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SG

This invention provides a novel methad for treating a mammal suffering

from or susceptible to schizophrenia and schizophreniform diseases, such
as schizophrenia (catatonic), schizophrenia (disorganized), schizophrenia

(paranoid), schizophrenia (undifferential), schizdphrenia (residual), schizo-
phreniform disorder, brief reactive psychosis, schizoaffective disorder,

15

induced psychotic disorder, schizotypal personality disorder, schizoid

personalxty disorder, paranaid personality disorder and delusional (para-

nold) dlsorder

Currently there are many drugs available for the treatment of disorders of

.20

thie central nervous system. Among such drugs Is a category known as

antipsyéhotics for treating serious mental conditions such as schizophrenia
and schizophren’rform illnesses. The 'drugs currently available far treating
such. conditions are often unsatisfactory. The drugs may be associated with
serious undesirable side effects which include tardive dyskinesia, movement

25

disorders, and other undesirable extra pyramidal effects.

There is a need for better products that control or eleminate the symptoms
in a safer and more effective way. Furthermore, many patients do not

- respond or only partially respond to present drug treatment. Estimates of

30
treated.

such partial- or non-responders vary between 40% and 80% of those

Ever since antipsychotics were introduced it has been observed that
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phrieni f &t m di sorder, brief reactive psychosis, schizoaffective disorderf//

I nduced psychotic disorder, schizotypal personality disorder, schizoid
personal ity disorder, paranoid personality disorder and del usi onal (para-
noi d) di sorder. Currently there are many 'drugs avail able for the
treatnment of (¢j rs of the central nervous system drugs is a
category kno °§§Egﬁtipsychotics for. treating serious ggﬁta‘agggditions
such as schi zophreni a. .and schi zophreniformill nesses. The drugs currently
avai l abl e for treating such condi ti ons-&re often unsati sfactory. ‘The drugs
may be associated with serious undesirable side effects which include

tardi ve dyski neSefenlBERR' LBPhof b AREePLRS RIS Lilibfocx! 2

pyram dal effe pet t er t control or

el eminate the syfjfdrguderis-ingdresd Frtpsagre aé’f‘Fé‘lYFPv‘é rRRsfonsraatiier nor e, many
pati ents do not sl spdiveidyskinesid, ang sardiveadistoniacTheditipsan Arges Satledr ug
treatment. EstiRbes AbrRitbRdSkdd b sasna}manﬁfagawﬁweﬂé?ﬁ Kchet ween 40%

and 80% of those treated Ver since anti choti'cs were 1 ntroduced it
has been obSer vdfIMS)are well known scales for assessing e ra pyramidal symptoms. The

great majority of drugs available for treatment of schizophrenia are prone to

produce these extra pyramidal side effects when used at dosages that yield

a beneficial effect on the symptoms of the disease. The severity of adverse
. . .events and/or lack of efficacy in a considerable number of patients fre- '
10 quently results in poor compliance or termination of treatment.

Many of the drugs a}e associated with a sedative effect and may also have
an undesirable influence on the affective symptoms of the disease, causing
depression. In some instances long term use of the drug leads to irrevers-

15 ible conditions, such as the tardive dyskinesia and tardive dystonia referred
to above. .

A widely-used antipsychotic, haloperidol, is one such drug, which has been
reported as causing a high incidence of extra pyramidal symptoms and
20 _may also cause tardive dyskinesia. More recently, clozapine, one of a large
o_:jroup of tricyclic antipsychotics, has been introduced with the claim that it
~ is free from extra pyramidal effects. However, the compound was found to
cause agranulocytosis in some patients, a condition resulting in a lowered
white blood cell count which can be life-threatening, and it may anly now be

25 employed under very strict medical observation and supervision.

One additional group of antipsychotic compounds is described in British
Patent 1,533,235, These compounds are thienobenzodiazapines. One com-
_ pound from this group, flumezapine, (7-fluoro-2-methyl-10-(4-methy!-1-
30 piperazihyl)-4H-thieno[2,3-b]['1,5]-benzodiazepine, was developed to the
stage of being clinically administered to psychiatric patients suffering from
schizophrenia. A total of 17 patients received treatment with flumezapine
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-2 patients are liable to suffer fromdrug-induced extra pyrani dal /
synpt ons whi ch include drug-induced Parkinsoni sm acute dystonic reactions,
akat hi - sia, tardive dyskinesia, and tardive dystonia. The Sinpson Angus
Scal e, Barnes Akathisia Rating Scale, and Abnormal Involuntary Myvenent
Scal e (Al V5)wehsosg®l | known scal es for assessing extr aPqupkasiospal synpt ons.
The great majority of drugs available for treatnent of schizophrenia are
prone to produce these extra pyram dalgside effects when used at dosages
that yield a beneficial effect on the synptons of the disease. The severity
of adverse events and/or |ack of efficacy in a considerable nunber of
patients fre- qqafeﬂ?tthyCliflip.amﬁﬁlsﬂasﬁemﬁﬁﬁd(ﬂﬂﬁmqnawi@ﬁowtmbﬂﬁ HiSh&opadn of

treatnent. AdS B8, HRE&: g%fsgpb@‘cggb%i Hinsgdakigre effect and
may al so have an un esl rggﬁ' I nf Iuesnce on the af’xfﬁe}gct Pvegg?r%toms of the

di sease, causi FiFedEPRERS ewRls inithe TesRd F?ﬁ‘l%‘i"%ﬂ@é@%ﬁﬁg"’?@l"ﬁ‘ﬁ@és'of the drug

| eads to irrevgkdkinase (CPK), and the liver enzymes, serum glutamate oxalacstic
) 5 transaminase (SGOT), and serum glutamate pyruvate transaminase (SGPT),
estimated from blood samples taken from patients, were in substantial
excess of normal values, indicating the possibility of toxicity. In respect of its
tendency to raise liver enzyme levels, flumazapine is similar to chlorproma-
zine, an antipsychotic which has long lbeen in use but whose safety has

10 been called inta question.

Summary of the Invention

The method of this invention comprises administering to a patient suffering
15 from or susceptible to schizophl"eni'a' or schizophreniform conditions an
effective amount of a compound of the formula |

20 | I I | 0)

wherein
25 X is oxygen or sulphur; =
- R is hydrogen, amino, halogen, -CHO, -NO,, -R?, -Y, -NHCO-R*, -OR*,
-SR*, -SOR*, -SO,R*, C,,-cycioalkyl, C,,,-cycloalkenyl, C, ,,-(cycloalkylalk-
i), -Z'- -C,.qg-cycloalkyl, -Z'-C, ,,-cycloalkenyl, -Z'-C,,o~(cycloalkylalkyl),
. -Z'-C,,,-(cycloalkenylalkyl), -Z'-C,,o-{methylenecycloalkylalkyl), -NH-R*,
30 -NR*R®, -NH-OR?, -CH=NOR", phenyl, benzyloxycarbonyl, phenoxy,
benzoyl, tetrahydronéphthyl, naphtyl, indenyl, wherein each aromatic group
is optiénally substituted with halogen, -NO,, -CN, C, ,-alkyl, C, ;-alkoxy,
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i bl e cohditions, such as the tardive dyskinesia and tardive dystonia
referred to above. A w del y-used anti psychotic, hal operidol, |Is one such
drug, which has been reported as causing a high incidence of extra

pyr am dal synptons and may al so cause tardive dyskinesia. Mre recently,

cl ozapi ne, one of | arge group of tricyclic antlpsych S been

i ntroduced mﬁWH”Pﬁ@’ claimthat it is free fromextra gypgﬁl&g? ef fects.
However, the conpound was found to cause agranul ocytosis in sone patients,
a condltlon resulting in a | owered whit®e bl ood cell count which can be
life- threatenlng, and it may only now be enpl oyed under very strict nedical

observati on ando@p ecmNgl QBSNH, . PRéhoR¢l Bt pHepRpbr RO ROFZATNLZ'IRSY Chot i C .
bl bnobenzod 23%”1?2 O o gB o B o e SR MR sogRounds are
(7-11uoro-2- rretd:wmﬂ-te -Qﬂﬁ?rnabmlnst‘ pi-nereRi iy, )vhé#bintzhaﬁmz{ Rdé- b] :
i i ot or ed + DENEES PSS E PP DU 8 T PSS OhEaTrEhi a. A t ot al
of 17 pati @&nts aréraiched Ci [;elidyirstraightot brafidhadi€s. Qfﬁlkﬂﬂyl straight or
branched C, ,s-alkynyl, each of which is optionally substituted with one or’
more halogen(s), C, ¢s-alkoxy, -CF;, -CN, -COOH, -OH, -NH,, G, s-alkyl ester,
-SH, -NHR*, -NR*R®, pheny! or phenoxy, wherein each aromatic group is
optionally substituted with halogen, -NO,, -CN, C, ,-alkyl, C, ,-alkoxy, -OCF,,
10 -CONH,, -CSNH,, phenyl or phenoxy, and wherein R® and R’ independently
are straight or branched C, ,,-alkylene, straight or branched C,_,,-alkeny-
lene, straight or branched C,,,q-alkynylene, each of which is optionally
substituted with one or more halogen(s), -CF,, -CN, -COOH, -OH, -NH,,
C,.s-alicyl ester, -SH, -NHR*, -NR*R®, phenyl or phenoxy, and Y is'a 5 or 6
15 ‘membered heterocyclic group containing one to four N, O or S atom(s) or a
combination thereof, which heterocyclic group is optionally substituted at
carbon or nitrogen atom(s) with straight or branched C, ;-alkyl, phenyl or
benzyl, or a carbon atom in the ﬁeterocyclic group together with an oxygen
atom form a carbonyl group, or which heterocyclic group is aptionally fused
20 with a phenyl group; and
G is selected from one of the following azabicyclic rings

1
R
- 'RZ‘E% T or

Cn Cm
\N/

wherein the thiadiazole or oxadiazole ring can be attached at any carbon
30 étom of the azabicyclic ring; R' and R? may be present at any position,

including the point of attachment of the thiadiazole or oxadiazole ring, and

independently are hydrogen, straight or branched C, s-alkyl, straight or
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3 before the clinical trial was term nated after consultation wth the
U.S. Food and Drug Adm nistration, because of an unacceptably high
i ncidence of raised enzyne levels in the treated patients. The enzyne,
creatini ne phosphoki nase (CPK), and the liver enzynes, serum gl utamate
oxal ecetic transam nase (SGOT), and serum gl utamate pyruvate _transam nase
(SGPT), estimat S¥OIEH bl ood sanpl es taken from patients, FREPE4H
substanti al- excess of nornal values; indicating the possibility of
toxicity. In respect of, its tendency to%aise liver enzynme |evels,
flumazapine is simlar to chlorpromazine, an antipsychotic which has |ong

Sammary of the | mRRTEH Cas kR pEER of Bt St e B use of
conpound of the f osrandhadIC, q-alkoxy, straight or branched C, ;-alkyl substituted with -OH,
- -OH, halogen, -NH, or carboxy; R? is H, straight or branched C, .-alky,
straight or branched C, s-alkenyl or straight or branched C, s-alkynyl; nis 0,
5 lior2;mis0,1or2;pis0,1or2;, qis1or2 and :=x is asingle or
double bond; or
a pharmaceutically acceptable salt thereof.

As used herein, the term "patient" includes any mammal which could benefit
10 from treatment for schizophreniform conditions. The term particularly refers
-to a human patient, but is not intended to be so limited.

The thiadiazole and oxadiazole compounds used in the presently claimed
method have been disclosed and claimed in _PGT fDK91/00236. The thiadia-
15 zole and oxadiazole derivatives are known to be cholinergic muscarinic

agents useful in the treatment of presenile and senile dementia. The com-
pounds are believed to be useful for treating Alzhsimer's disease, glau-
coma, and painful conditions. Other disclosures suggest that thiadiazole
compounds may be useful for the treatment of llnesses whose clinical

.20 manifestations are due to cholinergic deficiency, {European Patent Applica-
tion 307142). Such illnesses include Huntington’s chorea, tardive dyskinesia,
hyperkinesia, mania, and Tourette Syndrame. '

Further, the thiadiazole and oxadiazole derivatives used in the method of

25 this invention displayed significant activity in the conditioned avoidance
model assay. The conditioned avoidance model assay is one established
predictor of the usefulness of compounds for the treatment of schizophrenia .

and schizophreniform conditions.

30 Schizophreniform conditions are believed to be related to an excess of
dopamine. Therefore, Applicants were particularly suprised to observe that
the thiadiazole and oxadiazole compounds used in this method have a low

This Sheet Has Been RTlaced

A




\ ;
[eerr] wherein X is oxygen or sulphur; R is hydrogen, am no, hal ogen,
-CHO, -Nderr], -Rerr], -Y. -NHCORerr], -OR[err], -SRerr], -SORerr],
-SOerr]Rerr], derr] [err]-cycloalkyl, Cerr]-[err]-cylcoal kenyl,
Cerr]-[err]-(cycloal kylalkyl), -Zerr]-Cerr]-[err] cycloalkyl,
=Z[err]-Cferr]-[err]-cycl oal kenyl,
-Z[err]-Cerr]-[ woskefsmycl oal kyl al kyl ), - -2Z[err]-( err] -pdraxodioosns
(cycl oal kenyl al kyl), -Z[err]-Cerr]-[err]-(methyl enecycl oal kyl al kyl),
-NH-Rerr], -NRerr]Rerr], -NHORerr], .gCH=NOR[err], phenyl,
benzyl oxycar bonyl , phenoxy, benzoyl, tetrahydronaphthyl -napht hyl ,

i ndenyl, wherein each aromatic group is optionally substltut ed vmth
hal ogen, - NJ er r] affintyfor dppamine rseprtprs g ggent eglacive fof @pycptinie kesgptors
-OCF[err], - CONH ernah everGebiaedepled Hyhhmicias darregmtawbgenaés Rriuse i in the

SR G Eariyiey i aatvem b EretCla LYY
-Z[ err] - R err] - O] enunkspecteBuliscovdnewhith ag r:ro}ndéiQHHHbrﬂe& Ifdir]u:eatment for

\-M%Eareralr]n ?% g; H Ng?gf%oepy dﬁa ano[scﬂlz(].athJneffom] contimozs[ err]-Rerr]-Zferr]- Y

The method of this invention utilizes disclosed thiadiazole and oxadiazole
compounds to treat schizophrenia and schizophreniform conditions. This
activity has been demonstrated in models using well-established pro- _

10 cedures. For example, the compound has been assessed in the condi-
tioned avoidance model, a standard behavioural test predictive of antipsyc-
hotic activity. Davidson, A.B. and Weidley, E. Differential Effects of
Neuroleptic and other Psychotropic Agents on Acqulisition of Avoidance in
Rats, 18 Life Sci. 1279-1284 (1976). In addition, the compounds of this

15 method have been found to have a favourable profile of activiiy ina -numb'er
of in vitro binding assays, designed to measure the degree of binding to

neural receptors.

The compounds have [Cy, levels of less than 1uM in the *H-oxotremorine-M
20 binding assay, indicating that the compounds have muscarinic receptor
affinity.

This profile of activity in in vitro receptor binding assays, like that observed
in the behavioural tests, would indicate that the compounds are effective in

25 the treattment of psychotic condmons but are less hkely to induce extra
pyramtdal side-effects.

Conditioned Avoidance Behavior in Rats
30 Introduction.

One of the major pharmacological properties of currently employed clinical
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Z[etr] ihdependently are oxygen or sul phur, and

4 R4 and R err] independently are straight or branched Cerr] [err]-alkyl,
straight or branched C[err] -[err]- alkenyl, straight or branched
Cerr]-[err]-alkynyl, each of which is optionally substituted with one or
nor e halogen(ﬁ ?; r] [err]-al koxy, -CF3, -CN, -COOH, , ahsleerrl,
Cerr]-[err] (1<y éster, - SH, -NHR4, -NR4R5, phenyl o'r phenoxy, wherein
each aromatic group is optionally subsr7|tuted wi th hal ogen, -NJerr], -CN,
Cerr]-[err]-alkyl, Cerr]-[err]-al koxy,' -OCF3, -CONH2, -CSNHerr], phenyl
or phenoxy, and wherein R6 and R7 independently are straight or branched
Cerr]-[err] -alakppitic Hhigdiig Blimas isxhanatiRdto®iock CoadilicirY l29618ancst I ai ght or

branched responding (Cook and Davidson, 1978; Davidson and Weidley, 1976).
There is a high correlation between their activity and potency on a condi-

5 tioned avoidance test and their clinical efficacy and potencies as antipsy-
chotic drugs (Creese et al., 1976).

In a conditioned avoidance test, animals learn to respond during a condi-
tioned stimulus in order to avoid mild shock presentation. A response

10 during the conditioned stimulus is termed.an avoidance respone, a
response during shock is termed an escape response; a response failure is
when the animal fails to respond during either the conditioned stimius or the -
shock presentation and is indicative of motor impairment. Animals rapidly

learn to avoid 99% of the time. Antipsychotic drugs decrease the percen-

15 tage of avoidance responses without interfering with the ability of the animal
to respond since the animals do emit escape responses. The percentage of
response failures is considered a measure of motor impairment.

Procedure,
20
Rats were required to press a respanse lever in an experimental chamber in
order to avoid or escabe foot-shock. Each exberimental session consisted
of 50 trials. During each trial, the chamber was illuminated and a tone
presented for a maximum of 10 sec. A response during the tone immediate-
25  ly terminated the tone and the hauselight, ending the trial. In the absence of
' a respbnse during the tone alone, tone+foot-shock (2.0 mA) was presented
for a maximum of 10 sec. A'response during shack presentation immedi-
ately terminated the shock, the tone and the houselight, ending the trial.

30 For drug screening, a dase of 3.0 mg/kg was administered s.c. 30 min
before the start of the experimental session. A drug was considered active if
it reduced the % avoidance responding to at least 50% without producing
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Clerr]-{err]-al kynyl ene, each of which is optionally substituted with one
or nore halogen(s), -CF3, -CN, -COOH, -OH -NHerr], (err]-[err]-alkyl
ester, -SH, -NHR[err], -NRerr]R err], phenyl or phenoxy, and Yis ab or
6 renenbered heterocyclic group containing one to four or S atom(s)
or a conbination thereof, which heterocyclic group is %1@], y
substituted- WP%¥WBon or nitrogen atom(s) with strai g%%'é Branched
Cerr]-[err]-alkyl, phenyl or benzyl, or a carbon atomin the heterocyclic
group together with an oxygen atomfornﬁa carbonyl group, or which
heterocyclic group is optionally fused with a phenyl group; and Gis

sel ected from ong o wdAeobores @&u&é@%py&w&m -
R2 g a]%rtﬁ %0 gr% : hi adi azol béggéogié%slpgg?l e ring can be

attached at any cUAF WER SepssAVAY F‘PFE""'”EC‘
References
5 Cook, L. and Davidson, A.B.: Behavioral pharmacology: Animal models
involving aversive control of behavior. In Psychopharmacology, A Genera-
tion of Progress, ed by M:A. Lipton, A. Dimascio and K. Killam, pp. 563-567,
Raven Press, New York, 1978.

10 Davidson, A.B. and Weidley, E.: Differential effects of neuroleptic and other
psychotropic agents on acquisition of avoidance in rats. Life Sci. 18:1279-
1284, 1976.

Creese, 1, Burt, D.R. and Snyder, S.H.: Dopamine receptor binding predicts
15 clinical and pharmacological properties of antischizophrenic drugs. Science
{(Wash. DC) 192:481-483, 1976.

The affinity of the compounds for the muscarinic receptors was determined
using the non-selective agonist figand, *H-oxotremorine-M: Birdsdall N.JM.,

20 Hulme E.C., and Burgen A.S.V., "The Character of Muscarinic Receptors in
Different Regions of the Rat Brain®, 207 Proc. Roy. Soc. 1 (London, Series
B, 1980). The results of this assay are deséribed in Table | below. Each
compound was tested to determine the affinity of the compound for the
muscarinic receptors using the following procedure.

25 =

. For each in vitro binding, male Sprague-Dawley (Harlan Sprague-Dawley,

Indianapolis, IN) rats weighing from about 100 to about 150 grams each

were sacrificed by decapitation. The brains were quickly removed and the -

cerebral cortex were dissected from the brain. The cerebral cortex tissue ' ,
30 was homogenized in 10 volumes of 0.32 M sucrose and homogenized for

about 10 minutes at about 1000 x g. The supernatant was centrifuged at

about 12,000 x g for about 10 minutes and {he resulting pellet was resus-
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azabicyclic ring, Rerr] and Rlerr] nay be present at any position,

I ncl udi ng the point of attachnent of the thiadiazole or oxadiazole ring,
and i ndependently are hydrogen, straight or branched Clerr]-[err]alkyl,
straight or branched C[err]-[err]-al kenyl, straight or branched
C[err]-[err]%l ?%:F{nyl straight or branched ( err] - [ e&fhrRlhdsexy, Straight
or branched ) substituted wth -OH -CH, halogen, -NH2 or
carbaxy; R3 is H, straight or branchied (err]-[err]-alkyl, straight or
branched C[err] [err] al kenyl or strai gﬂt or branched C2 5-al kynyl; nis O,

1 or 2, mis or 2, pis O, 1 or 2, gis 1or 2; and is a single or
doubl e bond; Or ﬁ’d RDTRARSICHAHH 7.4 76 FRUSRNBe @bt gr the
preparation of ge eg’hcamant oradt he treat ﬁ%r? ° ﬁésc %‘(g)&ﬁ&u%a and

schi zophr eni f or ASEBFAEPPENS. mlnutes at about 50,000 x g. The resuiting homogenate
- was preincubated for about 10 minutes at about 25°C and centrifuged

again for about 10 minutes at about 50,000 x g. The pellet was resus-
5 pended at 1 gram of pellet per 3 mi of buffer and frozen at about -80°C
- until used.

The inhibition- of binding of *H-oxotremorine-M binding to muscarinic
receptors was determined by mixing the compound of the Example, 3 nM

10 3H-oxotremorine-M (about 87 Cifmmoles, New England Nuclear, Boston
MA), and cerebral cortical membranes equivalent to about 10 mg wet
weight, which is about 100 ug of cortical membrane protein, in about 1 mi
total volumé of 20 nM tris-Cl! buffer, pH 7.4, containing 1 mM MnCl,. The
aforementioned homogenates mixture was incubated for about 15 minutes

15 at about 25°C and then the homogenates were filtered through glass filters

N (Whatman, GF/C) with vacuum. The filters were washed 3 times with about

2 mi of cold tris-C! buffer, and placed in scintillation vials containing about
10 ml of scintillation fiuid (Ready Protein+, Beckman, Fullerton, CA). Radio-
activity trapped on the filters was determined by liquid scintillation spectro-

20 metry. Nonspecific binding was determined using 1 uM atropine. The
concentration of compound required ta inhibit specific binding 5§0% (IC,)
was determined using standardized computer assisted calculations.

Delean, A. et al. Am. J. Physiol., 235, (1978).

25 “Test results obtained by testirig some compounds of the pf'esent invention

will appear from the following Table 1:

30
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As: usedt herein, the term"patient" includes any mammal which could benefit
from treatnent for schizophreniformconditions. The termparticularly
refers to a human patient, but is not intended to be so limted. The
t hi adi azol e and oxadi azol e conpounds used in the presently clained nmethod
have been discl osed and claimed i n PCT/ DK91/ 00236. Thepétmdibnmol e and
oxadi azol e XR158¥? ves are known to be cholinergic huscarinic agents
useful in the treatnent of presenile_qaq senil e denmentia. The conpounds
are believed to be useful for treating Al zheinmer's disease, glauconm, and
pai nful conditions. Qher disclosures suggest that thiadiazole conpounds
may be useful for the treatnent of iljaseEsdes whose clinical manifestations
are due to cholinergic deficiency, (European Patent Application 307142).
Such illnesses include Huntington's chorea, tardive dyskinesia,

hyper ki nesi a, mani a, gaRfhoud®Noet t dniflyitmiralme.  Conditipped Awidanetie t hi adi azol e

and oxadi azol e derivatives used i ngthe (ﬂﬁ} hod of, A bBidsnce Responses

5
* 2.1 : 65
46 1.6 ) 30
11 6 11
10 13 1.9 .18
52 18 63
53 0.8 41
19 1.2 73
29 1.2 ' 29
15 ' 30 0.4 ' 32
31 1.8 1
32 ' 13 : 46
58 08 ' _ 41
59 1.0 ' 12
20 56 0.4 | 6
74 1.4 o0
76 ' 7.7 - 28
77 2.7 85
. 82 1.3 24"
25 133 1.3 |
102 | 45 3 .
103 27 7 5
104 . 26 ' . 24
131 28 53
30 106 28 55
107 1.0 52
111 1.0 ' g

112 0.6

e
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i nvention di splayed significant activity in the conditioned avoi dance nodel

assay. The

condi ti oned avoi dance nodel assay is one established predictor

of the useful ness of conpounds for the treatnent of schizophrenia and
schi zophreni f orm condi ti ons. Schi zophreni form conditi ons are believed

to be relate

excess of dopam ne. Therefore, AppkisabdEner e

particul arly sUrprl sed to observe that the thiadiazole and oxadi azol e
conpounds used in this nmethod have a |q \Q’

- 6- affinity for dopam ne receptors. No agent selective for muscari ni c
receptors
113 0.8 19
114 0.45 39
- 119 0.9 29
120 0.9 27
) 5 121 1.0 - ' 12
122 21 1
130 1.8 : 43
157 10 12
158 10 . 47
10 167 0.76 56

15

20

25

30

The compounds used in this method are effective over a wide dosage
range. Far example, in the treatment of adult humans, dosages from about
0.05 to about 100 mg, preferably from about 0.1 to about 100 mg, per day
may be used. A most preferable dosage is about 10 mg to about 70. mg
per day. In choosing a regimen for patients suffering from psychatic iliness
it may frequently be necessary to begin with a dosage of from about 30 to
about 70 mg per day and when the condition is under control to reduce the
dosage as low as from about 1 to about 10 mg per day. The exact dosage
will depend upon the mode of administration, form in which administered,
the subject to be treated and the body welght of the subject to be {reated,
and the preference and expenence of the physuman or veterinarian in

charge.

The route of administration may be any route, which effectively transparts
the actlve compound to the appropriate or desired site of action, such as
oral or parenteral e.g. rectal, transdermal, subcutaneous, intravenous, o

intramuscular or intranasal, the oral route being preferred.

Typical composiﬁons include a compound of Formula (I} or a pharmaceuti-
cally acceptable acid addition salt thereof, associated with a pharmaceuti-
cally acceptable carrier. In making the compositions, conventional tech-
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has ever been accepted by clinicians or regulatory agencies for use in the
treatment of schizophrenia. Thus, the present nethod is an exciting and
unexpect ed di scovery which nmay prOV|de the longed for treatnment for
schlzophrenla and schi zophreni form condi ti ons. The met hod of this

i nvention util

| zes _di scl osed thiadiazol e and oxadi azol gogR@Reseds to treat

schi zophreni ARG hi zophreni formconditions. This activity -has been
denonstrated i n nodel s using mell-estagglshed pro- cedures. For exanple,

t he conpound has been assessed in the

ndi - tioned avoi dance nodel, a

standard behavi oural test predictive of antipsyc-. hotic activity.
Davi dson, A. B. aigGesi6i Bk @yepakationbff gharmeateitiehl dofribestiichs afayMewsed.ept i ¢ and

ot her Psychotro i c_Age aon. Ac of Avo da in Rats 18 Life Sci.
1279- 1284 (1976)°" A Blgth'F ey © ?ngdngwolpu m'f‘%{] 'ﬁ%fﬂﬂﬂ Rave been found
to have a favouﬂnajtddebym cdrrigreoradnciasad thiirya cannemwhlwh’may befin the feimt oo bi ndi hg

The Lompounda. nGPPREQRET . et Baba o EAHLAR Wi Y Bl =CoP O &
3H- oxot r enod i nesduvesi asc d:ge:atss gy be ﬁ@lidc%ﬂml-ﬁgildt Prdlquldm;ater@hwmdmd@s have

muscarini ¢ recept Qlerlid 'eﬂ?ﬁﬁn’t or matin RF el defveFonPBind! The/adille | N Vi 1T O

receptor binding assays

10

15

20

30

hat observed
compound can be adsorbed on a granular solid container for example in a

sachet. Some examples of suitable carriers ar:e-_water. salt solutions, alco-
hols, polyethylene glycols, polyhydroxyethoxylated castor oil, gelatine,
lactose, amylose, magnesium stearate, talc, silicic acid, fatty acid monogly-
cerides and diglycerides, pentaerythritol fatty acid esters, hydroxymethyl-
cellulose and polyvinylpyrrolidone.

Examples of appropriate salts for use in this method include inorganic and
organic acid addition salts such as hydrochloridé, hydrebromide, sulphate,
phosphate, acetate, fumarate, maleate, citrate, lactate, tartrate, oxalate, or
similar pharmaceutically acceptable inorganic or organic acid addition salt.
Especially preferred salts include tartrate, oxalate, and hydrochloride.

The pharmaceutical preparations can be sterilized and mixed, if desired,
with auxiliary agents, emulsifiers, salt for influencing osmotic pressure,
buffers and/or coloring substances and the fike, which do not deleteribusly

react with the active compounds.

For p'aFeﬁ'teral application, particulairly suitable are injectable solutions or
suspensions, preferably aqueous solutions with the active compound

dissolved in polyhydroxylated castar oil.

Tablets, dragees, or capsules having talc and/or a carbohydrate carrier or
binder or the like are particularly suitable for oral application. Preferable
carriers for tablets, dragees, or capsules include lactose, comn starch,

and/or potato starch. A syrup or elixir can be used in cases where a
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I n*the behavioural tests, would indicate that the conpounds are effective
in the treatnment of psychotic conditions but are less likely to induce

extra pyram dal side-effects. Condi ti oned Avoi dance Behavior in Rats

I nt roducti on. One of the major pharmacol ogi cal properties of currently
enpl oyed cli Rjf&ahsszo PCT/DK94/00309” | -
antipsychotic drugs in animals is their ablllty to bl ock conditioned
avoi dance _ -13- -

sweetened vehicle caﬁ be employed.

- Generally, the compounds are dispensed in unit form comprising from
about 1 to about 100 mgina phamlaceutlcally acceptable carrier per unit
5 dosage. ' '

A typical tablet, appropriate for use in this method, may be prepared by
conventlonal tabletting techmques and contains:

10 Active compound 5.0 mg
Lactosum 67.8 mg Ph.Eur.
A\;icelw 31.4mg
Amberlite® 1.0 mg
Magnesii stearas : 0.25 mg Ph. Eur.

18 '

The compounds used in this method may be prepared by commonly
known chemical methods. Most of the compounds may be prepared using
the methods taught in PCT/DK91/00236 which are hereby incorparated by
reference. The following description is intended ta illustrate possible syn-
20 thetic routes for the preparation of the compounds utilized in this method.

'Iheh compounds may be prepared by
a) reacting a compound of formuia Il
25 . '
) G cx T
30

wherein G has the meaning defined above, >==N is >—NH or >=N and R®
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respondi ng (Cook and Davi dson, 1978: Davidson and Weidl ey, 1976). There

is a high correlation between their activity and potency on a condi- tioned
avoi dance test and their clinical efficacy and potencies as antipsy- chotic
drugs (Creese et al., 1976). In a conditioned avoi dance test, aninmals

l earn to resppgéloskss i ng a condi - toned stinulus in ordectmxosem®i d m | d N
shock presentation. A response during the conditioned stinmulus is ternmed an-
avoi dance respone, a response during shgck is termed an escape response; a
response failure is when the animal fails to respond during either the
conditioned stimus or the shock presentation and is indicative of notor

i mpai rment  Ani niglts Gthgri @Halkyy \';'%nﬁzdﬁ)zd" formiacoopornst oftferads e,  Anti psychotic
drugs decrease the percen- tage of avoi dance responses w thout interfering
with the ability of the animal to respond since the animals do emt escape
responses. The percentage of response failures is considered a neasure of
not or i npai rnent. Procedure. gRats re required to press a response

| ever in an_ experinental chanber in'6#§§§ to avoi d or escape fﬁPt-shock.
Each experi%ental sessi on consisted_\\./ -

cl

wherein G has the meaning defined above; subsequent displacement of Cl
10 with an appropriate nucleophile gives a compound of formula | wherein X is
S, or '

b) dehydrating a compound of formula IV

15
G, N~0OH
-
> (V)
R N~—OH
20
wherein G has the meaning defined abave and R’ is alkyl, amino, halogen, _
alkoxy or alkyithio, to form a compound of formula V
o}
7 S /
R N
- V)

30
' wherein G and R’ have the meanings defined above, or
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of '50 ttials. During each trial, the chanber was illum nated and a tone
presented for a maxi mumof 10 sec. A response during the tone imediate- |y
. term nated the tone and the houselight, ending the trial. In the absence of
a response during the tone al one, tone+foot-shock (20 mA) was presented for
a maxi mum of wolddesec. A response during shock present aP¢CTRKIPMeEdi - ately
term nated the shock, the tone and the houselight, ending the trial. For
drug screening, a dose of 3.0 ng/kg wagsadm nistered s.c. 30 mn before the
start of t-he experinental session. A drug was considered active if it
reduced the % avoi dance responding to at | east 50% w t hout producing

-8- greater thamwEaoR riefsowsy i ainingsthe aming gravptdan de grbgitutedibyiose- r esponse

curve was subseguent nbih BrEbAREL, and subsequent displacement of Gl with an
- appropriate nucleophile gives a compound of formula | wherein X is O, or
5 d) oxidizing a compound of formula Vi

¢ =\ | .
1/* V)
4 i -

10 R—S

wherein G, R* and X have the meanings defined above by standard pro-

cedures to form a compound of formula Vi

15’
G
N
\ = \
0 : X . il
R=—s N
!
20 °
and subsequent displacement of ~SOZ-R4 with an appropriate nucleophile to
form a compound of formula .
25 Itis to be understood that the invention extends to each of the stereciso-
. meric forms of the compounds of formula | as well as the racemates. ‘
The following examples are included to more specifically describe the
preparation of the compounds used in the method of this invention. The
30 examples are naot intended to limit the present invention in any way and

should not be so construed.

This Sheet Has Been RTlaced




References Cook, L and Davi dson, A. B.: Behavioral pharnmacol ogy: Ani nal
nodel s i nvol ving aversive control of behavior. In Psychopharnacol ogy, A
Genera- tion of Progress, ed by MA. Lipton, A Dinascio and K Killam pp.
563-567. Raven Press, New York, 1978. Davi dson, A.B. and Widley, E. :
Differential ¢iofoges® Of neuroleptlc and ot her psychotramnmxmgmmis on

acqui sition of avoidance-in rats. Life Sci. 18:1279- 1284, 1976. Cr eese,
|, Burt. D.R and Snyder, S.H : Dopam ngsreceptor binding predicts clinical
and phar macol ogi cal properties of antischizophrenic drugs. Sci‘ence (Wash.
DC) 192:481-483, 1976; The affinity gg gEe conpounds for the muscarinic
receptors was determ ned using the n tive agoni st |igand,

[err] Hoxotrenorine-M Birdsdall N.J.M, Hulnme E .C and Burgen A S.V., "The
Character of Misga | ent Re ons of the Rat Braln"
207 Proc. Roy. S% éﬂ'@ (fﬁ%)%%g:g%&? | esgé‘;"gﬁégw% ®results of this assay
are describgd in Tapre I belfow. Each conpound was tested to determ ne the

affinity of the l{: sorml%H rgf]s-qumus::hgone (75 g, 0.6 mol), ammomum acetate (2.3 g, 30
mmol). acetic acid (3.75 ml) and ethy! cyanoacetate (67.8 g, 0.6 mol) in

toluene (400 ml) was refluxed with a water separator for 18 h. Water (100
ml) and NaOH was added, and the mixture extracted several times with

10 ether. The organic phases were dried and evaporated. The residue was
purified by column chromatography (eluent: EtOAc/MeOH (2:1)), yielding 73
g of the title compound.

B. Ethyl (1-azabicyclof2.2.2]octan-3-yl)cyanoacetate
15

A solution of ethyl (1 -azabicyclo[2.2.2]octan-a-ylidene)cyanoacetaté (73 g,

0.33 mol) in absolute ethanol (1 I) was treated with 10% palladium on

charcoal (10 g) and hyarogen in a parr shaker at 20 psi for 5 h. Filtration
20 and evaporation gave the wanted product in 68 g yield.

C. (1-Azabicyclo[2.2.2]octan-3-yl)hydroxyiminoacetonitrile

25 . Ethyl (1-azabicycla[2.2.2)octan-3-yl)cyanoacetate (10 g, 45 mmol) was
added to a solution of sodium (1.04 g, 45 mmol) in absolute ethanol (60
mi). The mixture was stirred for 15 min. at room temperature and isoamyin-
itrite (7.9 ml, 60 mmaol) was added..The reaction mixture was stirred for 18 h -
at 60°C. Evaporation of the reaction mixture gave crude title cdmpoun'd, '

30 which was used without further purification.

D. 3-Chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]-octane

oxalate

35 _
To a solution of crude (1-azabicyclo[2.2.2]actan-3-yl)hydraxyiminoaceto-
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nuscari hic receptors using the follow ng procedure. For each in vitro
bi ndi ng, mal e Sprague-Daw ey (Harlan Sprague- Daw ey,
wei ghi ng from about 100 to about 150 granms each were sacrificed by

decapitation. The brains were quickly renoved and the cerebral

| ndi anapol i s,

I'N)

rats

cortex were

di ssected frcoppidassrain. The cerebral cortex issue wagchoxegem zed in 10

vol umes of 0.32 M sucrose and honbgeni zed for about .10 m nutes at about

1000 x g. The supernatant was centrifuggd at about 12,000 x g for ‘about 10
m nutes and the resulting pellet was resus-

9- pended in 20 mMtris-A, pH 7.4. The resuspended pellet was
centrifuged aganitrié gmaxas®mmaldn PMRUER B aas siewiytadded agolutiongdf Sghle resul ti ng

honpgenat e was
centrifuged again

resus-

10

15

20

25

30

or about m nut es at about 50
mixture was stirred at room temperature for 48 h. Water and 50%

was added to the ice cooled reaction mixture and extracted with ether. The
combined ether phases were dried and evaporated. The residue was
purified by column chromatography (eluent: EtOAc/MeOH (2:1)) to give the
free base of the title compound in 1.04 g yield. Crystallization with oxalic )
acid from acetone gave an analyhcal pure product {Compound 1). M.p.
137-139°C.

EXAMPLE 2

* 3-(3-Chloro-1,2,5-thiadiazol-4-yl)-3-hydroxy-1-azabicycio[2.2.2}octane oxalate

A solution of 3-chloro-3-(3§chloro-1 .2,5-thiadiazol4-yl)-1-azabicyclo[2.2.2]oc-
tane (250 mg, 0.95 mmol} in ethandl (25 ml) was treated with formic acid
(750 pl, 20 mmol), triethylamine (4.2 mi, 30 mmol) and 10% palladium on
charcoal for 18 h at 60°C. After filtration and evaporation water and K,CO,
was added to the residue and extracted with ether. The dried ether phases
were evaporated and purified by column chromatography (eluent: EtOAc/
MeOH (2:1)). Crystallization as the oxalate from acetone gave the title
compound in 150 mg vield. (Compound 2). M.p. 241-242°C.

- EXAMPLE 3

3-Methoxy-3-(3-methoxy-1,2 5-thiadiazol-4-yl)-1-azabicyclb[2.2.2] octane
oxalate and 3-(3—Methoxy-1 2,5-thiadiazol-4-yl)- 1-azabxcyclo[2.9 2Joct-2-ene

oxalate

A solution of 3-chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclof2.2.2]oc-
tane (500 mg, 1.9 mmol) and sodiummethoxide (20 mmol) in methanol(20
mi) was stirred for 48 h at 60°C. Water was added to the reaction mixture
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pended at 1 gram of pellet per 3 ml of buffer and frozen at about -80[err]C
until used. The inhibition of binding of [err]H oxotrenorine-Mbinding to
muscarini ¢ receptors was determ ned by m xi ng the conmpound of the Exanple,
3 nM[err]H oxotrenorine-M (about 87 G /nmmoles, New Engl and Nucl ear, Boston
MA), and cerepgaosHorti cal nmenbranes -equi val ent to abo&CImK»4mgommet wei ght,
whi ch”is about 100 [err]g of cortical nenbrane protein, in about 1 m total
vol une of 20 nMtris-Cl buffer, pH 7.4,1gontaining 1 mM MnCl[err]. The
af orenenti oned honogenates m xture was incubated for about 15 m nutes at
about 25C and then the honpbgenates were fil ter\%g t hr ough, Iass filters
(What man, GF/ C) aRfertrastd i stheielhe; Jombined REREIC RI_TFE Ve €iefd@dyi t h about 2
mb of Cgl ?ﬂ t r}S-e%pd?athF The t\ﬁdilﬁrcﬂhﬁﬁwdrelsépsrﬁleﬂﬂ)ybblahh@hro?afﬂgﬁap}:@ln][ ai ni ng
about 1 of scinti ei.n+ Bec n, Fullerton,
CA). Radio- actilghery: B %PEE/H%@"LM )h‘é{ygﬁﬁaé? ‘\?Bé d'Hl?l“&WfﬁgEm & qui d
scintillation spRabkteGronEdetone cglen2qoand. f(CompoumdiNaW.pas e e mlened using 1
[err] M atropi ne. The oncent.r 0 r ' [.nhibit specific
bi ndi ng 509%°( | C["&¥ 1" iﬁtewér‘ns %‘é‘ %??épagpg]ddggﬁbéz@g 4&'8ﬂn'%0t er assisted
cal cul ati ons. DeiléeanS’CA etal. Am J. Phy5| ol ., 235, (1978). Test results
obt ai ned by testing sone conpounds of the present I nvention will appear
fromthe foll owi ng Table 1:

EXAMPLE 4

10 3-(3-Hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo {22.2]‘::ct-2-ene oxalate,
3-Hexyloxy-3-(3-hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane
oxalate and 3-(3-Hexyloxy-1 ,2,5-thiadiazol-4-yl)-3-hydr6xy-1 -azabicyclo[2.2.2-
Joctane oxalate

15
A 50% sodiumhydride dispersion (960 mg, 20 mmol) was dissolved in
1-hexanol and 3-chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.-
2]octane (500 mg, 1.9 mmol) was added. The reaction mixture was stirred
at 90°C for 18 h and evaporated. The residue was dissolved in water and

20 extracted with ether. The dried ether phases were evaporated and the
products separated by column chromatography (eluent: EtOAc/MeOH
(2:1)). The first fractions contained the eliminated product which, after
crystallization with oxalic acid, was collected in 70 mg yield.. (Compound §).
M.p. 135-137°C.

25

- The next fractions contained the dihexyloxy analogue, which gave 70 mg as
. the oxalate salt. (Compound 8). M.p. 84-85°C. '

The later fractions gave the hydroxy-hexyloxy compound in 100 mg yield as
30 the oxalate salt. (Compound 7). M.p. 145-147°C.
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- 10- ' ‘TABLE 1 Conpound No. I nhi bition of

Condi ti oned Avoi dance [err]H Oxo (NM % Avoi dance
Responses 9 2.1 65 46
1.6 30 11 6 .11
13 WO 95/053D . 18 52 PCT/DK94/00309 ' 3
63 53 0.9 - 41 19 1.2
73 -19-
EXAMPLE 5
- 3-(3-Chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane oxalate

~ Hydrogenation for 48 h of 3-chloro-3-(3-chioro-1,2,5-thiadiazol-4-yl)-1-
azabicyclo[2.2.2]actane (15.2 g, 66 mmol) in ethanot (500 mi) at 30 psi in
the presence of 10% palladium on charcoal (2.0 g) gave, after filtration and
evaporation, the hydrochioride salt of the wanted product in quantitative
10 yield. Crystallization of a sample with oxalic acid from methanol/
aéétone/ether produced the title compound. (Compound' 8). M.p. 207-
209°C.

EXAMPLE 6

16
3-(3-Ethoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2)octane fumarate

Sadium (200 mg, 8.7 mmol) was dissoived in ethanol (30 mi) and 3-(3-chio-
20 ro-1,2,5-thiadiazol-4-yl)-1-azabicyclof2.2.2)octane (300 mg, 1.3 mmol) was
added. The reaction mixture was stired at 60°C for 18 h. Water was added
and the reaction mixture. extracted with ether. The dried and filtrated ether
extracts were evaporated to give the free base. Crystallization as the
fumarate salt from isopropanol/ether gave the title compound in 210 mg
25 yield. (Compound 9). M.p. 128-131°C. '

EXAMPLE 7

The following compounds were made in exactly the same manner as
30 described in example 6 using the appropriate alcohol;

3-(3-Propoxy-1,2,5-thiadiazol-4-yi}-1 -azabicyélo[2.2.2]octane fumarate.
(Compound 10). M.p. 64-67°C. "
3-{3-Butoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2)octane oxalate. (Com-
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29" ' 1.2 29 30 : 0.4

32 31 1.8 - 1 32 1.3
46- 58 0.8 41 59 1.0
12 56 0.4 6 74 1.4

22 76 WO 95/05379 7.7 28 JGIDK94/00309 . 2.7
85 82 1.3 = 24 133 1.3
1 102 4.5 -20- 3 103 2.7
51 104 _ 2.6 24 131 2.8
53 106 ) 55 107

1.0 pound 46}, M.p. %‘9“&591& 1.0 . 8

112 0.6 ' 2

EXAMPLE 8

5 3-(3-Hexyloky-1,2,5-thiadiazol-4-yl}-1-azabicyclo[2.2.2]octane fumarate

A 50% dispersion of sodiumhydride (230 mg, 5 mmol) was dissolved in
1-hexanol (25 mi) and 3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]0-
10 ctane (250 mg, 1.1 mmol) was added. The reaction was stirred at 80°C for
8 h and at room temperature for 18 h. After evaporation water was added
to the residue and extracted with ether. The combined ether phases were
dried and evaporated. Crystallization with fumaric acid from isopropa-
nolfether gave the title compound in 220 mg yield. (Compound 11). M.p.
15 108-108°C.
The following compounds were made in exactly the same manner using the
abpropriate alcohol instead of 1-hexanol: '

20 3-(3-(5-Hexenyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane fumarate,
M.p. 107-110°C. (Compound 48).

3-(3-(3—Hexényloxy)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane fumarate,
M.p. 135.5-137.5°C. (Compound 48).

25
3-(3-Pentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2. 2}octane oxalate, M.p.
102-104°C. (Compound 50).

3-(3-Isopentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane oxalate,
30 M.p. 185.5-137.5°C. (Compound 51). '

_—
This Sheet Has B

TN



113 ' ' - 0.8 19 114

0. 45 39 119 0.9

29 120 - 0.9 - 27

121 1.0 12 122

2.1 WO 95/05379 1 - - 130 PCT/DK94{00399.

43 157 o 10 - - 12

158 10 - -21- . 47 167 .
0.76 " 56 The conpounds used in this nethod are.

effective over a w de dosage range. M‘pl e, in the treatnent of adult
humans, dosages from about 0.05 to a ng, preferably fromabout 0.1
to about 100 ny, per day may be used A nost preferabl e dosage is about 10

ng to_about 70 Wényﬂﬁi&%d"m% eque g'lﬁz%bg&hle é.’ég&arfé%ning&{es suffering

frompsychot|C| nes ssary to begin with a
dosage of frS%m about 30 to

A solution of 3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2])actane
oxalate (500 mg, 1.56 mmol), sodiumhydrogen sulfide, monohydrate (463
mg, 6.25 mmol) and potassium carbonate (1.38 g, 10 mmol) in DMF (20 mi)

was stirred at room temperature for 1 h. 1-Pentylbromide (755 mg, 5 mmol)
10 was added, and the reaction mixture was stirred at room temperature for 18
h. 1N HCI was added, and the mixture extracted with sther once. 50%

. NaOH was added to the aqueous phase and extracted with ether. The
ether phase was dried and evaporated. Crystallization of the residue with
fumaric acid from isopropanolfether gave the title compound in 380 mg

15 yield. (Compound 12). M.p. 138-1 39°C‘.‘

EXAMPLE 10

The following compounds were made in exactly the same manner as
20 - described in example 9, using the appropriate alkyl halogenide:

3-(3-Butyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane fumarate.
(Compound 13). M.p. 85-87°C. -

25 3-(3-Hexyithio-1,2,5-thiadiazol-4-yl)-1-azabicycla[2.2.2]octane fumarate.
N {Compound 14). M.p. 138-139°C.

- 3-(3-(3-Phenylpropylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2 2]octane
fumarate. (C&mpound 44). M.p. 123-124°C.
30
3-(8-(4-Cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane
oxalate. (Compound 45). M.p. 200°C. decomp.

-
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about 70 ng per day and when the condition is under control to reduce the
dosage as |ow as fromabout 1 to about 10 ng per day. The exact dosage wl|
depend upon the node of administration, formin which adninistered, the
subject to be treated and the body wei ght of the subject to be treated, and
t he preferencavessdssexperi ence of the physician or veterkcraxvanibn charge.
The route of adm nistration may -be any route, which effectively transports
the active conpound to the appropriate.ep.desired site of action, such as
oral or parenteral e.g. rectal, transdermal, subcutaneous, intravenous,

I ntramuscul ar or intranasal, the oral route being preferred Typi cal
conpositions i nc?ﬂ@hﬂth&r@émﬂﬂ"aé?"“%ﬂrﬁ}P%FS(CP}Z%?]OQammméirp| - cally
acceptabl e aci d ssldigst@(Copidound BBr eof , associated with a pharnmaceuti- cally
acceptable carrier. In making the corrposi tions, conventional tech-

3-(3-Propylthio-1,2,5-thiadiazol-4-yi)-1-azabicyclo[2.2.2]octane oxalate, M.p.
5 206.5-208°C (Compound 53).

3-(3-Heptylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2)octane fumarate, M.p.
130-132°C (Compound 54). '

10 " EXAMPLE 11

A. Ethyl (1-azabicyclo[3.2.1]octan-6-ylidene)cyano acetate. .. -

15 A solution of 1-azabicyclo[3.2.1]octan-6-one (41.25 g, 0.33 mol), acetic acid

(2 ml), ammonium acetate (1.25 g) and ethyl cyanoacetate (37 g, 0.33 mol)
-~ _in toluene {500 ml) was refluxed with a Dean-Stark water separator for 40 h.

The toluene phase was extracted with 3 x'200 ml 5 M HClI solution. The
water phase was basified with 28% ammonium hydroxide solution and

20 extracted with ether (4 x 200 ml). The organic phases were dried over
magnesium sulfate and evaporated. The residue was purified by column
chromatography (eluent CH,Cl,/MeOH (8:1), yield 41 g of the title com-
pound.

25 B. Ethyl (1-azabicyclo{3.2.1]octan-6-yl)cyanoacetate

A solution of ethyl (1-azabicyclo[3.2.1]octan-6-ylidene)cyanoacetate (41 g,
0.19 mol) in abs. ethanol {500 mi) was treated with 10% palladium an
30 carbon (5 g) and hydrogen in a Parr shaker at 30 psi for 5 h. Filtration and
¢ evaporation gave the title compound in 36 g yield.

C. (1-azabicyclo[3.2.1]octan-6-yl)hydroxyiminoacetonitrile

35

This Sheet Has Been Replaced




- 12- niques for the preparation of pharmaceutical conpositions may be
used. For exanple, the active conmpound will usually be mxed with a
carrier, or diluted by a carrier, or enclosed within a carrier which nmay be
in the formof a anpoul e, capsule, sachet, paper, or of, foAolal ai ner. \Wen
the carrier 33P8¥™s a diluent, it may be solid, sem- SOrPd™8r 11 quid

mat eri al which acts as a vehicle, éxcipient, or mediumfor the active,
conmpound. The active conpound can be atd3dr bed on a granul ar solid container
for exarrpl e in a sachet. Sone exanples of suitable carriers are water, salt

o1 el et ne. TP bR o M Entflboaa ROl BY 61 E A cd castor
fatty acid nohoglﬂpnob(éﬁo o svas raddet] 191 a/ankitiprl ebsodiyanid ge 21 mCi)tlm)labe.atty aci d

esters, hydroxy gl px:' o&ﬁﬁ)'@amna@qzml MWQ%)Q%E%@Jjédd&}%F’OSh npl es of
appropriate salts use 1 n t hod 1.ncl ude inorganic and organic acid

addi tion salts dgmixgsge W?ﬂh?ﬁf‘?ﬂ @frqocféf"' f'if/’dFYﬁBP@Pﬁ"b@ heGRgREEIBhos phat e,
acetate, fugar atfve GRate 8b@umGhit bxhetitlel cdfipati®d, whish Wwasitead withaliat €, or sinil ar

phar-maceutical ly ceptabl e i norganic or organic acid addition salt.
Especial Iy pref é‘r"%l?ﬂ Eﬁ?t? " nclude tartrate, oxal ate, and hydrochl ori de.

~The pharmaceutical preparations can be sterilized and m xed, if desired,
D. 6-Chloro-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane '

10
A solution of crude (1-azabicyclo[3.2.1]octan-6-yl)hydroxyiminoacetonitrile
(max. 0.16 mol) in DMF (150 ml) was added to a solution of S,Cl, (50 ml,
0.68 mol) in DMF (100 ml} at 0°C over 1 h. The reaction mixture was stirred
over night and ice water (500 ml) was added. The mixture was filtered and

15 the filter cake washed with 1 M HCI (3 x 100 mi). The water solution was
extracted with ether (2 x 200 ml), then basified with a 28% ammonium
hydroxide solution and extracted with ether (4 x 200 mi). The combined
ether extracts from the last extraction were dried and evaporated. The
residue was purified by column chromatograpﬁy (eluent: CH,CL/MeOH

20 (9:1)) to give the title cdmpound.in 11 g yield as a mixture of the endo and

exo forms.
EXAMPLE 12

25 The following compound was made in exactly the same manner as
described in example 11, starting from 1-azabicyclo[2.2.1]heptan-3-one:
3-Chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane.

EXAMPLE 13
30
Exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1 -azabicyélo [3.2.1]octane and Endo-
6-(3-chlora-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane-oxalate

T




Wi th auxiliary
buf f ers and/ or
react with the

agents, emulsifiers, salt for influencing osnotic pressure,
col oring substances and the |Iike, which do not deleteriously

active compounds. For parenteral application,

suitable are injectable solutions or suspensions, preferabl¥ a
sol utions w twodsk®7%cti ve conpound di 5solved in polyh

oil. Tabl et s,

dragees, or capsules having talc and/or a car bo

particularly
ueous

castor
hydrate

carrier or binder or the |ike are partiiéul arly suitable for oral
application. Preferable carriers for tablets, dragees, or capsu

| act 0se, COrN Shakfhion AEHBEXDBlcAbR-&athitRo-1.25 HHdR0Ly)E) gzsbrcygan be used

in cases where a

10

15

20

25

30

10[3 2.1]octane (1.3 g, 5 mmol) in abs. ethanol (100 ml) was treated wrth
10% palladium on carbon (300 mg) in a Parr shaker at 20 psi for 4 h. The
solution was filtered and evaporated. The residue was purified by column
chromatography with CH,Cl,/MeOH/TEA (9:1:0.25). The first fraction con-
tained the exo compaund, which after crystallization with oxalic acid in
acetone, was collected in 150 mg yield. (Compound 15). Mp 148-149°C.
The next fractions contained the endo compound, which after crystallization
with oxalic acid from acetone was collected in 600 mg yield. (Compduna
16). M.p. 195-197°C. o

EXAMPLE 14

Endo-6-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate

To a solution of endo-6-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane (229 mg, 1.0 mmol) in DMF (10 ml) was added sodiumhydrogensul-
fide monohydrate (230 mg, 3.1 mmol). The reaction mixture was stirred at
room temperature for 1 h. Potassium carbonate (1.38 g, 10 mmol) and
1-hexylbromide (335 mg, 2.5 mmol) was added and the mixture was stirred
for-1 h. 1N HCI solution was added and the mixture extracted with ether (2
x-50 hl). The aqueous solution was basified with a 28% NH, splution and
extracted with methylene chloride (3 x 100 ml). The methylene chloride
phase was dried and evaporated. The residue was purified by column
chromatography (eluent CH,Cl,/MeOH (9:1)). Grystallization of the pure

| es i nclude

base with oxalic acid from acetone gave the title compound in 100 mg yield.

(Compound 17). M.p. 137-138°C.
EXAMPLE 15

The following compounds were made in exactly the same manner as
described in Example 14, using the appropriate alkyl bromide:
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sweet enéd vehicl e can be enpl oyed. General ly, the conpounds are di spensed
inunit formconprising fromabout 1 to about 100 ng in a pharmaceutically

acceptabl e carrier per unit dosage. A typical tablet, appropriate for use
in this method, may be prepared by conventional tabl et{éﬂ&ﬁmﬁ:&%”' gues and
cont ai ns: HOSF/EPconpound - " 5.0 ng Lactosum

67.8 ng Ph. Eur. Avicel[err] 31.4 ng Amberlite[err]
1.0 ny Magnesii stearas - - -35-0.25 ng Ph. Eur. The conpounds:

used in this nmethod nay be prepared by commonly known chemni cal " net hods.

Mbst of the conp @'q%_ d , pihSatB) gt in
PCT/ DK91/ 00236 'ﬁ Re m% qﬁ%@%p%?da h&arefe n to e follow ng

description is pxaja@md@@npwridﬂl Mp-al1&-1p8Ss| bI e syn- theti | c rout es for the
preparation of the conpounds utilized in this nethod.

Endo-6-(3-butylthio-1,2,5-thiadiazal-4-yl}-1-azabicyclo[3.2.1]octane oxalate_.
5 (Compound 24). M.p. 123-124°C.

Endo-6-(3-ethylthio-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane oxalate.
(Compound 25). M.p. 150-151°C.

10 Endo-6-(3-pentylthio-1,2,5-thiadiazol-4-yi)-1 -azabicyclo[3.2.1]octane oxalate.
(Compound 26). M.p. 137-138°C.

Endo-s-(3-(3—phenylpropylﬂ1io)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]oc-
tane oxalate. (Compound 27). M.p. 127-128°C.

15
Endo-6-(3-(4-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]oc-
tane oxalate (Compound 28). M.p. 158-161°C.

Endo-S-(a-prbpylthio—‘l .2 5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate
20 (Compound 57) M.p. 132-134°C. '

EXAMPLE 18

Exo-6-(3-ethoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate and
.25 Endo-6-(3-ethoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate “

To a solution of sodium (230 mg, 10 mmol) in abs. ethanol (20 mi) was
added eﬁdo-a-(s-chloro-‘l ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane (229
30  mg, 1 mmol). The reaction mixture was heated at 50°C for 12 h and evapo-
rated. Water (100 mi) was added, and the mixture was extracted with
methylene chloride (4 x 50 ml). The organic phases were dried and evap-
orated. The residue was purified by column chromatography eluent (CH,Cl,

Wi



The conpounds nmay be prepared by a) reacting a conpound of formula Il
[err] wherein G has the neani ng defined above, >[err] Nis [err]-
or [err] N and Rerr]
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MeOH/TEA, 9:1:0.25). The first fractions contained the exo compound,

which atter crystallization with oxalic acid in acetone was collected in 50 mg

yield. (Compound 18). M.p. 110-112°C. The next fractions contained the

endo compound, which after crystallization with oxalic acid in acetone was
5 collected in 20 mg yield. (Compound 20). M.p. 127-129°C.

. EXAMPLE 17 .

: Exo-s-(3-ch|oro-1',2_,5-thiadiazol—4-yl)-1 -azabicyclo[2.2.1]heptane oxalate and
10 Endo-3-~(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1 ]heptane oxalate

A solution of endo/exo-3-chloro-3-(3-chioro-1,2,5-thiadiazol-4-yl)-1 -azabicy;:-
lo[2.2.1]heptane (0.5 g, 2 mmoal) in abs. ethanol (100 ml) was treated with

.18 10% palladium on carbon in a Parr shaker at 20 psi for 4 h. The solution
was filttered and evaporated. The residue was purified by column chroma-
tography, eluent CH,Cl,/MeOH (9:1). The first fractions contained the exo
compound, which after crystallization with oxalic acid from acetone/ether
was collected in 50 mg yield. (Compound 21). M.p. 138-140°C. The next_

20  fractions contained the endo compound, which after crystallization with

oxalic acid from acetone, was co’iected in 450 mg yield. (Compound 22).
M.p. 118-121°C. '

EXAMPLE 18

25
* Endo-3-(3-methoxy-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[2.2.1]heptane oxalate

To a sclution of sodium (110:mg, 5 mmal) in methanol (20 ml) was added
30 endo-3~(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane (110 mg,
0.5 mmol). The reaction mixture was heated at refiux for 60 h and evapo-
rated. Water (50 ml) was added, and the mixture was extracted with
methylene chioride (4 x 50 ml). The organic phases were dried-and evap-
orated. The residue was purified by column chromatography eluent
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- 14- 'is H OH or O alkyl

formula 111
di spl acenent of C w th an appropriate nudeophile gives a conpound of

formul a |

wherein Xis S. or
WO 95/05379
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wherein G has the neani ng defined above;

.27

(CHZCIZIMeOH', 9:1). Crystallization of the free base with oxalic acid from
acetone/ether gave the title compound in 40 mg yield. (Compound 23).
M.p. 104-106°C.

EXAMPLE 19

Exo-6-(3-hexyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate

To a solution of exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1 -azabfcyclo [3.2.1]ac-
tane (229 mg, 1.0 mmol) in DMF (20 ml) was added sodiumhydrogensulfide
monohydrate (230 mg, 3.0 mmol). The reaction mixture was stirred at room
temperature for 1 h. Potassium carbonate (1.38 g, 10 mmol) and 1-hexyl-

bromide (335 mg, 2.5 mmol) was added and the mixture was stirred for 1 h.
1N HC! solution was added and the mixture extracted with ether (2 x 50 ml_).

The aqueous solution was basified with a 28% NH, solution and extracted
with ether (2 x 50 ml). The ether phase was dried and evaporated. The
residue was crystallized as the oxalate salt from acetone/ether in 200 mg
yield. (Compound 29). M.p. 118-118°C.

EXAMPLE 20

The following compounds were made in exactly the same manner as

" described in example 19, using the appropriate alkylbromide:

Exp-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate,
(Compound 30). M.p. 143-145°C. '

Exo-6-(3-pentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate.

(Compound 31). M.p. 117-118°C.

Exo-6-{3-ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalats.
(Compound 32). M.p. 159-160°C.
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wher ei n G has the neaning defined above and Rlerr] is alkyl. am no,
hal ogen, al koxy or alkylthio, to forma conpound of fornula V

[err]

(V) wherein G-and R err] have the nmeani ngs defined above, or

10.

15

20

25

30
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Exo-6-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate
(Compound §8), M.p. 173-174°C.

EXAMPLE 21

Endo-s-(s-pentylthio-'l ,2,5-thiadiazol-4-yl)-1-azabicyclo{2.2.1]heptane
fumarate

To a solution of endo-3-(3-cﬁloro-1 .2,5-thiadiazol-4-yl)-1-azabicyclof2.2.1]-
heptane (215 mg, 1.0 mmol) in DMF (20 ml) was added sodium hydrogen-
sulfide monochydrate (230 mg, 3.0 mmol). The reaction mixture was stirred
at room temperature for 1 h. Potassium carbonate (1.38 g, 10 mmol) and
1-pentylbromide (0.45 g, 3 mmol) was added and the mixture was stirred
for 1 h. 1 M hydrochioric acid solution (100 mi) was added and the mixture
extracted with ether (2 x 50 ml). The -agueous solution was basified with a
28% NH;-solution and extracted with ether (3 x 75 ml). The ether phase was
dried and evaporated. The residue was crystallized as the fumarate salt
from MeOH/ether in 250 mg yield. (Compound 33). M.p. 120-122°C.

EXAMPLE 22

The following compounds were made in exactly the same manner as
described in example 21 using the appropriate alkylbromide:

Endo-3-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicycio{2.2.1]heptane
fumarate. (Compound 34). M.p. 127-128°C.

Endo-3-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1}hep-
tane oxalate. (Compound 35). M.p. 118-120°C.

Endo-3-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]Jheptane

This Sheet Has Been Reilaced
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- 15 - c) when Rerr] in fornula Vis amno, the am no group can be
substituted by chloro by known procedures, and subsequent displacenent of
G with an appropriate nucl eophile gives a conmpound of formula | wherein X
is 0, or d) oxidizing a conpound of formla Vi

(V) WO 95/05379 . ferr] PCT/DK94/00309

-29. -

" fumarate. (Compound 36). M.p. 106-108°C.

Endo-3-(3-propyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclio{2.2.1}heptane
oxalate. (Compound 37). M.p. 168-170°C.

5
" EXAMPLE 23
Ex0-3-(3-pentyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]Jheptane oxalate
10

To a solution of exo-3-(3-chlore-1,2,5-thiadiazol-4-yl}-1-azabicyclo{2.2.1]hep-
tane (215 mg, 1.0 mmol) in DMF (20 ml) was added sodium hydrogensui-
fide monohydrate (230 mg, 3.0 mmol). The reaction mixture was stirred at
room temperature for 1 h. Potassium carbonate (1.38 g, 10 mmol) and

_ 15 1-pentylbromide (0.45 g, 3 mmol) was added and the mixture was stirred
for 1 h. 1 M hydrochloric acid solution (100 ml) was added and the mixture
extracted wifh ether (2 x 50 mi). The aqueous solution was basified with a
28% NHg-solution and exiracted with ether (3 x 75 ml). The ether phase was
dried and evaporated. The residue was crystallized as the oxalate salt from

20 MeOH/ether in 250 mg yield. (Compound 38). M.p. -1 20-122°C.

 EXAMPLE 24

The following compounds were made in exactly the same manner as
25 described in example 23, using the appropriate alkylbromide:

Exo-3-(3-hexylthio-1,2,5-thiadiazal-4-yl)-1-azabicyclo[2.2.1]heptane oxalate.
(Compound 39). M.p. 102-103°C.

30 Exo-3-~(3-propyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclof2.2.1}heptane oxalate.
(Compound 40). M.o. 132-133°C.

Exo-3-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)- 1-azabicyclo[2.2.1]hep-

This Sheet Has Been Rei




wherein 'G R err] and X have the neani ngs defined above by standard pro-
cedures to forma conpound of fornula VII

[err] and subsequent displacenent of -SO[err]-F[err] vvith an
appropriate nucleophile to forma conpound of formula | is to be
under st ood t hA¥0%RB™ nventi on extends to each of the st%‘?@’dﬁ"g‘@m neric
fornms of the conpounds of fornula | as well as the racemates. The

foll owi ng exanples are included to m)re‘:@p'eci fically describe the
preparation of the corrpounds used in the nethod of this invention. The

tane oxalate (Compound 41) M. P- 126-127°C.

Exo-3-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1 Jheptane oxalate.
(Compound 42). M.p. 188-189°C.

5
EXAMPLE 25
A 8-Ethoxycarbony!-s-chloro-2-fonny|-8-azabicyclo[3.21]oct;z-ene
10

To a solution of dry DMF (45 g, 0.6 mol) in dry CH,CL, (150 mi) was added
POCI, (75 g, 0.5 mol) at 0-10°C. 8-Ethoxycarbonyl-8-azabicyclo[3.2.1]octa-
ne-3-one (57 g, 0.29 mol) dissolved in dry CH,Cl, (60 ml) was added. The
reaction mixture was stirred over night at room temperature, then added to
15 ice water (1.000 mi). The phases were separated and the water phase
extracted with CH,Cl, (2 x 200 ml). The combined CH,Cl, extracts were
washed with a saturated NaHCO, solution and water, dried and evaporated
to give 70 g of the title compound, which was used in the next step without
further purification. )
20 o
B. 8-Ethoxycarbonyl-3-chloro-2-(3-chloro-1,2,5-thiadiazol-4-yl)-8-azabicyclo
[3.2.1]oct-2-ene

25 Potassium cyanide (8.5 g, 0.13 mol) and ammonium chioride (6.4 g, ﬁ.12,
mol) were dissolved in a min. amount of water. 8-Ethoxycarbonyl-3-ch-

- " loro-2-formyl-8-azabicyclo[3.2.1]oct-2-ene (23 g, 0.1 mol) dissolved in DMF
(25 mi) was added. The reaction mixture was stirred at room temperature
for 3 days, then added to a 5 N hydrochloric acid solution (200 mi). The

30 aqueous phase was extracted with ether (3 x 75 ml), then basified with a
28% NH:,I solution and extracted with ether (4 x 100 ml). The ether phases
from the last extraction were dried, evaporated and dissolved in DMF (50
mi). This solution was added to sulphur monochloride (16.8 g, 0.12 mol) in
DMF (50 mi). The reaction mixture Was stirred over night at room tempera-
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exanples are not ‘intended to limt the present invention in any way and

shoul d not be so construed.

16-

EXAMPLE 1 A Ethyl (1

-azabi cycl o[ 2. 2. 2] oct an- 3-yl i di ne) cyanoacet at e A sol ution of

3-qui nucl i done ¥@%/g3790. 6 nol, amoni um acetate (2.3 g, FCTPEBHWY30ACetiC

acid (3.75 m) and ethyl cyanoacetate (67.8 g, 0.6 nol) in toluene (400 m)

was refluxed with a water separator .for _
added, and the m xture extracted several tinmes with ether. The organic
phases were dried and evaporated. The residue was purified by
chr omat ogr aphy ( el Herand gruEsciniervater: The watgn riesk wep @dacted with ether (3

10

15

20

. 25

30

x 100 mi). The combined ether phases were dried and evaparated. The
residue was purified by column chromatography (eluent: CH,CL,). Yield 3.2

g as an oil.
EXAMPLE 26

3-Chloro-2-(3-sthoxy-1,2,5-thiadiazol-4-yl)-8-azabicyclo[3.2. 1]oct-2-ene
oxalate

To a solution of sodium (230 mg, 10 mmol) in abs. ethanol (50 ml) was
added 8-ethoxycarbony!-3-chloro-2-(3-chloro-1,2,5-thiadiazol-4-yl)-8-az-
abicyclo[3.2.1]oct-2-ene (670 mg, 2 mmol). The reaction mixture was
heated at reflux overnight, evaporated and cone. HCl (40 ml) was added.
The reaction mixture was heated .awt reflux for 4 days, evaporated and
basified with a 28% NH, solution. The aqueous solution was extracted with
ether (3 x 75 mi). The combined ether extracts were dried and evaporated.
The residue was purified by column chromatography (eluent CH,Cl,/MeOH-
;9:1). Crystallization of the free base with oxalic acid in acetone gave the
titte compound in 110 mg yield. (Compound 43). M.p. 178-180°C.

EXAMPLE 27

3-Chloro-2-(3-chiloro-1,2,5-thiadiazol-4-yl)-8-azabicyclo[3.2.1]act-2-ene

oxalate : =

To a solution of 8-Ethoxycarbonyl-3-chloro-2-(3-chloro-1,2,5-thiadiazol-4-yl)-
8-azabicyclo[3.2.1]oct-2-ene (1.7 g, 5 mmol) in dry toluene (50 ml) was
added AICl, (2.6 g, 20 mmol). The reaction mixture was slowly heated to
80°C and kept at this temperature for 10 min. After cooling to room tem-
perature the reaction mixture was poured on ice and basified with a 50%

NaOH solution. The aqueous phase was extracted with CH,Cl, (3 x 100 mi).

col um

18th. Water (100 m) and NaOH was -
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g of the title conpound. B. Ethyl
(1-azabicycl o] 2. 2. 2] oct an- 3-yl ) cyanoacet at e A sol ution of ethyl
(1-azabicycl o[ 2. 2. 2] oct an- 3-yl i dene) cyanoacetate (73 g, 0.33 nol) in
absol ute ethanol (11) was treated with 10% pal | adi um on charcoal (10 g) and
hydrogen in a marsseshaker at 20 psi for 5 h. Filtration ROTOKOVOIOIr at | on
gave the wanted product-in 68 g yield. C. _
(1- Azabi cycl o[ 2. 2: 2] oct an- 3-yl ) hydr oxyi mgmacetonitril e~ Ethyl
(1-azabicycl of 2. 2. 2] oct an- 3-yl ) cyanoacetate (10 g, 45 nmmol) was added to a
sol ution of sodi um 04 45 mmol ) in absol ute ethanol (60 m ). The
m xture was sti rrJH b'T%d RigANIc SXIEEts 3Yere f?ﬂé‘}”%ft'ﬂﬁ’%oéﬁ‘ﬂ SVERRIAPEN- itrite
E; (7)[ 9 rr}C 62 nmol ) Thasesmrbdeds cﬂ&bﬂlhzsaeusttmamam@@auﬁremmstogé td gﬁéijthfteﬂe 18 hdat

err vaporation o uy.e ude title compoun
whi ch was used wi CABREU, &?ﬁleigg&ﬁg?mﬁogg?ﬁb Wp ?%'%536 Chl oro- 3- (3-chl oro-1
,2,5-thiadiazol -4-yl)-1 -azabicycl o[ 2. 2. 2] -octane oxal ate

S EXAMPLE 28

The following compounds were made in exactly the same manner as
- described in Example 16 using the appropriate alcohal:

10 Exo-6-(3-pentyloxy-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]Jactane oxalate
{Compound 58), M.p. 122-123°C.

Endo-6-(3-pentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane oxalate
(Compound 60), M.p. 124-125°C.
- 15
EXAMPLE 29

A. 4-Chloro-3-formyl-1-azabicyclo{3.3.1]non-2-ene

20
To DMF (50 mi, 0.68 mol) was slowly added POCI, (50 ml, 0.54 mol) at 0°C
over 1 h. 1-Azabicyclo[3.3.1]Jnonane-4-one hydrachloride (17.5 g, 0.1 mal)
was added in one portion and the reaction mixture heated at 100°C for 1 h,
After cooling the reaction mixture was poured on ice (1000 g) énd the

25 reaction mixture neutrafized with potassium carbonate. The water phase
was extractedwith ether (5 x 200 ml). The organic phase was dried over
MgSQ, and evaporated. The residue was purified by column chromatogra-
phy (eluent: CH,CI,/CH;OH (9:1)), yielding 17 g of the title compound.

- 30 B. 4-Chloro-3-{3-cnioro-1,2,5-thiadiazo-4-yi)-1-azabicycio[3.3.1]non-3-ene

oxalate

To a solution of oxalic acid (9.0 g, 100 mmol) in water (100 ml) was added"

—_

i



To a solution of crude (1-azabicyclo[2.2.2]octan-3-yl)hydroxyi m noacet o-

- 17- nitrile (max. 45 mol) in DMF (60 mM) was slowy added a sol ution
of S[err]Cl[err] (10.85 m, 135 nmol) in DMF (20 nl) at O[err]C After
addition the reaction mxture was stirred at roomtenperature for 48 h.
Wat er -and 50% NaOHweesesitdded to the ice cool ed reacti.on mi xtPGEFBK4gp?
extracted with ether. The conbi ned et her phases were dried and evapor at ed.
The residue was purified by col unm chronat og8&phy (el uent: Et OAc/ MeOH
(2:1)) to give the free base of .the. title conpound in 1.04-g yield.-

o Sauet (Eonpoun 57 “SRpS ST EBRRER I LS () SR8, PR

sium cyanide (6.8 g, 10 mmol) dissolved in a min. amount of water was
added dropwise. The reaction mixture was stirred at-room temperature for 2
h. The precipitated crysfals were filtered and suspended in water/EtOH (4:1,

5 120 mil). Ammonium chioride (6.0 g, 100 mmol_) and ammonium hydroxide
(28% in water 10 ml) was added and the reaction mixture was stirred at
room temperature overnight. The water phase was extracted with methylene
chioride (5 x 100 ml). The organic phases were dried over magnesium
sulphate and evaporated. The residue was dissoived in DMF (50 ml) and

i0 added dropwise to a solution of sulfurmonochloride (20 ml, 250 mmol) in
DMF (30 ml) at 0°C. The reaction mixture was stirred at room temperature
for 4 h, then crushed ice (500 g) was added. The precipitated sulfur was
filtered off and the filtrate washed with 1 M hydroéhloric acid solution (2 x
100 mi) the combined water phases was basified with ammonia (28% in

15 water) and extracted with ether (4 x 200 ml). The combined organic phases
were dried and evaporated. The residue was crystallized as the oxalate %alt
from acetone/ether to give the title compound. Yield 10.8 g (Compound 61),
M.p. 148-150°C.

20 EXAMPLE 30

. 4-Chioro-3-(3-propyloxy-1;2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene

oxalate

25 .
To a solution of sodium (0.23 g, 10 mmol) in n-propancl (10 ml) was added
4-chloro-3-(3-chioro-1,2,5-thiadiazol-4-yl)- 1-azabicyclo[3.3.1}non-3-ene
{0.274 g, 1 mmol). The reaction mixture was heated at 60°C for 2 h. Hydrc-
chloric acid (1 M, 100 ml) was added, and the water phase extracted with

30 ether (2 x 50 ml}. The water phase was basified with solid potassium
carbonate and extracted with ether (3 x 75 ml). The combined ether
extracts were dried over magnesium sulfate and evaporated. The residue

was crystallized as the oxalate szlt from acetone/ether to give the title
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EXAMPLE 2
3-(3-Chloro-1, 2,

3-chloro-3-(3-chloro-1, 2,5-thi adi azol
(250 ny, O.95wowMisizei n et hanol
[err]l, 20 mmol),

5-t hi adi azol - 4-yl) - 3- hydroxy-1-azabi cycl o[ 2. 2. 2] oct ane
oxal ate A sol ution of

-4-yl)-1-azabicycl o[ 2.2.2]oc- tane
i ol (25 M- was treated wtRCFBRHEcid (750
triethylamne (4.2 m, 30 nmmol) and 10% palladi um on

charcoal for 18 h at 60[err]C. After fiB4ration and evaporation water and
Klerr]CO[err] was added-to the residue and extracted with ether.

et her phases were evaporated and |f|$%@b%9¥%$hron&t ogr aphy (el uent:

Et OAc/ MeOH (2: 19°PO ‘ir?t%ﬂﬁ“z’ﬁ%i( Rpyn

title conpound i

n 150 ng yield. (Conpound 2). Mp. 241-242[err]C.

EXAVPLE 3 3- Met hoxy- 3- ( 3- met hoxy- %AP?. t:gi adi azol -4-yl)-1
. 311_'-355 E

-azabi cycl of 2. 2.

2] octane oxal ate a

3-(3-Met hoxy-1, 2, 5-thi adi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct - 2-.ene

5

10

i5

The following compounds were made in exactly the same manner as

described in example 30 using the appropriate alcohol:

4-Chloro-3-(3-pentyloxy-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene
oxalate (Compound 63), M.p. 114-115°C.

4-Chloro-3-(3-methoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene
oxalate (Compaund 64), M.p. 103-104°C.

EXAMPLE 32

4-Chloro-3-(1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene oxalate

~ To a solution of sodium (0.092 g, 4 mmol) in isopropanol (40 mi) was

20

25

30

added n-butyimercaptan (270 ml, 3 mmol). 4-Chloro-3-(3-chloro-1,2,5-
hiadiazol-4-yl)-1-azabicycio[3.3.1]non-3-ene (0.82 g, 3 mmol) dissolved in
isopropanol (10 ml) was added and the reaction mixture was stirred over-
night at room temperature. The reaction mixture was evaporated-and
hydrochloric acid (1 M, 100 ml) was added. The water phase was extracted
with ether (2 x 50 ml) basified with solid potassium carbonate and extracted
with ether (3 x 75 ml). The organic phase was dried and evaporated. The
residue was purified by column chromatography (eluent: ethyl acetate) and
the free base was crystallized with oxalic acid from acetone to give the title |
compound. Yield 250 mg (Compound &5) M.p. 175-77°C.

il

The dried

om acet one gave the

oxal at e



A sol ution of

3-chloro-3-(3-chloro-1, 2,5-thi adi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oc- tane
(500 ng, 1.9 mol ) and sodi utmet hoxi de (20 mmol) in nmethanol (20 m) was
stirred for 48 h at 60[err]C. Water was added to the reaction m xture

- 18- and exwassps® with ether. The conbined organi c pHaEE¥SEYe dried and .
evaporated. The two products were separated by colum chromat ography
(eluent: EtOAc/MeOH (2:1)). Crystallizat8®n of the di nethoxy product as the
oxal ate from acet one gave 200 ng. (Compound 3). Mp. 113-117[err]C. The
nmononet hoxy oxal ate was isolated in el d (Compound 4). M p.
143-145[err] C w EXAMPLE 4

3- (3- Hexyl oxy-1, 2, 5-t hi adi azol -4-yl)-1 -azabi cycl o[ 2. 2. 2] oct - 2- ene oxal at e,

(-) 3-(3-Butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2Joctane (+) L-tar-

trate

To a solution of 3-(3-butyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane
(free base of compound 13, example 10) (5.5 g, 19.43 mmol) in ethanol (50
mi) was added a solution of (+)L-tartaric acid (2.9 g, 19.4 mmol) in water
10 {10 ml). Ether (approx. 200 ml) was added to the solution to give a slightly
unclear solution. The title compound was precipitated overnight and the
crystals collected by filtration (3.05 g). Recrystallization twice from ethanal
(20 mi) and ether gave the pure (-) enantiomer (1.90g) (Corripound 55),
M.p. 106-108°C. [a](free base) = -15.80° (C = 4.05 MeCH).
15
EXAMPLE 34

(+) 3-(3-Butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane (-)D-tartrate

20
~ The mother liquour from the crystallization with (+)L-tartaric acid (example
33) was evaporated and the residue treated with 50% NaOH in water and
extracted with ether. The combined ether phase were dried and evaporated
to give crude free base of the title compound (2.9 g, 10.2 mmol). The
25 residue was dissolved in ethanol (15 mi) and a solution of (-) D-tartaric acid
(1.54 g, 10.2 mmoal) in water (4 ml) was added. Ether was added to the
solutiort and the title compound precipitated overnight. The crystals were
collected by filtration and recrystallization twice from ethanol/ether gave the
.pure (+) enantiomer (1.90 g) (Compound 56), M.p. 106-108°C. [«](free
30 base) = + 14.94° (C = 4.09 in MeOH).
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3- Hexyl oxy- 3- ( 3- hexyl oxy- 1, 2, 5-t hi adi azol -4-yl)-1 -azabicycl o[ 2. 2. 2] oct ane
oxal ate and :

3- (3- Hexyl oxy-1, 2, 5-t hi adi azol -4yl ) - 3- hydr oxy- | -azabi cycl o[ 2. 2. 2- ]Joct ane
oxal at e A 50% sodi umhydri de di spersion (960 ng, 20 nnDI) was di ssolved in
1 -hexanol anao8smsivbor o- 3-(3-chloro-1 ,2,5-thiadi azol - #CypK§48030%az abi cycl o

[ 2.2-,2]octane (500 ng, 1.9 mmol) was added The reaction m xture was -
stirred at 90[err]C for 18 h and evaposraged. The residue was dissolved in
wat er and extracted with ether. The dried ether phases were evaporated and
t he products separated by colum ch&ggﬁkggégphy (eluent: EtOAc/MeCH (2:1)).
The first fractions contained the el product which, after
crystallization with oxali c acid, was collected in 70 ng yield. (Conpound

St 138 GG s TS oL ARERBS SO BBl 1 Mo o
84-85[err]Cs he Tater 1 ract I'ons gave the hydroxy- nexyl oxy corrpound I n
100 my yield as o aso?tﬁ%ll'!% cru e h mé&%@ﬂ' 55 7r)|-3-yll)\ﬂy8roxylm|noaced err]c

nitrile (10 g, max. 29 mmol) (example 1C) in methanal (50 ml) was added a

methanao! solution of hydroxylamine (prepared from NH,OH, HCI (4.2 g, 60

mmol) in methanol (60 ml) and sodium (1.38 g, 60 mmol) in methanol (60

10 mi)). The reaction mixture was stirred at 40°C for 18 h and evaporated to
give the crude amide oxime derivative. The residue was treéted with excess
of POCI, at 45°C for 18 h. Water and saodium hydroxide was added to
obtain alkaline pH and the aqueous mixture extracted with chioroform. The
combined organic phases were dried and evaporated to give the free base

15  of the title compound as a solid (yield 570 mg). MS: M*: 194. Crystallization
as the fumarate salt from isopropanol gave the title compound (110 mg)
(Compound 66), M.p. 60-75°C. '

EXAMPLE 36
20
A. 5-Carboxaldehyde-1-azabicyclo[3.2.1]octane

To a sofution of 1-azabicyclo[3.2.1]joct-5-yl-N-methyl-N-methoxycarboxamide

25 (4.0 g, 17.4 mmol) in tetrahydrofuran (100 ml) was added dropwise a 1
Molar solution of DIBAL (26 ml, 26 mmol) at -65°C. The temperature of the
reaction mixture was allowed to raise to 0°C over 30 min. and then cooled
to -65°C. Aqueous hydrochloric acid {75 ml, 5N) was added to the cold
reaction mixture and the tetrahydrofuran was evaparated in vacuo. The

30 aqueous residue was stirred overnigﬁt at room temperature and then
evaporated. Water and potassium carbonate was added to the residue and
extracted with methylene chioride (3 x 300 mi). The combined methylene
chloride phases were dried and evaporated to give the title compound as
an oil. Yield 2.75 g.

\\
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- 19- EXAMPLE 5
3-(3-Chloro-1, 2,5-thi adi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane oxal ate
Hydr ogenation for 48 h of 3-chloro-3-(3-chloro-1,2,5-thiadi azol -4-yl)-1-
azabi cycl o[ 2. 2. 2] octane (152 g, 66 nmol) in ethanol (500 mM) at 30 psi in
the presence @bodf3¥pal | adi um on charcoal (2.0 g) gave,rcaikesoofos | trati on
and evaporation, the hydrochloride salt of the wanted product in
quantitative yield. Crystallization of .@zsanpl-e with oxalic acid .from
met hanol / acetone/ et her produced the title conpound (Compound 8). Mp. 207-
209C. EXAMPLE 6

B. 2-Amino-2-(1-azabicyclo[3.2.1]oct-5-yl)acetonitrile

To a solution of potassium cyanide (1.43 g, 22 mmol) in water (20 mi)

5 5-carboxaldehyde-1-azabicyclo[3.2.1]octane (2.75 g, 19.8 nimol) was added
over 30 min. at 0-10°C. Acetic acid (1.26 ml, 22 mmol) was added to the
reaction mixture over 30 min. at 5-10°C. The reaction mixture was stirred at
room temperature for further 18 h and coocled to 5°C. Aqueous sodium
hydroxide was added to obtain alkaline pH and then extracted with

10 methylene chloride (3 x 200 mi). The combined organic phases were
evaporated and the residue was treated with a solution of ammonium
chioride (3.8 g, 72 mmol) in water (10 ml) and 25% aqueous ammonia (5
mi). The reaction mixture was stirred at room temperature for 18 h and then
extracted with methylene chloride. The combined organic phases were

15 dl;ied and evaporated to give the title compound. Yield. 1.67 g.

C. 5-(3-Chloro-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane oxalate

20 2-Amino-2-(1-azabicyclo[3.2.1]oct-5-yl)acetonitrile (1.67 g, 10 mmol) was
dissolved in DMF (10 ml) and a solution of sulfur monochloride (2.57 ml, 30
mmol) in DMF (10 ml) was added dropwise at 0°C. The reaction mixture
was stirred at room temperatpré for 18 h and cooled to 0°C whereupon -
water (40 mi} and aqueous patassium hydroxide was ar."ided slowly. The

25 alkaline reaction mixture was extracted with ether (3 x 300 hl) and the
combined ether phases were dried and evaporated. The residue (850 mg)
was crystallized with oxalic acid from écetone/ methandl to 'give' the titte "
compound. Yield 710 mg (Compound 67), M.p. 137.5-139.5°C.

30 EXAMPLE 37

5-(3-Hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate

35 Sadium hydrosulfide monohydrate (326 mg, 4.4 mmal) was added to a
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3- (3- Et hoxy-1, 2, 5-t hi adi azol -4-yl )-1-azabi cycl o[ 2. 2. 2] oct ane fumarate
Sodi um (200 ng, 87 nmmol ) was dissolved in ethanol (30 m) and 3-(3-chl o-
ro-1, 2, 5-thi adi azol -4-yl)-1-azabl cycl o[ 2. 2. 2] octane (300 ng, 1.3 mmol) was
added. The reaction mxture was stirred at 60[err]C for 18 h. Water was
added and t hewoesessison ni xture extracted with ether. THRETAKIQBEOHNI
filtrated ether extracts were -evaporated to give the free base.
Crystallization as the fumarate salt f F88+i sopropanol / ether gave the title
conmpound in 210 ng yield. (Conmpound 9). Mp. 128-131[err]C.

L | o T1  B SR IR TS bl RS hackoogae monner 2
3-(3- Propoxy-1, 2(359h’rg ddirernd) inOMA (20 inf)aat edwint {eoipefair® ard] the reawtiorf umar at e.

(Conmpound 10 . %t ?wasGZt[n%E fclrgo i @a@%r@%r’b&née% é4h§ has ﬁ)laﬁé' ylh)-1

-azabi cycl of 2. 2. ane oxal a
1-bromohexane (561 pl 4 mmol) were added and the reaction mixture was

5 stirred for 3 h. Water (50 ml) was added to the reaction mixture and the
aqueous phase extracted with ether (3 x 200 mi). Thé combined ether
phases were dried and evaporated to give the crude free base of the title
compound (220 mg). The residue was crystallized as the oxalate salt from
acetone to give the title compound. Yield 200 mg (Compound 68), M.p.

10 67-69°C.

EXAMPLE 38

] Eio-a-(s-methy!thio-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane oxalate
5 .

To a solution of exo-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]hep-
tane (215 mg, 1.0 mmol) in DMF (20 ml) was added sodiumhydrogensuifide
monoﬁydrate (230 mg, 3.0 mmoal). The reaction mixture was stirred at room
20 temperature for 1 h. Potassium carbonate (1.38 g, 16 mmol) and methyliod-
ide (0.42 g, 3 mmol) were added and the mixture stirred at room temperz-
ture for 0.5 h. 1N hydrachloric acid solution (100 ml) was added and
extracted with ether (2 x 50 ml). The aqueous solution was basified with 2
28% NH, solution and extracted with ether (3 x 75 ml). The combined ether
25 phases were dried and evaporated. The residue was crystallized as the
oxalate salt from acetone in 180 mg yield. (Compound 69). M.p. 133-139°C.

EXAMPLE 39

30 The following compound was made in exactly the same manner as

described in example 38, using ethyliodide:
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- T —
- 20 - pound 46). Mp. 159-160[err]C.

EXAMPLE 8 3-(3-Hexyl oxy-1, 2, 5-thi adi azol -4-yl)-1 -azabicycl o[ 2. 2. 2] oct ane
fumarat e A 50% di spersion of sodiunhydride (230 ng, 5 nmmol) was dissol ved
in 1-hexanol (25 nm) and '
3-(3-chloro-1, 2, %1 hjadi azol - 4-yl)-1-azabicyclo[2.2.2]0- C E{r){ﬁm ng, 1.1
nmol ) was added.- St(—‘?l-h’rgﬁaction was stirred at 80[err]C for a%§§'§t room
tenperature for 18 h. After evaporation watgr was added to the residue and
extracted with ether. The conbi ned ether phHdses were dried and evapor at ed.
Crystallization with fumaric acid from i sopropa-
Exo-3-(3-ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2. 1Jheptane oxalate

-from ethyliodide and exo-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[2.2.1]heptane. (Compound 70). M.p: 156-157°C.

5 Exo0-3-(3-(4-cyanobenzylthia)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]hep-
tane oxalate from exa-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]-
heptane and 4-cyanobenzyichioride. (Compound 173). M.p. 200-201°C.

EXAMPLE 40
10
The following compounds were mads in exactly the same manner as
described in example 38 using endo 3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-
azabicyclo[2.2.1]heptane and the éppropriate alkkythalogenide.

15 Endo-3-(3-(2-phenaxyethylthio)-1,2,5-thiadiazol-4-yl)-1 -azaﬁicyclo {2.2.1]hep-
tane oxalate from 2-phenoxyethyibromide and endo 3-(3-chloro-1,2,5-
thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane. (Compound 71). M.p. 127-130°C.

Endo-3-(3-(2-thienyl)propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyciof2.2.1]hep-
20  tane oxalate from 1-chloro-3-(2-thienyl)propane and endo-3-(3-chloro-1,2,5-
thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane. (Compound 72). M.p. 123-126°C.

Endo-3-(3-(2-phenylthio)ethylthio-1,2,5-thiadiazol-4-yl}-1-azabicyclo[2.2.1]-
heptane oxalate from 1-chloro-2-(phenylthio)sethane and endo-3-(3-chioro-

25 1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane. (Compound 73). M.p. 143-
145°C.

EXAMPLE 41

30 Exo-6-(3-methylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate

Ta a solution of exo-6-(3-chlore-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]oc-

NI



nol‘*/ et hér gave the title conpound in 220 ng yield. (Conpound 11). M p.
108-109[err] C The foll ow ng conpounds were nade in exactly the sane
manner using the appropriate al cohol instead of 1-hexanol:

3- (3-(5-Hexenyl oxy) -1, 2, 5-thi adi azol -4-yl) - 1-azabi cycl o[ 2. 2. 2] oct ane
fumarate, M pwd®®s31910[err]C . (Conpound 48). PCT/DK94/00309
3-(3-(3-Hexenyl oxy) -1, 2, 5-t hi adi azol -4-yl ) - 1-azabi cycl o[ 222] oct ane
fumarate, Mp. 135.5-137.5[err]C. (Compmmd 49)

3-(3-Pentyl oxy-1, 2, 5-thi ad| azol 4 yl)-1-azabi cycl o[ 2. 2. 2] oct ane oxal ate,

M p. 102- 104[err] C Conmp

3- (3- 1 sopent yl oX3neif: 'Bgt*h? QHP°§2’E)PM5 {30 i) wag Addec spciuphydrogensyifidane oxal at e,

Mp. 135.5-137. ﬁcﬁlbh)}dﬁate (230 BEtmndi). . The reaction mixture was stirred at room
temperature for 1 h. Potassium carbonate (1.38 g, 10 mmol) and methylio-
dide (0.42 g, 3 mmol) were added and the mixture stirred for 1 h. 1 N

5 hydrochioric acid solution (100 ml) was added and the mixture extracted
with ether (2 x 50 ml). The aqueous solution was basified with a 28% NH,
solution and extracted with sther (3 x 75 ml). The combined ether phases
were dried and evaporated. The residue was crystallized as the oxalate salt
_ from acetone in 200 mg vield. (Compound 74). Mp. 141-142°C, '
10

EXAMPLE 42
The follawing compaunds were made in exactly the same manner as
described in example 41 using the appropriate alkylhalogenide:
15

Exo-6-(3-heptyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate oo -
from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane and 1-
bromoheptane. (Compound 75). M.p. 111-112°C.

20 Exo-8-(3-isohexyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1}octane oxalate
from exo-6-{3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane and 1-
bromo-4-methylpentane. (Compound 76). M.p. 128-130°C.

Exo-6-(3-isopentyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane from
25 - exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane and 1-bromo-
3-methylbutane. (Compound 77). M.p. 130-132°C.

Exo-6-(3-{4-cyanobutyithio)-1 ,25-thiadiazol—4»yl)—1 -azabicyclo[3.2.1]actane
oxalate from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

30 and 1-bromo¥4wcyanobutane. (Compound 78). M.p. 148-150°C.

Exo-6-(3-cyanomethyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
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-21 - ¢ EXAMPLE 9
3-(3-Pentylthio-1,2,5-thiadiazol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane funarate
A solution of 3-(3-chloro-1,2,5-thiadiazol -4-yl)-1-azabicyclo [2.2.2]octane
oxal ate (500 ng, 1.56 mmol ), sodi unhydrogen sul fide, nonohydrate (463 ng,
6.25 nmol ) apg, fpLassi um carbonate (1.38 g, 10 mml) | pA¥Gybesdd M) was
stirred at roomtenperature for 1 h. 1-Pentylbromde (755 ng, 5 nmol) was
added, and the reaction m xture was stlé{ed at roomtenperature for 18 h.
IN HCl was added, and the m xture extr ed with ether once. 50% NaOH was
added to the aqueous phase and extracted with ether. The ether phase was

dried and evaporggliad iy seledfolohnd Qﬂﬂﬁdi&&%@%&ﬂlﬂ%&%[ﬁﬁﬁd&%éi c acid from

i sopropanol / ether gave the title co Conmpound 12
M pp 128 139C. and%hloroacetomtnle (Compom\) 79). M.p. 141 142%9 (Conp )

Exo-6-(3-(2-cyanoethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
5 oxalate from exo-8-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 1-bromo-2-cyanosthane. (Compound 80). M.p. 151-152°C.

Exo-6-(3-(3-cyanopropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
10 oxalate from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 1-bromo-3-cyanopropane. (Compound 81). M.p. 114-115°C.

Exo-6-(3-(4-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1Joctane
15  and 4-cyanobenzyichloride. (Compound 82). M.p. 198-198°C.

Exo-6-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)- 1 -azabicyclo[3.2.1]octane
oxalate from exo0-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane
and 1-bromo-3-phenylpropane. (Compound 83). M.p. 149-150°C.

20 _ '
Exo-6-(3-(2-phenoxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from exo-6-(3-chloro-1,2,5-thiadiazol-4-yi)-1 -azabicyclo [3.2.1 Joctane
and 1-bromo-2-phenoxyethane. (Compound 133). M.p. 137-144°C.

25 Exo-6-(3-benzylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2. 1]éctane oxalate
from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2. 1]octane and
benzylchlonde {Compound 134). M.p. 153-155°C.

Exo-6-(3-(2-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo [3.2.1]octane
30 oxalate {(Compound 223) M.p. 107-110°C from exo-6-(3-chloro-1,2,5-thiadia-
' zol-4-yl)-1-azabicyclo[3.2.1]octane and 2-cyanobenzylbromide.
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EXAMPLE' 10 The foll ow ng compounds were nmade in exactly the sanme manner
as described in exanple 9, using the appropriate al kyl hal ogeni de: '
3-(3-Butylthio-1,2,5-thiadiazol -4-yl)-1-azabicycl o[ 2. 2. 2] octane funarate.
gO?gpound 1ﬁ) . Mp. 85-87[err]C
- 3-(3-Hexytthig-1,2 5-thiadiazol -4-yl)-1-azabicycl o[ 2.2 f umar at e.

{ Conpound 14)‘?Y°Kﬁ’“53.7§138- 139[orr] G : velol2- 2réliigluan

3- (3-(3-Phenyt propyl thio)-1, 2, 5-thiadi aigl -4-yl)-1-azabicycl o[ 2. 2. 2] oct ane
fumarate. (Conmpound 44). Mp. 123-124[&érf]C. 3-(3-(4-Cyanobenzyl thio)-1
, 2,5-thiadiazol -4-yl)-1 -azabicycl o] 2. 2. 2] oct ane oxal ate. (Conpound 45).

M p. 200C. deconpyo-6-{3-(3-cyanobenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane .

oxalate (Compound 224) M.p. 154-156°C from exo-6-(3-chloro-1,2,5-thiadia-

zol-4-yl)-1-azabicyclo[3.2.1]octane and 3-cyanobenzylbromide.

5 Exo-6-(3-(2-trifluoromethylbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 225) M.p. 135-138°C from exo-6-(3-
chloro-1 ,2,5-thiadiazol-4¥yl)-1 -azabicyclo[3.2.1]octane and 2-trifluoromethyi-
benzylbromide.

10 Exo-6-(3-{3-triflucromethylbenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 226) M.p. 152-155°C from exo-6-(3-
chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1] octane and 3-trifluoromethyl-
benzylbromide. '

15 EXAMPLE 43
The following compounds were made in exactly the same manner as

described in example 41 by reacting endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-
1-azabicyclo[3.2.1]octane with the appropriate alkylhalogenide:

20
Endo-6-(3-(2-phenoxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate from endo-6-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclio[-
3.2.1Joctane and 1-bromo-2-phenoxysthane. (Compound 84). M.p. 150-
155°C.

25 ' T

Endo-6-(3-methyithio-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane oxalate
from endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1}octane ard
methyliodide. (Compound 85). M.p. 150-151°C.

30 Endo-6-(3-isopentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
' oxalate from endo-6-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 1-bromo-3-methylbutane. (Compound 86). M.p. 118-120°C.
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-22 - 3-(3-Ethylthio-1,2,5-thiadiazol -
oxal at e,
3-(3-Propylthio-1,2,5-thiadiazol -

Mp. 194- 195[err] C (Conmpound 52).

M p. 206.5-208[err] C (Conpound 53)
3- (3- Hept yl t hiy@odgsen -t hi adi azol - yI) - 1- azabi cycl o] 2. ZcRbaedessne f unar at e,
M p. 130-132C (Conpound 54).

A. Ethyl

(1-azabicycl o[ 3. 2. 1] oct an- 6- yl.idene) cyano acetate

4-yl)-1-azabicycl o 2. 2. 2] oct ane

4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane oxal ate

EXAMPLE 1 1

10

15

20

25

30

Endo-6-(3-isohexyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]Joctane
oxalate from endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 1-bromo-4-methyipentane. (Compound 87). M.p. 110-112°C.

Endo-6-(3-benzylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]Joctane oxalate

" from endo-6-{3-chloro-1,2,5-thiadiazol-4-yi)-1-azabicyclo(3.2.1}octane and

benzyichloride. (Compound 88). M.p. 110-112°C.

Endo—6-(3-cya_nomethyltl1io$1 .2, 5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from endo-6-(3-chiora-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and chloroacetonitrile. (Compound 89). M.p. 158-59°C.

Endo-6-(3-(2-cyanoethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from endo-6-(3-chloro-1 2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 1-bromo-2-cyanoethane. (Compound 980). M.p. 160-161°C.

Endo-6-{3-(3-cyanopropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]oc-
tane oxalate from endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1Joctane and 1-bromo-3-cyanopropane. (Compound 91). M.p. 119-
120°C.

Endo-6-(3-(4-cyanobutyithio)-1,2,5-thiadiazal-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from endo-6-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 1-bromo-4-cyanobutane. (Compound 82). M.p. 150-151°C. -

. ‘Endo-6-(3-(2-cyanabenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]oct-

ane oxalate (Compound 227) M.p. 210-211°C from endo-6-(3-chloro-1,2,5-
thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane and 2-cyanobenzylbromide.

“\\
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A solutton of 1-azabicyclo[3.2.1]octan-6-one (41.25 g, 0.33 nol), acetic
acid (2 m), amonium acetate (1.25 g) and ethyl cyanoacetate (37 g, 0.33
nol) in toluene (500 m) was refluxed with a Dean-Stark water separator for
40 h. The tol uene phase was extracted with 3 x 200 M 5 M HC solution. The
wat er phase g@g 9fled W th 28% ampni um hydr oxi de sGicaipksyezand extracted -
wth ether (4°X The organi c phases were dried over nagnesi um

sul fate and evapor at ed The residue vvas_&,ggrified by col unm chr omat ogr aphy
(eluent CHerr]dJ[err]/MeOH (9:1), yield 41 g of the title com pound. B.
Ethyl (1 -azabicyclo[3.2.1 Joctan-6-yl)cyanoacetate A sol ution of ethyl
(1-azabicycl o] 3. 2. 1] oct an- 6-yl i-dene) ExAMPIEC4t ate (41 g, 0.19 nol) in abs.
et hanol (500 m) was treated with 10% pal | adi um on carbon (5 g) and
hydrogen in a Parr shaker at 30 psi for 5 h. Filtration and evaporation
gave the title co/Qhmmme-3-butdq-12.§thisdizol-4-W)-1-azabicyclo]3.3.1Jnon-3-ene

(1-azabi cycl of 3. %xaHtQCt an- 6-yl ) hydroxyi m noacetonitrile

5

To a solution of sodium (0.23 g, 10 mmol) in n-butanol (10 mi) was added
4-chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene
~ (Compound 61) (0.274 g, 1 mmol). The reaction mixture was heated at
10 60°C for 4 h. Water (100 ml) was added and the water phase extracted with
ether (3 x 50 mi). The combined ether extracts were dried over magnesium
sulfate and evaporated. The residue was crystallized from acetone/ether to
give the titte compound in 200 mg vield. (Compound 93). M.p. 104-107°C.

15 EXAMPLE 45

4-Chloro-3-(3-hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]Jnon-3-ene

hydrochloride

20

' The compound was made as described in example 44 by reacting 4-chloro-

3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1}non-3-ene with 1-hexa-
nol. The free base was crystallized as the hydrochloride from ether. (Com- -
pound 94). M.p. 100-101°C.

25

EXAMPLE 46

3-(3-Butoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1 Jnon-3-ene oxalate

30

To a solution of 4-chlore-3-(3-butoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo-

[3.3.1]non-3-ene (0.63 g, 2.0 mmol) in abs. ethanol (20 ml), triethyl amine (3

mi) and formic acid (1 mi) were added. The reaction mixture was heated to

80°C under nitrogen. At this temperature paliadium on carbon (0.5 g, 5%)
35 was added in one portion. After 15 min. another portion of palladium on

T



- 23- " 'Ethyl (1-azabicyclo[3.2.1]octan-6-yl)cyanoacetate (36 g, 0.16 nol)
in abs. ethanol (100 m) was added to a solution of sodium (4 g, 0.21 nol)
in abs. ethanol (100 m). Isoanylnitrite (25 m, 0.19 nol) was added over
0.5 h, and the m xture was heated at 50[err]Cfor 4 h. Evaporation of the

reactlon m Xt WoRspsg@ve crude sodiumsalt of the titie GefFpRWdses Wi ch was
used without further purification. D.

6- Chl or 0- 6- (3-chl oro-1, 2, 5-t hi adi azol - 44%l.) - 1- azabi cycl o[ 3. 2. 1] oct ane A
solution of crude (1- azab| cycl o[ 3. 2. 1] oct an- 6-yl ) hydr oxyi m noacetonitrile
(max. 0.16 mol) in DMF (150 m) was added to a sol ution of S[err]Cl[err]
(50 m, 0.68 notarbam(0DKTe, 6%§)®as1’ad®'d Tedast paditbareaf pialldanumThecﬁrea@t ion mxture

fiTtered and t nidiepeitedBibs Afer b5, e Pbelt il ARGy BIF) ™ 110 Vet e
sol ution was evaporated. The residue was dlssolved in water basified with potassxum
carbonate and extracted with ether (3 x 75 ml). The sther extracts were
5 dried and evaporated. The crude compound was purified by column
chromatography (eluent: CH,Cl,/MeOH (9:1)), yielding 80 mg of free base.
The title compound was crystallized with oxalic acid from acetone/ether in
80 mg yield. (Compound 95). M.p. 150-151°C. .-

10 EXAMPLE 47

The following compounds were prepared in exactly the same manner as

described in example 46.

15 3-(3-Methoxy-1,2,5-thiadiazol-4-yl}-1-azabicyclo[3.3.1Jnon-3-ene oxalate from
4-chloro-3-(3-methoxy-1,2,5-thiadiazol-4-yl}-1-azabicyclo[3.3.1]non-3-ene.
(Compound 96). M.p. 200-201°C.

3-(3-Propoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene oxalate from
20 4-chloro-3-(3-propoxy-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.3.1]non-3-ene.
(Compound 97). M.p. 166—_1_(_57'?0.

3-(3-Hexyloxy-1 ,2,5-thiadiazo[-4-yi)-1 -azabicyclo(3.3.1]Jnon-3-ene oxalate
from 4-chloro-3-(3-hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-
25  ene.(Compound 98). M.p. 100-101°C. : = -

EXAMPLE 48

3-(3-Isopentylthio-1,2,5-thiadiazoi-4-yl)-1-azabicyclo[2.2.2]octane fumarate
30

A solution of 3-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]actane
(Compound 8) (420 mg, 1.83 mmol), sodiumhydrogen sulfide monchydrats
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extracted with ether (2 x 200 mM), then basified with a 28% ammoni um

hydr oxi de sol ution and extracted with ether (4 x 200 m). The conbi ned
ether extracts fromthe |last extraction were dried and. evaporated. The
resi due was - purified by colum chromat ography (eluent CHerr]Cl[err]/MOH

(9:1)) to give thewbbddsgeconpound in 11 g-yield as a m xt ur echbxdaag@eecndo
and exo forns. ' EXAMPLE 12 The -

foll owi ng conpound was nmade in exactly the sgfe manner as described in
exanple 11. starting from 1-azabicyclo[2.2.1 | heptan-3-one:
3-Chloro-3-(3-chloro-1 ,2,5-thiadi azol -4-yl)-1 -azabicycl o] 2. 2. 1] hept ane.
EXAMPLE 13 (245 mg, 3.70 mmol) and potassium carbonate (780 mg, 5.64 mmal) in

Exo- 6- (3-chl oro-1, 2, %mmizadﬁwaé stifred 4 robmAéRpeayfd 18 Sh2a ddidch@p . and Endo-
6-(3-chloro-1 ,2,5-t PE adi azo -4-¥I )-1 -azahicyclo[3.2.1 |octane-oxal ate
ramo-3-methylbutane (420 mg, 2.75 mmol) in DMF (5 ml) was added, and
the reaction mixture was stirred at room temperature for 3 h. Water (20 mi)
5 was added and the mixture was extracted with ethyl acetate (3 x 100 mi).
The combined extract was washed with brine, dried (MgSO,), filtered and
evaporated. The residue was purified by column chromatography (eluent:
CH,ClL,:MeOH:NH,OH (8:2:0.5%)) to give the free base of the desired -
product in 400 mg yield. Crystallization of the residue with fumaric acid from
10 isopropanol/ether gave the title compound in 370 mg yieid. (Compound 99).

M.p. 130-132°C.

' The following compounds were made as described above using the
indicated alkylhalogenide instead of 1-bromo-3-methylbutane:
15 | o
3-(3-(1-Methylpropylfhio)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]joctane
fumarate (Compound 100), using 2-bromobutane.

3-(3-Isobutylthio-1,2,5-thiadiazol-4-yl)- 1-azahicyclo[2.2.2]octane fumarate
20 (Compound 101), using 1-bromo-2-methylpropane.

3-(3-(2-Phenoxyethylthic)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2 2] octane
fumarate (Compound 102), using 8-bromophenetole. M.p. 135-137°C.

25 3-(3-Cyanomethylthio-1,2,5-thiadiazol-4-yi)-1-azabicyclo[2.2.2]octane oxalate
. (Compound 103}, using chloroacetonitrile. M.p. 188-189°C.

3—(3—(3—(2-Thieny|)prcpy1thio)-1 2, 5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane
- fumarate (Compound 104), using 1-chloro-3-(2-thienyl)propane. M.p. 134-
30  136°C.

3-(8-(4-Chlorobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicycla[2.2.2]octane

—_—
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-24 - A solution of

Endo/ Exo- 6- chl or 0o- 6- (3-chl oro-1, 2, 5-t hi adi azol -4-yl)-1-azabi cyc-
lo[3.2.1]octane (1.3 g, 5 mmol) in abs. ethanol (100 mM) was treated with
10% pal | adi um on carbon (300 ng) in a Parr shaker at 20 psi for 4 h. The
sol ution was fjddslad and evaporated, The residue was F.J ? 4y colum
chromat ography wt CI—|[err]CI[err]/|\/bO—VTEA (9:1:0.25). T Irst fraction
con- tained the exo conmpound, which aftey. crystallization with oxalic acid
in acetone, was collected in 150 ny vyi e1d.- (Conpound 15). M p.

148-149[err] C. The next fractions contained the endo conpound, which after

crystallization yedhbdenglibs), asdhdl-bicrideafdragansas col l ected in 600 ny
yi el d. (Conpound 16). M p. 195 197[err] C.

EXAVPLE 14
Endo- 6- ( 3- hexy! t Bi(@Mbirgitio-1 Bisatladizal-4-A)-Yablyadabizceng bRaige 1] OCt ane

oxal at e (Compound 131) using bromamethane. M.p. 185-187°C.

3-(3-(N-(2-Ethylth_io)phthalimide)-1 ,2,S-thiadiazol-4-yl)-1 -azabicyclo[2.2.2]-
octane oxalate (C_ompound 135) using N-(2-bromoethyl)phthalimide. M.p.
160-161°C. .

10 3-(3-(2-Methoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane
oxalate (Compound 136) using 2-methoxyethylbromide. M.p. 124-125°C.

3-(3-(2-(1,3-Dioxalan-2-yl)ethylthio)-1 ,2,5-thiadiézol-4—yl)-1 -azabicyclo[2.2.2]-
- octane oxalate (Compound 137) using 2-(1,3-dioxalan-2-yl)ethylbromide.
15 M.p. 151-153°C.

3-(3-(4-Pyridylmefhylthio)—1 ,2.5-thiadiazol-4-yl)-1-azabicyclo[2.2.2)actane
oxalate (Compound 138) using 4-(chloromethyl)pyridine. M.p. 155-157°C.

20 3-(3-Cyclopropylmethyithio-1,2,5-thiadiazol-4-yl)-1 ~ézabicyclo[2.2.2] octane
oxalate (Compound 139) using cyclopropylmgthylbromide. M.p. 217-218°C.

3-(4-Fluagrobenzylthio-1,2,5-thiadiazol-4-yi)-1-azabicyclo[2.2.2] octane oxalate
(Compound 140) using 4-fluorobenzylbromide.

25
3-(3-(2-Hydroxybutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2 2]actane
oxalate (Compound 214) Mp 180-182°C, from1-bromo-2-hydroxybutane.
3-(3-(2-Butanonyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane oxalate
30

Compound 2¢5) M.p. 187-188°C, from 1-bromo-2-butanone.
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To a sol ution of :

endo- 6- (3-chl oro-1, 2, 5-thi adi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] - octane (229
ng, 1.0 mmol) in DMF (10 m) was added sodi unhydrogensul - fide nonohydrate
(230 ng, 3.1 mmol ). The reaction nmixture was stirred at roomtenperature

for 1 h. Potassi ugoegsskenate (1.38 g,. 10 .mmol) and 1- hexyl peaBkaRosee335 nO,
2.5 mmol ) was added and the m xture was stirred for 1 h. 1IN HCl solution
was added and the m xture extracted with ether (2 x 50 ml). The aqueous
solution was basified with a 28% NH3 sol ution and extracted w th nethyl ene
chloride (3 x 100 m). The nethyl ene chloride phase was dried and

evapor at ed. The r esi 3{fe{3Rasngxyiperizylexny)-h2.Sdhiddiarnl-4 bamzbioynia{pR 2] doEne e nt

CH c / MeOH (& i i o5 ) ' | i
201 d 1 rom acet one. geoaeiCoiiiatel KRk e (i8R PHlouRRiadil 17)
M p. 137-139[err]C. benzene. EXAMPLE 15  The

foll ow ng conpounds were nmade in exactly the sane manner as described in

Exanpl e 14, usi nsg t he appropri ate, al kgl brom de:
3-(3-(4-Carboxybutyithio)-1,2 5-thiadiazol-4-yl)-1-azabicyclof2.2.2)octane

hydrochioride (Compound 217) M.p. 122-124°C, from 1-bromo-4-carboxy-
butane.

3-(3-(3-Hydroxybutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane
10 oxalate (Compound 218) M.p. 140-141°C, from 1-bromo-3-hydroxybutane.

3-(3-(4-Hydroxybutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo [2.2.2]octane
~ oxalate- (Compound 219) M.p. 160-161°C, from 1-bromo-4-hydroxybutane.

15 EXAMPLE 49

3-(3-(1-Methyltetrazol-5-yithio)butyfthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[2.2.2]octane oxalate '

20
A solution of 3-(3-(4-chlorobutyithio)-1,2,5-thiadiazol-4-yl}-1-azabicyclo-
[2.2.2}octane (Compound 105) (3.0 g, 9.5 mmol), potassium carbonate (10
g, 72 mmol) and 1-methyl-5-mercaptotetrazole (5.0 g, 43 mmol) in DMF (50
mi) was stirred at room temperature for 3 days. 1N hydrochloric acid was

25 added to the reaction and the mixture was extracted with ether. The ether
phase wa:s discharged. The reaction mixture was made basic with 4N
sodium hydroxide and then extracted with ether (3 x 150 ml). The combined
ether phases were dried '(N:iQSO“) and evaparated. The residue was crystal-, ...
lized with oxalic acid from acetone to give the tile compound in 420 mg

30 yield. (Compound 106). M.p. 78-80°C.

The following compounds were made as described above using the
indicated mercapto derivative instead of 1-methyl-5-mercaptotetrazole:
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-26 - +Endo-6-(3-(5-hexenylthio)-1 ,2,5-thiadiazol-4-yl)-1
-azabicyclo[3.2.1 J]octane oxalate. (Conpound 18). Mp. 113-114C.

Endo- 6- (3-butylthio- 1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1 ]octane
oxal ate. (Conpound 24). Mp. 123-124[err]C

Endo- 6( 3- et h}(‘; Jg}ogd,l 2, 5-thi adi azol -4-yl ) - 1-azabi cycl o{,&ﬂﬁgj,doggt ane
oxal at e. oun 25 M p. 150-151[err]C.

Endo- 6( 3- pentylthl o- 1, 2 5-t hi adi azol-- 4- Aél )-1-azabicycl o[ 3..2. 1] oct ane
oxal ate. (Conpound 26). Mp. 137-138C..
Endo- 6- ( 3- ( 3- phenyl propyl thi o) -1, 2, 5-thi adi azol - 4-yl)-1-azabi cycl o[ 3. 2. 1] oc

- tane oxal at e-3-(é-@ﬁi@lﬁylﬂ(}h.Zﬁadia%lﬁ-yltﬂja)ﬁuﬂ/@%-ﬂE.B-llﬁdiazoM-yl)-1-
azabicyclo[2.2.2]octane oxalate (Compound 107), using 2-mercapto-5-
methyl-1,3,4-thiadiazole. M.p. 104-105°C.

5 3-(3-(4-(2-Benzothiazolyl)thio)butyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
{2.2.2]octane oxalate (Compound 108), using 2-mercaptobenzothiazole.
M.p. 51-53°C.

EXAMPLE 50

10
3-(3-(4-Ethylbenzyloxy) -1,2 5—thxad|azol-4-yl) 1-azabicyclo[2.2.2]octane

oxalate

15 To a solution of 4-ethylbenzyl alcohol (1.63 g, 12 mmol) in dry THF (20 mi)
was added sodium hydride (50% dispersion in mineral oif) (50 mg, 12
mmol) at 0°C. The reaction mixture was stirred for 1 h, then a'solution of 3-
(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2)octane (920 mg, 4 mmol)
in THF was added dropwise. The reaction mixture was stirred for 3 h. 1N

20 hydrachloric acid was added to the reaction mixture and extracted with
ether. The ether phase was discharged. The reaction mixture was made
basic with 4N sodium hydroxide and extracted with ether (3 x 200 ml). The
combined ether phases were dried and evaporated. The residue was
purified by column chromatography (eluent: CH,Cl,: MeOH:NH,OH (8:2:0.5-

25 %)). Crystallization with oxalic acid fror'_jf] acetone gave the title compound in

. 180 mg yield. (Compound 108). M.p. 100-102°C. "

EXAMPLE 51

30 The following compound was made as described in example 50 using 3-(2-

thienyl)-1-propanol instead of 4-ethylbenzyl alcohol:

3-(3-(3—(2-Thienyi)propoxy)-1 ,2 5-thiadiazol-4-yl}-1-azahicyclo[2.2.2]octane
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Endo- 6- ('3- (4- cyanobenzyl thi 0)-1 2, 5-thi adi azol -4-y)-1 -azabicyclo[3.2.1
]oc- tane oxal ate (Conpound 28). Mp. 159-161C.
Endo- 6- (3-propyl thi o-1, 2, 5-thi adi azol -4yl ) - 1-azabi cycl o[ 3. 2. 1] oct ane
oxal ate (Conpound 57) Mp. 132-134C.
EXAMPLE 16- WO 95/05379 : ) PCT/DK94/00309
Exo- 6- (3- et hoxy-1, 2, 5-thi adi azol - 4-yl ) - 1-azabi cycl o[ 3. 2. 1] oct ane oxal ate
and Endo- 6- ( 3- et hoxy-1, 2, 5-t hi adi azol - 459}) - 1- azabi cycl o[ 3. 2. 1] oct ane -
oxal at e To a solution of sodium (230 ng, 10 nml) in abs. ethanol (20 m)
was added endo-6-(3-chloro-1 - hi adi -4-yl)-1 -azabicyclo[3.2.1
] octane (229 ng?uégrﬁf?bk%"%fﬁgd r%gg’c'%‘i b?l{ym@zﬁ(%r e was heated at 50C for 12 h
and evapo- rated. Water (100 m) was added, and the m xture was extracted
wi th nethylene chloride (4 x 50 m) .Exmg,_@rﬁani c phases were dried and _
evap- orated. The residue was purifi | uim chr omat ogr aphy el uent
(CHerr]C[err]

5  (-)-Exo-6-{3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

(+) Ltartrate

To a solution of (+) exo 6-(3-butyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo-

10 [3.2.1]octane (Compound 30) (28.3 g, .0.1 mol) in a 1:1 mixture of ethanol
and ethyl acetate (2.165 I, 50 ml/g) (+) L-tartaric acid(15.0 g, 0.1 mol) was

- added, and the mixture heated until a clear solution was obtained. After )

cooliﬁg at 4°C overnight, the precipitated crystals were ﬁttered-giv'irig 19.5 'g
of crude material enriched with {-) exo 6-(3-butyithio-1,2,5-thiadiazol-4-yl)-1-

15 azabicyclo[3.2.1]octane (+) L-tartrate. The mother liquor was evaporated at
reduced pressure giving 23.8 g of crude material enriched with (+) exo 6-
(3-butytthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane (+) L-tartrate.
This material was dissolved in a 1:1 mixture of ethanolfethyl acetate (1.19 |,
50 mi/g) and heated at reflux. After cooling at 4°C overnight the precipitated

20  crystals were filtered off. The mother __qu_uor was evaporated and
recrystallized from a ethanol/ethyl acetate mixture (50 mifg). The title
compound ﬁnaﬂ;} crystallized from the ethanol/ethyl acetate salvent mixture
(50 mi/g) in 4.97 g vield. (Compound 111). M.p. 128-129°C. 2], = +28.9°
(oxalate salt, MeOH). [e]p = + 3.71° (free base, MeQH).

25 _

EXAMPLE 53 -~
(+)-Exo-6-(3-butylthio-1,2,5-thiadiazol-4-y))-1-azabicyclo[3.2.1 joct__ar_»e ()
D-tarirate |

30

This cOrﬁpound was made in exactly the same manner as described in
example 52 using {-) D-tartaric acid (Compound 112). M.p. 128-130°C. [«],
= -27.5° (oxalate salt, MeOH). [a], = + 3.75° (free base, MeOH).
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-26 - MOH/ TEA, 9:1:0.25). The first fractions contained the exo conpound,
which after crystallization with oxalic acd in acetone was collected in 50
ng yield. (Conpound 19). Mp. 110-112[err]C. The next fractions contained

t he endo conpound, which after crystallization with oxalic acid in acetone
was collected in ¥WO%#§i el d. (Conpound-20). M p. 127- 129CPCT/DK9I4/00309 - :
EXAMPLE 17. Exo-3-(3-chloro-1, 2,5-thi adi azol -4-yl)-1-azabicyclo[2.2.

] hept ane oxal ate and Endo-3-(3-chloro-1, 2,551 -

t hi adi azol -4-yl)-1-azabicycl o[ 2. 2. 1] hept ane oxal ate A sol ution of

endo/ exo- 3-chl oro-3-(3-chloro-1, 2, 5-thi %gl @éo! -4-yl)-1-azabicyc-

|l o[ 2. 2. I] heptane (0.5 g, 2 mmol) in abs: (100 M) was treated with
10% pal | adi um on carbon in a Parr shaker at 20 psi for 4 h. The solution

vas filtered and evappEalef ordfifinb % Baksi RH I LLEG Y £AbYIR Chr om-

(+) LAartrate
5

To a solution of (+)-exo-6-(3-propyithio-1,2,5-thiadiazol-4-yl)-1-azabicycl-
0[3.2.1)octane (Compound 58) (4.50 g, 17.6 mmal) in water/ethanol (20:80,
180 ml) was added (+) L-tartaric acid (2.64 g, 17.6 mmal). Ether (90 mi)
10 was added and the mixture was cooled at 4°C ovemight; The precipitated
crystals were collected by filtration. Recrystallization twice from
ethanol/water/ether (10:40:50) gave the ﬁtle'compound in 1.5 g yield.
(Compound 113). M.p. 163-165°C [a], = + 4.4° {iree base, MeOH).

15 | . EXAMPLE 55

(-)-Exo-6-(3-propylthia-1,2,5-thiadiazol-4-y))-1-azabicyclo[3.2. 1joctane

(<) D-tartrate

20
This compound was made in exactly the same manner as described in
example 54 using (-) D-tartaric acid. (Compound 114). M.p. 164-165°C. [a],
= -'4.2° (free base, MeQH).

25 EXAMPLE 56

= Exo-6-(3-butylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate

30 An acidic solution of exo 6-(3-butyithio-1,2,5-thiadiazol-4-yl}-1-azabicyclo-
[3.2.1]octane (Compound 30) (2.5 g, 0.0088 mal) in H,O0 (20 mi + 9mi 1 N
HCl) was coaled in an ice-water bath as oxone (8 g, 0.13 mol) in H,0 (40
ml) was added dropwise. Cooling was remaved and after .étirring overnight
the reaction was again cooled and the pH adjusted to 9. The mixture was

35 extracted with CHCl, (3 x 30 ml), the extracts dried, and the solvent evapor-
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tography, eluent CHerr]Cl[err]/MeOH (9:1). The first fractions contai ned
the exo conmpound, which after crystallization with oxalic acid from
acetone/ether was collected in 50 ng yield. (Conpound 21). M p.
138-140[err] C. The next fractions contained the endo conpound, which after
crystalli zat ivogosiwbsydr oxalic acid from acetone, was col ROVRKS09450 ngy
yield. (Conmpound 22). Mp. 118-121ferr]C- =

EXAMPLE 18 -52- ,

Endo- 3- ( 3- met hoxy-1, 2, 5-t hi adi azol -4-y| ) - 1-azabi cycl o[ 2. 2. 1] hept ane oxal ate
To a solution of sodium (110 rrrrple in rret anol 20 ). was added.
endo- 3- ( 3- chl or 8ted, Thegesi Ea\m%ﬁzﬁmenﬁew") ZtOAG 110 c?f“%a ptane (110 nyg,
0.5 mml). The eaa@feld%ueaostnqce mi‘mlheﬁrﬁéame@blvérﬁfd'leﬂ(arid)évaﬁﬂrahadand evapo-

rated. Water d with
net hyl ene chl orF%I@"% im%"y@qg?g 9. %ﬁ% %%ﬁ?“x°"lbjs?@'§%@s%ﬁ§%ﬂ"§%, WIand evap-
orated. The res|1dneoams(campndndetjsby\naiydlam;g-lé;.hlgwcpgo,amm Nel uent

5 Theory C, 44.43; H, 5.72; N, 10.36

Found C, 44.67; H, 5.70; N, 10.38.

Exo-6-(3-(2,2,3,3,4,4,4-heptafiuorobutyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicycl-

: 0[3.2.1}octane oxalate
10 '

A suspension of NaH (0.11 g 60% NaH in oil, 0.0028 mol) in THF (15 mi)
was cooled to 11°C as 2,2,3,3,4,4,4—heptaﬂuorobutanol (0.56 g, 0.0074 mol)
was added dropwise. After gas evolution ceased, a solution of the free

16  base of (Compound 115) (0.8 g, 0.00254 mol) in THF (25 ml) was added
and the reaction warmed to 35-45°C for 1.25 h subsequently stirred af -
ambient overnight and then heated to reflux for 4 h. Another solution of
sodium heptafluorobutoxide (0.0028 mol) prepared as above was added
and the solution was heated to reflux 1 h. The reaction was treated with

20 H,O (10 ml); di}p‘xted with ether, and extracted with 1 N HCI (2 x 10 ml). The
acid extracts were made basic and extracted with EtOAc (3 x 25 mi). The
organic extracts were dried, solvent evaporated and residue purified by
radial chromatography (2.56% EtOH-0.25% NH,OH-CHC;) to give a yellow
oil (0.48 g). The oxalate salt crystallized from EtOAc to give a white solid.

25  (Compound 116). M.p. 115-116°C.

Analysis C,;H, ,F,N,0S-C,H,0,, C.H.N;
Theory C, 37.27; H, 3.34; N, 8.69;
Found C, 37.55; H, 3.49; N, 8.80.
30 '
The following compounds were made in the same manner as described

| above using the indicated alcohol in;tead of 2,2,3,3,4,4,4-heptaflucrobute-

nol:
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- 27- - (CHerr]Cl[err]/MeOH, 9:1). Crystallization of the free base with
oxalic acid from acetone/ ether gave the title conpound in 40 ng yield.

(Conpound 23). Mp. 104-106C. EXAMPLE 19
Exo- 6- (3-hexylthio-1, 2,5-thi adi azol -4-yl)-1-azabicycl o[ 3. 2. 1] oct ane
oxal at e To Wosusyei on of : PCT/DK94/00309

exo-6-(3-chloro-1, 2,5-thiadiazol -4-yl)-1-azabicycl o[ 3. 2. 1] oc- tane (229 ny,
1.0 mol) in DMF (20 m) was added sodisgvydrogensul fi de nonohydrate (230
ng, 3.0 mmol ). The reaction m xture was stirred at roomtenperature for 1
h. Potassium carbonate (1.38 g, 10 mml) and 1-hexyl- brom de (335 ng, 2.5
nmmol ) was added Expré-(@ ‘W-@%@"@%%‘E‘Y' 1-8#pojcyFio[8.2H Joctare [galate, ‘sol ut i on was

added and t he ni@émpsunaxtirpgsiretmsthinal. .meusd4s°g, 50 nl ). The aqueous
solution was: basified with a 28% NH err] solution and extracted

Exo-6-(3-ethoxy-1,2,5-thiadiazal-4-yl)-1-azabicyclo[3.2.1]octane oxalate,
5 {Campound 118) using ethanol. M.p. 90-82°C.

Exo-6-(3-propoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1)octane oxalate,
(Compound 118) using propanol. M.p. 162-154°C.

10 Exo-G-(3—but6xy'-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]actane oxalate,
(Compound 120) using butanol.

Exo-s-(a-bentyloxy-‘l ,2,5-miadiazol-4-'yl)-1 -azabicyclo[3.2.1)octane oxalate,
(Compound 121) using pentanol. M.p. 109-110°C.

is
Exo-6-(3-hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate,
(Compound 122) using hexanol. M.p. 108-111°C.

Exo-6-(3-isahexyloxy-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane dioxala-
20 te, (Compound 123) using isohexanol. M.p. 94-86°C.

Exo-6-(3-(2-butynyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane -
oxalate, (Compound 124) using 2-butyn-1-ol. M.p. 118-121°C.

25 EXAMPLE 57 -~

Exo-6-(3-(3-{2-thienyl}-1-propyithio)-1,2,5-thiadiazol-4-y{)-1-azabicyclo[3.2.1]-
octane oxalate

30
A solution of 6-{3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycia[3.2.1loctane
{(mixture of exo- and endo-isomers (200 mg, 0.9 mmol)) in DMF (10 ml) was
coaled ta 5°C whereupon potassium carbonate {180 mg, 1.3 mmol) anc

_—
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with ether (2 x 50 m). The ether phase was dried and evaporated: The
residue was crystallized as the oxalate salt fromacetone/ether in 200 ng
yield. (Conpound 29). Mp. 118-119[err]C

EXAMPLE 20 The foll owi ng conmpounds were nmade in exactly the sanme manner
as descri bed WesRHE®pl e 19, using the -appropriate al kyl RTEWIME309
Exo-6-(3-butylthio-1,2,5-thi adi azol -4-yl)- |-azabicycl o[ 3. 2. 1] oct ane

oxal ate. (Conpound 30). Mp. 143-145[erf3c.
Exo-6-(3-pentylthio-1,2,5-thiadiazol -4-yl)-1-azabicycl o[3. 2. 1] octane

o>2<al5a: ﬁl aggggft%g'uwyf ngfzﬂg %Zol‘i%%% (Z1 n?(?gg?réc:l)éﬁ%rgéld&@ J t']’E‘Co ound 32).
M p. 159- 160[ er rrp&tion. Stirred for 1 h then potassium car onate (120 mg, 0.9 mmol) and
a solution of 3-(2-thienyl)-1-chloropropane (154 mg, 1.0 mmoal) in DMF (5
mi) were added to the reaction and stirred for 1 h at room temperature. The
5 reaction was quénched with water then extracted with ethyl acetate (3 x 75
mi). The organic phase was dried over NaCl/Na,SO, then evaporated. The
residue was purified by radial chromatagraphy eluting with 1% NH,OH/10%
EtOH in CHCI,. The exo-isomer was isolated and the oxalate salt made to
_ yield 29 mg of the title compound. (Compound 125). M.p. 157-160°C.
10 o
The following compounds were made in exactly the same manner using the
appropriate starting material:

Exo-6-(3-(4-ﬂu_ordbenzytthio)-1 2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1Joctane
15 oxalate {Campound 141} using 4-flucrobenzylbromide. M.p. 152.5-153.5°C.

Exo-6- (3—(4-chlorobenzylthio)-1 ,2,5-thiadiazal-4-yl)-1-azabicyclo[3.2.1]octane
oxalate {Compound 142) using 4-chiorobenzylbromide. M.p. 168-170°C.

20 Exo-6-(3-(4-methylbenzyithio)-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane
oxalate (Compound 143} using 4-methylbenzylbromide. M.p. 176.5-178°C.

Exo-6-(3-(4-trifluoromethoxybenzylthic)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 144) using 4-trifluoromethoxybenzylbro-
'+ 25  mide. M.p. 175-176.5°C. :

Exo-6-(3-(4-thiocarbamylbenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 145) using 4-thic_:carbamylbenzylbromide. M.p.
125°C dec. '

30 _
Exo-6-(3-(4-methylisulfonylbenzylthio)-1,2,5-thiadiazol-4-yl)- 1-azabicyclo-
[3.2.1]octane oxalate (Compound 146) using 4-methylsulfonyibenzylbro-
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-28 - Ex0-6-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicycl o[ 3. 2. 1] octane
oxal ate (Conpound 58), Mp. 173-174[err]C

EXAMPLE 21 Endo- 3-(3-pentylthio-1 2,5-thiadi azol-4-yl)-1

-azabi cycl o[ 2. 2. 1] hept ane fumarate To a sol ution of

endo- 3- (3- chIW@¥OF™2, 5-t hi adi-azol - 4-'yl ) - 1- azabi cycl o] 2PS¥F4K ¥t ane (215
ng, 1.0 mmol) in DVF (20 mM was added sodi um hydrogen- sul fi de nonohydrate
(230 ng, 30 nmmol ). The reaction m xtur-éSwas stirred at roomtenperature for
1 h. Potassiumcarbonate (1.38 g, 10 nmol) and 1-pentyl brom de (0.45 g, 3
mol ) was addEdm?élqMEph?zéleJelé_re was stirred

Exo-6-(3-(5,5,5-trifluoropentytthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 147) usi_ng 5,5,5-trifluoropentylbromide. M.p.
5 125-127°C.

Exo-6-(3-(3,3,3-triflucropropylthic)-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]-
octane oxalate (Corhpound 148) using 3,3,3-triflucropropylbromide. M.p. 93-

96°C.

10 _ . .
Endo-6-(3-(3-(2-thienyl)-1-propylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate ' ' '

15 The endo-isomer was isolated from the above residue in the same manner

as described for the exo-isomer. (Compound 126). M.p. 125-128°C.

Endo-6-(3-(4,4,4-trifluorobutyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 127) was made in the same manner as describ-

20 ed _ébove using 4,4,4—triﬂu_o_r,._p—1-bromobutane instead of 3-(2-thienyl)-1-
chloropropane. M.p. 75-78°C.

Endo-6-~(3-(6,6,6-trifluoro-1-hexyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1)octane oxalate (Compound 128) was made as described above

. 25 using 6,6,6-trifluoro-1-bromohexane instead of 3-(2-thienyl)-1-chloropropane.
M.p. 130-133°C. B < '

End'o-B-(a-(4-triﬂuoromethoxybenzylthio)-1 .2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 148) using 4-triflucromethoxybenzylbro-
30 mide. M.p. 150-152.5°C.

Endo-6-(3-(4-methylbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 150) using 4-methylbenzylbromide. M.p. 158-
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for 1 'ht 1 Mhydrochloric acid solution (100 M) was added and the m xture
extracted with ether (2 x 50 mM). The aqueous solution was basified with a
28% NH[ err]-solution and extracted with ether (3 x 75 m ). The ether phase
was dried and evaporated. The residue was crystallized as the fumarate salt
from MeOH et heo 95033850 ng yi el d. (Compound 33). M p. 1ZCTDER|oeses | C.
EXAMPLE 22 The followi ng conpounds were nade in exactly the sane nmanner
as described in exanple 21 using the appsopriate al kyl brom de:

Endo- 3- (3- hexyl thio-I ,2,5-thiadiazol-4-yl)-1 -azabicyclo[2.2.1 ]heptane
fumarate. (Conpound 34). Mp. 127-129[err]C. -

Endo- 3- ( 3-( 3- pheWchropyl thio)-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[2.2.1
] hep- tane oxal ate. (Conpound 35). Mp. 119-120[err]C

Endo- 3- (3- butyl tg‘lid%:é(s-’(g-ﬂt?érégén%y%i%)z-ﬂE,B—L%ﬁiyéigzblhl—il)qﬁgzloal:al‘éy&é[8.5.%]c%ta}‘te] hept ane
oxalate (Compound 151) using 4-flucrobenzylbromide. M.p. 146-150°C,

Exo-6-(3-cyclopropyimethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate from cyclopropylmethylbromide. (Compound 175). M.p. 200-
201°C.

10 Exo-6-(3-(2-(1,3-dioxalane-2-yl)-ethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate from 1-bromo-2-(dioxalanyl)ethane. (Compound 176).
M.p. 147-149°C.

Exo0-6-(3-(4-methoxybenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
15 octane oxalate from 4-methoxybenzyichloride. (Compound 177). M.p. 170- -
171°C. '

Exo-6-(3-(2-methoxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from 1-bromo-2-methoxyethane. (Compound 178). M.p. 142-144°C.

20 '
Exo-6-(3-(3-hydroxypropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate from 1-bromo-3-hydroxypropane. (Compound 179). M.p.
115-116°C.

25 Exo-6- (3-(4,4,4-triﬂuorobutylthio)—1 2,5-thiadiazol-4-y!)-1-azabicyclo[3.2.1]-
octane oxalate from 4,4,4-triflucro-1-bromobutane. (Compound 180). M.p.
132-134°C. ‘

Endo-6-(3-cyclopropyimethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
30 octane oxalate from cyclopropylmethylbromide. (Compound 181). M.p. 152-
154°C. ' :

T



-29 - ‘fumarate. (Conpound 36). Mp. 106-108[err]C.

Endo- 3- (3-propyl thio-1, 2, 5-thi adi azol -4-yl)-1-azabi cycl o[ 2. 2.1 ] hept ane
oxal ate. (Conpound 37). Mp. 169-170[err]C

EXAMPLE 23

Exo- 3- (3- pentYARFD- | | 2, 5-t hi adi azol - 4-y) - 1- azabi cycl o’[’?’nf"i'?"ﬁoépt ane
oxal at e To a sol ution of

exo-3-(3-chloro-1, 2,5-thi adi azol -4-yl )" S -azabi cyclo[2.2.1] hep- tane (215
my, 1.0 mol) in DMF (20 M) was added sodi um hydrogensul -

Endo-6-(3-(4-methoxybenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate from 4-methoxybenzylchloride. (Compound 212). M.p. 155-
158°C.

5 Endo-6-(3-(2-methaxyethyithio)-1,2,5-thiadiazol-4-yl}-1-azabicyclo[3.2.1]-
octane oxalate from 1-bromo-2-methoxyethane. (Compound 182). M.p. 108-
112°C.

Endo-6-(3-{4-trifluoromethylbenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
10 [3.2.1]octane oxalate from 4-trifluoromethylbenzylchioride. (Compound 183).
M.p. 154-156°C.

5-(3-(4-Cyanobenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
. oxalate from 5-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane and
16 4-cyanobenzylchioride. (Compound 172). M.p. 136-138°C.

EXAMPLE 58

(-)-Exo-B—(S-butYlsulfonyIJ ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
20  oxalate '

A solution of (-}-exo-6-{3-butyithio-1,2,5-thiadiazol-4-y!)-1-azabicyclo[3.2.1]- .
octane tartrate (Compound 111) (4.4 g, 10.1 mmol) in water was treated

25 with saturated aqueous NaHCO, until basic then extracted with ethyl

) acetate (3 x 100 mi). The organic phase was dried over NaCl/Na,SO, then

evaporated. The residue was taken up in 1N HCl and- water (23 ml) and
cooled to 0°C. A solution of oxone (9.2 g, 15.0 mmol) in water (45 mi) was
added dropwise to the reaction then stirred overnight at room temperature.

30  The pH of the reaction was adjusted to 9 the extracted with chioroform.
The organic phase was dried over NaCl/Na,SO, then evaporated to yield
3.9 g of free base. Crystallization with oxalic acid gave the title compcund.
(Compound 129). M.p. 147-151°C.
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fi de nonohydrate (230 ng, 3.0 mmol). The reaction mxture was stirred at
room tenperature for 1 h. Potassium carbonate (1.38 g, 10 nmmol) and 1
-pentyl bromide (0.45 g, 3 mMmvol) was added and the m xture was stirred for 1
h. 1 M hydrochloric acid solution (100 mM) was added and the m xture
extracted witVesE&™ (2 x 50 m . .The aqueous sol ution WESVHRENPed with a
28% NH[ err]-solution and extracted with ether (3 x 75 nml). The ether phase
was dried and evaporated. The residue was-crystallized as the oxal ate salt
from MO ether in 250 ng yield. (Conpound 38). ‘Mp: 120-122[err]C.

EXAMPLE 24  The oW ng_ ¢ unds were made [n _exactly the same manner
as described in g&%l‘?& Vﬂngzgomﬁaﬁwfrﬁé"agﬁm WF'S’&%‘%S%W?(TF 5 iFige the

Exo- 3- ( 3- hexyl t hiapprbpric?e Stattihg adtedianl - 4-yl ) -1 - azabi cycl o[ 2. 2. 1] hept ane
oxal ate. (Conpound 39). Mp. 102- 103[err]C

Exo- 3- (3-propyl thio-1, 2, 5-t hi adi azol z )-1- azabi c ycl o[ 2. 2. 1] heptane
oxal ate. (Conpoufrt)- EP@)(SH RR)o6- (%R!@YFE@W‘I‘ 2, thiadiazol-4-yl)- 1~azablGYC|°[32 11-

5 octane oxalate (Compound 152) M.p. 160-162°C.

(-)-Exo-(58,6S)-6-(3-propylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
oxtane oxalate (Compound 153) M.p.- 160-162°C. -

10 éb;a(s-propylsulfonyl-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 184). M.p. 201-203°C.

(+) 3-(3-Butylisulfonyl-1,2,5-thiadiazol-4-yl}-1-azabicycio[2.2.2]octane oxalate
(Compound 220) M.p. 121-122°C, from (+) 3-(3-butylthio-1,2,5-thiadiazol-4-

15 yl}-1-azabicyclo[2.2.2]octane oxalate.

EXAMPLE 59

(-)-Exo-6-(3-(4,4,4-trifluoro-1-butylthio)-1 ,2,5—thiadiazbl-4-yl) -1-azabicyclo-
20 [3.2.1]octane oxalate -

A solution of {-)-exo-6-(3-butylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1joctane {Compound 129) (1.3 g, 4.1 mmol) in DMF (20 ml) was

25 warmed to 40°C whereupon Na,S-9H,0 (1.2 g, 5.0 mmoal) was added to
the reaction. The reaction was heated to 100°C for 3 h whereupon 1-bromo- =
4,4,4-trifluorobutane in DMF (5 ml) was added. Stirred at 100°C for 1 h then
at room temperature overnight. Poured the reaction into water then
extracted with ethyl acetate (3 x 100 mi). The organic phase was dried over

30 NaCl/Na, SO, then evaporated. The residue was purified by radial chroma-
tography eluting with 2% NH,0H/20% EtOH in CHCl,. The oxalate salt was
made to yield 545 mg of the title compound (Compound 130). M.p. 147-
151°C. '
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Ex0- 3- (3- (3-phenyl propylthio)-1 ,2,5-thiadi azol -4-yl)-1 -azabicyclo[2.2.1
] hep- - 30 - tane oxal at e.

(Conpound 41). Mp. 126-127[err]C.

Exo-3- (3-butylthio-1,2,5-thiadi azol -4-yl)-1-azabi cycIoL 1]-hept ane
oxal at e. (Corﬁfb’lfﬁﬁ””ém) M p. 188-189[err]C. Cirbroatozs’
EXAMPLE 25 A _ )

8- Et hoxycar bonyl - 3-chl or o- 2- f or nyl - 8- a®&bi cycl o[ 3. 2. 1] oct - 2- ene

In the same manner the following compounds were prepared:

(+) 3-(3-(2-Butanonylthio)-1,2,5-thiadiazol-4-yl)-1-azabicycla[2.2.2]octane
oxalate (Compound 221) M.p. 188-191°C, starting from (+) 3-(3-butylsulfo-
5 nyl-1,2,5-thiadidzol-4-yl)-1-azabicyclo[2.2.2]octane and 1-bromo-2-butanone.

(+) 3-(3-(2-Hydroxybutylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane
oxalate (Compound 222), starting from (+) 3-(3-butylsulfonyl-1,2,5-thiadia-.
zol-4-yl)-1-azabicyclof2.2.2]octane and 1-bromo~2—hydr.oxybutane.
10 '

EXAMPLE 60

3-(1,2,5-Thiadiazol-3-yl)-1-azabicyclo[2.2.2]octane fumarate

15 .
| “To a solution of 1-butanethiol (2.2 ml, 20 mmol) in THF (50 ml) was added
sodium hydride (50% suspension in mineral oil, 960 mg, 20 mmol) at 0°C.
The reaction was stirred for 1 h, whereafter a solution of 3-(3-chloro-1,2,5-
thiadiazol-4-yl)-1-azabicycla{2.2.2]octane (830 mg, 3.6 mmoi} in THF (25 mi)
20 = was added. The reaction mixture was stirred at room temperature for 2 h.

Water was added and the mixture extracted with ethyl acetate. The organic

phase was dried and evaporated and the residue purified by column

chromatogréphy (eluent: CH,CL,:MeOH:NH,OH (80:20:0.5}}. Crystallization

with fumaric acid from isopropanol/ether gave the title compound in 70 mg
25  yield (Compound 132). M.p. 177-178°C.

EXAMPLE 61

(-} 1-Azabicyclo[3.2.1]octan-6-one (+) campharsuifonate
30

" To a solution of (+) 1-azabicyclo[3.2.1]octan-6-one (124 g, 1 mol) in etharcl
(100 ml) was added a solution of (+) camphorsulfonic acid (232 g, 1.0 mci)
in 200 ml ethanol. The mixture was heated to 70°C and slowly cooled over 2
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To*a soktution of dry DVF (45 g, 0.6 nol in dry CHerr]Cl[err] (150 m) was
added POCl[err] (75 g, 0.5 nol) at 0-10[err]C :

8- Et hoxycar bonyl - 8- azabi cycl o[ 3. 2. 1] oct a- ne-3-one (57 g, 0.29 nol)
dissolved in dry CHerr]Cli[err] (60 m) was added. The _reaction m xture was
stirred over WP@#s37t room tenperature, then added to FEEPHMPYP (1.000 m).
The phases were separated and the water phase extracted with CHerr]Cl[err]
(2 x 200 nl). The conbi ned CH[err]CI[erFé)'extracts were washed with a
saturated NaHCO3 sol ution and water, dried and-evaporated to give 70 g of

the title corrpw%q,s W2 AmbRReditiidd st GveRedietdPy M-dibREAa f Ur ther -

purification. . _ i
8- Et hi oxycar bony¥ashedwitheeld sthanal ¢4k 49 g1 The asugsroqpednchveycrystalized z abi cycl o

[ 3. 2. 1] oct - 2- engrom ER&ritS Bist MICHARG the tifBedmpbun®inls? @ Lidid NG, SN UM
chloride (6.4 g, O. wer e Folve in a mn. anount of water.

. 12, nol g) di s
8- Et hoxycar bony|268°CG{decqreR-b Islo o AR W8t abi cycl of 3. 2. 1] oct - 2- ene (23 g,
0.1 nol) digsolved in DMF (25 m) was added. The reaction m xture was
stirred at roomtenperature for 3 d added to a 5 N hydrochloric
acid solution (200 m). The aqueousa%'ﬁ%nge"ﬁ—%gs extracted with ether (3 x 75
m), then basified with a 28% NH err] soluti.on and extracted with ether (4
x 100 m). The gt Q%Q&l%kﬁs.ﬁﬁ Bah Bnk 3 barfipHorstddafn Were dried, evapor at ed
and di sseol ved iﬁ( l?)I\/F (50 m). ]%hi s.solution was added to sul phur
monochl ori d@ (16.8 g, 0.12 nol) in

This compound was made in exactly the same manner as described in

example 1 using (+) 1-azabicyclo[3.2.1] octan-6-one and (-} camphorsulfo-
nic acid. M.p. 267-268°C (decomp.) [a]p = -48° (water).

15 EXAMPLE 63

A. (-) Ethyl (1-a_zabicyclo[3.2.1]octan-s-ylidene)cyanoacetate hydrochiloride

20 (+) 1-Azabicyclo[3.2.1]octan-6-one (-) camphorsulfonate (61.8 g, 135.0
mmol) and triethylamine (20.4 g, 202 mmol) and ethyl cyanoacetate (61.8 g,
547 mmol) were mixed and stirred at room temperature for 6 days. Toluene
(120 mi) and water (120 ml) were added to the reaction mixture and the pH
was adjusted to 2 with concentrated hydrochioric acid. The phases Wé‘re

25  separated and the water phase extracted with toluene (30 ml). The com-
bined organic phases were washed with water (20 ml). The combined water

- ' phases were adjusted to pH = 9.4 with NH; (25% in water) and extracied

with toiuene (1 x 120 ml, 1 x 60 ml). The combined toluene exiracts were
evaporated. The residue was dissolved in ethanol (120 ml) and concer:- -

30 trated hydrochloric acid (16 mi) was added. The title compound precigitated
in 22 g yield. Upon evaporation of the mother liquor and crystallization from
ethanol (40 mi) further 14.6 g of the title compound was isolated.
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DME (50*m ). The reaction mxture was stirred over night at room tenpera-
- 31- ture and poured into ice-water. The water phase was extracted with
e':]her (de 100 m). The conbi ned et her phases were dried and evapor at ed.
The residue was purified by colum chromat ograph el r]Cllerr]).
Yield 3.2 g %S 7i | ; Y araphy ul§}(J‘JIEDK%&%Ir%L]E2%3. D
3- Chl oro- 2- (3-ethoxy-1 , 2, 5-t hi adi azol - 4-yl ) - 8-azabi cycl o[ 3.'2. 1 ] oct - 2-ene
oxal ate . -61-

B. Exo- and Endo-6-chloro-6-(3-chloro-1,2,5-thiadiazal-4-yl)-1-azabicyclo-
[3.2.1]octane (+) L-tartrate

5 (-) Ethyl (1 -azabicyclo[3.2.1]octan-6-ylidene)cyanoacetate (220 g, 1 mol)
was dissolved in abs. ethanol (500 ml). Palladium on carbon (10 g, 5%) was
added and the mixture treated with hydrogen in a Parr shaker at 20 psi for
10 hours. The catalyst was filtered off, and the solution evaporated to a final
volume of 400 ml. This solution was added to a solution of sodium (25.3 g,

10 - 1.1 mol) in ethanol (200 mi). Isoamylnitrite (183.3 g, 1.56 mol) was added at
0-5°C. The reaction mixture was warmed to room temperature and stirred at
this temperature for 6 hours. The reaction mixture was cooled to 4°C and
left at 4°C overnight. The reaction mixture was evaporated at reduced |
pressure, toluene (300 ml) was added and the mixture was again evapo-

15 rated. Thé residue was dissolved in DMF (300 ml) and slowly added to a
mixture of sulfurmonochloride (466 g, 3.5 mol) in DMF (140 ml) at 0-5°C.
The temperature was slowly raised to 20°C over 3 hours and the reaction
mixture was stirred at room temperature overnight. Water (750 ml) was
carefully added. The pH was adjusted to 4 by addition of sodiumhydroxide

20 solution (36% NaOH). The mixture was filtered at 70°C, cooled and basified
with sodiumhydroxide. The water phase was extracted with toluene (800 mi
+ 400 ml). The organic phases were evaporated. The residue was dis-
salved in ethanol (670 ml) and (+) L-tartaric acid (117 g, 0.8 mol) was
added. The precipitated crystals were filtered giving the title compound in

25 270 g yield.

The following compounds were prepared in exactly the same manner:

2-M ethyl-G-chldro-G-_(S—chloro—1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
30 starting from 2-methyl-1-azabicyclo[3.2.1]octan-6-one.

8-Methyl-6-chloro-6-(3-chloro-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane
starting from 8-methyl-1-azabicyclo[3.2.1]octan-6-one.
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To a solution of sodium (230 ng, 10 mmol ) in abs. ethanol (50 m) was added
8- et hoxycar bonyl - 3-chl oro- 2- (3-chl oro-1, 2, 5-t hi adi azol - 4-yl ) -8-az-

abi cycl o[ 3.2.1]oct-2-ene (670 ng, 2 nmol). The reaction m xture was heated
at reflux overnight, evaporated and conc. HC1 (40 m) was added. The
reaction mxhgé heated at reflux for 4 days, evapgembeaoasnd basified
with a 28% N ution. The aqueous solution was extracted with ether (3 x
75 m). The corrbl ned ether extracts werg dried and evaporated. The residue
was purified by colum chromat ography (%’uent CHerr]C[err]/MeOH ;9:1).
Crystallization of the free base with oxalic acid in acetone gave the title
conpound i n 110 grgexe-6e{3cthictd-nagahlmiiaz4(3d-yl)- vazabicicd]3.23 Bictane laGd

EXAVPLE 27 3-Chlo |
, 2, 5-t hi adi azol -%* ?/'F) 3%"2%’?&?%@‘@ a%%#é(l) a]zablcycg[aezngo%t?(rﬁ ate To a solution
of 8- Et hoxycar bdwsiloctBoridel or o- 2- ( 3- chl oro 2 5-t hi adi azol 4-yl) -

8- azabi cycl§[3 2-1}-oct—2-epe—{Id—F—g—S5—me—mdry—tottere— (50 m) was
added Al Cl[&rr] (2 6 g, 20 mol). The reaction m xture was slow.y heated to
80[err] C and kepCridroHB<hiorantab-thiagiagolfich)-11agabipyslo[3¢-1 dactangdi?ng to room

ESE}Z perature the; LERGLARAT Shhd (165 wasteheh Bih Rérdy Mitike@6 ki €d Wi th a

50%) and hydrogen at atmospheric pressure.. The catalyst was filtered and
the ethanol evaporated at reduced pressure. The residue was recrystaliized
10 from ethanol (400 ml) giving the titlte compound in 115.8 g yield.

The following compounds were made in exactly the same manner:

Exo-2-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

15 . (Compound 169) and endo-2-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-

. azabicyclo[3.2.1]actane (Compound 170) starting from exo/endo-2-methyl-
6-chloro-6-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane.

Exo-8-methyl-6-(3-chloro-1,2,5-thiadiazal-4-yl)-1-azabicyclo[3.2.1]octane
20 (Compound 171) and endo-8-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-
azabicyclo[3.2.1]octane (Compound 213) starting from exo/endo-a-mlethyl-
. 6-chloro-6-(3-chloro-1 ,2,5-thiadiazol—4—yl) -1-azabicyclo[3.2.1]octane.

D. (-)-Exo-6-(3-butyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
25 (+) L-tartrate

Starting from a mixture of exo- and endo-6-(3-chioro-1,2,5-thiadiazol-4-yl)-i-
azabicyclo[3.2.1]octane described in example 63C, the chiorine was subsi-
30 tuted with butylthio as described in example 14. A 1:9 mixture of exc- and
endo-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]Joctane (1C g, 22 -
mmol) was dissolved in toluene (40 'ml) and treated with potassium ts1-
butoxide (0.5 g) at reflux for 1 hour. The toluene solution was washec wit?

water (15 ml) dried and evaporated. The residue crystallized with (+; L-
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NaOH sol ution. The aqueous phase was extracted with CHerr]Cl[err] (3 x 100

m). -32 - The conbi ned

organi c extracts were dried over MgSO err] and evaporated. The residue was

crystallized as the oxalate salt fromacetone to give the title conpound.

Yield 1.6 g ®eosspsend 47), Mp. -194-195[err] C . PCY/DK94/00309

EXAMPLE 28 The foll ow ng conpounds were nade in exactly the same manner

as described in Exanple 16 using the apgr-opri ate al cohol:

Exo- 6- ( 3- pentyl oxy-1, 2, 5-thi adi azol -4-yl)-1-azabicydo[ 3. 2. 1] oct ane oxal ate
tartaric acid giving the optical pure title compound in 12.5 g vield. (Com-

pound 111). M.p. 128-129°C.
EXAMPLE 64

Using resolved exo- and endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane {example 63) obtained from resolved (-)-1-azabicyclo[3.2.1]-
octan-6-one (example 61) or (+) 1-azabicyclo[3.2.1]octan-6-one (example
62) the following compounds were synthesized using the _appropriate

10 alkythalogenide and separaﬁng exo- and endo compounds by column

chromatography:

(+)-Exo-(5R, 6R)-6-(3-(4-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 154) using 4-cyanobenzylbromide. M.p.
15 196-197°C.

()-Exo-(58,68)-6-(3-(4-cyanobenzyithio)-1,2 ,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 155) using 4-cyanobenzylbrom|de M.p.
195-796°C.
20 _
(--Endo-6-(3-propyithio-1,2,5-thiadiazol-4-yl}-1-azabicyclo[3.2.1]Joctane (+)
L-tartrate (Compourid 156) using propylbromide.

(+)-Exo-{5R,6R)-6-(3-isohexylthio-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]-
25 octane (+) L-tartrate: (Compound 157) using isohexylbromide. M.p. 152-
153°C. '

(-)-Exo—G-(3-isohexylthio-1 ,2 5-thiadiazol-4-yl}-1-azabicyclo[3.2.1]octane
oxalate (Compound 158) using isohexylbromide. Mp 118-122°C.
30 _ _
(+)-Endo-6-(3-isohexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
(+) Ltartrate (Compound 159) using isohexylbromide. M.p. 102-103°C.
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(Conpound 59), Mp. 122-123[err]C
Endo- 6- ( 3- pentyl oxy-1, 2, 5-t hi adi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane

oxal ate (Compound 60), Mp. 124-125[err]C.

EXAMPLE 29 A. 4-Chloro-3-fornyl -1-azabi cycl o[ 3. 3. 1] non- 2- ene To DVF (50
m., 0.68 nol) was ¥PEMFPadded POCl[err] (50 m, 0.54 nol) FCTBRUPPPC over
1 h. 1-Azabicycl o[ 3. 3. 1] nonane-4-one hydrochloride (17.5 g, 0.1 nol) was -

added in one portion and the reaction m xtur®heated at 100[err]C for 1 h.
After cooling the reaction m xture was poured on ice (1000 g) and the

reaction mxture neutt )?r}dégg%g\%t%kﬂ% @%b&g&%gg%tsgmag ,_x\@g?rw%hase was

extracted with ether He organi ¢ phase was over MgSOM4
and evaporated. The rfy§'P[ﬁ%1]ﬁﬁ§ﬂeddrq frtete @ymsmﬂﬁﬁﬂbhﬂmwgmoropw

(el uent: CI—I[err]CI[ergr],,lnglgl[m ré4bte€9: 1)), yielding 17 g of the title
conmpound. B. 4-Chloro-3- gtcnl oro-1 ,2,5-thiadiazo-4-yi)-1

-azabicycio[3.3.1 ] non-3- ene oxal ate
5 (+)- Endo-(SR 6S)-6-(3-(4,4,4-trifluorobutyithic)-1,2,5-thiadiazol-4-yi)- 1-azabi-

cyclo[3.2.1Joctane (+) L-tartrate (Compound 161) using 4,4,4-triffuorobutyl-
bromide: M.p. 94-86°C.

(-)-Endo-(5S,6R)-6-(3-(4-cyanobenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
10 [3.2.1]actane oxalate (Compound 162) using 4-cyanobenzylbromide. M.p.
167-172°C. '

(+)-Endo-(5R,6S)-6-(3-(4-cyanobenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabi-
cyclo[3.2.1]octane oxalate (Compound 163) using 4-cydanobenzylbromide.
15 M.p. 168-172°C.

(+)~Endo-6-(3-propyithio—1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate (Compound 164) using propytbromide. M.p. 6§4-65°C.

20 (+)-Exo-6-(3-(3,3,3-trifluoropropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicycio-
) [3.2.1]octane hydrochioride {Compound 165) using 3,3,3-trifluoropropylbre-
mide. M.p. 199-202°C.

(+)-Exo-6-{3-(3-(2-thienyl)propyithio)-1,2,5-thiadiazal-4-yl}-1-azabicyclo-
“25 [3.2.1]octane oxalate (Compound 166) using 3-(2-thienyl)propyichioride. -
M.p. 135-139°C.

(+)-Ex0-6-(3-(4,4,4-trifluarobutyithio)-1,2,5-thiadiazol-4-yl)-1-azzicyclo-
[3.2.1}octane oxalate (Compound 167) using 4,4,4-trifluorobutylbromide.
30 M.p. 153-154°C.
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To'a solfution of oxalic acid (9.0 g, 100 nmol) in water (100 m) was added
4-chl oro-3-fornyl -1-azabi cycl o[ 3. 3. 1] non-2-ene (17.0 g, 95 nmol).

- 33 -

Pot as- siumcyanide (6.8 g, 10 nmol) dissolved in a mn. anount

“was added dropwi se. The reaction mixture was stirred at roomtenperature
& tated crystals were filtered and spshaRd§ish

for 2 h. The W&k
Ammoni um chl oride (6.0 g, 100 mmol ) and anmoni um

water/EtOH (4:1, 120 m).

of water

in

hydroxi de (28%in water 10 nl) was adggﬁl_hand the reaction m xture was

stirred at

room tenperature overnight.

met hyl ene chloride (5 x 100 m ). The organi ¢ phases were dried

nmagnesi um sul pr@i)fzna@d(@t@@@&;ﬁwsbroa;mor-ﬁzmi%&_mﬁa(a%?ﬂ?i n DVF (50 m)

and added dropw se_.to a | uti cpe{%];msul f urmonochl or’i'de

SO
[3.2.1]octane hydrochlor? pound 168) using 3,3,3-trifluoropropylbro-

mide. M.p. 170-174°C.

5  (+)-Exo-6-(3-methyithio-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 185). M.p. 144-145°C.
(+)-Exo-8-(3-ethylthia-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 186). M.p. 120-124°C.

10 '
(+)-Exo-6-(3-pentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 187). M.p. 128-129°C.
(+)-Exo-6-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

15 oxalate. (Compound 188). M.p. 149-150°C.
{-)-Exo-6-~(3-methylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 189). M.p. 144-145°C.

20 (-}-Exo-6-(3-ethyithio-1,2,5-thiadiazol-4-yl}- 1-azabicyclo[3.2.1]octane oxalate.
(Compound 190). M.p. 120-123°C.
{(-)-Exo-6-(3-pentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

_ oxalate. (Compound 191). M.p. 132-134°C,

) 25 | - ) .
(-)-Exo-6-(3-hexylthio-1,2,5-thiadiazal-4-yl)-1-azabicyclo[3.2.1 ]octahe oxalate.
(Compound 182). M.p. 149-150°C.

(+)-Endo-6-(3-methyithio-1 ,2,5-thiadiazol—4-yl)-1 -azahicyclo t3.2.1 Joctane

30 oxalate. (Compound 183). M.p. 138-138°C.
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DM (30' ) at O[err]C. The reaction mxture was stirred at room
tenperature for 4 h, then crushed ice (500 g) was added. The precipitated
sul fur was filtered off and the filtrate washed with 1 M hydrochloric acid
solution (2 x 100 mM the conbined water phases was basified with amoni a
(28%in water‘;l,0 dogxtracted with ether (4 x 200.m . Therswatisged organic
phases were dried and evaporated. The residue was crystallized as the

oxal ate salt from acetone/ether to givegdhe title conpound. Yield 10.8 g
(Conpound 61), Mp. 149-150[err]C.

EXAMPLE 30 4- Chl oro- 3- (3-propyl oxy-1 , 2,5-thi adi azol -4-yl)-1

- azabi cycl o[ 3. 3.(#)-Emixr6-B-athydthiox:d Sathadiazol4-yh- 1 $g#hinyrleld-2oflodané um (0. 23 g, 10

| i = o 0
mhl) olr g- g FEOE%P%%tS(@EﬁEL?ﬁb?gQ?BA?%I ) - 1- azabi cycl o[ 3. 3. 1] non- 3- ene

(0.274 g, 1 mmol). The*reaction m xture was heated at 60[err]C for 2 h’

Hydro- chloric {_ ls. &Qﬁ}h-ah SRiEdiasledn-1anabidyAs[ 3wl Sdtarghase extract ed
with ether (2 XE}%})E?# ) M'r':r’]e vvalt e¥2 Bhaseuﬁ)basi fﬁyegl Wi }[]h solid potassi.um
car bonate afd eesiate; C@mperns BMHMP(B0°Z5 ). The conbined ether extracts

were dried over magnesium sul fate and evaporated. The residue was
crystallized as the oxalale Rlis EiAmAGELANCLELBROE 21 dLuRe the title

oxalate. (Compound 196). M.p. 88-80°C.

10 (-)-Endo-6-(3-methylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 197). M.p. 137-140°C.

(-)-Endo-6-(3-ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 198). M.p. 107-110°C.

15
(-)-Endo-6-(3-pentyithio-1,2, 5-thiadiazo|—4—yl)-1 -azabicyclo[3.2.1]octane
oxalate. (Compound 199). M.p. 85-80°C.

(-)-Endo-6-(3-hexyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
20 oxalate. (Compound 200). M.p. 132-134°C.

(+)-Exo-6-(3-{4-trifluoromethylbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate from 4-trifluoromethylbenzylchioride. (Compound 201).
M.p. 172-174°C. ‘

25
(+)-Exo-6-(3-(4-nitrobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1 i-
octane oxalate from 4-nitrobenzylchioride. (Compound 202). M.p. 173-
174°C.

30 (+)-Exo-a-(3-(2-hydroxyethylthio)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate from 2-hydroxy-1-chlaroethane. (Compound 203). M.p. 17¢-

181°C."
-

i



-34 - ‘compound. Yield 180 ng (Conpound 62), Mp. 122-123[erre]C

EXAMPLE 31 The foll ow ng conpounds were nade in exactly the sanme manner
as described in exanple 30 using the appropriate al cohol:

4- Chl oro-3-(3-pentyl oxy-1 ,2,5-thi adi azol -4-yl)-1-azabicyclo[3.3.1

] non- 3-ene ox@ s@dhdre( Conmpound 63), M p. 114-115[err] C. pCIDK94/00309.-

-67 -

(+)-Exo-6-(3-(2-propanonylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 228) using 1-bromo-2-propanone. M.p. 151-
184°C. -

5 (+)-Exo0-6-(3-(2-hydroxypropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 229) using 1-bromo-2-hydroxypropane. M.p.
179-180°C.

(+)-Exo-6-(3-(3—phenylpropylthio)¥1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
10 octane oxalate (Compound 230) using 1-bromo-3-phenylpropane. M.p. 135-
136°C. '

(-)-Exo-6-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 231) using 1-bromo-3-phenylpropane. M.p. 135-
15 136°C.

(+)-Endo-6-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 232) using 1-bromo-3-phenylpropane. M.p. 110-
113°C.

20
()-Endo-6-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)-1 -azabicy_cio [3.2.1]-
octane oxalate (Compound 233) using 1~bromo-3-phenylpropane.'M.p. 100-
106°C. '

* 95  (4)-Exo-6-(3-(4-fluorophenoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 234) using 1-bromo-2-(4-flucrophenoxy)-

ethane.

(-)-Exo-6-(3-(4-flucrophenoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
30 [3.2.1]octane oxalate (Compound 235) using 1-bromo-2-(4-fluorophenoxy)-
ethane. M.p. 132-137°C. '
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4- Chl or o- 3- (3-net hoxy-1 , 2, 5-thi adi azol - 4-yl)-1-azabi cycl o[ 3. 3. 1] non- 3-ene
oxal ate (Conpound 64), Mp 103-104[err] C

EXAMPLE 32 _

4- Chl oro-3-(1, 2,5-thi adi azol -4-yl)-1-azabi cycl o[ 3. 3. 1] non- 3-ene oxal ate

To a sol utionyfesp@e um (0.092 g, 4 Mol ) "in isopropanopcripksdddey Was. added
n- butyl.mercaptan (270 m, 3 mmol). 4-Chloro-3-(3-chloro-1,2,5-t- . -

hi adi azol - 4-.yl ) -1 - azabi cydo[ 3. 3. 1] non- 3-ggne (0.82 g, 3 nmml) dissolved-in
i sopropanol (10 m) was added and the reaction m xture was stirred over-
ni ght at roomtenperature. The reaction mixture was evaporated and

hydr ochl ori ¢ aci ¢#+)Endote-(Bd8-fludryphanexyetbiyitbip)-1,2l5dhiadidzol-4-phhemmbivgsioext r act ed

with ether (2 x é’kfifh mg Feh s ] and
extracted with eﬁﬁjzér %tg,b@ ﬂtﬁo p %irz:jarllrlﬁbg{ gﬁ?&%‘aﬁéﬁgﬂ%@
evapor at ed. The eBgi&due was purlfled by col um chr omat ogr aphy (eI uent:
ethyl acetate) and the free base was crystal lized with oxalic acid from

acetone to give the ti nd. ound 65) M
" 175-77C. gs (-)- Endo-s-(s-(4-ﬂu%phenoxyethylthlo) 1 25—thnngazol-4-”? -azablcycl)o- _ P

[3.2.1]octane oxalate (Compound 237) using 1-bromo-2-(4-flucrophenoxy)-
ethane. M.p. 144-147°C.

in the above examples optical rotation is measured on the free base.
10
EXAMPLE 65

The following compounds were prepared in exactly the same manner as
described in example 64:

15
Endo-2-methyl-6-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from endo-2-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycio-
[3.2.1]octane. (Compound 204). M.p. 123-124°C.

20 Endo-8-methyl-6-(3-propyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from endo-8-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane. {Compound 205). M.p. 172-175°C.

Exo-2-methyl-6-(3-propylthio-1,2,5-thiadiazal-4-yl)-1-azabicyclo[3.2.1]cctane
N 25  oxalate from exo-2-methyl-6-(3—chloro -1,2,5-thiadiazol-4-yl)-1-azabicyclc-
[3.2.1]octane. (Compound 206). M.p. 155-156°C.

Exo-B-methyI-S-(3-propylthi6-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]cctans
oxalate from exo-8-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycic-

30  [3.2.1]octane. (Compound 207). M.p. 144-146°C.

Exo-2-methyl-8-{3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]oczne
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- 385 - ¢ EXAMPLE 33 (-)
3(3-Butylthio-1,2,5-thiadi azol -4-yl)-1-azabicyclo[2.2.2]octane (+) L-tar-
trate To a sol ution of

3-(3-butylthio-1,2,5-thiadiazol -4-yl)-1-azabicycl o[ 2. 2. 2] oct ane (free base
of conpound lﬁrpmosampl e 10) (5.5 g, .19.43 rrrml) i n et hAGHPKIBEN ) was
added a-solution of (+)L-tartaric acid (2.9 g, 19.4 mmol) in water (10 m).
_Ether (approx. 200 ml) was added to thegsgolution to give a slightly unclear
solution. The title conmpound was precipitated overnight and the crystals
collected by filtration (3.05 g). Recrystallization tw ce from ethanol (20
m) and et her gaxalatefeorpero2-metyidrashigieet:2.§-thiagizgy-4MdrazadifFiss) . M p.
106-108C. [err] Basfdctane: {RriRuld20r). M. 051 VRBHL:

Exo-8-methyl-6-(3-butylthio-1,2,5-thiadiazol-4-yl}-1-azabicyclo[3.2.1]octane

5 oxalate from exo-8-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane. (Compound 209). M.p. 143-147°C.

) Exo-2-methyl-6-(3-hexylth|o -1,2,5-thiadiazol-4-y!)-1-azabicyclo[3.2.1]octane
10 oxalate from exo-2-methyl-6-(3-chloro-1 2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane. (Compound 210). M.p. 128-131°C.
Exo-8-methyl-6-(3-hexyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

oxalate from exo-8-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
15 [3.2.1]octane. (Compound 211). M.p. 140-142°C.

20

25 -

30
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EXAVPLE 34  (+) _

3-(3-Butylthio-1,2,5-thiadi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane
(-)D-tartrate The nother liquour fromthe crystallization with
(+)L-tartaric acid (exanple 33) was evaporated and the residue treated with
50% NaCOH i n weoeswsand extracted with ether. The conbi neR!iT@KmmMphase wer e

dried and evaporated to give crude free base of the title compound—<29 g,
10.2 mmol ). The residue was dissol ved i.rrget hanol (15 ml) and laced
(-) Dtartaric acid (1.54 g, 10.2 mml)in water (4 nl) was ad

added to the solution and the title conpound precipitated over ﬁlm

crystals were coltMBed by filtration and recrystallization tvm
et hanol / et her gave the pure (+) enantiomer (1.90 g) (Corrpound 56) M p.

106-108[err]C. f_,r ] S\ e?hoc}3 éﬁra;tmg schlzoAbhrgeﬂa and sl:hléophren#orm dlseases

in a subject in need thereof comprising administering to said subject an
5 effective amount of a compound of formula |

N o

wherein
X is oxygen or sulphur;
15  Ris hydrogen, amino, halogen, -CHO, -NO,, -R*, -Y, -NHCO-R®, -OR’,
-SR?, -SOR*, -SO,R", C, ,,-cycloalkyl, C, s-cycloalkenyl, C, ,,-(cycloalkylalk-
yl), -Z'-C, ,;-cycloalkyl, -Z'-C,,~cycloalkenyl, -Z'-C,,-(cycloalkylalkyl),
-Z'-C, o-(cycloalkenylalkyl), -Z'-C, ,o-(methylenecycloalkylalkyl), -NH-R®,
-NR*R®, -NH-OR®, -CH=NOR", phenyl, benzyloxycarbonyl, phenoxy,
20 benzoyi, tetrahydronaphthyl, naphtyl, indenyl, wherein each aromatic group
is optionally substituted with halogen, -NO,, -CN, C, ,-alkyl, C, ,-alkoxy,
~OCF3, -CONH,, -CSNH,, phenoxy or phenyl; or R is - Z-R-22R, -2V R
Z2-R1-Z3-R5, -Z'-CO-R’, -Z'-R°-CO-R®, -2'-R%-CO,-R®, -2'-R%-0,C-R°, -Z'-R°-
CONH-R®, -Z'-R6-NHCO-R’, -Z'-R-Y, -Z'-R°-Z2.Y, wherein Z' and Z2 inde-
25 pendently are oxygen or sulphur, and R* and R® independently are straight
or branched C, ,s-alkyl, straight or branched C, ,s-alkenyl, straight or
branched C,_,s-alkynyl, each of which is optionally substituted with one or
more halogen(s), C,¢-alkoxy, -CF;, -CN, -COOH, -OH, -NH,, C, ;-alkyl ester,
-SH, -NHR*, -NR*R°, pheny! or phenoxy, wherein each aromatic group is
30 optionally substituted with halogen, -NO,, -CN, C, j-alkyl, C,-alkoxy, -OCF,,
' -CONH,, -CSNH,, phenyl or phenoxy, and wherein R® and R independently
are straight or branched C, ,,-alkylene, straight or branched C, ,,-alkeny-

~

A



- 36 - EXAMPLE 35

3-(3-Am no-1, 2, 5- oxadi azol -4-yl)-1 -azabicycl o[ 2. 2. 2] octane fumarate To a
solution of crude (1-azabicyclo[2.2.2]octan-3-yl)hydroxyi m noaceto- nitrile
(10 g; max. 29 mol) (exanple 1C) in nethanol (50 m) was added a net hanol
sol ution of Iwohsessyl am ne (prepared from NH err] OH, HCPCEDKs@oogee 60 nmol ) i n
met hanol (60 nm) and sodium (1.38 g, 60 mml) in nmethanol (60 m)). The
reaction mxture was stirred at 40[err]/g-for 18 h and evaporated to give

t he crude am de oxinme derivative. The residue was treated with excess of
PCCl[err] at 45[err]C for 18 h. Water and sodi um hydroxi de was added to
obtal n al kal i nelepe sraight drérenghec s hixtyiene aest ptigtiduiswptignalbhl or of orm  The

conbi ned or gani guRbRReSwiIE odHoﬁ‘éina?dyén ya@:q,rfm\ﬁdcéex-@ qngzi free base of
the title corrpound as a soli Merr .

Crystal | i zat i onCaesaliothester it g'f"%sﬁﬁ”ﬁ PB?HNF%’CHSFB‘B%MWC' 65\/%5 Phe title
conmpound (110 npembEebpetenstyfi6)groupl dntabihg Hrk & folON, O or S atom(s) or a
EXANPLE 36 5 combination thereof, which heterocyclic group is optionally substituted at

carbon or nitrogen atom(s) with straight or branched C, s-alkyl, phenyl or

benzyl, or a carbon atom in the heterocyclic group together with an oxygen

atom form a carbonyl! group, or which heterocyclic group is optionally fused

with a phenyl group; and

10 G is selected from one of the following azabicyclic rings

1 -2
. R ~
' or Rz—-tcn :Cq 1
15 22 cp
. N
(o .
¥ R

wherein the thiadiazole or oxadiazole ring can be attached at any .carbon
20 atom of the azabicyclic ring; R' and R? may be present at any position,

including the point of attachment of the thiadiazole or oxadiazole ring, and

independently are hydrogen, straight or branched C, .-alkyl, straight or

branched C,s-alkenyl, straight or branched C, s-alkynyl, straight or

branched C, ,,-alkoxy, straight or branched C, s-alkyl substituted with -OH,
25 -OH, halogen, -NH, or carboxy; RYis H, straight or branched C, s-alky,

- straight or branched C, s-alkenyl or straight or branched C,s-alkynyl; n is 0,
lor2;mis0,1or2;pis0,1or2;,qis1or2; and - isasingle or
double bond; or

R —

30 a pharmaceutically acceptable salt thereof. | heet Has Been e;ilaced
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A. 5- Carboxal dehyde- 1- azabi cycl o[ 3. 2. 1] octane To a solution of 1

-azabi cycl o[ 3. 2. 1] oct - 5-yl - N- net hyl - N- net hoxycar boxam de (4.0 g, 17.4 nmol)
in tetrahydrofuran (100 m) was added dropwise a 1 Ml ar solution of D BAL
(26 mM, 26 mol) at -65[err]C. The tenperature of the reaction mxture was
al | oned t.0 rawesik®d0[err] C over 30 .min. .and then cool aaTiba406doL. Aqueous
hydrochloric acid (75 m, 5N) was added to the cold reaction m xture and
the tetrahydrofuran was evaporated in vasuo. The aqueous residue was
stirred overnight at roomtenperature and then evaporated. Water and

pot assi um carbonate was added to the residue and extracted with nethyl ene
chloride.(3 x 308 nl)TheThethechadsording taslalvy I ahereipid isSi Gds phases were dri ed

and evaporated to give the title conmpound as an oil. Yield 2.75 g.
- 37- _ _
Rl is Sheet Has Been |Tilixlced
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whereinnis 1, pis 1 or2and mis 1 or 2, and R' and R? independently are
10 hydrogen, methyl, methoxy, hydroxy, halogen or amino; or a pharmaceuti-
cally acceptable salt thereof.

3. The method according to claim 1 wherein X is S, G is
15
1
R
]
e P :c
Cn m
n/
20
whereinnis 1 or2, pis1or2and mis 2, and R' and R? are hydrogen; or
a pharmaceutically acceptable salt thereof.
L 4. The methad according to claim 1 wherein Xis §, G is
30

whereinnis 2, pis 1 and mis 1, and R' and R? are hydrogen and R* is

e

(T



B. '2- Ami'no- 2- ( 1- azabi cycl o[ 3. 2. 1] oct-5-yl)acetonitrile To a solution of
pot assi um cyanide (1.43 g, 22 mmol) in water (20 m) -
5- car boxal dehyde- 1- azabi cycl o[ 3. 2. 1] octane (2.75 g, 19.8 mol) was added
over 30 mn. at 0-10[err]C Acetic acid (1.26 m, 22 mol) was added to the
reaction m xXtwgesgeMer 30 min. at 5-10[err]C. The react irefpRIsisy € Was
stirred at roomtenperature for further 18 h and cooled to 5[ err]C. Agueous
sodi um hydr oxi de was added to obtain alkaline pH and then extracted with
met hyl ene chloride (3 x 200 m ). The conbi ned organi c phases were .
evaporated and the residue was treated with a solution of amoni um chl ori de
(3.8 g, 72 nmmolsiraight skeirgrichéd €, [Hakylnoda giimactuiialisactep@apieaalf 5 mM ). The
reaction mixture was stirred at roomtenperature for 18 h and then
extracted with ?ﬁ?iene chl oride. The conbi ned organi c phases were dried
and evaporated to give the title conpound Yield. 1.67 g. C.
5-(3-Chloro-1, 2 - t higy ly ]octane oxal ate

2- Am no- 2-(1-az |cycI g|@ gd S%Jd%g%%gﬁ{e@é%%' X?‘ g%i 67 g, 10 nmol) was
di ssolved i® DMF (10 nl) and a sol ution of sulfur nmonochl oride (2.57 m, 30

nmmol) in DMF (10 m) was added dropyi se at O[err]C. The reaction n1XTUre
was stirred at roomtenperature for 18 h and cooled to Of efyd eé(\,ﬁgg]ﬁ laced

/. -

-]

/o

wherein n is 2, p is 1 and m is 1, and R' and R? are hydrogen and R* is
branched C,,;-alkyl; or a pharmaceutically acceptable salt thereof.

15 The method according to claim 1 wherein Xis S, G is

6.
1
R .
R 1 \ &

20 | C“\N P

whereinnis 2, pis 1 and mis 1, and R' and R? are hydrogen and R* is

straight G, s-alkyl; or a pharmaceutically acceptable salt thereof.
25 7. The method according to claim. 1 wherein the compound is selected - =

from the following:"
3-Chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane;
30 3-(3-Chioro-1,2,5-thiadiazol-4-yl)-3-hydroxy-1-azabicyclo[2.2.2]octane;

3-Methoxy-3-(3-methoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

R 0



wat‘er (40 m) and aqueous potassi um hydroxi de was added slowy. The

al kaline reaction m xture was extracted with ether (3 x 300 m) and the
conbi ned et her phases were dried and evaporated. The residue (850 ng) was
crystallized with oxalic acid from acetone/ nethanol to give the title

conmpound. Yi el oddsdsny (Conmpound 67), Mp. 137.5-139. 5[ ®frmkbsnosoy -
EXAMPLE 37 5-(3-Hexylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1

] oct ane oxal ate  Sodi um hydrosul fide r_’rgQ(_)hydrate (326 ng, 4.4 mol ) was
added to a - 38 - This Sheet Has Been Replaced

11

3-(3-Methoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] oct-2-ene; l lllll" ll"" l
3-(3-Hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2)-act-2-ene;
5 3—Hexyloxy-3-(3-hexyioxy—1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]actane; *
_ 3-(3-Héxyloxy~1 ,2,5-thiadiazol-4-yl)-3-hydraxy-1-azabicyclo[2.2 2] octane;
3-(3-Chloro-1,2,5-thiadiazol-4-y!)-1-azabicyclo[2.2.2]octane;

10
3-(3-Ethoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;
3-(3-Propoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane;

15 3-(3—Buto;<y—1 ,2,5-thiadiazol-4-yl)-1 -;zabicyr:l;: [2.2.2]octane;
3-(3-Pentylthio-1,2,5-thiadiazol-4-yl)-1 -azabiwclo[ZZ.Z]odane:
3-(3-Butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane; Cem C e

20
3-(3-Hexylthio-1 ,2,5-thiadiazol-4—yl)-1 -azabicyclo[2.2.2]octane;
3-(3-(3-Phenylpropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane;

_25 3-(3-(4-Cyanbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicycla[2.2 2]octane; =0
Exo-6-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane;
Endo-6-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

30 _
Endo-6-(3-hexyithio-1,2,5-thiadiazol4-yl)-1-azabicyclo[3.2.1]octane;

* c L M S * :



sofution of 5-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycl o[ 3. 2. 1] oct ane
oxalate (350 ng, 1.1 mmol) in DMF (20 mM) at roomtenperature and the
reaction mxture was stirred for 30 m n. Potassium carbonate (1.24 g, 9
mol ) and 1-bronohexane (561 [err] 4 mmol) were added and the reaction

m xture was stasses® for 3 h. Water (50 ml) was added tBHHEM3%ction

m xture and the agueous phase extracted with ether. (3 x 200 m).. The

conmbi ned ether phases were dried and ewapor at ed to give the crude free base
of the title conmpound (220 ng). The residue was crystallized as the oxal ate

salt fromacetone to gl ve the title conmpound. Yield 200 ng Corrpound 68),
M p. 67-69[ err] Endo-6- (5-hexenylthio)-1,2,5-thiadiazol-4-yl)-1-azabicycjef{g jHogta

Exo- 3- (3-net hyl t hi 0- 1, 2, 5-t hi adi azol - 4-yl ) - 1- azabi cycl o[ 2. 2. 11hc tane

| at T | uti f 1.2 I -

azabi cycl of 2. 2EMENE DY | ST B td BB ) nﬁﬁi ﬂm

sodi unhydr ogensul fi de nonohydrate (230 ng, 3.0 mmol). The react H
t d_at { [ t 1

ol ) and bt hy EraRe FERp R4 St FLBRRD SRLRRY, ¢ Lt ure

stirred at roomterrpera- ture for 0.5 h. 1IN hydrochloric acid solution (100°
n) was added agfdo-6-(3-pentyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Endo-6-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
10 octane;

Endo-6-(3-(4-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

15 Exo-6-(3-ethoxy-1,2,5-thiadiazal-4-yl)-1-azabicyclo[3.2.1]octane;
Endo-6-(3-eti’\ox3;-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;

20 ' '
Endo-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1}heptane;
Endo-3-(3-methoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;

25 Exo-6-(3-hexyftﬁio’-'1 .2,5-tl';iadiazol-4—yl)-1 -azabicyclo[3.2.1]octane;
Exo-6-(3-butylthio-1,2,5-thiadiazok-4-yi)-1 -azabicyclo [a.z.i Joctane;
Exo-6-(3-pentylthio-1,2, 5—tﬁiadiazcli4yl)-1 -azabicyclo[3.2.1]octane;

30
Exa-8-{3-ethyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

e
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extracted with ether (2 x 50 ml). The aqueous solution was basified with a
28% NH err] solution and extracted with ether (3 x 75 m); The conbi ned
et her phases were dried and evaporated. The residue was ctystallized as the ;
oxtlate salt fromacetone in 180 rrg yield. (Conpound 69). M p. /

133- 139[ er r ] Wo 9si05379 EXAVPEETBES4M0he  f ol | owd ng
conmpound was made in exactly the- sarre manner as described i'n exanple 38,
usi ng et hyl i odi de: -76 - - 39-

Exo-3-(3-ethylthio-1,2,5-thiadi azol -4-yl)-1-azabi cydo[ 2. 2. 1] hept ane oxal ate

from et hyli odi de and exo-3-(3-chloro-1, 2, 5-thjadi azol - 4- yl)-1-azabicycl o-
: Endo-3-(3-pentylthio-1,2,5-thiadiazol-4-yi}- 1-azab|cyclo[2 2.1}heptane;

Endo-3-(3-(3-phenylpropylthio}-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]-
hepténe;

5 ) - o . . This Sheet Has Been R
* Endo-3-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane; , ,""" ,m" m' "ﬂm

Endo-3-(3-propylthic-1 2.5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;

10 Exo-3-(3-pentylthio-1,2,5-thiadiazol-4-yi)-1-azabicyclo[2.2.1]heptane;
Exa-3-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1 ]hepfane;

Exo-3-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;

15
Exo-3-(3-(3-phenylpropylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]-
heptane; ’
Exo-3-~(3-butylthio:1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;

20

3-Chloro-2-{3-ethoxy-1,2,5-thiadiazol-4-yl)-8-azabicyclo[3.2.1]oct-2-ene;
3-(3-Hexyloxy-1 ,2.5-thiadiazol-4-yl)-i -azabicyclof2.2.2]octane;

25 3- (3-(5-Hexenyloxy)-1 ,2,5-thiadiazoi-4-y1)-1 -azabicyclo[2.2.2]octane;
3-(3-(3-Hexenyloxy)-1,2,5-thiadiazol-4-yl)-1 ;azabicyclo[2.2.2] octane;
3-(3-Pentyloxy—1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

30
3-(3-Isopentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

* c L M S *



[ 2.2.1]'heptane. (Conmpound 70). M p; 156-157[err]C.

Exo- 3- (3-(4-cyanobenzylthio)-1, 2,5-thiadi azol -4-yl)-1 -azabicyclo[2.2.1

] hep- tane oxal ate from

exo-3-(3-chloro-1, 2,5-thi adi azol -4-yl )-1-azabi cycl o[ 2. 2. 1] - heptane and

4- cyanobenzy|%95885He. (Conpound 173). M p. 200- 201[ er FFEOKI4/00309

EXAMPLE 40 The foll owi ng conpounds were nade in exactly the same manner
as described in exanple 38 using endo-®{3-chloro-1,2,5-thiadiazol-4-yl)-1

- azabicyclo[ 2. 2. 1] heptane and the appropriate al kyl hal ogeni de.
Endo- 3- ( 3- (2- phengx e‘ hyl t hi o_é-,l 2, E-t hi adi a%&%ﬂ )-1 This Sheet Has Been Replaced
- azabi cycl of 2. 2 31ip .-th' éﬁ’-é‘ dipzol-&y ‘f"(?ﬁ?béffyﬁiﬁ LMy | br oni djmwa
3-(3-chloro-1 2,5- thiadiazol-4-yl)-1-azabicyclo[2.2. 1] heptan

71). Mp. 127-130%. - p A n e )

Endo-3- ( 3- (2-t his‘*e(hc*;’/’ By PO oo -5+ B RFARY SRS 1 - azabi cycl o[ 2. 2. 1

] hep- tane oxal ate from 1-chl oro-3-(2-thienyl)propane and

endo--3- ( 3- cBl or G @+ Rpfhmnis-1iadhiadifior 4yiyh kzdigdiaRioskals2- 2. 1] hept ane.

(Conpound 72). I\/l(p. E§3-l1260 w el ' T

Endo-e-(s-propylthid-‘l ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-6-(3-prapylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2. 1]octane;

10 : '
Endo-3-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;
3-_Chloro-2-(3-chloro-1 ,2,5-thiadiazol-4-yl)-8-azabicyclo[3.2.1]oct-2-ene;

15 Exo-6-(3-pentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Endo-6-(3-pentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
4-Chlora-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.3.1]non-3-ene;

20
4-Chioro-3-(3-propyloxy-1,2,5-thiadiazol-4-yl}-1-azabicyclo[3.3.1]non-3-ene;
4-Chloro-3-(3-pentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.3.1]non-3-ene;

- < 25 4-Chloro-3-(3-méfthoxy-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.3.1]non-3-ene;
4-Chloro-3-(1,2,5-thiadiazal-4-yl)-1-azabicyclo[3.3.1]non-3-ene;
(-) 3-(3-Butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

30
(+) 3-(3-Butylthio-1,2,5-thiadiazol-4-y!)-1-azabicyclo[2.2.2]octane;

A !



Endo- 3- (3- (2-phenylthio)ethylthio-1 ,2,5-thiadiazol-4-yl)-1

-azabi cycl o[ 2. 2. 1] - heptane oxal ate from 1-chl oro-2-(phenylthi o) et hane and
endo- 3- (3-chloro- 1, 2,5-thiadiazol -4-yl)-1-azabicycl o[ 2. 2. 1] hept ane. -
(Conpound 73). Mp. 143- 145[err]C

EXAMPLE 41  Exowbsfgdswet hyl thio-1 , 2, 5-t hi adi azol - 4-yl ) - PCT/DK94/00309
-azabicyclo[3.2.1 ]oct ane oxal ate To a solution of -

exo- 6- (3-chloro-1, 2, 5-t hi adi azol - 4-yl ) - 1- a#gbi cycl o[ 3. 2. 1] oc-__
Dat e: _ . _ _

This Sheet Has Bee

| || (1]

5-(3-Chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]actane;
"5 . 5-(3-Hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1)actane;

O] -Exo-6-(3-buty|thio-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

10
(-)-Exo-6-(3-propyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Exo-6-(3-butylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1Joctane;

15 Exo-6-(3-(2,2,3,3,4.4. 4-heptaﬂuorobutyioxy)- ,2,5-thiadiazol-4-yi)-1-azabi-
cyclo[3.2.1]octane; - -

Exo-6-(3-methoxy-1,2, S-thiadiazol;4—y|)-1 -azabicyclo[3.2.1]octane;

20 Exo-6-(3-ethoxy-1,2,5-thiadiazol-4-yl}-1-azabicyclo[3.2.1Joctane;
Exo-6-(3-prapaxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2. 1]octane;
Exo-6-(3-butoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]actane;

25 T
Exo-6-(3-pentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-6-(3-hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

30 Exo-6-(3-isohexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Exo-8-(3-(2-butynyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane;

I lllllj I



- 40 - 'tane (229 ng, 1.0 nmol) in DMF (20 mM) was added

sodi unhydr ogensul fi de nonohydrate (230 ng, 3.0 mol ). The reaction m xture
was stirred at roomtenperature for 1 h. Potassium carbonate (1.38 g, 10
mol ) and nmethylio- dide (0.42 g, 3 mvl) were added and the m xture
stirred for JwdesndstN hydrochloric acid solution (100 nP§TREMOEded and t he
m xture extracted with ether (2 x 50 m). The aqueous solution was basified
with a 28% NH3 sol ution and extracted wgh ether (3 x 75 ml). The conbi ned
et her phases were dried and evaporated. The residue was crystallized as the

oxal ate salt from acetone in 200 yield. (Conmpound 74).
141-142[err] C. Exo-6-(3-(3-(2-thienyl)-1-propy! tth) 125-th|ad|azol~4—)@x1AmaE Qigs 2 Hhe foll owin g

conmpounds were nRggei N exactly the same nanner as described in exanple 41
u3|ng t he appropriate alkylhalogenlde

Endo-6-(3-(3-(2-thienyl)-1-propyithic)-1,2,5-thiadiazol-4-yl)-1 -ézabicyclo-
5 [3.2.1]octane; :

Endo-6-(3-(4,4,4-triflugrobutylthio)-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]-
octane;

10 Endo-6-(3-(6,6,6-trifluoro-1-hexylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

(-)-Exo-6-(3-butylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

15 -)- Exo-6-(3-(4 4, 4-trifiuoro-1 butylthno) 1,2,5—th|ad|azol-4-yl) -1-azabicycio-
-[3.2.1]octane; '

3-(1,2,5-Thiadiazol-3-yl)-1-azabicyclo]2.2.2] octane;
20 Exo-3-(3-methylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;
Exo-3-(3-ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;

Endo-3-(3-(2-pherioxyethyithio)-1,2,5-thiadiazol-4-y1)-1 -azabicyclo[2.2.1]hep-
25 tane; = =

Endo-3-(3-(2-thienyl)propyithia-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]-

heptane;

30 Endo-3-(3-(2-phenylthio)ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.-
' 1]heptane;

This Sheet Has Been Reﬂla
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EXG- 6- ( 3- heptyl t hi o-1, 2, 5 t hi adi azol -

oxal ate from
exo-6-(3-chloro-1, 2,5-t h| adi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane
br onohept ane.

, 2, 5-t hi-adi azelbodesyb) - 1 - azabi cycl of 3: 2. 1 ] oct ane oxal.RCE&DK4H0p09

exo 6- (3-chloro-1, 2,5-thi adi azol -
br ono- 4- et hyl pent ane. (Conmpound 76). Msgp.- 128-130C.

4-yl)-1-azabicycl o[ 3. 2. 1] oct ane

and 1-

(Compound 75). Mp. 111-112[err]C Exo- 6- (3-i sohexylthio-1

4-yl)-1-azabicyclo[3.2.1 Joctane and 1-

Exo- 6- (3-isopentyl thio-1,2,5-thiadiazol -4-yl)-1-azabicycl o[ 3. B;dd

from exo-6-(3-chloro
1- bromo-  3- met hy FRi

Exo-6- (3-(4-cyanobutylthio)-1 ,2,5-thiadiazol -4-yl)- azabl cy

E’(‘)ng@' ??HWA‘BP&%?‘-“‘EE’&%“)"? Y-FzRege [30%'139%'?;] oct ane. and

1- br ono- 4- cyanobut ane. (Conpound 78). M p. 148-150C.

oct ane oxal ate f
exo- 6- ( 3-chl or o-

Exo- 6- (3-cy

oct ane

10

15

20

25

30

AOMRLYL i Shiekyimio- 122 S-S 1albidychia AEABkSC! OF 3

Exo-6-(3-isopentylthio-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane;
Exo-6-(3-(4-cyanobutyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Exo-6-(3-cyanomethyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

- Exo-6-{3-(2-cyanosthyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Exo-6-(3-(3-cyanopropylthio)-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane;
Exo-6-(3-(4-cyanobenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Exa-6-(3-(3-phenylpropyithio)-1,2,5-thiadiazal-4-yl)- 1-azabicyclo[3.2.1]octans;

Exo-6-(3-(2-phenoxyethylthio)-1,2,5-thiadiazol-4-yi)-1 -azabicyc!6[3.2.1 Jocta-

ne;

Exo-6-(3-benzylthio-1,2,5-thiadiazcl-4-yl)-1-azabicyclo[3.2.1]octane;

Endb-s-(3-(2-phenoxyethylthio)-1 .2.5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-

octane;
Endo-6-(3-methyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Endo-6-(3-isopentylthio-1,2,5-thiadiazal-4-yl)-1-azabicyclo[3.2.1]octane;

Ay

104 Ha ¥een

i erene et o 1111 [

2. 1]
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- 41 - oxal ate from exo-6-(3-chloro-1 ,2,5-thiadi azol-4-yl)-1
-azabicyclo[3.2.1 Joctane and chloroacetonitrile. (Conpound 79). Mp.
141-142C. Exo- 6- (3-(2-cyanoethylthio)-1 ,2,5-thiadi azol -4-yl)-1
-azabi cycl o[ 3.2. 1] octane oxalate from

exo- 6- €3- chl o™ s9R7%- t hi adi azol - 4-yl ) - 1- azabi cycl o[ 3. 2P9VIS#AE and
1- br ono- 2- cyanoet hane. (Conpound 80). M.p. 151-152C.

Exo- 6- (3-(3-cyanopropyl thio)-1 ,2,5-thi-adi-azol -4yl ) - 1-azabi cycl o[ 3.2.1

—_—
—— e
———

] octane oxal ate from exo-6-(3-chloro-1 —
, 2, 5-thi adi azol -4-%”%1 1-azabicycl o ] oct ane = and This Sheet Has Been

1- br ono- 3- cyanopk @’W*’@iSYf‘b@u‘n%‘h"Pﬂ'az‘Rh“ﬂ') -11azghicycipf2. ]octane;
Exo- 6- ( 3- (4-cyanobenzyl thio)-1 , 2,5-thi adi azol -4-yl)-1-azabi cycl H,MIH,"M””,”"I
octane oxalate from exo-6-(3-c (0-1
.2, 5-t hi adi azol - @q%—&%@%%w@% &‘[aé"aé"‘ﬁy&‘f%%ﬁ%"’yc"’f” 1]octane;
'5  Endo-6-(3-cyanomethyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Endo-6-(3-(2-cyanoethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Endo-6-(3-(3-cyanopropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
10 octane;

Endo-6-(3-(4-cyanobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
4-Chloro-3-(3-butoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene;

15

' 4-Chioro-3-(3-hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.3.1]non-3-ene;
3-(3-Butoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1)non-3-ene;

20  3-(3-Methoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene;

3-(3-Propoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclof3.3.1]nan-3-ene;

3-(3-Hexyloxy-1,2,5-thiadiazo}-4-yl)-1-azabicyclo[3.3.1]non-3-ene;

25 : ' I ~
. 3-(3-Isapentyithio-1,2,5- thiadiazol-4-yl)-1-azabicycla{2.2.2]octane;

3-(3-(1-Methylpropytthic)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2Joctane;
30 3-(3-Isabutyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo{2.2.2]octane;

3-(3-(2-Phenoxyethytthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2Joctane;

_—
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a:nd 4-éyanobenzyl chl ori de. (@mounMZ) M p. 198-199C.
EX0- 6- (3- ( 3- phenyl propyl thi 0)-1 , 2, 5- ki @l obefraplbesl - azabi cycl of 3. 2. 1
.2.1] octane and

]octane oxalate from

exo0-6- (3-chl oro-1, 2, 5-thi adi azol -4-yl) lm Hm Wl

1= br ono- 3- phenyl prwa@s)ﬁm(Corrpound 83) err]C. PCI/DK94/00309
Exo- 6- ( 3- ( 2- phenoxyethylthio)-1 , 2, 5-thi adl azol -4-yl)-1 -azabicyclo[3.2.1
] octane oxalate from -82-

exo-6-(3-chloro-1, 2, 5-t hi adi azol -4-yl )-1-azabi cycl o[ 3. 2. 1] octane and

1- br ono- 2- phenoxyet hane. (Conpound 133). Mp. 137-144C.

Exo- 6- ( 3- benzyl t hi o- 13-{8- @Wﬁmaﬁvlﬁ’iﬁ2&1%5’)32&‘43@31&269'@10!5{{%2%]05’?6% ane

oxalate from

exo-6-(3-chloro-1, 2, 5- thladlazol 1-azabi cycl o 2. 1] octane and
benzyl chl ori de. (Con'p% %iwf"vﬂmwéflﬂh@@ fé@f@?%‘ty& 1-azabicyclo[2.2 2Joctane;

Exo- 6- (3- (2-cyanobenzylthio)-1 , 2,5-thiadi azol -4-yl)-1-azabicyclo[3.2.1

]octane oxalate (Co u 2 from
exo- 6- ( 3-chl or o- 15( 2, g?' f%@%th%égguéy%igw %B‘}h'ajfl za45‘f') 19%?8’%’%2&2}"8@{'%% and
2- cyanobenzyl br om de.

3-(3-Methylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

3-(3-(1-Methyltetrazol-5-yithio)butyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
10  [222]octane; '

3-(3- (2-Metﬁyl-1 .3,4-tbiadiazol-5-ylthio)butylthio-i ,2,5-thiadiazol-4-yl)-1-
azabicyclo[2.2.2]octane;

15 3-(3-(4-(2-Benzothiazolyl)thio)butyithio-1,2,5-thiadiazol- 4-yl)- -azabicyclo-
[2.2.2]octane; :

3-(3-(4-Ethylbenzyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;
20 3-(3-(3-{2-Thienyl)propoxy)-1,2,5-thiadiazol-4-yl}-1-azabicyclof2.2.2]octane;
\ .
(+)-Exo-6-(3-butylthio-1,25-thiadiazok-4-yl)-1-azabicycia[3.2.1]octane;

3-{3-{N-(2-Ethykthio)phthalimide)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2])-
25 octane; - -

3-(3-(2-Methoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

3-(3-(2-(1,3-Dioxalan-2-yl)ethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]-
30 octane;

3-(3-{4-Pyridylmethylthio}-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane;
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- 42- ‘Ex0- 6- ( 3- ( 3- cyanobenzylThio)-1 ,2,5-thiadiazol -4-yl)-
-azabi cycl o[ 3. 2.1 ]Joctane oxal at ,ggig@mﬁblﬁéin edVl p. 154-156[err]C from
exo-6-(3-chloro-1,2,5-thiadia- zo cyclo[3.2.1 Joctane and
3- cyanobenzyl br om de Exo- 6- ( 3- ( mmml‘M@hyl benzylthio)-1 , 2,
5-t hi adi azol -wogd0p374 - azabi cycl o- oxal at FCFREMEIBFhd 225) M p.
135-138C from exo-6-(3- chloro-
1, 2, 5-t hi adi azol - 4-yl ) 1- azabi cycl o[ 3. 283d- ] octane and 2-trifl uoronethyl -
benzyl br om de. Exo 6-(3-(3-trifluor orret hyl benzyl t hi o) -1
, 2, 5-thi adi azol - ) - 1-azabi cycl o- %ﬂtane oxal ate (Compound 226)
M p. 152-155C f %@E@P@P('Q‘eﬂ‘x 1%5}HeS h'azﬂ'%o Dabrzabisydof2.2(2)actane;
azabicycl o[ 3.2.1] octane and 3-trifluoromnethyl- benzyl brom de.
\ " 3-(4-Fluorabenzyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo{2.2.2] octane;
5 Exo-6-(3-(4-fluorobenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-6-(3-(4-chlorobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Exo-6-(3-(4-methylbenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
10 octane;

Exo-6-(3-({4-trifluoromethoxybenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

15 Exo-6-(3-(4-thiocarbamylbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

Exo-6-(3-(4-methylsulfonylbenzyithio)-1 .2,5-thiadiazol;4—yl)—1 -azabicyclo-

[3.2.1]octane;
20
Exo-6-(3-(5,5,5-triflucropentylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane; '
Exo-6~(3-(3 3 3-tnﬂuoropropylthlo) -1,2,5-thiadiazol-4-yl)- 1-azabrcyclo[3 2.1]-

25 octane; ) _ -

Endo-8-(3-(4-trifluoromethoxybenzylithio)-1,2,5-thiadiazol-4-yl)-1-azabicycio-
[3.2.1]cctane;

30 Endo-6—(3—(4—methylbenzyithio)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclof3.2.1]-

octane;

e
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EXAMPLE 43 The foll ow ng corrpocrm:fs were made in éxactly t he sane manner

as described in exanple 41 by reag] ' getHasBeenRe laced :
endo- 6- (3-chl oro-1, 2, 5-t hi adi azoI ycI o[ 3.2.1] octane with the
appropri ate al kyl hal ogeni de: End “m‘ xyet hylthio)-1

, 2, 5-1 hi adi azovogsngd7y.- 1 - azabi cycl oCt ane oxal ZEEDEWHNS

endo 6- (3-chl oro-1, 2, 5-t hi adi azol - 4- yI) 1-azabicyclo[- 3.2.1]octane and

1- br ono- 2- phenoxyethane (Conpound 84). -8 p. 150- 155[err]C

Endo- 6- ( 3- nethylthio 1, 2, 5-thiadiazol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane

oxal ate from

endo- 6- ( 3- chl or o- E"df ﬁs‘%‘ﬁwﬂ'éé?bai%*l"“'ﬂ) y? ftqadé?ngﬁ‘ﬂll:?ﬁjgycf[ﬁg&t ane and

met hyl i odi de. (Comgamend 85). M p. 150-151C. Endo- 6- (3-i sopentylthio-1

, 2, 5-thiadiazol -4-yl)-1 azablcyclo[3 2.1 ]Joctane oxalate from

endo- 6- (3-chloro-1 ,2, 5-thiadiazol-4-yl)-1 -azabicyclo[3.2. 1] cctane and
1- br ono- 3- et hyl b(uH)-&n@(mM&nmylsafpnylmzfﬁ-ﬂw@qlszotmm -azabicyclo[3.2.1]-

5 octane;

(-)-Exo-(5S,6S)-6~(3-propylsuifonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1 ]-'
axtane;

10 (+)-Exc-(5R,6R)-6-(3-{4-cyancbenzylthic)-1,2,5thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

(-)-Exo-(58,68)-6-(3-(4-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-

[3.2.1]octane;

15 .
(-)-Endo-6-(3-propyithio-1,2,5-thiadiazol-4-yl)-1 -azat?icyclo[3.2.1 Joctane;
(+)-Exo-(5R,6R)-6-(3-ischexylthio-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]-
octane;

20

(-)-Exo-6-(3-isohexyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(+)-Enda-6-(3-isohexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1]octane;

25 (-)-Endo-({58,6R)-6-(3-(4,4 4-trifluorobutylthia)-1,2,5-thiadiazol-4-yl)-1-azabi- -~
cyclo[3.2.1)actane;

(+)-Endo-(5R,6S)-6-(3-(4,4,4-trifluarobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabi-
cyclo[3.2.1)octane;

30
(-)-Endo-(5S,6R)-6-(3-(4-cyanobenzylthio)-1,2,5-thiadizzol-4-yi)-1-azabicycio-
[3.2.1]octane; -
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- 43 - -Endo-6-(3-isohexylthio-1 ,2,5-thiadiazol-4:yl)-1 -azabicyclo[3.2.1

] oct ane oxal ate from endo-6- ( 3- chlmggheLtHgagmk]J@cgdazol 4-yl)-1

-azabicyclo[3.2. 1]octane and 1 -br nt ane. (Conpound 87).
110-112[err] C ,lr,
Endo- 6- ( 3- benzydpbdidsrd. 2, 5-thi adi az

oxal ate from |
endo- 6- (3-chl oro-1, 2, 5-t hi adi azol - 4-yl ) - 1gg@zabi cycl o[ 3. 2. 1] oct ane and
benzyl chl ori de. (Conpound 88). Mp. 110-112[err]C.

Endo- 6- (3-cyanonet hylthio-1 , 2, 5-thi adi azol -4-yl)-1 -azabicyclo[3.2.1
] octane oxal ate f r(emEndo-(SR 68)-6-(3-(4-cyanobenzylthlo) -1,2,5-thiadiazol-4-yl)-1-azabi-

endo- 6( 3-chl oro- 1, blsé,)ﬂ aga -4-yl)-1-azabicycl o[ 3. 2. 1] oct ane and
chl oroacetonitril & f’ oun 89) M p. 158- 59C ,

bi pycl O[PeTDKd4j00s0s ane

(+)-Endo-6—(a~propyhhso-1 2 5-th|ad|azol-4-yl) 1-azablcyclo[3 2.1]octane;

(+)-Ex0-6-(3-(3,3, 3-tnﬂuoropropylthlo) -1,2 5-thnad|azo!-4-yl) -1-azabicyclo-
[3.2.1]octane;

. (+)-Exo-6-(3-(3-(2-thienyl)propylithio)-1.2,5-thiadiazol-4-yl)-1-azabicyclo- '
10 [3.2.1]octane;

(+)-Exo-6-(3-(4,4,4-riflucrobutyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

15 - (+)-Endo-6-(3-(3,3,3-trifluoropropyithio)-1 ,2.5-thiadiazol-4—yi)-1 -azabicyclo-
{3.2.1]Joctane;

Ex0-3-(3-(4-cyanobenzylthio)-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]hep-
tane;

20.
Exo-ﬁ-(&cyclopropylmethyﬂﬁioJ ,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1]-
octane;

Ex0-6-(3-(2-(1,3-dioxalane-2-yl)-ethylthio}-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
25 {3.2.1]octane;

Exo-6-(3-(4-rristhioxybenzylthic)-1,2,5-thiadiazol-4-yl)-1-azabicyciof3.2.1]-
octane;

30 Exo-6-(3-(2-methoxyethylithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclof3.2.1]-
octane;

* € L M S *

M p.



Endo- 6- ( 3- (2- cyanoet hyl t hi 0) - +2:5-t hi adi azol - 4-yl)-1 -azabicyclo[3.2.1

] oct ane oxal ate from is eet asBeenRe laced
endo- 6- (3-chloro-1, 2, 5-thi adi azo cycl o[ 3. 2 1] oct ane and
1- br ono- 2- cyanoet hane. (Oorrpound 161 err]

Endo- 6- ( 3- ( 3- epas@pmopy! t hi o) 1 -4-yl)- J!’Cal;?mﬂwtl 0[3.2.1
]oc- tane oxalate from- - _

endo- 6- (3-chl oro-1. 2, 5-t hi adi azol - 4-yl )--86--azabi cycl o- [3.2.1] oct ane and

1- br ono- 3- cyanopr opane. (Oorrpound 91). Mp. 119- 120[err]C

Endo- 6- ( 3- (4-cyanobutyl t hio 5-1 hi adi azol azab| cycl o[ 3. 2. 1]
oct ane oxal ate fF&fP é%@d"yﬁlr ’BW“B'PU ES'WWF'F‘FFV&C!%/ B‘F¥°191§r?)1

-azabi cycl o[ 3. 2. odtafpe@ct ane and 1- br onp- 4- cyanobut ane. (Corrpound 92). Mp.
150- 151[err] C Endo- 6- ( 3- (2- cyanobenzyl thio)-1 ,2,5-thiadiazol-4-yl)-1
-azabicyclo[3.2.1 ] oct- ane oxal ate (Conpound 227) M p. 210-211[err]C from
endo- 6- ( 3- chl or oEdg-8-{H4, Qhﬁl&mrmmﬁﬂhld}-mﬁmadazdmmyledzatb@c&{aimpt ane and

2- cyanobenzyg br oghg]%

Endo-6-(3-cyclopropylmethyithio-1,2,5-thiadiazol-4-yl)-1-azabicycla[3.2.1]-
octane; ' )

10 Endo-6-(3-(4-methoxybenzylthlo) 1,2,5-thiadiazol-4-yl}-1-azabicyclo{3.2.1]-
octane;

Endo-6-(3-(2-methoxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-

octane;
15
Endo-6-(3-(4-triflioromethylbenzylthic)-1,2,5-thiadiazol-4-y})- 1-azabicyclo-
[3.2.1]actane;
5;(3—(4-Cyanobenzylthio)~1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
20

Exo-e-(a-propylsulfonyl-1 ,2,5-thiadiazol-4-yl).-1 -azabicyclo[3.2.1Joctane;
2-Methyl-6-chloro-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1]octane;
25 8-Methyl-6-chloro-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1] octane;
Exo-2-methyl-6-(3-chloro-1 ,2,5-thiadiaiol—4—yl)-1—azabicyc(9f3.2.1]octane;
Endog-2-methyl-6-(3-chlaro-1 ,2,5-thiadiazol-4-y.l)-1 -azabicyclo[3.2.1 ]octane;

30
Exo-8-methyl-6-{3-chlaro-1,2,5-thiadiazol-4-yl)- 1-azabicyclo[3.2.1]octane;
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-44 - ' EXAMPLE 44 = 4-Chl oro- 3-(3-butoxy-1
, 2,5-thiadiazol -4-yl)-1 -azabi cycl ¢idshiet Had¥843s B oxal ate To a solution

of sodium (0.23 g, 10 mol) in n-but s added
4-chloro-3-(3-chloro-1 ,2,5-thiadia mE u abi cycl o[ 3. 3. 1] non- 3- ene
(Conpound 61): (Ow/skngse 1 Mol ). Th

Rt ure was hembxadooads
60[err]C for 4 h. Water (100 ml) was added and the water phase extracted
with ether (3 x 50 m). The conbined ether _gxtracts were dried over
magnesi um sul fat e and evaporated. The residue was crystallized from
acetone/ether to give the title conpound in 200 ng yield. (Conpound 93).
M p.. 104-107[ err] C. Endo-8-methyl-8-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabidyAld2. Foetane;

(+)-Exo-6-(3-methylthio-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane;
5 (+)-Exo-6-(3-ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(+)-Exo-6-(3-pentyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(+)-Exo-6-(3-hexyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
10 '
~ (-)-Exo-6-(3-methyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octans;
(-)-Exo-6-(3-ethyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

15 (-)-Exo-6-(3-pentylithic-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(-)-Exo-6-{3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane:
(+)-Endo-6-(3-methylthio-1,2,5-thiadiazal-4-yl)-1~-azabicyclo[3.2.1]octane;

20
(+)-Endo-6-(3-ethylthio-1,2,5-thiadiazol-4-yl)-1 -azabicy_clo[3.2.1 Joctane;
(+)-Endo-6-(3-pentyithio-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1]octane;

25  (+)-Endo-6-(3-hexyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(—)-Endo-é—(&methylthio# ,2,5-thiadiazal-4-yl)-1-azabicyclo[3.2.1]octane;
{-)-Endo-6-(3-ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

30
(-)-Endo-6-(3-pentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
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4- Chl or o- 3- (3- hexyl oxy-1 , 2, 5-thi adi azol -4-yl)-1 -azabicyclo[3.3.1
] non- 3- ene hydrochl ori de The qn mwnﬂmnam gbed as descri bed in exanple 44
by reacting 4-chl oro-
3-(3-chloro-1, 2, 5-thi adi azol - 4- yI [3.3.1] non-3-ene with

1- hexa- nol . imnﬁmsse base was crys aI |zed as t he hydrrsamKeyone fr rom
ether. (Com pound 94). Mp. 100-101ferr]C

EXAMPLE 46 -88-

3-(3-But oxy-1, 2, 5-thi adi azol -4-yl )-1- azablcyclo[3 3. 1] non- 3-ene oxal ate

To a sol ution of 4-chloro 3- X thla z0l 1- azabi cycl o-
[3.3. 1] non- 3-enef 'E”Wé'h%'%c’rﬁ% 'B%%WZ‘?M'SV '1e§zﬁ5!ﬁf5’fé’[§%ﬂ)]°ﬁ\é5‘g- triethyl amne

(3 n) and formc acid (1 M) were added. The reactlon m xture was heat ed

5% ves. added | nCSREORRBARrPaoar AT 2 e R U R ba T aci im on

[3.2.1]octans;
5 _ . .
' (+)-Exo-6-(3-{4-nitrobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicycla[3.2.1]-
octane;
(+)-Exo-6-(3-(2-hydroxyethylthio)- 1,2.5-th|ad|azol-4-yl) 1-azab|cyclo[3 2.1]-
10 octane;

Endo-2-methyl-6-(3-propyithio-1,2,5-thiadiazol-4-y)-1-azabicyclo[3.2.1]-
octane; -

15 Endo-8-methyl-6-(3-propyithio-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]-

octane;
Exo-2-methyl-6-(3-propyithio-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1]octane;
20 Exo-8-methyl-6-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]actane;
Exo-2-methyl-6—(3-butylthio-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-8-methyl-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
25- =
Exo-2-methyl-6-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1}octane;
Exo-8-methyl-6-(3-hexylthio-1,2,5-thiadiazal-4-yl)-1-azabicycla[3.2.1]octane;

30 8-Chloro-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1 Joctane;

3-Chloro-3-(3-chloro-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;

* c L M S *



- 45 - « carbon (0.25 g, 5% ) was added. The |ast addition of palladiumon
carbon was repeated tw ce. AfterThisShdet ls@dcti on m xture was filtered
and evaporated. The residue was d I ﬁmter basified with potassium
carbonate and extracted with ethe The ether extracts were
dried and evaposetsewd. The crude conpound was purified ’Bcfm&%f"{?

chromat ography (eluent: CHerr]Cl[err]/MOH (9:1)), yielding 80 ng of free
base.. The title conpound was crystalliz&j-with oxalic acid from '
acetone/ether in 80 ng yield. (Conpound 95). Mp. 150-151[err]C.

DL T s et 0 2RO HELS. B SRBLSG clollo ik e same
Endo-G-chlorq-S- (3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-[3.2.1]octane;
5 Exo-6-(3-(2-cyanobenzyithio)-1 ,2,5-thiadiazo|-4—yl)-1 -azabicyclo[3.2.1]actane;
" Exo-6-(3-(3-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane; B

Exo-6-(3-(2-triffluoromethylbenzyithio)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo-
10 [3.2.1]octane,

Exo-6-(3- (3-triﬂuoromethylbenzylthio)-‘l ,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane; '

15 Endo-S-(3-(2-dyanobenzytthio)-1 ,2.5-thiadiazol-4—yl)-1 -azabicycio[3.2.1]-
octane; :

3-(3-(2-Hydroxybutyithio)-1 ,2.5-thiadiazol-4-yl)-1-azabicy¢l0[2.2.2]octane;

20 3-(3-(2-Butanonyithio)-1,2,5-thiadiazol-4-yl)}-1-azabicyclo[2.2.2]octane

oxalate;

3-(3-{3-Phenoxybenzyloxy)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;
.25 3-(3-(4-Carboxybutylthio)-1 ,2.5-thiadiazol-4—yl)~1 -azabicyclo[2.2.2]octane; |

3-(3—(3-Hydroxybutylthio')-1 2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

3-(3-(4-Hydroxybutylthio)-1. 2, 5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

30
(+) 3-(3-Butylsulfonyl-1,2,5-thiadiazo|-4—yl)-1-azabicyclo[22.2]octane;

I
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3- (3 Met hoxy- 1, 2, 5-t hi adi azol - 4- yI -1 - azabi cyclo[3 3.1 ] non-3-ene oxal ate

from4- chloro3(3 nmet hoxy-1 , 2, n-Re; e;l 1 -azabicyclo[3.3.1

] non- 3-ene. (Conpound 96). Mp 2

3-(3-Propoxy-1, 2, 5-thi adi azol o[ 3. 3. 1] non- esgste oxal at e
21

~ from 4-chl:or o-8o#dspe opoxy- 1 2 5 t hi adi azol - 4-yl ) 1 - aZSHPEACS

] non- 3-ene. (Conpound 97). M p. 166-167[err] C 3-(3- Hexyl oxy-1
, 2, 5-thiadiazol -4-yl)-1 -azabicycl o[ 3. 3.-90-] non- 3-ene oxal ate from
4-chl or o- 3; ( 3- hexyl oxy-1, 2, 5-t hi adi azol - 4-yl ) - 1-azabi cycl o[ 3. 3. 1] non- 3-

ene. (Conpound 98).., . - : b g ]
EXAMPLE 48 2“') %HZ B&Q'OM%QI 1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

3-(3-1sopentylthio-1, 2, 5-t hi adi azol - 4- yl)-1-azabicycl o[ 2. 2. 2] oct ane

f'umar at e A solu I
-azabicyclo[2.2.2 +3§)gﬁé'@m%yg§58)2]ﬁ(§?§é$hWH%éégﬂé]?géﬁ%a%anuhhydr ogen
sul fi de nonohydrate

5 (+)-Exo—6—(3—(2-propanonylthlo) -1,2,5-thiadiazol-4-yl)- 1-azabicyclo[3.2.1}-

octane; -

( +)-Exo-6-(3—(2-hydrbxypropylthio)-1 ,2,5-thiadiazol-4-yl)-1 -azabicyq)o[&é. 1]-

octane;

10 _
(+)-Exo-8-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

) -EXO-B-(3-(3-phenylpropylﬂ1io);1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-

15 octane; . '

(+)-Endd-6-(3—(3-phenylpropylthio)-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-

octane;

20 (-)-Endo-6-(3-(3-phenylpropylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-

octane;

{(+)-Exo-6- (3-(4-ﬂuorophenoxyethylthxo) -1,2,5-thiadiazol-4-yl)-1-azabicyclo-
{38.2.1]octane; :

25 ’ - -
(-)-Exo-8-(3-{4-fluorophenoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

(+)-Endo-6-(3-(4-fluorophenoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
30 [3.2.1]octane;

(-)-Endo-8-(3-(4-flucrophenoxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-

NI



-46 - (245 ng, 3.70 mmol ) and potassi um carbonate (780 ng, 5.64 mmol) in
DVF (20 m) was stirred at roomtenperature for 2 h. A solution of 1-

br ono- 3- net hyl butane (420 ng, 2.75 mmol) in DMF (5 nml) was added, and the
reaction mxture was stirred at roomtenperature for 3 h. &@r (20 m) was
added and the m xture-was extracted with ethyl acet atE""'('g‘”X%an 0 m). The
conbi ned extW¥P¥hs washed with -brine, dried (MySQOerr]), filtered and
evaporated. The residue was purified bg{col um chromatography (eluent:
CHerr]C[err]eOH NH err]OH (8:2:0.5%) to give the free base of the
desired - product in 400 ng yield. Crystallization of the residue with
fumaric acid frg;r%g apipanol /ether gave the title conpound in 370 ng
yield. (Conpount” E Mp.. q]IC%O- 132L,85Ld ferect. The fol | owi ng conpounds were
made as descri beda# cerdf

ba‘f‘ﬁg r'ndi cated al kyl hal ogeni de i nstead of
1- br ono- 3- met hyl but ane: : )

10
15

20

R

- i

30
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3- ¢3- (‘1 Met hyl propyl thio)-1, 2, 5-thi adi azol -4-yl ) -1-azabi cycl o[ 2. 2. 2] oct ane
fumarat e (Conpound 100), using 2-brorobutane. .

, 2, 5-thiadi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane furrar ate 01),

usi ng 1-brono- 2- net hyl pr opane. 3-(3-(2- Phenoxyet C%@Qﬁi’ Ece%

, 2, 5-thi adi azol -4-yl ) -1-azabi cycl o[ 2. 2. 2] oct ane furra 102)
using [err]-bronmophenetole. Mp. 135-187Z[err]C. h|o 1

, 2, 5-thiadi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane oxaI ate (Corrpound 103),

u3| ng chl oroacetonitrile. Mp. 188-189[err]C
3-(3-(3-(2-Thienyl )propylthio)-1 ,2,5-thiadiazol -4-ylk)-1
-azabi cycl of 2. 2. 2] oct ane fumar ate (Corrpound 104), using'1

-chl oro-3-(2-thienyl)propane. :
'3-(3-(4-Chlorobutylthio)-1 MI’?@#QI@?W#% -azabi cycl o[ 2. 2. 2] oct ane

ABSTRACT

The method of this invention comprises administering to a patient suffering from or
susceptible to schizophrenia or schizophreniform conditions an effective amount of a
compound of formula (1), wherein X is oxygen or sulphur, G is selected from one of the
following azabiéyclic rings (a) or (b) wherein the thiadiazole or oxadiazole ring can be

attached at any carbon atom of the azabicyclic ring.

| I

(b)




’\47- - (Corrpound 105), using 1-brono-4-chl orobutane.

\2 §3 Vet hyl t hi o-1, 2, 5-t hi adi azol -4-yl ) -1- azabi cycl 0[2 2. 2] oct ane oxal ate
€onpound 131) using brononet hane. M p. 185- 1§7TerEd

33 (3- (N-2- Et hyl t hi o) pht hal i ni de)-1 , 2, 5-t hi ad;“j’“ Wj"f SHEETS  SG
-Y1)-1-azabi cycl o[ 2. 2. 2] - octane oxgl ate (Comao B %d ----- to paged .€9
N- (2- br onpet hyl ) pht hal i mi.de. M p. 160-161] err ! F‘vgvd Qto paged AL |
3-(3-(2-Methoxyethylthio)-1 ,2,5-thiadi azol - &D@W&%ﬂi f%?@)% 10 @Eedtane
oxal ate (Compound 136) using 2-net hoxyet hyl br . 12ged F3torpeke . |

Ant_ipsychotié Method ' ™ Description : pagad ...2.. to paged .3...
- . M Claim(s)  : paged ..7.. to paged .. 72.
Backaround of the invention. , _ {1 Drawing(s) : paged ...7%.. to paged ...7...

o Abstract  : paged ..97 to paged ...

This invention provides a novel method for treating a mammal suffering
from or susceptible to schizophrenia and schizophreniform diseases, such
as schizophrenia (catatonic), schizophrenia (disorganized), schizophrenia
{paranoid), schizdphrenia (undifferential}, schizophrenia (residual), schizo-
phreqﬁorm disorder, brief reactive psychaosis, schizoaffective disorder,
induced psychotic disorder, schizotypal personality disorder, schizoid
personality disorder, paranoid personality disorder and delusional (para-
noid) disorder. : :

i _
Currently there are many drugs available for the treatment of disorders of
the central nervous system. Among such drugs is a category known as
antipsychotics for treating serious mental conditions such as schizophrenia
and schizoﬁhreniform ilinesses. The drugs currently av_ailable for treating
such conditions are often unsatisfactory. The drugs may be associated with
serious undéé'irable side effects which include tardive dyskinesia, movement
disorders, and other undesirable extra pyramidal effects.

There is a need for better products that control or eleminate the symptoms
in a safer and more eifective way. Furthermore, many patients do not

- respond or only partially respond to present drug treatment. Estimates of
such partial- or non-responders vary between 40% and 80% of those
treated.

Ever since antipsychotics were introduced it has been observed that

This is the feplacement shéet
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343-(2-(1 ,3-Dioxalan-2-yl)ethylthio)-1, 2,5-thiadiazol-4-yl)-1
-azabicycl o[ 2. 2. 2] - octane oxal ate (Conpound 137) using
2=( 1, 3-di oxal an- 2-yl ) et hyl bromi de. M p. 151-153C.
3-% 3- (4- Pyridyl met hyl t hi 0)-1,2,5-thiadiazol -4-yl)-1-azabicycl o[ 2. 2. 2] oct ane
oxal at e (Conmpound 138) using 4-(chl .9y onet hyl ) pyri dine. Mp. 155-157[err]C
3-(3-Cycl opropyl net hyl t hi o-1

, 2, 5-thiadi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane oxal ate (Conpound 139)

usi ng cycl Oﬁéﬂéﬁwaﬁ@ﬁéﬂé {or sufferdifom Mhug-indlibéd Al Fdnlidal symptoms
3 (4~ FI uor ogne it bl %J%%déceags PHeBAG A dretn@ ARG ki 2 2] 00t ane

oxal ate (Corrp
3-(3-(2- Hydfwws'tyﬁ;ﬂv pesia indztasd“tmn&zma%mmnmwﬁleym o[ 2. 2. 2] oct ane

oxdl at e ( Copmaunkaafidiz Rxting Sdal) add Abasrmhlnvdiuneify MovemisntBcale hy dr oxybut ane.
3-(3- (2- But a8y Lk W kndwed Scalesr}oraassgssmg eird pgramxdglzsymp?c}lm o %92 2. 2] octane

oxal ate
' great majority of drugs available for treatment of schizophrenia are prone to

produce these extra pyramidal side effects when used at dosages that yield
a beneficial effect on the symptoms of the disease. The severity of adverse
events and/or laék of efficacy in a considerable number of patients fre-
quently results in poor compliance or termination of treatment.

Many of the drugs are associated with a sedative 'effect and may also have
an undesirable influence on the affective Symptoms of the disease, causing
depréssion. In some instances long term use of the drug leads to irrevers-
ible conditions, such as the tardive dyskinésia and tardive dystonia referred
to above.

A widely'i-used antipsychotic, haloperidol, is one such drug, which has been
reported as causing a high incidence of extra pyramidal symptoms and

. may also cause tardive dyskinesia. More recently, clozapine, one of a large
group of tndychc antipsychotics, has been introduced with the' claim that it
is free from extra pyramidal effects. However, the compound was found to
cause agrandlocytosis in some patients, a condition resulting in a lowered
white blood cell count which can be life-threatening, and it may only now be ~
employed under very strict medical observation and supervision.

One additional group of antipsychotic compaunds is described in British
Patent 1,533,235. These compounds are thienobenzodiazapines. One com-
pound from this group, flumezapine, (7-fluoro-2-methyl-10-(4-methyl-1-
piberazinyl)-4H-thieno[2,3-b] ['1_ ,5]-benzodiazepine, was developed to the
stage of being clinically administered to psychiatric patients suffering from

schizophrenia. A total of 17 patients received treatment with flumezapine

This is the replacement shoet
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(@npound 215) Mp. 197-198[err]C, from 1-brono-2-butanone.
-48 - 3-(3-(3-Phenoxybenzyl oxy) -1, 2, 5-t hi adi azol -4-yl)-1
-azabi cycl o[ 2. 2. 2] octane oxal ate (Conmpound 216) Mp. 117-120[err]C, from
1<=hydr oxymet hyl - 3- phenoxy- benzene. 3-(3-(4-Carboxybutylthio)-1
, 2, 5-t hi adi azol -4-yl)-1 -azabi cycl o[ 2. 2. 2] oct ane hydrochl ori de (Conpound
217) M p. 122-124[err]C, from 1l -br@nrp-4-carboxy- - but ane.
3- (3 (3-Hydroxybutylthio)-1,2,5-thiadi azol -4-yl)-1-azabi cycl o] 2. 2. 2] oct ane

before the clinical trial was terminated after consultation with the U.S. Food
and Drug Administration, because of an unacceptably high incidence of
raised enzyme levels in the treated patients. The enzyme, creatinine phos-
phokinase (CPK), and the liver enzymes, serum glutamate oxalacetic
transaminase (SGOT), and serum glutamate pyruvate transaminase (SGPT),
estimated from blood samples taken from patiénts, were in substantial
excess of normal values, indicating the possibility of toxicity. In respect of its
tendency to raise liver enzyme levels, flumazapine is similar to chiorproma-
zine, an antipsychatic which has long been in use but whose safety has
been called into question.

Summary of the Invention

The method of this invention comprises administering to a patient suffering -
from or susceptible to schizophrenia or schizophreniform conditions an
effective amount of a compound of the formula |

G .
1 0

N

X

wherein

X is oxygen or sulphur; :

R is hydrogen, amino, halogen, -CHO, -NO,,, -R*, , -NHCO-R®, -OR*,
-SR*, -SOR*, -SO,R*, C,,,-cycloalkyl, C,,q-cycloakkenyl, C,,.-(cycloalkylalk-
yl), -Z'-C, ,o-cycloalkyl, -2'-C,,¢-cycloalkenyl, -2'-C, o (cycloalkylalkyl),

-Z'-C, ,o-(cycloalkenylalkyl), -'Z‘-CMo-(memylenecycloa_lkylalkyl), -NH-R*,
-NR*R®, -NH-OR*, -CH=NORY®, phenyl, benzyloxycarbonyl, phenoxy,
benzoy.l tetrahydronaphthyl, naphtyl, indenyl, wherein each aromatic group
is optionally substituted with halogen, -NO,, -CN, C, ,-alkyl, C, ,-alkoxy,

This is the replacement sheet
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oxal ate (Conmpound 218) M p. 140-141[err]C, from 1-brono- 3- hydroxybut ane.
3-(3-(4-Hydroxybutylthio)-1 ,2,5-thiadiazol -4-yl)-1 -azabicyclo [2.2.2]

ott ane oxal ate (Conpound 219) Mp. 160-161[err]C, from

1=br ono- 4- hydr oxybut ane. EXAMPLE 49
3:(3-(1-Methyl tetrazol -5-yl thi o) butyghio-1, 2, 5-t hi adi azol - 4-yl ) - 1-azabi cycl
0- [2.2.2]octane oxal ate A sol uti onof
3-(3-(4-chlorobutylthio)-1,2,5-thiadi azol -4-yl)-1 -azabi cycl o-

[ 2. 2. 2] oct arRCRCSHMiun cCN4) phghosy gr pieng: enfdis)- Z'-pEEaBS i-ZR%ear bonate (10 g,
72 mol ) andge g7 gt iyl o S.pPercRREREt FAgRbE /D . $sMpoRy in DVF (50 ml)
was sti rred%a'g1 To mrﬁfdecnéﬁgr'attuﬁé?t*f' g ﬁa&ﬁ%'ﬁi@ﬁ%ﬁgﬁﬁ%c aci d was added

0
to the r eacﬁQNH-Bndz’tﬂhse\'h@Qﬁir-_Z'-ﬁ?aﬁ -EXRTE !!ltlemmtzlﬁ and _Eéinde-'l' he ether phase
was  di schar gestientif8re' $@Géd %ulﬁhiﬁltﬁ Wh& AMard ﬁﬁﬁ&efggééﬁ% wetT %géghk sodi um

hydr oxi de and then extracted w et her (3 x conbi ned et her

d t h
phases wer e°gPrBEhed\psoplkyly Siiahher ranghsd Leedlkenyhstralght efue was crystal -
lized with paabhei g%yéxkpmmaasercma‘ i @pinaky substitdted With eAgTBOUN i n 420 ng

yield. (CompountliddSte), & Rikok -BPC-CN, -COOH, -OH, -NH,, C, -alkyl ester,
' -SH, -NHR*, -NR*R®, phenyl or phenoxy, wherein each aromatic group is

optionally substituted with halogen, -NO,, -CN, C,_-alkyl, C, ,-alkoxy, -OCF,,
-CONH,, -CSNH,, pheny! or phenoxy, and wherein R® and R’ independently
are straight or branched C, ,s-alkylene, straight or branched C,_ ,-alkeny-
lene, straight or branched C,,,,-alkynylene, each of which is optionally
substituted with one or more halogen(s), -CF;, -CN, -COOH, -OH, -NH,,
C,.¢-alkyl ester, -SH, -NHR", -NR'R®, phenyl or phenaxy, and Yis-a 5 or 6 _
membered heterocyclic group containing one to four N, O or S atom(s) or a
combination thereof, which heteroc'?clic'group is optionally substituted at
carbon or nitrogen atom(é) with str'fxight or branchecj C,¢alkyl, phenyl or
benzyl, or a carbon atom in the heterocyclic group together with an oxygen
atom form a carbonyl group, or which.heterocyclic group is optionally fused
with a phgnyl droup; and
Gis selecfé’d from one of the follpwing azabicyclic rings

or

wherein the thiadiazole or oxadiazole ring can be attached at any carbon
atom of the azabicyclic ring; R! and R? may be present at any position,
including the point of attachment of the thiadiazole or oxadiazole ring, and
independently are hydrogen, siraight or branched C, g-alkyl, straight or

This is the replacement sheet
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The fol | ow ng conmpounds were made as described above using the indicated
mercapto derivative instead of 1-nethyl-5-nercaptotetrazole:
-49 - 3-(3-(2-NMethyl -1, 3,4-thiadi azol -5-ylthio)butylthio-1
, 2, 5-t hi adi azol -4-yl)-1- azabicycl o[ 2. 2. 2] oct ane oxal ate (Conpound 107),

u5| ng 2-nercapto-5- nethyl-1, 3, 4g.hi'adi azole. Mp. 104-105[err]C.
3-(3-(4-(2-Benzot hi azol yl) thi o)butylthl o-1, 2,5-thiadiazol-4-yl)-1
-azabi cyclo- [2.2.2]octane oxal ate (Conpound 108), using
22 mer capt btsepheast G calitenid, straighd or BrangBdeC,sjatBynyl, straight or

branched C, ,,-alkoxy, straight or branched C, -alkyl substituted with -OH,

-OH, halogen, -NH, or carboxy: R® is H, straight or branched C, c-alkyl,

straight or branched C, s-alkenyl or straight or branched C, ;-alkynyl; n is 0,

lor2mis0,1or2;pis0,1or2,qis1or2; and === is asingle or

* double bond; or

a pharmaceutically acceptable salt thereo.

As used herein, the term "patient” includes any mammal which could benefit
from treatment for schizophreniform conditions. The term particularly refers
to a human patient, but is not intended to be so limited.

The thiadiazole and oxadiazole cohpounds usea in the presently claimed
method have been disclosed and claimed in PCT/DK91/00236, The thiadia-
zole and oxadiazole derivatives are known to be cholinergic muscarinic
agents useful in the treatment of presenile and senile dementia. The com-

. pounds are believed to be useful for treating Alzheimer's disease, glau-
coma, and painful conditions. Othgr disclosurés suggest that thiadiazole
compounds may be useful for the treatment of ilinesses whose clinical
manirestatibqs are due to cholinergic deficiency, (European Patent Applica-
tion 307142). _S-'uch illnesses include Huntington’s chorea, tardive dyskinesia,
hyperkinesia, mania, and Tourette Syndrome.

Further, the thiadiazole and oxadiazole derivatives used in the method of
this invention displayed significant activity in_thé conditioned avoidance
mode! assay. The conditioned avoidance model assay is one established
predictor of the usefulness of compounds for the treatment of schizophrenia

and schizophreniform conditions.

Schizophreniform conditions are believed to be related to an excess of
dopamine. Therefore, Applicants were particularly suprised to observe that
the thiadiazole and oxadiazole compounds used in this method have a low
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EXAMPLE 50 3-(3-(4-Ethyl benzyl oxy) -1

, 2, 5-thiadi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane oxal ate To a sol ution of
4- et hyl benzyl al cohol (1.63 g, 12 mmol) in dry THF (20 m) was added sodi um
hydri de (50% di spersion in nmneral oil) (50 ny, 12 nmol) at O[err]C. The
reaction mxture was stirred for 1 h, then a solution of 3-

(3-chloro-1, 2, 5-thi adi azol -4-yl) - 1-'a§ébi cycl o[ 2. 2. 2] octane (920 ng, 4 mmol)
in THF was added dropw se. The reaction m xture was stirred for 3 h. 1 N
hydr ochl ori effiagy fr e8sandifie Rteptors. e dgemtasieative firtiustarinvdceptoreact ed wi th
ether. The  ether phase s, .di schar r tian mxiure was made basic
with 4N sﬁodi"ﬁ‘ﬁme}‘u‘ifcﬁ%&% AePs Py ficahy gg’eﬁﬁ;ﬁgﬁweagﬁrgcr‘es?%’ g, ). The

conbi ned et lreatmenbsfechizepheenda. i Tads, hel presand oethiod ds anTéeitingandue was purifi ed

by col um chrg&g%gr&g@y%&'ﬁhgﬁ%ayapﬁ&ﬁﬁé Bhé&“rol reab Qs H err] OH (8:2: 0. 5-

9). Crystaluf" on W romacetoné gave the title conmpound
in 180 ngy yisehizbphtedimansisehizogopniforn sondins.102[ err] C.
EXAMPLE 51. The fol |l owi ng conpound was made as described in exanple 50
using 3-(2- The method of this invention utilizes disclosed thiadiazole and oxadiazole

compounds to treat schizophrenia and schizophreniform conditions. This

activity has been demonstrated in models using well-established pro-

cedures. For example, the compound has been assessed in the condi-

tioned avoidance model, a standard behavioural test predictive of antipsyc-

hotic activity. Davidson, A.B. and Weidley, E. Differential Effects of _

Neurglegtic and other Psychotropic Agenﬁs on Acquisition of Avoidance in

Rats, 18 Life Sci. 1279-1284 (1976). In addition, the conmipounds of ﬂ‘_lis

method have been found to have a favourable profile of activity in a number '

of in vitro binding assays, designed to measure the degree of binding to

- neural receptors.

The compounds have ICg, levels of less than 1uM in the H-oxotremorine-M
binding assay, indicating that the compounds have muscarinic receptor
affinity. ’

This profile of activity in in vitro receptor binding assays, like that observed

in the behavioural tests, would indicate that the compounds are effective in -~
the treatment of psychotic conditions but are less likely to induce extra
pyramidal side-effects. )

Conditioned Avoidance Behavior in Rats

Introduction.

One of the major pharmacological properties of currently employed clinical
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t h*enyl ) - 1- propanol instead of 4-ethyl benzyl al cohol :

3-(3-(3-(2-Thi enyl ) propoxy)-1 ,2,5-thiadi azol-4-yl)-1

-azabi cycl o 2. 2. 2] oct ane : -
50°- fumarate. (Conpound 110). Mp. 117-121Jerr]C :

EXAMPLE 52 (-)-Exo-6-(3-butylthi.g-1,2,5-thiadiazol-4-yl)-1

-azabicycl o[ 3. 2. 1]octane (+) L-tartrate

: antipsychotic drugs in animals is their ability to block conditioned avoidance
responding (Cook and Davidson, 1978; Davidson and Weidley, 1976).

There is a high correlation between their activity and potency on a condi-
tioned avoidance test and their clinical efficacy and potencies as antipsy-
chotic drugs (Creese et al., 1976). .

In a conditioned avoidance test, animals learn to respond during a condi-
tioned stimulus in order to avoid mild shock presentation. A response

during the conditioned stimulus is termed_an avoidance respone, a

response during shack is termed an escape response; a response failure is
when the animal fails to respond during either the oondmoned stimius or the -
shack presentation and is mdlcat:ve of motor lmparrment. Animals rapidly
learn to avoid 99% of the time. Antipsychotic drugs decrease the percen-
tage of avoidance responses without interfering with the ability of the animal
to respond since the animals do emit ‘escape responses. The percentage of
response failures is considered a me?sure of_motor impairment.

Procedure.

Rats were required to press a respanse lever in an experimental chamber in
order to avoid or escabe foot-shock. Each experimental session consisted
of 50 trials. During each trial, the chamber was illuminated and a torie
presented for a maximum of 10 sec. A response during the tone immediate-
ly terminated the tone and the houselight, ending the trial. In the absence of
a respénse during the tone alone, tone-+foot-shock (2.0 mA) was presented
for a maximum of 10 sec. A response during shack presentation immedi-
ately terminated the shock, the tane and the houselight, ending the trial.

For drug screening, a dose of 3.0 mg/kg was administered s.c. 30 min
before the start of the experimental session. A drug was considered active if
it reduced the % avoidance responding to at least 50% without producing
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Te a solution of () exo 6-(3-butylthio-1,2,5-thiadi azol -4-yl)-1-azabicycl o-
[3.2. 1] octane (Conpound 30) (28.3 g, 0.1 nol) in a 1:1 mxture of ethanol
and ethyl acetate (2.165 1, 50 m/g) (+) L-tartaric acid(15.0 g, 0.1 nol)
was added, and the m xture heated until a clear solution was obtai ned.
After cooling at 4[err]C overnight,, the precipitated crystals were filtered
giving 19.5 g of crude material enriched with (-) exo

6- (3-butylthio-1,2,5-thiadiazol-4-yl)-1- azabicyclo[3.2.1]octane (+)

L-t art r at e grekiee tmm\tmrelquuelfa:mas Ror apiveainayd, atosea@dssade pr essure gi ving

(3- butyl t b ST BGn Blefifg)” 1" 5 2L U0 o 3. 2. 1] octane (4

L-tartrate. This materlal was dissolved in a 1:1 m xture of ethanol/ethyl
acetate (1 rl,j‘.m%‘SO'an) and heated at reflux. After cooling at 4[err]C
overnight the precipitated crystals were filtered off. The nother |iquor
was evapor &oeld laﬁddDaﬂdmAJBL|B§Bwl¢fﬂlmham@9haﬁdmmlhwdeacet ate mxture (50

m/g). Thefﬁvbw.hs VSR titrol bfr&héﬁorch%&afiobh&ﬁﬂc&é gL hanol /et hyl

acetate solvent_mxture ound 111). I\/l p.
128- 129[ er HPEof Progiess, edé@g?@p&f Q‘d?!’&?soﬁ%g"é’ t'G"aWEéﬁH) rTB‘[5§?] [err] = [err]
3. 71 (fr eeRavaePresd: Bev. York, 1978. EXAI\/PLE 53
(+) - Exo-6-(3- butylth|o 1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2. 1 ]octane
(-) Dtartrate

Davidson, A.B. and Weidley, E.: Differential effects of neuroleptic and other

psychotropic agents on acquisition of avoidance in rats. Life Sci. 18:1279-
1284, 1976.

Creese, l., Burt, D.R. and Snyder, S.H.: Dopamine receptor binding predicts
clinical and pharmaoologlcal properties of antlschlzophremc drugs. Science
(Wash. DC) 192:481-483, 1976:

The affinity of the compounds for the muscarinic rec!eptors was determined
using the non-selective agonist figand, °H-oxotremorine-M. Birdsdall N.J.M.,
Hulme E.C.,_ and Burgen A.S.V.,, "'The Character of Muscarinic Receptors in
Different Regions of the Rat Brain", 207 Proc. Fioy. Soc. 1 (London, Series
B, 1980). The resuilts of this assay are described in Table | below. Each
compound_wag' tested to determine the affinity of the compound for the
muscarinic receptors using the following procedure.

For each in vitro binding, male Sprague-Dawley (Harlan Sprague-Dawley,

Indianapoilis, IN) rats weighing from about 100 to about 150 grams each
were sacrificed by decapitation. The brains were quickly removed and the .
cerebral cortex were dissected from the brain. The cerebral cortex tissue
waé homogenized in 10 volumes of 0.32 M sucrose and homogenized for
about 10 minutes at about 1000 x g. The supernatant was centrifuged at
abaut 12,000 x g for about 10 minutes and the resulting pellet was resus-
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Thi s conmpound was made in exactly the same manner as described in exanple
52 using (-) Dtartaric acid (Conpound 112). Mp. 128-130[err]C [err][err]
= -27.5[err] (oxalate salt, MeOH). [err][eer] =+ 3.75[err] (free base,
MeCOH) . : - 51 -
EXAMPLE 54  (+)-Exo-6-(3-propylthig-1 ,2,5-thiadiazol-4-yl)-1
-azabicyclo[3.2.1 Joctane (+) L-tartrate To a sol ution of
[err]-exo-6-(3-propylthio-1.2. 5-thiadiazol-4-yl)-I|-azabicycl- o[3.2.1
]-oct ane ( Cqispdedih 206nM(ths-80 pHl, 7.4, Thb rediSpehdéd palel wds/ @nfididely (20: 80, 180 nl)
was added (a-a)ainl'_fénI %@rotu? % ?nina elsdat g%b&%o.%m)]( 52 'ﬁ1e¢rersDtJllt?n'g h%tmrc]:%{ana g Om) -

was preincubated for about 10 minutes at about 25°C and centrifuged

again for about 10 minutes at about 50,000 x g. The pellet was resus-

pended at 1 gram of pellet per 3 mi of buffer and frozen at about -80°C

until used.

The inhibition of binding of 3H-oxotremorine-M binding to muscarinic
receptors was determined by mixing the compound of the Example, 3 nM
*H-axotremorine-M (about 87 Cifmmoles, New England Nuclear, Boston
MA), and cerebral cortical membranes equivalent to about 10 mg wet
welight, which is about 100 ug of cortical membrane proiein, inabout 1 mi
total vp_lumé of 20 nM tris-Cl buffer, pH 7.4, containing 1 mM MnCl,. The
aforementioned 'homogenates mixture was incubated for about 15 minutes
at about 25°C and then the homogenates were filtered through glass filters
(Whatman, GF/C) with vacuum. The fiters were washed 3 times with about
2 mi of cold tris-Cl buffer, and placed in scintillation vials containing about
10 ml of scintiilagtion fluid (Ready Protein+, Beckman, Fullerton, CA). Radio-
activity trapped on the filters was determined by liquid scintillation spectro-
meti'y. Nonspecific binding was determined using 1 uM atropine. The
concentratio)n of compound required to inhibit specific binding 50% (IC,,)
was determined using standardized computer assisted calculations.
DeLean, A, et'al. Am. J. Physial., 235, (1978).

Test results obtained by testirig some compounds of the present invention
will appear from the following Table 1:
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wass added and the m xture was cooled at 4[err] C overni ght The precipitated
crystals were collected by filtration. Recrystallization twice from
et hanol /wat er/ et her (10:40:50) gave the title conpound in 1.5 g yield.

(CGonpound 113). Mp. 163-165[err]C [err][err] = + 4.4[err] (free base,
MeCH) .

-10- EXAMPLE 55
(-)-Exo-6-(3-propylthio-1, 2 ,5- t hi adi azol - 4- yl)-1-azabi cyclo[3 2.1] oct ane
(-) Dtartrate Thi s corrpound was nade in exactly the same manner as
described in exanple 54, using (-DABREartaric acid. (Conpound 114). M p.
164-165[err]C. [err][err] = - 4.2[err] (free base, O—i)

EXAMPLE 56 Exo- 6- (3-butyl sul fonyl -1 , 2, 5- th adi | )-1 -azabicyclo
-[3 2.1 ]oct ane Gsmpeuns No.An AeliRiien Fol ut i off m@'icg%vo'dancg

6- ( 3- butylthl 0-1,2,5-thi adi azﬂch,&ymM) 1- azeivolgahee-Responses

9 2.1 . 65
46 1.6 . 30
11 6 ' 11
13 1.9 18
52 1.8 63
53 0.8 41
19 1.2 73
o9 1.2 ' 29
30 04 32
31 1.8 1
32 1.3 46
58 0.8 . ) M . .
59 1.0 | 12 ) !
56 04 6

. 74 1.4 22
76 7.7 28
77 27 85

_ {;ﬁg 1.3 24

133 1.3

102 45 3
103 | 2.7 o 51
104 .26 . 24
131 28 53
106 | 28 53
107 1.0 | 52
111 1.0 8
112 0.6
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[ 3 2. 1]-octane (Conmpound 30) (2.5 g, 0.0088 nol) in Herr]O (20 M + 9 M 1
N. HCl) was cooled in an ice-water bath as oxone (8 g, 0.13 nol) in H20 (40
m ) was added dropw se. Cooling was renmoved and after stirring overnight
the reaction was again cooled and the pH adjusted to 9. The m xture was
extracted with CHCl[err] (3 x 30 nl);_ the extracts dried, and the sol vent
evapor - ' -52 - ated. The
resi due was suspended in Et OAc (100 m ) and extracted with saturated
aqueous Klerr]CO[ernd (15 m ), brose, the solvent tied and evaporated to
give a yellow oil E}é 6 g). The oxd@\kgate salt crysta&é I zed fromEtQAc. Mp.
107-108[err]C. (Co dund 115). Analysis

Clerr]Herr],Nerr]@Rerr] S[err]-@8rr]H err]0[err]22 C H N, Theory C, 44.43;
H 5.72; N, 10.36 Rggnd C, '44.67,94l 5.70; N 10.3%

121 1.0 - 12
122 21 : 1
130 1.8 43
157 10 12
158 10 47
167" 0.76 56

The compounds used in this method are effective over a wide dosage
range. For example, in the treatment of adult humans, dosages from about
0.05 to about 100 mg, préferably from about 0.1 to about 100 mg, per day
may be used. A most preferable dosage is about 10 mg to about 70 mg
per day. In chaosing a regimen for patients suiffering from psychotic illness
it may frequently be necessary to begin with a dosage of from about 30 to
about 70 mg per day and when the condition is under control to reduce ti":e
dosage as low as from about 1 to about 10 mg per day. The exact dosage
will depend upon the mode of administration, form in which administered,
the subject ’;o be treated and the body weight of the subject to be treated,
and the preference and experience of the physician or veterinarian in

charge.

The route of administration may be any route, which effectively transports .
the active compound to the appropriate or desired site of action, such as
oral or parenteral e.g. rectal, ransdermal, subcutaneous, intravenous,

intramuscular or intranasal, the aral route being preferred.

Typical compositions include a compound of Formula (l) or a pharmaceuti-
cally acceptable acid addition salt thereof, associated with a pharmaceuti-
cally acceptable carrier. In making the compositions, conventional tech-
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Exd-6-(3-(2, 2, 3, 3, 4, 4, 4- hept af | uor obut yl oxy) -1, 2, 5-t hi adi azol -4-y)-1
-azabicycl- (J 3.2. 1] octane oxal ate A suspension of NaH (0.11 g 60% NaH in
oil, 0.0028 nol) in THF (15 mM) was cooled to 11l[err]C as

2,2,3,3,4,4, 4- hept af | uorobut anol (0.56 g, 0.0074 nol) was added dropw se.
After gas evol ution ceased, a solutigon of the free base of (Conpound 115)
(0.8 g, 0.00254 mol) in THF (25 M) Wwas added and the reaction warned to
35-45[err] C for 125 h subsequently stirred at anbient overnight and then
heat ed t o r sighesdof the ptegaratian of hearmacdutical compdsitieosimayrbb epédf | uor obut oxi de
(Q. 0028 nol e was heated to
reflux 1 h. }:cfrﬁéexg’?@%cﬁe?%m&hb%wrpf gﬁé qggﬁﬂﬁa?m}eg%tﬁ%l%wrﬁ?%r diluted with
ether, and diiteclex agaripn Rr endgsprbwitin aycamiepwhith mayhe inatbe doravafr act s wer e nade
- basic and extpipehigdeapstib, é%h@‘:\cpa(p%r %r%é.efféanta.nE Q\g%ra L\bari &X”aCtS wer e

- dried, solvent evaporated and resid purif chr omat ogr aphy
(2. 5% Et O+ seryesoas\g-ibent & may e solid. rsFW'-%QHd g?r\!@l%w@rwlmm actg 0. 48 g). The
| <|\J/lxal a& 358?1%5 a&m&naldxcﬁﬂﬁtl br pstih @ ahé Bctigé. ¥smsouB] 1R &efNd d-  ( Conpound 116) .
p. - errlC. n | S . ,
G o 1] P er r SRS iGeR BPTERS B pp pqrRMI SIS Pptener oy RETRRIBA, ¢, 37 27 W

3. 34; N 8. ssthet-Same eam@gs &isuitdlhle Gargs afe waer3€alt solutions, alco-

hols, polyethylene glycols, polyhydroxyethoxylated castor oil, gelatine,

lactoss, amylose, magnesium stearate, talc, silicic acid, fatty acid monogly-

cerides and diglycerides, pentaerythritol fatty acid esters, hydroxymethyl-

cellulose and palyvinyipyrrolidone.

Examples of appropriate salts for use in this method include inorganic and
organic acid addition salts such as hydrochloride, hydrobromide, sulphate,
phosphate, acetate, fumarate, maleate, citrate, lactate, tarirate, oxalate, or
 similar pharmaceutically acceptable inorganic or arganic acid addition salt.
Especially preferred salts include tartrate, oxalat'e. and hydrochloride.

The pharmaceutical preparations can be sterilized and mixed, if desired,
with auxiliar; agents, emulsifiers, salt for influencing osmotic pressure,
buffers and/or coloring substances and the like, which do not deleteriously
react with the active compounds.

For parenteral application, particularly suitable are injectable solutions or
suspensions, preferably aqueous solutions with the active compound
dissalved in polyhydroxylated castor oil.

Tablets, dragees, or capsules having talc and/or a carbohydrate carrier or -
binder or the like are particularly suitable for oral application. Preferable
carriers for tablets, dragees, or capsules include lactose, corn starch,

and/or potato starch. A syrup or elixir can be used in cases where a
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The fol:l owm ng compounds were nmade in the sane manner as descri bed above
using the indicated al cohol instead of 2,2, 3,3,4,4,4-heptafluorobuta- nol:
- B3 - Exo- 6- ( 3- net hoxy- 1, 2, 5-t hi adi azol -4-yl)-1-azabi cyl o] 3. 2. 1] oct ane
oxal ate, (Conpound 117) using nethanol. Mp. 143-145C.

Exo- 6- (3-et hoxy-1, 2, 5-t hi adi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane oxal at e,
(Conmpound 118) using ethanol. Mp. “98-92[err]C

Exo- 6( 3-.propoxy-1, 2, 5-thi adi azol -4-yl)- 1-azabicycl o[ 3.2.1 ]Joctane oxal ate,

(Conpound 11Qb oAk eRiPBANR emlbya, 152- L54Ler ] C.

Generally, the compounds are dispensed in unit form comprising from
about 1 to about 100 mg ina pharmaceutscally acceptable carrier per unit
dosage.

A typical tablet, appropriate for use in this method, may be prepared by
conventlonal tabletting techniques and contains:

Active compound 5.0 mg
Lactosum 67.8 mg Ph.Eur.
_A\;ioglm _ - 31.4 mg
Amberlite® 1.0mg
Magnesii stearas ' 0.25 mg Ph. Eur.

The compounds used in this method may be prepared by commonly

known chemical methods. Most of the compounds may be prepared using i
the methods taught in PCT/DK91/00236 which are hereby incorporated by

reference. The following description is intended to illustrate possible syn-

thetic routes for the preparation of the compounds utilized in this method.

The compounds may be prepared by

a) reacting a compound of formula Il

G cN . Co ’ ’ : (I l)

wherein G has the meaning defined above, >==N is >—NH or >=N and R®
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Exo- 6- ( 3- but oxy-1, 2, 5-t hi adi azol - 4-y)-1-azabi cycl o[ 3. 2. 1] oct ane oxal at e,
(Compound 120) using butanol.

Exo- 6- ( 3- pentyl oxy-1, 2, 5-t hi adi azol y-4-yl)-1 -azabi cycl o[ 3. 2. 1] oct ane

oxal ate, (Conpound 121) using pentanol. Mp. 109-110[err]C.

Exo- 6- ( 3- hexyl oxy-1, 2, 5-t hi adi azol - 43yl )-1-azabi cycl o[ 3. 2. 1] oct ane oxal ate,
(Compound 122) using hexanol. Mp. 109-111C. _

Exo- 6- ( 3-i sohexyl oxy- 1, 2, 5-t hi adi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane

di oxal a- t eis H,.CpoCralkyl 28h S€l, tryform glvexanaid, of Kerpuiadil - 96C.

Exo-6- (3-(2-butynyloxy)-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1 ]octane
oxal ate, (Conpdund 124) using 2-butyn-1-ol. Mp. 119-121C.

EXAMPLE 57
N
S (i
— /
ct N )

wherein G has the meaning defined above; subsequent displécement of Ci
with an appropriate nucleophile gives a compound of formula | wherein X is
S, or

b) dehydrating a compound of formula IV

6 _N—0OH )
e
Y o

.
R N~0H

wherein G Has the meaning defined above and R’ is alkyl, amino, halogen,
alkoxy or alkylthio, to form a compound of formula V

- (V)

wherein G and R’ have the meanings defined above, or
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ExXo- 6- ((3-(3-(2-thienyl)-1-propylthio)-1

, 2,5-thiadiazol 4-yl)-1-azabicyclo[3.2.1 ]- octane oxal ate A sol ution of
6-(3-chloro-1, 2, 5-thi adi azol -4-yl ) -1-azabi cycl o[ 3.2 1] octane (m xture of
exo- and endo-isonmers (200 ng, 0.9 nmml)) in DMVF (10 M) was cooled to
5fkerr] C wher eupon potassiun1carbon§%e (180 ng, 1.3 mmol ) and

- 54 - sodium hydrosul fi de nmonohydiate (71 ng, 1.0 mmol) were added to the
reaction. Stirred for 1 h then potassium carbonate (120 ng, 0.9 mmol) and a°

sol ution Ofz%hé@ﬂtﬂ'fsﬁhﬂlévis&ﬁhgrtﬁ@%%r&mfp]éﬂ H&ubdiit®tedBp! ) in DVF (5 )

were added to the reaction, and irred for roomtenperature. The

react i on WSSO R kWD WP'F‘?‘?’”W&!%’P f%ﬁq‘@k‘ﬂj’%f"@@eﬂﬁ i MR acetate (3 x 75

m ). The orgpitihfiath masieopHie gites & dompelnd\st frmblall vhelelX RroJort hen evapor at ed.
The residue was purified by radial chromatography eluting with 1%
NH[ err] OH 10%

d) oxidizing a compound of formula Vi

G N
/
4 I\>‘ v
R—S N

wherein G, R* and X have the meanings defined above by standard pro-
cedures to form a compound of formula Vil

L
R%_g N

and subsequent displacement of -SOZ-H‘ with an appropriate nucleophile to
form a compound of formula 1.

Itis to be underétood that the invention extends to each of the stereoiso-
meric forms of the compounds of formula | as well as the racemates.

The following examples are included to more specifically describe the
preparation of the compounds used in the method of this invention. The
examples are not intended to limit the present invention in any way and

should not be so construed.
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Et©H in'CHCI[err]. The exo-isomer was isolated and the oxal ate salt nade to
yield 29 ng of the title conpound. (Conpound 125). Mp. 157-160C The
foll owi ng conpounds were nmade In exactly the same nmanner using the
appropriate starting material :

Exo- 6- (3-(4-fl uorobenzyl thio)-1, 2, 5gt-hi adi azol - 4-yl) - 1-azabi cycl o[ 3. 2. 1]

oct ane oxal ate (Conpound 141) using 4-fluorobenzyl brom de. M p.

152. 5-153. 5[ err] C. Exo- 6- (3-(4-chl orobenzylthio)-1 2,5-thiadi azol -4-yl)-1 -
-azabi cycl o[ 3. 2. 1] oct ane oxal at@%ﬁ%&und 142) using
4- chl orobenzyl brom de. M p. 168-170[err]C.

e ane. ool At eI B Aot o RGRRR o1 b oo L% 2 Y
176.5-178[ eTTTC EXO- 6- ( 3- (4 Trii11uoromnmet noxybenzyl thio)-1
S R G A e RRSE TS ok phD A SRR, | rPound 144

mmol), acetic acid (3.75 ml) and ethyl cyanoacetate (67.8 g, 0.6 moal) in

toluene (400 ml) was refluxed with a water separator for 18 h. Water (100

mi) and NaOH was added, and the mixture extracted several times with

ether. The organic phases were dried and evaporated. The residue was

purified by colunﬁn chromatogfaphy (eluent:.EtOAc/MeOH (2:1)), vielding 73

g of the title compound.

B. Ethyl (1-azébi¢yclo[2.2.2]octan—3—yl)cyanoacetate

A solution of ethyl (1-azabicyclo[2.2.2]octan-é-ylidene)cyanoacetate (73 g,
0.33 mol) in absolute ethanol (1 ) was treated with 10% palladium on
charcoal (10 g) and hydrogen in a parr shaker at 20 psi for 5 h. Filtration
and evaporation gave th'e wanted product in 68 g yield.

C. (1-Azabicyclo[2.2.2]octan<3-yl)hydroxyiminoacetonitrile

Ethyl (1-azabicyclo[2.2.2]Joctan-3-yl)cyanoacetate (10 g, 45 mmol) was
added to a s"éiution of sodium (1.04 g, 45 mmol) in absolute ethanol (60
ml). The mixture was stirred for 15 min. at room temperaturé and isoamyln-
itrite (7.9 ml, 60 mmol) was added. The reaction mixture was stirred for 18 h
at 60°C. Evaporaﬁori of the reaction mixture gave ‘crude tite compound,
which was used without further purification.

D.: 3-Chloro-3-(3-chlofo-1 ,2,5-thiadiazol-4-yl}-1-azebicyclo[2.2.2]-octane

oxalate

To a solution of crude (1-azabicyclo[2.2.2]octan-3-yl)hydroxyiminoaceto-
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Ex0- 6- (:3- (4-t hi ocar banyl benzylthio)-1
, 2, 5-thi adi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] - octane oxal ate (Conpound 145)
usi ng 4-thiocarbanyl benzyl brom de. M p. 125C dec.
Exo0- 6- ( 3- (4- net hyl sul f onyl benzylthio)-1 , 2, 5-thiadi azol-4-yl)-1
-azabicyclo- [3.2.1 ]octane oxal at e {fConpound 146) usi ng
4- met hyl sul f onyl benzyl br o-
- 55- mde. Mp. 125[err]C dec. Ex0-6-(3-(5,5,5-trifluoropentylthio)-1
, 2, 5- t hi adi aitdie {max|45-mmolhindME (&9 ol wag siodly agdackmaoiidienl ahSeCl¢ Conpound 147)
using 5, 5, 5+id a4 kB8 RV IMET2Enl) AlBe. Akdoadkifioh 81 ebetion

mixture was stirred at room temperature for 48 h. Water and 50% NaOH

was added to the ice cooled reaction mixture and extracted with ether. The

combined ether phases were dried and evaporated. The residue was

purified by column chromatography (eluent: EtOAc/MeOH (2:1)) to give the

free base of the title compbund in 1.04 g yield. Crystallization with oxalic

acid from acetone gave an analytical pure product (Compound 1). M.p.

137-139°C.
EXAMPLE 2

3-(3-Chloro-1,2,5-thiadiazol-4-yi)-3-hydroxy-1-azabicyclo[2.2.2]octane oxalate

A solution of 3-chloro-8-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]oc-
tane (250 mg, 0.95 mmol) in ethano.! (25 mi) was treated with formic acid
(750 ul, 20 mmol), triethylamine (4.2 ml, 30 mmol) and 10% palladium on
charcoal for 18 h at 60°C. After filtration and evaporation water and K,CO,
was added o the residue and extracted with ether. The dried ether phases
were evaporated and purified by column chromatography (eluent: EtOAc/
MeOH (2:1)‘3. Crystallization as the oxalate from acetone gave the title
compound in 160 mg yield. (Compound 2). M.p. 241 -242°C.

EXAMPLE 3
3-Methoxy-3-(3-methoxy-1,2,5-thiadiazol-4-y!)-1-azabicyclo[2.2.2] octane
oxalate and 3-(3-Methoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]oct-2-ene

oxalate

A solution of 3-chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] oc-
tane (500 mg, 1.9 mmol) and sodiummethoxide (20 mmol) in methanol(20
ml) was stirred for 48 h at 60°C. Water was added to the reaction mixture
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EXo-6-(3-(3,3,3-trifluoropropylthio)-1 ,2,5-thiadi azol
-4-yl)-1-azabicyclo[3.2. 1]- octane oxal ate (Conpound 148) using
3,3,3-trifluoropropyl bromde. Mp. 93- 96[err]C

Endo- 6- (3-(3-(2-thienyl)-1-propylthio)-I

, 2, 5-thi adi azol -4-yl ) -1 -azabi cycl o4gL.3. 2. 1] oct ane oxal ate The endo-i soner
was isol ated fromthe above residue in the sanme nanner as described for the
exo-isonmer. (Conmpound 126). Mp. 125-128[err]C '
Endo- 6- ( 3- (@0d gxtgacted Wmah%!bmmthﬂa?fiqga@ mhases werp sisied and yl)-1

- azabi cycl Qhdbofatbl T BRRcRE W sdiaRRON Wbk iAoy | n the sarre

manner as descri b- ed above usin 4-trifluoro-1-bronobutane instead of
3 (2-1 hi enyelyent: EACMEOH @gaﬂ@rvs%mgauowmsmm procilct as the
Endo- 6- ( 3- @Qalﬁte%ﬁééekdﬂ@rgavézdsm hipburld 8, . M a7z, aihe4- vyl ) - 1- azabi cycl o
- [3.2.1]octane aI at é g é@lr& de as ri bed above using

6, 6, 6- trlfI“EI’iS‘PB"e 8 %%Eolia{% i y'e?'f’ "Pﬁ?%%r?”& chl or opr opane.

M p. 130- 1338-e45°0C.

EXAMPLE 4

- 3-(3-Hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2. 2]oct-2-ene oxalate,
3-Hexyloxy-3-(3-hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicycio[2.2.2] octane

 oxalate and 3-(3-Hexyloxy-1,2,5-thiadiazol-4-yl)-3-hydroxy-1-azabicyclo[2.2.2- .
Joctane oxalate '

A 50% sodiumhydride dispersion (960 mg, 20 mmol) was dissolved in
1-hexanol and 3-chloro-3-(3-chloro-1,2,5-thiadiazol-4-yi)-1-azabicycio[2.2.-
2Joctane (500 mg, 1.8 mmol) was added. The reaction mixture was stirred
at 90°C for 18 h and evaporated. The residue was dissolved in water and
extracted with ether. The dried ether phases were evaporated and the
products separated by column chromatography (eluent: EtOAclMeOH
(2:1)). The ﬁ;st fractions contained the eliminated product which, after
crystaliization with oxalic acid, was collected in 70 mg yield. (Compound 5).
M.p. 135-137°C.

The next fractions contained the dihexyloxy analogue, which gave 70 mg as
the oxalate salt. (Compound 6). M.p. 84-85°C.

The later fractions gave the hydroxy-hexyloxy compound in 100 mg yield as '
the oxalate salt. (Compound 7). M.p. 145-147°C.
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Endo- 6-(3-(4-trifluoromethoxybenzylthio)-1 ,2,5-thiadi azol-4-yl)-1
-azabi cyclo- [3.2.1] octane oxal ate (Conpound 149) using
4-trifluoronmet hoxybenzyl bro- mde. Mp. 150-152.5[err]C

Endo- 6- ( 3- (4-net hyl benzylthio)-1 ,2,5-thiadi azol-4-yl)-1

-azabi cycl o[ 3. 2. 1] - octane oxal at e_ggl_orrpound 150) using

4- met hyl benzyl brom de. M p. 158-

-56 - . 161C. Endo- 6- (3- (4-fl uorobenzylthio)- 1,2,5-thiadiazol-4-yl)-1
-azabi cycl o[ 3. 2. 1] octane EXAMPLE 5

3-(3-Chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane oxalate

Hydrogenation for 48 h of 3-chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-
azabicyclof2.2.2]octane (15.2 g, 66 mmal) in ethanol {500 ml) at 30 psi in

- the presence of 10% palladium on charcoal (2.0 g) gave, after filtration and
evaporation, the hydrochloride sait of the wanted product in quantitative
yield. Crystallization of a sample with oxalic acid from methanol/
acetone/ether produced the title .compound. (Compound 8). M.p. 207-
209°C.

EXAMPLE 6

3-(3-Ethoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane fumarate

Sodium (200 mg, 8.7 mmol) was dissolved in ethanol (30 ml) and 3-(3-chio-
ro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane (300 mg, 1.3 mmol) was
added. The reaction mixture was stirred at 60°C for 18 h. Water was added
and the reaqﬁon mixture extracted with ether. The dried and filtrated ether
extracts were evaporated to give the free base. Crystallization as the
fumarate salt.from isopropanol/ether gave the title compound in 210 mg
yield. (Compaund ). M.p. 128-131°C.

EXAMPLE 7

The following compounds were made in exactly the same manner as
described in example 6 using the sppropriate alcohol:

3-(3-Propoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo{2.2.2) octane fumarate.
(Compound 10). M.p. 64-67°C.
3-{3-Butoxy-1,2,5-thiadiazol-4-yl)-1-zzabicyclo[2.2.2]octane oxalate. (Com-
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oxal ate (Conpound 151) using 4-fluorobenzyl brom de. Mp. 146-150[err]C
Exo- 6- (3-cycl opropyl nethylthio-1 ,2,5 -thiadiazo[- 4-yl)
-1l-azabicyclo[3.2.1 ]- octane oxal ate from cycl opropyl net hyl br om de.
(Oorrpound 175). Mp. 200- 201[err]C

6- (3-(2-(1, 3-di oxal ane-2-yl)-et h%lthi 0)-1,2,5-thiadiazol -4-yl)-1-azabic
ycI 0o- [3.2.1]octane oxalate from 1287 ono- 2- (di oxal anyl ) et hane. (Conpound
176). Mp. 147-149[err]C :
Exo- 6- ( 3- (4pomidvs)ymsnags-1év°0) - 1, 2, 5-t hi adi azol - 4-yl ) -1-azabi cycl o[ 3. 2. 1] -
oct ane oxal ate from 4-net hoxybenzyl chl ori de. (Conpound '177). Mp. 170-
171C.
Exo- 6- (3- ( 2- net hoxyet hyl t hi o) - 1, EXAMPLE &di azol - 4-yl)-1-azabicycl o[ 3. 2. 1] oct
ane’ oxal ate from 1-brono-2-net hoxyet hane. (Conpound 178) M p. 142-144C.
EX0- 6- (3- (3- hydroxypropyl thio)-1 ., 2, 5-thiadi azol - 4-yl ) -
- azabi cycl oB-43-Hexyjoky-12:8- Mlm&ﬂthaﬁbmmbﬁbmeﬁimw@xypr opane.

(Conpound 1F9y—M-p——-itto—dt-Ef-er+-C:
A 50% dispersion of sodiumhydride (230 mg, 5 mmcl) was dissolved in
1-hexanol (25 mi) and 3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]o-
ctane (250 mg, 1.1 mmol) was added. The reaction was stirred at 80°C for
8 h and at room temperature for 18 h. After evaporation water was added
to the residue and extracted with ether. The combined ether phases were
dried and evaporated. Crystallization with fumaric acid from isopropa-
nol/ether gave the titte compound in 220 mg yield. (Compound 11). M.p.
108-109°C.

The following compounds were made in exactly the same manner using the
apprapriate alcohol instead of 1-hexanol:

3-(3-(5-Hexenyloky)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane fumarate,
M.p. 107-110°C. (Compound 48). '

3-(3-(3-Hexenyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane fumarate,
M.p. 135.5-1 37.5°C. (Compound 49).

3-(3-Pentyloxy-1,2,5-thiadiazol-4-yl)-1 -azablcyclo[z 2. 2]octane oxalate, M.p.
102-104°C. (Compound 50).

3-(3-Isopentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane oxalate,
M.p. 185.5-137.5°C. (Compound 51). '
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Exo0-6-(3-(4,4,4-trifluorobutylthio)-1 ,2,5-thiadiazol-4-yl)-1
-azabicyclo[3.2.1]- octane oxalate from4,4,4-trifluoro-1-bronobutane.
(Conpound 180). Mp. 132-134[err]C. Endo- 6- ( 3-cycl opropyl met hyl t hi o-1
, 2,5-thiadi azol -4-yl)-1 -azabicyclo[3.2.1]- octane oxalate from .
cycl opropyl met hyl br om de. (Corrpou,ng]'_181). M p. 152- 154[err]C

y

- 57 - Endo- 6- ( 3- (4- net hoxybenzyl thi 0)-1 , 2, 5-t hi adi azol -4-yl)-1 _
-azabicyclo[3.2.1]- octane oxal ate from 4- nmet hoxybenzyl chl ori de. (Conpound
212). Mp. 155- 158[err]C. EXAMPLE 9

3-(3-Péntylthio-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane fumarate

A solution of 3-(3-chloro-1,2,5-thiadiazol-4-yi)-1-azabicyclo[2.2.2]octane
oxalate (500 mg, 1.56 mmol), sodiumhydrogen ‘sulfide, monchydrate (463
'mg, 6.25 mmol) and potassium carbonate (1.38 g, 10 mmol) in DMF (20 ml)
was stirred at room temperature for 1 h. 1-Pentylbromide (755 mg, 5 mmol)
was added, and the reaction mixture was stirred at room temperature for-18
h. 1N HC! was added, and the mixture extracted with ether once. 50%

~ . 'NaOH was added to the aqueous phase and extracted with ether. The
ether phase was dried and evaporated. Grystalization of the resicue with
fumaric acid from isopropanol/ether gave the titte compound in 380 mg
yield. (Compound 12). M.p. 138-139°C. '

PLE 10

The followihg compounds were made in exactly the same manner as
" described in example 9, using the appropriate alkyl halogenide:

3-(3-Butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane fumarate.
(Compound 13). M.p. 85-87°C.

3-(3-Hexylthio-1,2,5-thiadiazol-4-yl)-1 -ézabicyclo [2.2.2]octane fumarate.
(Compound 14). M.p. 138-139°C.

3—(3-(3-Phe_ny_lpropylthio)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]actane
fumarate. (Compound 44). M.p. 123-124°C.

3-~(3-(4-Cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-zzabicyclo[2.2.2]octane
oxalate. (Compound 45). M.p. 200°C. decomp.

This is the replacement sheet

Date: 17 JAN 1997



Endo- 6- ( 3- (2- net hoxyethylthio)-1 ,2,5-thiadi azol -4-yl)-1-azabicyclo[3.2.1
]- octane oxal ate from 1-brono- 2- net hoxyet hane. (Conpound 182). Mp. 108-
Endo-6-(3-(4-trifluoronethyl benzylthio)-1 ,2,5-thiadiazol-4-yl)-1
-azabicycl o- [321]octane oxalate from4-trifluoronethyl benzylchl oride.
(.Conpound 183). M p. 154-156[err]C. 5- (3-(4- Cyanobenzylthio)-1

, 2, 5-thiadi azol -4-yl)-1-azabi cydo['??.zz. 1 Joctane oxalate from.
5-(3-chloro-1, 2,5-thiadi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane and

;ZK/SEEbggZ:)Ltac@hwhiodﬁz.amgmﬂ)-ﬂ.zzabacy&é[azzjla%ém;%§£l§5.r .

(-) - Exo- 6- (BR3P CAMRSHDT 52: 2, 5-t hi adi azol - 4-y) - 1- azabi cycl of 3. 2. 1] oct ane
oxalate © A solution of (-)-exo0-6-(3-butylthio-l, 2,5-thiadiazol-4-yl)-1

- azabi cycl of &.@rogiithio-1,2,5-thiadiazol4-yi)-1-azabicyclo[2.2.2]octane oxalate, M.p.
. 206.5-208°C (Compound 53).

3-(3-Heptyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane fumarate, M.p.
130-132°C (Compound 54).

EXAMPLE 11

A. Ethyl (1-azabicyclo[3.2.1]octan-6-ylidene)cyano acetate

A solution of 1-azabicyclo[3.2.1]octan-6-one (41.25 g, 0.33 mol), acetic acid -
(2 mf), ammonium acetate (1.25 g) and ethyl cyanoacetate (37 g, 0.33 mol)
in toluene (500 ml) was refluxed with a Dean-Stark water separator-for 40 h.
The toluene phase was extracted with 3 x'200 ml 5§ M HCI solution. The
water phase was basified with 28% ammonium hydroxide solution and
extracted with eiher (4 x 200 mi). The organic phases were dried aver
magnesium _surfate and evaporated. The residue was purified by column
chromatogréphy {eluent CH,Cl,/MeOH (8:1), yield 41 g of the title com-
pound.

B. Ethyl (1-azabicyclo[3.2.1]octan-6-yl)cyanoacetate

A solution of ethyl (1 -azabicyclo[3.2.1]octah-S-ylidéne)cyanoacetate (41 g,
0.19 mol) in abs. ethanol (500 mi) was treated with 10% palladium on
carbon (5 g) and hydrogen in a Parr shaker at 30 psi for 5§ h. Filtration and .
evaporation gave the title compound in 36 g yield. '

C. (1-azabicyclo[3.2.1]octan-6-yl)hydroxyiminoacetonitrile
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octane:tartrate (Conpound 111) (4.4 g, 10.1 mmol) in water was treated with
saturated aqueous NaHCQ err] until basic then extracted with ethyl acetate
(3 x 100 m). The organic phase was dried over NaCl/Na[err] SO[err] then
evaporated. The residue was taken up in 1 NHC [err] and water (23 m) and
cooled to OC. A solution of oxone 9 2 g, 15.0 mol) in water (45 nl) was
added dropwi se to the reaction thesd3stirred overni ght at room tenperature.
The pH of the reaction was adjusted to 9 then extracted with chloroform
The organi g SBateRId L. c@z,_qq_ ,Iél?goé 1S hen evaporated to
yield 3.9 gthg?@free ag‘%e %r sf) zat%%grﬁgdé gégg[ Caggld gave the title
conpound. E‘t‘é"rﬁémdﬂllzlg? adq*gci;to 21pjutios plsodium (4 g, 0.21 molfjThebé.ol | owi ng
conpounds  ¥marl Izrﬂrdem) Nscifhititd (29191, DATTRITARE SHaLP LI olsl SARPT OPr i ate
starting rr%ter
e mlxture was heated at 50°C for 4 h. Evaporation of the reaction mixture
gave crude sodium salt of the titte compound, Wthh was used without

further purification.

D. 6-Chloro-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

A solution of crude (1-azabicyclo[3.2.1]octan-6-ylhydroxyiminoacetonitrile
{max. 0.16 mol) in DMF (150 mi) was added to a solution of S,Cl, (50 ml,
0.68 mol) in DMF (100 ml) at 0°C over 1 h. The reaction mixture was stirred
over night and ice water (s00 hD was édded. The mixture was filtered and
the filter cake washed with 1 M HCI (3 x 100 mi). The water solution was
extracted with ether (2 x 200 mi), then basified with 2 28% ammonium
hydroxide solution and extracted with ether (4 x 200 ml). The combiried
ether extracts from the last extraction were dried and evaporated. The
residue was purified by column chromatograpﬁy (eluent: CH,CI,/MeOH
(9:1)) to give the title compound.in 11 g yield as a mixture of the endo and

exo forms. - |

EXAMPLE 12
The following compound was made in exactly the same manner as .
described in example 11, starting from 1-azabicyclo[2.2.1}heptan-3-one:
3-Ch|ord-3—(3—chloro-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane.

EXAMPLE 13

Exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1]octané and Endo-
6-(3-chlora-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane-oxalate
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(t) - Exo- (5R, 6R) - 6- (3- propyl sul fonyl -1 , 2, 5-thi adi azol -4-yl) -

-azabicycl o[ 3. 2. 1] - octane oxal ate (Conpound 152) Mp. 160-162[err]C.
(-)-Exo-(5S, 6S)-6-(3-propyl sul fonyl-1 ,2,5-thiadi azol -4-yl)-1

-azabicycl o[ 3. 2. 1] - oxtane oxal ate (Conpound 153) M p. 160-162[err]C.

Exo- 6- (3-propyl sul fonyl -1, 2, 5-thi adj,azol -4-yl)-1 -azabicycl o[ 3. 2.-1] oct ane
oxal ate. (Conpound 184). Mp. 201-“Z03[err]C. (+) 3-(3-Butylsul fonyl -
1,2, 5-thiadiazol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane oxal ate (Corrpound 220)
M p. 121- 12RFeotichGf Ei'xﬂﬂ/Ekzﬁ-&):hleOé@(d&!ﬁdjd)-ﬁ Risahiddizzof-ji) -astbyel - 4

EinmLe 5o IR fedarts Q6 SHIRaF SR et 593 miee prester gty '
, 2, 5-thi adi ‘H)Zﬁ)ba!lédlydn)orﬂnarhme(am:mg) in-a PBr shalkdrae PAPE fopaeh. ahe

solution was filtered and evaporated. The residue was purified by column

. chromatography with CH,ClL/MeOH/TEA (9:1:0.25). The first fraction con-

tained the exo compound, which after crystallization with oxalic acid in

acetone, was collected in 150 mg yield. (Compound 15). M.p. 148-149°C.

The next fractions contained the endo compound, which after crystallization

with oxalic acid from acetone was collected in 600 mg yield. (Compound

16). M.p. 195-197°C

EXAMPLE 14

Endo-S-(&hexyIﬂ1io-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate

To a solution of endo-6-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane (229 mg, 1.0 mmol) in DMF (10 ml) was added sodiumhydrogensul-
fide monohydrate (230 mg, 3.1 mmol). The reaction mixture was stirred at
room temperatui'e for 1 h. Potassium carbonate (1.38 g, 10 mmol) and
1-hexylbromide (335 mg, 2.5 mmol) was added and the mixture was stirred
for-1 h. 1N ﬁCI solution was added and the mixture extracted with sther (2
x-50 hb. The aqueous solution was basified with a 28% NH, solution and
extracted with-methylene chloride (3 x 100 ml). The methylene chloride
phase was dried and evaporated. The residue was purified by column
chromatography (eluent CH,CL/MeOH (9:1)). Crystallization of the pure
base with oxalic acid from acetone gave the title cfompound in 100 mg yield.
(Compound 17). M.p. 137-139°C.

EXAMPLE 15

The following compounds were made in exactly the same manner as
described in Example 14, using the appropriate alkyl bromide:
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A.sol ution of '
(-)-exo-6-(3-butylsul fonyl -1, 2,5-thiadiazol -4-yl)-1-azabi cycl o-

[3.2.1] octane (Conmpound 129) (1.3 g, 4.1 mmol) in DVF (20 mM) was warnmed to
40[ err] C whereupon Na[err] S9H err]0 (1.2 g, 5.0 mml ) was added to the
reaction. The reaction was heated to 100[err]C for 3 h whereupon 1 -brono-
4,4,4-trifluorobutane in DM (5 nl)- s added. Stirred at 100[err]C for 1 h
t hen at roomtenperature overnight. Poured the reaction into water then

extracted w hase was-dried over
NaCl / Na[ er r] a §§n§:ﬁﬁ %%ﬁ"e%’?agqmé)')ﬂe?a C'ﬁg-g-‘ ¥¥i ed by radial
chr ona- togr%laye @mpwdvmfﬁ rMIZ%ﬂSH[wﬂQ] OH 20% EtOH in CHClI[err]. The

oxal ate salt was made to yield 545 g of the title conmpound (Conpound 130).

M p. 147- 151C. 59- In the
same manner %ﬂﬂ?'q‘@'qu %%Mﬂﬂﬁ%ﬂ's‘*ﬂ)e\'%zala'%? dloctane oxalate.
(Compound 24). M.p. 123-124°C.-

Endo-6-(3-ethyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]Joctane oxalate.
(Compound 25). M.p. 150-151°C.

Endo-6-(3-pentyithio-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane oxalate.
(Compound 26). M.p. 137-138°C.

Endo-6-(3-(3-phenylpropyithic)-1,2,5-thiadiazol-4-yl)-1-azabicyclof3.2.1]oc-
tane oxalate. (Compound 27). M.p. 127-129°C. :

Endo-6-(3-{4-cyancbenzyithio)-1,2,5-thiadiazol-4-yl)-1 -azébicyclo[3:21 Joc-
tane oxalate (Compound 28). M.p. 159-161°C. i

Endo-a-(a-propylthlo-1 .2,5-ﬂ1|ad|azol-4-yl) 1 -azabxcyclo[3 2 1]octane oxalate
(Compound 57) M.p. 132-134°C.

EXAMPLE 16

Exo-6-(3-ethoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate and
Endo-6-(3-ethoxy-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1]octane oxalate

To a solution of sodium (230 mg, 10 mmol) in abs. ethanol (20 mi) was
added eﬁdo-a-(a-chloro-1 ,2.5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane (229
mg, 1 mmol). The reaction mixture was heated at 50°C for 12 h and evapo-
rated. Water (100 mi) was added, and the mixture was extracted with
methylene chloride (4 x 50 ml). The organic phases were dried and evap-
orated. The residue was purified by column chromatography eluent (CH,CI,
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(*¥) 3-(3-(2-Butanonylthio)-1,2,5-thiadi azol -4-yl)-1-azabicycl o[ 2. 2. 2] oct ane
oxal ate (Conpound 221) Mp. 189-191C, starting from(+) 3-(3-butylsulfo-
nyl -1, 2, 5-thi adi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane and
1-br ono- 2- but anone. (+)
3:(3-(2-Hydroxybutyl thio-1, 2,5-thi ag azol - 4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane
oxal ate (Conpound 222), startl ng from(+) 3-(3-butyl sul fonyl-1,2,5-thiadia-_
zol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane and 1- brono- 2- hydr oxybut ane.
EXAMPLE 60 Me@H(lEA295=0T23') Mhedirsy fradtiops Feritaimezicthe exccdopjpduid,2] oct ane funarate
T sl Ut iR b U ABGICR! i dic’adt in sBlofE ke colduel T gl ™) vas added

I3 ol y

sodi um hydr | %'suspensi on I n mnera at Oferr]C

The reacti owe'ﬁ/a WHF@@I*’E M- 11971123 cthedextdractions @Mﬂﬂ@ﬂ]ﬂ’@f
3- (3-chl OrOeﬂd&o%pduHaemamer éryxdamzaho@m%m&éﬁ&aa%ez%hg%e“e (830 my. 3.6

mmol) in THF (25 1) was ded. "The reaction mxture was stirred at room
terrperaturecqﬂs‘P"eQ O'Mtyéﬁld \ﬁﬁ%‘"%@g@%ﬁ@ tIRE1M Gt ure extracted with ethyl

acetate. The organi c phase was dried and evaporated and the residue

purified by columm chromatograp t: CHerr]Cl[err]: MeOH: NH err] OH
(80:20:0.5)). Crystalllzatlon %—AM— _'

S Exo-'3-(3-chloro-1: ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane oxalate and
Endo-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycio[2.2.1]heptane oxalate

A sclution of endo/exo-3-chloro-3-(3-chloro-1 .2.5-ﬂ1iadiazol-4—yl)-1-azabicy.c- o
Io[2.2.1)heptane (0.5 g, 2 mmol) in abs ethanol (100 ml) was treated with

10% palladium on carbon in a Parr shaker at 20 psn for 4 h. The solution

was filtered and evaporated. The 'residue was purified by column chroma-
tography, eluent.CH,CL/MeOH (8:1). The first fractions contained the exo
compound, which after crystallization with oxalic acid from acetone/ether

was collected in 50 mg vield. {Compound 21). M.p. 138-140°C. The next
fractions contaiﬁed the endo compound, which after crystallization with

oxalic acid from acetone, was coiected in 450 mg yield. (Compound 22).

M.p. 118-121°C.

EXAMPLE 18

Endo-s:(s-meti\oxy-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane oxalate

To a solution of sodium (110 mg, 5 mmal) in methanol (20 ml) was added
endo-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane (110 mg, ..
0.5 mmol). The reaction mixture was heated at reflux for 60 h and evapao- '
rated. Water (50 mif) was added, and the mixture was extracted with
methylene chioride (4 x 50 ml). The organic phases were dried.and evap-
orated. The residue was purified by column chromatography eluent
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wi.th fumaric acid from i sopropanol /ether gave the title conmpound in 70 ng
yield (Conmpound 132). Mp. 177-179[err]C

EXAMPLE 61 (-)1 -Azabicyclo[3.2.1 Joctan-6-one (+) canphorsul fonate To
a-solution of () 1-azabicyclo[3.2.1]octan-6-one (124 g, 1 nol) in ethanol
(100 mM) was added a solution of (+) canphorsulfonic acid (232 g, 1.0 nol)
in 200 M ethanol. The nixture was “*ated to 70[err]C and slowy cool ed
over 2 . ' -60 - hours to

Ster 1] C. ThATGGBHA9E CHlBb Fietreb Dab PG add bt 0N and

acetone/ether gave the title compound in 40 mg yield. (Compound 23).
M.p. 104-106°C.

EXAMPLE 19

Exo-6-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate

To a solution of exo-6-(3-chioro-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]oc-
tane (229 mg, 1.0 mmol) in DMF (20 ml) was added sodiumhydrogensulﬁde
monochydrate (230 mg, 3.0 mmol). The reaction mixture was stirred at room
temperature for 1 h. Potassium carbonate (1.38 g, 10 minol) and 1-hexyl-
bromide (335 mg, 2.5 mmoal) was added and the mixture was stirred for 1 h.
1N HCI solution was added and the mixture extracted with ether (2 x 50 mi).
The aqueous solution was basified with a 28% NH, solution and extracted
with ether (2 x 50 ml). The ether phase was dried and evapo‘rahed: The
residue was crystallized as the oxalate salt from acetonefether ini200 mg
yield. (Compound 29). M.p. 118-119°C.

EXAMPLE 20

The following compounds were made in exactly the same manner as
described in éxampl_e 19, using the appropriate alkylbromide:

Exo-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate.
{Compound 30). M.p. 143-145°C.

Exo-6-(3-pentyithio-1,2,5-thiadiazol-4-yl)-1 —azabicycl_o [3.2.1]Joctane oxalate. -
(Compound 31). M.p. 117-118°C.

Exo-6-(3-ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate. .
(Compound 32). M.p. 158-160°C.
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washed*wi th cold ethanol (3 x 40 m). The crude conpound was crystallized
fromethanol (150 m) givng the title conpound in 57.3 g yield. Mp. 267-
268[err]C (deconp.). [err][err] = + 48[err] (water).

EXAMPLE 62 (+) 1-Azabicyclo[3.2.1]octan-6-one (-) canphorsul fonate Thi s
conpound was nmade in exactly the sgg@_ manner as described in. exanple 1
using () 1l-azabicyclo[3.2.1] octan-6-one and (-) canphorsul fo- nic acid.

M p. 267-268[err]C (deconp.) [err][err] = -48[err] (water).

EXAMPLE 63 Exd\S—(fQ—pDopEﬂ‘li!yi 2.5-1hiadadml—¢-ylﬁz-h agickcld[Bacijeutard-oidalatbe ne) cyanoacet at e
hydrochlor| + 3.2.1]octan-6-one (-) canphorsul fonate
(61.8 g, ?%npc{u%’ ?‘Ir@e'?%ﬁ am ne (20.4 g, 202 mmol) and et hyl
cyanoacet ate (61.8 g, 547 nol ) were mi xed and stirred at roomtenperature
for 6 days. Tol uene EXAMPLE 21

Endo-3-(3-pentyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclof2.2.1]heptane
fumarate

To a solution of endo-3-(3-chloro-1 .2,5-thiad”xazol-4-yl)-1 -azabicyclo[2.2.1]-
heptane (215 mg, 1.0 mmol) in DMF (20 mi) was added sodium hydrogen-
sulfide monohydrate (230 mg, 3.0 mmol). The reaction mixture was stirred
at room temperature for 1 h. Potassium carbonate (1.38 g, 10 mmol) and
1-pentylbromide (0.45 g, 3 mmol) was added and the mixture was stirred

. for 1 h. 1 M hydrochloric acid solution (100 mi) was added and the mixture
extracted with ether (2 x 50 ml). The-aqueous solution \:Nas basified with a
28% NH;-solution and extracted with ether (3 x 75 ml).iThe ether phase was
dried and evaporatéd. The residue was crystallized as the fumarate salt
from. MeOH[ethér in 250 mg yield. (Compound 33). M.p. 120-122°C,

EXAMPLE 22

The following -compounds were made in exactly the same manner as
described in example 21 using the appropriate alkylbromide:

Endo-3-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1 -'azabicj'clo [2.2.1]heptane
fumarate. (Compound 34). M.p. 127-128°C.

Endo-3-(3-(3-phenylpropylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]hep- |
tane oxalate. (Compound 35). M.p. 118-120°C.

Endo-3-(3-butylthio-1,2,5-thiadiazol-4-yl}-1-azabicyclo{2.2.1}heptane
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(320 nf) and water (120 nl) were added to the reaction mixture and the pH
was adjusted to 2 with concentrated hydrochloric acid. The phases were
separated and the water phase extracted with toluene (30 m). The com
birned organi c phases were washed with water (20 m ). -The conbi ned wat er
phases were adjusted to pH = 9.4 w NH err] (25%in water) and extracted
with toiuene (1 x 120 m, 1 x 60 nf ¥~ "The conbi ned tol uene extracts were
evapor at-ed. The resi due was dissolved in ethanol (120-m) and concen- :
trated hydr eeddrfte! @©offpotnd 36), Milp. 196$083dded. The title conpound precipitated
in 22g yield. Upon evaporation of the nother |iquor and crystallization
fromethanol (40 ml) further 14.6 g of the title. conpound was i sol at ed.

- 61 - EBdo-8(®propykhio-1,2,5-thiadiazol-4-yl)-1-azabicyclio[2.2.1]heptane

Endo- 6- chl (o MeE) é((%-E&Féﬁdr)%%éﬁpﬁééj{ﬂﬁ&azoI -4-yl)-1-azabicycl o-

[3.2. 1] octane (¥

" EXAMPLE 23

: Ex'g-a-(a-pentylthioq.2.5-thiadiazoi-4-yl)-1-azabicyc!a[2.2.1]heptane oxalate

To a solution of exo-3-(3-chioro-1 .2,5-thlédiazol-4-yl)-1 -azabicyclo[2.2.1]hep-
tane (215 mg, 1.0 mmol) in DMF (20 ml) was added sodium hydrogensul-
fide monohydrate (230 mg, 3.0 mmol). The reaction mixture was stirred at
room temperature for 1 h. Potassium carbonate (1.38 g, 10 mmol) and
1-pentylbromide (0.45 g; 3 mmol) was added and the mixture was stirred .
for 1 h. 1 M hydrochloric acid solution (100 mi) was added and the mixture
extracted wifh ether (2 x 50 ml). The aqueous solutio:n was basified with a
28% NH,-solution and extracted with ether (3 x 75 ml). The ether phase was
dried and evaporated. The residue was crystaliized as the oxalate salt from
MeOHy/ether in 250 mg yield. (Compound 38). M.p. 120-122°C.

EXAMPLE 24

The followiné'compounds were made in exactly the same manner as
described in:example 23, using the appropriate alkylbromide:

Exo-3-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1 -ézabicyf:lo [2.2.1]heptane oxalate.
{Compound 39). M.p. 102-103°C. '

Exo-3-(3-propyithio-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo{2.2.1}heptane oxalate.
(Compound 40). M.p. 132-133°C. '

Exo-3-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)- 1 -azabicyclo[2.2.1]hep-
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(-~) Ethyl (1-azabicyclo[3.2.1]octan-6-ylidene)cyanoacetate (220 g, 1 nol)
was di ssolved in abs. ethanol (500 m ). Palladiumon carbon (10 g, 5% was
added and the mi xture treated with hydrogen in a Parr shaker at 20 psi for
10 hours. The catalyst was filtered off, and the solution evaporated to a
final vol ume of 400 m . This SOlmg§l on was added to a solution of sodium
(25.3 g, 1.1 nol) in ethanol (200 Aty Isoanylnitrite (183.3 g, 1.56 nol)
was added at O0-5[err] C. The reaction nmxture was warnmed to room
terrperaturetaaad,xaatbrma&\paahnd«)tm;sme-mzvemature for 6 hours. The reaction
m xture was cooled to 4[err]C and - | eft at 4[err] C overnight. The
reacti on m xture was evaporated at reduced pressure, toluene (300 m)
was added aBxb-8{{@butylitiast,e Sibiadiaaphi-yl)-¢azahicycio[2.2r13ttepthne Bialateesi due was

di ssol ved i g§‘J(pwly added to a m xt ure of
sul f ur nronoc or|°élé§%g%6n% f%g'q in DMF (140 m) at O-5[err]C The
tenperature was slowy raised to 20[err]C over 3 hours and the reaction

m xture was stirred at room tengsigipig®sover ni ght. Water (750 m) was
carefully added. The pH was adjusted to 4 by addition of sodiumhydroxide
solution (36% NaOH). The m xture was filtered at 70[err]C, cool ed and

basified . AwglHihGQearoaiy-dichisio-Biomiyl3-asaitiopEagectaaneextracted with

t ol uene (900 o '+ 400 ml) The arganic phases were evaporated. The
resi due was dis- sol ved in ethanol. (670 m) and (+) L-tartaric acid (117
g, -0.8 nol )Tavasduuoxadmylmm\(asme.equml)tuatigcc}d‘zcgsttsmlrﬂ)wasadded tered giving

(he L1 L1, CPBBRE! d o 31 8oty 5abBld b ibchomounds ver
ne-3-one (57 g, 0.29 mol) dissolved in dry CH,Cl, (60 ml) was added. The .
reaction mixture was stirred over night at room temperature, then added to
ice water (1.000 ml). The phases were separated and the water phase
extracted with CH,CL, (2 x 200 ml). The combined CH,Cl; extracts were
washed with a saturated NaHCO, solution and water, dried and evaporated
to give 70 g of the titte compound, which was used in the next step without

further purification.

B. 8-Ethqxycarbonyl-3-chloro-2-(3-chloro-1,2,5-thiadiazol-4-yl)-8-azabicyclo
[3.2.1]oct-2:ene

Potassium ,c&énide (85g,0.13 mol) and ammonium chloride (6.4 g, 0.12
hol) were dissolved in a min. amount of water. 8-Ethoxycarbonyl-3-ch-
loro-2-formyl-8-azabicyclo[3.2.1]Joct-2-ene (23 g, 0.1 mol) dissolved in DMF
(25 ml) was added. The reaction mixture was stirred at room temperature
for 3 days, then added to a 5 N hydrochloric acid solution (200 ml). The
aqueous phase was extracted with ether (3 x 75 mi), then basified with a
28% NH, solution and extracted with ether (4 x 100 mi). The ether phases
from the last extraction were dried, evaporated and dissolved in DMF (50
ml). This solution was added to sulphur monochioride (16.8 g, 0.12 mol) in

DMF (50 mi). The reaction mixture was stirred over night at room tempera-
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2-Met hyl - 6-chl oro-6-(3-chloro-1 ,2,5-thiadiazol -4-yl)-1 -azabicyclo[3.2.1 ]

oct ane starting from 2-net hyl - 1- azabi cycl o[ 3. 2. 1] oct an- 6- one.

8- Met hyl - 6-chl oro-6-(3-chloro-1 ,2,5-thi adi azol -4-yl)-1 -azabicyclo[3.2.1 ]
oet ane starting from8-nethyl-1 -azabicycl o[ 3.2.1 ]octan-6-one.

-62 - C. Exo-6-(3-chloro-1 ,2,5- pladlazol 4y|) 1 -.azabi cycl o[ 3: 2. 1]
octane and endo-6-(3-chloro-1 ,2,5-thiadiazol-4-yl)-1

- azabi cycl o[ 3. 2. 1] oct ane hydrochlorlde
6- Chl or 0- Gute3arkibouréd htclicdwhtat. adeaawrpﬁagelv)aslexw wittcéthérd32. 1. J oct ane (121

9 : x 100 mi). The combined ether phases were dried and evaporated. The
residue was purified by column chromatography (eluent: CH,Cl,). Yield 3.2

g as.an ail.
EXAMPLE 26

3-Chioro-2-(3-sthoxy-1,2,5-thiadiazol-4-yl)-8-azabicyclo[3.2.1]Joct-2-ene
oxalate

To a solution of sodium (230 mg, 10 mmoal) in abs. ethanol (50 mi) was
added 8-ethoxycarbonyl-3-chloro-2-(3-chloro-1,2,5-thiadiazol-4-yl)-8-az- -
abicyclo[3.2.1]Joct-2-ene (670 mg, 2 mmol). The reaction mixture was
heated at reflux overnight, evaporated and conc. HC! (40 ml) was added.
The reaction mixture was heated g.t re_ﬂux for 4 days, evapcsrgted and
basified with a 28% NH, solution. The aqueous solution was extracted with
ether (3 x 75 ml). The combined ether extracts were dried apd evaporated.
The residL;e was purified by column chromatography (eluent CH2CI.‘;IMeOH-
:9:1). Crystallization of the free base with oxalic acid in acetone gave the
title compoung in 110 mg yield. (Compound 43). M.p. 178-180°C.

EXAMPLE 27

3-Chloro-2-(3-chioro-1,2,5-thiadiazol-4-yl}-8-azabicyclo[3.2. 1]oct-2-ene -

oxalate

To a solution of 8-Ethoxycarbonyl-3-chloro-2-(3-chloro-1,2,5-thiadiazol-4-yl)-
8-azabicyclo[3.2.1]oct-2-ene (1.7 g, 5 mmol) in dry toluene (50 mi) was
added AICI, (2.6 g, 20 mmol). The reaction mixture was slowly heated to
80°C and kept at this temperature for 10 min. After cooling to room tem-
perature the reaction mixture was poured on ice and basified with a 50%
NaOH solution. The aqueous phase was extracted with CH,Cl, (3 x 100 mi).
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0:6 nol) dissolved in ethanol (1.5 1) was treated with Raney N ckel (20 m,
50% and hydrogen at atnospheric pressure..The catalyst was filtered and

t he et hanol evaporated at reduced pressure. The residue was recrystallized
from et hanol (400 m) giving the title conpound in 115.8 g yield. The
foll ow ng conpounds were nmade in e_x%c_tly the sane manner: .

Exo- 2- net hyl - 6- (3-chl oro-1, 2, 5-t hi adi azol - 4-yl ) - 1-azabi cycl o[ 3. 2. 1] oct ane
(Conpound 169) and endo- 2-net hyl - 6-(3-chloro-1, 2, 5-thi adi azol -4-yl)-1-
azabi cycl o[ BeZotibinet anganic@xirpais wereldiey oseravMgS O pntirevaparated.endo- 2- et hyl -

6- chl or o- 6-3- - Ladi sl =1 lcvdol 3.2 1] octane.

Exo- 8- mef hyﬁé-g%@(rz‘ﬁ?%?ﬁﬁz%%ﬁeﬁ%%%fe;g%:@ﬁa f%ﬁgb-é\é%%'%@%l o[ 3. 2. 1] oct ane
( Conpound lcpmpound] Yisidb.6&- (Gomppunds47)MenI195%.2, 5- t hi adi azol - 4-yl ) - 1-
azabi cycl o[ 3. 2. 1] oct ane (Conpound 213) starting from exo/ endo- 8- net hyl -
6-chl oro-6-(3-chloro-1 ,2,5-thiadi azol -4-yl)-1 -azabicyclo[3.2.1 Joctane.
D. (-)-Exo- 6-(3-butylthio-1,2, BXAMELERS 70l - 4-y1 ) -1 -azabi cycl o 3. 2. 1]
octane (+) L-tartrate

The following compounds were made in exactly the same manner as
described in Example 16 using the appropriate alcohol:

Exo-6-(3-pentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate
(Compound 58), M.p. 122-123°C.

Endo-?-(s-pentyloxyd .2.5-thiadiazol-4-y|)-1 -azabicyclo[3.2.1 ]ocﬁne oxalate
{Compound 60), M.p. 124-125°C.

EXAMPLE 29

A 4-Chloro-3-formyl-1-azabicydo[3.3.1]noh-2-ene

To DMF (50 mi, 0.68 mol) was slowly added POCI, (50 ml, 0.54 mol) at 0°C
over 1 h. 1-ﬁ-(zabicyclo[3.3.1]nonane-4-one hydrochloride (17.5 g, 0.1 mol)
was added in one portion and the reaction mixture heated at 100°C for 1 h.
After cpoling the reaction mixture was poured on ice (1000 g) and the
reaction mixture neutralized with potassium carbonate. The water phase
was extracted‘With ether ks X 200 ml).- The organic phase was dried over
MgSQ, and evaporated. The residue was purified by column chromatogra-
phy (eluent: CH,CI,/CH,OH (9:1)), yielding 17 g of the title compound.

B. -4-Chloro-3-(3-cnioro-1,2,5-thiadiazo’-4-yi)-1-azabicycio[3.3.1]non-3-ene

oxalate

To a solution of oxalic acid (9.0 g, 100 mmol) in water (100 ml) was added
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“Starting froma mxture of exo- and-

endo- 6- (3-chl oro-1, 2, 5-t hi adi azol -4-yl)-1- azabi cycl o[ 3. 2. 1] oct ane
described in exanple 63C, the chlorine was substi- tuted with butylthio as
described in exanple 14. A 1:9 m xture of exo- and

endo- 6- (3-butyl thio-1, 2, 5-thi adi azol - 4-yl ) -1-azabi cycl o[ 3. 2. 1] octane (10 g,
35 mmol) was dlssolved i n tol uene” ?%O m) and treated with potassiumtert-
but oxi de (0.5 g) at reflux for 1 hour. The toluene solution was washed with

water (15 Mhbndid 2hnAfd £¥ﬁ%ﬂ%§q]no}%€én PN, Foldozed with (+) L-

63 - tartaric aci tlca e”"conpound in 12.5 g
y| el d. ( Consiupgyanide @1819 10|\mrpol) g@gollezy(l;a mln amount of water was

EXAMPLE 64 added dropwise. The reaction mixture was stired at room temperature for 2
h. The precipitated crystals were fitered and suspended in water/EtOH (4:1,
120 mi). Ammonium chiorids (6.0 g, 100 mmol) and ammonium hydroxide
(28% in water 10 mi) was added and the reaction mixture was stired at
room temperature overnight. The water phase was extracted with methylene
chloride (5 x 100 ml). The organic phases were dried over magnesium
sulphate and evaporated. The residue was dissolved in DMF (50 ml) and
added dropwise to a solution of sulfurmonochloride (20 ml,- 250 mmol) in
DMF (30 ml) at 0°C. The reaction mixture was stirred at rocom temperature
for 4 h, then crushed ice (500 g) was added. The precipitated sulfur was
ﬂltéreq off and the filtrate washed with 1 M hydrochloric acid éolu'don (2 x
100 ml) the combined water phases was basified with ammonia (28% in
water) and extracted with ether (4 x 200 ml). The combined organic phases
were dried and evapor:ated. The residue was crystallized as the oxalate sait
fromn acetone/ether to give the titte compound. Yield 10.8 g (Compound 61),
M.p. 149-150°C. ' '

EXAMPLE 30

4—Chloro-3-(3-propy|oxy-1 2,5-thiadiazol-4-yl)- 'l-azablcyclo[a 3.1]non-3-ene

oxalate

To a solution of sodium (0.23 g, 10 mmol) in n-propancl (10 ml) was added
4-chloro-3-(3-chloro-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.3.1]non-3-ene
(0.274 g, 1 mmol). The reaction mixture was heated at 60°C for 2 h. Hydro-
chloric acid (1 M, 100 ml) was added, and the water phase exiracted with
ethet (2 x 50 mi). The water phase was basified with solid potassium
carbonate and extracted with ether (3 x 75 ml). The combined ether
exiracts were dried over magnesium sulfate and evaporated. The residue
was crystallized as the oxalate salt from acetone/ether to give the title
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Usi ng resol ved exo- and '

endo- 6- (3-chl oro-1. 2. 5-t hi adi azol -4-yl)-1-azabi cyclo- [3.2.1] octane

(exanpl e 63) obtained fromresolved (-)-1-azabicyco[3.2.1]- octan-6-one
(exanmple 61) or (+) 1l-azabi-cyclo[3.2.1]octan-6-one (exanple 62) the

fol | owi ng conpounds were synthesi zgd_using the appropriate al kyl hal ogeni de
and separating exo- and endo conpounds by col um chromat ography:

(+) - Exo- (5R, 6R) - 6- ( 3- (4- cyanobenzyl t hi 0) - 1, 2, 5-t hi adi azol - 4-yl ) - 1- azabi cycl °
o= [3.2.1] Gémaﬂ'é!\dei’ﬁlda‘ta@ ne@éearaReund 63) M. E}s1i?-ﬂ-g23ICcyanobenzyl brom de. M p.
196- 197C. -

(-)-Exo-(5S, 6S)-6(3-(4-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1

-azabi cycl o- [3.2.1]octane oxalmgipound 155) wusing

4- cyanobenzyl brom de. M p. 195-196[err]C '

Endo- 6- t hi 2. 5-thiad bi | o[ 3. 2. 1] oct
() L tar t 7t BoO soRRHsaere ke 1, Py efaraemer s /' 01> % T octane

(+) - Exo- ( 5RegiRbedin( skampleBOuwsingthe approfridis albotmtli azol - 4-y) -1
-azabicycl o[ 3. 2. 1] - oct ane (+) L- tartrate (Conpound 157) using

| sohexyl bronide. Mp 52-
4-Ch|oro-3-(3-pentyloxy—1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene

oxalate (Compound 63), M.p. 114-115°C.

4-Ch|oro-3—(3—methoxy-1 ,2,5-ﬂ1|ad|azol-4—yl)-1-azab|cyclo[3 3. 1]non-3-ene
oxalate (Compound 64), M.p. 103-104°C.

EXAMPLE 32

4-Chloro-3-(1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene oxalate

To a solution of sodium (0.092 g, 4 mmoal) in isopropancl (40 mi) was
added n-butylmercaptan (270 ml, 3 mmol). 4-Chloro-3-(3-chloro-1,2,5-t-
hiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene (0.82 g, 3 mmol) dissolved in
isopropanol ,(1 0 ml) was added and the reaction mixture was stirred over-
night ‘at room temperature. The reaction mixture was evaporated and
hydrochloric ‘ééid (1 M, 100 ml) was added. The water phase was extracted
with ether (2 x 50 ml) basified with solid potassium carbonate and extracted
with ether (3 x 75 ml). The organic phase was dried and evaporated. The
residue was purified by column chromatography (eluent: ethyl acetate) and
the free base was crystallized with oxalic acid from acetone to give the title
compound. Yield 250 mg {Compound 65) M.p. 175-77°C.
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153[err] C (-)-Exo-6-(3-isohexylthio-1 ,2,5-thiadiazol-4-yl)-1

-azabicycl o[ 3.2.1 ]octane oxal ate (Conpound 158) using isohexyl brom de.

Mp. 118-122C

(+) - Endo- 6- ( 3-i sohexyl t hi o-1, 2, 5-thi adi azol - 4-yl)-1-azabi cycl o] 3. 2. 1] oct ane
(#) L-tartrate (Conpound 159) usingsd sohexyl brom de. Mp. 102-103[err]C

- 64 - (-)-Endo-(5S,6R)-6-(3-(4,4,4-trifluorobutylthio)-I

, 2, 5-thiadi azol -4-yl)-1 -azabi- cyclo[3.2.1 Joctane (-) Dtartrate
(©onpound 160) using 4,4,4-trif EMAKMBLEIBY| - bromi de. Mp. 94-96[err]C.

() 3-(3-Butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2actane (+) L-tar-
trate

To a solution of 3-(3-butylthio-1,2,5-thiadiazol-4+y)-1-azabicyclo[2.2.2]octane
(free base of compound 13, example 10) (5.5 g, 19.43 mmol) in ethanol (50
mi) was added a solution of (+)L-tartaric acid (2.9 g, 19.4 mmol) in water
(10 ml). Ether (approx. 200 ml) was added to the solution to give a slightly
unclear solution. The titte compound was precipitated overnight and the
crystals collected by filtration (3.05 g). Recrystallization twice from ethanol
(20 ml) and ether gave the pure (-) enantiomer (1.90g) (Compound 55)
M.p. 106-108°C. [¢](free base) = -15.80° (C = 4.05 MeOH).

EXAMPLE 34

(+) 3-(3-Butyithio-1 2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane (-)D-tartrate

The mother liqu;:ur from the crystallization with (+)L-tartaric acid (example
33) was evaporated and the residue treated with 50% NaOH in water and
extracted wit,h ether. The combined ether phase were dried and evaporated
to give crude free base of the title compound (2.9 g, 10.2 mmol). The
residue was dlssolved in ethano! (15 ml) and a solution of (-) D-tartaric acid
(1.54 g, 10.2 mmol) in water (4 ml) was added. Ether was added to the
solutiorf and the title compound precipitated overnight. The crystals were
collected by filtration and recrystallization twice from ethanol/ether gave the
pure (+) enantiomer (1.90 g) (Compound 56), M.p. 106-108°C. [a](free
base) = + 14.94° (C = 4.09 in MeOH).
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(4 - Endo- (5R, 6S)-6-(3-(4, 4, 4-trifluorobutylthio)-1

, 2,5-thiadiazol -4-yl)-1-azabi- cyclo[3.2.1]]octane (+) L-tartrate (Conpound

161) using 4,4,4-trifluorobutyl- bromde. Mp. 94-96[err]C

(-)-Endo- (5S, 6R)-6(3-(4-cyanobenzylthio)-1,2,5-thiadi azol -4-yl)-1-azabi cycl’
- [ 3. 2. 1] oct ane oxal ate (Conpound-362) using 4-cyanobenzyl brom de. M p.

167-172[err] C.

(+) - Endo- (5R, 6S) - 6- ( 3- (4- cyanobegéél ; hi o; -1,2,5-thiadiazol -4-yl)-1 -azabi -

cyclo[ 3. 2. 1] oct ane oxal ate (Co usi ng 4-cyanobenzyl brom de. M p.
168-172C.

o Endor & bbb aERla Vg oy o & 2 1 octane
(+)-Ex0-6-(3-(37 37 3-Trifl uoropropyl Fhl 0)-1 ,7Z2,5- tm%nrazol 4-yl)-1
201 EY°! o1 kol 8P S (s S e RO GAR e
( +) - Exo- 6- ( 38 {1023, h‘\ilaxe.?@/h‘!)nop r{exapiplen@))in fnsthanal (50 mi) was added a
, 2, 5- thi adi aztlandr selutior oPRHRSG4TIng (prepared from NH,OH, HCI (4.2 g, 60
. mmol) in methanol (60 mi) and sodium (1.38 g, 60 mmol) in methanol (60

mi)). The reaction mixture was stirred at 40°C for 18 h and evaporated to

give the crude amide oxime derivative. The residue was treated wnth excess

of POCI, at 45°C for 18 h. Water and sodium hydroxide was added to

obtain alkafine pH and the aqueous mixture extracted with chioroform. The

'cbmbgned organic phases were dried and evaporated to give the free base

of the title compound as a solid (yield 570 mg). MS: M*: 194. Crystaliization

“as the fumarate salt from isopropanol gave the title compound (1 10 mg)

{Compound 686), M.p. 60-75°C.

EXAMPLE 36

A. 5-Carboxaldehyde-1-azabicyclo[3.2.1]octane

"Toa soiutiorj of 1-azabicyclo[3.2.1]oct-5-yl-N-methyl-N-methoxycarboxamide
(4.0 g, 17.4 mmol) in tetrahydrofuran (100 mi) was added dropwise a 1 '
Molar solution of DIBAL (26 ml, 26 mmol) at -65°C. The temperature of the
reaction mixture was allowed to raise to 0°C over 30 min. and then cooled
to -65°C. Aqueous hydrochioric acid (75 ml, 5N) was added to the coid
reaction mixture and the tetrahydrofuran was evaporated in vacuo. The
aqueous residue was stirred overnight at room temperature and then
evaporated. Water and potassium carbonate was added to the residue and
extracted with methylene chloride (3 x 300 ml}. The combined methylene
‘chloride phases were dried and evaporated to give the title compound as
an oil. Yield 2.75 g.
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[ 3.2. 1] oct ane oxal ate (Conpound 166) using 3-(2-thienyl)propylchloride.

M p. 135-139C. (+)-Ex0-6-(3-(4,4,4-trifluorobutylthio)-lI

, 2,5-thiadiazol -4-yl)-1 -azabicyclo- [3.2.1 ]J]octane oxal ate (Conpound 167)
using 4,4,4-trifluorobutyl brom de. Mp. 153-154C.

- - 65- (+)-Endo-6-(3-(3,3,3-triflwwopropylthio)-1,2,5-thiadiazol-4-yl)-1
-azabicyclo- [3.2.1] oct ane hydrochl ori de (Conpound 168) using

333tr|fluoroprop¥ bro- . 170-174C.
(%) - Exo- 6- (B ﬁr@?’%‘@aigﬁﬂm/&%ﬂemﬂm) 1- azabi cycl o[ 3. 2. 1] oct ane

To a solution of potassium cyanide (1.43 g, 22 mmol) in water (20 mli)
5-carboxaldehyde-1-azabicyclo[3.2.1]octane (2.75 g, 19.8 mmol) was added
over 30 min. at 0-10°C. Acetic acid (1.26 ml, 22 mmol) was added to the
reaction mixture over 30 min. at 5-10°C. The reaction mixture was stirred at
room temperature for further 18 h and cooled to 5°C. Aqueous sodium
hydroxide was added to obtain alkaline pH and then extracted with
methylene chloride (3 x 200 ml). The combined organic phases were
evaporated and the residue was treated with a solution of ammonium
chioride (3.8 g, 72 mimol) in water (10 ml) and 25% aqueous ammonia (5
mi). The reaction mlxture was stirred at room temperature for 18 h and then
extracted wnth methylene chlonde The combined orgamc phases were
dned and evaporated to give the titte compound. Yeld 1.67 g.

" C. 5-(3-Chloro-1;2,5:thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate

| 2-Amino-2-(1-azabicyclo[3.2.1]oct-5-yl)acetonitrile (1.67 g, 10 mmol) was
dissolved in DMF (10 ml) and a solution of sulfur monochioride (2.57 ml, 30
mmol) in DMF (10 ml) was added dropwise at 0°C. The reaction mixture
was stirred at room temperature for 18 h and cooled to 0°C whereupon
water (40 ml) and aqueous potassium hydroxide was added slowly. The
alkaline rea_ctron mixture was extracted with ether (3 x 300 ml) and the
combined ether phases were dried and evaporated. The residue (850 mg)
was crystallized with oxalic acid from ece_tone/ methandl to give the title
compound. Yield 710 mg (Compound 67), M.p. 137.5-139.5°C.

EXAMPLE 37

5-(3-Hexylthio-1 ,2,5-thiediazol-4—yl)-1 -azabicyclo[3.2.1]octane oxalate

Sodium hydrosulfide monohydrate (326 mg, 4.4 mmol) was added to a
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okal ate. (Conpound 185). M p. 144-145[err]C
(+)-Exo-6-(3-ethylthio-1,2,5-thi adi azol -4-yl)-1 -azabicyclo[3.2.1 ]octane
oxal ate. (Conpound 186). Mp. 120-124[err]C. '

(+) - Exo-6-(3-pentylthio-1,2,5-thiadiazol -4-yl)-1-azabicyclo[3.2.1 ]octane
oxal ate. (Conmpound 187). M p. 128-gg29[err]C. '
(+)-Exo-6-(3-hexylthio-1,2,5-thi adi azol -4-yl)-1 -azabicycl o[ 3. 2. 1] oct ane
“oxal ate: (Conpound 188). M p. 149-150[err]C.

(=) - Exo- 6-spBiiom vh§-{3-¢hivra-12,Bhiatiipzatidai drazabigicio[312. Hedbne gxdlald 3. 2. 1] oct ane
oxal at e. ((%Pﬁyqj D9 S in lNIFp(20 H)‘lat%é{'t%djf]e%ture and the reaction

(-)-Exo-6 hio-1, 2. 5-thiadi azol - - 1-azabi cycl o[ 3. 2. 1] oct ane
oxal ate. (TUSHOWRStNgd for 30m"f} Pq%mmmié 1.24 g, 9 mmol) and

(-) - Exo- 6- 1(-@{’0%9&%1‘1&55 b &nﬁbgWe?éjéd&@anétﬁé'rLac%oﬁ Abakbase! o[ 3. 2.1 Joctane
oxal ate. (Conpound B 3;443
~ stirred for 3 h. Water (50 mi) was adde @ reaction mixture and the
aqueous phase extracted with ether (3 x 200 mi}. The combined ether
phases were dried and evaporated to give the crude free base of the title
compound {220 mg). The residue was.crystallized as the oxalate salt from.
acetone to give the title compound. Yield 200 mg (Compound 68), M.p.

67-69°C.
EXAMPLE 38

Eko-a-(s;methylthio-1 ,2,5-thiadiazol-4-yi)-1-azabicyclo[2.2.1]heptane oxalate

To a solution of exo-3-(3-chloro-1 ,2,5-Madlazol-4-yl)-1 -azabicyclo[2.2.1]hep-
tane (215 mg, 1.0 mmol) in DMF (20 ml) was added sodiumhydrogensulfide
monochydrate (230 mg, 3.0 mmol). The reaction mixture was stirred at room
temperature for 1 h. Potassium carbonate (1.38 g, 16 mmol) and methyliod-
ide (0.42 g, 3 mmol) were added and the mixture stirred at room tempera-
ture for 0.5 h: 1N hydrochiloric acid solution (100 ml) was added arid
extracted with ether (2 x 50 ml). The aqueous solution was basified with a
28% NH; soldﬁbn and extracted with ether (3 x 75 ml). The combined ether
phases were dried and evaporated. The residue was crystallized as the
oxilate salt from acetone in 180 mg yield. (Compound 69). M.p. 133-139°C.

EXAMPLE 39

The: following compound was made in exactly the same manner as

described in example 38, using ethyliodide:
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(5)- Exo-6-(3-hexylthio-1,2,5-thiadiazol -4-yl)-1 -azabicycl o[ 3. 2. 1] oct ane
oxal ate. (Conpound 192). M p. 149-150C.

(+) - Endo- 6- (3-net hyl t hi o-1, 2, 5-t hi adi azol -4-yl)-1 -azabi cycl o[ 3. 2. 1] oct ane
oxal ate. (Conpound 193). Mp. 138-139[err]O. ' .

-.66 - (+)-Endo-6-(3-ethylthio-1 ; 5-thi adi azol -4-yl)-1 -azabicyclo[3.2.1
] oct ane oxal ate. (Conpound 194). N?%’ 87-89[err] C '

(+) - Endo-6-(3-pentylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1

] ect ane 'Oxﬂﬁ-ﬁ-aﬁﬁw%i%%M-%z%aQ@ZJ]heptane oxalate

from ethyliodide and exo-3+(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycio-
[2.2.1]heptane. (Compound 70). M.p: 156-157°C.

Exo-3-(3-(4-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicycio[2.2.1]hep-
tane oxalate from exo-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]-
heptane and 4-cyanobenzyichioride. (Compound 173). M.p. 200-201°C.

EXAMPLE 40

The following compounds were made in exactly the same manner as
described. in example 38 using endo 3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-
azabicyc_lo[2.2.1]heptane and the é.ppropriate alkylhalogenide.

Endo-3-(3-(2-phenoxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]hep-
tane oxalate from 2-phenoxyethylbromide and endo 3-(3-chloro-1,2,5-
thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane. (Compound 71). M.p. 127-1 30°C.

Endo-3-(3-(2-thienyl) propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]hep-
tane oxalate from 1-chloro-3-(2-thienyl)propane and endo-3-(3-chioro-1,2,5-
thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane. (Compound 72). M.p. 123-126°C.

Endo-3-(3-(2-phenylthic)ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1}-
heptane oxalate from 1-chloro-2-(phenylthio)ethane and endo-3-(3-chloro-
1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane. (Compound 73). M.p. 143-
145°C.

EXAMPLE 41

Exo-6-(3-methylthio-1 ,2,5-thiadiaqu-4—yl) -1-azabicyclo[3.2.1]octane oxalate

To a solution of exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]oc-
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(+)- Endo-6-(3-hexylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1 ]octane
oxal ate. (Conpound 196). Mp. 89-90[err]C (-)-Endo-6-(3-nmethylthio-1

, 2, 5-thiadi azol -4-yl)-1-azabicycl o[ 3. 2. 1] octane oxal ate. (Conpound 197).
M-p. 137-140C. ‘ -
(=)-Endo-6-(3-ethytthio-1,2,5-thi adi azol -4-yl)-1-azabicycl o[ 3.2. 1]octane
oxal ate. (Conpound 198). Mp. 107-1%0€ (-)-Endo-6-(3-pentylthio-1,
2,5-thiadi azol -4-yl)-1 -azabi cycl o[ 3. 2. 1] oct ane oxal ate. (Conpound 199).

M p. 85- 90[ @ink(&29 mg +.0 ratian BMF3b #iyidideed sadi )
, 2, 5-thi adi az.ol(-y4-m? - 1-azabi cycl (cz) 3.»2/. 1] octeaﬁ%d'%r?(rgldﬁggpsu(m errpound 200) .

M p. 132- 137enchydr ?}%Qd'-‘%-e'(%m%l@l)t erTRARIPD MEUSG WBR Alirediat rasm 1
, 2, 5-t hi adi tsaeraturslfor-1Lh.-Fotabiumycrsonale3(128 3] ﬂ%ﬁﬁ@aﬁ& ?Aeﬁ‘%ﬁo—f rom
AT om0l B S i) e e SRS s i i Th. 18-+ Lo 1€
hydrochieric acid solution (100 ml) was added and the mixture extracted
with ether (2 x 50 mi). The aqueous solution was basified with a 28% NH,
solution and extracted with sther (3 x 75 ml). The combined ether phases
were dried and evaporated. The residue was crystallized as the oxalate salt
from acetone in 200 mg yield. (Compound 74). M.p. 141-142°C. .

EXAMPLE 42

The following compounds were made in exactly the same manner as
described in example 41 using the appropriate alkylhalogenide:

Exo-6-(3-heptyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate
from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane and 1-
bromoheptane.. (Compound 75). M.p. 111-112°C.

Exo-6-(3-isohexylthio-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1]octane oxalate
from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane and 1-
bromo-4-methylpentane. (Compound 76). M.p. 128-130°C.

Exo-6-(3-isopentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane from
exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1}octane and 1-bromo-
3-methylbutane. (Compound 77). M.p. 130-132°C.
Exo-6-(3-(4-cyanobutylthio)-1 ,é,5-thiadiazol—4-yl)-1 -azabicyclo[3.2.1]octane
oxalate from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

and 1-bromo-4-cyanocbutane. (Compo_qnd 78). M.p. 148-150°C.

Exo-6-(3-cyanomethyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
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(%) - Ex0-6-(3-(4-nitrobenzylthio)-1 ,2,5-thiadiazol-4-yl)-1 -azabicycl o[ 3. 2.
1] - octane oxal ate from 4-nitrobenzyl chloride. (Conpound 202). Mp. 173-
174]err] C. (+) - EXo-6-(3-(2-hydroxyethylthio)-1, 2,5-thiadiazol -4-yl)-1
-azabi cycl o[ 3. 2. 1] - octane oxal ate -from 2-hydroxy-1 -chl oroet hane.
(Lompound 203). Mp. 179- 181[err]C. .

- 67- (+) - Exo- 6-(3-(2- propanonyl T 0)-1,2,5-thiadiazol-4-yl)-1
-azabicyclo[3.2. 1]- octane oxal ate (Conmpound 228) using

1- bromd- 2- P&,ARANAIR exd/6R3-cHigrb:1, 28 Hifthidzbi%-y1)-1-azabicyclo[3.2.1]octane

and chioroacetonitrile. (Compound 78). M.p. 141-142°C,

Exo-6-(3-(2-cyanoethyithio)-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1_]octane
oxalate from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane
and 1-bromo-2-cyanoethane. (Compound 80). M.p. 151-152°C.

Exo-s-(a-(s-cyanopropylthio)-‘l ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 1-bromo-3-cyanopropane. (Compound 81). M.p. 114-115°C.

Exo-S:(3-(4-cyanobenzylthi'o)-1,2,5-thiadiazol-4-yl)-1-azabi¢ydo[3.2.1]octane
oxalate from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 4-cyanobenzylchloride. (Compound 82). M.p. 198-196°C.

Exo-6-(3-(3-phenylpropylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from exo-6-(3-chlora-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 1-bromo-3-phenylpropane. {Compound 83). M.p. 149-150°C.

Exo-6-(3-(2-phenoxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 1-bromo-2-phenoxyethane. (Compound 133). M.p. 137-144°C.

Exo-6-(3-benzylithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2. 1]octane oxalate
from exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane and
benzylchioride. (Compound 134). M.p. 153-155°C.

Exo0-6-(3-(2-cyanobenazylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane |

oxalate (Compound 223) M.p. 107-110°C from exo-6-(3-chloro-1,2,5-thiadiz-
zol-4-yl)-1-azabicyclo[3.2.1]octane and 2-cyanobenzylbromide.
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(%) - Exo-6- (3-(2- hydroxypropylthio)-1 2,5-thiadi azol -4-yl)-1
-azabicycl o[ 3. 2. 1] - octane oxal ate (Conpound 229) using

1- br ono- 2- hydr oxypropane. Mp, 179-180[err]C.

(+) - Exo- 6(3- (3- phenyl propyl thio)-1, 2, 5-thi adi azol -4-yl)-1
-azabicycl o[ 3. 2. 1] - octane oxal ate %orrpound 230) using

1- br ono- 3- phenyl propane. M p. 135-"136

(-)-Exo-6-(3-(3- phenyl propylthio)-1 ,2,5-thiadiazol-4-yl)-1
- azabi cycl otx%éi( aediRAsy AR ammémwpdaaa%ib)/cms 2NGoctane -

(- ‘E’ﬁog’ap{‘e“%@,&&%ﬁ%ea el o b et 2p g

- azabi cycl ofch43l)h]azabioydic[8.2.1joctdnatand Qyanubemyibddde. usi ng
1- br ono- 3- phenyl propane. M p. 110- 113[err]C.

(-)-Endo-6(3-(3-phenyl propylthio)-1 ,2,5-thiadi azol -4-yl)-
- azabi cycl of&-g-(3-{2-trifvoramathylbenkyithis)-1 2Srthiediargl-2@B)-azabickigo-1

- brono- 3- phﬁi’E{]B&Qlﬁ’é‘BﬁlatMébmﬂoQﬁa 20500 BT 135%38°C from exo-6-(3-
chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane and 2-trifluoromethyl-
benzylbromide.

Exo-6-{3-(3-trifluoromethylbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 226) M.p. 152-155°C from exo-6-(3-
chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1] octane and 3-trifluoromethyl-
benzylbromide. '

EXAMPLE 43

The following compounds were made in exactly the same manner as
described in example 41 by reacting endo-6-(3-chioro-1,2,5-thiadiazol-4-yl)-
1-azabicyclo[3.2.1]octane with the appropriate alkylhalogenide:

Endo—6-(3-(§-phenoxyethylthio)-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate from endo-6-(3-chloro-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo{-
3.2.1]octané and {-bromo-2-phenoxyethane, (Compound 84). M.p. 150-
155°C.

Endo-6-(3-methyithio-1,2,5-thiadizzol-4-yl)-1 -azabicyclo[3.2.1]octane oxalate
from endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane arid
methyliodide. (Compound 85). M.p. 150-151°C.

Endo-6-(3-isopentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

oxalate from endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]cctane
and 1-bromo-3-methylbutane. (Compound 86). M.p. 118-120°C.

Thig s ike replacameht sheest

Dgre, 17 JAN ’997



(%) - Exo-6-(3-(4-fluorophenoxyethylthio)-1 ,2,5-thiadiazol-4-yl)-1

-azabi cyclo- [3.2.1] octane oxal ate (Conpound 234) using

1- brono- 2- (4-f 1 uor ophenoxy) - et hane.
(-)-Exo-6-(3-(4-fluorophenoxyethylthio)-1 ,2,5-thiadiazol-4-yl)-1
-azabicycl o- [3.2. 1] octane oxal ate_gLonmpound 235) using

1- brono- 2- (4-fl uorophenoxy)- ethane.” M p. 132-137[err]C.

- 68 - (+)-Endo-6-(3-(4-fluorophenoxyethylthio)-1,2,5-thiadiazol-4-yl)-1
- azabi cycl ogndc3e-{3-idHasyitnRe ¥ atiadigzol-£9TpastbitydSB . 1hsctaHe

1-bromo-2 (é}xaflaltt}zJ Prérg %?1 g—%zig-)chlon%t-1r,]£g-%iiadiazol-4'-yl)-1—azabicyclo[3.2.1]octane

and 1-bromo-4-methylpentane. (Compound 87). M.p. 110-112°C.

Endo-6-(3-benzylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate
from endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1 Joctane and
benzylchioride. (Compound 88). M.p. 110-112°C.

Endo-6-(3-cyanomethylthio-1,2,5-thiadiazol4-yi)-1-azabicyclo[3.2.1 Joctane
oxalate from endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octan

......

and chloroacetonitrile. (Compound 89). M.p. 158-59°C. '
Endo-6-(3-(2-cyanoethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1]octane
oxalate from endo-6-(3-chloro-1,2.5—thiad_iazol-4-yl)-1 -azabicyclo[3.2.1]octane
and 1-bromo-2-cyanoethane. (Compound 90). M.p. 160-161°C.
Endo—6—(3-(3-cyanopropylfhio)-1 2,5-thiadiazol-4-yl)-1 -azébicyclo [3.2.1]oc-
tane oxalate from endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octan_e and 1-bromo-3-cyanopropane. (Compound 91). M.p. 119-
120°C. '

Endo-6-(3-(4-cyanobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
and 1-bromo-4-cyanobutane. (Compound 92). M.p. 150-151°C.
Endo-6-(3-(2-cyanobenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]oct-

ane oxalate (Compound 227) M.p. 210-211°C from endo-6-(3-chloro-1,2,5-
thiadiazol-4-yl)-1-azabicyclo{3.2.1]Joctane and 2-cyanobenzylbromide.
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(%) - Endo- 6- (3-(4-fl uorophenoxyet hylthio)-1,2,5-thi adi azol -4-yl)-1

-azabi cyclo- [3.2.1] octane oxal ate (Conpound 237) using

1- brono- 2- (4-fl uor ophenoxy) - ethane. Mp. 144-147[err]C. In the above
exanpl es optical rotation is neasured on the free base. -

EXAMPLE 65 The fol l owi ng conpounds were prepared in exactly t he sane

manner as$ described in exanple 64:-44-

Endo- 2- net hyl - 6- (3-propyl thi o-1, 2, 5-thi adi azol -4-yl)-1 -azabi cycl o[ 3, 2,

| }oct ane oxal ate from endo- 2- rmﬂénﬂMﬁtgga chloro-1, 2, 5-thi adi azol -4-yl)-1
-azabi cycl o- [3.2.1]octane. (Conpound 204). Mp. 123-124C Endo- 8- -
met hyl - 6( 3- propyl t hi 0o-1, 2, 5-t hi adi azol - 4-yl ) - 1- azabi cycl o[ 3. 2. 1] oct ane

oxal at e f romHise-383BaioRyt 26-tHidieith- a1 bed cibRisAGhGHRbnet- Y1) - 1- azabi cycl o-
[3.2.1] oct ane gOorrpoun 205). Mp. 172-175[err]C

To a solution of sodium (0.23 g, 10 mmol) in n“butanol {10 ml) was added
4-chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]Jnon-3-ene
(Compound 61) (0.274 g, 1 mmol). The reaction mixture was heated at
60°C for 4 h. Water (100 mi) was added and the water phase extracted with
ether (3 x 50 mi). The combined ether extracts were dried over magnesium
sulfate and evaporated. The residue was crystallized from acetone/ether to
give the titte compound in 200 mg yield. (Compound 93). M.p. 104-107°C.

EXAMPLE 45

4-Chioro-3-(3-hexyloxy-1 ,2.5-thiédiazol-4—yl)-1 -azabicyclo[3.3.1]non-3-ene
hydrochioride

The compound'was made as described in example 44 by reacting 4-chloro-
3-(3-chloro-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1Jnon-3-ene with 1-hexa-
nol. The free base was crystallized as the hydrochloride from ether. (Com-
pound 84). M.p. 100-1 01°C.

EXAMPLE 46

3-(3-Butoxy-1,2,5-thiadiazol-4-yl)-1 —az'abicyclo [3.3.1]non-3-ene oxalate

To a solution of 4-chloro-3-(3-butoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo- .
[3.:3.1]non-3-ene (0.63 g, 2.0 mmol) in abs. ethanol (20 mi), triethyl amine (3
ml) and formic acid (1 ml) were added. The reaction mixture was heated to
80°C under nitrogen. At this temperature paliadium on carbon (0.5 g, 5%)

was added in one portion. After 15 min. another portion of palladium on

This is the replacement sheet

Date: 1 7 JAN 1§97



Exo- 2- et hyl - 6- (3- propyl thi o-1, 2, 5-t hi adi azol -4-yl ) -1-azabi cycl o[ 3. 2. 1] oct a
ne oxalate from-

exo- 2- et hyl - 6- (3-chl oro-1, 2, 5-t hi adi azol - 4-yl ) -1-azabi cycl o-

[3.2.1] octane. (Conpound 206). M p. 155-156C.

Exo- 8- met hyl - 6- (3-propyl thio-1, 2, 5-jhi adi azol -4-yl)-1

-azabi cycl o[ 3. 2. 1] oct ane oxal at e from

exo- 8-nmet hyl - 6-(3-chl oro-1, 2, 5-t hi adi azol -4-yl ) -1-azabi cycl o-

[8.2.1] oct a:amon((@m@oamiwaﬁzc)ded.vlme la&ﬂé&d&.é@be;ﬁan&cﬁ;m on carbon

Exo- 2-met hyl - 6-(3-butylthjo-1 zabicyclo[3.2.1
] oct ane 3(ovas rgrgeatecJJ thce. R#t_er cobhzrfg, the regcq b x{ure w¥s altered and 69 - oxal at e

f rom exo- 2-enapdngted.crheJesitiieowas dissolvedtim walgr basified witly pytagsiuraz abi cycl o-
carbonate and extracted with ether (3 x 75 ml). The ether extracts were
dried and evaporated. The crude compound was purified by column
chromatography (eluent: CH,Cl,/MeOH (9:1)), yielding 80 mg of free base.
The title compound was crystallized with oxalic acid from acetone/ether in
80 mg yield. (Compound 95). M.p. 150-151°C.

EXAMPLE 47

The following compounds were prepared in exactly the same manner as
described in example 48.

3-(3-Methoxy-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.3.1]non—._'i-e’ne oxalate from '
4-chloro-3-(3-methoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene. '
(Gompound 96). M.p. 200-201°C.

3-(3-Propoxy-1 ,'2,5-thiadiazol-4—yl)-1 -azabicyclo[3.3.1]non-3-ene oxalate from
4-chioro-3-(3-propoxy-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene.
(Compounci 97). M.p. 166-167°C. '

3-(3-Hexqux}¥1 .2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene oxalate
from 4-chloro-3-(3-hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-
ene. (Compound 98). M.p. 100-101°C.

EXAMPLE 48

3-(3-lsopentylthio-1,2,5-thiadiazol-4-yi)-1-azabicyclo[2.2.2]octane fumarate

A solution of 3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-zzabicyclo[2.2.2}actane
(Compound 8) (420 mg, 1.83 mmol), sodiumhydrogen sulfide monchydrate
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[3.2. 1] octane. (Conpound 208). Mp. 160-164[err]C
Exo-8-net hyl -6-(3-butylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1

] oct ane oxal ate from exo-8-nmet hyl -6-(3-chloro-1, 2, 5-thi adi azol

4-yl)-1

-azabi cyclo- [3.2.1]octane. (Conmpound 209). Mp. 143-147[err]C.
Exo- 2- et hyl - 6- (3-hexylthio-1 ,2,5-{hiadi azol -4yl )-1

-azabi cycl o[ 3. 2. 1] oct ane oxal ate f1om _

exo- 2- met hyl - 6 (3-chloro-1, 2,5-thi adi azol - 4-yl)-1-azabi cyc'l o-

[3.2.1] oct ap@
Exo- 8- net hy
oct ane oxal

70

migCaTp eniniél) &iﬂbotaé&lqm cariBhale3(YgE®imy) )64 mmol) in

A (éfwﬁwsiéos%%é?’i%’f*ﬁgﬁ§%*F§%Lﬁa'éf%h?‘ il F A ol a-yi) 1

- azabi cycl oerofnd-2méthglbutanes (420 G EJEmmalLinDMAS ) waspaddeg| @nd | C

the reaction mixture was stirred at room temperature for 3 h. Water (20 mi)
was added and the mixiure was extracted with sthyl acetate (3 x 100 mi).
The combined extract was washed with brine, dried (MgSQO,), filtered and
evaporated. The residue was purified by column chromatography (eluent:
CH,Cl,:MeOH:NH,OH (8:2:0.5%)) to give the free base of the desired -
product in 400 mg yield. Crystaliization of the residue with fumaric acid from
isopropanolfether gave the title compound in 370 mg yleld. (Compound 99).
M.p. 130-132°C.

The following compounds were made as described above using the
indicated alkylhalogenide instead of 1-bromo-3-methylbutane:

3-(3-(1 —Meﬂ1ylpropylfhio)-1 ,2,5-thiadiazol-4-yl)-1 -azabic):(clo[2.2.2]oqtane
fumarate (Compound 100), using 2-bromobutane. '.
3-(3-Isobutylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane fumarate
(Compound 101), using 1-bromo-2-methylpropane.

3-(3-(2-Phenoxyethyithia)-1,2,5-thiadiazol-4-yl}-1-azabicyclo[2.2.2Joctane
fumarate (Qdmpound 102), using s-bromophenetale. M.p. 135-137°C.

3-(3-Cyanomethylthio-1;2,5-thiadiazol-4-yi)-1-azabicyclo[2.2.2]octane oxalate
(Compound 103), using chioroacetonitrile. M.p. 188-188°C.

3-(3-(3-(2-Thienyl)propyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane

- fumarate (Compound 104), using 1-chloro-3-(2-thienyl)propane. M.p. 134-
"~ 136°C.

3-(3-(4-Chlorobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane
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The clains defining the invention are as foll ows: 1. Use of a
conpound of the formula I wherein X is oxygen or sulphur; Ris
hydr ogen, am no, hal ogen, -CHO, -N(Jerr], -Rerr], -Y, -NHCO R err],
-CR[err], -SRerr], -SORerr], -SQerr]R[err], Cerr]-[err]-cycloal kyl,
C-err]-[err]-cyl coal kenyl, Cerr] Ler - (cycl oal kyl al kyl), .
-Z[err]-Clerr]-[err]- cycloalkyl -Z[err]-Cerr]-[err]-cycloal kenyl,
-Z[err]-Cerr] [err]-(cycloalkylalkyl) -Z[err]-Clerr] [err]-

(cycl oal ke ngiohkahb%husﬁ{ge{.b}cnﬁ‘e&mbmb@@ﬁa (met hyl enecycl oal kyl al kyl),
-NH R4, -NR4R5, -NH = NOR[err], phenyl, benzyl oxycarbonyl,

phenoxy benzoyl-, tetrahydronaphthyl,
3-(3-Methylthio-1,2 5-th|ad1azol-4-y|) {-azabicyclo[2. 2 2Joctane oxalate

{Compound 131) using bromomethane. M.p. 185-187°C.

3-(3-(N-(2-Ethylthio)phthalimide)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]- .
octane oxalate (C_omp_ound 135) using N-(2-bromoethyl)phthalimide. M.p.
160-161°C. h

3-(3-(2-Methoxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicycio[2.2 2Joctane e
oxalate (Compound 136) using 2-methoxyethylbromide. M.p. 124-125°C. '

3-(3-(2-(1 ,3-Dioxalan-2-y|)eﬂ1ylthio)-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]-
octane oxalate (Compound 137) using 2-(1,3-dioxalan-2-yl)ethylbromide.
M.p. 161-153°C.

3-(3-(4—Pyridylmefhylthio)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo [2.?.2] octane
oxalate (Compoupd 138) using 4-(chloromethyl)pyridine. M.p. 1§5-157°C.

3-(3-Cyclopropylmethyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane
oxalate (Compound 139) using cyclopropylmethylbromide. M.p. 217-218°C.

3-(4-Fluorobenzyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane oxalate
(Compound 140) using 4-fluorobenzylbromide.

3-(3-(2-Hydroxybutylthio)-1,2,5-thiadiazol-4-yl)-1 -azébicyclo [2.2.2]octane
oxalate (Compound 214) M.p. 180-182°C, from 1-bromo-2-hydroxybutane.

3-(3-(2-Butanonylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane oxalate -

Compound 2¢5) M.p. 187-188°C, from 1-bromo-2-butanone.
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napht hyl , indenyl, wherein each aromatic group is optionally substituted
with halogen, -NJerr], -CN, (Jerr]-[err]-alkyl, Cerr]-[err]-al koxy,
-CCF[err], -CONH err], -CSNH err], phenoxy or phenyl; or Ris
-Z[err]-Rerr]-Zerr]-Rerr], -Zerr]-Rerr]-Zerr]-Rerr]-Zerr]-Rerr],
-Z[err]Rerr]-CORerr], -Z[err]-Ragrr]-Co[err]-Rerr],
-Z[err]-Rerr]-0O[err]C HRerr], -Zerr]-Rerr]-CONHR err],

-Z[err]-Rerr]-NHCO- R err -Z[err e Zerr r] Zlerr]-Y, '
wherein Z| &@-(3-PEFM?ETEY\‘@<Y)'ZF&*F“F*P%‘I@Mt?é?ﬂ‘ffyﬁbﬁzr?ei BR%@een or sul phur, and
Rlerr] and GLgtd dcol gﬁrﬁ}fﬁ‘f@'ﬂﬁﬁM1?ﬂ20°€tﬁ@hg%droﬁ{meﬂ@ls-pﬁ€rﬁﬂyC[err]

[err]-al kyl, straight or branched C2 15-al kenyl, -strai ght or branched

Cerr] [errt]enzeﬂﬂ kynyl, each of which is optlonally substituted with one or
nore hal ogen(s), Cerr] -[err]-alkoxy, -CF[err], -CN, -COCH, -OH, NHerr],

O e, i e s AP0 R Gtk P 7

hal ogen, - Ngdrochichitle (Cangrauhd RET) M.pald2yi24°Crem ribrérae-rcaddokexy, - OCF[err],
CONH[ err] NH[ err], phenyl or phenoxy, and wherein R6 and R7
mdependent?y are straight or branched CJerr]-[err]-al kyl ene, strai ght or
branched Cerr] [err]- al kenyl ene, straight or branched

Cerr]-[er ré—(ﬂbh—%)ﬂ Ithlbﬁ(ib,mﬁlaﬂibidr-h’yl)-ﬁ -a4lidyobpld.ajoqtaist i tuted with one

g;tglr)re-gﬁlggen (Bompound 518) M. 120141 m1-bmm04$§'yc§re%lnanqe”] [err]-alkyl

3-(3-(4-Hydroxybutylthic)-1,2,5-thiadiazok-4-y)-1-azabicyclo[2.2 2]octarie
oxalate (Compound 219) M.p. 160-161°C, from 1-bromo-4-hydroxybutane.

EXAMPLE 49

3-(3-(1-Methyltetrazol-S-yithio)butyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[2.2.2]octane oxalate

A solution, of 3-(3-(4-chlorobutyithio)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo-
[2.2.2]octané (Compound 105) (3.0 g, 9.5 mmol), potassium carbonate (10
g, 72 mmol) and 1-methyl-5-mercaptotetrazole (5.0 g, 43 mmol) in DMF (50
ml) was sﬁrréd at room temperature for 3 days. 1N hydrochloric acid was
added to the reactién and the mixture was extracted with ether. The ether
phase wa; discharged. The reaction mixture was made basic with 4N
sodium hydroxide and then extracted with ether (3 x 150 mi). The combined
“ether phases were 'dried (MgSO4) and evaporated. The reSIdue was crystal-
lized with oxalic acid from acetone to give the title compound in 420 mg
yield. (Compound 106). M.p. 78-80°C.

The following compounds were made as described above using the
indicated mercapto derivative instead of 1-methyl-5-mercaptotetrazole:
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NHR[ err], -NR[err]R err], phenyl or phenoxy, and Yis a 5 or 6 renenbered
het erocyclic group containing one to four N, O or S atom(s) or a

conbi nati on thereof, which heterocyclic group is optionally substituted at
carbon or nitrogen aton(s) with straight or branched Cl[err]- [err]-alkyl,

phenyl or benzyl, or a carbon atomin the heterocyclic group together W|th
an -49- 71 oxygen atom form

a carbonyl group, or which heterocyclic group is optlonal ly fused with a

Iro:“ﬁmsf' gr OUR(3-Efletnft-1 §4~§1?Ao%&5§yw‘hfo?éﬂt§hﬂﬁ 1Ys-hidGadddl 4 N azabicyclic
g azabicyclo[2.2.2]octane oxalate (Compound 107), using 2-mercapto-5-

methyl-1,3,4-thiadiazole. M.p. 104-105°C.
3-(3-(4-(2-Benzothiazolyl)thio)butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[2.2.2]actane oxalate (Compound 108), using 2-mercaptobenzothiazole,,
M.p. 51-53°C.

EXAMPLE 50 Co

3—(3-(4-Ethylbenzy|oxy)-1 2,5-thiadiazol-4-yl)-1 -azablcyclo [2.2. 2]octane
oxalate

To a solution of 4-ethylbenzyl alcohol (1.63 g, 12 mmol) in dry THF (20 mi)
was added sodium hydride (50% dispersion in mineral oil) (60 mg, 12
mimol) at 0°C. The feaction mixture was stirred for 1 h, then a'solution of 3-
(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2 2]octane (820 mg, 4 mmol)
in THF was added dropwise. The reaction mixture was stirred for 3 h. 1N
hydrochloric acid was added to the reaction mixturs afid extracted with
ether. The ether phase was discharged. The reaction mixture was made
basic with 4N sodium hydroxide and extracted with ether (3 x 200 mi). The
combined ether phases were dried and evaporated. The residue was
purified by column chromatography (eluent: CH,Cl,: MeOH:NH,OH (8:2:0.5-
%)). Crystallization with oxalic acid from acetone gave the title compound in
180 mg yield. (Compound 109). M.p. 100-102°C. |

EXAMPLE 51

The following compound was made as described in example 50 using 3-(2-.
thienyl)-1-propanol instead of 4=ethylbenzyl alcohol:

3-(3-(3-(2-Thienyl)propoxy)-1,2,5-thiadiazol-4-yl)- 1-azabicyclo[2.2.2] octane
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R3 wherein the thiadi azole or oxadi azole ring can be attached at any
carbon atomof the azabicyclic ring; R err] and Rerr] may be present at
any position, including the point of attachment of the thiadiazole or
oxadi azol e ring, and independently are hydrogen, straight or branched
Cerr] [err]-alkyl, straight or br EChEd Cerr] [err]-alkenyl, straight or
branched Cerr]-[err]- al kynyl, ai ght or branched C [err] [err]-al koxy,.
straight or branched ([err] [err] aI Kyl substituted wth. -CH, -OH,
hal ogen, - irheate] (Compoarid oy, Mgl ¢17-)21°6. H, strai ght or branched
Cerr]-[err]-alkyl, straight or branched C2 5-al kenyl or straight or
branched Cerr] [err]-alkynyl; nis O, 1 or 2, mis O, 1, or 2; pis 0, 1
or 2, qis 1 or 2; and J[err] EXAMBLESNgle or double bond; or a
pharmaceutical acceptable salt thereof for the preparation of a nedi canent
for the _treatiment of schizophrenia and schi zophreniform di seases.
(-)-Exo-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

(+) L-tartrate

To a solution of (+) exo 6-(3-b'utylthio-_1 ,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]Joctane (Compound 30) (28.3 g, 0.1 mal) in a 1:1 mixture of ethanal
and sthyl acetate (2.165 |, 50 mifg) (+) L-tartaric acid(15.0 g, 0.1 mol) was

: added and the mixture heated until a clear solution was obtained. After 3
coohng at 4°C overnight, the precipitated crystals were ﬁltered giving 19. 5 g
of crude material enriched with {) exo 6-(3-butyithio-1,2,5-thiadiazol-4-yl)-1-
azabicycio[3.2.1]octane (+) L-tartrate. The mother liquor was evaporated at
reduced pressure giving 23.8 g of crude material enriched with (+) exo 6-
(3-butylthio-1,2,5-thiadiazol-4-y)-1-azabicyclo[3.2.1]octane (+) Ltartrate.
This material was dissolved in a 1:1 mixture of ethanol/ethyl acetate (1.19, i
50 mi/g) and heated at refiux. After cooling at 4°C overnight the precipitated

" crystals were filtered off. The mother liquor was evaporated and
recrystallized from a ethanol/ethyl acetate mixture (50 mi/g). The title
compound f:nal& crystallized from the ethanol/ethyl acetate solvent mixture
(50 mifg) in 4,97 g yield. (Compound 111). Mp. 128-129°C. [a], = +28.9°
(oxalats salt, MeOH). [e]p = + 3.71° (free base, MeOH).

EXAMPLE 53

(+)-Exo-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1]Joctane (-)
D-tartrate

This corﬁpound was made in exactly the same manner as described in
example 52 using (-} D-tartaric acid (Compound 112). M.p. 128-130°C. [«],
= -27.5° (oxalate salt, MeOH). [a], = + 3.75° (free base, MeOH).
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EXAMPLE 54

(+)-Exo-6-(3-propylthio—‘i 2, 5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1 Joctane
(+) L-tartrate

To a solution of (+)-exo-6-(3-propyithio-1 ,2,5-tl'1iadiazol-4~yl)-1 -azabicydl-
o[3.2.1]octane (Compound 58) (4.50 g, 17.6 mmoal) in water/ethanol (20:80,
180 ml) was added (+) L-tartaric acid (2.64 g, 17.6 mmoal). Ether (90 mi)
was added and the mixture was coocled at 4°C overnight. The precipitated
ctystalé were collected by filtration. Recrystallization twice from
ethanol/water/ether (10:40:50) gave the title compound in 1.5 g vield.
(Compound 1183). M.p. 163-165°C [c], = + 4.4° (free base, MeOH).

EXAMPLE §5

: (-)-Exo-s-(s-propylthio-i ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
(’) D'tamate i : .

This compound was made in exactly the same manner as described in
example §4.using (-) D-tartaric acid. (Compound 114). M.p. 164-165°C. [a],
= - 4.2° (free base, MeOH).

EXAMPLE 56

Exo-6-(3-butyisulfonyl-1,2,5-thiadiazol-4-yl)-1-azabjcyclo[3.2.1]octane oxalate

An acidic solution of exo 6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane (Compound 30) (2.5 g, 0.0088 mol) in H,O0 (20 mi + 9 mi 1 N.
HCI) was cooled in an ice-water bath as oxone (8 g, 0.13 mol) in H,0 (40
mi) was added dropwise. Cooling was removed and after stirring overnight
the reaction was again cooled and the pH adjusted to 9. The mixture was
extracted with CHCI; (3 x 30 ml), the extracts dried, and the solvent evapor-
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72 + 2. The use according to claim11 wherein Xis S, Gis

[err] wherein nis 1, pis l1lor 2 and mis 1 or 2, and Rlerr] and R err]

i ndependent|y are hydrogen, nethyl, nethoxy, hydroxy, hal ogen or am no; or
a-pharmaceutically acceptable salt thereof. 3. The use according to
claiml1 wherein Xis S, Gis '

-52.
ated. The residue was suspended in EtOAc (100 ml) and extracted with
o saturated aqueous K,CQ; (15 ml), brine, the solvent dried and evaporated
to give a yellow oil (2.6 g). The oxalate salt crystallized from EtOAc. Mp. -
107-108°C. {Compound 115). Analysis C,3H,,,N;0,5,-C,H,0,, C,H,N;
Theory C, 44.43; H, 5.72; N, 10.36
Found C, 44.67; H, 6.70; N, 10.38.

Exo-6-(3-(2.2,3,3,4,4,4-heptafluorobutyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicycl-
o[3.2.1]octane oxalate

A suspenéion of NaH (0.11 g 60% NaH in oil, 0.0028 mol) in THF (15 mi)

. was cooled to 11°C as 2,2,3,3,4,4,4-heptafluorcbutanol (0.56 g, 0.0074 mol)
was added dropwise. After gas evolution ceased, a solution of the free
base of (Compound 115) (0.8 g, 0.00254 mol) in THF (25 ml) was added
and the reaction warmed to 35-45°C for 1.25 h subsequently stirred at
ambient overnight and then heated to refiux for 4 h. Another solution of
sodium hepiaﬂuorobutoﬂde (0.0028 mol) prepared as above was added
and the solution was heated to refiux 1 h. The reaction was treated with
1,0 (10 mi), diipted with ether, and extracted with 1 N HCI (2 x 10 mi). The
acid extracts were made basic and extracted with EtOAc (3 x 25 ml). The
organic extr;cts were dried, solvent evaporated and residue purified by
radial chromatography (2.5% EtOH-0.25% NH,OH-CHCL,) to give a yellow
oil (0.48 g). The oxalate salt crystallized from EtOAc to give a white salid.
(Compound 116). M.p. 115-116°C.

Analysis C,;H,,F,N,0S-C,H,0,, C.H,N;
Theory C, 37.27; H, 3.34; N, 8.69,

Found C, 37.55; H, 3.49; N, 8.80.

The following compounds were made in the same manner as described
above using the indicated alcohal instead of 2,2,3,3,4,4,4-heptafluorobuta-

nal:
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[err] + whereinnis 1or 2, pis1or 2and mis 2, and Rlerr] and R err]
are hydrogen; or a pharmaceutically acceptable salt thereof. 4. The
use according to claiml wherein Xis S, Gis [err] wherein nis 2, p
is 1 and mis 1, and Rerr] and R err] are hydrogen and R4 is straight or

branched C[err] [err]-alkyl; or a pshéar maceutically acceptable salt thereof.

- Ex0-6-(3-methoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate,
(Compound 117) using methanol. M.p. 143-145°C.

Exo-6-(3-ethoxy-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane oxalate,
" (Compound 118) using ethanol. M.p. 90-92°C. '

Exo-6-(3-propoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1]octane oxalate,
(Compound 118) using propanol. M.p. 152-154°C.

Exo-6-(3-butoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]actane oxalate,
(Compound 120) using butanol.

Exo-6-(3-pentyloxy-1 ,zs-thiadiazowyl)-1 -azabicyclo[3.2.1]octane oxalate,
(Compound 121) using pentanol. M.p. 109-110°C.

EXo-G-(a-he:xyloxy-‘l 2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane oxalate,
(Compoung 122) using hexanol. M.p. 108-111°C.

Exo-6-(3-isohexyloxy-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane dioxala-
te, (Compound 123) using isohexanol. M.p. 94-96°C.

Exo-8-(3-(2-butynyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate, (Compound 124) using 2-butyn-1-ol. M.p. 118-121°C.

EXAMPLE 57

Exo-6-(3-(3-(2-thienyl)-1-propyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate

A solution of 6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycla[3.2.1]octane
(mixture of exo- and endo-isomers (200 mg, 0.9 mmol)) in DMF (10 ml) was
cooled to 5°C whereupon potassium carbonate (180 mg, 1.3 mmol) and
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73 * b, The use according to claim1l wherein Xis S, Gis

[err] wherein nis 2, pis 1 and mis 1, and Rerr] and R err] are
hydrogen and Rl err] is branched C4[err] [err]- alkyl; or a pharmaceutically
acceptabl e salt thereof. 6. The use according, to claim1 wherein X
isS Gis ' [err] wherein n is
2, pis1and mis 1, and Rl err] ang Rlerr] are hydrogen and R4 is straight
C[err] [err]- alkyl; or a pharmaceutically acceptable salt thereof. 7.
The use acceodiumg\ydrpswﬁcw mprichytiratec(7h mda d.0comppwerd addegstwi tbet ed from t he

1511t s T 9 o120 09 o an
3-(3- Chl or oaﬁoﬂﬂ@i oft3-@dhigmdt echigregrog %Wr 10 gymebiie PMFAS[ 2. 2. 2] oct ane:
3- Met hoxy - 3x3udie bAdetd tothe reacidh i 784 R 1) &t donfefiper&b Olné - 2 - 2] octane;
reaction was quenched with water then extracted with ethyl acetate (3 x 75
mi). The organic phase was dried over NaCl/Na,SO, then ‘evaporated. The
residue was purified by radial chromatography eluting with 1% NH,0H/10%
EtOH in GHCl,. The exo-isomer was isolated and the oxalate salt made to
yield 29 mg of the title compaund. (Compound 125). M.p. 157-160°C.

The following compounds were made in exactly the same manner using the
appropriate starting material:

Exo-6-(3-{4-fluorobenzyithic)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2:1joctane
oxalate (Compound 141) using 4-fluorobenzylbromide. M.p. 152.5-153.5°C.

Exo-6-(3-(4-chlorobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]Joctane
oxalate (Compound 142) using 4-chiorobenzylbromide. M.p. 168-170°C.

Exo-S-(3-L4-p)ethylbenzylthio)-1 2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate (Cor}\pound 143) using 4-methylbenzylbromide. M.p. 176.5-178°C.

Exo-6-(3-(4-tiifluoromethaxybenzylthic)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 144) using 4-trifluoromethoxybenzylbro-
mide. M.p. 175-176.5°C. '

Exo-6-(3-(4-thiocarbamylbenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 145) using 4-thiocarbamylbenzylbromide. M.p. _

125°C dec.

Exo-6-(3-(4-methylsulfonylbenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 146) using 4-methylsulfonylbenzylbro-
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- ' mide.-M.p. 125°C dec.

Exo-6-(3-(5,5,5-trifluoropentylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1]-
octane oxalate (Compound 147) usi_ng 5,5,5-triflucropentylbromide. M.p.
125-127°C.

Exo-6-(3-(3,3,3-trifluoropropylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1}-
octane oxalate (Compound 148) using 3,3,3-trifluoropropylbromide. M.p. 83-
96°C. '

Endo-6-(3-(3-(2-thienyl)-1-propyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1}octane oxalate . - . )

The endo-isomer was isolated from the above residue in the same manner -
:as described for the exo-isomer. (Compound 126). M.p. 125-128°C.

; Endo-6-(3-(4,4,4-trifluorobutyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 127) was made in the same manner as describ-
ed _aibove using 4,4,4-trifluoro-1-bromobutane instead of 3-(2-thienyl)-1-
chloropropane. M.p. 75-78°C.

Endo-6-(3-(6,6,6-triflucro-1-hexylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octané;oxalate (Compound 128) was made as described above
using 6,6,6-trifluoro-1-bromohexane instead of 3-(2-thienyl)-1-chloropropane.
M.p. 130-133°C.

Encfo-S-(s-(4—triﬂuoromethoxybenzylthio)-1 .2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 149) using 4-trifluoromethoxybenzylbro- .

miide. M.p. 150-152.5°C.

Endo-6-(3-(4-methylbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 150) using 4-methylbenzylbromide. M.p. 158-
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-74 - + 3-(3-Methoxy-1 ,2,5-thiadiazol -4-yl)-1 -azabicycl o[ 2. 2. 2] oct - 2- ene;

3-(3-Hexyloxy-1 ,2,5-thiadi azol -4-yl)-1 -azabicycl o[ 2. 2. 2] - oct - 2- ene;

3- Hexyl oxy- 3- ( 3- hexyl oxy-1 , 2, 5-thi adi azol - 4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane;
3= (3- Hexyl oxy-1, 2, 5-thi adi azol -4-yl ) -3-hydroxy-1 -azabicycl o[ 2. 2. 2] oct ane;

3-(3-Chloro-1, 2, 5-thi adi azol -4-yl ) - 1-azabi cycl o[ 2. 2. 2] oct ane;

3- ( 3- Et hoxy- 1,2,5-thiadiazol-4-y|)§ifazabicyclo[2.2.2]octane;

* 161°C.
Endo-6-(3-(4-fluarobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate (Combound 151) using 4-fluorobenzylbromide. M.p. 146-150°C.

Ex&é(3—cydopropylmethylthio-1 +2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-.
octane oxalate from cyclopropylimethylbromide. (Compound 175). M.p. 200-
201°C,

Exo-6-(3-(2-(1,3-diaxalane-2-yl)-ethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate from 1-bromo-2-(dioxalanyl)ethane. (Compound 176).
M.p. 147-148°C. '

Exo—si(a-(4-meﬂioxybenzylthio)-1 ,2,5-thiadiazol-4-yl}-1-azabicyclo[3.2.1]-
octane oxalate from 4-methoxybenzylchloride. (Compound 177). M.p. 170-
171°C. .

Exo—G-(s-(Z-me’Fhoxyemyuhio) -1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]Joctane
oxalate from 1-brcmo~2—methoxye’d1ane_. {Compound 178). M.p. 142-144°C.

Exo-6-(3-(3-hydroxypropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
* octane oxalate from 1-bromo-3-hydroxypropane. {(Compound 179). M.p.
115-116°C.

Ex0-6-(3-(4,4,4-trifluorobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate from 4,4,4-triflucro-1-bromobutane. (Compound 180). M.p.
132-134°C. ‘

Endo-6-(3-cyclopropyimethyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-

octane oxalate from cyclopropyimethylbromide. (Compound 181). M.p. 152-
154°C.
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(3-Propoxy-1 ,2,5-thiadi azol -4-yl)-1-azabicycl o[ 2. 2. 2] oct ane;
(3-Butoxy-1, 2, 5-thiadi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane;
(3-Pentylhio-1 ,;2,5-thiadiazol -4-yl)-1 -azabicycl o[ 2. 2. 2] oct ane;
(3-Butylthio-1,2,5-thiadi azol -4-yl )-1 -azabicycl o[ 2. 2. 2] oct ane;
3= (3-Hexyl thio-1,2,5-thiadi azol -'4-y§%j- 1 -azabicycl o[ 2. 2. 2] oct ane;
3-(3-(3-Phenyl propylthio)-1,2,5-thiadi azol -4-yl)-1-azabicycl o[ 2. 2. 2] oct ane;
3-(3-(4-Cyanobenzylthio)-1 ,2,5-thiadiazol-4-yl)-1
- azabi cycl oERd643-@ch@RGiybenZyitfio)or, 4, SaridthRbid-yh- 1-ZaBicydiragipzol - 4-yl) - 1
- azabi cycl OL3. 2. Ja?ctfame; . . _ :

ctane oxalate from 4-methoxybenzyichioride. (Compound 213). M.p. 155-

158°C.

3-
3-
3-
3«

Endo-6-(3-(2-methoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate from 1-bromo-2-methoxyethane. (Compound 182). M.p.108-
112°C.

-+ Endo-6-(3-(4-trifluoromethylbenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
: [3-2.1]octane oxalate from 4-trifluoromethylbenzylchloride. (Compound 183).
M.p. 154-156°C.

5~(3-(4-_C;Ieanobenzylthio)-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from 5-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1Joctane and -
" 4-cyanobenzylchloride. (Compound 172). M.p. 136-138°C.

EXAMPLE 58

- (-)-Ex0-6-(3-butylsulfony}-1,2,5-thiadiazcl-4-yl)-1-azabicyclo[3.2.1]octane
oxalate .

A solution of. (-)-exo-s-(s-butylthio-1 2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1 -
octane tartrate (Compound 111) (4.4 g, 10.1 mmol) in water was treated’
with saturated aqueous NaHCO, until basic then extracted with ethyl

~ acetate (3 x 100 mi). The organic phase was dried over NaCl/Na,SO, then
evaporated. The residue was taken up in 1N HCl,, and'water (23 ml) and
cooled to 0°C. A solution of oxone (9.2 g, 15.0 mmol) in water (45 ml) was
added dropwise to the reaction then stirred overnight at room temperature. -
The pH of the reaction was adjusted to 9 then extracted with chloroform. |
The organic phase was dried over NaCl/Na,SO, then evaporated to vield
3.8 g of free base. Crystallization with oxalic acid gave the titte compound.
(Compound 1289). M.p. 147-151°C.
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Endo-6-(3-chloro-1 ,2,5-thi adi azol -4-yl)-1 -azabicyclo[3.2.1 ]octane;
Endo- 6- (3-hexylthio-1 ,2,5-thiadiazol -4-yl)-1 -azabicyclo[3.2.1 ]octane;
-75 - Endo-6-(3-(5-hexenylthio)-1 ,2,5-thiadi azQI 4-yl)-1 -azabicycl o 3. 2.
1-] octane; Endo- 6- (3-butyl t hi o-1, 2, 5-t hi adi azol -4-yl) -1
-azabicycl o[ 3.2.1 ]octane; Endo-6-(3-ethyithio-1 )
, 2, 5-thiadi azol -4-yl ) -1-azabi cycl o[ 37 2. 1] oct ane;

- The following compounds were made in exactly the same manner using the

appropriate starting material: .

(+)-Exo-(5R,6R)-6-(3-propylsulfonyl-1 »2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1)-
octane oxalate (Compound 152) M.p. 160-162°C.

(-)-Exo-(SS,GS)-G-(S-propylsulfonyl-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
oxtane oxalate (Compound 153) M.p. 160-162°C.

Exo-6-(3-propyisulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]Joctane  ~
oxalate. (Compound -184). M.p. 201-203°C.

(+) 3-(3-Butylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane oxalate
(Compound 220) M.p. 121-122°C, from (+) 3-(3-butylthio-1,2,5-thiadiazol-4-
yl)-1-azabicyclo[2.2.2]octane oxalate.

EXAMPLE 59 -

(-)-Ex0-6-(3-(4,4,4-triflucro-1-butylthio)-1,2,5-thiadiazol-4-yl)-1-azabicycio-
[3.2.1]octan_e oxalate

A solution of (-)-exo-6-(3-butylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane (Compound 126) (1.3 g, 4.1 mmol) in DMF (20 mi) was
warmed to 40°C whereupon Na,S-9H,0 (1.2 g, 5.0 mmol) was added to

the reaction. The reaction was heated to 100°C for 3 h whereupon 1-bromo-
4,4 4-trifluorobutane in DMF (5 ml) was added. Stirred at 100°C for 1 h then
at room temperature overnight. Poured the reaction into water then
extracted with ethyl acetate (3 x 100 ml). The organic phase was dried over.
NaCl/Na,SO, then evaporated. The residue was purified by radial chroma-
tography eluting with 2% NH,0H/20% EtOH in CHCl,. The oxalate salt was
made to yield 545 mg of the title compound (Compound 130). M.p. 147-
151°C.
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Endo- 6- (3-pentyl thio-1, 2,5-thi adi azol -4-yl)-1 -azabicyclo[3.2.1 ]octane;
Endo- 6- ( 3- (3- phenyl propylthio)-1 , 2,5-thiadi azol -4-yl)-1
-azabi cycl o[ 3. 2. 1] - oct ane; Endo- 6- ( 3- (4- cyanobenzyl thio) -1

, 2, 5-thiadi azol -4-yl -1 -azabicycl o[ 3.2.1]- octane; Exo-6-(3-ethoxy-

1, 2,5-thi adi azol -4-yl)-1-azabi cycl o[.3. 2. 1] oct ane;

Endo- 6- ( 3- et hoxy- 1, 2, 5-t hi adi azol - 4~§I") - 1- azabi cycl o[ 3. 2. 1] oct ane;
Exo-3-(3-chloro-1, 2,5-thiadiazol-4-yl)-1 -azabicyclo[2.2.1 ]heptane;

Endo- 3- ( 3- cly ﬁ{)e%?kle%m;ﬁn%mha%uamb-@%@ﬁm&sy@&o[ 2. 2. 1] hept ane;

Endo- 3- (3-net hoxy-1 , 2, 5-thi adi azol - -1 -azahicycl o[ 2. 2. 1] hept ane;

(+) 3-(3-(2-Butanonylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclof2.2.2]octane
oxalate (Combound 221) M.p. 189-191°C, starﬁng from (+) 3-(3-butylsulfo-
nyl-1,2,5-thiadidzol-4-yl)-1-azabicyclo[2.2.2]octane and 1-bromo-2-butanone.

(+) 3-(3-(2-Hydroxybutylithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane
oxalate (Compound 222), starting from (+)} 3-(3-butylsulfonyl-1,2,5-thiadia-
zol-4-yl)-1-azabicyclo[2.2.2]octane and 1-bromo-2-hydroxybutane.

EXAMPLE 60

3-(1,2,5-Thiadiazol-3-yl)-1-azabicyclo[2.2.2]Joctane fumarate

To a solution of 1-butanethiol (2.2 ml, 20 mmol) in THF (50 mi) was added
sodium hydride (50% suspension in mineral oil, 960 mg, 20 mmol) at 0°C.
The reaction was stirred for 1 h, whereafter a solution of 3-(3-chloro-1,2,5-
thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane (830 mg, 3.6 mmol) in THF (25 ml)
Was added. The reaction mixture was stirred at room temperature for 2 h.
Water was gdded and the mixture extracted with ethyl acetate. The organic
phase was dried and evaporated and the residue purified by column
chromatogra_iphy (eluent: CH,Cl,:MeOH:NH,OH (80:20:0.5)). Crystallization
with fumaric .élcid from isopropanol/ether gave the title compound in 70 mg
yield (Compound 132). M.p. 177-179°C.

EXAMPLE 61

(-) 1-Azabicyclo[3.2.1]octan-6-one (+) camphorsuifonate

" To a solution of (+) 1-azabicyclo[3.2.1]octan-6-one (124 g, 1 mol) in ethanol
(100 mi) was added a solution of (+) camphorsulfonic acid (232 g, 1.0 mol)
in 200 ml ethanol. The mixture was heated to 70°C and slowly cooled over 2
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Exo- 6- (3- hexyl thi o-1, 2, 5-thi adi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane;
Exo-6-(3-butylthio-1 ,2,5-thiadiazol -4-yl)-1 -azabicycl o[ 3. 2. 1] oct ane;
Exo-6-(3-pentyl thio-1,2,5-thiadi azol -4-yl)-1 -azabicycl o[ 3. 2. 1] oct ane;
Exo-6-(3-ethylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2. 1 ]octane;
* C L M S * . - 80 -

-

hours to 5°C. The precipitated crystals were collected by filtration and
washed with cold ethanol (3 x 40 ml). The crude compound was crystallized
from ethanol (150 mi) giving the title compound in 57.3 g yield. M.p. 267-
268°C (decomp.). [a]p = + 48° {(water).

EXAMPLE 62

(+) 1-Azabicyclo[3.2.1]actan-6-one (-) camphorsulfonate

This compound was made in exactly the same manner as described in,
. example 1 using (+) 1-azabicyclo[3.2.1] octan-6-one and (-) campharsulfo-
nic acid. M.p. 267-268°C (decomp.) [e], = -48° (water).
EXAMPLE 63

A. () Ethyl (1-azabicyclo[3.2.1]octan-6-ylidene)cyanoacetate hydrachioride

(+) 1-Azabicyclo[3.2.1]octan-6-one (!-) camphorsulfonate (61.8 g, 135.0
mmol) and triethylamine (20.4 g, 202 mmol) and ethyl cyanoacetate (61.8 g,
547 mmol) were mixed and stirred at room temperature for 6 days. Toluene
(120 ml) and v;rater (120 mi) werse added to the reaction mixture and the pH
was adjusted to 2 with concentrated hydrochloric acid. The phases We"re |
separated and the water phase extracted with toluene (30 ml). The com-
bined organic phases were washed with water (20 ml). The combined water -
phases were adjusted to pH = 9.4 with NH, (25% in water) and extracted
with toiuene (1 x 120 ml, 1 x 60 mi). The combined toluene exiracts were
evaporated. The residue was dissolved in ethanol (120 ml) and concen- '

- trated hydrochloric acid (16 ml) was added. The titte compound precipitated
in 22.g yield. Upon evaporation of the mother liquor and crystallization from
ethanol (40 ml) further 14.6 g of the title compound was isolated.
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-76 - - Endo-3-(3-pentylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[2.2.1

] hept ane; Endo- 3- (3- (3- phenyl propyl thio)-1 , 2,5-thi adi azol -4-yl)-1
-azabi cycl o[ 2. 2. 1] - hept ane; Endo- 3- (3-butylthio-1, 2,5-thiadiazol -4-yl)-1
-azabi cycl o[ 2. 2. 1 ] hept ane; Endo- 3- (3-propylthio-1-

, 2,5-thiadi azol -4-yl)-1 -azabicycl o[ 2. 2. 1] hept ane; Exo- 3-(3-pentylthio-1
,2,5-thiadiazol-4-yl)-1 -azabicycr§ 2.2.1 ] hept ane; Exo- 3-(3-hexylthio-1
, 2, 5-thi.adi azol -4-yl)-1-azabi cycl o[ 2. 2. 1] hept ane; Exo- 3- (3-propylthio-1

2, 5- thi adigazgl,: 4o/ éAdcls-érﬂSr@-tg-@%,o%-%z,&tﬂiacli&%m-ﬁp?—hzabicyclo-

[3.2.1)octane (+) L-tartrate

(-) Ethyl (1 -azabicyclo[3.2.1]octan-s-yiidene)cyanoacetate (220 g, 1 mol)
was dissolved in abs. ethanol {500 ml). Palladium on carbon (10 g, 5%) was
added and the mixture treated with hydrogen in"a Parr shaker at 20 psi for
10 hours. The catalyst was filtered off, and the solution evaporated to a final
volume of 400 m!. This solution was added to a solution of sodium (256.3 g,
1.1 mol) in ethanol (200 mi). Isoamyinitrite (183.3 g, 1.56 mol) was added at

| 0-5°C. The reaction mixture was warmed to room temperature and stirred at

© this temperature for 6 hours. The reaction mixture was cooled to 4°C and.
left at 4°C -overnight. The reaction mixture was evaporated at reduced
pressure, toluene (300 mi) was added and the mixture was again evapo-
rated. The residue was dissolved in DMF (300 mi) and slowly added to a
mixture of sulfurmonochloride (4686 g, 3.5 mol) in DMF (140 mi) at 0-5°C.
The temperature was slowly raised to 20°C over 3 hours and the reaction
mixture was stirred at room temperature overnight. Water (750 ml) was
carefully added. The pH was adjusted to 4 by addition of sodiumhydroxide
solution (36% NaOH). The mixture was filtered at 70°C, cooled and basified
with sodiumhydroxide. The water phase was extracted with toluene (S00 ml
4 400 ml). The organic phases were evaporated. The residue was dis-
solved in ethanol (670 ml) and (+) L-tartari;: acid (117 g, 0.8 mol) was
added. The pl;écipitated crystals were filtered giving the titte compound in
270 g yield. '

The following compounds were prepared in exactly the same manner:

2-Methyl-6-ch|6ro—6—(3-chloro-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane -
starting from 2-methyl-1-azabicyclo[3.2.1]octan-6-one.

8-Methyl-6-chloro-6-(3-chloro-1,2,5-thiadiazol-4-yl)- 1-azabicyclo{3.2.1] octane
starting from 8-methyl-1-azabicyclo[3.2.1]octan-6-one.
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Exo- 3-( 3- (3- phenyl propyl thio)-1, 2,5-thiadiazol-4-yl)-1 -azabicyclo[2.2.1
] - heptane; : '

Exo- 3- (3-butylthio-1,2,5-thiadi azol -4-yl)-1-azabicycl o[ 2. 2. 1] hept ane;
3-Chl oro-2-(3-ethoxy-1 , 2,5-thi adi azol -4-yl)-8-azabi cycl o[ 3. 2. 1] oct - 2- ene;
3: (3-Hexyloxy-1 ,2,5-thiadi azol -4-y|)-1 -azabicycl o[ 2. 2. 2] oct ane;
3-(3-(5-Fbxenyloxy)-l',2,5-thiadiéfgr-4-y1)-1 -azabi cycl o[ 2. 2. 2] oct ane;
3-(3-(3-Hexenyloxy)-1 ,2,5-thiadiazol -4-yl)-1 -azabicycl o[ 2. 2. 2] oct ane;

3- ( 3- Pent yl @x pxdt6-(ReHorbh 2athiadiakel4-y) H) azabiey bl C)v6tand and. 2] oct ane;

3- (3- 1 sopeniul QX chiorcr 25 URAILAER 1 4zl adiadfdlgy ! © [2: 2. 2] actane;

hydrodhloride

6-Chloro-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1.}Joctane ('1'21 g,
0.6 mol) dissoived in ethanol (1.5 I) was treated'with Raney Nickel (20 mi,
50%) and hydrogen at atmospheric pressure.. The catalyst was filtered and
the ethanol evaporated at reduced pressure. The residue was recrystallized
from ethanol {400 mi) giving the title compound in 115.8 g yield.

The following compounds were made in exactly the same manner:

Exo-2-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

- (Compound 169) and endo-2-methyl-6-(3-chioro-1 .2,5-thiadiazol—4—yl)-1-
azabicyclo[3.2.1]octane {Compound 170) starting from exo/endo-2-methyl-
6-chloro-6-(3-chioro-1 2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]actane. -
Exo-s-metl';yl-s-(s-chloro-1 ,2,5-thiadiazo|-4—y|)-1 -azabicyclo [3.2.1]octane
(Compound 1715 and endo-8-methyi-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-
azabicyclo[3.2.1]octane (Compound 213) starting from exo/endo-8-methyl-

) 6-chloro-6-(33chloro-1 ,2,5-thiadiazol-4-yl)-1-azabicycla[3.2.1Joctane.

D. (-)}-Exo-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
(+) L-tartrate

Starting from a mixture of exo- and endo—6—(3-chlor.o-1,2,5-thiadiazol—4-yl)-1-
azabicyclo[3.2.1]octane described in example 63C, the chlorine was substi-
tuted with butylthio as described in example 14. A 1:9 mixture of exo- and
endo-6-(3-butyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane (10 g, 35
mmol) was dissolved in toluene (40 mi) and treated with potassium tert-
butoxide (0.5 g) at reflux for 1 hour. The toluene solution was washed with
water (15 ml) dried and evaporated. The residue crystallized with (+) L-
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77 - 3-(3-Ethylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[2.2.2]octane;
3-(3-Propylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicycl o[ 2. 2. 2] oct ane;
3-(3-Heptylthio-I,2,5-thiadiazol -4-yl)-1 -azabicyclo[2.2.2] octane;
Endo- 6- (3-propylthio-1 ,2,5-thiadzol -4-yl)-1 -azabicyclo[3.2.1 ]octane;
Exo- 6- (3-propylthio-1 ,2,5-tHi adi'azg£-4-yl )-1 -azabicyclo[ 3. 2.1]oct ane;

tartaric acid giving the optical pure title compound in 12.5 g yield. (Com-
pound 111). M.p. 128-129°C.

EXAMPLE 64

Using resolved exo- and endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycio-
[3.2.1]octane (example 63) obtained from resolved (-)-1-azabicyclo[3.2.1]-
octan-6-one (example 61) or (+) 1-azabicyclo[3.2.1]octan-6-one {(example
62) the following compounds were synthesized using the appropriate
alkylhalogenide and separating exo- and endo compounds by column _
chromatography:

(+)-Exo-(5R,6Fﬁ)—6-(3-(4—cyanobenzylthio)—1 ,2,56-thiadiazol-4-yl)-1-azabicycio-
[3.2.1]octane oxalate (Compound 154) using 4-cyanobenzylbromide, M.p. -
196-197°C.

()-Exo-(5S,6S)-6-(3-(4-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicycio-
[3.2.1]octane oxalate (Compound 155) using 4-cyanobenzylbromide. M.p.
195-796°C.

1

{-)-Endo-6-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane (+)
L-tartrate (Compounid 156) using propylbrorhide.

(+)-Exo-(5R,6R)-6-(3-isohexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-

octane (+) L-tartrate (Compound 157} using ischexylbromide. M.p. 152-
153°C.

()-Exo-6-(3-isohexylthio-1,2,5-thiadiazol-4-yl}-1-azabicyclo[3.2.1]octane
oxalate (Compound 158) using ischexylbromide. M.p. 118-122°C.

(+)-Endo-6-(3-ischexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
(+) Ltartrate (Compound 159) using ischexylbromide. M.p. 102-103°C.

This is the replacement shee;
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Epdo- 3- (3-hexylthio-1 , 2,5-thi adi azol -4-yl)-1-azabicyclo[2.2.1 ] heptane;
3-Chloro-2-(3-chloro-1 ,2,5-thiadi azol -4-yl)-8-azabicyclo[3.2.1 ]oct-2-ene;
Exo- 6- ( 3- pentyl oxy-1, 2, 5-thi adi azol -4-yl)-1-azabicycl o[ 3.2.1 ]octane;

Endo- 6- ( 3- pent yl oxy- 1 , 2,5-thiadiazol -4-yl)-1 -azabicyclo[3.2.1 ]octane;

4- Chl or o- 3- (3-chl oro- 1 2, 5-t hi adi az L_4-y|)-1 -azabicyclo[3.3.1 ]non-3-ene;
4- Chl or o- 3- ( 3- propyl oxy- 1 , 2, 5-thiadi azol -4-yl)-1 -azabicyclo[3.3.1

] non- 3- ene; 4- Chl or o- 3- (3 pentyl oxy-1 ,2,5-thiadiazol-4-yl)-1

- azabi cycl o[(3-EBdd- (ﬁSﬁH)-Gaaéﬂm-trrﬂuammmqﬂ3-F(-tBlad1ezdh67y9-1ﬂazabl-

2, 5-thi adi azQhmé-fddrark ()aFARtAY Bdipdurd J60) B8iRg 34Q0Rucrobutyl-
bromide. M.p. 94-96°C.

(+)-Endo-(5R,6S)-6-(3-(4,4,4-trifluorobutyithio)-1,2,5-thiadiazol-4-yi)-1-azabi-
cyclo[3.2.1]octane (+) L-tartrate (Compound 161) using 4,4,4-trifluorobutyl-
bromide: M.p: 94-86°C. )

{(-)-Endo-(5S,6R)-6-(3-(4-cyanobenzyithio)-1 2.5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 162) using 4-cyanobenzylbromide. M.p.
167-172°C.

(+)-Endo-(5R,6S)-6-(3-(4-cyanobenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabi-
cycla[3.2.1]octane'oxalate (Compound 163) using 4-cydénobenzylbromide.
M.p. 168-172°C.

(+)-Endo-6-(3—propylthxo— 2.5-th|ad|azol-4-yl)-1-azablcyclo[3.2.1]octane
oxalate (Compound 164) usmg propylbromlde M p. 64-65°C.

(+)-Ex0-6-(3-(3,3,3-triflucropropylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]Joctarie hydrochloride {Compound 165) using 3,3,3-triflucropropylbro-
mide. M.p. 199-202°C.

(+)-Exo-6-(3-(3-(2-thienyl)propylthio)-1,2 5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate (Compound 166) using 3-(2-th|enyl)propylchlonde =
M.p. 135-139°C.

(+)-Exo-6-(3-(4,4,4-triflucrobutytthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-

[3 2.1)octane oxalate (Compound 167) using 4,4,4-triflucrobutylbromide.
M.p. 153-154°C.
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4-Chloro-3-(1, 2,5-thi adi azol -4-yl)-1 -azabicycl 0[3.3.1 ] non- 3-ene; (-)
3-(3-Butylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicycl o[ 2. 2. 2] octane; (+)
3-(3-Butylthio-1,2,5-thiadi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane; -
C L M S *

- | - 65-

: (+)-Endo-6-(3-(3,3,3-trifluoropropylthio)-1,2,5-thiadiazol-4-yl}-1-azabicycio-
[3.2.1]Joctahe hydrochioride (Compound 168) using 3,3,3-trifluoropropylbro-
mide. M.p. 170-174°C. -

(+)-Exo-6-(3-methylthio-1,2,5-thiadiazol-4-yl}-1-azabicyclo[3.2.1]octane
oxalate. (Compound 185). M.p. 144-145°C.

(+)-Exo-6-(3-ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1)octane
oxalate. (Compound 186). M.p. 120-124°C.

(-I-) -Exo-6-(3-pentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 187). M.p. 128-129°C.

(+)-Exo-6-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]actane
oxalate. (Compound 188). M.p. 149-150°C.

(-)-Exo-S-(S-methytthio—'l .2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane i
oxalate. (Compound 189). M.p. 144-1 45°C.

(-)-Exo-6-(3-ethyithio-1,2,5-thiadiazol-4-yf)-1-azabicyclo[3.2.1]octane oxalate.
(Compound 190). M.p. 120-123°C.

(-)-Exo-G-(S—bentylthio-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 191). M.p. 132-134°C.

(-)-Ex0-6-(3-hexylthio-1,2,5-thiadiazol-4-yi)-1 -azabii:yclo [3.2.1]octane oxalate.
(Compound 192). M.p. 149-150°C.

(+)-Endo-6-(3-methylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 193). M.p. 138-139°C.
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3-(3-Anmino-1 , 2, 5-oxadi azol - 4-yl )-1 -azabi cycl o[ 2. 2. 2] oct ane;

5-(3-Chloro-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1 ]octane;

5-(3- Hexyl t hi o- 1, 2, 5-t hi adi azol -4-y-1 -azabicyclo[3.2.1 ]octane;

- Ex0-6-(3-butylthio-1 ,2,5-thiadiazol -4-y)-1-azabicycl o[ 3. 2. 1] oct ane;
(_+) Exo 6- (3- propyl t hi o- 1 2 5-thi adi azol - 4-yl)-1-azabicyclo[3.2.1 ]

(-)-Exo-6-(3- propylthloﬁ 7 2,5-thiadiazol - 4y) 1

- azabi cycl o[ 3.2.1 ]octane; Exo- 6- ( 3- butyl sul fonyl -
.2, 5- t hi ad{-azEddod- bﬁléthylthlaﬂéﬂtﬁ-ih}é@‘a@&ﬁ—y@ 11821355}66[@21]octane

Exo- 6-(3- (oxa%ate (éompound {1945:”1\? Bu,oggggutyl oxy) 1,2,5-thiadi azol -4-yl)-1

(+)-Endo-6-(3-pentyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate, (Cormpound 195). M.p. 65-70°C.

(+)-Endo-6-(3-hexyithio-1,2 5-thiadiazol-4-yl)-1-azabicyclo[3.2.1)octane
oxalate. (Compound 196). M.p. 88-80°C.

(-)-Endo-6-(3-methyithio-1,2,5-thiadiazol-4-yl}-1-azabicyclo[3.2.1]octane
oxalate. (Compound 197). M.p. 137-140°C. '

(-)-Endo-6-(3-ethytthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2. 1 Joctane
oxalate. (Compound 188). M.p. 107-110°C.

()-Endio-6-(3-pentyithio-1,2,5-thiadiazoh-4-yl)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 198). M.p. 85-80°C. i
(-)-Endo-6-(3-hexylthio-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane
oxalate. (Compound 200). M.p. 132-134°C.

(+)-Exo-6-(3-(4-trifluoromethylbenzyithio)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane oxalate from 4-trifluoromethylbenzylchloride. (Compound 201).
M.p. 172-174°C. ’

(+)-Exo-6-(3-{4-nitrobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate from 4-nitrobenzylchloride. (Compound 202). M.p. 173-
174°C.

(+)-Exo-6-(3-(2-hydroxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate from 2-hydroxy-1-chioroethane. (Compound 203). M.p. 179-
181°C."

This is the replacement sheet

Date: 1 7 jan w9



cycl o[3. 2. 1] oct ane;

Exo- 6- ( 3- net hoxy- 1, 2, 5-t hi adi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane;

Exo- 6- (3-ethoxy-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1 ]octane;

Exo- 6- (3-propoxy-1 ,2,5-thiadiazol -4-yl)-1 -azabicyclo[3.2.1 ]octane;
Exo- 6- ( 3- but oxy-1 2 5 thiadi azol -4yl )-1 -azabicyclo[3.2.1 ]Joctane,;

Exo- 6- ( 3- pentyloxy 1 ,2,5-thiadiazol'-4-yl)-1 -azabicyclo[3.2. 1 ]octane;
Exo- 6- ( 3- hexyl oxy-1 2 5-t hi adi azol -4-yl)-1 -azabicyclo[3.2.1 ]octane;
Exo- 6- ( 3- lqablewbxpacwﬁmpamﬁym)am amauraﬂolwy))ﬂaza@zy%w[wﬁ o[3.2.1 ]octane;

]Ez()gt gn(eS (% cpa >é)xéllate)&ézmpol.in% 58)t Dsllr?gd uzo%o-‘z-p%p;none l&z al‘?é cyclo[3.2. 1
154°C.

(+)-Ex0-6-(3-(2-hydroxypropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 229) using 1-bromo-2-hydroxypropane. M.p.
179-180°C. |

(+)-Exo-6-(3-(3-phenylpropylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1}-
octane oxalate (Compound 230) using 1-bromo-3-phenylpropane. M.p. 135-
136°C.

(-)-Ex0-6-(3-(3-phenylpropyithic)-1,2,5-thiadiazok-4-yl)-1-azabicyclo[3.2.1)-
octane oxalate (Compound 231) using 1-bromo-3-phenylpropane. M.p. 135-
136°C.

(+)-Endo-6-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 232) using 1-bromo-3-phenylpropane. M.p. 110-
113°C. '

(-)-Endo-s-(5—(3-phenylpropylthio)—1 2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane oxalate (Compound 233) using 1-bromo-3-phenylpropane M.p. 100-
106°C. ‘

(+)-Exo-6-(3-(4-fluorophenoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]Joctane oxalate (Compound 234) using 1-brbmo-2-(4-ﬂuorophenoxy)-
ethane.
(-)-Exo-6-(3-(4-fluorophenoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-

[3.2.1]Joctane oxalate {Compound 235) using 1-bromo-2- (4—‘Iuorophenoxy)-
ethane. M.p. 132-137°C.

This is the replacement sheet
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- Exo0-6-(3-(3-(2-thienyl)-1 -propylthio)-1 ,2,5-thiadiazol-4-yl)-1
-azabicyclo [3.2.1]- octane; Endo-6-(3-(3-(2-thienyl)-1 -propylthio)-1

, 2, 5-thiadi azol -4-yl)-1 -azabi cycl o-

- - 68 -

. (+)-Endo-6-(3-(4-fluorophenoxyethylthio)-1,2,5-thiadiazol-4-yl)-1 -azabicyclo-
[3.2.1]octane oxalate (Compound 236) using 1-bromo-2-(4-fluorophenoxy)-

ethane.

(-)-Endo-6-(3-(4-fluorophenoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo- .
[3.2.1]octane oxalate (Compound 237) using t-bromo-2-(4-fluorophenoxy)-
ethane. M.p. 144-147°C.

In the above examples optical rotation is measured on the free base.
EXAMPLE 65

The fpllowing compounds were prepared in exactly the same manner as
described in example 64:

Endo-2-methyl-6-(3-propylthio-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.21]octane : . =3
oxalate from endo-2-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yi)-1-azabicyclo-
[3.2.1]octane. (Compound 204). M.p. 123-124°C.

Endo-8-methyl-6-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from endo-8-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane. (Compound 205). M.p. 172-175°C.

Exo-2-methyl-6-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
_ oxalate from &xo-2-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane. (Compound 206). M.p. 155-156°C.

Exo-8-methyl-6-(3-propyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from exo-8-methyl-6-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-

[3.2.1]Joctane. (Compound 207). M.p. 144-146°C.

Exo-2-methyl-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

-y . . . R
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[.3. 2. 1] oct ane; Endo-6-(3-(4,4,4-trifluorobutylthio)-1

,2,5-thiadiazol -4-yl)-1 -azabicyclo[3.2.1 ]- octane;
Endo-6-(3-(6,6,6-trifluoro-1-hexylthio)-1,2,5-thiadiazol-4-yl)-1

--azabi cyclo- [3.2.1 ]Joctane; '

(.-) - EX0-6-(3-butyl sul fonyl -1, 2,5-t éadiazol-4-y|)-1

-azabi cycl o[ 3. 2. 1] oct ane; (-)-EXo-6-(3(4,4,4-trifluoro-1 -butylthio)
-1,2,5-thiadiazol -4-yl)-1-azabi cycl o- [3.2.1] oct ane; 3-(1

-2, 5- Thi adigxgele-tiony bia-2-mid#gbé- QyeHIR0 3 25-1RhEIEioR B.9)- 1 -azdBid¥cd- ( 3- met hyl thio-1

, 2,5-thiadiazal-4-yl)-1 -azahi cyclo[ 2. 2 1 ]heptane; Exo-3-(3-ethylthio-1
.2, 5-thi adi[gﬁgﬁqcﬁ‘é’f}r gQWH%EggP‘@yMrpo[ 80-%41C] hept ane;
Exo-8-methyl-6—(3-butylthio—1 ,2,5-thiadiazol—4;yl)-1 -azabicyclo[3.2.1 ]6ctane

oxalate from exo-8-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane. (Compound 209). M.p. 143-147°C.

. Exo-2-methyl-6-(3-hexyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane
oxalate from exo-2-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3-2.1]octane. (Compound 210). M.p. 128-131°C.

Exo-8-methyl-6-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane

oxalate from exo-8-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1)octane. (Compound 211). M.p. 140-142°C.

This is the replacement sheet
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Endo- 3- (3- (2- phenoxyethyl thio)-I ,2,5-thiadi azol -4-yl)-1 -azabi cycI o[2.2. 1
] hep- tane; Endo- 3- (3-(2-thi enyI )propyl thio-1 ,2,5-thiadiazol-4-yl)-1
-azabi cycl o[ 2. 2. 1] - hept ane; Endo- 3- ( 3- ( 2- phenyl t hi ofet—hy“t—t—hro—l—

, 2, 5-thiadiazol -4-yl)-1 -azabicyclo[2.2.- 1 ]heptane;
-80- Exo-6-(3-nethylthio-1 ,2,5-thiadi azol -4-yl)-1 -aza
] oct ane; - U | | Il
- CLAIMS
1 A method of treating schizophrenia and schizophreniform diseases

in a subject in need thereof comprising administering to said subject an
effective amount of a compound of formula |

wherein

X is oxygen or sulphur;

R is hydrogen, amino, halogen, -CHO, -NO,, -R*, -Y, -NHCO-R?, -OR*,

-SR’, -SOR’, -SO,R*, C, ,-cycloalkyl, C,,,-cycloalkenyl, C, ,,-(cycloalkylalk-
yl), -Z'-Cys-cycloalkyl, -Z'-C,,-cycloalkenyl, -Z'-C, , ~(cycloalkytalkyl), i
-Z'-G,1o-(cycloalkenylalkyl), -Z'-C, ,o-(methylenecycloalkylalkyl), -NH-R*,
-NR'R®, -NH-OR*, -CH=NOR", phenyl, benzyloxycarbonyl, phenoxy,

benzoyl, tetrahydronaphthyl naphtyl, indenyl, wherein each aromatic group
is optionally substituted with halogen, -NO,, -CN, C, _,-alkyl C,-alkoxy,
-OCF,, -CONH,, -CSNH,, phenoxy or phenyl; or R is - Z'-R%-Z2-R?, -Z'-R°-
Z2-H-Z°-R’, -Z'-CO-R’, -Z'-R°-CO-R’, -Z'-R*-CO,-R®, -Z'-RE-0,C-R, -Z'-R°-
CONH-R®, -Z'-R®-NHCO-R®, -Z'-R%-Y, -Z'-R®-Z%-Y, wherein Z' and Z2 inde-
pendently are oxygen or sulphur, and R*.and R® independently are straight
or branched C, ,s-alkyl, straight or branched Cz_,;-alkenyl, straight or
branched C,_,s-alkynyl, each of which is optionally substituted with one or
more halogen(s), C, ¢-alkoxy, -CF,, -CN, -COOH, -OH, -NH,, C, ,-alkyl ester, -
-SH, -NHR®, -NR*R°®, phenyl or phenoxy, wherein each aromatic group is '
optionally substituted with halogen, -NQO,, -CN, C,_alkyl, C, ;-alkoxy, -OCF,,
-CONH,, -CSNH,, phenyl or phenoxy, and wherein R® and R’ independently
are straight or branched C, ,;-alkylene, straight or branched C,,,-alkeny-

This is the replacement sheet
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Exo-6-(3-heptylthio-1 ,2,5-thiadiazol -4- yI )-1 -azabi cycl o[ 3.2.1 ]octane;
Exo- 6- (3-i sohexylthio-1 ,2,5-thiadi azol - yI )-1 -azabicycl o[ 3. 2. 1] octane;
Exo- 6- (3-isopentylthio -1,2,5-thiadiazol-4-yl)-1 -azabicycl o8 s&edt

Exo- 6- (3- (4-cyanobutyl thio)-1,2,5-thiadiazol -4-yl)-1-azabi cycI "ﬂl’ﬁ"
€.

Exo- 6- (3- cyanonet hyl t hi o-1, 2, 5-t hi &hi azol - yl ) -1-azabi cycl.of 3 2 oct an
Exo- 6- (3- (2-cyanoethylthio)-1 25th|ad|azol 4-yl)-1

- gnglt ﬁycldeﬁé sl%a Lp&laaﬁ:ned oExcan@n{né’ne( Badhyct WRRA @PyptiohaIR) - |
I adi azo - aza
Exo- 6- ( 3- (_ﬁ‘t@%ﬁﬂéﬁz‘iﬂet%"we %)hlcédl 9& %%@ﬂ; rQH1-Nebabi cycl o[ 3. 2. 1] oct a
ne;. C,.s-alkyl ester, -SH, -NHR?%, -NFi“F!s phenyl or phenoxy, and Yisa 5 or 6
membered heterocyclic group containing one to four N, O or S atom(s) or a
combination thereof, which heterocyclic group is optionally substituted at

carbon or nitrogen atom(s) with straight or branched C, g-alkyl, phenyl or
benzyl, or a carbon atom in the heterocyclic group together with an oxygen
atomn form a carbonyt group, or which heterocyclic group is optionally fused
with a phenyl group; and '

G is selected from one of the following azabicyclic rings

1
1 h:2
R. ~
or Rz——tcn :Cq .
RZ Cp : .
;n\ ~ Cm |3
¥ R

wherein the thiaéliazole or oxadiazole ring can be attached at any.carbon
atom of the azabicyclic ring; B' and R? may be present at any pasition,
including the, point of attachment of the thiadiazole or oxadiazole ring, and
independently are hydrogen, straight or branched G, -alkyl, straight or
branched Q-z;,,-alkenyl, straight or branched C, s-alkynyl, straight or
branched C, ,.-alkoxy, straight or branched C, ¢-alkyl substituted with -OH,
-OH, halogen, -NH, or carboxy; R® is H, straight or branched C, c-alkyl,
straight or branched C,_s-alkenyl or straight or branched C,s-alkynyl; nis 0,
for2:mis0, 1or2;pis0,1or2;, qis1or2; and == is asingle or

double bond; or

a pharmaceutically acceptable salt thereof.

AR ) T VR A i e he repiacement she
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Ex0- 6- (3- (3- phenyl propyl thio)-1, 2,5-thi adi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct
ane; Exo- 6- (3- (2- phenoxyethylthio)-1 ,2,5-thi adi azol -4-yTI")y-1

-azabicycl o[ 3.2.1 Jocta- ne; Exo- 6- ( 3-benzyl t hio-1 .

,2,5-thi adi azol -4-yl )-1 -azabi cycl o[ 3. 2. 1] oct ane; This prest Eas Boen Replaced
Endo- 6- (3- (2- phenoxyet hyl thi 0)-1 ,295-thi adi azol -4-yl)-1 Hmm,mm"lﬂ H 1

] - octane; Endo-6-(3-nmethylthio-1 ,2,5-thiadiazol -4-yl)*% !

-azabicycl o[ 3.2.1 ]octane; Endo- 6- (3-i sopentylthio-1 '
, 2, 5-t hi ad2azol -The ynefhog acgorgisndy elaisp 3 wherein|Xois tSa Rids

1
R

Cn
. _Cm

whereinnis 1, pisior2andmis 1 or2, and R and R? Independently are
hydrogen, methyl, methoxy, hydroxy, halogen or amino; or a pharmaceuti-
cally acceptable salt thereof.

3. The method according to claim 1 wherein X is S, G is

*

whereinnis 1 or 2, pis 1 or 2and mis 2, and R' and R? are hydrogen; or
a pharmaceutically acceptable salt thereof.

4. The methad according to claim 1 wherein Xis S, G is

. m

.ot
P ‘
c c
n\H/ 13

wherein nis 2, pis 1 and mis 1, and R' and R? are hydrogen and R* is

R

) O A VA Ths is tho esiacarmont shoe:
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- 81 - . -
Endo- 6- ( 3-1 sohexyl thio-1, 2, 5-thi adi azol -4-yl)-1-azabi cyc . aL ct ane; od
Endo- 6- (3-benzylthio-1 , 2,5-thiadiazol -4-yl)-1 -azabi cycl . -
Endo- 6- ( 3- cyanonet hyl t hi o- 1, 2, 5-t hi adi azol -4-yl)-1-azabic
Endo- 6- (3- (2-cyanoet hylthio)-1 , 2, 5-hi adi azol -4-yl)-1-az
oct ane; Endo- 6- ( 3- (3-cyanopropylthio)-1

, 2, 5-thiadi azol -4-yl)-1-azabicycl o[ 3. 2. 1] - oct ane;

Endo- 6- ( 3- ( 4traigtro bndnchéd Co)s-akyl; or a pharmaceutically acceptable salt

, 2, 5-thi adi iieo+-4-yl ) - 1-azabi cycl o[ 3. 2. 1] oct ane; 4- Chl or 0- 3- ( 3- but oxy-1

, 2, 5-t hi adi 470 oy y) - 1- azabi cycl o[ 3. 3. 1] non- 3- ene;

5. The method according to claim 1 wherein Xis S, G is

wherein n is 2, pis 1 and m is 1, and R' and R? are hydrogen and Ris .
branched C,_s-alkyl; or a pharmaceutically acceptable salt thereof.

6. " The method according to claim 1 wherein Xis S, G is

wherein nis 2, p is 1 and m is 1, and R' and R? are hydrogen and R*is
straight C“-él'kyl; or a pharmaceutically acceptable salt thereof.

7. The method according to claim 1.wherein thé compound is selected

from the following:
3-Chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane;
3-(3-Chloro-1,2,5-thiadiazol-4-yl)-3-hydroxy-1-azabicyclo[2.2.2]octane;

3-Methoxy-3-(3-methoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

LT B e
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4. Chl or o- 3- (3- hexyl oxy-1 , 2, 5-thi adi azol - 4-yl)-1-azabicyclo[3.3.1

] non- 3- ene; 3-(3-But oxy-1

, 2, 5-thi adi azol -4-yl)-1-azabi cycl o[ 3. 3. 1] non- 3- ene;. 3- (3- Met hoxy-1
2,5-thi adi azol -4-yl)-1 -azabicyclo[3.3.1 ] non-3-ene; 3-(3-Propoxy-1
2, 5-thi adi azol -4-yl)-1 -azabicycl of3. 3.1 ] non- 3-ene; 3- (3-.Hexyl oxy-1

, 2, 5-thiadiazol -4-yl)-1 -azabicycl o] 3. 3. 1] non- 3- ene; 3-(3-isopentylthio-1
, 2, 5-thiadiazol -4-yl)-1 -azabicycl o[ 2. 2. 2] oct ane; 3-(3-(1 :

- Met hyl pr opHE-MptOPxyi.2,5-tadidzolbdlyirt-akableyglbo)2.22loct2abecycl o] 2. 2. 2] oct ane;
3-(3-isobutylthio-1 ,2,5-thiadiazql -4-yl)-1 -azabicycl o[ 2. 2. 2] oct ane;

3-(3-Hex9|oxyf1 2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]-0ct-2-ene;
3-Hexyloxy-3-(3-hexyloxy-1,2,5-thiadiazol-4-yl}- 1-azabicyclo[2.2.2]octane; *
3-(3-Hexyloxy-1,2,5-thiadiazol-4-yl)-3-hydroxy-1-azabicyclo [2.22]octane;.
3-(3-Chloro-1,2,5-thiadiazol-4-yf)-1 -azabicyclo[2.2 2]octane;

| 3-(3-Etho>.<y-1 .2,5-thiadiazol-4-yl)-1 -az;abicyclo[2.2.2]octane;

: 3-(3-Erb§oxy-1 ,2.5;thi'adiazol-4—yl)-1 -azabicyclo[2.2.2] o'ctane;
3-(3-Butoxy-1,2,5-thiadiazol-4-yl)-1 -r;.tzabicyclo[2.2.2]octane;
3-(3-Pentyithio-1,2,5-thiadiazol-4-yl)-1-azabicycio[2.2.2] oci'ane;
3-(3-Butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;
3-(3-He_x§lthio-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;
3—(3—(3-Phen’ﬂi:ropylthio)-1 2.5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane;
3-(3-(4-Cyanobenzyithio)-1,2,5-thiadiazol-4-yl)-1 -a.zabicyclo [2.2.2]octane; |
Exo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane;
Endo-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Endo-6-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane;

O AN This i the reptacement shoet
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3- (3-(2-Phenoxyet hyl thio)-1, 2,5-thiadi azol -4-yl)-1

“azabi cycl o[ 2. 2. 2] oct ane; -
82 - 3-(3-Cyanonet hylthio-1, 2,5-thiadiazol-4-yl)-1
-azabicycl o[ 2. 2. 2] octane; . 3-(3-(3-(2-Thienyl)propylthio)-1, 2,

5-thi adi azol -4-yl)-1 -azabicycl o[ 2. 2. 2] oct ane;

3-(3-(4-Chlorobutylthio)-1 ,2,5-thi-&8i-azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane; .
3-(3-Methylthio-1 ,2,5-thiadiazol -4-yl)-1-azabicycl o[ 2. 2. 2] oct ane;

- Endo-6-(3-(5-hexenylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Endo—G-(S-butylthio-1 ,2,5-thiadiazol-4-yi)-1 -azébicyclo[3.2.1 Joctane;
Endo-6-(3-ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Endo-6-{3-pentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Endo-6-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

Endo;s-(3-(4-cyanobenzylﬂ1io)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

Exo-6-(3-ethoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1 ]c;ctar;e;
Endo-6—(3-et-hox;(-1 2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-3-(3-chlorc;-1 :2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;
Endo-s-(:;-c:hioro-‘l ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1 ]heptaﬁe:
Endo—3-(3—m.éthoxy-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1}heptane;
Exo-6-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]Joctane;
Exo-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Exo-6-(3-pentyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Exo-6-(3-ethylthio-1,2,5-thiadiazol-4-yl}-1-azabicycla[3.2.1]octane;

| O BRSO TR eeeemenian
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3:(3-(1 -Methyltetrazol -5-ylthio)butylthio-1,2 ,
5-t hi adi azol - 4-y)-1-azabi cyclo- [2.2.2]octane;
3-(3-(2-Methyl -1, 3, 4-thiadi azol -5-ylthio)butylthio-1,2,5-thiadiazol-4-yl)-1
-- azabicyclo[ 2. 2. 2] octane; . 3-(3-(4-(2-Benzothiazolyl)thio)butylthio-1
, 2,5-thiadiazol -4-yl)-1 -azabicyclo-  [2.2.2]octane;
3-(3-(4-Ethyl benzyl oxy)-1, 2,5-thi ad’&zol -4-yl)-1-azabicycl o 2. 2. 2] oct ane;
3-(3-(3-(2- Thienyl)propoxy)-1,2,5-thiadiazol-4-yl-1
- azabi cycl ofRde33-p6ritghi-1,2,5-tHiddiazbkLyif1-abRidid b bR Hpfhne;
, 2,5-thiadiazol -4-y)-1 -azabicycl o[ 3.2. 1] octane; _
3-(3-(N-(2-Ethylthio)phthalimde)-1,2,5-thiadiazol -4-yl)-1-azabicyclo[2.2.2
|- octane; Endo-3-(3-(3-phenylpropyithio)-1 2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]-
heptane;
Endo-3-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicycio[2.2.1 Jheptane;
Endo-3-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;
Eko-a-(a-pentylthiod 2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;
Exo-3-(3-hexyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;
Exo-3-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;

Exo-3-(3-(3-phenylpropyithio)-1 .2,5-thia8iazol-4-yl) -1-azabicyclo[2.2.1]-
heptane;

Exo-3-(3-butylthio—1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;
3-Chioro-2-(3-ethoxy-1,2,5-thiadiazol-4-yl)-8-azabicyclo[3.2.1]oct-2-ene;
3- (3-Hexylox§;1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2)octane;
3-(3-(5-Hexenyloxy)-1 ,2,5-thiac§iazol-4-yl)-1 .-azabicy.c!o [2.2.2]octane;
3-(3-(3-Hexenyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] octane;
3-(3-Pentyloxy-1 ,2,5-thiadjazo!—4—yl)-1 -azabicyclo[2.2.2]octane;

3-(3-Isopentyloxy-1,2,5-thiadiazol-4-yi)-1-azabicyclo{2.2.2] actane;

. 1 N T T N S .
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3-€¢3-(2-Methoxyethylthio)-1 ,2,5-thiadiazol-4-yl)-1

-azabi cycl o[ 2. 2. 2] oct ane; 3-(3-(2-(1 ,3-Dioxalan-2-yl)ethylthio)-1
, 2, 5-thiadiazol -4-yl)-1 -azabicyclo[2.2.2]- octane;
3-(3-(4-Pyridylnmethylthio)-1 , 2,5-thiadiazol-4-yl)-1

-azabi cycl o[ 2. 2. 2] oct ane; . .7#.211111112121121111

3-(3-Ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo{2.2.2]Joctane;

3-(3-Pr6pylthio—1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]actane;
3-(3-Heptyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2)octane;
Endo-6-(3-propylthio-1,2,5-thiadiazal-4-yl)-1-azabicyclo{3.2.1]octane;
Exo-6-(3-propyithio-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[S.Z.T]octane;
Endo-3-(3-he>-<ylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicy_clo[z.z.‘l ]hgptane;
3-Chlqrq—2-(3-chloro-1 2,5-thiadiazol-4-yl)-8-azabicyclo[3.2.1]oct-2-ene;
Exo-6-(3-pentyloxy-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]actane;
Endo-6-(3-pentyloxy-1,2,5-thiadiazol-4-yi)-1 -_a'zabicyclo[3.2.1 ]octana;'
4-Ch!oro-3-(3-cﬁl oro-1,2,5-thiadiazol-4-y!)-1-azabicycio[3.3.1Jnon-3-ene;
4-Chloro-:;;(_:§-propyloxy-1 .2.5;thiadiazol-4-yl)-1 -azabicyclo[3.3.1}non-3-ene;
4—Chloro-3—(:§-pentyioxy-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1 ]non-3-e:ne;
4-Chloro-3-(3-methoxy-1 ,2,5-thiadiazol—4—yl)-1 -azabicyclo[3.3.1]non-3-ene;
4-Chiloro-3-(1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]non-3-ene;

(-} -3-(3-Butylthio-1,2,5-thiadiazol-4-y1)-1-azabicyclo[2.2.2) octane;

(+) 3-(3-Butyithio-1,2,5-thiadiazoi-4-yl)-1-azabicyclo[2.2.2]octane;

This is the replacement sheet
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--83- -
3-(3-Cycl opropyl net hyl t hi o-1, 2, 5-t hi adi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane
; 3- (4-Fl uorobenzyl thi o-1, 2, 5-thi adi azol -4-yl)-1
-azabi cycl o[ 2. 2. 2] oct ane; Exo-6-(3-(4-fl uorobenzyl thio)- 1
, 2, 5-thiadi azol -4-yl)-1 -azabicyclgg3. 2.1 ]octane;
Exo- 6- (3-(4-chl orobenzylthio)-1

, 2, 5-thiradi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane;
Ex0- 6- ( 3- ( 3-(FAnTnA-Ldheyadiarpld yit1-azebioyelpie2Plactaske: 4- vyl ) - 1 - azabi cycl o[ 321] -
oct ane; Exo-6-(3-(4-trifluoronethoxybenzylthio)-1, 2,5-thiadiazol-4-yl)-1
-azabi cycl g- 4-t hi ocar barryl benzyl thio)-1

,2,.5-thi adﬁa@%bﬁ? y%?‘@ad'%?fhﬁﬁi?@?ﬁ‘ydé[a 1-]° FNeane;

Ex0- 6- (3-(4-nethyl sul fonyl benzylthio)-1 ,2,5-thiadi azol -4-yl)-1
-azabi cycl g(3- i35 %thlo- ]z?g-h%g%zoM—yl)d-azabicyclo[3.2.1]ocmne; |

(-)-Exo-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1 -azat;icyclo[3.2.1 Joctane;
(+)-Exo-6-(3-propyithio-1,2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane;
(-)-Exo-6-(3-propylithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1 ]-octane;
Exo-&{:i-butylsulfanyl-i 2,5-thiadiazol-4-yl)-1-azabicycio[3.2.1]octane;

Exo-6-(3-(2,2,3,3,4.4 4~heptaﬂuorobutyloxy) 1,2,5-thiadiazol-4-yl)-1-azabi-
~ cyclo[3.2.1]octane;

Exo-G-(a-methcln‘cyd .2,5-thiadiaizol;4—yl)-1 -azabicyclo[3.2.1]octane;
Exo-6—(3—qth_oxy-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-S-(3—proppxy—1 .2,§-mfadiaiol-4—yl)-1 -azabicyclo[3.2.1]octane;
Exo-ﬁ-(s-bt'.xto).cy‘1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1] octane;
Exo-6-(3-pentyloxy-1 ,2,5-thiadiazq!—4—yl)-1 -.azabicyc‘:lo [3.2.1]octane;
Exo-6-(3-hexyloxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

' &6-6—(3-isohexyloxy-1 ,2,5-th.iadiazol-4—-yl)-1 -azabicyclo[3.2.1]Joctane;

Exo-6-(3-(2-butynyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

AR A O This s the replacement sheet
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Exo-6:-(3-(5,5,5-trifluoropentylthio)-1 ,2,5-thiadiazol-4-yl)-1
-azabicycl o[ 3.2.1]- octane; Exo0-6-(3-(3,3,3-trifluoropropylthio)-1
, 2, 5-t hi adi azol -4-yl)-1 -azabicycl o[ 3.2.1]- octane; .
Endo- 6- (3-(4-trifluoromethoxybenzylthio)-1,2,5-thiadiazol-4-yl)-1
-azabicyclo- [3.2.1 ] octane; Endg;6( 3- (4 nethylbenzylthlo) 1
,2,5-thiadiazol-4-yl)-1 -azabicyclo?% - oct ane; [ 111111 11]
I 1111 112! 11 11

s Exo-6-(3-(3-(2-thienyl)-1-propyithio)-1,2 5-th|ad|azol-4—yl) -1-azabicyclo[3.2.1]-

octane;

Endo-6-(3-(3-(2-thieﬁyl)-1 -propylthio)-1,2,5-thiadiazal-4-yl)-1 -ézabicyc!o-
[3.2.1]octane;

Endo-6-(3-(4,4,4-trifluorobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

Endo-6-(3-(6,6,6-trifluoro-1-hexyithio)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

(-)-Exo-6-(3-butylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]Joctane;

(-)-Exo-6-(3-(4,4,4-trifluoro-1-butyithio)-1 ,2,5-th|ad|azol-4-yl) 1-azabicyclo-
-[3.2.1]octane; : :

3-(1,2,5-Thiadiazol-3-yl)-1-azabicyclo[2.2.2]octane;
Exo-3-(3-methylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;
Exo-3-(3-ethyjthio-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane; |

Endo-3-(3- (2-phenoxyethylth|o) 1.2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]hep-

tane;

Endo-3-(3-(2-thienyl)propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]-
heptane;

Endo-3-(3-(2-phenylthio)ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2 -
i]heptane;

This is the replacement sheet
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-84 -' ENndo-6-(3-(4-fluorobenzylthio)-1 ,2,5-thiadiazol-4-yl)-1
-azabicycl o[ 3. 2. 1] - oct ane; (+) - Exo- (5R, 6R) - 6- ( 3- propyl sul fonyl -1 , 2,
5-t hi adi azol -4-yl)-1-azabicyclo[3.2.1 ]- octane;

(=)-Exo-(5S, 6S)-6-(3-propyl sulfonyl-1 ,2,5-thiadi azol -4-yl)-1
-azabicycl0[3.2.1 ]- oxtane; (+) - Exo0- (5R, 6R)-6-(3-(4-cyanobenzylthio)-1
, 2,5-thiadiazol -4-y)-1 -azabicycl o- [ 3. 2. 1] oct ane;

(-)-Exo-(5S, 6S)-6-(3-(4-cyanobenzylthio)-1 ,2,5-thiadiazol-4-yl)-1

- azabi cycl 0Exo-6-(3-methyithio-1.2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Exo-6~(3-heptylthio-1,2,5-thiadiazok-4-yl)-1 -azabicyclofs.z.nocéne;
E>-<o-6-(3-isohexylthio-1 2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-6-(3-isopentylthio-1,2,5-thiadiazol-4-yl)-1 -az;abicyclo [3.2.1]octane;
Exo-6-(3-(4-cyanobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-6-(3-cyanomethylth'io-1 .2.5-thiadiazo|-4-y|)-1-azabicycloia.zj]octane; '
Exo-q-(aq(z-cyanoethyﬂhit?)-1 .-2,5-thiadiazol-4-yl)-1 -azabicyclo [3.l2.1 Joctane;
Exd-6-(3-(3-cyanopropylthioi-1 ,2,5—thiadiazol—4—yl)—1 -azabicycilo[32.1 Joctane;
Exo~6-(3-(4—cyanobénzylthio)—1 ,2.5-tbiédiazpl—4—yl)-1 -azabicyclo [3.2.- 1 ]o&ane;
Exo-6-(3-(3-phenylpropylthio)-1,2,5-thiadiazol-4-y)-1-azabicyclo[3.2.1]octane;

: Exo-6-(3-(23phenoxyethylthio)-.1 .2,5-thiadiazol-4-yl)-1 -azabicyc!6 [3.2.1]octa-
ne; -

Exo-S-(3—benzylthio-1 ,2,5-thiadiazol-4-y1)-1 -azabicyclo[3.2.1]octane;

Endo-6-(3-(2-phenoxyethyithio)-1,2,5-thiadiazol-4-yl)- 1-azabicyclo[3.2.1]-
octane;

Endo-6-(3-methylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Endo-6-(3-isopentylthio-1,2,5-thiadiazol-4-yl)- 1-azabicyclo[3.2.1]octane;

This is th.e replacement sheet
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[[3.2.1] oct ane; (-)-Endo-6-(3-propyithio-1

, 2,5-thiadizol-4-yl)-|-azabicycl o] 3. 2. 1] oct ane;

(+) - Exo- (5R, 6R) - 6- (3-i sohexyl thio-1 ,2,5-thiadiazol -4-yl)-1

--azabi cycl o[ 3. 2. 1] - oct ane; (-)-Exo-6-(3-isohexylthio-1

.2, 5-t hi adi azol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane;

(+) - Endo-.6- (3-i sohexyl thio-1 ,2,5-Chi adi azol -4-yl)-1 -azabicyclo[3.2.1

] oct ane;

(-)-Endo-(5S,6R)-6-(3-(4,4,4-trifluorobutylhio)-1

,-2, 5-thi adiﬁé@-b-‘(éts‘éhémi(thi@i,@!githiaﬁié(ﬁl- lyi§-12zddicyeelE .?bctane;

(+) - Endo- (5R, 6S)-6-(3-(4,4,4-trifluorobutylthio)
cycl o[ 3. 2. 1] octane; (-)-Endo- (5S, 6R) - 6- (3-(4-cyanobenzylthio)-1

-azabi -

, 2,5-thiadi azol-4-yl)-1

, 2, 5- t hi adiEageb-(d-byhzylttio-1 25ahiadigzl-0-yl)-1-azabicyclo[3.2.1]octane;

Endo-6-(3-cyanomethyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Endo-6-(3-(2-cyanoethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

Endo-6-(34(3-cyanopm§ylﬂ1io)-1 +2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane; .

Endo-6-(3-(4-cyancbutyithio)-1 ,2_,5_-thiadiazol-4-yl)~'1‘-azabicydo [3.2.1]octane;

4-Chloro-3-(3-butoxy-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]Jnon-3-ene;

. 4~Chloro-3-(3~ﬁexyloxy-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo{3.3.1]non-3-ene;

3-(3-Butoxy-1 .i2,5_-thiadiazol-4-yl)-1 -azabicyclo[3.3.1]non-3-ene;

3-(3- Methoxy_:'[ ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.3.1]Jnon-3-ene;
3-(3-Propoxy-:1_ __,2,5thiadiazo|-4-y|)-1 -azabicyclo[3.3.1]non-3-ene;
3—(3-Hexy|ox’y-1. ,2,5-thiadiazo\!—4—.-y!)-1 -azabicyclo[3.3.1}non-3-ene;
3-(3-Isapentyithio-1,2,5-thiadiazol-4-yl)-1 -azabicyclr;[2_2.2] octane;
3-(3-{1-Methyipropylthio)-1,2,5-thiadiazol-4-yl)- 1-azabicyclo[2.2.2] octane;
3-(;-Isobutylthio—1 ,2,5-thiadia?ol-4—-Y!)-1 -azabicyclo[2.2.2]octane;

3-(3-(2-Phenoxyethylthio)-1,2,5-thiadiazol-4-yl)- -azabicyclo[2.2.2]octane;

This is the replacement sheet
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[3.2.% octane; 1 U U U I T I I A I N
- 85 - (+) - Endo- (5R, 6S) - 6- ( 3- (4-cyanobenzyl t hio)-1
, 2,5-thiadiazol -4-yl)-1 -azabi- cycl o[ 3. 2. 1] oct ane;

.82-
3-(3-Cyanomethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2)octane;
3-(3-(3—(2-Thienyl) propyltﬁio)—1 2,5-thiadiazol-4-y()-1-azabicyclo[2.2.2)octane;
3;(3-(4—Chlorobutylﬂ1io)-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[2.2.2]octane;
3-(3-Methylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

3-(3-(1-Methyitetrazol-5-yithio) butylthio-1,2,5-thiadiazol-4-yl)-1-azabicycio-
[2.2.2]octane; '

3-(3-(2-Methyl-1,3,4-thiadiazol-5-yithio)butylthio-1,2,5-thiadiazol-4-yl)-1-
azabicyclo[2.2.2]octane;

3-(3-(4-(2-Benzothiazolyl)thio)butylthio-1,2,5-thiadiazol-4-yl)-1-azabicycio-

[2.2.2]octane; : :

3-(3-(4-Ethylbenzyloxy)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2] actane;

3-(3-(3-(2-Thienyl)propoxy)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2Joctane;
1 >

(+)-Exo-6-(3-butylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclof3.2.1]octane;

3-(3-(N-(2-Ethylthio) phthalimide)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]-
octane; =

3-(3-(2-Methoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]actane;

3-{3-(2-(1,3-Dioxalan-2-yl)ethyithio)-1,2,5-thiadiazol-4-yl)- 1-azabicyclo[2.2.2]- '

octane;

3-(3-(4-Pyridylmethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo{2.2.2] octane:

This is the replacement sheet
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(+)-Endo-6(3-propylthio-1 ,2,5-thiadi azol -4-yl)-1 -azabicyclo[3.2.1

] oct ane; (+)-Exo-6-(3-(3,3,3-trif|uoropropylthio)-l

, 2, 5-thiadiazol -4-yl)-1 -azabicyclo- [3.2.1]octane;

(+) Exo0- 6- (3- (3-(2-thienyl propyl thi o) 1 2 5-t hi adi azol - 4-yl)-1-azabi cycl o-
[ 3.2.1] oct ane;

(+) - Exo- 6( 3- (4, 4, 4- tnfluorobutylt?ﬁ"b‘) 1, 2, 5-t hi adi azol - 4-yl ) - 1- azabi cycl o-
[321]octane (+)- Endo6(3(333tr|fluoropropylth|o) 1 - '

L L St S5l e

-azabi cycl o[ 2. 2. I ] hep- tane; Exo- 6- ( 3- cycl opr opyl met hyl t hi o-1
, 2, 5-thi adt g Fudrolbbnzyiihio-A8 8HENEoRE-F)-2-addbicy 86 2@ Woctane;

Exo-6-(3-(4-ﬂuprobenzylthio)—1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-6-(3-(4-chlorobenzyithio)-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane;

Exo-6-(3-(4-methy|benzylthlo) -1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

Exo-6-(3-(4-trifluoromethoxybenzylthio)-1,2,5-thiadiazol-4-yl)-1 -azabicyclo-
[3.2.1]octane; e

Exo-6-(3-(4-thiocarbamylbenzylthio)-1,2,5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]-
octane; '

- Exo-6-(8-(4-methylsulfonylbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

Exo—6—(3 (5,5,5-trifluoropentyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2. 1]-
octane;

Exo-6-(3-(3,3,3-trifluoropropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1]-

octane;

Endo-6-(3-{4-trifluoromethoxybenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

Endo-6-(3-(4-methylbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-

octane;

This is the replacement sheet
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Exo-6-(3-(2-(1 , 3-dioxal ane-2-yl)-ethylthio)-1 ,2,5-thiadiazol-4-yl)-1
-azabi cyclo- [3.2.1]octane; Exo- 6- ( 3- (4- net hoxybenzyl thio)-1

, 2, 5-thiadiazol -4-yl)-1 -azabicyclo[3.2.1] - octane;

Exo- 6- (3- (2-nmet hoxyethylthio)-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1
] = octane; | ~~ ~~& , 1111111111121111

- Endo-6-(3-(4-fluorabenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane; -

(+)-Exo-({5R,6R)-6-{3-propylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo{3.2.1]-

actane;

(9)-Exo-(58,6S)-6-(3-propylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
oxtane;

(+)-Exo-(5R,6R)-6-(3-(d-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

' (9-Exo-{55,65)-6-(3-{4-cyanobenzyithio)-1,2.5-thiadiazol-4-yl)-1-azabicycio-
[3.2.1Joctane; '

(~)-Endo-6-(3-propyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

(+)-Exo-(5R,6R)-6-(3-isohexylthio-1,2,5-thiadiazol-4-yf)-1-azabicyclo{3.2.1]-
actane;

(—)-Exo-G-(33isohexylﬂ1io-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(+)—Endc-6_—(é—isohexylthio-1 .2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

(-)-Endo-(5S,6R)-6-(3-(4,4,4-trifluorobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabi- =
cyclo[3.2.1)octane; )

(+)-Endo-(5R,6S)-6-(3-(4,4,4-trifluorobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabi-
cyclo[3.2.1)octane; |

(1-Endo-(58,6R)-6-(3-(4-cyanobenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

This is the replacement sheet
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-86- . Ex0-6-(3-(3-hydroxypropylthio)-1 ,2,5-thiadiazol-4-yl)-1

-“azabicycl o[ 3. 2. 1] - oct ane; Exo-6-(3-(4,4,4-trifluorobutylthio)-1

, 2,5-thiadiazol -4-yl)-1 -azabicycl o[ 3.2.1]- octane;

Endo- 6- (3-cycl opropyl nethylthio-1

, 2, 5-thi adi azol -4-yl)-1-azabicycl o[ & 2. 1] - oct ane;

Endo- 6- ( 3- (4- met hoxybenzyl thio)-1 |, 2, 5-thi adi azol -4-yl)-1-azabicyclo[3.2.1 .
]- octane; .
(+)-Endo-(5R,6S)-6-(3-(4-cyanobenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabi-

cyclo[3.2.1]octane;

-

(+)-Endo-6-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

(+)-Exo-6-(3-(3,3,3-trifluoropropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

(+)-Exo-6-(3-(3-(2-thienyl)propyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

(+)-Exo-6-(3-(4,4,4-trifluorabutyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane;

(+);Endo-s-(s-(a,3,3-1riﬂuoropropyﬂhio)-1 .2,5-thiadia;ol-4—yi)-1 -azabicyclo-
[3.2.1]octane; . .
Exo-3-(3-(4-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]hep-
tane;

Exo-6-(3-cyclopropylmethyltﬁio-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane; )

~ Exo-6-(3-(2-(1,3-dioxalane-2-yl)-ethytthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane; ' : '

Ex0-6-(3-(4-methoxybenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclof3.2.1]-
octane;

Exo-6-(3-(2-methoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-

octane;

This is the replacement sheet
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Endo- 6- (3- (2- net hoxyethyl thio)-1 , 2, 5-thiadi azol -4-yl)-1 -azabicyclo[3.2.1
] - octane;

Endo- 6- (3-(4-trifluoronethyl benzylthio)-1,2,5-thiadi azol -4-yl)-1-azablicycl
0: [3.2.1]octane; 5-(3-(4-Cyanobenzylthio)-1 ,2,5-thiadiazol-4-yl)-1
-azabicyclo[3.2.1 ]octane, Exo- 6- ( 3- propyl sul fonyl -1
,2,5-thiadiazol-4-yl)-1 -azabicyclbé%fz.l ] octane; -

2- Met hyl.- 6-chl oro-6-(3-chloro-1 , 2,5-thiadiazol -4-yl)-1 -azabicycl o[ 3. 2. 1]

oct ane; Bebdé-Ma-Hydrd} mroeyithiof-8 2Ghthiadiazol 4-yif 1 azdbityasjsargl - 4- yl ) - 1
-azabicyclo[ 3. 2. 1] octane; Exo- 2-nmet hyl - 6- (3-chloro-1

, 2, 5-thi adi ¥2¥1% 4-y1)-1. - azabi cycl o[ 3. 2.1 ] oct ane; '

Endo- 2- net hyl - 6-(3-chloro-1 , 2,5-thiadi azol -4-yl)-1 -azabicycl o[ 3. 2. 1]

octane; g o 6-(3-(4,4,4-trifluorobutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane; - - '

Endo-6-(3-cyclopropylmethyithio-1,2,5-thiadiazol-4-yl)-1-azabicycla[3.2.1]-
octane; T

Endo-6-(3-{4-methoxybenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

Endo-6-(3-(2-methoxyethytthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

Endo-6-(3-(4-triflucromethylbenzyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane; '

5-(3- (4—Cyanobénzylth io)-1 ,.2,5-thia.diazol-4-yl)-1 -azabicyclo[3.2.1]octane;
Exo-6-(3-propylsulfonyl-1 ,2.5-thiadiazol-4-yl);1 -azabicyclo[s.z.i]octane;
2-Methyl-6-chloro-6-(3-chioro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
8-Methyl-s-ch!oro-6-(3-chl§ro-1 ,2,5-thiadiazol-4—yl)-.1 -azabicyclo[3.2.1]octane;
Exo-2-methyl-6-(3-chioro-1 ,2,5—thiadia20l-4~yl)-1 -azabicyclo[3.2.1]actane;
Endo-2-methyl-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1 ]octar_le;

Exo-8-methyl-6-(3-chloro-1 ,2,'5-thiadiaz-ol-4-yl)-1 -azabicyclo[3.2.1]octane;

- This is the replacement sheet
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Exo- 8-nmet hyl -6-(3-chloro-1 , 2,5-thi adi azol -4-yl)-1 -azabicycl o[ 3. 2. 1]

oct ane; : -87-

Endo- 8- net hyl -6-(3-chloro-1 ,2, 5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1

] oct ane; (+)-Ex0-6-(3-methylthio-1 ,2,5-thiadiazol-4-yl)-1

-azabicycl o[ 3. 2. 1] oct ane; (+)-BEgr.6-(3-ethylthio-1 , 2,

5-thi adi azol -4-yl)-1 -azabicyclo[3.2.1 ] octane;

(+)-Exo-6-(3-pentylthio-1 ,2,5-thiadi azol-4-yl)-1 -azabicyclo[3.2.1

] oct ane; p-8pmehd-6¢ (3-chletay | .2 Rithjadiazol-4-yl)-1-azabicyclo[3.2.1]aoctane;

, 2,5-thiadiazol -4-yl)-1-azabicyclo[3.2.1 ]octane;
(++)-Ex0-6-(3-methylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]Joctane;
(++)-Exo-6-(3-ethylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1Joctane;
(+)-Ex0-6-(3-pentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(+)-Exo-6-(3-hexylthic-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(-)-Exo-6-(3-methylithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(-)-Exq_—G—(3-ethytthio-1 ,2,5-thiadiazol—4;yl)-1 -ézabicyclo [3.2.1]octane;
(-)-Exo-6-(3-pentyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(-)-Exo-s-(s-hexy_lmio-i 12,5-thiadiazol-4-yl)-1 -_a;abicyclo[3.2.1 Joctane:
(+)-Endo-6-(3-methyithio-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
(+)-End&6-(§-ethylthio—1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
( +)~Endo—6—(34pentylthio-1 12,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
{+)-Endo-6-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo [3;2'.1 Joctane;
(-)-Endo—é—(S—methylthiod .2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

(-)-Endo-6-(3-ethylthio-1,2 5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;

(-)-Endo-6-(3-pentylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane:

—_— This is the replacament sheet
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(3)-Ex0-6-(3-nmethylthio-1, 2, 5-thiadiazol-4-yl)-1-azabicycl o[ 3. 2. 1] oct ane;
(-)-Exo-6-(3-ethylthio-1,2,5 -thiadiazol-4-yl)-1 -azabicyclo[3.2.1 octane;
(-)-Exo-6-(3-pentylthio-1 ,2,5-thiadiazol -4-yl)-1-azabicycl o[ 321] oct ane;
(:)-Ex0-6-(3-hexylthio-1,2,5-thiadi azol -4-yl)-1-azabicycl o[ 3. 2. 1] oct ane
(+)-Endo-6-(3-nethylthio-1, 2, 5-thi aggazol -4-yl)-1-azabi cycl o[ 3. 2. 1] oct ane,
(+)-Endo-6-(3-ethylthio-1 ,2,5-thiadiazol-4-yl)-1 azabicyclo[3.2.1]

octane; . (+)-Endo-6-(3- pentylthlo 1,2,5-thiadiazgl-4-yl)-1
- azabi cycl of-BEada-6{Bbexituc-1.2 ’5-thiadiazol-4-yi)-1-azabicyclo[3.2.1]octane;

(+) - Endo- 6- (3- hexyl thi o-1, 2, 5-t hi adi azol -4-yl)-1 -azabicyclo[3.2.1 ]octane
| (+)-Exo-6-(3-(4-triflucromethylbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octans;

' (+)-Exo-6-(3-{4-nitrobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

(+)-Exo-6-(3-(2-hydroxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

Endo-2-methyl-6-(3-propyithio-1 ,2.5-thiadiazol-4-yl)—1 -azabicyclo[3.2.1}-
octane; '

Endo-8-methyl-6-(3-propylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane; '

Exo-2-mathyl-6-(3-propylthio-1 ,2.5-thiadiazdl-4—yl)-1 -azabicyclo[3.2.1]octane;
Exo-8-methyl-8-(3-propyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane;
Exo-2-methyl-6- (3-buty|tl1io;1 ,2,5-thiad.ia'zo|-4—y|)-1 -azabicyclo[3.2.1]octane;
Exo-8-methyl-6-(3-butyithio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1 ]odane;
Exo-2-methyl-6-(3-hexylthio-1 .2,5-thiadiaz§l-4—yl)-1'-azabicyclo[3.2.1 ]éctane;
Exo-8-methyl-6-(3-hexylthio-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]octane; .
6:Chloro—6- (3-chloro-1 ,2,S-tﬁiadiazol-4-yl)-1 -azabicyclo[3.2.1]octane,;

3-Chloro-3-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.1]heptane;

This is the replacement sheet
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(=)-Endo-6-(3-nethylthio-1,2,5-thi adi azol -4-yl)-1 -azabicyclo[3.2.1
] oct ane; (-)-Endo-6-(3-ethylthio-1 ,2,5-thiadiazol-4-yl)-1
-azabicycl o[ 3. 2.1 ]oct ane;

(=) -Endo-6-(3-pentylthio-1,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1
] oct ane; I~ -~ 11 Filily  11il 11 Lr i

Exo-6-chloro-6-(3-chloro-1,2,5-thiadiazol-4-yl)-1-azabicyclo-[3.2.1]octane;
Endo-é-chloro-s- (3-chloro-1,2,5-thiadiazol-4-yi)-1-azabicyclo-[3.2.1]octane;
Ex;:-s-(a- (2-cyanobenzylthio)-1 '2_' 5-thiadiazol-4-yl)-1 -a_zabicyélo [3.2.1]octane;
Exo-6-(3-(3-cyanobenzylthio)-1 ,2,5-thiadiazol—4~3;l)-1 -azabicyclo[3.2.1 ]ocuime;

Exo-6-(3-(2-trifluoromethylbenzyithio)-1,2,5-thiadiazoi-4-yl)-1-azabicyclo-
[3.2.1)octane;

Exo-6-(3-{3-triflucromethylbenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3-2.1]octane;

Endo-6-(3-(2-cyanobenzylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane; ' S

3-(3-(2-Hydroxybutyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo{2.2.2] octane;

3-(3—(2-Butar}onylthio)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]Joctane .

oxalate;

3—(3-(3-Phen6>tybenzyloxy)-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;
3-(3-(4-Carboxybutylthio)-1,2,5-thiadiazol-4-yi)-1 -az?.bicyclo[2.22] octane;
3-(3~(3-Hydroxybutylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;
.3-(3-(4-Hydroxybutylthio)-1. ,2,5-thiadiazol-4-yl)-1-azabicyclo [2.2.2]octar;|e;

(+) 3-(3-Butylsulfonyl-1,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;

This is the replacament shem:
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-88- « (-)-Endo-6-(3-hexylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1
]'oct ane; (+)-Exo-6-(3-(4-trifluoronethyl benzylthio)-1

, 2, 5-thi adi azol -4-yl)-1 -azabicyclo- [3.2.1]octane;

(.+) - Ex0-6-(3-(4-nitrobenzylthio)-1 ,2,5-thiadiazol- 4-yl)-1

-;azabi cycl o[ 3. 2. 1] - oct ane, (+) - Exo-6-(3-(2-hydroxyethylthio)-1 :
, 2,5-thiadiazol -4-yl)-1 -azabicycl o[ 321] - oct ane; :
Endo- 2- net hyl - 6- (3-propylthio-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1]-
oct ane; Bt 3-8 (ex8utmpbaythis)-p.ediiadinzab-4-y)-1 2zdidybip .2 ectined - y| ) - 1 '
-azabicycl o[ 3.2. 1]- octane;

(+) 3;(3-(2—Hydroxybutytthio-1 »2,5-thiadiazol-4-yl)-1-azabicyclo(2.2.2]octane;

(+)-Exo-6-(3-(2-propanonyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane; - ' ’

(+)-Exo-6-(3-(2-hydroxypropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1}-
octane; -

(+)-Exo-6-(3-(3-phenylpropyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
octane;

(-)-Exo-6-(3-(3-phenylpropyilthio) - ,2,5-thiadiazol-4-yl)-1-azabicyclo [3.2.1]-
octane; '

(+)-End6-6—(3—(&phenylpropylthio)—1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-;
octane;

(-)-Endo-&-(3-(3-phenylpropylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo[3.2.1]-
actane;

{ +)-Exo—6-(3—:('4-ﬂuoro phenoxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane; :

(-)-Exo-6-(3-(4-fluorophenoxyethylthio)-1 ,2,5-thiadiézol-4-yl)-1 -azabicyclo-
[3.2.1]octane;

(+)-Endo-6-(3-(4-fluorophenoxyethyithio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-
[3.2.1]octane; '

(9)-Endo-6-{3-(4-fluorophenoxyethylthio)-1,2,5-thiadiazol-4-yl)-1-azabicyclo-

This is the replacement.sheet
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Exo- 2-'net hyl - 6- (3-propylthio-1 ,2,5-thiadiazol -4-yl)-1-azabicycl o[ 3. 2. 1]
oct ane; Exo- 8- net hyl - 6- (3-propylthio-1 ,2,5-thiadiazol-4-yl)-1

-azabi cycl o[ 3. 2. 1] oct ane; Exo- 2- met hyl - 6- (3-butylthio-1

, 2, 5-thi adi azol -4-yl)-1 -azabicycl o[ 3.2.1 ]octane;

ERo- 8- met hyl - 6- (3-butyl thio-1, 2, 5.ghi adi azol -4-yl)-1 -azabicyclo[3.2.1
].oct ane; Exo- 2- net hyl - 6- (3- hexylthio-1

, 2, 5-thtadi azol -4-yl)-1-azabicycl o[ 3.2.1 ]octane;

Exo- 8- net hy[B.28]dctnkexyl thio-1 , 2, 5- thiadiazol 4-y)-1 -azabicyclo[3.2.1 -

t hi adi azoi - 4-yl)-1 -azabi cycl
| S04 oo AT kg *ﬁf oo " 35 i adh Bzl 4yl

-azabicyclo[2.2.1 ]heptane

J R O | This s the replacement sheet
T+ ¢ L M S

Date: |7 JAN 1997



. U

., -~ L2121 11111171111111

-89 - Exo-6-chloro-6-(3-chloro-1 ,2,5-thiadiazol-4-yl)-1
-azabicyclo-[3.2.1 Joctane;  Endo-6-chloro-6-(3-chloro-1

, 2, 5-thiadi azol -4-yl)-1 -azabicyclo-[3.2.1 Joctane; -

Exo- 6- (3-(2-cyanobenzylthio)-1 ,2,5-thiadi azol-4-yl)-1 -azabicycl o[ 3. 2. 1

]_:m_o.ct ane; 92

2

ANTIPSYCHOTIC METHOD

ABSTRACT

The method of this invention comprises administering to a patient sufferiﬁg from or
:susceptible to schizophrenia or schizophreniform conditions an effective amount of a
compound of formula (1), wherein X is oxygen or sulphur, G is selected from one of the
| followmg ‘azabicyclic rmgs (a) or (b) wherein the thiadiazole or oxadiazole rmg can be

attached at any carbon atom of the azabicyclic ring.

| ()

(b)

_// H ? . Y
This is the replacement sheet
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Exo-67(3- (3

‘]-o¢t ane:

%/yanobenzyl thio)-1 ,2,5-thiadiazol-4-yl)-1 -azabicyclo[3.2.1

”Ex0- Gnirirhia HoLAUREATRE AREPORY | t hi 0) - 1 [Rrubaddl aiazaed-y1) -1 |

-azablcyclo

[ 3.2.1] oct ane;
EXo0- 6(3 (3-trifluoronethyl benzyl thio)-1,2,5-thiadiazp ?C.'ZD{;I ?4/1003gzab| cycl o-

3.2

azab

7

-azabi
3-(3-(

@

3-
oxal at e

y 0 Zap” LIV d - 4-yF)-1
S oA A ST A B e A, o 1

ll adirazol-4-yT)-1 azabl cyclo[2 2. 2] oct-ane;

(R-Butanonylthio)-1 ,2,5-thiadiazol-4-yl)-1 -azabicycl o[ 2. 2. 2] oct ane

3-(3-(3- Phenoxybenzyl oxy)-1 ,2,5-thiadiazol -4-yl)-1

cycl o[ 2. 2. 2] oct ane; .

- Car boxybut¥ thio)-1,2,5-thiadiazol -4-yl)-1-azabicyclo[ 2. 2. 2] octane; ’
ABSTRACT '

The method of this invention comprises administering to a patient suffering
from or susceptible to SChizophrenia or schizophreniform conditions an

effective amount of a compound of the formula |

1 - 0

N RE?LA{,E SHEET
18 DEC 1997

wherein

X is oxygen or sulphur;

G is selected from one of the following azabicyclic rings

!
R

Rz_m or

Cn

Cm
T

wherein the thiadiazole or oxadiazole ring can be attached at any carbon

atom of the azabicyclic ring «

s 203
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3-(3-(3-Hydroxybutylthio)-1 ,2,5-thiadiazol -4-yl)-1 .

-azabicycl o[ 2. 2. 2] octane; - 3-(3-(4-Hydroxybutylthio)-1

,2,5-thiadi azol -4-yl)-1 -azabicycl o[ 2. 2. 2] oct ane; (+)

3-(3-Butyl sul fonyl -1, 2, 5- thi adi azol - 4-yl )& 1- azabi cycl o[ 2. 2.-2] oct ane; -

I T~ti11 Iiael,tjor Ehl 1cl:llnllc;all trial Gvaé_l te!rlmnated after consultatlon with the U.S. Food and Drug

A_dministratlon, because of an unacceptably high incidence of raised enzyme levels in the
 treated patients. The enzyme, creatinine phosphokinase (CPK), and the llver enzymes,
serum glutamate oxalecetic transammase (SGOT), and serum glutamate pyruvate
transaminase (SGPT), estimated from blood samples taken from patients, were in
substantial excess of normal values, indicating the possibility of toxicity. In respect of its
fendency to raise liver enzyme ievels, flumazapine is similar t6 chlérpromazine, 'an

antipsychotic which has long been in use but whose safety has been called into question.

Summary of the Invention

This invention compriSes the use of a compound of the formula I
1
N 0

wherein

X is oxygen or sulphur; , |

R is hydrogen, amino, halogen, -CHO, -NO,, -R%, -Y, -NHCO-R¥, -OR¥, -SR4, -SORY,
-SOyR%,- C3_10-¢ycloalkyl, C4-10-cylcoalkenyl, C4_10-(cycloalkylaﬂc§1), -Zl-Cj_lo-
cycloalkyl,  -Z1-Cy jycycloalkenyl,  -Z1-Cy yo-(cycloalkylalkyl),  -Z1-Cyio-
(cycloalkenylalkyl), -Z1-Cy_1o-(methylenecycloalkylalkyl), -NH-R¢, -NRRS, -NH-OR¢,
-CH=NOR#4, phenyl, benzyloxycarbonyl, phenoxy, benzoyl, tetrahydronaphthyl,
naphthyl, indenyl, wherein each aromatic group ié optionally -substituted with halogen,
-NO,, -CN, Cj4-alkyl, C; 4-alkoxy, -OCF;, -CONH,, -CSNH,, phenoxy or phenyl; or
R is -Z1-R6-Z2-R5, -Z1-R6-Z2-R7-Z3-R3, -Zl-Rﬁ-CO-R5., -Z1-R6-CO,-R3, -Z1-R6-0,C-
R3, -Z1-R6-CONH-R, -Zl-RG-NHCO,—R5,\-Zl-RG-Y, -—ZI-R6-ZZ-Y, wherein Z1, Z2 and

Z3 independently are oxygen or sulphur, and REPLACEMENT SHEETS SG
: g}) escription : r;&d 2.0 )"f*@d =X
Claxm\s y)
Drawing{s} ' p
O Abstract
DATE OF KECEIPT ..28:2-10%

This is the replacement sheet
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190 - (4

3-(3-(2-Butanonylthio)-1, 2,5-thiadi azol -4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane;
(+) - | o
3-(3-(2-Hydroxybutyl thio-1,2,5-thiadiazol4 4-yl)-1-azabi cycl o[ 2. 2. 2] oct ane;

%%;Eix E;/S 87 308 R ERS ARGy e sirgighl o prana Cr i N sty or prapched o
y &y 5‘t [ | = - i | PR o . A .
(+)- Exol- g - @Jé’ %%k%ﬁ %Tr g%é?‘?#%“%—lg— , 23 éylt} ﬁ%%lgﬁgzo el yqp)tl_q Rﬂgzggjis%ty‘/lcl}efd orvgh 2.
1] - octanegpe or(mbf : Og%ngs'e)_ﬁ &, Rbarshprepy, ioN Ccdon? -Out WNitgi Gzhikgr ¥rer, 1

-azabicyclo[3.2.1
SH, -NHR4, -NR4R5, phenyl or phenoxy, wherein each aromatic group is optionally

substituted with halogen, -NO,, -CN, Cj4-alkyl, Cj4-alkoxy, -OCF;, -CONH,,
-CSNH,, phényl or phenoxy, and wherein R6 and R7 independently are 'straight.or
branched Cj_jp-alkylene, straight or branched C, jp-alkenylene, straight or branched |
C2710~alkynyl'ene, each of which is optionally substituted with one or more halogen(s),
-CF3, -CN, -COOH, -OH, -NH,, C; g-alkyl ester, -SH, -NHR¢, -NR4R5, phenyl or
phenoxy, and Y is a 5 or 6 remembered heterocyclic group containing one to four N, O
or S atom(s) or a combination thereof, which heterocyclic group is optionally substituted
at carbon or nitrogen atom(s) with straigilt or branched Ci_6-a1kyl, phenyl or benzyl, or a
carbon atom in the heterocyclic group together with an oxygen atom form a carbonyl
group, or which bheterocyclic group is optionally fused with a phenyl group; and

G is selected from one of the following azabicyclic rings
1

R -
R2-E(C\,:ﬁ or RZ"|<

Cn\ /Cm

wflerein the thiadiazole or oxadiazole ring can be attached at any carbon atom of the
azabicyclic ring; R! and R2 may be present at any position, including the poiht of
attachment of the tlﬁadiazole or oxadiazole ring, and independently are hydrogen, straight

- or branched Cj s-alkyl, straight or branchéd C, s-alkenyl, straight or branched Cy5-
alkynyl, straight or branche& Ci-10-alkoxy, straight or branched C;_s-alkyl substituted |
with -OH, -OH, halogen, -NH, or carboxy; R3 is ﬁ,, straight or branched C;_s-alkyl,
straight or branched C,_s-alkenyl or straight or branched Cz_s—élkynyl; nis 0, 1 or2; mis
0,1,0or2;pis0,10r2;qis 1or2;and ==== is a single or double bond; or

. a pharmaceutically acceptable salt thereof for the preparation of a medicament for the

treatment of schizophrenia and schizophreniform conditions.
This is the replacement sheet
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(+)~ Endo- 6- ( 3- ( 3- phenyl propyl thio)-1, 2, 5-t hi adi azol -4-y| ) - 1-azabi cycl o[ 3. 2.
1] -; octane; ' : '
(- ) Endo- 6- (:3- ( 3- phenyl propyl thio)-1,2,5-thiadi azol - 4-y| )-1-azabi cycl of 3. 2.
| ]- octane; (+) - Ex0-6-(3-(4-fl uorophend§<yet hyl t hi o) -

, 2,5-thiadi az

(53 Exor 0 (5 (A8 Pﬁ%ﬂoﬁgsweﬁﬁa?%ﬁﬁm?ﬁpﬁ)m%u% %a%mm Sfhich gpyid pencfit from
(35 Endo- e TP 197, SRARRBReniomm, enditerp: | Theer ey o5 g @ tumen
- azab| cycl ieht bt i3 AtliARRded to be so limited. :
(-) - Endo- 6- ( 3- (4-f | uor ophenoxyet hyl t hi o) -1, 2, 5 th| adi azol - 4-y| )-1
- azabi CyC| 0- The thiadiazole and oxadiazole compounds used in the presently claimed method
have been disclosed and claimed in PCT/DK91/00236. The thiadiazole and oxadiazole
- derivatives are known to be cholinergic muscarinic agents useful in the treatment of
presenile and senile dementia. The compounds are beliéVed to be useful for treating -
Alzheimer's disease, glaucoma, and painful conditions. Other disclosures suggest that
thiadiazole compounds may be useful for the treétment of illnesses whose clinical
manifestations are due to cholinergic deficiency, (European Patent Application 307142).
Such ilinesses includé Huntington's chorea, tardive dyskinesia, hyperkinesia, mania, and
Tourette Syndrome.
Further, the .thiadiazole and ‘oxadiazole derivatives used in the method of this
invention displayed significant acfivity in the conditioned avoidance model assay. The
. conditioned avoidance model assay is one established predictor of the uéefulness of
compounds'for the treaﬁnent of schizophrenia and schizophreniform conditions. o
Schizophreniform conditions are believed to be related to an excess of dopamine.'

Therefore, . Applicants were particularly surprised to observe that the thiadiazole and -

oxadiazole compounds used in this method have a low

o :
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[3.2.1] octane; or a pharnaceutically acceptable salt thereof.

70
The claims defining the invention are as follows:

1. Use of a compound of the formula I
T 0

wherein

X is oxygen or sulphur;

R is hydrogen, amino, halogen, -CHO, -NO,, -R?4, -Y, -NHCO-R?, -OR4; -SR4, -SOR%, .
-SOR4,  Cj jg-cycloalkyl, Cy4 jg-cylcoalkenyl, Cy 1o-(cycloalkylalkyl), -Z1-C3_jo-
cycloalkyl, -Z1-C4_jo-cycloalkenyl, -Z1-C4_jo~(cycloalkylalkyl), -Z1-C4 10~
(cycloalkenylalkyl), -Z1—C4_10—(methy1enecycloalkylalkyl), -NH-R4, -NR4R5, -NH-OR4,
-CH=NOR?, pﬁenyl, benzyloxycarbonyl, phenoxy, benzoyl, tetrahydronaphthyl,
naphthyl, indenyl, wherein each aromatic groilp is optionally substituted with halogen,
¥N02, -CN, Cy_4-alkyl, Cy_4-alkoxy, -OCF3, -CONH,, -CSNH,, phenoxy .or phenyl; or
R is ~Z1-R6-Z2-RS, -Z1-R6-Z2.R7-Z3-R5, -Z1-R6-CO-R5, -Z1-R6-CO,-R5, -Z1-R6-0,C-
RS, -Zl-RG—CONH-R5, -Zl-R5-NHCO—R5, -Z1-R6.Y, -Z1-R6-Z2-Y, wherein Z1, Z2 and
Z3 independently are oxygen or sulphur, and R4 and RS independently are straight or
br;mched Ci.15-alkyl, straight or branched C,_is-alkenyl, straight or branched Cy_15-
alkynyl, each of which is optionally substituted with one or more halogen(s), C 1'_6-a1koxy,
-CF3, -CN, -COOH; -OH, NHj, Ci-_6-alkyl ester, -SH, -NHR#4, -NR4R5, phenyl or
phenoxy, whereiﬁ each aromatic group is optionally substituted with haiogeh-, -NO,, -CN,
C4-alkyl, Cy_4-alkoxy, -OCF-_;,., -CONH,, -CSNHj, phenyl or phenoxy, and wherein RS
and R7 independently are straight or branched Cj.1p-alkylene, straight or branched C2-10"
alkenylene, straight or branched C,_g-alkynylene, each of which is optionally substituted
with one or more halogen(s), -CF3, -CN, -COOH, -OH,'-NHz, Cy.¢-dlkyl ester, -SH, -
NHR?, -NR4RS5, phenyl or phenoxy, and Y is a 5 or 6 remembered heterocyclic _group
COntainiﬁg one to four N, O or S atom(s) or a combination thereof, which heterocyclic
group is optionally substituted at carbon or nitrogen atom(s) _With straight or branched Ci.

¢-alkyl, phenyl or benzyl, or é. carbon -atom in the heterocyclic group together with an
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- oxygen atom form a cafbonyl group, or which heterocyclic group is optionally fused with
a phenyl group; and

.G is selected from one of the following azabicyclic rings
.

R
Rzm or
R2—|-<Cq

Cn\N /Cm

wherein the thiadiazole or oxadiazole ring can be attached at any carbon atom of the
azabicyclic ring; R! and R2 may be present at any position, including the point of
attachment of the thiadiazole or oxadiazole ﬁng, and independently are hydrogen, stréight
or branched Cy_s-alkyl, straight or branched C, s-alkenyl, straight or branched C,s-
alkynyl,. straight or branched C;_jp-alkoxy, straight or branched C;s-alkyl substituted
with -OH, -OH, halogen,'-.NHz or carboxy';, R3 is H, straight or branched C;_s-alkyl,
straight or branched C;_s-alkenyl or straight or branched C, s-alkynyl; nis 0, 1 or “2; m is
0,1,0or2;pis0,10or2;qis 1 or2; and ===== ié a single or double bond; or

a pharmaceutical acceptable salt thereof for the preparation of a medicament f01; the

treatment of schizophrenia and schizophreniform diseases.
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2.  The use according to claim 1 wherein X is S, G is
1

Cn Cm
N

whereinnis 1, pis lor2and mis 1 or 2, and R1 and R? independently are hydrogen,
methyl methoxy, hydroxy, halogen or amino; or a pharmaceutically acceptable salt
thereof.
3.  The use according to claim 1 wherein X is S, G is
R! |
Cn\}\l Cm

wherein n is 1 or 2, p is 1 or 2 and m is 2, and Rl and R2 are hydrogen; or a
pharmaceutically acceptable salt thereof.

4. The use according to claim 1 wherein X i_s S,Gis
. R
Cn\N /Cm

wherein nis 2, pis 1 and m is 1, and R! and R2 are hydrogen and R4 is straight or

branched C;_js-alkyl; or a pharmaceutically acceptable salt thereof.

This is the replacemsht shoet

IULTE T .- | e 25 AUG B8



73

5. The use according to claim 1 wherein X is S,Gis
_ o

RZ
" Cn
N

=

/Cm-

- wherein n is 2, p is 1 and m is 1, and R! and R2 are hydrogen and R# is branched Cy_;5-
alkyl; ora pharmacéutically acceptable salt thereof.

6. The use according to claim 1 wherein X is S, G is
1

Cn Cm
N/

TN

wherein n is 2, p is 1 and m is 1, and R! and R? are hydrogen and R4 is straight C5_5-
alkyl; or a pharmaceutically acwpﬁble salt thereof. |
- 7.  The use according to claim 1 Wherein the compound is selected from the
following: |
3-Chloro-3 -(3-chloro-1 ,2,5-thiadiazol-4-yl)-1-azabicyclo[2.2.2]octane;
3-(3-Chloro-1,2,5-thiadiaz01e4-y15-3~hydroxy;1-azabicyclo[2.2.2]octane;
3-Meﬂ10xy—3 -(3-methoxy-1 ,2,5—thiadiazole—4-y1)-1-azabicyclo [2.2.2]octane;
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