%‘\éal sshoweoqerfé)cg Ny polﬁég’#ll Iengﬁ
gI ds.

eppendorf tubes contalnlng resuspen nnuse
I n addition, enzymatiw aryiyigy3 in actn.nldln T11lAA preparation and in

PCT/ CA97/ 00137 redissolved actinidin T11AA cryst@4s- “tubes contain the
tested drug, acid secretagogues (e.g. hi stam ne, di-butyryl cyclic AW
(cAWMP), carbachol) and [ err] C-am nopyri ne. Tubes are incubated for 60

mn. at 371 J[err]C and continuously BExsmpled66The reaction is stopped by

5 centrifugation of thegghéfdeSUPPRdifd @z Pﬂb hufbfrubna&ssay. 1500 g.
Supernatant is aspirat eq, I eaV| }r}g the

g_pﬁ |Snt ﬂgt ast ric
glands. The pellet is was fed ex?en3| ve an(? 8\/& frn 1
nmL of Protosol et aX-Andrsham): Chever 2Rdu?? 1'@%&&:0@%% aclt F‘@daéiédand

10 agdl tion ofp ﬁﬁ:le(ﬂhhrH aiepaﬂ-teiil lByd Yodahea s a@l:h@anbki/ml YL.ES, BiogBdal edcI
I N a beta-cQun [ a n OaCtI | tra pe
B e 6 di rec%g b, HBH %184 t he armu%t \é %Xﬁ

in the pell'ét corresponds |ng
secr et ed. stimyated ATP hydroly51s using hog gastr:zc (GI)

vesicles, a preparation enriched in H*/Kt ATPase, is
measured.
The difference between activity in the presence
20 of Mg*t and presence of Mg*t and Kt is taken as enzyme
activity. Nigericin, a K* ionophore, is also present in
the (+)K* incubation mixture to provide access of K* to
the vesicle interior. Hydrolysis activity is measured by
quantitative analysis of a phosphomolybdate complex.
25 This complex exhibits a maximal optical density at 320
nM. The optical density of many drugs used for the
inhibition of H'/K* ATPase interfere in this wavelength.
Therefore, a modification of the assay was used wherein
the phosphomolybdate complex was reduced with Fiske and
30 Subbarow reducer {l-amino-2-naphthol-4-sulfuric acid plus
sodium sulfite). This shifts the optical density from 3
20 nm for the oxidized phosphomolybdate complex to 600-
700 nm. This modification has the added advantage of
providing a means of automated assay when mwultiple
35 samples being tested. In this modification, the optical
density of the assay mixtures was read at 700 nm.



experinmental point is done in triplicate. In each 15 experinent,
" energy independent consunption was esti mated with 0.1 nM of

di ni trophenol and basal acid secretion in t he absence of acid
stimulants. These values were then "subtracted from corresponding
results in waseigesto cal cul ate basal or secr et agpQI¥EA97/00137
stinul at ed acid 20 secretion. - 101 Mouse gl ands respond to
a variety of conventi onal secretagogues and post-receptor nediators
but not to gastrin. The maxinmum stinulation of acid. . secretion is

achi eved wi th 1 M cAVP,  GABaiNHAr S AFTRES 968 REaparad e mloMetipm 2
carbachol, 10 [wMr¥34ATPskedi nM PifPepetrid) pH Sal6i-um0 imdhof®br end A28187,
1 [err]M thapsigarin.. . _.Each expeyr i t is.repeated a nunber _of
tines and al | re‘%]s nigeRF-Et8x es?ggeés WO o, TR Y x%meﬁtierﬁrﬁoafjfon.
For the pur pesiengfatdemp iy n§” ¢ he Tiestatdompoprdsn@r ovehirleoareotpennds,
each experi mentaqdl ai BfzydOS(id VEg/®ONt {H| hen HAEEY ©8ERMAEZQLEef Rhe

post-receptor / cCAMP .nedi ated _, responses .an ranitidine which

Pnhi bi s hi st ARARELO8 o dinad, §°§é‘8‘?eﬁf‘og."° al." ' ‘the®prétocol for
3-(4-Methyl -1 - pi@a@zigﬁayﬂ,is, gho@b belvvadi azol o[ 4, 5- a] benzi m dazol e

di hydrochl ori de] conpl etery 1nnipited CAVP and nhistam ne stinul atedjaci d
WD 97/ 31893 Volume per well PCT/ CA97/ 00137

- 95 - secie@kagentat 100 [err] M Usmgdr bhmeabove priocecierndgetilben E5| err]

value for this ¢eEpQutshee e o—begrgtertv 3051 -
Exanple 64 5 Ighibjition of Cathepsin B thepsin L _dnd Papain by
1, 2, 4-t hi adi azolf@8 ™ MaCl2 and A0tk adi azol e[ 4,%-#1

a] benzi m dazol e {@oF mMRALVES, I ' 3 BT U 20 41 VEQSUT ENET S
Condi tions for ghe_above_-g ' ; s oL ' W
ref erences: Mengard et "al. . 49, 06-6713; x T.

et al., Biochen{&etey 1992, . 31, 125Y2¢¥2576; Cannora-E. et al.,
Bi ochemi stry 19§@shicle. S5 solu§iong. 8157, A typical [|experinent conkisted
. cbntai 1n..qgst substance . !
of choosi ngjlan 1 nRiRITQF concentr ion such that duaximim
20 mM ATPP 20 pl 20 pl
a To reduce the number of additions, salt solutions
10 and water can be combined as a single addition.
Further reductions in the number of additions can be
achieved by using enzyme to which nigericin ({(final
concentration after addition of enzyme of 10 pg/ml).
b ATP must be prepared in ice cold distilled water
15 immediately after addition.
¢ Enzyme must be thawed and diluted in buffer

immediately before addition.

Zero blanks (water controls) and phosphate

20 standards (200 gl) are added appropriate for assays used:
0.005, 0.01, 0.25, 0.050, 0.075, 0.1 .. 0.5 mM
standards. The order of the addition of reagents
generally follows as described above. However, it may be
more preferable to add either enzyme before ATP if it is

25 iwmportant to provide time for pre-cubation with test



. 15 inhibition could be achieved in | ess than two hours, monitoring the
conpl ete progress curve (i.e. fluorescence vs tine), and anal yzing the
data. The analysis yield two paranmeters: the %inhibition once steady

. state was re ached, and a rate constant which represents the rate at 20

which thi syosifigsly sState is reached. Typi cal |y, theperica8festse
activity decreases with tinme until the_magi,mum | evel of inhibitionis

reached (i.e. steady state) where the enzyne activity remains constant.
Since significant | evel s of activity could still be detected at steady
25 state (i.eomponds+iofing ASAitbeR? cPf) thet AasHatrgadgbt arefiusesy to
gaqufat! on (1), ¥hisForsdd A MRilfyrusadsiprt show bi ndi ng reversible
mhibitors. e reackYbf ib ufl£5E g (ugh” % LHARPS( Hhid)
[err]obs 6| ARt beRi &8 Et?HPevalérﬁﬁlditWrew})5019® of a solution (2)
][n thiﬁ egltmtiﬁfepéﬂd rl&)grsa&mgs 4Beorm@n&fanlsnmotsu1friar aduat {1ekd ai ned
romthe our escene.r i ngs), i,sy35,. the firs er_rate constant
to reach stead?/n%té’ é‘:ﬁé[ egrlgf“zggi 3“’{}‘9{& ﬁ?r?is?cl@aly%%t gu\%klggﬁwcox?er?& Hds to
the rate in theoloumptendeveloperd ahhirbPmotemparaypee r fors tene mignkest t he

WO 97/31893 and optical demsity at 700 nm is detPERifé87/ 00437 the

- 96 - i nhi bited gnéyma at s.tteady st at e. c The, % i nhi bhtqi on q\ias
obt ai ned by usTHgequifPbn @2) YRS e PHE PP Srea St S n H&33bsence
of the inhihi tewpeenatarde f GLtgremixing mpd setbdngll ecast be shgptle for

nmechani sm f or %m&d}&ﬁmgohsogigg éia&qk,qw%,_ kon E+[err]
Elet erm ned %(je)%—e'?eltr%ﬁl%%%g‘:ﬁgﬁ %o’?‘;r]'le&?pémr%&%tlg:zoygl" l(l?fe‘rr’%]ob[serzr] oS
[err]on[inh] -+beagimigpzoliee B&bue=0? ¥ ¥dabb varies with inhibitor
O et | i3~ oisddeioh3i Lh O] o endWifikAhO!qs, bPafwlRi LA LAl oY, and
15 ECgg = 1 x 1076M.

3- [N-morpholinomethyl}~1,2,4-thiadiazole-[4,5-a)

benzimidazole; ECgp = 2 X 107 M.

3-[2- (N-morpholino}ethylaminoll,2,4-thiadiazolo-[4,5-a]

benzimidazole; ECgy = 2 x 10™7M,

20



ana (he'resul £s"2re snun’inbel o 1 ° 7P o%en 12 0o ALV

3-[ 4- net hyl pi perazinyl]-1, 2, 4-thi adi azol 0[4 5-a] 15 benzi n ddzofe *

. cat hepsin L 98% i nhi bition at 200 [err]m

[inhibitor]; [wblebefass[inh] = 24 M[err]s-1. cat hepsin chr/(ﬁ&/mmw
inhibition at 200 [err]m J[inhibitor]; _ oﬁerr]obs/[lnh]—19 m[err]s-1.
20 papain. 99% i nhibition at 200 [err]m[inhibitor];[err]obs/[inh] =
28 M[err]s-1. 1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol - 3- yl carboxylic
aci d sodi um SMHAT &S CIAIMED-IS: | . 98%  inhibition at

50 ) [err] M 1 nhi bi tor]A[prdsd:@m/{:f nkkaztifg Hhhenr]gro[upr rdontaining
t
F?nhlegls![ gr] [er r] o%@cﬁ rﬂﬁ | QQ,I ICJ %ﬂz] sF%‘rar e p%pal ] l\%‘&rg h| bi i on

at 200 [err] M [ i ridiskiae [gé'PPP@b E-thFO'BBrlseSlBHe#ﬂ’-’[ié}gr Jehe thiol group

3-[ 2- /pyrl dyl car bamyt)aihihgd- tbinpdundolwith 5a 1, 2a}ben2ama£mm/ e/compound

WD 97/ 31893 PCT/ CA97/ 00137

- 97 - cat hexfocslll“lr?1 a— Ehe Struc'é%/a 1 9 l%ft ngﬁmulaat 200 [err] M
[inhibitor);[err]obs/[Rhh] 68 Merr]s. cat hepsin B; 58%

I nhi bition at rz2_20 [err]M [inhibitor]; [err]obs/[inh] = 15
M[err]-1. 5 papai /N

E\hlbltlon at 1 [err]M J[inhibitor] ;[err]obs/
[inh] = 2479

3-(N-norhol i nonet IRA'] -1, 2, adi azol e( 4, 5- a] benzi m dazol e 10
cat hepsin L: 80%!4 1 hi bition at 200 [err] M
[inhibitor];[err]Jobs/[inh] = 7 MJ[err]s[err].

or pharmaceutically acceptable salts thereof, wherein Rl,

R2, R3, R? are independently hydrogen, lower alkyl, halo,
10 nitro, hydroxy, lower alkoxy, or groups of the formula

NR'R", OC(O)R!*, OC(Q)}OR*, OC{O)NR'R", NR® (COR'},

NHC{C)NR'R", NH{CO)OR’ in which R! and R" are

independently selected from hydrogen, lower alkyl, aryl

or arylalkyl, or NR'R" represents a five or six membered
15 ring comsisting of {CHy), wherein n = 4 or §

and Y is selected from :

{1) groups of the formula:

O
]
/C\R7
20 in which R7 represents hydrogen, hydroxy, lower
alkyl, lower cycloalkyl, lower alkoxy, lower
alkenyl, lower alkynyl, aryl, lower arylalkyl,
heterocyeclyl, heterocyclyloxy, hetexrocyclyl
lower alkylene, a group NR'R" where R! and R"
25 are as defined above, and a group ANR'R", AOR
wherein A is an amino acid residue or a peptide
of 2 to 3 amino acid residues and R', R" have
the same definition as above, with any
heterocyclic group being optionally substituted
30 with lower alkoxy, lower alkyl, amino, di-
(loweralkyl amino) or mono(lower alkyl)amino;



A o L papéfa”SJIIJIIHHIHJIIWIMII

200 [err]M [inhibitor];[err]obs/[inh] =15 7 Merr]s[err]

-1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol - 3- yI L- proline rret hyl ester
cathepsin  weor318989% i nhi bition 10 [
[Iinhibitor];[err]obs/[inh] = 1050 Merr] s[%rl; 5l cat hepsﬁfw@:&”

88% i nhibition at 10 [err] [inhibitor] ;[err]obs/[inh]

= 626 I\/[err]s[errJ papai n: 97% i nhi bi tion at 026[err]M[|nh|b|tor]
[err] obs/ [inh]{2) = 35&efpzpeysiets]. dower  alkylene-heterocyclyl,
3- [ 2- (N-nor phol i no) et hOXy]loﬂveQ' 4- hhkﬂdéﬁéiﬁtﬂ{zﬂ) 5- a']eterod@@l%/llm daz@ligo-

th L: 99%
[C?nhregrsltgr] .[err]obs/[inh @Qgglé kfgr'r] s[err]a“‘”iﬁ) 1 hepsre:lr a%‘r?flene'

91% i nhi bition at etgrocyclyl erriaver [BrllkhfﬁrtlQW?r[ er Eflilyd £henh)
; é(6)7 M e[ r] 85][ ('?/Ir r]. (i i paparBoyclyl- a;)mlno 95;] &S 5560 mﬁéﬂ%lk]yléhe-
. err i nhi Ri . obs/[in err .
WO 97/ 31893 lﬁe‘:@&kt{f&i§i, ile heterlgey/c 57/ ng, being
- 98 - {1, 2, 4-t hi adPhE8rBed, Bt 3R rheAnhRLem @xquazmnbamwn which
| eucyl isoanyl am de ¢ablepsSi Bn the: creat1<913%>f a_ istblkt 'SQQ'ucturét

[err] M [i nhibitor] s/ [inh] —307 e.rr er |

inhibition at 5 [err]M[i nﬁgbr H)‘?] AL bem?oo"%?éf’??i?%rr]
5-{ 3- met hoxyt?1, 2, 4-t hi adi gubkyitetedanoy tlilsol éucyl— 3| so@smwplshitdentd
cathepsin L: 99% inhi bihti@Penddntly dlddMa [ErBR Rbwek] alkyl, nitro,

k{err]/[inh] = 3482 l\/[erri@ég&@ alkoxy, amino, halo, alkylamino and
dialkylamino and heterocyclyl optionally

substituted with 1 - 3 substituents

15 independently selected from lower alkyl,
nitro, hydroxy, alkoxy, amino, halo, alkylamino

and dialkylaminc; lower alkyl substituted with

1 - 3 substituents independently selected from

hydroxy, lower alkylcarbamoyl, cycloalkyl;

20 phenyl, halophenyl, heterocyclyl, carboxy and
lower alkoxycarbonyl; lower acyl; lower
alkoxycarbonyl; lower alkylsulfonyl; amido;

allyl; benzyl; phenyl optionally substituted

with amino, halo, hydroxy, lower alkoxy, lower

25 alkyl, 1lower alkyl-amino or di-lower alkyl-
amino;
(3) NR'R" wherein R , R" have the same definition
as above
{4) ANR'R", AOR wherein A is an amino acid residue
30 or a peptide of 2 to 3 amino acid residues and
R', R" have the same definition as above
{5) lower 2- (alkoxycarbonyl}alkyl
() halo
(7) groups of formula RE-CHOH- wherein R8 is
35 hydrogen, lower alkyl, aryl, lower arylalkyl,

lower cycloalkyl, lower alkenyl, lower alkynyl
or heterocyclyl, the heterocyclic ring being



prurersin B ser mortion st S Lerrdo Lt cort U AR

[inhibitor]; k[err]/[inh] 15 3896 Merr]sf[err].

. Exampl e 65 Crystal structure determ nation of enzyne inhibitor 20.
conpl ex of wo §rdigesTet hoxy- 1, 2, 4-t hi adi azol yl } car banoyl -  pcricasteuisy |

| soanyl am de (T11AA) with papain and act i,n'gggn;_ TI | AA/ papai n conpl ex
and T11AA/actinidin conpl ex urified papain was obtai ned
comercially and purified actinidin was obtained by an agueous

extraction 25 of honpgeniZERraed Bturty DBEEPFBRAERM b9 aRFORFA N fWiich
fractionation and DEAE i onresttitande eheoorésgiamphyf a sbHable structure,

actinidin/ T11AA zg papai n TI | %%oél ctj gns ‘_I;Iq“l%weigt_gq___ﬂo 1spre vH{eOée%O' .
The nercaptoproterns were ilgool ed-by i’(er rﬁ- nmer capt oe’tzhanol
activated nercurial-agrd¥ AFf | YGromen, chr SA¥EHgr AHRYL  The pPraNad ns

were eluted as nercurial aryxaxyigtiaees.R® idh@ower alkyl, aryl, lower
mer curi al - mer capt opr ot ei ns t 1% w/ Lcu Wi

8-fold nol ar excess of TI Ia@'ﬂlkygﬁd Eﬁlﬁrat X’éﬁ ;.?c}j;apglﬂ}vfériﬁ I @%\eg@rl,
redi ssol ved at 2.5% wiovear gdeypyl et ReR6FPEYRENDI | thes hareeaayclded 1
mv 35 A100-73. ring Po@tnd Zitddhed yatalanyecsrigsowarby Sitildhng-

drop vapour diffusion. AL al4 quel ggepgpgé%gr}ﬁ&v\%%s}ﬁ? structie;

97/ 31893
- 99 - ihcubdt ed ovekowery alkewy wptionadyit Sfuhafgrutedo, with 1 di-

nmet hanol / ethanol and 0.1 M®kivweaadkedd aniboffer, nditrhdd ialo &% [errC
was redi ssolved at 0 oo b ibBras SR carvamrr;  Jgve o'l kelty S
TIIAA.  Actinidin Tl Arwexy wicdralkaEye lgvetinhefRrosumlyilidkosvep o
vapour diffusion.  Aetkrbey@iylusgy; of actinidin TIIAA and
o At P o1 SIS S RS a1 a2t M
sulfonyl, arylsulfinyl, lower
arylalkylsulfonyl, lower arylalkylsulfinyl,
heterocyclylsulfonyl, heterocyclyl-sulfinyl,
heterocyclylthio; lower alkylthic, arylthio,
20 lower arylalkylthio, optionally substituted
with 1 to 2 substituents selected from lower
alkyl, halo, nitro, hydroxy, lower alkoxy, or
groups of formula NR'R", OC(O}R', OC{(O)OR',
OC{O)JNR'R", NR'(COR'}, NHC(O)NR'R", NHC(O)}OR'
25 where R' and R" have the meanings given above;
(11) groups of the formula -C{=NOH)COOR1l wherein
R11 ig lower alkyl
{(12) hydrogen, lower alkyl, aryl, 1lower arylalkyl,
lower cycloalkyl, each group being opticnally
30 substituted with 3 to 2 substituents selected
from halo, nitro, amino, hydroxy, lower alkoxy,
lower alkylamino, lower dialkylamino, lower
alkylcarbamoyl, NR'R", OC(O)R}, OC({O)OR"',
OC(O)NR'R", NR'({COR'), NHC(O)NR'R", NHC{O)OR®,
3s with R' and R" having the meanings given above.



10 reservoir at 4 [err]C Large single crystals grewin 7t .
The crystals were nounted in a wax-seal ed gl ass capi || almmum#ﬂﬁﬂmmll
containing nother liquor. The data were collected on a Siegnmens ® s =
-Multi-wire Detector mounted on a 15 Rigaku RU200 X-ray generator. ~Three
data sets col |l ected on one papain/ Tl | AA crystal chdotdt 2
sets vverﬂ%ﬂ‘ggt ed on two actinidin TLLAA crystals. >£)§Hwas 4 used
for data reduction and the respective data séts were scal ed toget her.
The protein crystals had the followng 20 unit cell dinensions: For
papai n/ TI | AA: a=42. 9A, b=FF¥ogassc=-95cppdinger Fp= =@@im I1Fowherein the
actini di n/ Tl | AA t iedd ko= compAunas8hséd, arkethbse=98 whicBORR, @RystRal s
had the space i G Ig;_{ err ]%Lgﬁ{ézﬁ[lechg o or kThe papai n/ TI 1 AA
scal ed data set Was corrﬁle g P56 a Fedottioh 25 5‘1‘1 2*¥n (60% conplete to
2.0A) with an overall Rsym = 8.8% The actinidin scaled data set was

conplete to & 3. resol ut ipeBcabs?2. 8cBklingn eyer alhilsysr1QHere i XPLERAS
used for struct%r f :1emants o)

al_refi .65 water, nolecules were, . del ed 1 nt ’
the papain TII AA}’sJﬁc{Jl(ﬁzﬁ g, compﬂ)lflgﬁa’r}ﬁ?ﬂ 3%° %’Hf’ﬁﬁ\, 1Fh8hh8¥‘ygt9 ':R§8."“ and
the Rlerr] = 20.Bf%, areFoeach hydfedefinand ARZ t he Reithér = IpGixsHeandoiche

Rfree 24. A%ethoxy. The el ectron density maps for the papain
TI I AA and actinidin Tl AA conpl exes showed continuous el ectron 35
density extending from their respective catal ytic cysteine

resi dues (Cy®25)4. This d&monasssat adcehding| XA cladmctad wbezként| gheith

papai n and acti Hiflid8ila@ole0ttipounds usedOa®é/ IR in which v is a
PCT/ CA97/ 00137 - 100 - protei n/inhibitor

conpl exes. FHRR FadorMBiet el y nodel ed into the active site of
papai n whereas a farti al nodel of TI|I AA was conpl eted nodeled into the
active site of&pa ain whereas a partial nodel TIIAAin the actinidin 5
active site was dbt aRhed. Ki netic data showed conpl ete

i nhi bition of enzy.matd ¢ _acti vity.in actinidin TILAA preparation and in
redi ssol ved act i a‘?e?lﬂ?dA&%rﬁlllﬁlé'f 2 adf 18" Shlcl & represents *lower
15 alkyl, lower arylalkyl, optionally substituted phenyl
or naphthyl, optionally substituted heterocyclyl, hydroxy

or lower alkoxy.

5. Process according to claim 4 wherein the
20 thiadiazole compound used are those in which R7
represents optionally substituted heterocyclyl.

6. Process according to claim 5 wherein the
thiadiazole compounds used are those in which R7

25 represents 2-pyridyl either unsubstituted or substituted
with 1 to 3 substituents selected £from mwmethyl and
methoxy.

7. Process according to c¢laim 6 wherein the
30 thiadiazole compounds used are those in which R’
represents 3,5-dimethyl-4-methoxy-2-pyridyl.

8. Process according to c¢laim 7 wherein the
thiadiazole compound which is used is 7-methoxy-3-[(4-



] ilghi bition assay. Exarrg_lhg ggzyme used is ?ﬁ:t LB;IWW&WM}&E"

ATPase (Sachs, et al. J. Biol. Chem 251:7690-7698, 1978).° A'nodifie
. procedure reported by Yoda A and Hokin, L.E. , Biochem 15 Res. Comun.,
1970, 800- 88¢g ohySrgedised. Pot assi um stinul ated Afyrdusdoeysi s
using hog gastric (4ad) vesicles, a qgparation enriched in
Herr]/Klerr] ATPase, is measur ed. The difference between
activity in the presence 20 of Merr] and presence of [err] and Kl err]
i s taken as enzyﬂ@thoxYaét:ﬁvﬁﬁ?’?tﬁ'be’%mﬂrﬁ,&%)RE‘@F‘F]:hYB}Igh%r‘e‘, is al so
present in t hhiaHilkaEo1B8qubat hPhemz Miildazole . provi de access of Klerr] to
the vesicle interior. Hydrolysis activity is nmeasured by guantitative

anal ysis of a phosphonol ybdate conplex. 25 This conplex exhibits a nmaxi nal

optical density d&- 320 RrPcessheag@ereng deidi t §13¥m nafy WhegSiwselheor

tT Ee f i nhi bi tsi S&rgﬂadﬂbebah/ IsopblinATRAs Eh mhegbeae ilsn 3-hi (@ -vREELRPYBNS -
erefore, a nodif. c n.,o S e . e

phosphonol ybdat e %16“ r?%?‘é’% 'ﬁéﬁ%ﬁﬁ%ﬁ%ﬁ%’ﬁﬁ'g Eéz\gga{:é%gdﬁﬁ%ia]or e &ucer

(1 - am no- 2- napht enz4dmigregiee acid pl us sodiumsulfite). This shifts

the optical density from3 20 nm for the oxidized phosphonol ybdat e

conpl ex to 600- 700 n This mpdifigcatio as adgded_advant agge, of
provi ding a means of a}uto%fce) “3saf % %C%mrﬁll p:ﬁgl ec%l%nsagrlrplggeﬁ%+%g ?he
tested. |In tHi s thigdipealrosomprungpt Wharh argefsefy ag® tthosssshy whielres

was read at 700 Mm% represents W PHN8OFubstituted piperazine.
PCT/ CA97/ 00137 - 101 -

Basal My[err] levels are neasured in 2 nl MgC[err], 2 nmv Na2ATP, 40
mM Pi pes-tris, pR16. 10. 20PARFREP adecawing tqergllaimi hi gekexein i sthelded
to determ ne the t2xk@itzéle compdundsl afHieh byrd aeell. arkesth68&PAENdSHOT
vehicle are tRen e?xer?gd?gr fpzyme (10 [err]g/ M) is then added to
initiate the IRt on > ™Me i nal vol ume is 200 [err]l. The protocol for
t hese assays i s shown Riel ow.

R2 N
e

Re °IN/\|

N
NJ
‘\/ G
wherein R}, R2, R2 and R% are independently lower alkyl,

hydrogen, amino, lower alkylamino, di-lower alkylamino,
hydroxy, lower alkoxy or piperazinyl, and G is alkyl (C,

2 - Cg) optionally substituted with up to three

substituents selected from hydroxy, lower
alkylcarbamoyl, phenyl halophenyl, heterocyclyl, carboxy
and lower alkoxycarbonyl.

25 12. Process according to claim 11 wherein the
thiadiazole compound which are used are those in which G
represents 4-methylpiperazinyl.

13. Process according to c¢laim 11 wherein the
30 thiadiazole compound which is used is 3-(4-



Vol une per well Reagent[err] My[err] al one U

plus Nigericin 100 MM PIPES-Tris pH 6.1 80 [err]l IIII’“““M I‘ILI ““II
20 mM MgCl [err] 20 [err]l 20 [err]l 200° mv

-(-) 20 [err]l. Nigericin (200 [err]1l/m) 10 [err]l
10 [err]1l wo ¥Wdise 20 [err]l Vehi Clppric@bydgiut i on
contai ning test substance 20 mM ATPb_ 20 [err]l

20 [err]l. Enzyne[ err] 20 ﬁerr]l 20 [err]l a
To reduce the nunber of additions, salt soI utions 10 and water can be
conbi ned as a SekjYapimgEREimyvlcarbonyl)-1,RufthbiadiaretebhS-al the number
of additions cabeheimidazole. achi eved by using enzyne to which nigericin
(final concentration after addition of enzyne of 10 [err]g/m).

b ATP nust be prepared in ice cold distilled water 15 i medi ately
after addition. ¥4- ¢ EpmReNndg dccopding hAedclakm | whegeinn theffer

i medi ately bef éheadddbbléncompound which are uéeB0akbaBkéséWahewhtemtrol s)

L0 Sop b bRRRES P ARG PRSI 17 <5

st andar ds. The order of the addition reagents generally
fol l ows as descubbed aboverodéwieveiccdrdifgy lae claflr e1pr ehREéASIR tonadd

ei ther enzyme bg%ggg%éggléf |é°‘dp%% 97%§§%ant to pr%w de “5”3(4“?5

re-cubation

IIgCT | CA97/ 00187 pyridyl)piperazinylcarbonyl)-1,2, ﬁf@lmdlam]@d#péundis Ti me

addi tions of thpehashid&£deEs! are used to provide a uniform assay tine.
The reaction is run for 30 min. to 1 hour. The re action is stopped by

addition of 50 [err]l of a solution 5 prepared by adding 4 volunes of 2.5 M

sulfic acid plusé- one RaapAs ofaccamingy/ ¥P Ficdidmand SuBteiresia r edrent .

thiadiazole compounds which are used are those in which
15 R7 represents optionally substituted phenyl or naphthyl.

17. Process according to claim 16 wherein the
thiadiazole compounds which are used are those in which
R7 represents phenyl.

20
18. Process according to claim 17 wherein the
thiadiazole compound which is used is 3-
{oxophenylmethyl) -1, 2,4~-thiadiazolo[4,5-albenzimidazole.
25 18. A process according to claim 11 wherein the

thiadiazole compound which is used is 3-(4- (benzyl)piper-
azinylcarbonyl})1l,2,4-thiadiazolo[4,5-albenzimidazole.

20. Process according to claim 4 whexrein the
30 thiadiazocle compounds which are used are those in which
R7 represents hydroxy.

21. Process according to claim 20 wherein the
thiadiazole compound which is used is 3-carboxy-1,2,4-
3s thiadiazolo{4,5-albenzimidazole.



. Colour is developed at roomtenperature for ten m nutes mﬂu

density at 700 nmis determ ned. In the event that ﬂl ﬂlﬂ""lll “llll
precipitate forns, the clear 10 supernatants (after mixing ahd set't |ng)
can be used for the determ nation of enzyme activity.

3-[ 4- met hyl pivagogassy! | - 1, 2, 4-t hi adi azol o-[ 4, 5- a] benZIWCWEEMmmﬁW

EClerr] =2 x 10[err] M 109

3-[ pi perazinyl]-1,2,4-thiadiazol o-[ 4, 5- a)ben2|n1dazole 15 ECerr] =1 X
10[err] M 3- N—nnxphollnoneth 1)-1,2,,4- thladlaaple [

benzi m dazol e; E€ferr] = %P?ﬁﬁ%ﬁr%cqﬂr ding to

3-[2- (N-nor phol | nhladiyiele nojrpctindist whiddhaaok oufdd Saxg thoséaeirrziwhid:;tzdﬁ e;
ECerr] = 2 x 10fgrigM opggonally gubstituted K&QZAé}@@:@c V\ﬁf\ouPS bonded

_éﬂerein the

PCT/ CA97/ 00137 CLAI MED

| S: 1. directly e Lhs trhééétlﬁﬁﬁl?h’%ﬁ‘ggroup cont ai ni ng

conpounds tos convert the thiol group therein to a di sul fide
group, which COWE?' ses e daawsst h%ctcﬂgahngroya S1£00t BN NehGUMPURGM t h
a124th|ad|azoe oun i nclu the strugtural group ,of forrrula
Lert] AR cERTROHTIE AER 7% USFY sFRCFEBRS e BHIFD
Rerr], the heterocyclic moiety of group Y is selected from

pyridyl, ©piperazinyl, wmorpholinyl, pyrrolidinyl and
10 pyrazinyl.

24. Process according to claim 23 wherein the
thiadiazole compound which is wused is 3-{2-pyridyl}-
1,2,4-thiadiazolo4,5-albenzimidazole.

15
25. Process according to claim 23 wherein the

thiadiazole compound which is used is 3-(4-morpholinyl)-
1,2,4-thiadiazolo[4,5~a) ~-benzimidazole.

20 26. Process according to claim 23 wherein the
thiadiazole compound which is used is 3-{l-pyrrolidinyl) -
1,2,4-thiadiazolo{4,5-al -benzimidazole.

27. Process according to c¢laim 23 wherein the
25 thiadiazole compound used is 3-{(2-pyrazinyl)-1,2,4-
thiadiazolol4,5-albenzimidazole.

28. Process according to claim 2 wherein the thiol
group containing compound is an enzyme.

30
29, Process according to claim 1 wherein the
thiadiazole compounds used have the general formula:



_Rerr], Rerr], Rerr] are independently hydrogen, |ower al I
nitro, hydroxy, |ower al koxy, or groups of the formula '| | (ﬁg“
OC(OR, OoC(O OR', OC(O NR R*, NR (COR ), NHC( O 6 LNF

-in which R and R’ are i ndependent|y sel ected from hydrogen,

| ower al Kyl ywwabddiges Or arylalkyl, or NR R' represents a pp¥easfooisX
menbered 15 ring consisting of (CHerr])n ereinn =4 or 5 and Y is
selected.from: (D) groups of the formula:

[err] 20 in which R err] represents hydrogen, hydroxy, |ower
al kyl, I ower cycl oal 1, |ower al koxy, | ower al kenyl , | ower

al kynyl, aryl, Irg N2l kyl, het erocycl yl ,

het er ocycl yl oxy, :ro?&plyl | ower al kyl ene, a group

NR R1" where R ang ) ? are as defined above, and a group
ANR R', ACR RS ein Ais an amno acid residue or a peptide
of 2 to 3 amino aci dRfesidues and R , R' have the sane
definition as above, Anth any het er ocycl i c group being
optionally substituted30 with |ower alkoxy, [|ower alkyl,
am no, di- F (1 oweral kyl am no) or nono(l ower al kyl)am no;
WD 97/ 31893 G PCT/ CA7/ 00137

- 104 - (2) . hg%er cyclyl, |l ower al kyl ene- het erocycl yl,

| ower  al kyl ensbgfet®d Rhet 'oc%f%ll ynd R%;girgoindependently lowest exldeyiol yl |

aFLnF-:OWBF h df@ééﬂ]eaﬁino, lowerhalkyﬁﬁ&?ﬁ?CXﬁLMbmer|éﬂﬁ¥lamino,
al Kyl -1 ower ene terocye -am .
?%ﬁéroxy, f%wer alkoxﬁépaio oL, FpXr?%éP§¥kﬂaﬁH G ﬁ%(?lﬁq%u;

oxy-| ower - al ky - . erogy. erocyc
bei ng ) 1-Cg} t 2 OREACRPI IRy tFe‘{besr%é/‘it Fr Thon UBt ontRhi difree
results in the supstitmerds a Sisahleetslr uct fém hydroxy,and tihsver

get e; 83!? : 't ﬁe H gﬂkﬁfé%a%%ﬂ? "Prle¥yd0 nalopheny: SURSELLSERAvI Mddbnoxy -

and lower alkoxycarbonyl; allyl; acetyl; benzyl; phenyl
optionally substituted with amino, halo, hydroxy, lower

10 alkoxy, 1lower alkyl, lower alkylamino or di-lower
alkylamino; heterocyclyl optionally substituted with 1-3
substituents selected from nitro, hydroxy, lower alkoxy,
lower alkyl, amino, halo, lower alkylamino, and di-lower
alkylamino.

15
30, Process according to claim 29 wherein the
thiadiazole compound used is one in which G represents
optionally substituted lower alkyl.
31. Process according to claim 30 wherein the

20 thiadiazole compound used is 3-(4-methyl-l-piperazinyl)-
1,2,4-thiadiazolo(4,5-albenzimidazole.

32. Process according to claim 30 wherein the
thiadiazole compound used is 3-(4-ethyl-l-piperazinyl)-
25 1,2,4-thiadiazolo{4,5-albenzimidazole.

33. Process according to claim 30 wherein the
thiadiazole compound used is 3- (4-propyl-l-piperazinyl)-
1,2,4-thiadiazolo{4,5~albenzimidazole.

30 '



ol Koxy. am no, halo, alkylamno and O dialkyl amligﬂﬂﬂuﬁ]ﬂil N

het er ocycl yl optionally substituted W th
.substituents 15 i ndependently selected from | ower al kyl,
nitro, hydroxygedhigexy, amno, halo, alkylamno rcEA9700137

di al kyl am no; Tower al kyl substituted with,,, _ 1 - 3 substituents
i ndependent |y sel ected from hy&?oxy, | ower al kyl car banoyl ,
cycl oal kyl ; 20 phenyl , hal ophenyl, heterocyclyl, carboxy and

| oner  al koxycardonyl ; | Bwegess acgdcordingneto claim 30 whrsRjBar bbayl ;

| ower al kyl sul f @lagia8B1d0;compound usea akl V3. (baayii-1pbeprragphiydnal |y

substituted Wit h I po,. halo, _hydr | ower al koxy, |ower 25
al kyF, |ower al v%y|2-'§ﬁ1tﬁéadb?z‘gﬁ[% i) ba?F‘%&f('-ld%gle‘ am no; (3)
NR R' wherein R, R' have the sane definition as above (4)

ANM R, AOR whersgin A IS 8Rodddd0 Asddkdiegy due 3@laim 29 wReradiRepthde

of 2-to 3 am no aci.d .esi dues_and . R " haye the s
definition as ab adlazfg? comppupd . used, f&ycgér‘blzdng%'s{’ypfﬁf‘yeggﬁéil'
hal o (7) pigegapdnydf -1farmikiadRpgeip{€Hira] hengisiidazRfle.r] is 35

hydr ogen, |ower al kyl, aryl, |ower arylalkyl, | ower
cycl oal kyl, | ower aIkenyI,P§gg§gssé¥ény5. 5 to claimorzget$£g§ Ekylthéhe

het er ocyclic ring being
PCT/ CA97/ 00139 thiadiazole compound used is o in which G represemntshed

at any heteroato hogdl DY Nsd@bom i« phenyl. results in the
creation of a stable structure, (8) groups of formula
RO-C(-NOR[err])- wherein R10 is hydrogen, | ower al kyl
or lower 5 37. ar yPobkess antoridéng] ko | oheimal kG|, wheyein| oplks

aryl al kyl, |over tgMakeakbkyt, LoM@surd kamda is 3- (4_—phenyh9ﬂﬁér§£ﬂlﬂi— or
C

het erocycl yl ,,.th eteroecyclic _ . thn ei ng attached at any
carbon at om v} icﬁ"g'4 EglxglaZOI?Qﬁﬂﬂ ngfﬁz%ﬁﬁﬁ%#éé%1¢an of a stable

structure; 10 (9) | ower al koxy optionally substituted with di-
(loweral kyl')am ngg,  norpbpbéd¥s acddrding 4te claim 36 wherein the

thiadiazole compound wused is 3-{4-{(4-methoxyphenyl)
piperazinyl) -1,2,4-thiadiazolo[4,5-ajbenzimidazole.

20
39. Process according to c¢laim 36 wherein the
thiadiazole is 3-{4- (3-chlorophenylpiperazinyl)-1,2,4-
thiadiazolo[4,5-albenzimidazole.

25 40. Process according to claim 29 wherein the
thiadiazole compound used is one in which G represents
benzyl.

41. Process according to claim 40 wherein the

30 thiadiazole compound used is 3-(4-benzylpiperazinyl)-
1,2,4-thiadiazoloi4,5-albenzimidazole.

42. Process according to claim 29 wherein the
thiadiazole compound used is one in which G represents
35 cinnamyl.



“ayol ool Koxy: 1 ower het or dbycl yial Koy or hethHMIIJIIJIJmIH IIII

15 (10) | ower al kyl sul fonyl, |ower alkylsulfinyl, aryl-

-sul fonyl, aryl sul finyl, | ower

aryl al kyl 5“'\4(9%1393 | ower aryl al kyl sul finyl, PCT!CA97/’00137‘
het erocycl yl sul T onyl , het er ocycl yl - sulflqyl

het er ocycl yl t hi o; | ower al kyl t hi o, arylthlo 20 | ower
arylal kylthio, optionally substituted with 1to 2

substituents sekdcted frobwoersms according to aklghim h4Po, whetein hylge oxy,
| ower al koxy, Okhiadiazole com ghadpsuda f gmy -a(m:vﬂnam%@bgrazﬁgm

E§xﬁzy§lfae nea%cﬁﬂé 5?§%§#%ﬁ§%éigqg ajgfgélklda@$g%ps of the fgrﬁLFa and

- C(=NCH) COOR[ err] mhereln Rlerr] is |ower alkyl (12)
hydrogen, |eowegrgal kyl, aﬁi@cesd‘“ﬁﬂbd&ﬁlh | kKyb, claim 29 whel&¥E' t$l]_t i
0

| oal kyl , d
SRt Y. 1R LTV . S K

| oner al koxy, Ppyridyl. | ower al kyl ami no, | ower dlalkylan1no Iomer

al kyl carbanmoyl, NR R', OC(OR, oC(O OR OC(ONR R",

NR (COR ), NHC(OLNR R', HC(O OR, 35 ., ith R R’ haV|ng t he
neani ngs gi ven g%0ve. sié%eg%ND%fﬂ9§f8§§ to claim "a4 “'wherein

PCT/ CA97/ 00187 thiadiazole compound -ugesd - is?2. 3- {4 wess
according to ipdelAin1)1thes, ¢ -chhi@iAnQ @ ,ganpounds used are
those in which E¥§ aii err err| and R4 eac represents hydr ogen
or al koxy. md dcess according to claim 2 wherein the

t hi adi azol e conpounds used are those in which Rerr], Rerr] and R err]

are each hydroggg, and Rl &ydcdss elat:%&amxgroasn Slaim Pt hXdsrein 1Q:he
Process ac claim thlaqéazole co oun S

dj
Heoi oy (rEgLtRthaitroty dpoind BREE 1o G0E 4p wbldd Y BHLISIT

aminoc-2-pyridyl.

47. Process according to claim 46 wherein the
thiadiazole compound used is 3-{4-(3-amino-2-pyridyl}
20 piperazinyl)-1,2,4-thiadiazolo{4,5-albenzimidazole.

48. Process according to claim 29 wherein the
thiadiazole compound used is one in which G represents 2-
pyrimidyl.

25
49, Process according to claim 48 wherein the
thiadiazole compound used is 3-{4-{2-pyrimidyl)
piperazinyl)-1,2,4-thiadiazolo[4,5~albenzimidazole.

36 50. Process according to claim 29 wherein the

thiadiazole compound used is one in which G represents
(1- (4-chlorophenyl) -1-phenylmethyl) .

51. Process according to c¢laim 50 wherein the

35 thiadiazole compound used is 3-(4-{(1-(4-chlorophenyl)-1-
phenylmethyl)piperazinyl)-1,2,4-thiadiazolo[4,5~a]
benzimidazole.



“aikyl, Tower arylalkyl,  optionally  substituted phenyl @ Tflﬁlllﬂll[tlllﬁﬂlllﬂlll

optionally substituted heterocyclyl, hydroxy or | ower al Roxy.
-Process according to claim 4 wherein the 20 thiadiazole conpound
used are thgeasiges Which R7 represents optionally sukRSiicAsrioors?

het erocycl yl . 6. Process accorgiyig to claim 5 wherein the
t hi adi azol € conpounds wused are those in which R7 25 represents
2-pyridyl either unsubstituted or substituted with 1 to 3 substituents

sel ected from net hyl and met hoxy. 7. Process according to
\(/:vlh ai rr? 6 whereirnsz.the 30 Pl'rgbaﬁlé AZgtCordAPYPO O wads cllatig.idl 28l ewhbbB@sf the

e R7 repry 4- oXxyz2- Yg _

Process accordi %ig%'izg?‘g ég@%d ‘ﬂ‘%ﬂt hés 19%%1& azol e c%ﬁﬁgﬂl a

whi ch is used |sPFPﬁé‘?FFé%Y13 134 thiadiazolpl47F sabespzimidazole
PCT/ CA97/ 00133 - 107 -
met hoxy- 3, 5- di metdyl - 2- pyrng%ggéongégg}g{n]g 2,45 Pclaim 1 wher the

t hi adi azol o[ 4, 5- a[benzi m dazo rocess ~accor
claim 7 wherei fhiggdazgle; apmpeunds éls@én'béﬁﬁdthﬁlmﬂéahsf&ﬂilﬁ-a
3-[ (4- net hoxy- 3, 5- R1

di met hyl - 2- pyri dygg 0X methk'lyl ]-1, 2, 4-thi adi azol o[ 4, 5- a] benzi m dazol e.
R3 N>\§
“ L
NN
Neg

wherein R, R2?, R3, and R% are independently lower alkyl,
16 hydrogen, amino, lower alkylamino, di-lower alkylamino,
hydroxy, lower alkoxy, halo or piperazinyl, and G is
alkyl (C;-Cg) optionally substituted with up to three
substituents selected from hydroxy, lower alkylcarbamoyl,
phenyl, halophenyl, heterocyclyl, carboxy and lower
15 alkoxycarbonyl; aliyl; benzyl; phenyl optionally
substituted with amino, halo, hydroxy, lower alkoxy,
lower alkyl, lower alkylamino or di-lower alkylamino;
heterocyclyl optionally substituted with 1-3 substituents
selected from mnitro, hydroxy, lower alkoxy, lower alkyl,
20 amino, halo, lower alkylamino, and di-lower alkylamino.

54, Process according to claim 53 wherein the
thiadiazole compound used is one in which G represents
optionally substituted lower alkyl.

25
55. Process according to claim 54 wherein the
thiadiazole compound wused is 3-((4-ethylpiperazinyl)
methyl})-1,2,4-thiadiazolo[4,5-albenzimidazole.
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substituted piperazine. 11. Process according tb %la

- wherein the t hi adi azol e conpounds which are used are those of the 15
gener al for b einise [err] wherein R err] pciiicaotboraR err]
and Rlerr] are independently |ower alkyl, ;34 .hydrogen, am no, |ower
al kyl am no, di-Ilower al kyl ani no, hydr oxy, | ower al koxy or piperazinyl,
and G is alkyl (Sﬁ%[}err] 20 - (err]) optlonally Substituted with up
to three tituenf¥ocesge| geeRALing 1ty claim B4 yherein | sher

al kyl car banoyl , tpﬁen;:ilazfm&bolﬁﬂmmplundhei@rd)cyﬁl g+ { {(capiupyl -1 -pipetralzangl )

al koxycar bonyl PEEST 142 h el im 11 wherein
t he t hi adi azm(ﬁ e corrpoun 15’% are u%e%cgr]gbt E(Jirg'ré&?zn&i ch G '
represents 4-nethyl pi perazinyl . 13. Process accord| ng to
claim 11 wser&am the 3@rotésadi aceddingcompounrndaimhsah whegeinusete IS
3-(4- Q74: .

PCT/ CA97/ 00137 Wl%lﬁ%%%g% compound used i 1083 ({4-butylpiperazinyl)

met hyl pi per azi nfetd¥Bdnmgh £+ 4 - Qhﬂa@%ﬁ%%@oI%Flbsnﬁ}mldaz%z| nmi dazol e.

58. Procegs according to c¢laim 54 wherein the

10 thiadiazole compound used is 3-({4-{2-hydroxyethyl)
piperazinyl)methyl)-1,2,4-thiadiazolo{4,5-
albenzimidazole.

59. Process according to claim 53 wherein the
15 thiadiazole compound used is one in which G represents
optionally substituted phenyl.

60. Process according to claim 59 wherein the
thiadiazole compound used is 3-{{4-phenylpiperazinyl)
20 methyl)-1,2,4-thiadiazolo[4,5-albenzimidazole.

61. Process according to claim 59 wherein the
thiadiazole compound used is 3-{(4-(4-methoxyphenyl)
piperazinyl)methyl)-1,2,4-thiadiazolo(4,5-

25 albenzimidazole.

62, Process according to c¢laim 59 wherein the
thiadiazole compound used is 3-((4-(4-amino) -
phenylpipera-zinyl)methyl)-1,2,4-thiadiazolo{4,5-

30 albenzimidazole.

63. Process according to claim 53 wherein the
thiadiazole compound used is one in which G represents
benzyl.

3s



14, Conpounds according to claim 11 wherein the 5 thi
" conpound whi ch are used are those in which R r epr esent 31“!"]&'&“‘11 lll"l“l
4- (2-pyridyl) pi perazi nyl . 15. Process according ‘to° cla
. Wwherein the t hi adi azol e conpound  which S used IS 3- (4, (2-
10 pyridyl )FWB‘%%WV' carbonyl)-1, 2, 4-thiadi azol o[ 4, 5-a] per/ca9700137
benzi m dazol e Process accqgggng to claim 4 wherein
t he thladlazole conpounds whi ch are used are those in mhlch 15 Rerr]
represents optionally substituted phenyl or naphthyl.

Process accordirff- to cl&FrAress agraraiing tHe clalﬂ“hl 8| a‘?&ﬁ@’ébnﬁouﬁﬁs
whi ch are used arzﬂxitahreseoua_ wabfipound Riged] iepresem-oeprgipipe2@ziny118.
Process according.itg) ¢! 3l Rledfaal SR, sfpenzahlhaglipzol e compound
(oxophenyl et hyl ) -1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol e. 25 19. A

process accordi ngg.0 clai WPi:&cé\Bgre&ébéahﬁng tohi @dadmol e3cownevagnWhtge is

used+is 3-(4-(be o]

azi nyl car bonyl) 14‘3}/2)%1 feazcomgf’}fng aﬂsbéinzirsm %%%oﬁn which %Orepresents
Process accordi rﬁnntaé‘ylel aim 4 wherein the 30 thiadiazole corrpounds
whi ch are used are those in which R7 represents hydroxy

Process accordi to claim_20 wherej. | zo)

which is used is 3-carbox Bfoﬁeﬁs 3%‘:0?’*?16151& azQI thgm E nz ﬁ? gg Efie
WD 97/31893 10 thiadiazole compound used is 3 1gqgnemgigipera21nyl)

- 109 - methyl)-1,2,4-thiadiazolo(4,5-albenzimidazole.
67. Process according to claim 53 wherein the
thiadiazole compound used is one in which G represents 2-
15 pyridyl.
€8. Process according to claim 67 wherein the
thiadiazole compound used is 3-((4-(2~
pyridyl)piperazinyl) methyl)-1,2,4-thiadiazolo[4,5~

20 albenzimidazole.

9. Process according to claim 53 wherein the
thiadiazole compound used is one in which G represents 3-
amino-2-pyridyl.

25
70. Process according to claim 69 wherein the
thiadiazole compound used is 3-((4-(3-amino-2-pyridyl)
piperazinyl)methyl)-1,2,4-thiadiazolo[4,5-
albenzimidazole.

30
71. Process according to claim 53 wherein the
thiadiazole compound used is one in which G represents 2-
pyrimidyl.

35 72. Process according to claim 71 wherein the

- thiadiazole compound used is 3-((4-(2-pyrimidyl}
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substituted heterocyclic group bonded directly to the thiadi%azdél o*rihg.”
-5 23. Process according to claim 22 wherein the )

t hi adi azol e wpopsiggads which are used are those in which PCirRQ 9700137
heterocyclic nmoiety of group Y is selectedfdam pyridyl, piperazinyl,
nmor phol i nyl, pyrrolidinyl and 10 pyrazinyl . 24. Process
according to claim 23 wherein the thiadiazol e conpound which is
used i s 3-(2-pyPragrprzinyllnethyl) 1 2di4ardiafaazod bbn¥i i dazol e. 15

25. Procealpvenetinidasgleto claim 23 wherein the t hi adi azol e
conpound which is used is 3-(4-norpholinyl)-

1, 2, 4-t hi adi azol o[ 4, 5- a] - benzi m dazol e- 20 26. Process according

to claim 23 WRerein tREocessAeuAYaisse EenpodadmnwhFeh whenedn | the
3-(1-pyrrolisinghjadiazole 2 cémbBuAdi &aselolis Sord - RANZNTCHAZD| fepresent £ 7.

P di | ' 5 thiadi I d
ueed s o (2o Asr oSt - Mekinab B Y o D Gazol o

28. Process according to claim2 wherein the thiol gr oup
contai ning conpoynd i s anpedZed®. atitordidd. to clRimCess wWREPELHhNOthd O

?L?LH}a} MhereEﬂie&#§§?%i%géﬁggéggﬂd%éaoqgogﬂgsiﬂs%ﬁigﬁvgst9§(9£9?£§l4—
PCT/ CA97/ 00187 chlorophenyl) -1-phenylmethyl)pipenazinyl)methyl)-1,2,4-

thiadiazolo[4,5-albenzimidazole.

75. Process according to claim 3 wherein the
thiadiazole compounds which are used are those in which Y
15 is halo.

76. Process according to claim 75 wherein the
thiadiazole compounds which are used are those in which Y
is bromo.

20
77 . Process according to claim 76 wherein the
thiadiazole compounds which is used is 3-bromo-1,2,4-
thiadiazolo{4,5-albenzimidazole.

25 178, Process according to claim 3 wherein the
thiadiazole compound used 1is omne in which Y is
halomethyl.

79. Process according to c¢laim 78 wherein the

30 thiadiazole compound used is 3-bromomethyl-1,2,4-
thiadiazole[4,5-albenzimidazole.

80, Process according to claim 3, wherein the
thiadiazole compound used is 3-{4-methylphenylsulfonyl) -
35 1,2,4-thiadiazolol4,5-albenzimidazole.
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al kyl am no, hydroxy, |ower al koxy hal o or piperazinyl, ahd Gi's dlkyl 5
. (derr]-derr]) optionally substituted wth up to three .

substituents weoe98is8st €d from hydr oxy, | ower  pCT/CA97/00137

al kyl car banoyl, phenyl, hal ophenyl, hetechxgbyL, car boxy and | ower

al koxycarbonyl ; allyl; acetyl; benzyl; phenyl optionally substituted

wi th am no, hal o, hydroxy, | oner 10 alkox | ower _ al kyl | ower

al kylamino or df1fover PrQQQ§?IaﬁQQSrdﬂgﬂerGEycF}PlﬁptFon&@ﬁfeln the
substituted w th dhB8adiazslddanipoants seédchedk ftlemgeneral pdmoxy; | ower

al koxy, | ower alky am no, hal o, |ower alkylam no, and di-| ower
al kylram no. 15 30. Process according to claim 29 wherein
t he thladlazoﬁg R o used is one in which Grepresents

optionally substitutg owérsalkyl 31. Process according to

claim 30 whereir3thg 2 adi azol e conmpound used is
3-(4-nethy|-1-piperazim&l)- . 1,2, 4-thiadiazol o] 4, 5-a] benzi m dazol e.

32. Process accordi o claim 30 wherein the t hi adi azol e
conpound used is 3-(4-ethy|-§rpiperazinyl)- 25
1, 2, 4-t hi adi azol o[ 4, 5- a] benzi ni dazol e. 33. Process according

to claim 30 Whgk&idlin tﬁﬂe R2, tnbl aahazméeagerrpﬁaegew&mﬁ lower alkyl
3- (4-propy! - 1-pi PErazl Nl ) - onsno 1 ot MaA9, 3494804 2:2h 852 198RS 5050
hydroxy, lower alkoxy, halo or piperazinyl; and R' and R"
are independently selected from lower alkyl, benzyl,
phenyl, and lower alkyl substituted with hydroxy, amino,
lower alkylamino, carboxy or lower alkoxycarbonyl, or R!
10 and R" together with the N-group to which they are
attached form an optionally substituted, saturated
heterocyclic group selected from morpholinyl,
piperidinyl, pyrrolidinyl and prolyl, the optional
substituents thereon being selected from lower alkyl,
15 carboxy, amino, phenyl, lower alkoxycarbonyl and di-lower
alkylamino.

82. Procese according to claim 81 wherein the
thiadiazole compound uged is one in which R' and R" are
20 both lower alkyl.

83. Process according to c¢laim 82 wherein the
thiadiazole compound used is 3-dimethylaminomethyl-1,2,4-
thiadiazolo[4,5-albenzimidazole.

25
B4, Process according to claim 82 wherein the
thiadiazole compound used is 3-diethylaminomethyl-1,2,4-
thiadiazolo([4,5-albenzimidazole.



'vclizl?1393 34. Process according to Pgréfﬁ?7§8013;L“HIH"““N““""I"""
t hi adi azol e conmpound used is 3- (4-butyl-1-piperazinyl) - * e L om0

-1, 2, 4-thi adi azol o[ 4, 5- a] benzi m dazol e. 5 35. Process according
to claim ZJAPoove@esLin the t hi adi azol e conpound USE@tFkﬁgw 137
3-(4-(2-hydroxyet hyl)-1- pi perazinyl ) - % 2, 4-t hi adi azol of 4, -gﬁ
benzi m dazol e. 36. Process %ﬁd?ng to claim 29 wherein

the 10 thi adi azol e conpound used is one |n whi ch G represents
optional |y substdf.uted ph&mpkess acc@@ing to Praedss Baccmhdtagn t bhe

claim 36 wheraifiadilgole cbﬁb@ghézgééd §Q”§0&i}9r5 bee irchethyl-1,2,4-

3- (4- phenyl pi perazi thJa nzi m dazol e
38 Proce§§‘a§%€5939ié sfﬁjb%ﬂ%ﬁWﬁ ewhereln t he thladlazole
conpound used is 3- (4- (4-nethoxyphenyl) pi perazinyl) -1, 2,

4-thi adi azol § [ 4¢5- a] ben%kgbgégm@c%c?ﬁlng ?t% claim PB9CERRera@shOT ghO9

to claim 36 wher hi_adi azol’e 1is

3- (4- (3-chl or Opw‘éﬁ SZIW“T 2 uge is 3-dibutylaminomethyl-1,2,4-

t hi adi azol o[ 4, 5thlipdiarwidd2 pb ea] berZimiddzole. Process according to

claim 29 wherein the thiadiazole conpound used is one in which G
represents J%ocess cordl claim_ 40

benz
wherein the 308 57 hlad|a28F8°e%%nﬁ3ﬁmF §1F4 Bgnzy?ﬁ¥%%?ath?l)
1,2, 4- th|adnazokhpdﬂsaaphenzompdun®lesed is omé in whiclPrRcesssd RECwithng

to claim 29 hgrg. '&tohh%o whibhi 2eg2ake SPPROHDE HSAH LSm8PSnLPidPich G

represents 35 cinna
P ringr%t::l:'uc:t\.).:ce

88, Process according to c¢laim 87 wherein the
15 thiadiazole compound used is 3-morpholinomethyl-1,2,4-
thiadiazolo[4,5-a)lbenzimidazole.

B9. Process according to claim 1 wherein the
thiadiazole compound used is one in which Y represents
20 phenyl optionally substituted with 1 - 3 substituents

selected from lower alkyl, hydroxy, nitro, amino, lower
alkylamino di-lower alkylamino and lower alkoxy.

90. Process according to claim 89 wherein the
25 thiadiazole compound used is 3-phenyl-1,2,4-thiadiazolo
[4,5-albenzimidazole.

91. Process according to claim 89 wherein the
thiadiazole compound used is 3-{(2-nitrophenyl)-1,2,4-
30 thiadiazolo{4,5-albenzimidazole.

92. Process according to claim 8% wherein the
thiadiazole compound used is 6-amino-3-phenyl-1,2,4-
thiadiazolo4,5-albenzimidazole.

35



_@122/?1893 43. Process according to c|ZCL/C4Ag7/mmmml“mun”“lll

t hi adi azol e conmpound used is 3-(4-cinnanyl pi perazi nyl) -

-1, 2, 4-t hi adi azol o[ 4, 5-a] benzi m dazol e. 5 44, Process according
to claim 28yo%hsizei N the t hi adi azol e conpound used i caReasrehi ch G
represents 2- pyridyl. 45, _ f%&qgss accordi'ng to claim

44 wherein the 10 thiadiazole conmpoun used . S

3-(4-(2- pyridyl) pi perazinyl)-1, 2, 4-thi adi azol o 4, 5-

a] benzi nmi dazol e. 93. 46. Process prageerding c i fg-aiflo 88| amireredn whbeei n

the 15 thiadi aZOArﬁaalra&@ﬂed WRhouhdonN@iged WisLh B amitiesetiienyl-1,2,4-
am no- 2- pyri dyl cess, ijrdlng to claim 46 wherein

the - thladlazcﬁQ}aqﬁiﬁ&aﬁﬁa 5u§£%en7¥? 1d8204€¢3_ ani no- 2- pyri dyl ) 20
pi perazinyl)-1, 2, 4-thi adi azol o[ 4, 5- a]ben2|n1dazole 48. Process

according tos cls’rum 29 vheeeks hb@ordlné hl@&“ a&p&ﬂncomownéraﬁﬁd tgeONe
cess gorglng

in which G repress nt 5, P

to claim 48 wh %ﬁazpﬁg cg&?ﬂ?ﬁ 4215 one o Surt lChuseﬁePregen

3- (4- (2-pyrim dylpyridydi peptianaily- 1s®amttmtgd| a-zxﬂlb[h 5- a} heuwbstritusote.

30 50. Pr @‘é?e’izteaccﬁrdﬁi ngawézg alik mhﬁ&oﬁy}erﬁiﬁkot h&mino, lower

t hi adi azol e conpound .used a ? Wﬂqﬁ. repr Ssggts 1k

(1- (4- chl or opheny faﬁﬁéﬁy e ﬂ??f alkylamgpo and PURRSR *Uording to

claim 50 wh@rein the 35 thiadiazole conmpound used is

3-(4-(1-(4-chlorgghenyl) -l process according to claim 94 wherein the
thiadiazole compound used is 3-(2-pyridyl)-1,2,4-
thiadiazolo[4,5-albenzimidazole.

15 96. Process according to «c¢laim 1 wherein the
thiadiazole compound used is one in which Y represents 2-
pyrazinyl optionally substituted with 1 - 3 substituents
selected from lower alkyl, hydroxy, nitro, amino, lower
alkylamino di-lower alkylamino and lower alkoxy.

20
97. Process according to claim 96 wherein the
thiadiazole compound used is 3-(2-pyrazinyl)-1,2,4-
thiadiazeolo[4,5-albenzimidazole.

25 98, Process according to claim 1 wherein the

thiadiazole compound used is one in which Y represents
optionally substituted amino-pyridyl.

99, Process according to c¢laim 98 wherein the
30 thiadiazole compound used is 3-([2-pyridylamino}-1,2,4-
thiadiazolo[4,5-a}lbenzimidazole.

100. Process according to claim 98 wherein the
thiadiazole compound used is 3-[3-pyridylamino]-1,2,4-
35 thiadiazolo[4,5-albenzimidazole.



M

. phenyl met hyl ) pi perazi nyl)-1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m
WD 97/ 31893 PCT/CA97/00?H
- 113 - 52. Process according to claim 29 whegretntt
*t hi adi azol e compound which is used is 3-(4-acetyl-1- _
pi per azi nyl ywdeisdest hi adi azol o [ 4, 5- a] benzi m dazol e- PEDICA97/00137
Process according to claim 1 wherein,4he t hi adi azol e conpounds
used have the general fornmula: [err wherein Rerr],

Rlerr], Rlerr], and Rerr] are independently |ower alkyl, 10 hydrogen,
am no, |ower al@am no, PEPCeheraetasding ndo  claimr oky, whemein al ey,
hal o or piperazithyhdiagdlé& icompoundl kgkd( Glserége Char nhickpty opabl¥sents

substitut ed Wt BolPohgy Lr Shorscy PSLLEHCRI By PELeCL et d EQmAAr 0%y, Touer

al kyl car banoyl , ophenyl, het ero , car nd | ower 15
al koxycar bonyl ; al lyl; benzyl ; phenyl optionally substituted

Wi tg- alm' no, lsuialko.ozhydr oxypré@yﬁh &ldmai,ing td 0V@I|aiaxl. k%ﬂm. I Qﬁg{ée%k#@énéno
or di-lower a ' eter optiona substi,tuted w - '
substituents ¥'hsg}j£% i rom nict%%%’?’hﬁgdr oxy, 1f‘lo‘?/\%r al kog{, | owerg'éi%/l :

20 anino, hal oPYFadEtmetrRydaming 1.2nd -8hisdirzole [4/ Snfilkenzimidazgle.
Process according to claim 53 wherein the t hi adi azol e conpound

used is one in yhich G reprESGIl S accor@PhlOnad ! Yershst hbyt el OUEL ALKY!-
10 thiadiazole compound used is 3- [N-methyl- (2-pyridylethyl)
amino] -1, 2,4-thiadiazolo-[4,5-a] benzimidazole.

104. Process according to claim 1 wherein the
thiadiazole compound used is one in which Y represents
15 imidazolylmethyl.

105. Process according to claim 104 wherein the
thiadiazole compound used is 3-{imidazolylmethyl)-1,2,4-
thiadiazolo[4,5-albenzimidazole.

20
106. Process according to claim 1 wherein the
thiadiazole compound used is one in which Y represents
1,2,4-triazolylmethyl.

25 107. Process according to c¢laim 106 wherein the

thiadiazole compound used is 3-{(1,2,4-triazolylmethyl)-
1,2,4-thiadiazolof4,5-a)] benzimidazole.

'108. Process according to c¢laim 3, wherein the
30 thiadiazole is used 3-{4-methylphenylsulfonyl)-1,2,4-
thiadiazolo[4,5-albenzimidazole.

109. Process according to claim 1 in which the
thiadiazole which is used is one in which group Y is a

35 group of formula
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met hyl ) -1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol e. WO 97/ 31893 "

. PCT/ CA97/ 00137 - 114 - 56. Process
according to. [ 54 wherein the t hi adi azol e conpopRdcAFmgisrs
3-((4- propyl ?v p| pera2| nyl )
met hyl ) -1, 2, 4-t hi adi azol o[ 4, 5-a] benzi m dazo™8* " 5 57 Process
accordi ng to claim 54 wherein the t hi adi azol e conpound wused is
3-((4-butyl pi perazi gyl) met hyl ) -1, 2, 4-t hi adi azol o[ 4, 5- a] benzi m dazol e.
58. Process cording to claim 54 wherein the 10 thiadiazole
conmpound used is” 3KA 4-(2-hydroxyethyl)
pi perazi nyl)methyl)-1, 2, 4-t hi adi azol o 4, 5- al benzi m dazol e. 59.

Process accordi ngn tw@uc@ﬂ FHmrpresvheseangrbhp IaNRMRadiaz ehdchompaisdan
used is one in V\/ni 89&%?@}, optionally substituted phenyl.
60. - Process accoral Ci'aim 59 wherein the t hi adi azol e

conpound used is 3-((4- phenylplpera2|nyl) 20
met hyl ) -1, 2, 4- shi adioazol o[ dpbocddiedodrddngl eo claim £09 whereirPr®chssthe

ding to cl 59 d used
3 (a- (4 met hoxy pheRpPRad UOEE Seebesietfies 2, ASWFERE LA 00 Ol s 25

a] benzi m dazol e.

111. Process according to claim 110 in which R' in

the compound used represents H and R" represents lower
10 alkyl.

112. Process according to c¢laim 121 wherein the

compound used has the formula:

R1
R2 N

N 5
mr H
QO N N\/\r
H O

113. A process of reacting the thiol group
containing compounds to convert the thiol group therein

15

to a disulphide group, which comprises reacting the thiol
group containing compound with a thiadiazole of the
20 general formula III:

RS N
J
R6 NF,{,

and pharmaceutically acceptable salts thereof, wherein RS
and R® are independently selected from the groups
hydrogen, lower alkyl, halo, nitro, hydroxy, lower
25 alkoxy, or groups of the formula NR'R", OC(O}R",



“Compound "~ used “Te 0 $((3 (i amnoy M Hllillﬁﬂllﬁllﬂ'lllllllllll
ggenylplpera zi nyl) met hyl) - 1 , 4-t hi adi azol o[ 4, 5- 30 al benzi ni ddzol'e. ® ¢

. Process according to claim 53 wherein the t hi adi azol e
conpound USggp b3 e I N Which G represents benzyl. 35 o006}
97/ 31893 PCT/CA97/0013%‘“CA
- 115 - . 64. Process according 1% claim 63 wherein t he
t hi adi azol e conpound wused is 3-((4-benzyl piperazinyl) met hyl )

-1,2,4 -thiadi a8 @}CR' ,5-F (WR'RTi,.dalB] ECOR') ,5 NHE (O)NR'R" Pr §BEIO) OR'

according to glAiphid3 rRWEHA 'it" the as Eéfﬁﬂéézghe cqg@:g,oqndoysgﬁ 'RS one
in which Grepresents cess accordlng

claim 65 vher 51 FREs <Brate) 3 nFat 35| sléoﬁﬁaﬁﬁaeéser&qgs Sousisting of
|

3- ((4-ci nnanyl pi fein n = S5i

nethyl)-1,2,4-th|adlazolo[4 5-a]ben2|n1dazole 67. Process
according to claj .53 erein. the_. . thiadiazole conpound used is one
in which G repréggtgglf-afggﬁ§+?%@w%n claim dg Process accordlng to
claim 67 wherein the t hi adi azol e conpound used

3-((4-(2- Pyhigdy! ) pi ppEagbsy! )accordmget Byl ) elafm 41 a%@%@hg[ 43/&

a] benzi m dazol e. g E accordin to | al m ereln
t he thladlaf&¥€d&8ﬁ8 ﬁn&°ﬂ§88n§§ gRechn3FRi UReB AXS in which

10 RS and R® both represent hydrogen.

115. Process according to claim 114 wherein the
thiadiazole compounds which are used are those in which Y
represents
g
ZINRT
15 R
and R7 represents lower alkyl, lower alkoxy or aryl.

11s6. Process according to c¢laim 114 wherein the
thiadiazole compound which is used is 3-
20 acetylimidazo[1,2-d]-1,2,4-thiadiazole.

117. Process according to ¢laim 114 wherein the
thiadiazole compound which is used is 3-

benzoylimidazo{1,2-d] -1,2,4-thiadiazole.

25
118, 3,5-Disubstituted 1,2,4-thiadiazole compounds
corregponding to the general formula:
S
N
N\S>\
30

wherein Q represents



am no-2-pyridyl. 25 70 Process

) V\/n;arei- n- th;a . t hi adi azoi e conpound usegcclo;di gg((zo(3 mllmmlﬂl“l“ms!glm

pi perazinyl)nmethyl)-1, 2, 4-t hi adi azol o[ 4, 5-

a] benzi m dazdl e

.Process according to claim 53 wherein the t hi adi azol e conmpound
used i s one ivwowhihfges G represents 2- pyrim dyl . 35 72ZecTicAYM00B3TOCESS
according to claim 71 wherein the _thihadiazol e conpound used
is 3-((4~(2-pyrimdyl) WO 97/ 31893
PCT/ CA97/ 00l 37 pi perazinyl)methyl)-1, 2, 4-thi adi azol o[ 4, 5-

a) benzi m dazol e. 73. Process according to claim 53 wherein

the 5 thiadiazole conpound useda)s angrbnp\/\hi-cr'n‘ G +R{x-dsehtshere T is a

(1- (4-chl orophenyl)-1 -phenyl net
claim 73 wherein the t hi adi azofe co

Zér gro %rocﬁérﬁi &ccppdi Rge to

ound Used’is_one I.nh which is

3-((4-(1-(4- 10 chl orophenyl)- fhaﬁéﬁwﬁé?rmﬁlﬁu&eraé’ﬁ geteREedyfyon 2 4-

t hi adi azol o[ 4, 5- a] benzi m dazol e.

Procesgy according to

claim 3 wherein the t hi adi azol e conpounds “h'éthée sed are those
in which Y 15 is halo. 76. O Procéks accor to claim 75
wherein the t hi adi azol e conpounds which_are used arthhose in whichY
i s brono. 5 c-, and ;

L is an N-terminal peptide protector group
or a terminal group

10

o
i

..ORI' NRIR"' - c - RI

where R' and R" are as defined

15 below in group Y; and - AMA - is an
amino acid or peptide residue -[ NH - cHAl

- CO 1- , where Al is any one of the known

amino acid

a-substituents and n is an

integer from 1 to 3;

20

or (b) -NHPh or a diphenyl-guanidine group of the

formula

NH

N

Ph

Ph

in which Ph represents phenyl optionally
25 substituted with hydroxy, lower alkoxy or

amino;

Y' is lower alkyl, lower alkoxy, amino,

carboxyl,

lower alkoxycarbonyl or 1-

30 piperazinyl optionally substituted at the

4-position with lower alkyl; lower alkyl

substituted
selected

with 1 or 2 substituents
from hydroxy, lower
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t hi adi azol e conpounds which is used is 3-b

t hi adi azol o[ 4, 5- a] benzi m dazol e. 25 78. Process according *to s
claim 3 wherein the t hi adi azol e conmpound used is one in which Y is
hal onet hyl . wo 97131863 Process according to claim 7@crxdaeteiisr the

30 thiadiazole conpound used S 3-pppronet hyl -1, 2, 4-

t hi adi azol e[ 4, 5- a] benzi m dazol e. 80.

Process according to

claim 3, wherein the thladlazol conpound used i s
3- (4- net hyl phenyl sul fonyl ) - 3531yl %P§P%Wﬂz%m azol BRe®l a] benAatoRReEsye .

WO 97/ 31893 heterocyclyl

- 117 - 81. Procesgyx ﬁ£§
t hi adi azol e conpounds used have | gener
wherein R err], Rerr], Narﬁ%ﬁ %ﬂ]

c®EBGBAI7/ 0GRy lower

lt(beﬁ%fﬁ M phenPle Qon%&fy

'f or

witd | FdpendeBaly. | oR¥ATaKKY| |

5 hydrogen, s anino | ower al kybwet no, adkokpyer alowglam nolkyl, hydeesy,

| ower al koxy, hal o or plpera2|gykylgmghg?

selected from |l ower alkyl, benz
heterocyclyl

angd R g5 (15%e% | NA8RGAIERLHY

optionally substituted with 1

- 3 substituents selected from nitro,

amino, halo,

hydroxy, lower alkoxy, lower

10 alkyl, 1lower alkylamino, or di(lower

alkyl)amino;

1,1-diphenylmethyl wherein

both phenyl rings are optionally

substituted with halo, amino, hydroxy or

lower alkoxy; 2-pyridyl where the
15 pyridyl ring is optionally substituted
with 1 - 3 substituents selected from

nitro, amino,

lower alkyl,
alkyl}amino;

halo, hydroxy, lower alkoxy,

lower alkylamino, or di(lower
or a group ~CHo~CO-NH-

20 loweralkyl; with the provisos that, when Q

iS 'NHPh,
dialkylamino,

then Y° is not alkoxy,
hydroxyalkylamino,

di (hydroxyalkyl)amino; and when Y' is 4-
substituted piperazinyl, Q is not a group
25 - T - [AMA]-L.

119. Compounds according to claim 118 wherein Q

represents an amino acid residue of formula:

Ay
i
—NH-CO-NH-CH-CO-NH-B;

Ay
|
—CO-NH-CH-CO-NH-B,

COOB;

30

fﬂ
—CO-NH-CH-CO—N



_ phenyl, and | ower alkyl substituted with hydroxy, am no,

" al kyl ami no, carboxy or |ower al koxycarbonyl, or R 10 anc“w“ﬂmjuuluml““l
with the NNgroup to which they are attached form an- aptironal

substi tut ed, sat ur at ed het er ocyclic gr oup sel ected from

mor phol i nyl , wooymighgridinyl, pyrrolidinyl and prolyl, teieycanbsanal
substituents thereon being selected from|[oyes alkyl, 15 carboxy, am no,

phenyl, | ower al koxycarbonyl and di-I| ower al kyl am no. 82.
Process according to claim 81 wherein the t hi adi azol e conpound
used is one in which oth [ ower alkyl. 83.

Process according tc?"“’él (gﬁ) "g‘ZﬁH g%e t he t hi adi azol e conpound
used i s 3-dinethyl am nomeghyl Al, 2, th| adi azol o[ 4, 5-a] benzi m dazol e.
25 - 84. ¥ ocess accordi ng"to claim 82 wherein the

t hi adi azol e corrpom\d wSed i $g3 dietdyl arnpmblﬂ)i{rel grdup selected from

t hi adi azol o[ 4,5 benzi m
PCT/ €A97/ 00137 aAeterocyc acarbonyl benzvm& %éoéenzéﬁ;;é &?nd g gess
n Fﬁg@

according to clB¥F™%0 Buntf el gWex natkyls iBe aaFa}SF'?r
3-di propyl am mnﬁéxw&tﬂm&eﬂr with tduiad,azale{i4i%oa]dreny) M dazaldreralkyl) 86.

Process accordin 1d cl ai m 82, sv@erela t he t hi adi azol e conpound
used is 3-dibutyl o r%ex}%yﬁ f 3, 21 t*hi adi azol o[ 4, 5- a] benzi m dazol e.
87. Process according to claim 81 wherein the 10 thiadiazole

conpound used is pie. in mt@hp&na@da&omiﬁg to &NgiMF 2t 9nmvherwhhcrbigy
are attached formga morpholinyl fromrlrEbégglgiﬁgfa lower alkoxy, amino.

10 carboxyl, lower alkoxycarbonyl.

121. Compounds according to claim 118 wherein group
Y is 1-piperazinyl optionally substituted at the 4-
position with lower alkyl; lower alkyl substituted with 1
15 or 2 substituents selected from hydroxy, lower
alkylcarbamoyl, phenyl, halophenyl, heterocyclyl, carboxy
and lower alkoxycarbonyl; benzyl; phenyl optionally
substituted with amino, halo, hydroxy, lower alkoxy,
lower alkyl, lower alkylamino, or di(lower alkyl)amino;
20 heterocyclyl  optionally substituted with 1 - 3
substituents selected from nitro, amino, halo, hydroxy,
lower alkoxy, lower alkyl, lower alkylamino, or di{lower
alkyl)amino; 1,1-diphenylmethyl wherein both phenyl
rings are optiomally substituted with halo, amino,
25 hydroxy or lower alkoxy; 2-pyridyl where the pyridyl ring
is optionally substituted with 1 - 3 substituents
selected from nitro, amino, halo, hydroxy, lower alkoxy,
lower alkyl, lower alkylamino, or di{lower alkyl)amino;
or a group -CH,-CO-NH-loweralkyl; and Q represents NHPh

30 or a diphenyl-guanidine group of the formula
NH
i
-N~C-Ph
i

3s Ph



88.. Process according to claim 87 wherein the 15 e "
conpound used is 3-norpholinonethyl-1,2,4- ' ”“l lmmlmmm””m
t hi adi azol o[ 4, 5- a] benzi m dazol e. 89. Process accordingLt to s~

claim 1 wherein the t hi adi azol e conpound used is one in which Y
represents @ggﬁpﬁg_yl optionally substituted with 1 - 3 subgiy 8

sel ected from | ower al kyl, hydroxy, nitrolzgnino, | ower g%%?@gn?no

di -1 ower .al kyl am no and | ower al koxy. ~ 90. Process according to
claim 89 wherein the 25 thiadiazol e conpound used is

3- phenyl - 1, 2, 4-imi i clz dblo represénfsajphenylnbgaiotElly substdikuted wilRhocess

according to Sy 89 owbhe L8k Bt B amind hi @di azol e conpound wused is
YRy 1, 1oyt hlkdny OF apip

3-(2-nitropheny ‘4°730 azo 4, 5-a] benzi m dazol e. 92.
Process according to claim 89 wherein the t hi adi azol e conpound
used is 6-amize3-pheny compodnd accoidiady azolcdpdmSiabehiehi l@zol e. 35
WD 97/31893 4 PCT/ CA97/ 00137

- 119 - 93. Process according to claim 89 wherein the -

t hi adi azole co
t hi adi azol o[ 4, 5-a
claim 1 wherein

nd used is - am no- 3- phenyl -1, 2, 4-
g dagol e H° 94. Process according to
h_e{}\\r hi a iazs'l e conpound used is one in which Y
YN t

represents 2- ptNon uted with 1 - 3 substituents
sel ected from | ower aflkyl)} hyﬁr OX3, nitro,\am no, |ower al kyl am no
di -1 ower al kyl am no and I"E)wer al koxy. 10
123. A compound according to claim 118 which is
MeO Ph
7/~—N O H 0
N A A
N\s rlq)j\,/ N~ “OCH,Ph
H CH; O H
10 124. A compound according teo claim 118 which is
Me



95, . Process according to claim 94 wherein the t hi adi azol e

conpound used i's 3-(2-pyridyl)-1, 2, 4- t hi adi azol o [ 4,

5-a] benzi m dazol e. 15 96. Process according to claim 1 wherein
t he t hi adi azol e conpound used is one in which Y represents 2-

pyrazi nyl optwggﬁﬂﬂbsubstltuted wth 1 - 3 substituents PSIESosdy f T om
| ower al kyl roxy, nitro, amno, |ower al kyl am no di -1 ower

al kyl am no- and | ower al koxy. 20 97. Process according to claim
96 wherein the t hi adi azol e conpound wused is

3-(2-pyrazinyl)-1,2,4- t hi adi azol o[ 4, §f®] benzi m dazol e. 25 98.
Process according to claim 1 wherein the t hi adi azol e conpound
used is one in which Y represents optionally substituted am no-pyridyl.
99. - Process according to claim 98 wherein the 30 thiadiazole

compound used is 3-[2-pyridylamno]-1,2,4-

t hi adi azol o[ 4Npsa] benzi m dazol e- 100. ~N Process acc@?dlng to
claim 98 mher;§§__thS t hi adi azol e conpoun used S 3&

[ 3-pyridylam no] #1, 2 35 thpagypzolo [ 4, 5- a], enzim dazol e.

WO 97/ 31893 N \ /PCT/ CA97/ 00137}—7

- 120 - 101 Prijcess accordlng to aim 1 er ei t he
t hi adi azol e conpo ed is one in which Y rep ents P&ptionally
substituted | ower kyl ene-am no- pyri dyl . 5 10X ,/// Process
according to clai 101 wherein the t hi adi azolle conmpound
used i's 3-[ 2-

pyridylnethylanino]l,2,4-thiadiazolo[4,5-a]benzinidaﬁ6|e.

RSH

FIG. 1
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. 103. Process according to claim 101 wherein the 10 thiadiazole
conpound used is 3-[N-nethyl-(2-pyridylethyl)

am no] -1, 2, 4-thi adi azol o-[ 4, 5-a) benzi m dazol e. 104. Process
according to claim 1 wherein the t hi adi azol e conpound used is one
in which Y regpassies 15 i mdazolyl methyl. 105. PO R0137
according to claim 104 wherein the thi adi azol e conpound used iIs
3-(imdazolylmethyl)-1, 2, 4- t hi adi azol o[ 4, 5-a] benzi m dazol e. 20

106. Process according to claim 2/3wherein the t hi adi azol e
conmpound used is one in which Y represents 1,2,4-triazolyl met hyl. 25
107. Process according to claim 106, dherein _the t hi adi azol e
conmpound used iC?MS (1,2,4-triazol pjuget -N 51 2, 4-OMeadi azol o[ 4, 5- a]
benzi mi dazol e. e 108. cN . Progess d| ig &0/ im wher ei n
the 30 thi rreehyl phepyl sul fion

thi adi azol o[ 4{5- t&nmmﬁo % —=Pr ocelsy TN (L claim1l
i oN7i %sedlsonean\hlﬂfé s a 35
/3189 o OMe

| e.
in which the SN I adi azol e wh

97
PCT/ CA97/ 00137 - 121 - N Terr]

group of fornula WO

OMe H OMQ OMe
S. 7/
0o ¥ 0
N N\@ -_— N N\‘TJE’H
HN-0 O
OMe OMe :
0 OMe l
N OMe
\S——AN —~——
OMe o
OMe
0 O N

-~ H—,\\;SJ\N

5 °

N

-

FIG. 2
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in which Rlerr] represents a group -ANR R' in which Ais an am no acid
resi due. 5 110. Process according to claim 109 wherein Ain the
conpound used represents a | euci ne residue. 111. Process
according to claim110 in which R in t he conpound used represents H
and R' represenvgsgoaer 10 al kyl . 112. Process revoaswomsy to
claim 111 wherein the conpound used has the formula: [err]
15 113. A process of reacting the thiol group cont ai ni ng
conpounds to convert the thiol group therein to a di sul phide group,

whi ch conprises reacting the thiol 3{ up containing conpound with a

t hi adi azol e of the 20 general fornula I [err] and
pharmaceutically acceptable salts thereof, wherein R err] and R6 are

i ndependent|ly selected fromthe groups hydrogen, |ower alkyl, halo,
nitro, hydroxy, Ilower 25 alkoxy, or groups of the formula NRR',

C(OR,

% B
FIG. 3
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- VO[O (- ek _ . " PCH{ 7/0M1
- 12 o W 0CCONR R', NR (COR ), NHC(O) MR Rpr: @@fe/ovm)
whil ¢ Iﬂhﬁi’(ﬁm s defined in claiml or NR R represents a five or
-Si nber ed rrng opsisting of N -(CHerr])[err] wherein n = 4 or 5
angl Y is as defrned n clarntl 114 Process according to

cl &dm—113 .k ) ! are used are those
in which 10 err 'er both represent hydrogen 115.

Process ac f L wherein the t hi adi azol e conpounds
Rlerr] represents 233?‘?"‘-; Rl o A o hyioal profifes for ANC
Proces$ aceteagpigg toth:odabs m akhd wWelettmivéle contv’émdin@ZOiﬂnol
conmpound whi ch IS used S 3- 20 acetylimdazo [1, 2-d]

-1, 2, 4-thi aeioa@epeds to d&ﬁvlflde ComRReRds accht oﬁth‘gomﬁ%a%@% gq 4chder ei n

the t hiadi a RO JCh susedrs

benzoyl i m dgfo[ P c(ﬁr% uﬁﬁ"%@ o?%mpo‘égds' somelﬁ’:!f which are
3,5-Di SUbSthb%Qd s Ztﬂiéi“ 2etapy ?Qh% FREMBINASn  gelCRIHICRPORSLAYi LR the
general forml a: [err

10 with thiols to convert them to disulfides.

BACKGROUND OF THE INVENTION AND PRIOR ART

Thiol compounds exist in many chemical and
biochemical systems, and in many cases are undesirable or
15 harmful compounds requiring selective removal or chemical
conversion from the system. The thiol group SH (otherwise
known as the mercaptan group or the sulfhydryl group)
often confers malodorous properties on compounds
containing it. Minerals such as mineral fuel deposits
(oil, natural gas and coal, for example) are often
contaminated with malodorous thiol compounds. Gaseous
effluents from the extraction and refining of crude oil,
gasification of coal and mining of natural gas are often
contaminated with thiols, and require removal of thiols
therefrom to meet environmental standards.

The manufacture of certain pharmaceutical
products, for example cimetidine, ranitidine and
30 nizatidine, involves the use of éulfur-containing reagents
and the production of methyl mercaptan by-products. The
current method of disposal of these products is by
incineration, which leads to the production of sulfuric
35 acid, discharged as a component of "acid rain". An

improved method of trapplng tthlS in this context is also
required.

Thiol trapping agents can be used in diagnostic

processes to trap organic mercaptans. Also, they can be
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(S7) Abstract

Thiols are trapped, and converted to disulfide compounds, by a process of reacting them with compounds containing a 1,2,4-thiadiazole
fing structure catrying a substituent at position 3 of the thiadiazole ring, and being unsubstituted at position N-2, The process is useful
phamiacologically, in inhibiting certain thiol-containing enzymes such as H+/K*-ATPase (the proton pump), and industrially, in selective
removal of thiol compounds from gas or liquid mixtures.




