WO 01/ 81347 PCT/ US01/ 13798 DI AZABI CYCLI C CENTRAL NERVOUS SYSTEM ACTI VE
AGENTS FI ELD OF THE I NVENTI ON The present invention is directed to a series
of N-subswovuswd’ di azabi cyclic 5 conpounds, a nethod for BeT/@st/B&M8y
controlling neurotransmtter release in mammal s using these conpounds, and
pharmaceuti cal conpositions including those conpounds. BACKGROUND OF THE

| NVENTI ON Conpounds that sel ectively c&htrol chem cal synaptic transm ssion
offer therapeutic 10 utility in treating disorders that are associ ated

wi th dysfunctions in synaptic transm ssion. This utility may arise from
control ling eitDIAZNBIC0IA0 CENTR AJONERMAOEP SYS TEME MECHVE AGENSIS ssi on.
The control of synaptic chemcal transm ssion is, in turn, a direct result
of a nodulation of the excitability of the synaptic nmenbrane. Presynaptic
control of nmenbrane excitamIﬁﬂﬁﬁjgﬁ?%h§n@vgﬂhﬁ@ﬁ—direct effect an active
conpound has upon the organell'es an enzynes present in the nerve

term nal for Shrtheshzinnentiontiodiraged @rakeried efNisnbstitied dieabicgaliansmi tter, as
wel | as the process for active re-u tgﬁf. Post s nﬁgtic control of nenbrane
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expl anation o he processes 1 nvolved in chem cal "synaptiC transm ssion
will help 20 to illustrate nore fully the potential applications of the

i nvention. (For example, a_/f I [ i cal synaptic
transm ssion Hoffinan et aPA%ﬁwr@?#mfw autonomc and
somatic notor ORhYRMEs BEBEERivelytolRIiRMiduD SyfablifBangmissibe offtansmpaliegi cal

Basis of Therapeutics, 9th ed., J.G_ Hardman, L.E. Linbird, P.B. Nblinoff,
R WO Rudduitity mrfeeating Gsotitersthay dreragsociatd withrdysgmet ansPinsysaptdipnyiskon( 1996) ,

pp. 105- .25 .. Typicall hem c n | c. tr LSS I.hs with a
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in a nerve axon. The action potential propagates to the nerve termn nal
wher e i orneduiatios ofdls Geitabiithefishe Pféf&ﬂ“é)ﬁleﬁ}bé@@s $ f‘FSéIB%RthCOPBOI of membrane

neurotra ), 11: [ : " 1) Lan" icecell.
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nerypus sysiaespresent fietht aeveaérmtiralrfot syatiesizidgestering, and e¢leasirthe 0 as
"excitable cells."” Excitable cells are cells such _as nerves, sr’im%t h nmuscl e
cell's, cdeHioNEnHBItes agwy fﬁéh%nr?cqzse%r@séz? &%%%(e- Postsynaptic control o

membrane excitability results from the influence an active compound has upon the

cytoplasmic organelles that respond to neurotransmitter action.
An explanation of the processes involved in chemical synaptic transmission will help

20 to illustrate more fully the potential applications of the invention. (For example, a fuller

explanation of chemical synaptic transmission Hoffman et al., "Neuro-transmission: The

autonomic and somatic motor nervous systems."in Goodman and Gilman's, The

Pharmacological Basis of Therapeutics, 9th ed., J.G. Hardman, L.E. Limbird, P.B. Molinoff,

R.W. Ruddon, and A. Goodman Gilman, eds., Pergamon Press, New York, (1996), pp. 105-
25 139).

Typically, chemical synaptic transmission begins with a stimulus that depolarizes the
transmembrane potential of the synaptic junction above the threshold that elicits an all-or-
none action potential in a nerve axon. The action potential propagates to the nerve terminal
where ion fluxes activate a mobilization process leading to neurotransmitter secretion and

30 "transmission" to the postsynaptic cell. Those cells which receive communication from the
central and peripheral nervous systems in the form of neurotransmitters are referred to as

"excitable cells." Excitable cells are cells such as nerves, smooth muscle cells, cardiac cells



2 and gl ands. The effect of a neurotransmtter upon an excitable cell may
be to cause either an excitatory or an inhibitory postsynaptic potenti al
(EPSP or wegPg13sespecti vel y) dependi ng upon the nature oPCTH801pIBZI8SYNnapti c
receptor for the particular neurotransmtter and the extent to which other
neurotransmtters are present. Wet her A particul ar neurotransmtter causes
5 excitation or inhibition depends principally on the ionic channels that
are opened in the postsynaptic nenbrane (i.e., in the excitable cell).
EPSPs typically result froma |ocal depolarization of the nenbrane due to a
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conpl ex no)] ecul es such as G proteins and 25 inositol phosphates. Thus, the
bi ol ogi carhiPyaverEwERY repltimedmnm an mcs@es in Rhemduetaiecept or  activation are
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synaptic membrane. Actions of drugs directed to the presynaptic site nmay be

medi at ed acetylcholine receptors. (See Goodman and Gilman's, The Pharmacological Basis of
Therapeutics, op. cit.).

20 - The responses of these receptor subtypes are mediated by two entirely different
classes of second messenger systems. When the nicotinic acetylcholine receptor is activated,
the response is an increased flux of specific extracellular ions (e.g. Na*, K" and Ca™) through
the neuronal membrane. In contrast, muscarinic acetylcholine receptor activation leads to
changes in intracellular systems that contain complex molecules such as G-proteins and

25 inositol phosphates. Thus, the biological consequences of nicotinic acetylcholine receptor
activation are distinct from those of muscarinic receptor activation. In an analogous manner,
inhibition of nicotinic acetylcholine receptors results in still other biological effects, which
are distinct and different from those arising from muscarinic receptor inhibition

As indicated above, the two principal sites to which drug compounds that affect

30 chemical synaptic transmission may be directed are the presynaptic membrane and the post-

synaptic membrane. Actions of drugs directed to the presynaptic site may be mediated

through presynaptic receptors that respond to the neurotransmitter which the same secreting



t hrough presynaptic receptors that respond to the neurotransmtter which
the sanme secreting WO 01/81347 PCT/US01/ 13798 3 structure has rel eased
(i.e., thwooybi3an aut oreceptor), or through a presynapti cP€RUS@IIBIISt hat
responds to another neurotransmtter (i.e., through a heteroreceptor).
Actions of drugs directed to the posts_zynapti c nmenbrane mmc the action of
t he endogenous neurotransmtter or inhibit the interaction of the
endogenous neurotransmitter with a postsynaptic receptor. 5 C assic

exanpl es of drugs that nodul ate postsynaptic nenbrane excitability are the
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di sorders K‘%OW ng hq[w speci fic%i Neyr Itlransm' tters act in the CNS all ows one
to predi JePPRELNGASEIESIET FHCOMK B S r eat abl e with certain CNS active
drugs. For exapmhecenB@Padives dystenNCNS )y pstsagiticzetls asn Rive mmor t ant
neurotransmtter in the central nervous systens in humans _and ani nals.
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Par ki nson' s dj sease have a primary | Qss f .dopam_pe contai ni ng neurons of
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that one or nore will be useful in inportant, but” as yet poorly controlled,
di sease swidtkygrecognized as an important neurotransmitter in the central nervous systems in humans

and animals. Many aspects of the pharmacology of dopamine have been reviewed by Roth
20 and Elsworth, "Biochemical Pharmacology of Midbrain Dopamine Neurons"
Psychopharmacology: The Fourth Generation of Progress, F.E. Bloom and D.J. Kupfer, Eds.,
Raven Press, NY, 1995, pp 227-243). Patients with Parkinson's disease have a primary loss
of dopamine containing neurons of the nigrostriatal pathway, which results in profound loss
of motor control. Therapeutic strategies to replace the dopamine deficiency with dopamine
25 mimetics, as well as administering pharmacologic agents that modify dopamine release and
other neurotransmitters have been found to have therapeutic benefit ("Parkinson's Disease",
Psychopharmacology: The Fourth Generation of Progress, op. cit., pp 1479-1484).
New and selective neurotransmitter controlling agents are still being sought, in the
hope that one or more will be useful in important, but as yet poorly controlled, disease states
30 or behavior models. For example, prior to the present invention dementia, such as is seen
with Alzheimer's disease or Parkinsonism, remained largely untreatable. Symptoms of

chronic alcoholism and nicotine withdrawal involve aspects of the central nervous system, as



30 or behavi or nodels. For exanple, prior to the present invention
denentia, such as is seen with Al zheiner's di sease or Parkinsoni sm

remai ned Wapygeisy? unt r eat abl e. Synptonms of chronic al cohoPCEUS@IG798 cot i ne
wi t hdrawal involve aspects of the central nervous system as WO 01/81347
PCT/ US01/ 13798 4 does the behavioral disorder Attention Deficit Disorder
(ADD). Specific agents for treatnent of these and rel ated disorders are
few in nunber or nonexistent. A nore conplete discussion of the possible
utility as CNS active agents of conmpounds with activity as cholinergic

| i gands s eloecthiebehdwiorahdisordaahttentvotDefict Diserdpt @IID). 5SKecife:. ggehisfor
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Depression”, J. din. Psychiatry, Vv. 51@&2 387-389 (1996). WO 94/ 08922
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+ the Therapeutic Potential of Nicotine”, Exp. Opin. Invest. Drugs 5, pp. 1035-1045 (1996).

20 Short-term improvement of nonsmoking patients suffering from depression by treatment with
nicotine patches is described by R. J.Salin-Pascual et al., “Antidepressant Effect of
Transdermal Nicotine Patches in Non-Smoking Patients with Major Depression”, J. Clin.
Psychiatry, v. 57 pp. 387-389 (1996).

WO 94/08922 describes pyridyl ether compounds which enhance cognitive function.

25 U.S. patent applications 08/474,873 and 08/485,537 describe certain substituted pyridyl ether
compounds as well as other compounds which also act at the nicotinic acetylcholine receptor
to stimulate or inhibit neurotransmitter release. WO 96/31475 describes certain 3-substituted
pyridine derivatives which are described as being useful for a variety of disorders as
modulators of acetylcholine receptors. While some of these references have alluded to pain

30 control as a potential use of the compounds or analogs recited therein, the Applicants have

discovered that compounds of formula I shown below have a surprising and unexpected

analgesic effect.



pyridi ne derivatives which are described as being useful for a variety of
di sorders as nodul ators of acetylcholine receptors. Wile sone of these
ref erence¥0hass4al | uded to pain 30 control as a potenti aPCOE8010f3798he
conpounds or anal ogs recited therein, the Applicants have discovered that
conpounds of formula I shown bel ow haves a surprising and unexpected

anal gesic effect. WD 01/81347 PCT/ US01/13798 5 In addition, cholinergic
channel nodul ators may be useful in treating pain. The search for nore
potent and nore effective pain controllers or anal gesics continues to be a
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t he commnléwprescrl bed over-the-counter (OTC) NSAIDs are also comonly
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25 been shovvn to be effective in sone types of pain control. These are
cl assifi d8 MFW&@g?S@S Emerging Drugs: Prgs?)ect for Inrl)provedC Medlrc?nes (W. (?

, Bowman, J.D. Fitzgerald, and J.B. Taylor, eds.), Ashley Publications Ltd., London, Chap.
20 19., pp. 391411). Most of the commonly prescribed over-the-counter (OTC) NSAIDs are

)ES

also commonly associated with at least one side effect or another, such as stomach ulceration
or pain. For example, NSAIDs such as aspirin are also known to cause irritation and
ulceration of the stomach and duodenum.
Certain compounds, with primary therapeutic indications other than analgesia, have
25 been shown to be effective in some types of pain control. These are classified as analgesic
adjuvants, and include tricyclic antidepressants (TCAs) and some anticonvulsants such as
gabapentin (Williams et al., J. Med. Chem. (1999), 42, 1481-1500). The exact mechanism of
action of these drugs is not fully understood, but they are used increasingly for treatment,
especially for pain resulting from nerve injury due to trauma, radiation, or disease.
30 The compounds of the present invention are novel, have utility in treating pain and
may also have utility in treating disorders and medical conditions listed herein. The

compounds of the present invention may also have utility when administered in combination



adj uvants, and include tricyclic antidepressants (TCAs) and sone

anti convul sants such as gabapentin (Wllianms et al., J. Med. Chem (1999),
42, 1481W6003134The exact nechani sm of action of these drOp®Sog3mst ful |y
understood, but they are used increasingly for treatnent, especially for
pain resulting fromnerve injury due to trauma, radiation, or disease. 30
The conpounds of the present invention 6dre novel, have utility in treating
pain and may al so have utility in treating disorders and nedi cal
conditions listed herein. The conmpounds of the present invention may al so
have uti | ivith deoiddotinhsineiphind, A neaidabhinVhMilod] 3¢ht RCh/abatpifid 398 6
with an opioid such as norphine, a non-steroid anti-inflammtory agent such

as aspi ri rticyglic ppiidapEessantepitancepeeiaiisant sugh ag gabapentdperirpekatin & dreatag
gabapent i s I . | . di sorders and nedi cal conditions
listed hedrﬂiseol(}ﬁérggggﬁ%ﬁi&wgaa{t%%%@%f The present invention discloses

N-substituted diazabicyclic conpounds, a nethod for selectively
controlling neurotransmtter release in manmal s using these conpounds, a

n
met hod for controlli ng pain P HMM AR QF T%%IIHWMQ tical conpositions

i ncluding tho hl]?.gl?t' ¥ : . : j j '

di rect edgt o] C(S;%pl@eotgﬁ%lslpo é%%%gosrégkf @Q@f&ﬂ?’dﬁ%@%y@]}ﬁ%ﬂﬁq@ﬂéﬂ%phétﬁg'd for
phar mac e utlectVdly catod b @héwosalshsttandlepredd megsmblk esiagfthesehempoundsd, 4 s
selected fr he gr consi sti ng .of oval ent bond, CH2, .CH2CH2. . and
o oo cromeed forcotaiBe bRt MATTHS st e gboR Gl el eRD
provi ded doagfouddie Vbrd ﬁaﬂi%@ﬂ%@ﬁeseﬁhﬁ%ﬁidrﬁﬁ %éteg td SonduBad i@ﬂfofn‘x@l@lt he

group consi sting of a coval ent bond, CH2, an CH2; Z'is selected from
t he group consisting of a coval ent_bonth 9, and CH2CH2, provided that
when Y is CH2CH2, then Z is a covalent ndnand further provided that when
Z 200is CH2CH2, then Y is a coval ent bond:Z WR©1/81347 PCT/US01/ 13798 7

1,

or pharmaceutically accepfable salts and prodrugs thereof, wherein

A is selected from the group consisting of a covalent bond, CH,, CH,CH,, and
CH,CH,CHa;
15 B is selected from the group consisting of CH, and CH,CH,, provided that when A is
CH,CH,CH,, then B is CHj;
Y is selected from the group consisting of a covalent bond, CH,, and CH,CHj;
Z is selected from the group consisting of a covalent bond, CH,, and CH,CHj,
provided that when Y is CH,CH,, then Z is a covalent bond and further provided that when Z
20 is CH,CH,, then Y is a covalent bond;



R is selected fromthe group consisting of RS RS NR5S N N NR4A, R3
NRA, RBNRA, RBRNRa, NRA, S| NRA CC NRA NR4 ~~ -<S R3N
Ra RS REVORESBO S RS RS RA 1 NR5 1 N5 Ral Ra R5 Ra Rar/usn/B798 S \ ~N R
5 and R5 ; R3 is selected fromthe group consisting of hydrogen, alkyl, and
hal ogen; 5 R4 is selected fromthe group consisting of hydrogen, alkoxy,

al kyl, am no, halogen, and nitro; R5 is selected fromthe group consisting
of hydrogen, al kenyl, al koxy, al koxyal koxy, al koxyal kyl, al koxycar bonyl

al koxycar bonyl al kyl, al kyl, al kyl carbonyl, aIIcyIcarbononxy, al kyl t hi o,

al kynyl , ami no Rlasrs¢19<a¢¢§rb1n the gmup@anmtnsglof ami nocar bonyl al kyl ,

am nosulfonyl 1Q.car boxy, carboxyal kyl, cyano, cyanoal kyl forrryl

fornyl al kyl hal oxy, hal oal kyl , hal ogen, hydroxy, hydroxyal kyl ,

mer capt o, neregaptagdkyl, nt tetra RsNR6 S( :

- CH2C( NR6) NR7Rs| - C( NOR6) R7,|| - ({ NCN) R6, r:(jg R6R7) R8, Ian
-S(O) 2R6; R6, I%‘N ang, Rs e~NA endeng ct edRf gro Ry
consi sting of hydrogen’ and 15 al kyl ; and R9 is el ect ed from’the group
consi sting of hydr ogen, oxycar bonyI kyI amn m noal kyl ,

am nocar bonyl al kyf -~~ yca AN anoal | f 0- 3% N R4
pyri di nyl car bonyl 1h i and™ g X rbony¢'. DET | LED
DESCRI PTI ON OF REE NNV @N 20 I one eRsodi ment of "t hBs pre F#nvent i on,

conpounds of formula |I are disclosed

Y R ~ -0 N x-S Rs Ry
208 m% m& T Sem, TN

— N N I _ R4 ] _ R4
O R5 y R4, R4, N O 1

N~ S ,

2

R; is selected from the group consisting of hydrogen, alkyl, and halogen;

5 R, is selected from the group consisting of hydrogen, alkoxy, alkyl, amino, halogen,
and nitro;

R; is selected from the group consisting of hydrogen, alkenyl, alkoxy, alkoxyalkoxy,
alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonyloxy, -
alkylthio, alkynyl, amino, aminoalkyl, aminocarbonyl, aminocarbonylalkyl, aminosulfonyl,

10 carboxy, carboxyalkyl, cyano, cyanoalkyl, formyl, formylalkyl, haloalkoxy, haloalkyl,
halogen, hydroxy, hydroxyalkyl, mercapto, mercaptoalkyl, nitro, 5-tetrazolyl, -NRsS(O),R7,
-C(NRg)NR7Rs, -CH,C(NRg)NR7Rs, -C(NORg)R7, -C(NCN)Rg, -C(NNRgR7)Rsg, -S(0),0Rs,
and -S(O),R¢;

Rs, Ry, and Ry are independently selected from the group consisting of hydrogen and

15 alkyl; and

Ry is selected from the group consisting of hydrogen, alkoxycarbonyl, alkyl, amino,
aminoalkyl, aminocarbonylalkyl, benzyloxycarbonyl, cyanoalkyl, dihydro-3-
pyridinylcarbonyl, hydroxy, hydroxyalkyl, and phenoxycarbonyl.

DETAILED DESCRIPTION OF THE INVENTION
20 In one embodiment of the present invention, compounds of formula I are disclosed

wherein



wherein WO 01/81347 PCT/US01/13798 8 .1 \ RS ~I \ / | R5 Rl is selected
fromR3 NR4 and RB NR4; and A B, Y, Z R3, R4, R5 and RO are as defined
i n fornmulvéo b1/813w7 anot her enbodi nent of the present inventpPOWUSaOBpBUnds of

formula Il are disclosed RLLNY Z N R 5 s 1I, or pharmaceutically
acceptabl e salts and prodrugs thereof wherein Y, Z, R and RO are as
defined in fornmula |I. In another enbodi nent, conpounds of fornula Il are
di scl osed wherein Y is a 10 covalent bond; Zis CH2; and R and RO are as
defined in fornmula I. In another enbodlnent conpounds of fornula Il are
di scl osed wherein Y is aZ Rent bowg: s B2; R5 Rl is R3 NR4; and

R3, R4, RS and RO are as efl ned info I n anot her enbodi ment,

corrpounds IR g% ¢ R | al ent
bond: and gé%ﬁgéf?ébe as deflne |n formula I. ng}%otﬁér ﬁggdﬁﬂen

conpoundsRyadre hoddfliled it Forafua Ili scl osed wherein Y is CH2; Z is a coval ent
bond; R Rl is RBNR4; and R3, R4, R5 and RO are as deflned in formula I.
I'n anot her entBaneibai cmbeshmstiridhepresest iyeation, campowidsof frewlaterein Y i s

20 CH2CHZj  Aoskg @ coval ent bond; and R and R9 are as defined in fornula |
I n anot her enmbodi nent, conpounds of fornula Il are disclosed wherein Y is
CH2; Z is CH2; and R and RO are aia\ eft in formula |I. In another
enbodi ment, conpounds of forrula Il a el di RIC| osed wherein Y is a
5
I,

or pharmaceutically acceptable salts and prodrugs thereof wherein Y, Z, R; and Ry are as
defined in formula I.
In another embodiment, compounds of formula IT are disclosed wherein Y is a
10 covalent bond; Z is CH;; and R; and Ry are as defined in formula I.
In another embodiment, compounds of formula II are disclosed wherein Y is a
covalent bond; Z is CHj;
Y
L
R;is Rs N™ Ry ; and Rs, R4, Rs and Ry are as defined in formula I.
In another embodiment, compounds of formula II are disclosed wherein Y is CHy; Z
15 is a covalent bond; and R; and Ry are as defined in formula I.
In another embodiment, compounds of formula IT are disclosed wherein Y is CHj; Z
is a covalent bond;
FOZEN
L
R;is R N Ry ; and R3, Ry, Rs and Ry are as defined in formula I.
In another embodiment, compounds of formula II are disclosed wherein Y is
20 CH,CHpa; Z is a covalent bond; and R; and Ry are as defined in formula I.
In another embodiment, compounds of formula II are disclosed wherein Y is CHy; Z
is CH,; and R, and Ry are as defined in formula I.
In another embodiment, compounds of formula IT are disclosed wherein Y is a
covalent bond; Z is CH,CH;; and R; and Ry are as defined in formula I.

25 In another embodiment, compounds of formula IT are disclosed wherein Y is a

covalent bond; Z is CH,CHj;



covalent bond; Z is CH2CH2; and Rl and RO are as defined in formula I. 25

I n anot her enbodi nent, conpounds of fornula Il are disclosed wherein Y is a
coval ent wonu$13Z7 i s CH2CH2; WD 01/81347 PCT/ US01/ 13798 9rCTlasMn3ms~ RS R1
is RB NR4; and R3, R4, R5 and RO are as defined in formula I. In another
enbodi ment, conpounds of formula Il areydisclosed wherein Y and Z are as
defined in formula I; RO is selected from hydrogen and | ower al kyl wherein
hydrogen and nethyl are preferred; R5 5 R is R3B NR4; R3 is selected
from hydrogen or halogen; R4 is selected from hydrogen, halogen, and | ower
al kyl; R5 is seleetedRfirom hydrogen, cyano, cyanoal kyl, hal oal koxy,

hal oal kyl , halog n, hydroxy hydr oxyal kyl, | ower alkenyl | ower

al koxyal k e n nd nitro.

Repregent 1|§/e conpoundé%gghngﬁ%I d%¥zﬁ%§ﬁ%%%w8 fféPElﬁ limited to: 10
(1R 5R)-6-(6- crﬁila%@reﬁerawsalﬂieﬁulsa,mgmﬁrdaloaz&hmmlaeé SisdofiReREANY and 2 af?
5R) - 6- (3 pyri dl(ﬂ?md)y di azabi cycl o [ 3. 2. 0] hept ane;

(ci s) - 6- (B-dsfine rr)lula IBRdISasz]@bﬁedf@lrrohtfdzogemqndelpwam@kyl Whergh hgdioger bdr o- 3

-pyrldlnyl% §1m@ za yicyclo [3.2.0] heptane;
(1R 59) én pyr - 3, 6-di azabi cycl o [ 3. 2. 0] hept ane; 15

(1R, 5S5)-6-(5-br -3R9yri di nyl) -3, 6-di azabi cycl o[ 3. 2. 0] heptane; (1

S, 5R) - 6- ( 6- chl ofjo- -pyridi nyl) -3, 6-di azabi cycl o [3. 2. 0] heptane; (1

S, 5R) - 6- ( 3- Py k3 -dlazablcycl 3 2. O]he tane;; (1 R 5

S)- 62 (6- ANISro- 3 - pyr i dRnigisslested fom ! ‘{gSHZROlFﬁ%lS‘Et%@‘)m Iygregen,

35 R? o (BARERY e Jou By B 10 Se?e&é‘f*%‘?%@?@?%?%@" SR eRglagy, (1
S, 5R) - 3, Gralvadizd bhadygenohRir@x 0 hiydpkydikyl, Javer alkienglidwdrlatkoxydlkyl, lower alkoxy,

S, 5R) - 6- (5- br di n 3., 6-di azabi cycl o[ 3. 2. 0] heptane; (1
S, SRg 6- g%wﬁ?%lggll g)v\% Iyﬁéﬁlfl’(ﬁ'ionyl) 3, 6- él aZ<[3.bl cyc} o[g 2. 0] hfapt ane;

2-bromo-5-[ (1 I&pﬁes%hraavéc&hﬁéﬁfas Gderﬁlu éﬁl?nc@nl&éeﬁﬁrz@e ybi InheQfdononi trile; 25
(1R, 58) 6- (5-et hynyl - 3-pyridi nyl) -3, 6- |azab|cyc o[ 3. 2. 0] hept ane;

10 (1R,5R)-6-(6-~ chloro 3~pyr1d1nyl) 2,6-diazabicyclo[3.2. O]hepta:ne
(1R,5R)-6-(3-pyridinyl)-2,6-diazabicyclo[3.2.0]heptane;
(cis)-6-(3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(cis)-6-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(1R,58)-6-(3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;

15 (1R,5S)-6-(5-bromo-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(18,5R)-6-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(15,5R)-6-(3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;;
(1R,5S)-6-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(18,5R)-6-(5-ethynyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane; A

20 (18,5R)-6-(5-vinyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
5-[(1S,5R)-3,6-diazabicyclo[3.2.0]hept-6-yl [nicotinonitrile;
(18,5R)-6-(5-bromo-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(1S,5R)-6-(6-bromo-5-vinyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
2-bromo-5-[(1R,5S)-3,6-diazabicyclo[3.2.0Thept-6-yl]nicotinonitrile;

25 (1R,5S)-6-(5-ethynyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
5-[(1R,585)-3,6-diazabicyclo[3.2.0]hept-6-yl nicotinonitrile;
(cis)-8-(3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(cis)-8-(6-chloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;

(1S,6R) (cis)-8-(6-chloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;



5-[ (1R 5S)-3, 6-di azabicyclo [3.2.0] hept-6-yl]nicotinonitrile; (cis)- 8-(3
-pyridinyl)-3,8 -diazabicyclo [4.2. 0] octane; (cis)-

8- (6-chl ovooB88Byri di nyl )-3, 8-diazabicyclo [4.2. 0] octankCT/$01836R)
(cis)-8-(6-chloro-3-pyridinyl)-3,8-diazabi cycl o[ 4.2.0] octane; WO 01/81347
PCT/ US01/ 13798 10 (-) (cis)-8-(6-chlorgy3 -pyridinyl)-3,8 -diazabicyclo
[4.2. 0] octane; 5-[(1 R 6 S)-3, 8-diazabicyclo [4.2.0]
oct-8-yl]nicotinonitrile; (1

S, 6R)-5-[3, 8-di azabi cycl o[ 4.2.0]oct-8-yl]nicotinonitrile; (1 R 5

S) - 6- (5, 6-di chI(c)r(ciSBSﬂwChwrwF})}qﬂirﬁd)ﬂB,ézémabWbb[{BOmotﬁnhept ane; 5 (1

S, 5R) - 6- 5,6-d | g . 0] hept
(ci sg-G-ES, 6- d: [m ﬁg)g 88@’??%"#‘5{9 0;[4 Og (gl %CH“BLFB 2. %)] ﬁgp'?gﬁe

i 8-(5 - 2. 0 t 1R 5
(S)CI GSS)(S §ret hoxlbw 53[3@Mfabﬁ&?@lq[4?3&?%&:-%&1}9&6%1&6&&%?hept a]neOC ?Ee (

3.
S,5R)-6-(5-in tmgseg fe(sp@dich otig3)ypyBidgyd)- ééaba@}ptﬂy@@ 200fchspeiane; 10

R 536 ?Gbéﬁdﬁé@%@?{%@ﬁ%}ﬁ%@-ﬁﬁ@e@i 3BT LN 2 of heptane:
S, 5R) - 6- ( 6-(ef3)-61(8;65diBEIoRY B pIripyi i), @aahazaswsicld[ma}hbﬁmﬁé o[ 3. 2. 0] hept ane;
5- met hoxy- 3-pyridin di azabicyclo [4.2.0] octane;

S, 6R - 8-

R, esg - gl ?dcw)rét(ﬁdwhgxy éwrldmdibr% g@)wgabnpaczlam Z0locgng:4. 2. 0] octane; 15
8- (6-chl 3 2.0 t 1

67 - 5 - 6 RS EB By B el ERR YRRl ) 5° 8]”6 (

ctane; ( 1R E(EB}; 5&){6@(5@1[%@1{)@315 ~pyeidinpi)-3.6pdiadabioyylo) 3. Sﬂﬂref}taaz abi cycl o

ey Ohoe L b o Bl R S e Bl et oot orer (1

(1
(1
(1
(c
S,
o

8- (5, 6- 3= 1
(s?'a% (2 & quamsoreGmel dhita s Raraashik e o Opghene (1 |
R, 6S) - 8- (5, 6-(dBSR)&r-@-chlenoyr-inatilny-3)p8idayd)-Abatiazapidyclo[ 32 .2 ]heflanect ane;

ci 6-(6-bro din ab I 3. 2. 0] hept ane;
(1R 5 96 (SRR Sl i g e detdysi o

[ 3. 2. 0] hept anq R, 68y- 8(—& —methoxy—3-pyr1d1ny1) 3 8: dlazablcyclog 2. 0]octane

S, 5R) - 6- ( 6- br onp- 5- et hoxy- 3- pyri di iyl ) -di azabi cycl o [3.2.0] hept ane;
(ci $)-6-(5 - adcdp3IomhtdrdiSaprthy33 p@rldlnafk)ahﬁd}@hblcy@o@r DP]ohiept;ane;

(18,6R)-8-(6-chloro-5-methyl-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(1R,6S5)-8-(6-chloro-5-methyl-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(1S,6R)-8-(3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(1R,6S)-8-(3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;

20 (cis)-8-(5 ,6-dichloro-3—pyﬁdinyl)-B,8-diazabicyclo[4.2.0]octane
(1S,6R)-8-(5,6-dichloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(1R,65)-8-(5,6-dichloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(cis)-6-(6-bromo-5-methoxy-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(1R,58)-6-(6-bromo-5-methoxy-3-pyridinyl)-3,6-diazabicyclo[3.2.0Jheptane;

25 (18,5R)-6-(6-bromo-5-methoxy-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(cis)-6-(5-azido-3-pyridinyl)-3,6-diazabicyclo[3.2.0]Theptane;
(1R,55)-6-(5-azido-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane; and
(1R,58)-6-(5-azido-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane.

30 The following additional compounds, representative of formula II, may be prepared
by one skilled in the art using known synthetic chemistry methodology or by using synthetic

chemistry methodology described in the Schemes and Examples contained herein.



(1R, 5S)-6-(5-azi do-3-pyridinyl)-3, 6-di azabi cycl o[ 3. 2. 0] hept ane; and

(1R, 5S)-6-(5-azido-3-pyridinyl)-3, 6-diazabi cyclo [3.2.0] heptane. 30 The
fol | ow ngv@dusBudnal conpounds, representative of fornul aPCT/USoMEN748e
prepared by one skilled in the art using known synthetic chem stry

met hodol ogy or by using synthetic chegystry methodol ogy described in the
Schenes and Exanpl es contained herein. WO 01/81347 PCT/US01/ 13798 11
(cis)-6-(6-chloro-5-nethyl-3-pyridinyl)-3, 6-diazabi cycl o [ 3. 2. 0] hept ane;
(cis)-6-(6-chloro-5-fluoro-3 -pyridinyl)-3,6- dlazablg%clo [ 3. 2. 0] hept ane;

(cis)-6-(5-fl utmo- @éﬁoyhlpmﬁme)hﬁéanm B@y@a@b[cgclz[ 1 REpriane;
6- ( 6- et d 3, 6-d :
(ci o) 6. (furof S-GIET P RIRbTs PutaBePR R i L B e R e,
(cis)-8-(6- Chl(@é)%gs-ﬂhbm-@yﬁdmph}@ 6ldnyhticytls3 @l @aghimycl o[ 4. 2. 0] oct ane;
(cis)-8-(5-fluoro pyridi nyl) |azab|cyclo %4 2. 0] oct ane; (CIS)
8- (6- et hyl - 3(c1@y61(@m¢yh»133pwd@msé}:54§rfb97@| wYPW[22.0theplsegane;  (cis)- 8- (faro
3, d 10
ECI ]7E) {gl- p;/?mg)l @"}‘03[3%1%8 @gioqc CI’ oh]?i%iclg'}o[gbf@ﬁ%tane’
(cis)-7-(6-chi as)owe-pmbrasﬁwoio- ,p@ndnﬁzk)ahwyazhm[oﬁcla[@ OJoctaage;
(cis)-7-(5,6-dichloro-3 -pyridin tﬁ) 7-di azabi caéclo [4.2. 0] octane;
(cis)-7-(6- chI(@F)08'$5 ﬂﬁf’??y SHQW’]\S $rliayatgeyelef ey BF'8¥cl o [4.2.0] octane;
7-(6- hI I 4.2. 0 t ;
15 (6197 (5P AT S8 TR S SRR 5. o) octants

(CI s)-7-(6- mel(drly)l-s 3fupg{8;2dlb pyhdméﬁ -¥h i, dmbangylap 2. (Hoﬂ]meoct ane; and

is)-7-(furo rid abicyclo [4.2.0] octane. In
o]t(%er errbodl(%é %(gl’% i@geﬂggi‘{i‘lzgl?lw&[gl °°t8‘6%poundfs of formula'lll are
20 di scl osed 1s )-7 4 &cMord-3MyridingH-3 deﬁaza&%fﬂbﬁf?%%é'cm Iy acceptable
salts and prodrugs thereof wher éi'n Y, are
(cis)-7-(5,6-dichloro-3-pyridinyl)-3,7- d1azab1cyclo[4 2.0]octane;
(cis)-7-(6-chloro-5-methyl-3-pyridinyl)-3,7-diazabicyclo[4.2.0]octane;
(cis)-7-(6-chloro-5-fluoro-3-pyridinyl)-3,7-diazabicyclo[4.2.0]octane;
15 (cis)-7-(5-fluoro-3-pyridinyl)-3,7-diazabicyclo[4.2.0]octane;
(cis)-7-(6-methyl-3-pyridinyl)-3,7-diazabicyclo[4.2.0]octane; and

(cis)-7-(furo[ 3,2-b]pyridin-6-yl)-3,7-diazabicyclo[4.2.0]octane.

In another embodiment of the present invention, compounds of formula III are

20 disclosed

111,
or pharmaceutically acceptable salts and prodrugs thereof wherein Y, Z, Ry and Ry are
as defined in formula L.

25 In another embodiment of the present invention, compounds of formula III are
disclosed wherein Y is a covalent bond; Z is a covalent bond; and R; and Ry are as defined in
formula I.

In another embodiment of the present invention, compounds of formula III are

disclosed wherein Y is a covalent bond; Z is a covalent bond;



as defined in formula I. 25 I n another enbodi nent of the present invention,

conpounds of formula Ill are disclosed wherein Y is a covalent bond; Zis
a coval ewobusisy7 and R and RO are as defined in fornul aPCT/UBGL/BASt her
enbodi ment of the present invention, compounds of fornula IIl are

di scl osed wherein Y is a coval ent bondqzz is a coval ent bond; WD 01/81347
PCT/US01/ 13798 12 RS R is RB NR4; and R3, R4, R5 and RO are as-defi ned

in formula I. In another enbodi nent of the present invention, conpounds of
formula Il are disclosed wherein Y is CH2; Zis a covalent bond; and R
and RO are as déf+wedRin formula |I. |In another enbodi nent of the present

i nvention, conpofinds of forrmula Il are 5 disclosed wherein Y is a coval ent

bond; Z ig CHg; an arge defined.in fo | n anot her
enbodinenﬁid? fhe pres%ﬁwgggsgﬁﬁﬁ E@&ﬁb gg‘%F”%B?H@ﬂa 11l are

di scl osed whergiaflothet SmBodiR¥ad &Mhe ﬂ‘éﬁéﬁt ikrehBorid8mpour@R of ¥orluld HI BR N R4,
and R3, R4, R5 and RO are as defined in formula I. In another enbodi rrent of

the presehiclosed eherein is 6Fbodntis covalens bend; and Ry aad Bo aerpsdiednedbidarmpledei n Y
s CH2GH2; Z 'Iﬁ r%ﬁ%tggaéﬁﬁ n&lg@ﬁ%oq’th anr%seth ln%egtIOI% g% orgrbds o(ta’ rggﬁia #If]? Of ormul a

. In another e pr S&nt "TRVER Srmula |11

are 5 di sadi@i®ed whereth I 1Y aicovAlER boddj B is&E1;; aad R, Rhd RBdrd:Q c&ﬁﬁecﬁi:h fdghulaed in
formula I. I n _another enbodi nent of the present inventian, ounds of

formula |11 arlganqtheyembodiment it piepenyinvention 6ompewtdsied ﬁ@muka 1k aneHp CHR;
and R arrg cﬁ%:e&‘%e?e?n%@'a’lggaléxﬂb Bgrwéﬁq I n ano_t her enbodi rren_t of the
a

present invention, conpounds or’mu are disclosed wherein Y and Z

are as defi ned; oRrsula I'; RO is selected fromhydrogen and [ower alKkyl
wher ei n hydr oge @ gd met hyl are preferred R is R5 20 RBNR4; R3is

sel ected f rom; R 21 0RO9ENind R, ar S Eeiict Sl ol 1Y AT 098,
In another embodiment of the present invention, compounds of formula III are
10 disclosed wherein Y is CH,CH,; Z is a covalent bond; and R; and Ry are as defined in
formula L.
In another embodiment of the present invention, compounds of formula III are
disclosed wherein Y is CH;; Z is CH;; and R; and Ry are as defined in formula I.
In another embodiment of the present invention, compounds of formula ITI are
15 disclosed wherein Y is a covalent bond; Z is CH,CH;; and R; and Ry are as defined in
formula I.
In another embodiment of the present invention, compounds of formula III are
disclosed wherein Y and Z are as defined in formula I; Ry is selected from hydrogen and
lower alkyl wherein hydrogen and methyl are preferred; R; is

f N

/

20 Rq R4, R; is selected from hydrogen or halogen; R, is selected from hydrogen,
halogen, and lower alkyl; Rs is selected from hydrogen, cyano, cyanoalkyl, haloalkoxy,
haloalkyl, halogen, hydroxy, hydroxyalkyl, lower alkenyl, lower alkoxyalkyl, lower alkoxy,
lower alkyl, lower alkynyl, and nitro.

Representative compounds of formula III include, but are not limited to:

25 (1R,5R)-2-(3-pyridinyl)-2,6-diazabicyclo[3.2.0]heptane;

(cis)-1-(6-chloro-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;
(cis)-1-(6-chloro-3-pyridinyl)-5-methyloctahydropyrrolo[3,4-b]pyrrole;



hal ogen, and | ower alkyl; R5 is selected from hydrogen, cyano, cyanoal kyl,

hal oal koxy, hal oal kyl, hal ogen, hydroxy, hydroxyal kyl, |ower allcenyl,
| ower al Mooryad®dyt , | ower al koxy, |ower alkyl, |ower al kyPrgI/US@mid79si tro.
Representati ve conpounds of fornmula II1l include, but are not limted to:

25 (1R 5R)-2-(3-pyridinyl)-2, 6-di azabi gycl o[ 3. 2. 0] heptane; (cis)-1
-(6-chl oro-3-pyridinyl)octahydropyrrol o] 3, 4-b] pyrrole; (cis)-1
- (6-chl oro-3-pyridinyl)-5-methyl octahydropyrrol of 3, 4- b] pyrrol e; WO 01/81347
PCT/US01/ 13798 13 (3 aR 6aR)-1-(6-chloro-3 -pyridin prCt ahydropyrrol o
[ 3, 4- b] pyrrol e(3aR, @&)Rl-6@@11010-@Sl-mslmyapﬁyh})@mmm@d%b yobks; [ 3, 4- b] pyrrol e;

53, 6a9) - 1 (3. pyrurasr s P B B TB i e, g P e

5-((3aR 6aR) ga@b tp ElIBt R -PyAdRlDYEtaR) dr 14 bleponi trile;
(3aS, 6aS) - 1- (3\%& ér&%x % %yﬂl ﬂ)i%’)'gt gﬁ%r%%}gﬁd}%[lgo%gwﬁb]epyrrol e; and

5-((3 aS, 6aS) é@dﬁ&pm@ﬂﬂ@@tﬁlﬂ{wp&ﬁ FAPYIIQIE) ni cotinonitrile. The

fol |l pwi ng addi f may be

b ephred’ by orCRERERBAOAppy R SRR LB Ao icle, | TR

met hodol ogy or(3£s/6a$)Lngs-ﬁydxbhymL@ndml)@b@hy&bpmmph@d]yyﬁ@ye,@lﬁ@cr| bed in
the Schenes and Exanpl es contai ned here 5 6-di chl oro-3

-pyri di nyl ) octaf{ga: 6@&6@5?@({@%06?[6%1?]@%01 t(gﬁé)yl)nlco inonitrile.
(6 chl oro- 5 iitglisdieidafh gxf ao%; Alad PR aliod 3¢ f%rﬁhfmlE Hla§be ¢ propare

(cis)-1-(6-chlor uor o- |ny ydropyrrolo rrol e;
(cis) - 1- (ly-daeshilled 3n therarchsiryd klmmmdfeupychamistry [n&;tl&ado}q:gyrqrd»lye]mng&yﬁmbsc) 1

S HE] e SRR R DS Syhiss S RHBHES ComRBRALHET brbout ment
E’B tz“‘%gpr?S,e”3?*8%’3’?%@%ﬁﬁﬁﬁﬁ?ﬁ%‘@ﬁ%@?@ﬁ“%’*2@8%&’%&? Ggs thereof
wherein v, Z, (Fis)-ar(d- CRB)ra-ﬁsfne@S -BroiiideyDpetaliysdronsireolo[3,4-b]pyrrole;

(cis)-1-(6-chloro-5-fluoro-3-pyridinyl)octahydropyrrolo{3,4-blpyrrole;
(cis)-1-(5-fluoro-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;
15 (cis)-1-(6-methyl-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole; and

(cis)-1-(furo[3,2-b]pyridin-6-yl)octahydropyrrolo[3,4-b]pyrrole.

In another embodiment of the present invention, compounds of formula IV, are

Y
e L X

20 ‘ Z" "Rg
v,

or pharmaceutically acceptable salts and prodrugs thereof wherein Y, Z, R; and Ry are

disclosed

as defined in formula L.
In another embodiment of the present invention, compounds of formula IV are
25 disclosed wherein Y is a covalent bond; Z is a covalent bond; and R; and Ry are as defined in
formula I.
In another embodiment of the present invention, compounds of formula IV are
disclosed wherein Y is a covalent bond; Z is a covalent bond;
b | A

s
R;is R& N Ra:and Ry, Ry, Rs and Ry are as defined in formula 1.



I n anot her enbodi nent of the present invention, conpounds of forrmula IV are
25 di scl osed wherein Y is a covalent bond; Zis a covalent bond; and R and
RO are asvaefBred in forrmula |I. In another enbodi ment of PEHES@rB3snt

i nvention, conpounds of fornmula IV are disclosed wherein Y is a coval ent
bond; Zis a covalent bond; R5 Rl is R8N R4; and R3, R4, R5 and RO are as
defined in fornmula |I. WO 01/81347 PCT/US01/ 13798 14 |In anot her enbodi nent
of the present inventi on conpounds of formula IV are disclosed wherein Y

is CH2; leacov ent as defi la |.
I n anot her enbgﬁ h?re b‘% lgegogq%en?re?eﬁgén%{ﬁgn 8161%0ur§ %gorf‘{]u%orrru alVv are
di scl osed dgideRised Wh¥reis YGKHZH,ZZ iSa sovatsndbeit; ahdRd and Ry B 43 dBlinédinR3rulR4;
and R3, R4, R5 and RO are as defined in forrrul al. In another enbodi nent of

the present i Hp@Rpthenembedimsnefdheprese dieatipy coppoupsifoguta Whdfein Y i s
a coval en&n%cl?%agw%rél Y%%Haﬁqs gco@ﬁ&t'ﬁ%n&”e as defined in fornula 1. In

anot her sent 1 nvention, conpounds of fornmula IV are

di scl osed whergi Rs a coval ent bond; Zis CH2; 11 RS R5 10 R is

sel ected from NR4 and R3 N R4; and R3, R4, R5 and RO are as defined in
formula |

he pr ven i on, conpounds of
formila IR léré‘ | scFé) Olghﬁgéfn ]#%ar@a@ edZn? acgval ent bond; and R
and R9 are as ]ﬂ%Bbt@l%{JeﬂlBodlfr@ﬁm tﬁe f)reséliﬁ lﬁ%nﬁwtclaﬁfpoﬁlmfﬁﬁﬁﬁlaw a}é"e

present invention, conpounds of formula are disclosed wherein Y is
CH2CH2;  Ztiscdosed cdwedieit isbmovialent/borg; Ris Cﬁzmdﬂ&l Rad Rare #3jefiRad iRBrmnth 1RO

venti on,  conpatne: BFopurisal o FRSLRet BPhER R OB e 2 o

i nvention,

CH2; and &Cl@gaq“}ﬁ%r@ﬁq@%C@embﬂqgmunzﬁ@cﬂgl al. 20 In another enbodi nent of
t he present invention, conmpounds of formula IV are

W Rs PLIZEN Rs
X, I

10 R, is selected from Ré N Ragpg R& N R4 and R, Ry, Rs and Ry are as

defined in formula L

In another embodiment of the present invention, compounds of formula IV are
disclosed wherein Y is CH,CH,; Z is a covalent bond; and R; and Ry are as defined in
formula 1.

15 In another embodiment of the present invention, compounds of formula IV are

disclosed wherein Y is CH,CH,; Z is a covalent bond;
LN
»
Ryis Re N R4; and Rs, R4, R5 and Ry are as defined in formula L. 4
In another embodiment of the present invention, compounds of formula IV are
disclosed wherein Y is CH,; Z is CH;; and R; and Ry are as defined in formula I.

20 In another embodiment of the present invention, compounds of formula IV are
disclosed wherein Y and Z are as defined in formula I; Ro is selected from hydrogen and
lower alkyl wherein hydrogen and methyl are preferred; R; is
R3 N R4 and Rs N/ R4: R, is selected from hydrogen or halogen; Ry is
selected from hydrogen, halogen, and lower alkyl; Rs is selected from hydrogen, cyano,

25 cyanoalkyl, haloalkoxy, haloalkyl, halogen, hydroxy, hydroxyalkyl, lower alkenyl, lower

alkoxyalkyl, lower alkoxy, lower alkyl, lower alkynyl, and nitro.



di scl osed wherein Y and Z are as defined in fornmula |I; RO is selected from
hydr ogen and | ower al kyl wherein hydrogen and nethyl are preferred; R is
R5 R5 RAWORMSEHT R3 X. R4; R3 is selected from hydrogen BPETH&IIGGRS, R4 i S
sel ected from hydrogen, hal ogen, and lower alkyl; R5 is selected from
hydrogen, cyano, 25 cyanoal kyl, hal oal§poxy, hal oal kyl, hal ogen, hydroxy,
hydr oxyal kyl, | ower al kenyl, |ower al koxyal kyl, |ower al koxy, |ower alkyl,
| ower al kynyl, and nitro. WO 01/81347 PCT/US01/ 13798 15 Representative
conmpounds of fornula IV include, but are not limted to:

( % i Z ) R;s (5 6( g hi Grapreepipfivelconypousds aﬁ@mmpgarwomelplge Anubpwo]ﬁ Himeted ItC( 3 (3

a a C rl rrol e,

as, 6aS) - 5- (6- CRFIS g(g §¥PF?§RX§1“§% S aﬁ&&g yélrog% Q-bﬁ%yrrépl ]Bzrrol e; 5

(3aR 6aR) - 5- (asﬁadaagbdsth&r@ dpﬁmuﬁ)aa%g&m@mo&pml wrdde;b] pyrrole; (3
|

as, 6aS) - 5- (5, 6-di chl or o- 3- nyl ) oct ahydr opyrrol o 4 b] pyrrol e; (3
as, 6aS) - 5- ( 6- dBRSABSBSEC roéwdlrwi)ﬁytmm&@mya?@ﬁ’yb 96[3 -b] pyrrol e;

Eg Z%Qb] ger? oll:)eégR(%ngIg @%R@%ﬁ{%ﬁ)ﬁx{#ﬁb%@c?m%yr r%’ﬁ’pr %3 4-b] pyrrol e;

10 (3aR, 6aR) - 5368,688)- Mx,ﬁ-cﬁe}pwompytydljlmdcad]mapmmx d{@pﬁr&},pyr role; (3
asS, 6aS)-5-(3-p rldlé]ﬂ)_/l)octa ydropgrrolo

as, 6as) - 5- ( 5- $Oehigrery e ¥1a3}19m%y199 F’EPPZYHB Oﬁw»ﬂrhilméwleas
S, 6aS) - 5- ( 5-

(ol 92 (3 YT B L0 S R e I B SR ol

(cis)-2-net hyI(35R(63R@55F(3d1ym1ﬁh1)}0)ot:ahydhopmmlotﬂ @pﬁ;y«ﬂrodf] pyr rol e;

(o 1975 (- onl QB saR B AY P S PRLH P RSB T E PV TSIS. o) pyr ol e
(cis)-2-(3 quea%hsr)va %&wgsaayyd&éﬁﬁmh 34 lﬂbwmreo le; (cis)-2-(5

- hydroxy-3 -pyridinyl) g)a hydi opyrrol o (i yrrole; 20

(cis)-2-(5- net(ﬁa&@a%)rwhbmm«yﬁ)mﬁah@)@mbydrpbmls[%bpp'yrpiez;l e;

(ci 5. 2- (5 pr ARy RS PR P PSP b At D A PO o
(cis)-2-(6- chl(@fsmzﬁgr@&imm)oatahyamgmmb eLRIy@dIpyrrol o [ 3, 4-c]pyrrole;

15 (cis)-2-methyl-5-(3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;
(cis)-2-(6-chloro-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;
(cis)-2-(6-chloro-3-pyridinyl)-5-methyloctahydropyrrolo{3,4-c]pyrrole;
(cis)-2-(3-quinolinyl)octahydropyrrolo[3,4-c]pyrrole;
(cis)-2-(5-hydroxy-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;

20 (cis)-2-(5-methoxy-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;
(cis)-2-(5-ethoxy-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;
(cis)-2-(5-propoxy-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;
(cis)—2—(6-chloro-5-methoxy~3-pyﬂdiﬁyl)octahydropynolo[3,4-c]pyrrole;
(cis)-2-(6-chloro-5-methyl-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;

25 (cis)-2-[5-(2,2,2-trifluoroethoxy)-3-pyridinyl]octahydropyrrolo[3,4-c]pyrrole;
(cis)-6-(6-chloro-3-pyridinyl)octahydro-1H-pyrrolo[3,4-b]pyridine;
(cis)-6-(3-pyridinyl)octahydro-1H-pyrrolo[3,4-b]pyridine;
(cis)-3-(3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(cis)-3-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;

30 5-[(1R,5R)-3,6-diazabicyclo[3.2.0Thept-3-yljnicotinonitrile;
(1R,5R)-3-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(3aR,6aR)-5-(5-ethynyl-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;



(cis)-2-(6-chl oro-5-nethyl-3-pyridinyl)octahydropyrrolo [3,4-c]pyrrole; 25
(cis)-2-[5-(2,2,2-trifluoroethoxy)-3-pyridinyl]octaliydropyrrolo[3,4-c]pyrr
ol e; (civwQo681367 chl or o- 3- pyri di nyl)oct ahydro- | H pyrrol BCT/BSaHBYri di ne;
(cis)-6-(3-pyridinyl)octahydro- | Hpyrrolo [3,4-b]pyridine; (cis)-3-(3
-pyridinyl)-3, 6-diazabicyclo [ 3.2.0]hgptane,
(ci s)-3-(6-chloro-3-pyridinyl)-3,6-diazabi cycl o[ 3. 2. 0] heptane; 30
5-[ (1R 5R) - 3, 6-di azabi cycl o[ 3. 2. 0] hept-3-yl ] nicotinonitrile; (1 R 5R)-3

-(6-chloro-3 -pyridinyl)-3, 6-diazabicyclo [3.2.0] heptane; (3

aR, 6aR) - 5- ( 5- et(ﬁ%ﬁqﬁaRBS';ﬁ%anWFI)ymldﬂa’ﬂl)pdﬁab ppyr@o[334 hhb’]ﬂ;@iﬁrrol e; WD

L TS et s 2

aR, 6aR) - hexahydsr @Leb'ilﬂls ThoRY-3virilt ahdrepirirel1o[s,4-b 13 aR 6
aR) - 5- %6 brorr)t/)( ey ?1 H X Or}%?én 103%h11§}§yar¥% gyﬂrS E1Eb!]]@]l;¥r@frﬂoelée

5- ((3aR 6aR) - h%ﬁ(aﬁs«&ﬂB 13??2@%’61[09}’110 Hm«m@éi IX) yl)-2-bromomco

2- bro t
Ak G5B 5. (5 s ST A i ecitdepumelof IR o1 o
aR 6aR)-5 - (5- (Bem,bth)~3 (SWéthﬁmem@ﬁylwﬂfyamﬁyh@lm HAdpyiedlpyr r ol e (3
aR, 6aR) - 5- ( 6- brom)5-c or o- 3-pyridi nyl ).octahydropyrrol o [3, 4-b] pyrrole;
(3aR, 6aR) - (dSbRéﬁ% -§- (ﬁré%rwgnpﬁ Wr%jpwiwaq drapyyrelab-4-gleyals) pyrr ol e

R
Pyr . di nyl ] rr?t _r(amle6aR§~3 (é?tma)pﬁ;d;rﬁyl)orcgahY?rfglyrrolo[3 A- b]pyrrorle e [5-((3
2R IR | hexahyiarGi Dt R SR - D 5t AR

pyridi nylﬂyﬁg g@%&éﬂﬁdﬂo@ and 15
(3aR, 6aR) - r ono- 5- ( et hoxymet hyl ) - 3- pyri di nyl ] oct ahydr opyrrol of 3, 4-

b] pyrrol e. The(3&]b,I6BBW5F(Q M@uoﬁr‘anﬁlﬁ-pm@mwwmhﬂdapm@[ﬁdfb]vmdﬁ fornul a

IV, may be pr |IIe t-he ar nown synthetlc
chenistry net ﬁggéﬁgﬁﬁ'}wﬁ i@lht APy %ﬂ@n@%’@ Rodol ogy
descri be%gmalﬂghq@cé;gﬂgﬂgsa@nd Exarrpl es contai ned herein.

hl or o- 3- pyri di ) -3, 6-di azabi cycl of 3. O]heptane

(cis
(ci 53737 (6. cni(GroosRNsdipomosyeaahameds b ovadias losehistpmrniaf fept ane:
b]pyrrole.
The following additional compounds, representative of formula IV, may be prepared

1nomtnle

by one skilled in the art using known synthetic chemistry methodology or by using synthetic
chemistry methodology described in the Schemes and Examples contained herein.

.20 (cis)-3-(5,6-dichloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(cis)-3-(6-chloro-5-methyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(cis)-3-(6-chloro-5-fluoro-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane;
(cis)-3-(5-fluoro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(cis)-3-(6-methyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane;

25 (cis)-3-(furo[3,2-b]pyridin-6-yl)-3,6-diazabicyclo[3.2.0]Theptane;
(cis)-2-(5,6-dichloro-3-pyridinyl)octahydropyrrolo[3,4-c|pyrrole;
(cis)-2-(6-dichloro-5-fluoro-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;
(cis)-2-(5-fluoro-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;
(cis)-2-(6-methyl-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;

30 (cis)-2-(furo[3,2-b]pyridin-6-yl)octahydropyrrolo[3,4-c]pyrrole;
(cis)-5-(6-chloro-5-fluoro-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;
(cis)-5-(-5-fluoro-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;



(cis)-3-(6-chloro-5-fluoro-3-pyridinyl)-3, 6-di azabi cycl o[ 3. 2. 0] hept ane;
(cis)-3-(5-fluoro-3-pyridinyl)-3, 6-diazabicyclo [3.2.0]hept ane;
(cis)-3-vonestsyt - 3- pyridinyl) -3, 6-di azabi cycl o [ 3. 2. 0] hepCEU801/13598
(cis)-3-(faro[ 3, 2-b] pyridin-6-yl)-3, 6-di azabi cycl o[ 3. 2. 0] hept ane;
(cis)-2-(5,6-dichloro-3-pyridinyl)octahydropyrrolo [3,4-c]pyrrole;
(cis)-2-(6-dichloro-5-fluoro-3-pyridinyl)octahydropyrrolo [3,4-c]pyrrole;
(cis)-2-(5-fluoro-3-pyridinyl)octahydropyrrolo [3,4-c]pyrrole;
(cis)-2-(6-methyl -3 -pyridinyl)octahydropyrrolo [3,4-c]pyrrole; 30
(cis)-2-(f arof Ji)-Bb(@ymdthlylB-pyrydijyidicadhydropyyrolodd 4{t3p vradg:mandr ol e;
(cis)-5-(6-chlgr.o-5-f1uqro-3-pyridinyl)octahyd yrrol o |3, 4-b] pyrrole;
(cis)-5-(-5-f|38§B§é£¥§§é%ﬁ@ﬁﬁﬁ%ﬁgvﬁﬁv@D@ﬁ%ﬁ%ﬁ@ﬁgf%?WYHf rrole; WO

01/81347 PCT/US01/ 13798 17 (cis)-5-(6-nethyl-3-pyridinyl)octahydropyrrolo
[3,4-b]pyrrole; and (cis)-5-(faro [3,2-b]pyridin-6-yl)octahydropyrrolo [
3, 4- b] pyr r ol e.Injanotnemhbodimehioafi theprtesat invsatipn, esepoundsadrioinoia Veaserpounds of
formula V,.are .5 disclosed R N-Y IN. RO V, or pharmaceutically

acce tabﬁ%“@ﬁ?gs and prodrugs thereof wherein Y, Z, Rl and RO are as
defined in formula |I. 10 In anot her exbodi ment of the present invention,

conpounds of fornmula V are discl osed{lvvn rein Yis a covalent bond; Zis a
coval ent bond; and R and R9 are as@je}ll:g\eﬁ in formula I. In another

enbodi ment of the present invention, dlinds of fornula V are disclosed
wherein Y is CH2; Zis a covalent bond; and and RO are as defined in
formula I. 15 In another enbodi ment of \the present invention, conpounds of

formula V are disclosed wherein Y is a covalent bond; Zis CH2; and R and
RO are as def iqi@Haimacewlionlly acseptablesalis entherodsrasdbvraeinhesein e, i and Ro are

inventi0Q$d%ﬁggﬁﬂqgﬁmgglfornula V are

10 In another embodiment of the present invention, compounds of formula V are
disclosed wherein Y is a covalent bond; Z is a covalent bond; and R; and Ry are as defined in -
formula I.

In another embodiment of the present invention, compounds of formula V are
disclosed wherein Y is CH;; Z is a covalent bond; and R; and Ry are as defined in formula I.

15 In another embodiment of the present invention, compounds of formula V are
disclosed wherein Y is a covalent bond; Z is CH;; and R; and Ry are as defined in formula L.

In another embodiment of the present invention, compounds of formula V are
disclosed wherein Y is CH,CHy; Z is a covalent bond; and R; and Ry are as defined in
formula I.

20 In another embodiment of the present invention, compounds of formula V are
disclosed wherein Y is CHy; Z is CHjy; and R; and Ry are as defined in formula L.

In another embodiment of the present invention, compounds of formula V are
disclosed wherein Y is a covalent bond; Z is CH,CH;; and R; and Ry are as defined in
formula I.

25 In another embodiment of the present invention, compounds of formula V are
disclosed wherein Y and Z are as defined in formula I; Ry is selected from hydrogen and

lower alkyl wherein hydrogen and methyl are preferred; R; is
Y Re
L
R& N Ry Ry s selected from hydrogen or halogen; Ry is selected from hydrogen,
halogen, and lower alkyl; Rs is selected from hydrogen, cyano, cyanoalkyl, haloalkoxy,



di scl osed wherein Y is CH2CH2; Z is a covalent bond; and R and RO are as

defined in fornmula I. 20 In another enbodi nent of the present invention,
conpoundvob1/8senul a V are disclosed wherein Y is CH2; ZPCEUSH237%nd Rl
and RO are as defined in forrmula |I. In another enbodi nent of the present

invention, compounds of formula V are (@isclosed wherein Y is a coval ent
bond; Zis CH2CH2; and Rl and RO are as defined in formula I. 25 In

anot her enbodi nent of the present invention, conpounds of forrmula V are

di scl osed wherein Y and Z are as defined in fornula I; RO is selected from

hydr ogen &aldalklyhhelogah,kyldrostyehwiroxyajidi dgenr akenyigbivet alkoeyabinéfleweedko®, i s
RS R3 NR4 ; IS se d fro hydrogen or halogen; R4 is selected from
hydr ogen, 0%%3@%/&1110‘”%6&»@&5@%{? R5 is sel ected from hydrogen, cyano,
cyanoal kyl , haﬂ‘l@%h@%ﬂ&g c%p%&ﬁ&l%ks@ﬁ%{ﬁ%g@tifoﬁﬁﬁﬁ& rﬁ§y lk@ﬁhr@ﬁérgdfb oh@l ogen,

hydr oxy, hydr oxyal kyl, "1 ower al I’<eny | ower al koxyal kyl ower al koxy,
| oner al Isyﬂledllmmarbmmlgaiowmmthﬁtm chem{Ftres metﬂnodﬁwgyg)rdxyrmmrsdgtheuc

uer iy kncaRPERnER N ee ) il 505 red%ﬁxgg‘iﬁ‘ﬁg.wﬁ ilwstic s

chem stry net hedphqg d bbeRydro-1HheyEsib Hﬁxarrpl es cont ai ned
herein. (ci sr(- 1PS§6:¥§| gﬂ]) ) oct ahydro-1 E{ rroI 5 - b] pyri di ne;

(cis)-1-(6- chl(gllsb }qr@l13rﬁbff9démﬂb?ﬁ§ﬂhb’@ﬁoilﬂdmwﬂoﬁ 6b[BYHﬁ-Ul1ﬁ] ;pyri di ne;

(o o)1 & SRS S Lo Ou RS A A b RS gl Py ¢ e
[ 3, 4-b] pyri di neis)- 1((6(@1@& -5-rileth9ﬁ3-@bh&nh9})5etﬁlhmdmI—Bpjaycﬂb[@l 41y]p)yﬁdinahydr o-

1H | of 3, di 5-fl 3- i dj t d 1
N GCREP IV M E R (R TRt

(a1 9)-1- (Far ol 5P B L PP 'pS'r "

(cis)-4-(3 - pycispl (ginretbyled-pydinghdetdydys-i Hiyriold 3 2-bippyidine ne; 15

(ci 5)-a- (5, 6- dPEhgRBYE Y RVENRGF Dbt R JAD g s PpARRb] pyr | di ne:

Eg ' ;) bfp§/?l glhL](glrs)lzlﬁ?af@hﬁﬂiyi)%ctﬁﬂﬁdrgll'ﬂ%%?&?)wﬁhﬂlﬂdlﬁepyr rolo

15 (cis)-4-(6-chloro-3-pyridinyl)octahydro-1H-pyrrolo[3,2-b]pyridine;

(cis)-4-(5,6-dichloro-3-pyridinyl)octahydro-1H-pyrrolo[ 3,2-b]pyridine;
(cis)-4-(6-chloro-5-methyl-3-pyridinyl)octahydro-1H-pyrrolo[3,2-b]pyridine;
(cis)-4-(6-chloro-5-fluoro-3-pyridinyl)octahydro-1H-pyrrolo[ 3,2-b]pyridine;
(cis)-4-(5-fluoro-3-pyridinyl)octahydro-1H-pyrrolo{3,2-b]pyridine;

20 (cis)-4-(6-methyl-3-pyridinyl)octahydro-1H-pyrrolo[ 3,2-b]pyridine; and
(cis)-4-(furo[3,2-b]pyridin-6-yl)octahydro-1H-pyrrolo[ 3,2-b]pyridine.

In another embodiment of the present invention, compounds of formula VI are

R1\I@\Y
Z/N\Rg

disclosed

25
VI,
or pharmaceutically acceptable salts and prodrugs thereof wherein Y, Z, R; and Ry are
as defined in formula L. .
In another embodiment of the present invention, compounds of formula VI are
30 disclosed wherein Y is a covalent bond; Z is a covalent bond; and R; and Ry are as defined in

formula L.



(cis)-4-(6-chloro-5-fluoro-3-pyridinyl)octahydro-1

H pyrrol o[ 3, 2-b] pyridine; (cis)-4-(5-fluoro-3-pyridinyl)octahydro-1

H pyrrol oy@oasBkpyri di ne; 20 PCT/US01/13798
(cis)-4-(6-nmethyl -3-pyridinyl)octahydro-| H pyrrol o[ 3, 2-b] pyridine; and
(cis)-4-(furo[ 3, 2-b]pyridin-6-yl)octahygyo-1 H pyrrolo[3,2-b]pyridine. In
anot her enbodi nent of the present inventlon, conpounds of fornula VI are
disclosed R"NY 25 C1L N, VI, or pharmaceutically acceptable salts and
prodrugs thereof wherein Y, Z, R and RO are as defined in formula I. In
anot her enbodidnmhoﬁmremMQmmmmmnmhdmmsnﬁhnmnﬁmnmpmmnmﬁmmﬁﬁhnnmthmvl are 30

di scl osed wherein.Y i.s al ent bond coval ent bo nd. Rl and RO
are as. defdsrRset WhErsR i S 12 2 a@@f@h %@?ﬁ@s@ﬁ%%ﬁs Jﬁgn?cﬁ T RBEWAL
enbodi ment  of ﬁlfh%oﬂfeﬁéﬁﬂédﬁﬂ%ﬁ?@thé’gres&i%%ﬂ% &hg%%ﬂ%ﬁo%ulﬁw argdi scl osed

wherein Yis CH2; Zis a coval ent RO are as defined in
formul a Idlscld>s¢dazvhm¢er EmimdalnmhondfzumGHp,ra@déhtandng@m aotefined mploomuks Iof

formula Vi dIS ose ere coval ent and R and
RS e as det | RGOS FOPARIMERS of e pioRerd AP S HBBRP S BROTHS Aosent
i nventi oruls&@gmw&@léan isfCHOH 278 a 86l boRH:QBER  WABRGiafe 2 definbdBCH2;, Z is
a coval ent bond; and R an R9 are as defined in fornmula |I. In another

enmbodi nenformtlatlhe preseht i nvention, conmpounds of fornula VI are disclosed

me;ﬁlotn hza(rI anqo%' Reft gmg_gl eﬁ%r%eds?ée S’lgnrﬁgvn? |£1§ %%?%%Bungfon?ul? ﬁ‘%lelaal Vi lgr e

di scl oseoulwles"eemmei’emylamvzllemﬁzpml dnd By £ERCHnednfl fdfnudal RO are as
defined in forrmula |I. |n_another enbodinment. of the present i nvention,

conpunds of fiErarathsr embedimentpithe pecsent ipesntion compounds offarmpa Yderened i n
formula |4 s%t%f]@ef&ﬁ% £4 Jo #bg)%m@?@cmgﬁ%aid RVGH RBlakyls dBGEEID

hydr ogen an are pre erre
formula I.

In another embodiment of the present invention, compounds of formula VI are
disclosed wherein Y and Z are as defined in formula I; Ry is selected from hydrogen and
15 lower alkyl wherein hydrogen and methyl are preferred; R, is
FZEN
»

R N R4; R, is selected from hydrogen or halogen; Ry is selected from hydrogen,
halogen, and lower alkyl; Rs is selected from hydrogen, cyano, cyanoalkyl, haloalkoxy,
haloalkyl, halogen, hydroxy, hydroxyalkyl, lower alkényl, lower alkoxyalkyl, lower alkoxy,
lower alkyl, lower alkynyl, and nitro. |

20 The following compounds, representative of formula VI, may be prepared by one

skilled in the art using known synthetic chemistry methodology or by using synthetic

chemistry methodology described in the Schemes and Examples contained herein.
(cis)-5-(3-pyridinyl)octahydro-1H-pyrrolo[3,2-c]pyridine;
(c1s)-5-(6-chloro-3-pyridinyl)octahydro-1H-pyrrolo[3,2-c]pyridine;

25 (cis)-5-(5,6-dichloro-3-pyridinyl)octahydro-1H-pyrrolo[3,2-c]pyridine;
(cis)-5-(6-chloro-5-methyl-3-pyridinyl)octahydro-1H-pyrrolo[ 3,2-c]pyridine;
(cis)-5-(6-chloro-5-fluoro-3-pyridinyl)octahydro-1H-pyrrolo[3,2-c]pyridine;
(cis)-5-(5-fluoro-3-pyridinyl)octahydro-1H-pyrrolo[3,2-c]pyridine;
(cis)-5-(6-methyl-3-pyridinyl)octahydro-1H-pyrrolo[3,2-c]pyridine;

30 (cis)-5-(furo[3,2-b]pyridin-6-yl)octahydro-1H-pyrrolo[3,2-c]pyridine;
(cis)-5-(3-pyridinyl)octahydro-1H-pyrrolo[3,4-c]pyridine;



R3 NR4; R3 is selected fromhydrogen or hal ogen; R4 is selected from
hydr ogen, hal ogen, and |ower alkyl; R5 is selected from hydrogen, cyano,
cyanoal kywo ohsu3eal koxy, hal oal kyl, hal ogen, hydroxy, hydPORY8OIIKMIIS | ower
al kenyl, | ower al koxyal kyl, | ower al koxy, |ower alkyl, |ower alkynyl, and
nitro. 20 The fol |l owing conpounds, reprgsentative of formula VI, may be
prepared by one skilled in the art using known synthetic chem stry

met hodol ogy or by using synthetic chem stry methodol ogy described in the
Schenes and Exanpl es contai ned herein. (cis)-5-(3-pyridinyl)octahydro-1
H- pyrrol o[ 3, 2- ¢tipyb-i(Gichlero-3{poridinyho¢idhpdrb ddbp ralpfd, 4Hcipphifdoet ahydr o- 1

H pyrrol o 3, 2-c]. i.di_ng; 25 L e

(o) 5 (5. b cERY SO SRt By gBonurts: THGRIR IR A AP BIE By § i ne:
(ci's)-5-(6- chl@fRs3smmRidY 5 RethPis pdiBMl) OGhRF 61 P 18p8r 4- idine;

[ 3, 2-c] pyri di n(g;Ssl Zt(ci s)-5-( 6?02%0?2?5- b’lbuor o- 3- pyr?}gfbny 50%2%)/13?’04

H- pyr rol o[ 3, 2-(cispyr(oeihinee-5-TlunrgP-mar{dayl)ogtahyd®- Py-piydotey . edpyadayed; o- 1

H pysrol of 3, 2- {5 r'&b_}r'loe' o e

(o1 8- 5- (6 met KT A HARR P Ry swDaR T L BYRo IS b 8%y i i ne: 30
(cis)-5-(furo@isgshbpmsthell npPridihyl ﬁH—@HLﬂ?rR)YdS Al Obridng] pyri di ne;
(cis)-5-(3- pyn@d?nf}l )octgh gf%_— 1}2&‘&5???10' o] &'H 4- c?g;s/flbg?n.e; WO 01/ 81347
PCT/ US01/ 13798cis»§-(fwprB)2-blpyeidend-ohectshydsgrlitkipyiyelp et-alpyddoe;

| H pyrrol o] 3, Bykidine: ChS)-5s5 - di ¢hl or o- 3- pyri di nyl ) oct ahydro-1
Hpyrrol o [ 3. i(:c%% g Jrgipg)lnﬁg'f;yl)dgca'l@&o?z,gﬁlaghtﬁbﬁ&}hg

(ci s) - 5- ( 6- chl(elsp296robldry3-Bridyiyi dctatyiiag 2 smaghtydididepyr r ol o

[ 3, 4-c] pyridineg; (ciég(a_- 5- (6-chl oro-5-f] uoro- 3-pyridinyl)octahydro-1

H p%/Q rolo [3, 4_01@}—65&55 igldoros3-pyridinyl)decahydro[2,6 Jnaphthyridine;

cis)-5-(5-fl Mol .1 .di ne;
gc: sg -5- g 6- ne;{g;gzgsgéﬁrg-:s%}a%;gﬁ-g%g@gnwﬁg%@rpfiﬁﬁ@hgﬁdgﬁ%r: di ne;
(ci s) - 5- (f ar o[ (BisE2HpphtarcHSAEbry3)matdilmy) dieoahydrqh g olmipbthyddiber] pyri di ne;

cis)-2-(3-pyridinylL)decahydraq.[2,.6] naph i di ne;. ..
Ec: 3 - 2- E 6- g%lé&sﬁg@ F%r?%’FVF@H@&ﬁ%&’@rOﬁ%ﬂ%}ﬁlmﬁi di ne; 10

cis)-2-(5, 6-di 7 gl ayEd di ne;
Eci sg -2- E 6- chftgfrég-bggﬁneftﬁgﬁ gﬁl&%%‘?‘%yfg d%ﬂéﬁﬂ?@ﬁ%ﬁ%pm hyri di ne;
(ci 8 - 2- ( 6- chl(oisp28£frbi3c3-bi8zigyn-6-gi)dgdahsidrofh§eaphtheridi6.napht hyri di ne;
(cis)-2-(5-fluoro-3-pyridinyl)decahydro [2, 6] napht hyri di ne;
(cis)-2-(6-nmethyl-3 -pyridinyl)decahydro [2, 6] napht hyri di ne; and

In another embodiment of the present invention, compounds of formula VII are

D@
R1/N Z/N\Rg

20 VII,

. or pharmaceutically acceptable salts and prodrugs thereof wherein Y, Z, R; and Rg are

disclosed

as defined in formula I.
In another embodiment of the present invention, compounds of formula VII are
disclosed wherein Y is a covalent bond; Z is a covalent bond; and R; and Ry are as defined in
25 formula L.
In another embodiment of the present invention, compounds of formula VII are

disclosed wherein Y is a covalent bond; Z is a covalent bond;
s | x5

~
R; isR3 N R4; and Rs, R4, Rs and Ry are as defined in formula I.



15 (cis)-2-(furo[ 3, 2-b] pyridin-6-yl)decahydro[ 2, 6] napht hyri dine. I n another
enbodi nent of the present invention, conpounds of fornmula VIl are

di scl osedW@01/834N Z, N Rs 20 VII, or pharnmaceutically acce@r/aBdel3ssl ts and
prodrugs thereof wherein Y, Z, R and RO are as defined in formula I. In
anot her enbodi nent of the present invergli on, conpounds of formula VIl are
di scl osed wherein Y is a covalent bond;""Z is a covalent bond; and R and RO
are as defined in 25 fornula |I. In another enbodi ment of the present

i nvention, conpounds of forrmula VIl are disclosed wherein Y is a coval ent
bond; Z is a cdwahe&hér dnbudim&s of Rie preseRBinMeiRdon;, campoRrils oRformita ¥HArd&9 ar e

as defined.in forpula |.. 01/81347 PCT/ US01/ 1379 21 | nof he

enbodi mentdiss osﬁgfﬁuﬁe& it Ol Ht 3 Y 210bheRst RS g Bp 5125 dgfRecigormula 1.

di scl osed whergiRoMet Smbddimest 6ﬁh@p&9&@h@%ﬁti&2%@ﬁﬁ%ﬂﬁ’ds@f e RYTRLE as
defined in formula I. 1n another enbodi nent of the present invention,
conpoundsdigfloded mhekean Y is agoralditdondsé o awmerEnhbond;s a coval ent bond; Z is a
covalent bond; L R5 5 Rl is R3B NR4;, and R3, R4, R5 and RO are as defined in

formula I. In73 Rsenbodi nent of the present invention, conpounds of
formula VI arel dilscl osed wherein Yis CH2CH2; Z is a coval ent bond; and

R and RRpkeias Mef Ragghd Ry, Rl RIBHIRJ are hi\dmiRt he forgiurodi ment of t he
present invention, conpounds of formula VIl are 10 disclosed wherein Y and

Z are as defi nadnpther gphediment offtfee prgseis insienber. coBwerydsrad derna y I argwer
al kyl whey.ej r ; hyl. .ed: - 4: R3 is
sel gct ed 1%(%%%%?%3@?%%@ (ﬁ%rl]s; Qéﬁralﬁ)é;n?gglﬁ%%g géﬁ P%%g r%%ssodgggﬁi% al ogen,

and | owerfoghkidll; R5 is selected from hydrogen, cyano, cyanoal kyl,
haloal koxy, In another embodiment of the present invention, compounds of formula VII are
10 disclosed wherein Y and Z are as defined in formula i; Ry is selected from hydrogen and
lower alkyl wherein hydrogen and methyl are prefeﬁed; Ry is
r | S
~

R N Rq; Ry is selected from hydrogen or halogen; Ry is selected from hydrogen,
halogen, and lower alkyl; Rs is selected from hydrogen, cyano, cyanoalkyl, haloalkoxy,
haloalkyl, halogen, hydroxy, hydroxyalkyl, lower alkenyl, lower alkoxyalkyl, lower alkoxy,

15 lower alkyl, lower alkynyl, and nitro.

Representative compounds of formula VII include, but are not limited to:

(cis)-3-(3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;

(cis)-3-(6-chloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;

(1R,6S)-3-(6-chloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;

20 (cis)-5-[3,8-diazabicyclo[4.2.0]oct-3-yl|nicotinonitrile; and
(cis)-6-(3-pyridinyl)octahydro-1H-pyrrolo[2,3-c]pyridine.

The following additional compounds, representative of formula VII, may be prepared
by one skilled in the art using known synthetic chemistry methodology or by using synthetic
chemistry methodology described in the Schemes and Examples contained herein.

25 (cis)-3-(5,6-dichloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(cis)-3-(6-chloro-5-methyl-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(cis)-3-(6-chloro-5-fluoro-3-pyridinyl)-3,8-diazabicyclo{4.2.0]octane;
(cis)-3-(5-methyl-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(cis)-3-(6-methyl-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;



hal oal kyl , hal ogen, hydroxy, hydroxyal kyl, |ower al kenyl, |ower

al koxyal kyl, | ower al koxy, 15 |ower al kyl, |ower alkynyl, and nitro.

Repr esentva® pvgid¢onpounds of fornmula VII include, but are POT/USOWM3TESd t O:
(cis)-3 -(3 -pyridinyl)-3, 8 -diazabicyclo [4.2. 0] octane; (cis)-3
-(6-chloro-3 -pyridinyl)-3, 8 -diazabicyclo [4.2. 0] octane; (1 R 6 S)-3
-(6-chloro-3 -pyridinyl)-3, 8 -diazabicyclo [4.2. 0] octane; 20
(cis)-5-[3, 8-di azabi cycl o[ 4. 2. 0]oct 3-yl]nicotinonitrile; and

(cis)-6-(3-pyridinyl)octahydro- rrolo [2,3-C ridine. The follow n
addi ti onal conﬁ@l@héi(ﬁlr@[épﬁg ﬂat—ﬁ“\YB %3 dia@ﬂbmyﬁowti 8]%9@51‘3 sbe prepared by )

one skilled in th t et odol ogy or by
usi ng synthetlé0$ﬁﬁgﬁfh(H?Qa@”%@§@¥%%@§ eéggpgggﬂi ﬁ@ggﬁ enes and
Exanpl es cont aiciipd-(395-@ichlora23- yﬁuﬁx)yi)actahﬁdrs-uﬂl-pmabm Bclpyridine;
-pyridinyl)-3,8-diazabicyclo [4.2. 0]

(cis)-3-(6- CEI(@rsérﬁdﬁrﬁé@QWﬁ'@ﬁ lﬁtﬂYﬁlﬂlI)C;’?)BC’@hlﬂfazl%Pmlpb?[ Felpyofinget ane;
3-(6-chl f
FE RN AR e

(cis)- 3 (6 rretda;sb=63(5mudrm%mln)dl@l)oﬁtaﬂmmaﬁii@yﬂbmn 4.chpidimct ane; WO
01/ 81347 PCT/ USQ1/ 13798 22 (cis

- (far o[ 3, 2- b] pFFIEr&: IB@thﬂ*BYGdWQQ%%IPW%lH[Wl@ﬁz belpxridine; and
(cis)-6-(6-chl ., di

(ci 56 (5, 6- deEnT o B R I b ™, T oy di e
(ci s)-6-(6-chl oro 5- rrethyl 3-pyridi nyl)oct ahydr o- 1 H pyrrol o

c] pyri di
( Ci i‘? 6- (6-chl a6‘°§16f P‘E}B?Q}H@nbﬂﬁtpﬁ PW?I)tdI&Yeé}H%rC(S’mrpﬁuB‘}ﬁr‘FfofP’b"[“’zla JEEYr i di ne;
(ci's)-6-(fsdibdegr o- 3-pyridinyl)octahydro-1 H pyrrol o[ 2, 3-c] pyri di ne;
(cis)-6-(6-nethyl-3-pyridinyl)octahydro-| H pyrrol o[ 2, 3- c] pyri di ne; and
(cis)-6-(furo [3,2-b]pyridin-6-yl)octah vl Hpyrrol o[ 2, 3-c] pyridine. 10
I n anot her enbodi nent of the present\ in ent&on conmpounds of formula VIII
are disclosed Y RNZN RO 1 VIIN Rg
VIII,
or pharmaceutically acceptable salts and prodrugs thereof wherein Y, Z, R, and Ry are
15 as defined in formula I.
In another embodiment of the present invention, compounds of formula VIII are
disclosed wherein Y is a covalent bond; Z is a covalent bond; and R; and Rg are as defined in
formula I.
In another embodiment of the present invention, compounds of formula VIII are
20 disclosed wherein Y is CHj; Z is a covalent bond; and R; and Ry are as defined in formula L.
In another embodiment of the present invention, compounds of formula VIII are
disclosed wherein Y is a covalent bond; Z is CHj; and R; and Ry are as defined in formula I.
In another embodiment of the present invention, compounds of formula VIII are

disclosed wherein Y and Z are as defined in formula I; Ry is selected from hydrogen and

25 lower alkyl wherein hydrogen and methyl are preferred; R; is
\FH X

Rs N Ra; R; is selected from hydrogen or halogen; Ry is selected from hydrogen,
halogen, and lower alkyl; Rs is selected from hydro gen, cyano, cyanoalkyl, haloalkoxy,
haloalkyl, halogen, hydroxy, hydroxyalkyl, lower alkenyl, lower alkoxyalkyl, lower alkoxy,
lower alkyl, lower alkynyl, and nitro.



or pharmaceutically acceptable salts and prodrugs thereof wherein Y, Z R
and RO are 15 as defined in formula I. In another enbodi nent of the
present w@ensiden, conpounds of formula VIII are disclosPdTkersiIs Y is a
covalent bond; Z is a covalent bond; and Rl and RO are as defined in

formula |I. In another enbodi nent of th?aoresent i nvention, conpounds of
formula VII1 are 20 disclosed wherein Is CH2; Zis a coval ent bond; and
R and RO are as defined in fornmula I. |In another enbodi nent of the
present invention, conpounds of formula VIIlI are disclosed wherein Y is a
coval ent bond; Theifsliéiizic camgpottidsaraprésentatiee @foctedle VA, may e prapheediby doe
anot her enbodl ment of the pres i nven ounds of fornmula VIII are
di scl osed SEREA &R thevrtysineAnomnn i@n}a@m meﬁ} Aoty rby using chegnistey weibedeleay 1 r om

_hydr 09623@%%3?151 1T egxﬁdgggﬁgll%gﬁaﬁghggﬁé}mﬁnd met hyl are preferred; Rl

is RS I's selecte rogen or hal ogen; R4 is select ed
from hydr ogen,(cisML(@qmﬁ,diM)d&Deﬁmabmbfklp[S2 Bhonsnesel ect ed from hydrogen,

Craes al tamt . e eyt S iRy S LSt el T ower o
alkynyl . and el o (sOUOMORL 30 RET0LE A A005: 1o Thndl | o g, compounds.

representative o formula VITI, may bé prepared one skilled in the art
usi ng known cheis)-3t(bychinzoieaiethylyy- pcyndbyl)titi?ﬂgazahemls[ﬁﬂ/o]nenﬂmdol ogy

(o 9) - 53 pyr e e ey Ry ERmIT 8 S B hisHEioe:- g nonane;
(cis)-3-(6- chl(@fs913 sqwdr@lsrwn)d%d)esgtcﬁzﬂbicwa [22.6]nén@egr0nane;  (cis)-3

-(5,6-dichloro-3 -pyridin di azabi cycl o 0] nonane;

(ci 49 - 3- (6- chl Gisy3 611@@thy1r3-3ylp§/mvaﬁn%rdya2®193@n[%%Hn@wpo [ 5. 2. 0] nonane;

3-(6-chl 5.2.0 :
(1975 (o £ 1 SRR L BTN b A BB UBER Db, L 2 O gonane
(cis)-3-(6- net(lassb 73(3Wd1ym)ﬂbaai@dﬁrp§lnam@seyazlep@5 2. 0] nonane;
(cis)-3-(furo di azabi Cécl o [5.2.0] nonane;

b
(cis)-7-(3-pyrcd %Sﬂﬁ%%la%ﬁﬂ%@ﬂ;d@%ﬁﬁf@ygp 1of2 dpsilprepime;
(cis)-7-(6- chl @973 RYaibAbRY s LIRaMIVHEQRYEGBY b, R SlpiAg P Ne:

15 (cis)-7-(6-chloro-5-methyl-3-pyridinyl)decahydropyrrolo[2,3-c]azepine;
(cis)-7-(6-chloro-5-fluoro-3-pyridinyl)decahydropyrrolo[2,3-c]azepine;
(cis)-7-(5-fluoro-3-pyridinyl)decahydropyrrolo[2,3-c]azepine;
(cis)-7-(6-methyl-3-pyridinyl)decahydropyrrolo[2,3-c]azepine; and
(cis)-7-(furo[3,2-b]pyridin-6-yl)decahydropyrrolo[2,3-c]azepine.

20

In another embodiment of the present invention, compounds of formula IX are

Z" "Ry

IX,

disclosed

25 or pharmaceutically acceptable salts and prodrugs thereof wherein Y, Z, R; and Ry are
as defined in formula I.
In another embodiment of the present invention, compounds of formula IX are
disclosed wherein Y is a covalent bond; Z is a covalent bond; and R; and Ry are as defined in
formula L.
30 In another embodiment of the present invention, compounds of formula IX are

disclosed wherein Y is CHj; Z is a covalent bond; and R; and Ry are as defined in formula I.



(cis)-7-(5,6-dichloro-3 -pyridinyl)decahydropyrrolo [2,3-c] azepine; 15
(cis)-7-(6-chl oro-5-nethyl -3-pyridinyl)decahydropyrrolo [2,3-c] azepine;
(cis)-7-VOohBwrDd-5-f1 uoro- 3- pyridi nyl ) decahydr opyrrol o [ PBCBUS)1/B2%8pi ne;

(cis)-7-(5-fluoro-3-pyridinyl)decahydropyrrolo [2,3-c] azepine;
(cis)-7-(6-nethyl-3-pyridinyl)decahydropyrrol o] 2, 3-c] azepi ne; and
(cis)-7-(furo [3,2-b] pyridin-6-yl)decahydropyrrolo [2,3-c] azepine. 20 In
anot her enbodi nent of the present invention, conpounds of forrmula I X are
disclosed RI-N.Y rZ N RO [IX 25 or pharmaceutically acceptable salts and
prodrugs theredt anmb@r@mboﬁlm@t oRthegpreseRpingetionaeorgpdunde @f formpilrlkara | . I n

anot her e ds_of f | X,a

di scl osed vﬁ%gc’rsé;&:awl e%ns a g ?ngoo %\r%lstq?%’gn&ﬁngn %ﬁ&eaﬁgﬁ@ne éﬂgb lﬁid RO
are as defi necinlaﬁothéloérﬂwcamlam ofUhd preder® itiehti]eoshpo®its offoriugs N @gent

i nvention, conmpounds of fornmula | X are disclosed wherein Yis CH2;, Zis a

coval ent dieshered adron Yaamg ZRayeas dofireddarfoimada LiRoria petented fromApdmee 2ad 7
PCT/§J801/1&§*219$16¥12V§1}6Ir& ;9 ggﬁ 8&181% o %&fm&p RE esent i nventi on,

conpounds erelﬁ I's a coval ent bond Zis
CH2; and R RQ are as defined in fornula I. In another embodinent of
the presen |nvent|on conpounds of fornula | X are disclosed wherein Y and
Z are as g 'n/ n_for s sel d f om h dr en and 5 | ower

al kyl wherein hydro&éwsg teﬂé%%ﬂg?ﬁy PS%? Risclegtefh $8 R3 is

sel ect ed Ha!dgg!h @rlé’xg@r“alleyl R?is%ﬁe@ted'?fbnﬁ ﬁy&r@};&%?ﬁm“ BQHAIEM;%F ‘Hgl%ﬁ}kyl hal ogen,
and | owner yl

i's selected from hydrogén, tyano, hal oal koxy;
hal oal kylhalogqa,lloglmy, toyrcir elapxy) lower alkbflktnwe,r allvm} and kiglo, | ower al kynyl, and

ABERLRETI T ok OGS TR T RE G,
by usi ng sklIRAIS tHeYarnRiN O vaOdhemistry methodology or by using chemistry methodology
described in the Schemes and Examples contained herein. ‘
(cis)-4-(3-pyridinyl)-4,8-diazabicyclo[5.2.0]Jnonane;
(cis)-4-(6—chloro—3-pyridinyl)—4,8-diazabicyclo[5.2.0]n6nane;
(cis)-4-(5,6~dichloro-3-pyridinyl)-4,8-diazabiéyclo [5.2.0lnonane;

15 (cis)-4-(6-chloro-5-methyl-3-pyridinyl)-4,8-diazabicyclo[5.2.0]nonane;
(cis)-4-(6-chloro-5-fluoro-3-pyridinyl)-4,8-diazabicyclo[5.2.0nonane;
(cis)-4-(5-fluoro-3-pyridinyl)-4,8-diazabicyclo[5.2.0]nonane;
(cis)-4-(6-methyl-3-pyridinyl)-4,8-diazabicyclo[5.2.0]nonane;
(cis)-4-(furo[3,2-b]pyridin-6-yl)-4,8-diazabicyclo[5.2.0jnonane;

20 (cis)-6-(3-pyridinyl)decahydropyrrolo[2,3-d]azepine;
(cis)-6-(6-chloro-3-pyridinyl)decahydropyrrolo[2,3-d]azepine;
(cis)-6-(5,6-dichloro-3-pyridinyl)decahydropyrrolo[2,3-d]azepine;
(cis)-6-(6-chloro-5-methyl-3-pyridinyl)decahydropyrrolo[2,3-d]azepine;
(c1s)-6-(6-chloro-5-fluoro-3-pyridinyl)decahydropyrrolo[ 2,3-d]azepine;

25 (cis)-6-(5-fluoro-3-pyridinyl)decahydropyrrolo[2,3-d]azepine;
(cis)-6-(6-methyl-3-pyridinyl)decahydropyrrolo[2,3-d]azepine; and
(cis)-6-(furo[3,2-b]pyridin-6-yl)decahydropyrrolo[2,3-d]azepine.

The compounds of formula I-IX may be in either the cis or trans configuration.
Another embodiment of the present invention relates to pharmaceutical compositions

30 comprising a therapeutically effective amount of a compound of formulaI or a



described in the Schenmes and Exanpl es contai ned herein.
(cis)-4-(3-pyridinyl)-4, 8-diazabicyclo [5.2.0]nonane;
(cis)-4- Woohbwrd- 3-pyridinyl)-4, 8-diazabicyclo [5.2.0] nPEEIS8)1/13798

(cis)-4-(5,6-dichloro-3-pyridinyl)-4,8-diazabi cycl o [5. 2. 0] nonane; 15
(cis)-4-(6-chl oro-5-net hyl - 3- pyrldlnyl) , 8-di azabi cycl o[ 5. 2. 0] nonane;
(cis)-4-(6-chloro-5-fluoro-3 pyrldlnyf% 4 8-di azabicyclo [ 5.2.0] nonane;
(cis)-4-(5-fluoro-3-pyridinyl)-4, 8-diazabicyclo [5.2.0]nonane;
(cis)-4-(6-methyl -3 -pyridinyl)-4, 8 -diazabicyclo [5.2.0]nonane;

(ci s) - 4- ( fphamndcaytibally pycapetibhe ﬁﬂtythézreéf in@odibamaibn ewithl OpHartmacufifaibnaoeptatl®
(cis)-6-(3-pyridinyl)decahydropyrrol o] 2, 3-d] azepi ne;

(cis)-6- (61€ﬁ¥oro 3-pyri di nyl )decahydropyrrolo [2, 3-d] azepi ne;
(cis)-6-(5,6-d r I

(cis)-6-(6- chl%ﬁhg e%’e"t%d§f*¥ﬂt.°§§r. %%ﬁfﬁk%%g&l%%%ﬁ?o ﬁcﬁ‘gbﬁ-@ag&%g’pu ne;
(cis)- 6 (®ntblliog aetrotlanonitteBrabeasé th apbinded acbmmnmpgz admolmstgiod|manmpl me; 25
(ci (5-11 ridi rrol of 2
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(cis)- 6 (f aro A&otﬁer%mefdhﬁern 71 ﬁr%ﬁﬁ)&gﬁﬁb@b’ﬂéfa@s% E#nednsl oZ2Rhge. The

conpounds of fornmula I-1X may be in either the cis or trans conflguratlon
Anot her ehtydérnsich aefAlzhmrnplr edigense] Farkinsardndisedsat eesmory gisdmetion (fouesiie’s

conposition 30 .co .ng |caII ef.fective anpunt of a

o oone e RsaRel R R BAG haERikst RSk RuBMMrlon® | ai1y
accept abligflsdhdatib) efea@)&)rdnectmmn &Edphﬁb k] BclaropR adr¥keet g Udpeaabibl, raeggpt abl e
carrier. Another enbodi nent of t present invention relates to a rret hod

forlQel ecqchvgwlgrem@oanor@m a%othwaﬂg diserdcts &DPendipsd dementiangatiensy, urinary
Chor apout e Hiber FRHT el HRAIRS, bllmel B nfioRtiledfi PSR,

enbodi menfubsthndehBugy;, emehinglcessanmi ol in@h@tresort bowen®inbdaingfin b hesttniangmal in -
di sorder, such as Al zhei ner's di sease, Parkinson's %i;ggse, menory
ally

dysf unct i156d of Sishdreenent celRkFiggadminiderpgs LsFapepiic Ry eyt PEilt

hyper act 'c\éﬁﬁp\éuﬂél PES gill%mapeurodegeneratl on, inflammation, neuroprotection,
anyotrophi c "atra erosi s, anxiety, depre55|on mani a, 10 schi zophreni a,

anot®xi a and oAlghereattiodgnditélterasenfinDSationcdalnes toe mesthddafor egitt@diisypain
urinary in a mammal in need of such treatment comprising administerihg a therapeutically effective
amount of a compound of formula I in combination with a pharmaceutically acceptable
carrier.
Another embodiment of the'presenf invention relates to a method for controlling pain
20 in a mammal in need of such treatment comprising administering a therapeutically effective
amount of a compound of formula I in conibination with an opioid and a pharmaceutically
acceptable carrier. |
Another embodiment of the present invention relates to a method for controlling pain
in a mammal in need of such treatment comprising administering a therapeutically effective
25 amount of a compound of formula I in combination with a non-steroid anti-inflammatory
agent and a pharmaceutically acceptable carrier.
Another embodiment of the present invention relates to a method for controlling pain
in a mammal in need of such treatment comprising administering a therapeutically effective
amount of a compound of formula I in combination with a tricyclic antidepressant and a
30 pharmaceutically acceptable carrier.

Another embodiment of the present invention relates to a method for controlling pain

in a mammal in need of such treatment comprising administering a therapeutically effective



i nconti nence, Crohn's disease, mgraines, prenenstraul syndrone, erectile
dysfunction, substance abuse, snoking cessation and inflanmatory bowel
syndrome WO n1/gu3bst mammal in  need of such treatnment conpPC€T/ARMEGL3798

adm nistering a therapeutically effective anount of a conpound of formula
. 15 Anot her enbodi nent of the present,d nvention relates to a nethod for
controlling pain in a mammual in need 6% such treatnment conpri sing

adm nistering a therapeutically effective anount of a conpound of formula
| in conbination with a pharnmaceutically acceptable carrier. Another
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with an opioid and a pharnmaceutically acceptable carrier. Another
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t wol5 Representative examples of alkoxy include, but are not limited to, methoxy, ethoxy, propoxy,
2-propoxy, butoxy, tert-butoxy, pentyloxy, and hexyloxy.

The term "alkoxyalkoxy," as used herein, refers to an alkoxy group, as defined herein,
appended to the parent molecular moiety through another alkoxy group, as defined herein.
Representative examples of alkoxyalkoxy include, but are not limited to, tert-butoxymethoxy,

20 2-ethoxyethoxy, 2-methoxyethoxy, and methoxymethoxy.

The term "alkoxyalkyl," as used herein, refers to an alkoxy group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of alkoxyalkyl include, but are not limited to, tert-butoxymethyl, 2-
ethoxyethyl, 2-methoxyethyl, and methoxymethyl.

25 The term "alkoxycarbonyl," as used herein, refers to an alkoxy group, as defined
herein, appended to the parent molecular moiety through a carbonyl group, as defined herein.
Representative examples of alkoxycarbonyl include, but are not limited to, methoxycarbonyl,
ethoxycarbonyl, and tert-butoxycarbonyl.

The term "alkoxycarbonylalkyl,” as used herein, refers to an alkoxycarbonyl group, as

30 defined herein, appended to the parent molecular moiety through an alkyl group, as defined

herein. Representative examples of alkoxycarbonylalkyl include, but are not limited to, 3-

methoxycarbonylpropyl, 4-ethoxycarbonylbutyl, and 2-tert-butoxycarbonylethyl.



10 hydrogens. Representative exanples of al kenyl include, but are not
limted to, ethenyl, 2- propenyl, 2-nethyl-2-propenyl, 3-butenyl,

4- pent enyWoO 0b6813¢xenyl , 2-heptenyl, 2-nethyl-1- heptenyl, paOUSedsc®nyl. The
term "al koxy," as used herein, refers to an al kyl group, as defined herein,
appended to the parent nol ecul ar noi ety hrough an oxy noiety, as defined
herein. 15 Representative exanples of alkoxy include, but are not limted
to, nethoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy, pentyloxy,
and hexyl oxy. The tern "al koxyal koxy," as used herein, refers to an al koxy
group, as defi fkd tdrar &ilkyl," sappahideens efdrhe aparaégitt ombtaachddashamdiyetrgcatbonough

anot her al kox r as def.i ned herein. tative a es, of
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2 et hoxy(’s‘ﬁﬁ@iyeha%l nREﬁl@é‘éﬁ%{tﬂz@@(a @gofrﬁkﬂcﬁé’lﬁ@é haK¥re nbNBmited 19, methyl ethyl,
"al koxyal kyl", " as used herein, ers to an al koxy group, as defi ned

her ei n, rapxppyﬂdlm-mopylh&bpaﬂmt—bml,ewbawl nei-butyl, mapentig hisepengtlkydopgntylyp, as
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met hoxynﬁtnhylLdecgﬁ The term "al koxycarbonyl ," as used herein, refers to an
al koxy group, as defined herein, appended to the parent m)l ecul ar noi ety

t hrough a car %Wﬁmg idkmlcarbgn]def%s Ieeiaj sefers %@?@kﬂrﬁr‘mﬂ,‘aéd@fm&%@n,of
al koxycara% c#ed to a?eqt ?rb c%a? rr?ocf%tg tflrn‘{léhr% cgrgbn rIe %XS aéi?noe )ﬁereﬂ Ml kyl
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used her Qid@reséﬁﬁ&ﬁeSei&lpﬂé’s &fl AloAyRBs0 mcnucgr PutRre A& linditeddef acesd 1h@xcq1rds1py1
appended to the parent nol ecul ar npi etIvTchrou h an al kyl group, as defined
her 8 n. Repftadhtlal-pyerrerdnpiosebusyl, and %l%ﬁnﬁgnyl al kyl “include, but are not

limted to, 3- X r w%%¢
2 tert-but oxyczi{rggcé)%gl %{2?1‘&%}58%8@ éé %Sféhg%ql?)%%%t?%@é QPHe t e m
“al kyl , " chﬁnerkhm‘ehea@ended ofthe pafent maolstular mhietyothrdorghraahag nodiety nashdedined ar bon
contalnlqg froml to 10 carbo referabl to 6 carban atons, and
I

pr ef er abl3FrGiRy eprg%%tﬁﬁtexamaﬁﬁo %ﬁ#ﬂ QpY. awm& a1 DS dyps | ncl ude,

but are ngkiyldxy étﬁﬁcﬁﬂon%kgyénd t&4-B¥tyicarddbnRlo@RY! . 1S0-propyl, n-butyl,
sec-butyl, Tso-butyl, t utyl, n-pentyl; |sopentyl neopentyl, 5

n- héxyl , 3- rret"JFheltbmx alkylthQ ' @b metdrhekpryreiers toZzyn3dlgil rgmupy hspdafingd hemirhept yl
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Representative examples of alkylthio include, but are not limited, methylsulfanyl,

as

ethylsulfanyl, tert-butylsulfanyl, and hexylsulfanyl.
The term "alkynyl," as used herein, refers to a straight or branched chain hydrocarbon
20 group containing from 2 to 10 carbon atoms, preferably 2 to 6 carbon atoms, preferably in a
straight chain, and containing at least one carbon-carbon triple bond. Representative
examples of alkynyl include, but are not limited, to acetylenyl, 1-propynyl, 2-propynyl, 3-
butynyl, 2-pentynyl, and 1-butynyl.
The term "amino," as used herein, refers to a -NRyoRy; group wherein Ry and R;; are
25 independently selected from hydrogen, alkyl, and alkylcarbonyl as defined herein.
Representative examples of amino include, but are not limited, acetylamino, amino,
methylamino, dimethylamino, ethylamino, and methylcarbonylamino.
The term "aminoalkyl," as used herein, refers to an amino group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
30 Representative examples of aminoalkyl include, but are not limited, aminomethyl,

(methylamino)methyl, 2-aminoethyl, and (dimethylamino)methyl.



appended to the parent nolecul ar noiety through a carbonyl group, as
defined herein. Representative exanples of al kyl carbonyl include, but are
not | i m tveaot/gi34acetyl, 1-oxopropyl, 10 2, 2-di net hyl - | - oxBOT/OR§/13798

1- oxobutyl, and 1-oxopentyl. The term "al kyl carbonyl oxy,"” as used herein,
refers to an al kyl carbonyl group, as fined herein, appended to the
parent nol ecul ar noi ety through an oxy iety, as defined herein.
Represent ati ve exanpl es of al kyl carbonyl oxy include, but are not limted
to, acetyloxy, ethylcarbonyloxy, and tert-butyl carbonyloxy. 15 The term
"al kyl t hi 0, " aShusath hetiebdrrbomgt Lasuded hareimlrkfgts tgragumin@grodgSf dsriefinéer ei n,
appended to the parent nol ecul ar nnfety_throug athio nnietg,eﬁs efi ned
herein. ResieaRrrnges (athe parrst molesplanmigiaty Hirgughz easpenyl grauraisededwed | i ni t ed,

et hy) SuHAY! RepRidNARE Ik AAKlcs of ShhoBibYhA AN by ARdoNEkHpU! Tanyt . The

term "al kynyl, S use n, refers toa stra’ght or branched chain
hydr ocar bmnino@boayh uipmethgtaaiineqagpbohyh mefhitl amid carbotd paralt edimdamproedrboaydl y 2 to

6 carbon ato preferably jn strai ght. chain, and containjng.at | east
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but are nEfnbd MtRdapgeRdaRlié pa%AL mdleBNIARYBNty theouPh AR grodp, RLdrmy .

2-pentynyl, and 1- E)uty_nyl. The term "am no," ds used heréein, refers to a
- NR20R21 lgreimpRepresasitativeRz@amplgs REammoearboriyl allipleipelnde bl gregwt Entited td,2om

hydrogen, al kyl , apd, al kyl.carbonyl, as defined. herein. .Representative
exanp o BN A e B 2 AR A RS LRy e am no.
et hyl am @pnetBylamideylsasiopatylet hyl am no, and net hyl carbonyl am no. The term

"am noal kyl ," as useg her ei n, r”efers to an am no group, as defined herein,
appthded t o t hehegaime mipebdianyht anwsied hyreith refatsiio 4 agring/grogp.cg glefined kpeinned

herein. 30 Repr. tati I ] i ude not
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"am nocar bon%/lplér " as used herein, refers to an am. no group, as defined
herein, dHPe ipgsulieayly Biedtamippaiionyh and edylaminesyligryla car bonyl group,

e i e
'r'ret hyl arribiq&ﬁcbﬁrg)slystf:mndhe&eih}ohlam nocacibe fised singherctapomatic. Representative '
o o S e B S e b S LRSS DO achiy =S
group, as;deltdAG@ronaphthyl.
The aryl groups of the present invention can be substituted with 1, 2, or 3 substituents
independently selected from alkenyl, alkoxy, alkoxyalkoxy, alkoxyalkyl, alkoxycarbonyl,

20 alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonyloxy, alkylthio, alkynyl, amino,
aminosulfonyl, carboxy, carboxyalkyl, cyano, cyanoalkyl, formyl, formylalkyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, mercapto, and nitro.

The term "carbonyl," as used herein, refers to a -C(O)- group.
The term "carboxy," as used herein, refers to a -CO,H group.

25 The term "carboxyalkyl," as used herein, refers to a carboxy group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of carboxyalkyl include, but are not limited to, carboxymethyl, 2-
carboxyethyl, and 3-carboxypropyl.

The term "cyano," as used herein, refers to a -CN group.
30 The term "cyanoalkyl," as used herein, refers to a cyano group, as defined herein,

appended to the parent molecular moiety through an alkyl group, as defined herein.



herein. Representative exanpl es of am nocarbonyl al kyl include, but are not
limted to, 2- am no-2-oxoethyl, 2-(nethylam no)-2-oxoethyl,

4- am no- Avorodseyl , and 4 (di met hyl am no) - 4- oxobutyl . 10PTH&SQIE3M8

"am nosul fonyl ," as used herein, refers to an am no group, as defined
herein, appended to the parent nol ecul@ moiety through a sulfonyl group,
as defined herein. Representative exanples of am nosul fonyl include, but
are not limted, am nosul fonyl, dinethylam nosul fonyl,

met hyl am nosul fonyl, and et hyl am nosul fonyl. The term"aryl," as used

her ei n, r &epreserttative mrrmu‘,e;smlficyandaﬂgl sy idenputare rotflnsited to5csanamethiyk 2r i ng
system wher ei n rl1e nor e of the fused rings are aromati c. Representative
exanpl es GYAQEYL AR Iu%?’é‘noleGPyare not limted to, azul enyl, indanyl,

i ndenyl, naphtiheltern MRk, " a@tﬂ@dh@&frﬁ%fgﬁs%ﬁpm@)}igroﬁbe aryl groups of the
present invention can be Substituted wit 2, ‘or 3 substituents

i ndependent | y Bslitest é@nﬁm’bﬂi}’éf' Ia@ngﬁld hegﬁuk,agﬁers tal akioxyall growys,as defsdylmreind |
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car boxyalR@pkeseﬁmaa@exa@xy;ﬂm f&ﬁhylalfkgr ¢ude fisut Bpd i hivditednal fogRyImetthaba@bkyl ,
hydr oxy, hydroxyal kyl, mercapto, and nitro. The term "carbonyl," as used

herein, rigfeylsthyb a -C(O)- group. The term "car boxy,” as used herein,
refers to a - GRH, 1915%'280"%5 %%ﬁegsrqls'éﬁ% peqﬁé)fgﬁggy C a§ru§glthere| n, refers

to a carboxy group, as de Rer &1 i parent nol ecul ar
noi ety t hr oughThertemh Kiydlogkeuiy, asase(ﬂhémﬂﬁﬁbfé‘lelt@aﬂeast Rﬁ@hﬂsgm at dsfinedxanpl es

of carboxyal kyl i ncI ude, but are n limted to, r boxynmet hy
car b(bxyeﬁﬁwn 2RRePdsd éaﬁtfda@y%}tarffﬁ@cu?afﬁ%m@tmﬁo%%éﬁoquygeﬁ 4?&“@ hereinef er s
to a-CN ‘P Qntaté@ I8 @ha‘f‘dﬁﬂ%&%hﬂﬁd ﬁisarHﬁSfjlnﬁﬁ&F{o“ chlbﬁ)fn?étﬁo;&ﬁ’za cyano

group, as I ne ere| n, appended to the parent nolecular noiety’through
an -al kyl ﬂyomthomtrdhfqrmekhhley,endpeMMb&hW PCT/ USOl/ 13798 29

Cyanomet hyl | STHedgEn R ARas: S EROBIBEH & INRLoRLRHR o PR Ao el
herein, rgp&i®Rdi®tiR pa%@h!‘él&iu%%mé@%ﬁgﬁhn E}l{gﬂyﬂoﬁf) kagldefin@Phdtsigd herein,
refers to a formyl group, as defined herein, ended to the parent

mol BT ul arRapeésentptivhexamesof haldelltyl grebuds, butsrelnst lnvemedqter ilpromethyl, 2-
fluoroethyl, trifluoromethyl, pentafluoroethyl, and 2-chloro-3-fluoropentyl.
The term "heterocycle" or "heterocyclic,” as used herein, refers to a monocyclic,
bicyclic, or tricyclic ring system. Monocyclic ring systems are exemplified by any 3- or 4-
membered ring containing a heteroatom independently selected from oxygen, nitrogen and

20 sulfur; or a 5-, 6- or 7-membered ring containing one, two or three heteroatoms wherein the
heteroatoms are independently selected from nitrogen, oxygen and sulfur. The 5-membered
ring has from 0-2 double bonds and the 6- and 7-membered ring have from 0-3 double bonds.
Representative examples of monocyclic ring systems include, but are not limited to,
azetidinyl, azepinyl, aziridinyl, diazepinyl, 1,3-dioxolanyl, dioxanyl, dithianyl, furyl,

25 imidazolyl, imidazolinyl, imidazolidinyl, isothiazolyl, isothiazolinyl, isothiazolidinyl,
isoxazolyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolyl, oxadiazolinyl,
oxadiazolidinyl, oxazolyl, oxazolinyl, oxazolidinyl, piperazinyl, piperidinyl, pyranyl,
pyrazinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, pyridyl, pyrimidinyl, pyridazinyl, pyrrolyl,
pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, tetrazinyl, tetrazolyl,

30 thiadiazolyl, thiadiazolinyl, thiadiazolidinyl, thiazolyl, thiazolinyl, thiazolidinyl, thienyl,
thiomorpholinyl, 1,1-dioxidothiomorpholinyl (thiomorpholine sulfone), thiopyranyl, triazinyl,
triazolyl, and trithianyl. Bicyclic ring systems are exemplified by any of the above



Representati ve exanples of fornylal kyl include, but are not limted to,
fornyl methyl and 2- fornylethyl. The term "halo" or "hal ogen," as used
herein, medersisso -C, -Br, -1 or -F. The term "hal oal koxpCT/U8&1/133%8d
herein, refers to at | east one hal ogen, as defined 10 herein, appended to
t he parent nolecular noiety through an ¢ koxy_group, as defined herein.
Represent ati ve exanpl es of hal oal koxy include, but are not limted to,

chl oromet hoxy, 2- fluoroethoxy, trifluoronethoxy, and pentafl uoroet hoxy.
The term "hal oal kyl ," as used herein, refers to at |east one hal ogen, as
defi ned hen@imyclicaritpgmenhstmsetdrte aparygroupnasl de€intdheraim epycloddkyitgbumam al kyl

group, as ed herein Representati ve es,.of ha cl ude,
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The term "hydroxy," as used herein, refers to an -OH group.

20 ' The term "hydroxyalkyl," as used herein, refers to a hydroxy group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of hydroxyalkyl include, but are not limited to, hydroxymethyl, 2-
hydroxyethyl, 3-hydroxypropyl, and 2-ethyl-4-hydroxyheptyl.

The term "lower alkenyl," as used herein, is a subset of alkenyl as defined herein and

25 refers to a straight or branched chain hydrocarbon group containing from 2 to 4 carbon atoms
and containing at least one carbon-carbon double bond. Representative examples of lower
alkenyl include, but are not limited, to ethenyl, vinyl, allyl, 1-propenyl and 3-butenyl.

The term " lower alkoxy," as used herein, is a subset of alkoxy as defined herein and -
refers to a lower alkyl group, as defined herein, appended to the parent molecular moiety

30 through an oxy group, as defined herein. Representative examples of lower alkoxy include,

but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, and tert-butoxy.
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Tricyclic rings systens are exenplified by any of the above bicyclic ring
systens fused to an aryl group as defined herein, a cycloal kyl 10 group as
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car boxyal kyl , cyano, cyanoalkyl, fornyl, fonnylal kyl", hal ogen, hal oal kyl,

hydr oxy, teigdy oemrakght or hesnelgst dhaindrydraeviathon. grqdpecanégining Hipar b4 tarhen atvot.
herein, refers t n_ - roup 0Q.The term " hydroxyal kyl,. as used herein,
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mol ecul arapd@eé®bytyil.hr ough an al kyl group, as defined herein. Representative

examgles of hydroxyal kyl include, but are not limted to, hydroxynethyl, 2-
hydtédxyet hyl ,  Bierdgam oloyse alynyl,"ssdsed berpipy isa hest ok glkeprlyas defiprd hegsimangd ower
al kenyl , " ' ' I defl ' 25
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to 4 car bmd cahtaiming atridast ond edrbomgarhon tripds borah R epagsbnnti caetraplaafidweerbond.

Representati | ower alkegy include, but are nof_limted, to

tive exanpl es of |1 I
et henyl , @fsﬁx_y }ncaﬁyy)w e BRLOpRRF (oAt PR PYIYHre PIOBY Y s 21tiBFYaYkoxy,
as used herei npnd §,R 2RI, ks Bbd Ret¥inderdetd neghi baRgi n and refers to a

| ower al kyl group, as defined herein, appended to"the parent nol ecul ar
moi &y 30 t hr dllgtenm "meycapioally]," asusde hereet réfersdd m.mdregpte genp atsidefinek anpl es

O oot O LIRS ol B0 POl LTSt 0 5! IOLY . SLBOEN B PO,
" lover atdePebatalivé exandfled SAAerBBIt641RY] thSlude, DUPSEhoPimabkex ¥akdylmagydef i ned
herein and refers to a | ower al Koxy group, '‘as defined herein, appended to
t he par ersulfanylethyl and 3-sulfanylpropyl.
The term "nitrogen protecting group" or "N-protecting group,” as used herein, refers
20 to those groups intended to protect an amino group against undesirable reactions during
synthetic procedures. Nitrogen protecting groups comprise carbamates, amides, N-benzyl
derivatives, and imine derivatives. Preferred nitrogen protecting groups are acetyl, benzoyl,
benzyl, benzyloxycarbonyl (Cbz), formyl, phenylsulfonyl, pivaloyl, tert-butoxycarbonyl
(Boc), trifluoroacetyl, and triphenylmethyl (trityl). Commonly used N-protecting groups are
25 disclosed in T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 3rd
edition, John Wiley & Sons, New York (1999).
The term "nitro," as used herein, refers to a -NO, group.
The term "oxo," as used herein, refers to a =0 moiety.
The term "oxy," as used herein, refers to a -O- moiety.
30 The term "sulfonyl," as used herein, refers to a -SO,- group.

The term "thio," as used herein, refers to a -S- moiety.



nol ecul ar noi ety through a | ower al kyl group, as defined herein.
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but oxynet hyl, and tert-butoxynethyl. The term "l ower alkyl,"” as used
herein, is a subset of alkyl as definedgoherein and refers to a straight or
branched chai n hydrocarbon group containing froml to 4 carbon atons.
Exanpl es of |ower alkyl are methyl, ethyl, n-propyl, iso-propyl, n-butyl,
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stereois Oéﬁ%BEOméﬁQ % S ﬁﬁrﬁ%ﬁm}}; lsgparatlon of the resulting mixture of diastereomers by

recrystallization or chromatography and liberation of the optically pure product from the

auxiliary or (2) direct separation of the mixture of optical enantiomers on chiral
chromatographic columns.

20 The compounds of the present invention can be used in the form of pharmaceutically
acceptable salts derived from inorganic or organic acids. The phrase "pharmaceutically
acceptable salt" means those salts which are, within the scope of sound medical judgement,
suitable for use in contact with the tissues of humans and lower animals without undue
toxicity, irritation, allergic response and the like and are commensurate with a reasonable

25 benefit/risk ratio.

Pharmaceutically acceptable salts are well-known in the art. For example, S. M.
Berge et al. describe pharmaceutically acceptable salts in detail in (J. Pharmaceutical
Sciences, 1977, 66: 1 et seq). The salts can be prepared in situ during the final isolation and
purification of the compounds of the invention or separately by reacting a free base function

30 with a suitable organic acid. Representative acid addition salts include, but are not limited to
acetate, adipate, alginate, citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate,

camphorate, camphorsulfonate, digluconate, glycerophosphate, hemisulfate, heptanoate,



or chiral centers are present. Stereoisoners are designated "R'" or "S,"

dependi ng' on the configuration of substituents around the chiral carbon
atom Thevoerss4’ R' and "S" used herein are configurati oPeT/@S0dBI98ned i n
(1 UPAC 1974 Reconmendations for Section E, 5 Fundanental Stereochem stry,
Pure Appl. Chem, (1976), 45: 13-30). I4y particular, the stereochemstry
at the two bridgehead carbon atons, shown in fornmula I, may independently
be either (R) or (S), resulting in a cis or trans configuration, unless

specifically noted otherw se. The present invention contenplates various
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metals or alkaline earth metals such as lithium, sodium, potassium, calcium, magnesium and
20 aluminum salts and the like and nontoxic quaternary ammonia and amine cations including
ammonium, tetramethylammonium, tetracthylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, diethylamine, ethylamine and the like. Other representative
organic amines useful for the formation of base addition salts include ethylenediamine,

ethanolamine, diethanolamine, piperidine, piperazine and the like.

25
In Vitro Data
Determination of Nicotinic Acetylcholine Receptor Binding Potencies
Compounds of the invention were subjected to in vitro assays against the nicotinic
acetylcholine receptor as described below and were found to be effective binders to the
30 receptor. The In Vitro protocols for determination of nicotinic acetylcholine channel receptor

binding potencies of ligands were determined as follows.

Binding of [*H]-cytisine ([*°H]-CYT) to neuronal nicotinic acetylcholine receptors was
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The results are detailed in Table 1.

20 Table 1
Binding Data
Example Average
Number K (nM)
1 0.12
2 26
3 0.20
4 36
5 1.7
6 0.75
7 0.08
8 0.04




Bi nding of [3H] -cytisine ([3H -CYT) to neuronal nicotinic acetylcholine
receptors was WO 01/81347 PCT/US01/ 13798 34 acconplished using crude
synapti c weabsswe preparations fromwhole rat brain (Pabr PEUSW/13298.

Mol ecul ar Pharmacol ., 1990, 39:9). Washed nenbranes were stored at -80 C
prior to wuse. Frozen aliquots were sl y thawed and resuspended in 20
vol unmes of buffer (containing: 120 MM NaCl, 5 nMKC, 2 mMMWCl2, 2 nM
CaCl2 and 50 MM Tris-d, pH5 7.4 @ C). After centrifuging at 20,000x g
for 15 mnutes, the pellets were resuspended in 30 volunes of buffer. The
test conpounds were dissolved ijn wat®r to makke040 stock sol utions. Each

solution was then diluted (1:1
t hrough seven

serial |og dilutjions

Yo p

r

bove) and further taken

odudeY3 est] sol utions from 10-5 to

10-11 M 10 Honpgenate (contai pTng325-1p0 Jotefn) was added to
triplicate tubes containing the range of concentrpations of test conpound
descri bed above and-[3H] -CYT ({L.2518M ip a 0.6 nal|volume of 500 L. Sanples
were incubated for' 60 mnutestat 4 C_then rapidly filtered through
What man GFB filters presoaked jn 018% pol yet Ayl enef nine using 3 x 4 nL of
ice- cold buffer. The filters pgre %untc' 4 —t—pf Ecolunme(r) (ICN).
Nonspeci fic binding was 15 determ ned injthe presepnce of 10 M (-)-nicotine
and val ues were expressed as al perggntage oj3total binding. |C50 val ues
were determined with the RS-1 ((BBN) nonljnear |east squares curve-fitting
program and | C50 val ues were cpnverbed tp Ki 29al ues using the Cheng and
Prusoff correction (K;:IC50/(1'[qu"nd]/<d Gflliga d). The results are
detailed in Table 1. 20 Table {1 BiZding Dat & Exanpl e Average Nunmber K;
(nM 10.12 226 30.20 436 5187 b 0.3y

19 576

20 122

22 11

23 4.1

24 0.16

25 1.4

26 0.62

27 0.10

28 0.34

29 0.35

30 2.9

31 14

32 5.3

33 0.02

35 0.13

36 0.17

37 1.2

38 0.16

39 0.54

40 6.2

41 1.9




7 0.08 8 0.04 WO 01/81347 PCT/US01/13798 35 9 ' 0.04 10 0.03 11 0.04

12 0.05 13 1.5 14 1.1 156.3 16 23 17 31 18 154 19 576 20 122 22
11 23 ' WM001/8R3470.16 25 1.4 26 ' 0.62 27 0.10 28 0. 3BCT/RO0101338 30 2.9
31 14 32 5.3 33 0.02 350.13 36 0.17 37 1.2 38 0.16

36

42 0.03

43 0.30
44 0.23
45 0.88
46 0.73
47 0.80
48 0.10
49 0.02
50 0.51
51 0.12
52 1.3
53 3.1
54 1.3
55 0.72
56 0.62
57 A 1.2
58 0.53
59 0.35
60 0.11
61 - 25
62 0.10
63 0.56
64 1.1
65 3.1
66 0.26
67 1.0
68 0.61
69 3.2
70 0.86
71 1.5
72 0.60




39 0.54 40 6.2 41 1.9 WO 01/81347 PCT/US01/13798 36 42 0.03 43 0.30 44
0.23 45 0.88 46 0.73 47 0.80 48 0.10 49 0.02 50 0.51 51 0.12 52 1.3
53 3.1 WMOM/B34B5 0.72 56 0.62 57 1.2 58 0.53 59 0.3BCT/HO010131B 61 2.5
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37

73 24

74 3.2
75 6.9
76 0.28
77 19
78 25
79 0.12
80 0.17
81 11
82 363
83 97
84 24
85 | 0.27
86 . 0.75
87 0.20
88 0.56
89 0.24
90 0.04
91 1.1
92 0.12
93 0.30
94 0.12
95 0.12
96 1.9

In Vivo Data

Determination of Effectiveness of Nicotinic Acetylcholine Receptor Ligands as Analgesic

. Agents in the Mouse Hot Plate Paradigm

5 An in vivo protocol was utilized to determine the effectiveness of nicotinic
acetylcholine receptor ligands as analgesic agents in the mouse hot plate paradigm.

Separate groups of mice, (n=8/group) were utilized for each dose group. All drugs
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were administered by the intraperitoneal route of administration. Test drugs were dissolved

in water to make a 6.2 mM stock solution. Animals were dosed with this solution (10
mL/kg body weight) for a 62 micromol/kg dose. Lower doses were administered similarly,
following serial dilution of the stock solution in half-log increments. Animals were dosed 30

5 minutes prior to testing in the hot plate. The hot-plate utilized was an automated analgesia
monitor (Model #AHP16AN, Omnitech Electronics, Inc. of Columbus, Ohio). The
temperature of the hot plate was maintained at 55 °C and a cut-off time of 180 seconds was
utilized. Latency until the tenth jump was recorded as the dependent measure. An increase
in the tenth jump latency relative to the control was considered an effect.
10 Table 2 shows the minimally effective dose (MED), among the doses tested, at which

a significant effect, as defined above, was observed for compounds of the present invention.
The data shows that selected compounds of the invention show a significant antinociceptive

effect at doses ranging from 1.9 to 62 pmol/kg.

Table 2 .
15 Mouse Hot Plate Data
Example (MED)

Number pmol/kg
1 19
3 6.2
7 19
8 6.2
9 19
10 6.2
11 6.2
12 62
13 6.2
J 14 1.9
15 19
22 19
23 62
24 6.2
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ranging from1.9 to 62 nol/kg. Table 2 15 Muyse Hot Plate Data Exanple
(MED) Nunber nol/kg 1 19 3 6.;‘5‘3“?5 }Péhego@ﬁlagm £Sh9 10 6.2 11 6.2 12 62
13 6.2 Amother in vivo protocol utilized to determine the effectiveness of nicotinic

5 acetylcholine receptor ligands as analgesic agents was the formalin test.

Male Sprague-Dawley rats (Charles River, Portage, MI) weighing 200 to 400 grams

were used for all experiments. After a 20 minute period of acclimation to individual cages,
50 pl of a 5% formalin solution was injected subcutaneous into the dorsal aspect of one of
the rear paws and the rats were then returned to the clear observation cages suspended above

10 mirror panels. Rats were observed for either a continuous period of 60 minutes or for periods
of time corresponding to phase 1 and phase 2 of the formalin test. Phase 1 of the formalin
test was defined as the period of time immediately after injection of formalin until 10 minutes -
after the formalin injection (i.e., 0-10 minutes after formalin). Phase 2 was defined as the 20
minute period from 30 to 50 minutes after formalin injection. The investigator recorded

15 nocifensive behaviors in the injected paw of four animals during the session by observing
each animal for one 15 second observation period during each 1 minute interval. Nocifensive
behaviors recorded included flinching, licking or biting the injected paw. In dose-response
studies, the test compound (or saline) was administered intraperitoneally 5 minutes before
injection of formalin.

20 Table 3 shows the minimally effective dose (MED) at which a statistically significant
effect was observed for compounds of the present invention. The data shows that selected
compounds of the present invention show antinociceptive effect at doses ranging from 0.19 to

>19 pmol/kg.
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conpounds of the present invention show antinociceptive effect at doses
ranging fromO0.19 to >19 nol/kg. WO 01/81347 PCT/US01/13798 40 Table 3
Formal i nWe@set/8B3éta Exanple (MED) Nunber nol/kg 1 0.62 FCHUR01/1B®81.9 13
0.62 14 0.62 15 >6.2 22 1.9 23 0.62 24 6.2 28 1.9 29 6.2 33 0.62
35 1.9 36 6.2 37 6.2 38 >6.2 40 1.9,;41 >1.9 43 6.2 44 6.2 45 0.62
46 0.62 47 1.9 48 0.19

53 >19
54 1.9
55 >19
56 1.9
57 6.2
58 1.9
60 0.62
62 0.19
63 . >19
64 >19
65 >19
67 19
68 >19
69 >19
70 >19
71 >19
72 >19
74 1.9
76 1.9
85 >19
86 - >19
87 6.2

The data in Tables 1, 2 and 3 demonstrates that compounds of the present invention
bind to the nicotinic acetylcholine receptor and are useful for treating pain. Compounds of
the present invention may also be useful for ameliorating or preventing additional disorders
affected by nicotinic acetylcholine receptors such as Alzheimer’s disease, Parkinson’s

5 disease, memory dysfunction, Tourette’s syndrome, sleep disorders, attention deficit
hyperactivity disorder, neurodegeneration, inflammation, neuroprotection, amyotrophic atral
sclerosis, anxiety, depression, mania, schizophrenia, anorexia and other eating disorders,
AIDS-induced dementia, epilepsy, urinary incontinence, Crohn’s disease, migraines, PMS,

erectile disfunction, substance abuse, smoking cessation and inflammatory bowel syndrome.



50 6.2 51 0.62 52 19 WO 01/81347 PCT/USO01/13798 41 53 >19 54 1.9 55
>19 56 1.9 57 6.2 58 1.9 60 0.62 62 0.19 63 >19 64 >19 65 >19 67
19 68 >™oo63#19 70 >19 71 >19 72 >19 74 1.9 76 1.PCT/8S014B8 86 >19
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ni cotinic acetylcholine receptors such as Al zheiner's di sease, Parkinson's
5 di sease, nmemogaghyBimndcértopical bduimttreion c\andnpoend sf the praesianerisn
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include powders, sprays, ointments and inhalants. The active compound is mixed under
sterile conditions with a pharmaceutically acceptable carrier and any needed preservatives,
buffers or propellants which can be required. Opthalmic formulations, eye ointments,
5 powders and solutions are also contemplated as being within the scope of this invention.
Actual dosage levels of active ingredients in the pharmaceutical compositions of this
invention can be varied so as to obtain an amount of the active compound(s) which is
effective to achieve the desired therapeutic response for a particular patient, compositions and
mode of administration. The selected dosage level will depend upon the activity of the
10 particular compound, the route of administration, the severity of the condition being treated
and the condition and prior medical history of the patient being treated. However, it is within
the skill of the art to start doses of the compound at levels lower than required for to achieve
the desired therapeutic effect and to gradually increase the dosage until the desired effect is
achieved.
15 When used in the above or other treatments, a therapeutically effective amount of one
of the compounds of the present invention can be employed in pure form or, where such
forms exist, in pharmaceutically acceptable salt, ester or prodrug form. Alternatively, the
compound can be administered as a pharmaceutical composition containing the compound of
interest in combination with one or more pharmaceutically acceptable excipients. The phrase
20 "therapeutically effective amount" of the compound of the invention means a sufficient
amount of the compound to treat disorders, at a reasonable benefit/risk ratio applicable to any
medical treatment. It will be understood, however, that the total daily usage of the
compounds and compositions of the present invention will be decided by the attending
physician within the scope of sound medical judgement. The specific therapeutically
25 effective dose level for any particular patient will depend upon a variety of factors including
the disorder being treated and the severity of the disorder; activity of the specific compound
employed; the specific composition employed; the age, body weight, general health, sex and
diet of the patient; the time of administration, route of administration, and rate of excretion of
the specific compound employed; the duration of the treatment; drugs used in combination or
30 coincidental with the specific compound employed; and like factors well known in the

medical arts. For example, it is well within the skill of the art to start doses of the compound

at levels lower than required to achieve the desired therapeutic effect and to gradually
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specific co rrpci}f{alm(rjmaceutical compositions of this invention for parenteral injection comprise

20 pharmaceutically acceptable sterile aqueous or nonaqueous solutions, dispersions,
suspensions or emulsions as well as sterile powders for reconstitution into sterile injectable
solutions or dispersions just prior to use. Examples of suitable aqueous and nonaqueous
carriers, diluents, solvents or vehicles include water, ethanol, polyols (such as glycerol,
propylene glycol, polyethylene glycol and the like), vegetable oils (such as olive oil),

25 injectable organic esters (such as ethyl oleate) and suitable mixtures thereof. Proper fluidity
can be maintained, for example, by the use of coating materials such as lecithin, by the
maintenance of the required particle size in the case of dispersions and by the use of
surfactants.

These compositions may also contain adjuvants such as preservatives, wetting agents,

30 emulsifying agents and dispersing agents. Prevention of the action of microorganisms can be
ensured by the inclusion of various antibacterial and antifungal agents, for example, paraben,

chlorobutanol, phenol sorbic acid and the like. It may also be desirable to include isotonic
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compositions which can be dissolved or dispersed in sterile water or other sterile injectable
20 medium just prior to use.

Solid dosage forms for oral administration include capsules, tablets, pills, powders
and granules. In such solid dosage forms, the active compound may be mixed with at least
one inert, pharmaceutically acceptable excipient or carrier, such as sodium citrate or -
dicalcium phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose,

25 mannitol and silicic acid; b) binders such as carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidone, sucrose and acacia; c) humectants such as glycerol; d) disintegrating
agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain
silicates and sodium carbonate; €) solution retarding agents such as paraffin; f) absorption
accelerators such as quaternary ammonium compounds; g) wetting agents such as cetyl

30 alcohol and glycerol monostearate; h) absorbents such as kaolin and bentonite clay and i)

lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols,

sodium lauryl sulfate and mixtures thereof. In the case of capsules, tablets and pills, the
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glycol, 1,3-butylene glycol, dimethyl formamide, oils (in particular, cottonseed, groundnut,
corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene
20 glycols and fatty acid esters of sorbitan and mixtures thereof.

Besides inert diluents, the oral compositions may also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring and perfuming
agents.

Suspensions, in addition to the active compounds, may contain suspending agents as,

25 for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar, tragacanth and
mixtures thereof.

Compositions for rectal or vaginal administration are preferably suppositories which
can be prepared by mixing the compounds of the present invention with suitable non-

30 irritating excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax
which are solid at room temperature but liquid at body temperature and therefore melt in the

rectum or vaginal cavity and release the active compound.
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coati ngs |l -kn in [ eut.l cal ..formul at i ri.. They ma

opt i onal I%\ﬁcsglﬁ ai (\Fll\@%éﬁglé?1$p3§sn§@§ma%§X%%%§gs l?cétghlcs)ggsc?? Sétpaé%t?rlg'oo it?élegher‘s uch
that they rel emstholiier Rehilipesdm@reelasi &) thealty Seerfopéehls Présabtt VEd., i n a
certain part of the intestinal tract, optionall in a del ayed manner.
Exahdl es Metheds inbelbiBiciesy Yopuss Ki¥nic %%P@ah% vedd N- Kl mePyakeri c
subst anceg, and waxes. The active conpounds can also be in

m cro-encapsul ated form if appropriate, with one or nore of the

above- nment i oneCompaeunes efithe. prédeguinderdoaahs afofommed by iwviab caniversiosbf at | on

i ncl ude p maceuti cal.ly acceptahl e _enul sions, solutjions, suspensi.ons,
Syrups R S S R AN A ctaryRal a5 PeaeL o boiscHed Mg o
dosage fophEscdRYLraYBdent ifEfitlondi | UeNts commonly used in the art such as,
for exanple, water or other solvents, solubilizing agents and enul sifiers

such5 as et hyl Hiecwmyounds sithe opyhticr camhaxlist iretusplvagealrds ovedlt as sobvated | fomest at e,
R TR R T L T A T R
germ ol i pfRrmSREHOI 2R Eep A8 B8l vats Sdch ad WHE@ a0l etHaBbI AOHB AR hdleyhivaleaphol |
pol yethyl'ene 20 glycols and fatty acid esters of sorbitan and m'xtures
t her eof . to the unsolvated forms for the purposes of the invention.
The term "pharmaceutically acceptable prodrug" or "prodrug,"as used herein,
20 represents those prodrugs of the compounds of the present invention which are, within the
scope of sound medical judgement, suitable for use in contact with the tissues of humans and
lower animals without undue toxicity, irritation, allergic response, and the like,
commensurate with a reasonable benefit/risk ratio, and effective for their intended use.
Prodrugs of the present invention may be rapidly transformed in vivo to compounds of
25 formula I, for example, by hydrolysis in blood. A thorough discussion is provided in T.
Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, V. 14 of the A.C.S. Symposium
Series, and in Edward B. Roche, ed., Bioreversible Carriers in Drug Design, American
Pharmaceutical Association and Pergamon Press (1987).
The term "pharmaceutically acceptable ester" or "ester," as used herein, refers to
30 esters of compounds of the present invention which hydrolyze in vivo and include those that
break down readily in the human body to leave the parent compound or a salt thereof.

Examples of pharmaceutically acceptable, non-toxic esters of the present invention include



Besides inert diluents, the oral conpositions may al so include adjuvants
such as wetting agents, enulsifying and suspendi ng agents, sweeteni ng,
flavori ngv@antseser f umi ng agents. Suspensions, in additi onP€DUBHIEL32WE | ve
conpounds, may contai n suspending agents as, 25 for exanple, ethoxylated
i sostearyl al cohols, polyoxyethylene s ﬁbitol and sorbitan esters,

m crocrystalline cellulose, alum num netahydroxi de, bentonite, agar-agar,
tragacanth and m xtures thereof. Conpositions for rectal or vagi nal

adm nistration are preferably suppositories which can be prepared by
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body tenpgg&pidire and therefore nelt in the rectumor vaginal cavity and
rel ease the active conmpound. WO 01/81347 PCT/US01/ 13798 46 Conpounds of
the-present i ﬁﬂermirmoun@smfa;hsprewt atrenhos ey ddvé activitg aganshdiforddrs wbshnes.

known i art s are general |y deriv fro hosphal i pi ds
hert msfialed b b Eh SRR Rt uRe SvarE: nop I EDE HiHene S R RE VAR | ar
hydr at ed dlgoq&ergaff@&é/cﬂs;ahfeomb @het ACRo1eHeTBEIpS&S: Il N VRN ARK) U AHBG, WP :Any
non-toxic, physiologically 5 acceptable and netabollzable Ilpld capabl e of

form ng Iquyosebﬁ‘@s’rqbappmléehaé@dd1ssph@ng)wetébmtllera@@wpbmt@nt@hgf nigotinep Bsprfepibor m

Crani 11 2 aplest @R RleL 2 oByaPARe A iegty "y SR o BBV i g

ar e nat unduromi dicoihichettylthphesRbedtbg] NSVamgah @c&pi@ﬂﬁraldﬁéfvo@h eystdies
(lecithins) used separately or toget her. Methods to formliposones_are

knobh i n thérapufics. Iselsychonhagnagpingy: ThediwghiGenerption of BrogeskoBLogm FBe| |
Bi ol ogy, Sﬁngfbifﬁ 1 Hdé R ﬁé&%rﬁ&'%ﬁob%‘ 100 %) Ah&{EX, PP HIRAS, MSea-

Conmpound e pre sent invehtron t by I'n’vivd conversi on of
a differwntSutlorpolne: tClalinews cmdmeilrm(hiae«ikstamaaovmmhmhpeanesﬂrattégnﬁmd to be

the | nverlFRATERABErEt TR QR VaReaE (hag) Sho: 9arhi 4 LBRER: Tincl udi ng
phar macelt a4 e AL %Eﬁﬁée?'é”ﬁléﬂgailﬁéhﬂéﬁ%?ﬁ’a%%%wét her s
ar el’®equi vial 698-222p ahthé) ddewd, bKeMechoaghs, H; Gontdmepi i) Spos €5 Sidzel, Re Akougiv on.
Stauderman, K; Velicelebi, G; Johnson, E; Harpold, M M; Rao, T S; Sacaan, A I; Chavez-
Noriega, L E; Washburn, M S; Vemier, I M; Cosford, N D P; McDonald, L A: The
potential of subtype selective neuronal nicotinic acetylcholine receptor agonists as therapeutic
agents. Life Sciences (1998)62(17/18): 1601-1606. - These disorders include, but are not
20 limited to the following: pain (references 1 and 2), Alzheimer’s disease (references 1-5),
Parkinson’s disease (references 1, 4 and 5), memory dysfunction, Tourette’s syndrome
(references 1, 2 and 4), sleep disorders (reference 1), attention deficit hyperactivity disorder
(references 1 and 3), neurodegeneration, inflammation, neuroprotection (references 2 and 3),
amyotrophic atral sclerosis, anxiety (references 1, 2 and 3), depression (reference 2), mania,
25 schizophrenia (references 1, 2 and 4), anorexia and other eating disorders, AIDS-induced
dementia, epilepsy (references 1,2 and 4), urinary incontinence (reference 1), Crohn’s
disease, migraines, PMS, erectile disfunction, substance abuse, smoking cessation (references

1 and 2) and inflammatory bowel syndrome (references 1 and 4) among others.

30 Abbreviations
Abbreviations which have been used in the descriptions of the Schemes and the

Examples that follow are: Ac for acetyl; AcOH for acetic acid; BINAP for 2,2'-



The term "pharmaceutically acceptable prodrug"” or "prodrug,"as used herein,
20 represents those prodrugs of the conpounds of the present invention

whi ch arayowi/stsuh the scope of sound nedi cal judgenent, BOTAU&WIB7980r use
in contact with the tissues of humans and |ower aninals wthout undue
toxicity, irritation, allergic responsgg and the |ike, comensurate with a
reasonabl e benefit/risk ratio, and effective for their intended use.
Prodrugs of the present invention may be rapidly transforned in vivo to
compounds of 25 fornula I, for exanple, by hydrolysis in blood. A thorough
di scussi omis(diphsnylphgephine)- T;1-binhmhiieyi Bemfbriert-Briekyearbamyl(Beda® fasdiNextel

Roche. e DUSAbgle) dylogltBnay e BETR A T RSB Sl B o

Associ at ifon1 ankls(desteapRodpham)fctrb8&he) EtOAE fdrekiyl aPi@acBeOUbt dsthlYether;
acceptabl e ester” or "ester," as used herein, refers to 30 esters of

conpoundsEtOH for ethgpels e forieqviaalenishfonmilim foryadroditippe fiformaldehydn B 7%nbY ude
thosge th r [ h
st o el BRIt L TS0 Ok L Y A
non- t oxi ciydatledeOH fohmeflaasie Ms ﬁoﬂm@jzlaﬁar(SOEEHngfR@tﬁﬂz{t&%{cm) TFA for
PCT/ US01/ 13798 47 Cl-to0-C6 al k esters_and to- C7 cycl oal kyl esters,
al t hough teflugrgagshic geady THESHop pedra Y@Oﬁjﬁ%f@ﬁﬁ é‘éf mEsef}é’ﬂ%lybfTstfﬁétoéﬂ#%a%s of
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Chol i nergi ¢ channel nodul ators as a novel therapeutl c strategy for
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Bicyclic diamines of general formula (5), wherein Y and Z are as defined in formula I
and P, is a nitrogen protecting group such as tert-butoxycarbonyl (Boc), can be prepared as
described in Scheme 1. B-Keto esters of general formula (1), wherein R is lower alkyl such

20 as methyl or ethyl, can be purchased commercially or prepared as described in (J. Chem. Soc.
Perkin I (1998) 3673-3689; J. Heterocyclic Chem. (1990) 27(7), 1885-1892; and J. Med.
Chem. (1986) 29(2), 224-229). B-Keto esters of general formula (1) can be treated with



Noriega, L E, Washburn, MS; Vernier, J M Cosford, NDP; MDonald, L A
The potential of subtype selective neuronal nicotinic acetylcholine
recept or vegonssi#s as therapeutic agents. Life Sciences (ROP8PG2(3198/ 18):
1601- 1606. These di sorders include, but are not 20 limted to the
followi ng: pain (references 1 and 2), é;helner s di sease (references 1-5),
Par ki nson's di sease (references 1, 4 an menory dysfunction, Tourette's
syndrome (references 1, 2'and 4), sleep dlsorders (reference 1), attention
deficit hyperactivity disorder (references 1 and 3), neurodegeneration,
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acetic acid; BINAP for 2,2° \WD 01/81347 PCT/US01/13798 48
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(Boc)20 r di benzyl i deneacet one; DV
for N, N é&?tgéégﬁggd%%m%%%$ %f?&B@'gghlphenylphosphlno)ferrocene
Et CAc for ethyl acetate; Et20 for dlethyl ether; EtOH for ethanol; eq for
equbyalents; formalin for a solution g 8}(%{raldehyde (37% by 5 meight) in
HPLC for high pressure liquid ogr aphy; LAH for lithium
alum num hydridg; MeOH for nethanol ;o for nesylate (SO2CH3wMs Tf for
triflate (SQ2CF3); TFA for trifluoro cetiMﬁﬁerﬁﬁlTHE for__t etlr ahydr of ur an
TMS for trimeR@yl 51 yh; Washpr HOS andEtsfsOH f oMsPar aF't ofyuenesul foni ¢
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prepared. 15 Scheme 1 0 O NHBn NH2 RO 1) benzyl am ne HE,H HO

OMs N
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2) PtO,, Hy, HoN NaHCO;3
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(8) , (5) Py =C(O)CF3
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z.,. Y —— J
N z\I Y
P, P,
(7) (5) P4=Bn

An alternative method of preparing bicyclic diamines of general formula (5), wherein
Y and Z are as defined in formula I and P, is a nitrogen protecting group such as benzyl, can
be used as described in (Jacquet et. al., Tetrahedron Lett. (1991) 32(12), 1565-1568). p-Keto
15 esters of general formula (1) can be treated with sodium borohydride to provide diols of
general formula (6). Diols of general formula (6) can be treated with methanesulfonyl
chloride or para-toluenesulfonyl chloride to provide bis sulfonates of general formula (7).
Bis sulfonates of general formula (7) can be treated with sodium azide and then hydrogenated

in the presence of a platinum catalyst such as platinum(IV) oxide to provide amines of



2) NaBH4, AcOH PdYC Z.NY Z. NY Z N'Y P2 P2 P2 (1) (2) (3) HOQ 2.0 eq.
o-Nosyld "\l , N2 N EESNNORSH (3) ?-I Z Ny Z 'YNP2 P2 (5 (4
Bi cycl i c w0 anries of general formula (5), wherein Y and Zrar/@Sa@s13desfi ned in
formula | and P2 is a nitrogen protecting group such as
tert-butoxycarbonyl (Boc), can be prepaggd as described in Schene 1.
(3-Keto esters of general forrmula (1), wherein Ris |ower alkyl such 20 as
met hyl or ethyl, can be purchased comercially or prepared as described in
(J. Chem Soc. Perkin I (1998) 3673-3689; J. Heterocyclic Chem (1990)
27(7), 188mna@birmyled8). Anseks of @heeral fHro@l8 8@ be treaed vy nitioBerkptotectng er s

Xereq
of general fornula (1) can be treated w.th 1/.81347 P 1/13798 49
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f | ] - . . | of | be 5t ted with
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base such as triethylam ne to provide sul fonam des of general formula (4).
Sul f onami des of general formula (4) can be treated with al kyl or aryl

mer capt ans such as thi ophenol to provs 1fn‘ﬂrﬁ)noprot ected bicyclic diamnes
of general formula (5). 10 Schene 2 O g OH Ovs MsCl or TsCl
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Octahydropyrrolo[3,4-c]pyrroles of general formula (10), wherein P; and P, are
10 independently selected from hydrogen or a nitrogen protecting group, can be prepared as
described in Scheme 3. lH—Pyrrdlc—Z,S—dione can be treated with N-benzyl-N-
(methoxymethyl)-N-[(trimethylsilyl)methyl]amine in the presence of a catalytic amount of
acid such as trifluoroacetic acid to provide 5-benzyltetrahydropyrrolo[3,4-c]pyrrole-
1,3(2H,3aH)-dione. The tetrahydropyrrolo[3,4-c]pyrrole can be treated with lithium
15 aluminum hydride to provide octahydropyrrolo[3,4-c]pyrroles of general formula (10).
Octahydropyrrolo[3,2-b]pyrroles of general formula (11), wherein P; and P, are
independently selected from hydrogen or a nitrogen protecting group, can be prepared as
described in (US 5,071,999).
Octahydropyrrolo[3,4-b]pyrroles of general formula (12), wherein P; and P, are
20 independently selected from hydrogen or a nitrogen protecting group, can be prepared as
described in (Cope and Shen, JACS (1956) 78, 5916-5920).



ROB NaBH4 HO Et3N MsO Z,N,Y Z,NY Z, NY P2 P2 P2 (1) (6) (7) P1 Ovw N

1) NaN3, DMF ~ 1) (CF3CO) 20 2) Pt02, H2 H2ZN I NaHC3 Y (7) ,N2) NaH Z,N. Y
P2 P2 (8yo0b313PL = C(OCF3 P1 OV N MO benzyl am ne \ ~PZI/NSM/IB7MWA P2 P2
(7) (5 P, =Bn An alternative nethod of preparing bicyclic diamnes of
general formula (5), wherein Y and Z ap;e as defined in formula | and P2 is
a nitrogen protecting group such as benzyl, can be used as described in
(Jacquet et. al., Tetrahedron Lett. (1991) 32(12), 1565-1568). (3-Keto 15
esters of general fornmula (1) can be treated with sodi um borohydride to
provide diols of general forrmula (6) Sciinnd4 of general formula (6) can be
treated with net hanesul fonyl chlori or para-toluenesul fonyl chloride to

provide bis sulfonates ofpgenesal forfula (7). Bis sulfonates of general
ide and, t hen mydr ogenabedBnin the
H nu%:[w; Toxi ,proviide

formula (7) CE'B “trpavpel/GiH; h sogiH
50 general forml 8). Am nes of

presence of a

am nes of WO 01/81347 PCT/ US01/ 13798 14

general formula (8) can be treated with a nitrogen protecting group such
as trifluoroacetic anhydride and then tred&ked with sodi um hydride to effect
ring closure to provide bicyclic diam f general formula (5).

Al ternatively, bis sulfonates of geRéYal] fojnula (7) can be treated with
am nes such as

(15)

Octahydro-1H-pyrrolo[3,4-c]pyridines of general formula (14), wherein P, and P, are

independently selected from hydrogen or a nitrogen protecting group, can be prepared as
5 described in Scheme 4. 1H-Pyrrolo[3,4-c]pyridine-1,3(2H)-dione, commercially available,

can be treated with a base and a nitrogen protecting group such as benzyl bromide and then
treated with a transition metal catalyst such as a platinum catalyst, platinum on carbon for
example, under a hydrogen atmosphere to provide 2-benzylhexahydro-1H-pyrrolo[3,4-
c]pyridine-1,3(2H)-dione. The dione can then be treated with a reducing agent such as

10 lithium aluminum hydride to provide octahydro-1H-pyrrolo[3,4-c]pyridines of general
formula (14).

Octahydro-1H-pyrrolo[3,4-b]pyridines of general formula (15), wherein P, and P; are
independently selected from hydrogen or a nitrogen protecting group, can be prepared as
described in (EP 0603887 A2).

15



5 benzyl am ne to provide bicyclic am nes of general fornula (5). Schene 3
0 Bn(NNTMS N O + TFA HN NBn LAH P, \NP2 P2 = Bn HO/ O (10) P P <NP2 N
(~ 1) (1xyopgsi3@ct ahydropyrrol o] 3, 4-c] pyrrol es of general PEDURMIETY810) ,
wherein P1 and P2 are 10 i ndependently sel ected from hydrogen or a nitrogen
protecting group, can be prepared as scribed in Schenme 3.

1H Pyrrol e-2,5-dione can be treated with N-benzyl -

(met hoxynmethyl )-N-[(trinmethylsilyl)methyl] amne in the presence of a

catal ytic anmount of acid such as trifluoroacetic acid to provide

5- benzyl t et rahydr opyrrol o[ 3, 4- c] pyr r oBehenig 3( 2H, 3aH) - di one. The
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Octahydro-1H-pyrrolo[3,2-b]pyridines of general formula (16), wherein P; and P; are
independently selected from hydrogen or a nitrogen protecting group, can be prepared as
5 described in Scheme 5. 1H-Pyrrolo[3,2-b]pyridine, prepared as described in (J.Chem.Soc.
(1948) 198), can be treated with a nitrogen protecting reagent such as benzyl bromide or di-
tert-butyl dicarbonate to provide N-protected pyrrolopyridines which can then be treated with
a platinum catalyst such as platinum on carbon under a hydrogen atmosphere to provide
octahydro-1H-pyrrolo[3,2-b]pyridines of general formula (16).
10 1H-Pyrrolo[3,2-c]pyridine, prepared as described in (Tetrahedron (1993) 49(4), 2885-
2914) can be processed as described above to provide octahydro-1H-pyrrolo[3,2-c]pyridines
of general formula (17).
1H-Pyrrolo[2,3-c]pyridine, prepared as described in (Synthesis (1996) 877-882) can
be processed as described above to provide octahydro-1H-pyrrolo[2,3-c]pyridines of general
15 formula (18).



P2 N P I NCO (15) OCctahydro-|H pyrrolof3,4-c]pyridines of general
formula (14), wherein Pl and P2 are independently selected from hydrogen
or a nitm™mgenspudt ecti ng group, can be prepared as 5 descPChed/37BCchene 4.
1H Pyrrol o[ 3, 4-c] pyridine-1, 3(2H)-di one, commercially available, can be
treated with a base and a nitrogen prot5%cti ng group such as benzyl brom de
and then treated with a transition netal catalyst such as a platinum

catal yst, platinumon carbon for exanple, under a hydrogen atnosphere to
provi de 2-benzyl hexahydro-I| H pyrrol o[ 3, 4- c]pyridine-1, 3(2H)-dione. The

di one can then be treated with a reduSchgmafent such as 10 lithium al um num
hydri de to provide octahydro-| H-pyrrlg?l o[ 3, 4-c] pyridines of general formula
(14). Oct &®gdro-1 H pyrrol o] 3, 48 pyrj di nes of general formiha , Wherein
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Decahydropyrrolo [2;3-0} azepines of general formula (20), wherein P; and P, are
independently selected from hydrogen or a nitrogen protecting group, can be prepared as
5 described in Scheme 6. Benzyl 2,3,3a,4,5,7a-hexahydro-1H-indole-1-carboxylate, prepared
as described in (Ronn and Andersson, Tetrahedron Lett., (1995) 36(42) 7749-7752), can be
treated with ozone and methyl sulfide to provide the dialdehyde. The dialdehyde can be
treated with amines such as benzyl amine in the presence of acetic acid and sodium
cyanoborohydride to provide decahydropyrrolo[2,3-cjazepines of general formula (20).

10 Decahydropyrrolo[3,4-clazepines of general formula (22), wherein P; and P, are
independently selected from hydrogen or a nitrogen protecting group, can be prepared as
described in Scheme 6. 1,5,6,7-Tetrahydro-2H-azepin-2-one, prepared as described in
(Reimschuessel and Pascale, JOC (1969) 34(4) 959-963), can be treated with a nitrogen
protecting reagent and then treated with N-benzyl-N-(methoxymethyl)-N-

15 [(trimethylsilyl)methyl]amine in the presence of a catalytic amount of acid such as
trifluoroacetic acid to provide octahydropyrrolo[3,4-clazepinones of general formula (21).
Octahydropyrrolo[3,4-clazepinones of general formula (21) can be treated with a reducing
agent such as lithium aluminum hydride to provide decahydropyrrolo[3,4-c]azepines of
general formula (22).

20



<N (P2C JJN H2 \\ 2 (18) Cctahydro-IH pyrrolo[3,2-b]pyridines of
general fornula (16), wherein Pi and P2 are independently selected from
hydr ogen Vo0 0E8134T r ogen protecting group, can be prepared BET/HSUeseIs bed in
Schenme 5. 1H Pyrrol o[ 3, 2-b] pyridine, prepared as described in (J. Chem Soc.
(1948) 198), can be treated with a nitrﬂgen protecting reagent such as
benzyl brom de or di- tert-butyl dicarbonate to provide N-protected

pyrrol opyridines which can then be treated with a platinumcatal yst such
as platinumon carbon under a hydrogen atnosphere to provide

oct ahydro-| H pyrrol o[ 3, 2- b] pyri di nes Sthgesn@éral formula (16). 10

1H Pyrrol o[ 3, 2-c] pyriding, Ed’ ared as_described in (Tetrahedron (1993)
49(4), 2885- 2947) YEarNbl HreéSeddy ng gsc Phed'Shdve PONDrovi ¢,

oct ahydr o- | H pyr&o » 22), BYdrigel)Jees '\0 eral formula {1

1H Pyrrol o[ 2, 3-c] pyri di ne, prepared asdagscri bed in (Synt heﬁeﬁ (1996)
877-882) can be processed as describe a%ove to provide

os 81347 PCT B&@@? s st e oy H A, H 0B CHISORB N0
2 ON-TC VA ’ 4N
BANH2, NaCNBHZ N2 P, & Bnip0 P2CT 070 ot 20/ i (P2) 20 /
% BB (3 "

NP2 NBnTMS TFA + =0~"NP (21) PIN NP (22) g?B = Bn
Decahydr opyrrol o[ 2, 3-c] azepi nes of general fornula (20), whét®i n' P1 and P2

are independently selected from hydrogen or a nitrogen protecting group,
can be prepar ednds B 1) Pd/CaCO0s, Hy hé(j PUC,Hy  p,N
AN N/ 2) chl or (P2)2O AN N
P2

2
(30)
Bicyclic diamines of general formula (26), (28), and (30), wherein P; and P, are
independently selected from hydrogen or a nitrogen p;otecting group, can be prepared as
-5 described in Scheme 7. [2,7]Naphthyridine, prepared as described in (Numata, et. al.,
| Synthesis (1999) 2, 306-311) can be treated with palladium such as palladium on calcium
carbonate under a hydrogen atmosphere as described in (Chem.Pharm.Bull., (1958) 6, 408)
and then treated with a nitrogen protecting reagent to provide tetrahydro[2,7]naphthyridines
of general formula (25). Tetrahydro[2,7]naphthyridines of general formula (25) can be
10 further reduced with platinum on carbon under a hydrogen atmosphere to provide bicyclic
diamines of general formula (26).
[2,6]Naphthyridine and [1,6]naphthyridine, prepared as described in (Numata, et. al.,
Synthesis (1999) 2, 306-311; ) can be processed as described above to provide bicyclic

diamines of general formula (28) and general formula (30) respectively.

15



5 described in Schenme 6. Benzyl

2,3,3a,4,5, 7a- hexahydro-|I H i ndol e-| -carboxyl ate, prepared as described in
(Ronn andv@nusrgson, Tetrahedron Lett., (1995) 36(42) 774P€TUS®@y13798an be
treated with ozone and nethyl sulfide to provide the dial dehyde. The

di al dehyde can be treated with am nes g&uch as benzyl amne in the presence
of acetic acid and sodi um cyanoborohydride to provide

decahydropyrrol o[ 2, 3-c] azepi nes of general forrmula (20). 10
Decahydropyrrol o[ 3, 4-c] azepi nes of general fornula (22), wherein Pl and P2
are independently sel ected fron1hydré@bﬂn©8 a nitrogen protecting group,
can be prepared as. described in Schene 6 o

1,5, 6, 7- Tet r ahydr & 2H azepi n- 2- one prepaed as descri bed

( Rei mechuessél2Napd Bas Cakdhey dicke!, 344 # HQ
a nitrogen protgecting reRgemtwaddt then treateﬂEMﬁth
N-benzyI-N-(neynethyI) -140PB [(tri i
presence of a c¢qtalyti ¢ anpbunt of aci ch as™ trifluoroace
provi de octahydrppyrrol o[ 3, 4-c] azepi nongs of general formula (121).

Cct ahydr opyrrol dPi3, 4- c] azepi nones of geRé&ral fornula (21) can e treated
with a reducing agent such as lithi ®n alum num hydride to provide
decahydr opyr reahQ[ 3 -c azepi neazm neraI formula (22). 20 WO 01/ 81347

PCT/ US01/ 13798 57 1) Pd/ N h ~HRHRIN: @ ~P2
2) P2CI or (P2)20 25) ?‘% coehegﬁg*z‘iy Bt/C HI PN N 2) P2C
or (P2)20 NP2 o@ )—N—Q—P 3, H R @Fbcl or

(P2)20 ~\//~ N N P2 (30) P2 Bicysl i d| am nes of gener formula (26),
(28), and (30), cereln Pl and P24are independently sel ected from hydrogen

or a nitrogen grotecting group, can be prepared as

H

NH
HO ? 180-200°C o H 1) LAH N
OH 0.1 torr NH 2) P2Clor (P2),0 NP,
HoN -
© (32)
Py
)
N

=)
(33)

Bicyclic diamines of general formula (32), wherein P, is a nitrogen protecting group,
can be prepared as described in (Org. Mass Spectrum. (1984) 19(9), 459-460). Amino(4-

5 hydroxyphenyl)acetic acid, purchased commercially, can be treated with Raney nickel and
heat to provide amino(4-hydroxycyclohexyl)acetic acid. Amino(4-hydroxycyclohexyl)acetic
acid can be treated with benzoyl chloride and then oxidized with Jones' reagent to provide
(benzoylamino)(4-oxocyclohexyl)acetic acid. (Benzoylamino)(4-oxocyclohexyl)acetic acid
can be subjected to a Beckmann rearrangement using hydroxyl amine and a sulfonyl chloride

10 such as phenyl sulfonyl chloride to provide (benzoylamino)(7-oxo-4-azepanyl)acetic acid.
(Benzoylamino)(7-oxo-4-azepanyl)acetic acid can be treated with concentrated HCl and heat
to provide 2-amino-3-(2-aminoethyl)hexanedioic acid. 2-Amino-3-(2-
aminoethyl)hexanedioic acid can be distilled at 180-200 °C/0.1 torr to provide
octahydro[1,7naphthyridine-2,8-dione. Octahydfo[l,7]naphthyridine-2,8—dione can be

15 treated with lithium aluminum hydride and monoprotected with a nitrogen protecting reagent
such as acetyl chloride/acetic anhydride, di-tert-butyl dicarbonate, benzyloxycarbonyl

chloride, or benzyl bromide to provide bicyclic diamines of general formula (32).



5 described in Schene 7. [2,7] Naphthyridine, prepared as described in

(Numata, et. al., Synthesis (1999) 2, 306-311) can be treated with
pal | adi uw@uovbi3as pal | adi um on cal cium carbonate under aP&VERSMIS
at nosphere as described in (Chem PharmBull., (1958) 6, 408) and then

treated with a nitrogen protecting reaggnt to provide
tetrahydro[ 2, 7] napht hyri di nes of general formula (25).
Tetrahydro[ 2, 7] napht hyri di nes of general formula (25) can be 10 further
reduced with platinumon carbon under a hydrogen atnosphere to provide
bi cyclic di anBisgsliotmienef ginetad formivda (336)whereing) ag Ry Aserindipeedeatiy

nt hesi s

[ 1, 6] naph L dine, prepared as described in (Numata, et. ak.. . .
(1000 . R my BOREER PR EEBENIREE gret U B eflssprnsdfl
bi cycl i c(Frefihanh, el ofOgenerigi3efy 490-454 28) and general formula (30)
respectively. 15 WO 01/81347 PCT/US01/13798 55 Scheme 8 0 0 O H2N OH
Raney nickel, H2 HZN OH BzHN OH NaCOH, water 1) BzCl 100 C 2) Jones'
reagent OH CH O O O BzHN OH BzHN C]—Is%}gﬁ%lgl—{ cone HCI HO NH2 PhS(0)2C

heaft 3 hrs CH HZNNHO OOOH HO 0-200 CH1) LAHP2 0.1 torr

O N NH 2) P2C or (P2)20 ¢R):::~ H2N
(36) 1) deprotect
A Y X =1, Br, OTf A Y  2)XRgor (Rg),0 A Y
HN, N Ri—N, N base R—N, N
B Z/ \Pz EtSN, Ph(“)ﬂre, reﬂUX B Z’ \P2 o B Z/ \Rg
(35) Pd(0), BINAP, NaOtBu (37) X=1,8Br, Cl (38)

Bicyclic diamines of general formula (38), wherein A, B, Y, Z, R, and Ry are as
defined in formula I, can be prepared as described in Scheme 9. Bicyclic diamines of general
formula (35) from Schemes 1-8, wherein P; is a nitrogen protecting group, can be treated

10 with a heterocyclic halide of general formula (36) and a base such as triethyl amine to
provide compounds of general formula (37). Alternatively, bicyclic diamines of general
formula (35) can be treated with heterocyclic halides of general formula (36), a palladium
catalyst, BINAP, and a base such as sodium tert-butoxide as described in (Wagaw and
Buchwald, JOC (1996) 61, 7240-7241) to provide compounds of general formula (37).

15 Compounds of general formula (37) can be deprotected and then optionally treated with

alkylating or acylating agents to provide bicyclic diamines of general formula (38).

It may be preferable to effect transformations of the R3, Ry, and Rs substituents of Ry,
wherein Ry, R3, R4, and Rs are as defined in formula I, after R; has been coupled to a bicyclic
20 diamine. As such, compounds of the present invention may be further transformed to other
distinct compounds of the present invention. These transformations involve Stille, Suzuki,
Heck, and Negishi coupling reactions all of which are well known to those skilled in the art
of organic chemistry. Shown below in Schemes 10-12 are representative methods of such
transformations of compounds of the present invention to other compounds of the present

25 invention.



(32) P, N (33) P2 Bicyclic diamnes of general formula (32), wherein P2
is a nitrogen protecting group, can be prepared as described in (Org. Mss
Spect rumw@ 208w¥7 19(9), 459-460). Am no(4 5 hydroxyphenyl Par@soc13aesi d,
purchased comrercially, can be treated with Raney nickel and heat to

provi de am no(4-hydroxycycl ohexyl ) acet i§7 aci d.

Am no( 4- hydr oxycycl ohexyl )acetic acid can be treated with benzoyl chloride
and then oxidized with Jones' reagent to provide

(benzoyl am no) (4- oxocycl ohexyl ) aceti c aci d.

(Benzoyl am no) (4- oxocycl ohexyl ) aceti cSéend 10can be subjected to a Beckmann
rearrangenent using hydroxyl am ne and a sul fonyl chloride 10 such s
phenyl sul fonyl chloride Eﬁ’) provi %e (benzoyl am no) ( 7- oxo- 4- azepanyl Yacetic
acid. (Benzoylq H( 7- qx04< ANPH0AGHNAR NaBitRll can YQEK t eV tt%
concentrated HG and W&t td provi de Z-ami no- 3-(2-an meet byl) he it c
aci d. 2-Ami nd3-(2- &ni nodthylYheXanedi oi ¢ aci d can bé di%st ijad)eqz at' 180- 200
¢ 0.1 torr to provi@e octahy@®[ 1, 7] napht hyri di ne- 2, 8-di oné\. 3

Cct ahydro[ 1, 7] napht hyri di ne- 2, 8- di on_e?rﬁ@sn bg?(gag @r eated with |ithiug
di

al um num hydr i1gleLiand nonopy ot gct ed a ni 9(5 h prote ing re t such
as acetyl @h)eridelacetit amhyg i |Rte¥4—-5u4—y-l—di cé@%t‘ﬁ O R
benzyl oxycar b@niRSn&hlarNde;~gr benz{l Br o dBr, €6 OFf pyiNde -biglycl ifepdi ani nes

of general forgulg |(35?. @111?38 347 POR/AmOINeI8Tge 56 Bi cyej i ®;am nes of

general formula (3%), wherein P1 and P2 are i ndependently selected from

hydr ogen or a nitrogen protecting grg?%dzcan be prepared as describeg in
50=

(Frydman, et. qgk., JOC (1971), 36( 454P98) schene 9.
depr ot ect @@~ﬂa.l, %%QtéﬁN 2y 2k, XR9 Q'?% R9),20 A% Y
B Z N.. Et3N 2P, refNux-BgZ N ) [ase’ BxMi, &, GsoT( 35N

NaQt Bu (37) X3FHiQ Br e (3@%) ZR3 R' = aryl, heterocycle
R = alkyl R'
Pd(0) v A —
(40) ! /j: N )R,
RB(OH)zor pNs, /g N
R'SnR4 (42) Rs

R' = aryl, heterocycle
CH=CHR

PAOAC, A =
N

R=akyl P2 2 B
alkyl . (46) Rs

Compounds of general formula (40), (42), and (46), wherein A, B, Y, Z, R3, and R4

are as defined in formula I, R is alkyl, and R' is an aryl group or a heterocycle, caﬁ be
5 prepared as described in Scheme 10. Bicyclic diamines of general formula (35) from
Schemes 1-8, wherein P, is a nitrogen protecting group, can be treated with BINAP, a
palladium catalyst, sodium tert-butoxide, and a dibromoheterocycle such as a compound of
general formula (39), to provide bromides of general formula (40). Bromides of general
formula (40) can be treated with an organolithium reagent and trialkyltin chloride to provide
10 stannanes of general formula (41). Stannanes of general formula (41) can be treated with a

palladium catalyst and an aryl or heterocyclic halide (or triflate) to provide compounds of
general formula (42).

Bromides of general formula (40) can also be treated with an organolithium reagent,
trialkoxy boranes, and water to provide boronic acids of general formula (43). Boronic acids

15 of general formula (43) can be treated with a palladium catalyst and an aryl or heterocyclic



Bi cyclic diam nes of general fornmula (38), wherein A, B, Y, Z Rl, and RO
are as defined in formula |, can be prepared as described in Schene 9.

Bi cyclic v andres of general formula (35) from Schenes 1-BCTWRersiIs P2 is a
nitrogen protecting group, can be treated 10 with a heterocyclic halide of
general formula (36) and a base such aggtriethyl amne to provide
conpounds of general fornmula (37). Alternatively, bicyclic diam nes of
general fornula (35) can be treated with heterocyclic halides of general
formula (36), a palladium catalyst, BINAP, and a base such as sodi um

tert - but okalile (arsm@@?&tq br@wdervomg@m ofregnersl formmlad42)) OC (1996) 61,

1200 Taan) Lo BIuhISCRTRA RSO (BFOR! Hlo SLIUA LR IhandBuFRIRONNS ©f

general formula epro and- en opti rea d W th
al kyl ati agl ef haeytadlictgrage iéids {op abyl @Y heterdaielitcdtirtianiésa o 151@331d@fcoﬂ@6@1ic&|of
formula (38). It may be preferable to effect transformations of the R3, R4,
and R5 sﬁﬁ?ﬂf‘iltfﬁ@m% 4 R1, wherein R, R3, R4, and R5 are as defined in

forpula I h,
compounds of  TiredReREla ERMRLRR Ul Pl i) S e AT P
di stinct atkemmmmaﬂ@nesftotmevméesmpbund@wégénemﬂ fofﬁlndse%t)r ansformations invol ve

Stille, Suzuki Heck, and_ Negjshi coupling reactiops all whi ch_are wel |
known to t hosénaleraismptiog famfﬂonahmag GelRiocyeRe ﬁpngs %HB\K?WB@? bihatn

Schemes 1Q- c%ﬁ?l%g %o lrSi% ERSERh s HonTBURARS 10§ in%H&8s oﬁﬁ@@ﬁéd@é&%&t’aﬁﬁ%n af

conpounds of ent I nvention to other conpounds of e present 25
i nvent i odescWiedily (&tddle #CT/ VStheddndtt. 8PSl 371)0 The mélalANHI spechs danBe

Pd B aB 4 P..,. NP2 Z ) R4. 2 40 35
3) 1) ey b elepbphiles & il intshnddias Wighght pé T elbboigsed )

lg 4 aBriBeBin$dRémek 16-127 yl . heterocycle Z N

Scheme 11
Pd(PhsP)4 CN R" R" CO?R
Zn(CN), v A /= Y A ~C3WH
(40) ———— | N\ 77Re—— | N\ /R4 —CHQNﬁ
py ~z” B N Py, "z~ B N
| 48) R, (49) Rg N
N
HN~y
CHO CCH
1) RLi Y A, — 1)CBry, PPhy v A —
(40) ——~ n\';é[ N7\ /R 2)Rui &N/E N\ 7R
2) DMF P, ~z” B N — . pNyB N
R = alkyl (50) Rs (61) Rs
15 Bromides of general formula (40) from Scheme 10, can be further elaborated to

nitriles of general formula (48). Nitriles of general formula (48) can be subjected to
conditions well known to those skilled in the art of organic chemistry to provide carboxylic
acids, esters, amides, and aminomethyl compounds of general formula (49). Aminomethyl
compounds of general formula (49) can be treated with trimethylsilyl azide as described in

20 (Wittenberger and Donner, JOC (1993) 58, 4139) to provide tetrazoles of general formula
(49).

Bromides of general formula (40) from Scheme 10, can also be further elaborated to
aldehydes of general formula (50). Aldehydes of general formula (50) can be treated with
carbon tetrabromide, triphenylphosphine, and butyllithium as described in (Tetrahedron Lett.

25 (1972) 3769-3772) to provide terminal alkynes of general formula (51). Aldehydes of



R =alkyl (41) R3 (42) R3 B(OH)2 R 1) RUY AR(X) YA (40) NN\ R4 | N
R4 2) BL(OR3 p2ZBNX=1, Br, d, OIf p2 ZB N3 HO(43) RB R =
aryl, hetwoovyshe (42) R3 R = alkyl R Pd(0) ,q _ (40) RCO/UBDI13/98R4
RB(OH)2 or p 2 NZBN R SnR3 (42) R3 R = aryl, heterocycle CH=CHR
Pd(OAc)2 A (40) RCH=CH2 Y N\ / R4 R=gkyl-, P2 "N ,Z B N (46) R3
Compounds of general formula (40), (42), and (46), wherein A B, Y, Z, R3,
and R4 are as defined in formula I, Ris alkyl, and R is an aryl group or
a heterocycle, can be 5 prepared as described in Scheme 10. Bicyclic

di ami nes cgengéhf@rraulaf(é@h@maﬂqow)elabom’wd @c\ﬁ@ﬁé@elhk@wmﬂ@éh@ﬂemkmd i tl@ art of

nitrogen protectln r Qu eated vmth aladl

catal yst, oLedh u%lepgrt% %ucﬁ&sq(% aloﬁg 8X18368’r}8'n6€hz8f1 Sr”\lAteygf’ d%‘ﬂlo 1) a conmpound
of  generd@hubisafurad znicd %mpbﬁhd@r @ﬂ@@rdﬁ"e@gﬁn@&&n(ﬂso%%ﬂéd tdf QddRyties dddheral
Brom des of general fornula can be treated with an organolithium

r eagent aﬂQHntlllal(é(P)I@IPquthﬁﬂC@IﬂéB@éalCthﬁﬁ vlichean he oxidigrdie kelopesgeneral fornul a
(41); Stannanes of general forrmula (41) can be treated with a palladium
catalyst and an aryl or heterocyclic halide (or triflate) to provide
compounds of general fornula (42). Bchemedd of general fornmula (40) can
al so be treated vm' th an organolithiumr &F)Bt trial koxy boranes, Qd

T 2 15

water to prowp i c aci ds of gener @ (43). Boronic aci
of general forr?'fi? &\&g canr A.eat It_.<h a paxHI adi umc ﬁ/st n
aryl or he#erocycHe— . B,N 7/ —— N N7\ /T

(Ph)2C =NH P3 N
(53) Rj (54) Rs

Bromides of general formula (40) from Scheme (10), can be treated with
diphenylmethanimine and then treated with acid or treated with a palladium catalyst under a
10 hydrogen atmosphere to provide amines of general formula (54). Amines of general formula
(54) can be engaged in acylation, sulfonylation, and/or alkylation processes well known to
those skilled in the art of organic chemistry. Combinations of alkylations, sufonylations, and
acylations may be employed to prepare other compounds of the present invention.
The compounds and processes of the present invention will be better understood in
15 connection with the following Examples which are intended as an illustration of and not a

limitation upon the scope of the invention.

Example 1
cis-2-(3-pyridinyDoctahvdropyrrolo[3.4-clpyrrole dihydrochloride

20

Example 1A
cis-5-benzyltetrahydropyrrolo[3.,4-clpyrrole-1,3(2H,3aH)-dione
1H-Pyrrole-2,5-dione (8.0 g, 82 mmol) in dichloromethane (220 mL) at 0 °C was

treated with trifluoroacetic acid (0.93 g, 8.2 mmol) and then treated with N-benzyl-N-

25 (methoxymethyl)-N-[(trimethylsilyl)methyl]amine (26 g, 110 mmol) prepared according to
(Organic Synthesis (1988), 67, 133-135) in dichloromethane (15 mL) dropwise over 30
minutes. The mixture was allowed to stir at ambient temperature overnight and then
concentrated under reduced pressure. The residue was triturated with ethyl acetate:hexane
(3:7, 50 mL), cooled to 0 °C, and filtered to provide the title compound as a white solid (5.86

30 g, 31% yield). MS (DCUNH;) m/z 231 (M+H)".



WO 01/81347 PCT/ US01/ 13798 58 halide (or triflate) to provide conpounds of
general fornula (42). Brom des of general fornmula (40) can also be treated
with a pavoadsuut catal yst and aryl or heterocyclic boronPCT/ESIdS7Y80r aryl
or heterocyclic stannanes) to provide conpounds of general formula (42). 5
Brom des of general formula (40) can algp be treated with a pall adium

catal yst and al kenes or al kynes to provide conpounds of general fornula
(46). An alternate nmethod for functionalizing heterocycles, defined as R
in formula I, that are coupled to bicyclic diam nes from Schenes 1-8

i nvol ves ortho-directed nmetalation as described in (Gibble et al.
Tetrahedron Lett. (1980) 21, 4137). at ed species can be 10 t rapped
with various electrophiles to afford*l—%pg?@n‘g%l ates which can be further

el aborated as described icﬁls Sehengsctddicbyrdtdig e 13drdld ( Ph3P) 4 CN R' R
=COR' Zn(CN)2 y~Al - yJ'N_~ R4 A(40) P = CH2NF 2 2 (48) R3 (49) R3 NN H
N,N CHO CCH ¥ S‘F&B6931%W0f llthnzp}—msrlaumﬂwﬁlsdg/cwﬁ 8,4/ 6mmp lefY f@Er@by fopyE P

ormal a (70) 19 afes BepiclhyrRineYrodulholaable [ K30 & A5 RoniBRREC

gener al f’ﬂ’rermixalré 48% heied ni ﬂeﬁﬁx ﬁfr f‘}g@hﬁlra,l cof)wdrm ice, {rkBueneinedis; siobjssivted to

condi tions well known to fhas art of aorganic chemstry to
provi de BRI Waterd2ddal), elét/ ‘éN%OHa(%Pdé%) a&ﬁiléf’ AFH(Srd eyl hedpiaa M@g of
general i iddobolidH RN ner ERIARLNCPHORLA saéont:&ﬁ&gédaux{d%f’) can be
treated wt trlrrethy s yl azi escrl Wttenberger and

Donner, Joiiced pE35urb8o pbiBB)the Utlp pmpmimdtastarcatculeesom’( 4@9@ pate fiddpuMs

(49 0 errmula (40) from Schene 10, can al so be further
el ai)%r e(g)]Cﬂ@\?Hﬁpag%@gé@ (ﬁ) general fornula (50). Al dehydes of general
formula (50) can be treated with

Example 1C
tert-butyl cis-5-benzylhexahvdropyrrolo[3,4-c]pvrrolé-2( 1H)-carboxylate

The product from Example 1B (4.59 g, 23 mmol) in dichloromethane (80 mL) was
‘15 treated withv di-tert-butyl dicarbonate (5.2 g, 24 mmol). The mixture was stirred at ambient
temperature for 1.5 hours and then concentrated under reduced pressure. The residue was
purified by )chromato graphy (SiO,, hexane:ethyl acetate (7:3)) to provide the title compound
as a colorless oil (4.89 g, 71% yield). MS (DCI/NH3) m/z 303 (M+H)".

20 Example 1D
tert-butyl cis-hexahydropyrrolo[3.4-c]pyrrole-2(1H)-carboxylate

The product from Example 1C (4.89 g, 16.2 mmol) in ethanol (150 mL) was treated
with 10% Pd/C (0.45 g) at ambient temperature under a hydrogen (1 atm) overnight. The
catalyst was removed by filtration through diatomaceous earth and the filtrate was

25 concentrated under reduced pressure. The residue was passed through a small plug of silica
gel with ether to provide the title compound as a white solid (3.01 g, 88% yield). "H NMR
(CDCls, 300 MHz) 6 1.46 (s, 9H), 2.75 (m, 4H), 3.09 (m, 2H), 3.20 (br d, J=11 Hz, 2H), 3.54
(m, 2H); MS (DCUNH;) m/z 213 (M+H)".

30 Example 1E
tert-butyl cis-5-(3-pyridinyDhexahydropyrrolo[3,4-clpyrrole-2(1H)-carboxylate




carbon tetrabrom de, triphenyl phosphine, and butyllithiumas described in
(Tetrahedron Lett. 25 (1972) 3769-3772) to provide term nal al kynes of
general w0 rus®4151). Al dehydes of WO 01/81347 PCT/ USO1/ 1BCP8S015B379ener al
formula (50) can also be el aborated in ways well known to those skilled in
the art of organic chem stry such as fﬁqr mati on of oxines, hydrazones,

ol efins, and nono and disubstituted amno conpounds. Gignard reagents can
al so be added to al dehydes of general formula (50) to provide secondary

al cohol s which can be oxidized to ketones. 5 Scheme 12 N=C(Ph)2 H2 NH2
Pd(0), BINAP _ The pfoduchEGinBExashple ND\(0:52 g, 2.4R4nmach) dn dluen€ (20-mN) wakd 40

(Ph)2C=NH P2 Z B NP2 NZ BN (53) R3 (54) R3 Bromdes qf general formula
(40) fromogRiraHated P@)cl,lst%éﬁ%én@qri\ﬁt%am o Vdahﬁﬁ%ﬂ@rﬂmﬁarﬁ%ﬁ%ﬁaﬂ &% hen
treated wi kel ol Lk W ' : dr ogen
at nosph e\rlgg B{%g %g) ? gv? g b g‘r%ﬁgfr?g §V1\Lc')}4f ﬁiggedrq\%e?g ﬁcfe%?ﬁo%@%@%ﬂ%&%ﬂﬁi@d%ﬁb%@n@%al
formul a 154)049anmod) anadale droimAke Weadriand 2,25 tHif(dphbmtiplosphiand] 0 t-badaklythgt i on

o nat 1 GSAB) (kg &7 epresD Syl fen Shem Ghiicalty TAY FEHIUS oy Tt oy el

t o preparg @t {310 GaAPRY AsStHeh chdied Y ?ffmt sé%iuﬁrt&ﬂt%toxﬂequmgg)yrsa %ﬁs}j

processes of the present invention w be better understood in

connect i cmdvihrhmongridiok (436 mg, EXamphal barh ahtainedlromithe dédfichhemical Co.,

il lustratiaon and, not _.a_ limtat]j on, t ) e _of .t he.invention
Bcanpl e 198 plle? 1 BB FRBLEL I SEReb 6 £ DGy PO BBrea
di hydr ochb goicdeind Z(tekotmi@h Mat6iscdoudedith with an ethyl acetate (100 mL) rinse. The

| tt etrahydopyrrol o] 3, 4-cl pyrrol e-1, 3(2H, 3aH)-di one 1H Pyrrol e-2, 5-di one
(8. 00 g, dHirpoyas copcataipdomeaiichuged presswrete proyider red Wils which was purified by

chromatography (SiO,, 6% MeOH/CH,Cl,) to provide the title compound as a pale yellow
solid (0.62 g, 87% yield). MS (DCI/NH3) m/z 290 (M+H)".

Example 1F
15 cis-2-(3-pyridinyDoctahydropyrrolo[3.4-c]pyrrole dihvdrochloride

The product from Example 1E (310 mg, 1.07 mmol) in ethanol (5 mL) was treated
with a solution of HCl in 1,4-dioxane (4M, 2 mL, 8 mmol) at ambient temperature for 4
hours. The solution was concentrated under reduced pressure, and the residual solid was
crystallized from ethanol:ethyl acetate (1:5) to provide the title compound as a white solid

20 (203 mg, 72% yield). mp 250-252 °C (dec); "H NMR (CDsOD, 300 MHz) & 3.32 (m, 4H),

3.57 (dd, J=11, 3 Hz, 2H), 3.65 (m, 4H), 7.78 (m, 1H), 7.83 (dd, J=8, 5 Hz, 1H), 8.09 (d, J=5
Hz, 1H), 8.12 (d, J=3 Hz, 1H); MS (DCI/NH3) m/z 190 (M+H)"; Anal. calculated for
CnH;sN3*2HCL: C, 50.39; H, 6.54; N, 16.03. Found: C, 50.25; H, 6.36; N, 15.95.

25 Example 2
cis-2-methvl-5-(3-pyridinyl)octahydropyrrolo[3.4-cIpyrrole hydrochloride

The product from Example 1E (200 mg, 0.69 mmol) was treated with 88% formic
acid (1.8 mL) and 37% formalin (3.5 mL) and then warmed to 95 °C for 3 hours. The
solution was concentrated under reduced pressure and the resulting pale yellow solid was

30 taken up in 20% aqueous KOH (5 mL) and extracted into ethyl acetate (2 x 20 mL). The
organic phases were combined, dried (MgSQ,), and concentrated under reduced pressure.

The residue was dissolved in ethanol (10 mL), treated with HCV/1,4-dioxane (4M, 2 mL), and



treated with trifluoroacetic acid (0.93 g, 8.2 mml) and then treated with
N-benzyl -N 25 (net hoxynmethyl)-N-[(trinmethylsilyl)methyl]amne (26 g, 110
nmol ) préepapesidatcording to (Organic Synthesis (1988), 6FCT/US®/1B3®) in

di chl oronet hane (15 nmL) dropw se over 30 mnutes. The m xture was all owed
to stir at anbient tenperature overnighp and then concentrated under
reduced pressure. The residue was triturated with ethyl acetate: hexane
(3:7, 50 nL), cooled to O C, and filtered to provide the title conpound as
a white solid (5.86 30 g, 31 %yieldg M5 (DCUNH3) miz 231 (MrH)+. WD

01/ 81347 POTecuBaLd 1adeged8Rd Bresmpt o [bBve ai silpsdign Aiemilyshijdmep crystallized

Tnlary ettanonrsthRith BEaRe SEa0 opriutat e TR e o et T
Exanpl e 161 SnG09.2095 THEI NMRO(H L BB, €@(:13,"B|0@ M%) 310 es\o@%}i) em@(h@tr-g ef | ux

for 3.5 hours, cooled in ice, and quenched by successive dition of wate
(2.9 n) HZ];B%)N%\W(C(CQJﬁlQI‘B)HZ ahh, a0 ém, 218), 3.23L(1d, JFie, WIME3Ms(m 2H)t er ed

indet b ot 86 e J 15166 ab Fhe T 7 anband 0 DB IRT AT
4.59 g, M%weenNt,) nyB 198 Qvit: /Nha)cdlélﬁat&@%r K2 B @S, 3k € ek Hbutyl
ci s-5-benz Ihexahydropyrrol of J%/rrol e-2(|I H)-carboxyl ate The product

f r om Exarfpl4e N.B4@46. Soupd: ‘23349%&)1 ;Y. 2% omet hane (80 L) was 15
treated with di-tert-butyl dicarbonate (5.2 g, 24 nmmol). The m xture was
stirred at anbient tenperature for 1.5 hours and then concentrated under
reduced pressure. The residue was puExdmglé3by chromatography (Si02,
hexane: ethyl acetate (7:3)) to provide the title conpound_ as a col orl ess
oi | 1Q4 89 g, 71 @ised-E4-ghloraui pyridhny Neetah ydrep vsredo[ 3 e ipyrrols diygsoshlaride 1 p
tert-butyl cis-hexahydropyrrolo[3,4-c]pyrrole-2(1H)-carbox , The pr oduct
fromExanple 1C (4.89 g, 16.2 mmol) in ethanol (150 nL) was treated wth
10% Pd/ C (0. 45 g) at anbient tenperaExmeplafder a hydrogen (1 atm

b f

overni ght. The | yst .was, rem
earth and Mﬁdﬁﬁi&r_ﬁm@&bt 15-26Q-

residue was paggedoddd el ERansBD '7'0% @fnu%bg aﬁéz cﬂ%fo Wlé&bg?ﬁ@i@lé &2 91 1 B

provide the title conpound as a white solid g, % i
15 8.8 mmol) prepared as described in (Tetrahedron Lett (1993) 34, 7493 -7496) were

processed as described in Example 1E to provide the title compound as a yellow solid (1.18

g, 46% yield). MS (DCI/NH3) m/z 324, 326 (M+H)".

Example 3B
20 cis-2-(6-chloro-3-pyridinyDoctahydropyrrolo[3.4-cJpyrrole hydrochloride

The product from Example 3A (360 mg, 1.11 mmol) in dichloromethane (20 mL) was
treated with a solution of HCl in 1,4-dioxane (4M, 2 mL, 8 mmol). After stirring at ambient
temperature for 2 hours, the mixture was concentrated under reduced pressure. The yellow
solid was crystallized from ethanol:ethyl acetate (2:1) after carbon treatment to provide the

25 title compound as a white solid (198 mg, 69% yield). mp 230-236 °C (dec); 'H NMR
(CDs0D, 300 MHz) 6 3.28 (m, 4H), 3.49 (m, 4H), 3.62 (m, 2H), 7.45 (dd, J=9, 3 Hz, 1H),
7.52 (d, J=9 Hz, 1H), 7.90 (d, J=3 Hz, 1H); MS (DCIUNH;) m/z 224/226 (M+H)"; Anal.
calculated for C;;H4N3CI*HCI: C, 50.78; H, 5.81; N, 16.15. Found: C, 50.54; H, 5.86; N,
16.03.

30

Example 4
cis-2-(6-chloro-3-pyridinyl)-5-methyloctahydropyrrolo[3.4-c]pyrrole dihydrochloride




(CbC13, 300 MHz) 8 1.46 (s, 9H), 2.75 (m 4H), 3.09 (m 2H), 3.20 (br d,
J=11 Hz, 2H), 3.54 (m 2H); M5 (DCI/NH3) mz 213 (M+H)+. 30 Exanple 1lE
tert-but Wo0i/8t387 ( 3- pyri di nyl ) hexahydr op. PCT/US01/13798

rrol o[ 3, 4-c] pyrrol e-2(1H)-carboxyl ate WO 01/ 81347 PCT/US01/ 13798 61 The
product from Exanple 1D (0.52 g, 2. 45 r@%o in toluene (30 nL) was
concentrated by distillation under N2 (1 atn) to a volune of -20 nL. The
solution was cooled to 35 C and treated with

tris(di benzylideneacetone)di pal | adi um(0) (Pd2(dba)3) (45 ng, 0.049 mmol)
avai l abl e from Al fa Aesar and 2, 2' - bi s(di phenyl phosphi no)-1, 1' - bi napht hyl 5
(BINAP) (75 ng, 0.12 mmol) avail abl eﬁf roréi S{rem Chem cal s. The m xture was
warnmed to 85 C for 10 minutes and t d to 35 C. Sodi um
tert-butoxide (37dishYy6-chi&6- ﬁm&mymsqnéhﬂbQtapwub—rslmem(zﬂ@@yﬁsre 2.70 mmol ),

both obtained fromthe Aldri ch Chém cal ; Wer é added, and the m xture
warmed to 85 (Th@rmeducNﬁOmeXaaneaAs(ZOWh% fricAmumel) weas treatofl exith 888 $eTde and

mhe S0 1 bt Geen ot BRERFIE: Bl hebes oY re 36 B IRClrlorvREG

oi |, whi Q«Janm&aedrunﬁm@d@ed S QIRNO HeREM tih Shd1id wApuMERH v tdRfdndato
pI’OVI de the title c ound gg a pal e ye||OW§§O|Id é0 625q 87% |ée1‘lad) VS
mg

(bal/ NH3)(Si2z Cﬂgﬁlz( Etzlﬁlzla%ﬁé) ieprpyidgithe ptg eorppound (135mg, 88% yleld)
" di nyl | e di hyd hi de Th duct f
i ny )Oﬁgws)wgrzgg%%g% pyrrol e dihydroc ori de e produc rom

Exanpl e in ethanol (5 nL) was treated wth a
solution of HO in 1,4-dioxane (4M Exdniple8Bmmol) at anbi ent tenperature
for_4 hours, The sol ut| on _.was conce tra d under reduced pressure and the
reslQUual sokls ghlogo-3ropgdinyboqme : 1

228“233 t(:h((adegﬂ ‘?’fﬁm@w%”?‘%oéﬁ é ?ﬁ%)b'ﬁé%g%b?%thiﬁr"ﬂﬂ%@ﬁ? 2 s
ﬁ, tfka?ﬁ With exzbst HC/T8- c{wman& I(-Bl\é,c? /7§|?L|3X d@ddlﬁizgaé eﬂlyl-aqeta]:é-ﬁp%nm?u) ®@as(d, J=5
cai cul  alifbp i8] ﬁ%%«@ll@\ﬂ%%solgb b%%arsf@ sopgratg. ﬁflr ‘3%"5%%00 dieindce Emd

50. 25, H.fi1fre¥to phbvidothBitlednipbaiPhea By b&o rcrwltalééhld%zi 5964% ield). 1H
~y|)octahydropyrro|of3 4-cl pyrrole hy rochl ori de The product 9? Exanpl e

1E 1200 MYIROBBOMNGIOYP MEs) & 292 18ed.96i(two §8%, eoderind exacialis) 3.28 (mL?H}a,rBdMB?%
Formalin {3up) "z BNG89sYar TRS 78 o 211y 9503t 12497z, 1188s mcimm,) mz
238/240 (M+H)"; Anal. calculated for C;,H;sN3CI-1.8 HCI: C, 47.51; H, 5.91; N, 13.85.
Found: C, 47.88; H, 5.81; N, 13.68.

20 Example 5
cis-2-(3-quinolinyl)octahydropyrrolo[3.4-¢]Jpyrrole dihydrochloride

Example 5A
tert-butyl cis-5-(3-quinolinyDhexahvydropyrrolo[3.4-clpyrrole-2(1H)-carboxvlate

25 The product from Example 1D (250 mg, 1.18 mmol) and 3-bromoquinoline (270 mg,
1.3 mmol), available from the Aldrich Chemical Co., were processed as described in
Example 1E to provide the title compound (360 mg, 90% yield). MS (DCIUNH;) m/z 340
(M+H)*.

30 Example 5B
cis-2-(3-quinolinyloctahvdropvyrrolo]3.4-cJpyrrole dihydrochloride




sol ution was concentrated under reduced pressure and the resulting pale

yel l ow solid was 30 taken up in 20% aqueous KOH (5 nlL) and extracted into
et hyl acev@ve8i327 x 20 nL). The organi c phases were conbi PETUSUri3ees
(MgS™), and concentrated under reduced pressure. The residue was

di ssolved in ethanol (10 nL), treated w4ih HQA /1, 4-di oxane (4M 2 nlL), and
WO 01/81347 PCT/ US01/13798 62 concentrated under reduced pressure to | eave
an oily solid. The oily solid was crystallized from et hanol : et hyI acetate

(1:20) to provide the title conpound as an off-white, hygrosco sol i d.
mp 207-209 C. DhemwRiyct frem Braseple SACI6) meod.OMmzpo ipeths! qostat ano@(h& 3dd,

e, by, PR tre%%fwf@%@éo A A i

7.98 (d, tdmferkie ﬂd‘ﬂ)zhc&r@6he(1€i1xtv)re3vds|2:oncjdrﬁratedMﬁdér@@tﬂﬁdﬁﬁ@}es@ﬁré T80rds
Anal . cal cul ated for C12H17N3.2HCLl.0.8H20: C, 49.59; H 7.14; N, 14.4

Found: C,sohid wea crystallizeddronyethanoliethpethesite poovids the §tlo compewidgsavehite r

yl)o tahy aXslidoyds Ig'ggésrol a’ler%@u RS L26F=Me R REDISD, FoAIRES 5 33! @, LB b

ci s-

hexahydr C(BM%H)"D@@(I{{ ,@prsrogo(&m?(glﬂs gﬁrsbmylsaa d, .HBE‘HBVHQ)JMS gm@mﬁzgﬁrml e
1D (1.70 f%)e choro i odop &r}l di ne 3% 1)
pr epar ed I@/§ ?d\QS(M*T dAngl. cafelptadhédrantis ‘tZHQ11§953§ 88 6. ?/84@@-134256)F0m¢1e

processe e anple 1E to provide the title conpound as a
yel | ow so0 asgl%e%igﬁ Elll}g‘%%;l eld). M5 (DCI/NHB) mz 324, 326 (MH)+.
Exanpl e 3B 20 ci s-2-(6-chloro-3-pyridinyl)octahydrop rolo[3,4-clp, Tole
hydr ochl ori de The product from Exanple 3A (360 ng, 1.11 nmmol) in

di ch? or onet hane (20 nL) was treated Bikamplg 650l uti on of HCL in 1, 4-di oxane
(4M 2 L, 8 ngply) s AdrEky-8Y4 Bodhn RIFD feWiftydi&nigridiour s, the
m xt ure was conce ' ] '
crystallized from ethanol: et hyI acetate (2:1) after carbon treatnent to
provide the 25 title conpound as a | e s lid (198 ng, 69%yield). np
230-236 C (dec); 1H NWVR (CD30D, 30 = .28 (m 4H), 3.49 (m 4H),

3.62 (M 2H) yerilpdil élggh[ﬂﬁgnzﬁoﬁ-ﬁ Mdmvlﬂq&aﬂfd%pv}m?o[B’lzb-c]%ﬁ)role-b( A9)-(d, J=3
Hz, 1H); Ms (DOTNH3) niz 2247226 (MFH) +; Anal . cal culated for
CL1Hi4N3CLHO C, 50.78; H, 5.81; N, MFound C, 50.54; H, 5.86; N,

16. 03.

The product from Example 1D (1.0 g, 4.7 mmol) and 3-(benzyloxy)-5-bromopyridine
(1.37 g, 5.2 mmol), prepared according to (US 5,733,912), were processed as described in
Example 1E to provide the title compound as a solid (1.5 g, 81% yield). MS (DCI/NH3) m/z
396 (M+H)".
20

Example 6B
tert-butyl cis-5-(5-hydroxvy-3-pyridinyl)hexahvdropyrrolo[3.4-clpyrrole-2(1H)-carboxylate

The product from Example 6A (1.3 g, 3.8 mmol) in 2-propanol (100 mL) was treated
with 10% Pd/C (0.65 g) and then shaken under a hydrogen (4 atm) at ambient temperature for
25 18 hours. The catalyst was removed by filtration, and the filtrate was concentrated under
reduced pressure. The residue was triturated with a minimum amount of ethyl acetate and
filtered to provide the title comimund as a solid (0.76 g, 66% yield). "H NMR (CD;0D, 300
MHz) & 3.05 (m, 2H), 3.20 (dd, J=10, 5 Hz, 2H), 3.28 (m, 2H), 3.51 (dd, J=10, 7 Hz, 2H),
3.64 (m, 2H), 6.42 (t, J=3 Hz, 1H), 7.40 (d, J=3 Hz, 1H), 7.43 (d, J=3 Hz, 1H).
30

Example 6C
cis-2-(5-hydroxy-3-pyridinyl)octahydropyrrolo[3.4-clpyrrole dihydrochloride




30 Exanple 4 cis-2-(6-chloro-3

pyridi nyl)-5-net hyl oct ahydropyrrol 013, 4-cl pyrrol e di hydrochl ori de WO

01/ 81347 WACW1/813¢71/ 13798 63 Exanpl e 4A cis-2-(6-chl oro- 3- pCT/@isety137985- net h
| I oct ahydr opyrrol 013, 4-cl pyrrol e The product from Exanple 3A (207 ny, 0.64
mol ) was treated with 88%formc 5 acigh (1.8 nl) and fornmalin (3.5 inL)
and then heated at 95 C for 2 hours. The solution was concentrated under
reduced pressure and the resulting solid was purified by chromatography
(Si 02, CH2C12: MeOH: Et 2NH, 94:5:1) to provide the title conmpound (135 nyg,
88% yield). (DObe/pxpdict fom Beanle 6B(MaMHne, Oﬁﬁmpolé lmBhSUOacetate methanol (1:2,

di hyar ooniamre s Wb ACT SRt ARY LRITY Gl BHE B yas simsgy
acetate (afnbibit maﬁeraﬁlrr@a&@ﬂlgm rld tﬁe@p@:aﬁediﬁléeltoﬂcomp»etaﬁﬁc{ﬁﬂmlo@ ThdWalxture

Addi ti onal ethyl acetate (2 nL) was added and after a feM/nlnuies solids
began t o aspfgedkto pravidaithe tiffeecompouad s e wvhits sph@(léﬁdng,f%% piekl (B NVBvi-de

e LR MY S £ L 8 Dol -

2 3 89 (t,
(7 21 SR oyt TN B AR 50

012H16N3@Blcyl%edr®|rcldlls FOSHCH).5 5,01 C, 013H86532 NeolfeB. Kound7C88.2HH,5. 81;
N, 13.68. Z&I\?Xl cis-2-(3-quinoli nyI ) oct ahydr opyrrol 013, 4-c] pyrrol e
d|hydrocﬁ?or|de anple 5A tert-butyl

ci s-5-(3-quinolinyl)hexahydropyrrol o[ 3, 4-cl pyrrol e-2(1H)-carboxyl ate 25 The

product from Exanple 1D (250 ng, 1. 18 I% and 3-bronoqui noline (270 ng,
1), available fromthe Al drichE | Co., were processed as

d i bed I . j % yield).
NE'SfE'cuﬁm') n & -ﬁ@k 3 R IR ARG bb IS0 BB RYARI R BBl ¥ ! o)
ci s-2-(3-quinolinl)octahydropyrrol o(3,4-cl pyrrole dihydrochl oride

Example 7A
3-bromo-5-methoxypyridine

15 A solution of methanol (180 mL) was treated with sodium spheres (4.7 g, 0.20 mol)
portionwise, evaporated to dryness, azeotroped with toluene (100 mL), and then concentrated
under reduced pressure. The sodium methoxide in dry DMF (130 mL) was treated with 3,5-
dibromopyridine (32 g, 135 mmol), from Avocado Chemicals. After heating at 70 °C for 4
hours, the mixture was poured onto ice/water (300 g) and filtered. The filter cake was dried

20 under reduced pressure to provide the title compound (15.6 g, 62% yield). MS (DCI/NHj3)
m/z 188/190 (M+H)".

Example 7B
tert-butyl cis-5-(5-methoxy-3-pyridinyl)hexahvydropyrrolo[3.4-clpyrrole-2(1H)-carboxylate

25 The product from Example 1D (300 mg, 1.4 mmol) and the product from Example 7A
(290 mg, 1.5 mmol) were processed as described in Example 1E to provide the title
compound (310 mg, 69% yield). MS (DCI/NH;) m/z 320 (M+H)".

Example 7C
30 cis-2-(5-methoxvy-3-pyridinylDoctahydropyrrolo[3.4-c]lpyrrole dihvdrochloride

The product from Example 7B (310 mg, 0.97 mmol) was processed as described in
Example 5B to provide the title compound as a white crystalline solid (150 mg, 53% yield).



WO 01/ 81347 PCT/ US01/13798 64 The product from Exanple 5A (360 ng, 1.06
mml) in ethyl acetate:ethanol (1:1, 20 nL) was treated with

HC /1, 4- Wwoxass414M 3 L, 12 mmol ). After stirring at anPCEES01/3298per at ur e
for 2 hours, the m xture was concentrated under reduced pressure. The

resul ting solid was crystallized fromgthanol : diethyl ether to provide the
title conpound as a white 5 solid (198 ng, 68%yield). np >260 C, 1H NMR
(CD3OD, 300 MHz) b 3.38 (m 4H), 3.70 (m 6H), 7.69 (m 2H), 8.08 (m 2H),
8.15 (br s, 1H), 8.82 (d, J=3 Hz, 1H); M5 (DCUNH3) mz 240 (MtH) +; Anal.

cal cul at edHfWRQIB}jIﬂNBOBIﬂ@z) 5:3 35@13188}1) 13, 585(d38J—1N 3 }&, 21), Fafufmal:4H)C4.00
57.18; H, 6.11
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3- (benzyl@xp)0s Hheargopynddpne (1.37 g, 5.2 mmol), prepared according to (US
5,733,912), were processed as described in Exanple 1E to provide the title
co und as a solid (1.5 g, 81%yield). M5 (DCUNH3) mz 396 (MtH)+. 20
Exanple 6B tert-butyl cis-5- 5-h d~y3gpy,hidignyl

hexahydr opyrrol of 3, 4-cl pynol e- 2(1H) c%?ﬁ%‘lgate The product from Exanpl e
6A (1.3 g, 3. B abh@dropirroledd4-fclparods phlo66

(0.65 g) and then shaken under a hydrogen (4 atn) at anbi ent terrperature
for 25 18 hours. The catalyst was renoved by filtration, and the filtrate
was concentrated under reduced presgygle'gpxe residue was triturated with a
m ni rum anount of ethyl acetate and tered to provide the title conmpound
as ¥solid (0.76 g, 66%yield). 3dpmwR-¢tra@mid®@0 MHz) S 3.05 (m 2H)

dd,
oty 23 oo ot e e Bl bl iy 80,
3?h%?gg ftofide i ttteohfohitd (649 y-DY MS’(ID@I/I\I@I;) Ay oDy (WHB)'T 3, 4- cl pyr i e

Example 8B
15 tert-butyl cis-5-(5-ethoxy-3-pyridinyhexahydropyrrolo[3.4-clpyrrole-2(1H)-carboxylate

The product from Example 1D (600 mg, 2.8 mmol) and the product from Example 8A
(625 mg, 3.1 mmol) were processed as described in Example 1E to provide the title
compound (600 mg, 64% yield). MS (DCI/NH;) m/z 334 (M+H)".

20 Example 8C
cis-2-(5-ethoxy-3-pyridinyl)octahydropyrrolo[3.4-c]pyrrole dihydrochloride
The product from Example 8B (600 mg, 1.8 mmol) in ethyl acetate:ethanol (3:1, 20
mL) was treated with HCI/1,4-dioxane (4M, 3 mL, 12 mmol). After heating to reflux for 1.5

hours, the mixture was cooled in ice and filtered to provide the title compound as a white

25 crystalline solid (435 mg, 79% yield). mp 226-227 °C; 'H NMR (CD;0D, 300 MHz) & 1.57
(t, J=7 Hz, 3H), 3.30 (m, 4H), 3.55 (dd, J=10, 3 Hz, 2H), 3.61 (m, 4H), 4.25 (q, J=7 Hz, 2H),
7.19 (t, J=3 Hz, 1H), 7.78 (d, J=3 Hz, 1H), 7.84 (d, J=3 Hz, 1H); MS (DCI/NH;) nvz 234
(M+H)+; Anal. calculated for C;3H9N30°2 HCI+0.5 H,O: C, 49.53; H, 7.03; N, 13.33.
Found: C, 49.37; H, 6.90; N, 13.35.

30

Example 9
cis-2-(5-propoxvy-3-pyridinyl)octahydropyrrolo[3.4-clpyrrole semi(fumarate)




WO 01/ 81347 PCT/ US01/13798 65 The product from Exanple 6B (150 ng, O0.49
nmml ) in ethyl acetate:nethanol (1:2, 15 nL) was treated with

HC /1, 4- Wwoxuass414M 1 nL, 4 mmol ). The m xture was stirrPRdI/as01/Bmsi ent
tenperature overnight and then cooled in ice to conplete precipitation. The
mxture was filtered to provide the tigyle conpound as a white solid (136
ng, 99%yield). 1IHNWR . 5 (CD30D, 300 MHz) 5 3.30 (m 4H), 3.51 (dd, J=10,
3 Hz, 2H), 3.60 (m 4H), 7.06 (t, J=3 Hz, 1H), 7.62 (d, J=3 Hz, 1H), 7.69
(d, J=3 Hz, 1H); MS (DCUNH3) nmlz 206 (M+H)+; Anal. calculated for
C,1H15N30.2 HO 0.5 H2O. C, 46.01; H, 6.32; N, 14.63. Found: C, 46.29; H,
6.49; N, 14.33. 10 Exanple 7 cis-2- (é}-{ametlg y~3--p ridin 1)~ octahydrop
r~[ 3, 4-c] pyrrol e di hydrochl ori de Exarrﬁ?%—%é 3- br ono- 5- net hoxypyri dine 15
A solution of nethanol (180 nlL}-Beasoldg@dbedyotidihesodi um spheres (4.7 g,
0.20 nol) portionw se, evaporated . to dryness, azeotroped with toluene (100

nL), and thenntdomREwl g da-dikramepyidine ¥e poeessert ¢ desprebedda Byamaiet Hoxi de in
e O . aees e e
oo avo S Bl e BSadd e Bl i 1o 4ol RN E Rk ife Hop SRR )

pour ed obhio ic@whientertradtdd ity )ettahethit, lahé cententtited ihddreeducad eres@se.dThed 20
under reduced pressure to._provide the title conpound (15.6 62% yi el d).
MG (DCl/ Kgsshue Wi purifd 9@@lle%ﬂ)(ﬁ¢xaﬁi%iﬁtbmea°?@t%§f% ipprgyidecthsg e CONpRHIR
y~3-p rr%hhRexahy@sonyidiol BNy, Gafboxyl ate 25 The

pr oduct ?r om Exanpl e J?@ (@Og&[%, 1.4 3?1’%%?1%/% ep%r oduct from Exanple 7A
(290 ng, 1.5 nmol) were processed as described in Exanple 1E to provide the
ti tll e conpound (310 ng, 69% yi el d)ﬁ VS &@/NHS) mz 320 (M+H) + Exanple 7C
30 c?i s-2- 5-met hox3-p dinyl)octahyd 3,4-c]pyrrol e dihydrochloride
The pr odugdrt-buit9eiEX ABRIrEpokS-1-BHAdiFH)heR aBydrBpRtdloMas LR RSH ¢H)-8dbagRsiki bed

in Exanple 5B to provide the title conpound as a white crystalline solid

(150 ng, 53% yhepwduchloo Bxgwpk7liPGAO0uUse.1V.4 370d) agbthe product from Example 9A

(333 mg, 1.5 mmol) were processed as described in Example 1E to provide the title
compound (130 mg, 27% vield). MS (DCI/NH;) m/z 348 (M+H)".

15

Example 9C
cis-3-(5-propyloxy-3-pyridinyl)-3,7-diazabicyclo[3.3.0Joctane semi(fumarate)

The product from Example 9B (130 mg, 0.38 mmol) in ethyl acetate (8§ mL) and

ethanol (2 mL) was treated with HCV/1,4-dioxane (4M, 1 mL, 1 mmol). After heating at

20 reflux for 3 hours, the mixture was concentrated under reduced pressure to provide a
hygroscopic oil. The oil was coated onto silica gel and eluted with CH,Cl,:EtOH:NH,OH
(96:3:0.5) to provide the free base (70 mg). The free base in ethyl acetate (8 mL) and
methanol (1 mL) was treated with a solution of fumaric acid (34 mg, 1 eq) in methanol (1.2
mL) dropwise. The solution was diluted with diethyl ether and scratched to induce

25 crystallization. The mixture was filtered and the filter cake dried under reduced pressure to
provide the title compound (50 mg, 31% yield). 'H NMR (CD;OD, 300 MHz) & 1.06 (t, J=7
Hz, 3H), 1.81 (m, 2H), 3.20 (m, 4H), 3.40 (m, 4H), 3.54 (m, 2H), 3.99 (t, =7 Hz, 2H), 6.65
(s, 1H), 6.68 (t, J=3 Hz, 1H), 7.62 (m, 2H); MS (DCI/NH;) m/z 248 (M+H)"; Anal.
calculated for Cy4H,;N30°0.5 C;H404: C, 62.93; H, 7.59; N, 13.76. Found: C, 62.81; H,

30 7.57; N, 13.99.



"H NWVR (CD3OD, 300 MHz) 6 3.32 (m 4H), 3.58 (dd, J=10, 3 Hz, 2H), 3.63 (m
4H), 4.00 (s, 3H), 7.21 (t, J=3 Hz, 1H), 7.78 (d, J=3 Hz, 1H), 7.85 (d, J=
3 Hz, 1HWOMNBSICUNH3) mz 220 (MtH)+; Anal . cal cul at ed POT/US01/13798
C12H17N30. 2HC1: C, 49.33; H, 6.55; N, 14.38. Found: C, 49.06; H, 6.48; N,
14.19. 5 Exanple 8 cis-2-(5-ethoxy-3-psdi nyl)octahydropyrrolo
[3,4-c]pyrrol e di hydrochloride Exanple 8A 10 3-bronp-5-ethoxypyridine

Et hanol and 3, 5-di bronmopyri di ne were processed as described in Exanple 7A
to provide the title conpound (69% yield). M5 (DCI/NH3) mz 202/ 204
(M+H) +. Exanple 8B 15 tert-butyl cis-Bx@bpletlloxy- 3-p ry di ngy
hexahydropyrro 4-c 1B . f
(600 ng, 2.8 i "13“1 500 : Gty dranyEroly
processed as descrl bed in Exarrpl e 1E to provide the title corrpound (600

ng, 64%yield). M5 (DCUNH3) mz 334 (M+H)+. 20 Exanple 8C
Ci s-2-(5-ethoxy-3-pyridinyl)oct ahydréimmhwﬂw 4-c] pyrrol e di hydrochl ori de

The product from Exanple 8B (6 14840 et hyl acet at e: et hanol
(3: 1? 20 L) was treated vmtho?bf%}? %-hgd]“)%gh)ém%lﬁ? 3 nm, 12 mol). After

heating to refi Berdz9lox})-S-broaoswidilidd 510 t56(Emnrs), pRphed ak dedctiBedddUS
flltered to rovide the title compound as a white 25 crystalllne solid (435
, 79% 33312)*11]9 3pYsHPy/pcetic acd QORloDBEstisd @t faqs) tegiperatyre for 16 houys.

Hz , Oflgerpf@c‘%ﬁm ml?t@é Igéag gﬂ{@éd %&hfﬁ tti%l etﬁ@éS?_ﬁm@} ﬁ&l&nchf%ggfltér# %ﬁlté&i_&d‘]
2:/5 S, EIZ))CLSJI:;H-@)ll_l .9rg) Zvad 3sblatécﬂ/by1ﬁﬁrat1@marl“he (sa]hd:ui memdndl(QBO(I}ﬂaWia&Nﬁﬁatﬁd W@h. 0. 5 HZO

Eealibi o gontenbiad BT HILI. AR Srigh soRt AR APpSTEREH B A208Rpr ol o
sem (f umaeateh iR 484 3 BEdbd B a3 /B ce Bre 8RBl RoR e the title compound as.

a white solid (9.8 g, 89%). MS (DCI/NH3) m/e 174/176 (M+H)".

T)

Example 10B
15 5-bromo-2-chloro-3-hydroxypyridine

The product from Example 10A (9.8g, 56.3 mmol) was treated with aqueous NaOCl
(35 mL of 10% solution), water (100 mL), and NaOH (2.40 g, 100 mmol). The reaction
mixture was stirred at ambient temperature for 16 hours, quenched with acetic acid (5 ml),
and then extracted with ethyl acetate (500-mL). The organic phase was dried (MgSO;) and
20 concentrated under reduced pressure. The residue was purified on SiO, (3% MeOH/CH,Cl;) -
to provide the title compound as a yellow solid (11.20 g, 96%). MS (DCI/NH3) m/e 208, 210
(M+H)".

Example 10C
25 5-bromo-2-chloro-3-methoxypyridine

A suspension of sodium hydride (181 mg, 7.5 mmol) in dry DMF (30 mL) and diethyl
ether (6 mL) was treated with the product from Example 10B (1.2 g, 5.8 mmol) in diethyl

ether (5 mL). After stirring at ambient temperature for 30 minutes, the reaction mixture was
treated with a solution of iodomethane (1.06 g, 7.5 mmol) in diethyl ether (3 mL) and stirring
30 was continued for 30 minutes longer. The mixture was quenched with water (20 mL),

extracted with diethyl ether (100 mL), dried (MgSQ.), and concentrated under reduced



3- brono- 5- propoxyp_yri di ne n-Propanol and 3, 5-di bronopyridi ne were
processed as described in Exanple 7A 5 except that the heating tinme was

ext ended WO otst3eurs. The reaction m xture was quenched oRCDUSCIEY3NESt er
extracted with ethyl ether, and concentrated under reduced pressure. The
residue was purified on silica gel (hexgnes:ethyl acetate, 8:2) to provide
the title conmpound as a colorless oil (25 %yield). M5 (DCUNH3) niz

216/ 218 (M+H)+. 10 Exanple 9B tert-butyl cis-5-(5-propox

y~3-pyridi nyl ) hexahydropyrrol o(3, 4-cl pyrrol e-2(1H) - carboxyl ate The product
f r om Exanpiressu®. (13@0endye VIaS@uﬂﬂ@ﬂ)Onaﬁin@a {atley] peaidigdiexdrey indiEkapnolvisle gre titl333

(k1 e conotbmit SbtagTes 58, OraapS i tndamE TR s i 20 B i o

9C ci s- 3 (5-propyl oxy-3-pyridinyl)-3,7-di azabi cycl of 3. 3.0]octane

sem (fumarate) The product from Exanple 9B (130 ng, 0.38 nmmol) in ethyl
acetate (8 mL) and ethanol (2 ni) with HCI /1, 4-di oxane (4M 1
nm, 4 nrol )te - ) IX 4. glord 2 J

concentr at ed i =

was coated onto silica gel and eI ut edatiio kﬁlaﬁH2C12 EtO-l NH4C]-| (96 3: 0. 5) to
provi de the free base e free base in_ethyl acetate (8 nlL) and

met hanol (1 mi¥hspyed ‘t‘“rt%@t”éﬁx%ﬁll’lﬁ 19 S6f img, dnl Bmol) 3pdithe prodpef f{c@lEﬁﬂnPlP eq)

in netha 571g)m igfchy!l et her

and scr a?lcc:dhegl@% I nduc 5%¥gcﬁ§gﬁsa%]fls§da%tg%ﬂﬁaqq}g§§mwe lutgtg)q)\}\rgeghgthlgt%%eé and

the filt erongmied @d0adg 6 yictdd DS METPEENNEz 854/356 MHHE .t he titl e conpound

(50 31%vyield). 1H NVR (CD3CD, 300 MHz) 6 1.06 (t, J=7 Hz, 3H), 1.81
1‘3%) 3.20 (m 4H), 3.40 (m 4H), 3.54 (m 2H), 3.99 (t, J=7 Hz, 2H),

665 (s, IH, 6.68 (t, J=3 Hz, IH)Ega GQGEZH) V5 ( DCUNH3) Mz 248

(MeH) }; Anal . cal cuI at ed for C14H21 H404. C 62 93; H, 7 59; N

13.76. Fou - S ; “

68 Exanple 10 h 0 di

ci s- 2- (6- chl or bt eé”ﬂ%‘f%ﬁ?? @X?WP‘F& P#?%E’tgaﬂﬁér%wp “%ﬁsﬁ%@eiseélaw?%l’% m

di hydr ochamigsle 5B X pravfid the fitle compound as a white solid (325 mg, 73%). 'H NMR
15 (CD;0D, 300 MHz) & 3.28 (m, 4H), 3.51 (m, 4H), 3.63 (m, 2H), 3.98 (s, 3H), 6.96 (d, J=3
Hz, 1H), 7.47 (d, J=3 Hz, 1H); MS (DCIUNHs) m/z 254/256 (M+H)"; Anal. calculated for
C12H;16N30C1.2 HCL: C, 44.12; H, 5.55; N, 12.86. Found: C, 44.01; H, 5.69; N, 12.72.

Example 11
20 cis-2-(6-chloro-5-methyl-3-pyridinyloctahydropyrrolof 3.4-c]pvrrole dihvdrochloride

Example 11A
5-bromo-2-hydroxy-3-methylpyridine
2-Amino-5-bromo-3-methylpyridine (5.0 g, 26.7 mmol) in 2.6M H,SO,4 (70 mL) was
25 treated with sodium nitrite (5.0 g, 72.5 mmol) in water (10 mL) dropwise at 0 °C. The

mixture was allowed to warm to ambient temperature and stir for 1.5 hours. The mixture was
filtered and the filtercake washed with cold water. The filtercake was dissolved in
dichloromethane (100 mL), dried (MgSQy), and concentrated to provide the title compound
(4.2 g, 84% yield). MS (DCUNHs) mv/z 188/190 (M-+H)".

30

Example 11B
5-bromo-2-chloro-3-methylpyridine




5 3-brono-5-hydroxyp irk 3-(Benzyl oxy)-5-bronopyridine (15.0 g, 56.8
mml ), prepared as described in (US 5,733,912), in 30% HBr/acetic acid
(200 nlL) was/sBiuTred at roomtenperature for 16 hours. TheTNUSECL3TEN

m xture was diluted with diethyl ether (500 nL) and the resulting white
solid (12.9 g) was isolated by filtratjpn. The solid in nmethanol (300 ni)
was treated with 10 concentrated NHAOH (50 nmlL). After stirring at anbient
tenperature for 12 hours, the reaction mxture was concentrated in under
reduced pressure to OVIde the title conpound as a white solid (9.8 g,

89% . MS ( DCUNH3E pie cmnml‘f‘b@m@m}A (4 earp! -8 mod) msDMFbwrmL)zwaafc@l 3- ham

oxypyri di T m"rofﬂ str e vmth
agueous Na &%(S%O%nﬁg%sfcfnw ?1( (? ’tclgsg%fh Wﬁﬁro%@r (fgom(_:) Qrél ?26

100 mol )for T heurs ke hiiftire Wh%&cwl@i Mlspcidd i m@twam’olmtmmﬁ@exa@huﬂ@bﬁ@é 16
hours, quenched with acetic acjd (5 m) and then extracted with ethyl

acet ate (WtoNHDH, filtereds gpehthe filgreake W&%heér"i”&tjlc(i Myt The abtaped selikwas r at ed
d 12
o o ovt dEPHBIE BRI omdfiend 180 A9, WA btk G SidEni e ok k2

( DCI / NH3)sotdtien208, filetdai thfd\zﬂghl)a-pad E)f&lﬂﬁph &sﬂ@@wﬂlbr&mbﬂh@mmanﬂ -thé fitirate 3- met hoxyp
riy dine A suspension qof sodium hydr

m) and cfioBEFRHateddp REFVIdes! ﬁLI}IG\Rﬁ@PPP%‘g%Se?dWaF? ?nfgtdr{é %&»&&%mﬂﬂbnﬁézwm e 10B

(1.2 g, qmny t t 5 Afyt ing at anbi ent

t enper atgr 3r Ogé\dﬁzﬂ%gggﬂ 3&@ ?Zgé&i on )r§13x1fg?g3v\%£s’ IH)r eated with a

solution of iodonethane (1.06 g, 7.5 mmol) in diethyl ether (3 niL) and

stl r6| ng 30 was continued for 30 mnutes_|onger. The m xture was quenched
water (20 mL), extracted mntk1§ﬁﬂ§ﬂ¥@ngther (100 nL) drled (MySO4) ,

and concent tieudsic s St dubleespHye. The
d .

residue was purified on Sl ; '
title corrpound as a colorless 0| I @alﬁaxg@ 65% yi eI d) I\/B( DCUNHS) m z

222/ 224/ 226 ( but yl chl. or t hoxy-3-p
i di nyl hex ahy%@@?‘#‘iﬂt %Egl ﬁx 1593 @%{‘ﬁé > @&%Q(ﬂi‘f‘alf%duct%om HXample
11B (340 mg, 1.7 mmol) were processed as described in Example 1E to provide the title
15 compound (190 mg, 37% yield). MS (DCI/NH;) m/z 338/340 (M+H)".

Example 11D
cis-2-(6-chloro-5-methyl-3-pyridinyl)octahydropyrrolo[3.4-c]pyrrole dihydrochloride

The product from Example 11C (190 mg, 0.56 mmol) was processed as described in
20 Example 8C to provide, after crystallization from ethyl acetate/methanol, the title compound
(135 mg, 77% yield). "H NMR (CD;OD, 300 MHz) & 2.42 (s, 3H), 3.28 (m, 4H), 3.50 (m,
4H), 3.62 (m, 2H), 7.46-(br s, 1H), 7.78 (br d, J=3 Hz, 1H); MS (DCI/NH;) m/z 338/340
(M+H)+; Anal. calculated for C;,H;6N3Cle2 HCL: C, 46.40; H, 5.84; N, 13.53. Found: C,
46.55; H, 5.93; N, 13.54.
25

Example 12
cis-2-[54:( 2,2 2-trifluoroethoxy)-3-pyridinyl]octahydropyrrolo[3.4-clpyrrole dihydrochloride

Example 12A
30 3-bromo-5-(2,2.2-trifluoroethoxy)pyridine

2,2,2-Trifluoroethanol and 3,5-dibromopyridine were processed as described in

Example 7A except that the heating time was extended to 20 hours at 100 °C. The reaction



The product from Exanple 1D (864 ng, 4.1 nmmol) and the product from Exanple
IOCC (1.0 g, 4.5 mpl) were processed as described in Exanple 1E to provide
the titl evooeusgseund (480 ng, 34%yield). M5 (DCUNH3) m z BEWUSEGI3(MHH) +. 10
Exanpl e 10E ci s-2-(6-chl oro-5-nmet hox3-p di nyl)octah

dropyrrol o[ 3, 4-c] pyrrol e di hydrochloridg The product from Exanple 10D (480
ng, 1.36 nmol) was processed as described in Exanple 5B to provide the
title conpound as a white solid (325 ng, 73% . 1H NMR 15 (CD3OD, 300 MHz) 6
3.28 (m 4H), 3.51 (m 4H), 3.63 (m 2H), 3.98 (s, 3H, 6.96 (d, J=3 Hz,
1H), 7. 47 W qugeehedipntoticy/ Waks qxbertedmath atkyl sthes and senqeapipjed: T ﬁéﬁSldue was

Zi' 8‘;_' a}_le%gf—lglgd oﬁ}@%@%{%ﬁ%& 'e_%l 3¢ t % 2’5%0 p%_o"wc?e Rt bor}igm%% asa C%Todriessc ’

ci s-2-(6- cﬁM70r°,@yﬁ-1m)etM3I(B@{/M{39 di/flSZSG/ng @viyHhopyrrol of 3, 4-c] pyrrol e
di hydrochl oride Exanple 11A 5-brono-2-hydroxy-3-nethyl pyridi ne
2- Am no- 5- brono- 3-net hyl pyridine (5.0 g, 26.7 nmmol) in 2. 6M HRSO4 (70 nl)
25 treated with sodiumnitrite 2.5 mol) in water (10 ml)

drop:\SM se at 0 C The mxture was alg—%%ég%gmrmto anbi ent tenperature
and stir teofbulylBishH{F-£2.2 The flnopoethoey)Adp yrifliny i kexatlydmopyrirdle[ X .4-Lisrobk® 1¥s hed
with cold water. The filtercake was di gsol ved in dichl oronet hane (100 m),
dried (MgS™), and concentrated to he titIe compound (4.2 g, 84%
yield). M (DG aucmﬁ%mlﬁ)é{%ﬁ oduct from Exa le
5- br ono- 2- chl of 0-3- net hyl pyr i 08 fe, 33 Bt RIRA8 thdioduct from Examp
pr oduct fI2gn§3BY angp|led hnioh) Wdrepr@:esszeﬂhs @esombkd ini Exdife (EQo provideabe titleat ed

F pho horus chI %8'#1 gdjjo , 65.4 mMmvl) dropwise at 0 C. After
hea ?ng armpog™ d?g’ ot he nixture was cool ed and poured onto
ice/water. The m xture was made basic wth NHAOH, filtered, and the
filtercake washed with ice water. The obtained solid was 5 dissolved in
di chl or omet hane (100 nL), washed wi tBxammlad2Cand dried (MySO4). The dri ed
sol uti on \é’%st %th ﬁqgﬂﬁorogtlﬁgxy)aS 8919d18{/1]§ctahy% op%roﬂg?) (AI cﬁ%%lg Hroc ‘?1% the

filtrate

The product from Example 12B (480 mg, 1.24 mmol) was processed as described in
15 Example 8C to provide, after crystallization from ethyl acetate/methanol, the title compound
(240 mg, 54% yield). mp 233-234 °C (dec); "H NMR (CD;0D, 300 MHz) § 3.32 (m, 4H),
3.63 (m, 6H), 4.85 (q, J=8 Hz, 2H), 7.34 (t, J=3 Hz, 1H), 7.89 (d, J=3 Hz, 1H), 7.97 (d, J=3
Hz, 1H); MS (DCI/NH3) m/z 288 (M+H)+; Anal. calculated for C13H;sN3OF3°2 HCI: C,
43.35; H, 5.04; N, 11.67. Found: C, 43.27; H, 5.23; N, 11.46.
20

Example 13
cis-5-(6-chloro-3-pyridinyDoctahydropyvrrolof3.4-blpyrrole hydrochloride

Example 13A
25 cis-1-benzyl-5-(6-chloro-3-pyridinyl)octahydropyrrolo[3.4-blpyrrole

cis-1-Benzyloctahydropyrrolo[3,4-b]pyrrole (500 mg, 2.48 mmol), prepared as
described in (US 5071999), and 2-chloro-5-iodopyridine (643 mg, 2.69 mmol), prepared as
described in (Tetrahedron Lett. (1993), 34, 7493-7496), were processed as described in
Example 1E to provide the title compound as a tan solid (508 mg, 65% vyield). MS
30 (DCI/NH3) m/z 314, 316 (M+H)".
Example 13B
cis-7-(6-chloro-3-pyridinyl)-2,7-diazabicyclo[3.3.0]octane




concentrated to provide the title conpound as a white solid (3.48 g, 78%
yield): 1H NWR (CDC13, 300 MHz) 8 2.39 (s, 3H), 7.70 (m 1H), 8.31, d, J=3
Hz, 1H). WOoEs@s#pl e 11 C tert-butyl cis-5-(6-chloro-5-nmethgT/USe3798

di nyl ) hexahydr opyrrol of 3, 4-cl pyrrol e-2(1H) - carboxylate The product from
Example 1D (320 ng, 1.5 mmol) and the pypduct from Exanple 11B (340 ng, 1.7
nmol ) were processed as described in Exanple |E to provide the title 15
conmpound (190 ngy, 37%yield). M5 (DCI/NH3) mlz 338/340 (M+H) +. Exanple 11D
Ci s-2-(6-chloro-5-nethyl -3-pyridin_|)ydropyrrol ol 3,4-cl pyrrol e

di hydr ochl or i delhepedyst FancExammien! BA4ApH @g1 1.62 ruoe)) imchlorofemntimL)nes

" . . e e
Pr o ot it R TARL - B ol 0T i S DT S hftC 2 B N h URL R 2, P
e (A Eppsaiinags b o, et 2,
, . - r s , . r , = . ; ) . Z
(MHH) +;  A9RFentraigdamndst eduessipressois anrithe rosidyy wasestived with mpfhampl g0 myy) farz 53,

Found: C, : : ' 13 ‘?@ﬁ?}ﬁ -

Ci s-§2|- 15-6(02}?0%?%%(}1ﬁwﬁ%r8%1ec€ ﬁ{g%%% - }rl)?/goﬁ I ny 8@% aﬁg/%lr%re)sjfﬂeéfhglrgsﬂqec %Syr role
di hydr ochiuwifieddy chrangibgrap2(SB0,,35kF: 0.5 CH, 12 M - NH,OH) do geddibe yitlpyr i di ne
2,2,2-Trifl uoroethanol and 3. 5-di bronopyridine re processe scri bed
T ExanfcBDPARGRE Bl (AP iBe e a2 2nae Bkt VO U TRSDanAL 100
C. The repat bogy 1/ 81347 PCT/ US01/ 13798 71 was quenched onto ice/water,
extracted with ethyl ether, and concentrated. The residue was purified on
silica gel (hexanes:ethyl acetate, 8:2) to provide the title conpound as

a, c?(#orl ess oil (70 %yield). M ( N ’1% %gréz 256/ 258 (M+H) +. 5 Exanpl e
12B'tert-butyl cis-5-[2,2,2-trifluor ‘

pyri di nyl | hexahygs opyehiotaFDyfidilyDuethBy@opiridh (3. £BIHRasI 1ideochibiRe pr oduct

from Exanpl e 1D (300 m%r 1.4 mmpl ) and the product from Exanple _
The product from Example 13B (202 mg, 0.906 mmol) was treated with a solution of .

HCl in 1,4-dioxane (Aldrich; 4 M, 240 uL, 0.96 mmol) as described in Example 1F to
provide the title compound as a white solid (151 mg, 64% yield). "H NMR (CDsOD, 300

15 MHz) & 2.05 (m, 1H), 2.36 (m, 1H), 3.37 (m, 6H), 3.86 (d, J=12 Hz, 1H), 4.42 (t, J=6 Hz,
1H), 7.23 (dd, J=9, 3 Hz, 1H), 7.29 (d, J=9 Hz, 1H), 7.83 (d, J=3 Hz, 1H); MS (DCI/NHj;)
m/z 224, 226 (M+H)"; Anal. Calculated for C;;H4CIN3g HCL: C, 50.78; H, 5.81; N, 16.15.
Found: C, 50.73; H, 5.86; N, 16.12.

20 Example 14
(3aR.,6aR)-5-(6-chloro-3-pyridinylDoctahydropyrrolo!3.4-blpvrrole dihyvdrochloride

Example 14A
ethyl {[(1R)-1-phenvlethyl]amino}acetate

25 Ethyl bromoacetate (4.14 g; 24.8 mmol) was treated with (R) a-methylbenzylamine
(3 g, 24.8 mmol) and ethyldiisopropylamine (3.2 g; 24.8 mmol) in toluene (100 mL). After
heating at reflux for 18 hours, the mixture was cooled to room temperature and concentrated
under reduced pressure. The residue was purified by flash chromatography (SiO,, 20% ethyl
acetate/pentane) to provide the title compound (3.2 g, 63% yield). MS (DCI/NH;) m/z 208

30 (MHH) |

Example 14B



12A (397 ng, 1.5 innmol) were processed as described in Exanple 1E to
provide the title 10 conpound (480 ng, 88%yield). Exanple 12C
Ccis-2-[5WQopsB4tri fl uoroet hoxy) - 3-pyri di nyl ] oct ahydr opyr POT/OR® /K79 pyrrol e
di hydrochl oride The product from Exanple 12B (480 ng, 1.24 nmol) was
processed as described in 15 Exanple 8Gg o provide, after crystallization
fromethyl acetate/nethanol, the title conpound (240 ngy, 54%yield). np
233-234 C (dec); 1H NWR (CD30D, 300 MHz) 6 3.32 (m 4H), 3.63 (m 6H),
4.85 (q, J=8 Hz, 2H), 7.34 789(d J=3 Hz, 1H), 7.97 (d,
J=3 Hz, 1H); M5 (DCUNHB) mi(1RBa-pheaylpthyllamimo}acetic acidat ed f or

(N313T162'20F§ 2 Ex'ig%'ﬁ]grc%ufgﬁom%x@lﬂle 24R%4.5 ’é 135 B0 WAL (foo AB) ®hs nddtePio?S
Ci s- 5- ( 6-refhof@-13-Hpdl. ditklrhixaat Naydbdlﬁ&mmarﬁdﬁnbémfaﬁedfmﬂkﬂfbﬁhwdl de
Exampl e 13A 25 cis- | -benzyl-5-(6-chloro

oct ahydr CHSW"P’@I t@PH’VAd%%W%@P@PEP%dS qsﬁBé}HEeyﬁoi;él(%ﬁ}gd%M?lé) I8, RHNFDr ol e
(500¢ ny, rﬁ, + prepared as described in (US 5071999), and

2- chl or o- |08 pyrldlne (643 ngy, 2.69 mmol), prepared as described in
(Tetrahedron Lett. (1993), 34, 7493-7496), were processed as described in
Exanple 1E to provide the title conmound af tan solid (508 ng, 65%
yield). M5 30 (DCUNH3) miz 314, 31gp5(—YﬁIM><anple 13B cis-7-(6-chloro-3

- pyri dinyl) - gur di-azebkeySh pbiSRL(d3798 72
The product from

anpl e
treated with ﬂlmwrodlmefmm Exdrhple dﬂBr(%ﬁ e (M nhmqihandletﬂya aliyl(212. 5 nmol ) at

Tl pERIDSHBRRERd o> HED. PRRAS® FRblEt il QT ) Behedehas
stirred vsbhmrythaaBéatéd s rBihlx foRr 7ho68. m'érsélveﬁqbémw&a&a%&éﬁreﬁdeen of

t he solutlon under reduced pressure, the residue was purified by

chr ot ogiresshig to sraide s caidg psodnap (522) s @Hemﬂﬂbﬂl)mtxalry péfigsteteomers: |Tehese
v its Slhghba bh bR GhbilhlobRnyBR YA B0 1uan§ %A 39 fhctlEl - VB

( DCUNH3)
pentane.

15 The more mobile diastereomer was obtained as a thick syrup (Rs= 0.42, pentane:ethyl
acetate (3:7) 17 g, 38% yield). The stereocenters were determined to be (R,R) using X-Ray
diffraction as described in Example 14E. MS (DCI/NH;) m/z 289 (M+H)".

The less mobile diastereomer was obtained as a thick syrup (R¢= 0.21, pentane:ethyl
acetate (3:7) 17.8 g, 40% yield). The stereocenters were determined to be (S,S) using X-Ray

20 diffraction as described in Example 15B. MS (DCIYNH;) m/z 289 (M+H)".

Example 14D
(3aR.6aR)-1-[(1R)-1-phenylethyl]octahydropyrrolo[3.4-blpvrrole

The more mobile diastereomer from Example 14C (17 g, 59.0 mmol) in hydrochloric
25 acid (12N, 200 mL) was heated in an oil bath at 120 °C for 20 hours. The mixture was cooled
to 20 °C and concentrated under reduced pressure to remove excess HCI. The residue was
taken in 10% NayCOs3 (100 mL) and extracted with CH,Cl, (3 x 200 mL). The organic layers
were combined, washed with brine, dried (Na,COs), and concentrated. The residue was
purified by chromatography (SiO,, eluted with CH,Cl,:MeOH:NH,OH; 90:10:1) to afford the
30 title compound as a brownish oil (11.4 g, 89% yield). MS (DCI/NHs) m/z 217 (M+H)".

Example 14E



10 Exanmpl e 13C cis-5-(6-chloro-3 pyridinyl)octahydropyrrol o[ 3, 4-bl pyrrole
hydr ochl ori de The product from Exanple 13B (202 ng, 0.906 mml) was treated
with a sovavi/ses4nf HC in 1,4-di oxane (Aldrich; 4 M 240rPCT/US0128B798n0l ) as
described in Exanple IF to provide the title conpound as a white solid
(151 ng, 64%yield). 1H NVR (CD3OD, 3004 15 MHz) 6 2.05 (m 1H), 2.36 (m
1H, 3.37 (m 6H), 3.86 (d, J=12 Hz, 1H), 4.42 (t, J=6 Hz, 1H), 7.23 (dd,
J=9, 3 Hz, 1H), 7.29 (d, J=9 Hz, 1H), 7.83 (d, J=3 Hz, 1H); M5 ( DCUNH3)
mz 224, 226 (I\/H—|)+ Anal . Cal cuI ated for CllHl4ClN3 HCI C 50 78; H,

5.81; N, 16. (33R.6a4RMhl ne 20C TEVYQFAL 5.4-

(3aR, 6aR) - 5 (6-chl oro- 3- pyrldlnyl)oct dr roIoI34b]pyrroIe

di hydrochl ori de Exanple 14A ethyl { Ml phenyl et hyll amno } acetate
25 Ethyl bronopgeeredit GémlBxaiplé 44D WasRrdced@td ok desii®ed W EXanigR: 15B to

a-nmet hyl benzylamne (3 g, 24.8 mmol) and et hyl di.i sopropylamne (3.2 g;
24.8 nmolproyigde tlmtﬁl@rv@n(ppg@d nile stpgepegnterywars deierarngddp bgkRForusng at¥ s, t he
m xture re and concentrated under reduced

pr es%lure %1 9?%%1 Sgnl{;/\%%gﬂ]&xr e?i%]%y flash chromat ography (Si 02, 20% et hyl
acetate/ pentane) to provide the title conmpound (3.2 g, 63%yvyield). M5
(DCFNH3) mz 208 30 (MtH)+. Exanple_ 14B WD 01/81347 PCT/US01/13798 73 {
[(1 R)-1-phenyl et hyII amino | aceti cExsEpie rHe product from Exanple 14A (4.5

g9, 15. 6 mTDI)s A 'ro(iioécgt%lzogtfah%ﬁg %%ol&%fhggjy% leThe

m xture was 0
pr ovide the t |THeQ3rodJmpﬁum:[Exmpla 14D|(11 h35gol$2 dll’](l(ﬂ) andytrie8Baryine (@3 g, MSmmol)

1T 1R - i pRerrs TR () oGy rorsoresied ot rencstia st GIA & @ The
pr Od UCt fhB) @f@ﬂmhg "ﬂ:ﬁEBfeﬁ@tYOIﬁnE(tur% %s ’Iﬂ@évé:d fNarl iboR tlefﬁbérguﬁgovermght

oxoet hyl ) car bamate . mml ), prepared as described in (U

5071999) , TherTHB wae mnox(eﬂ@mdmmdmd@rmm@ud zaplacefl wath €10:Cla 200cnks . ThlEhe

sol vent V\rlgesthy?l 20 8{18‘}1& Wgsngvgsrheaev&:il rlne dried (MgS0O,), and concentrated. The residue
was purified using chromatography (SiO,, eluting with 5-15% ethyl acetate/hexanes) to

15 provide the title compound as a light yellow oil (13.7 g, 84% yield). MS (DCI/NH3) m/z 313 ¢

(M+H)".

Example 14G
tert-butyl (3aR.6aR)-5-(trifluoroacetyl)hexahydropyrrolo[3.4-blpyrrole-1(2H)-carboxylate
20 The product from Example 14F (11.2 g; 35.8 mmol) and di-tert-butyl dicarbonate
(8.58 g, 39.4 mmol) in methanol (400 mL) was treated with 10% Pd/C (0.6 g). The mixture
was shaken under an atmosphere of hydrogen (4 atm) at 25 °C for 18 hours. After filtration,

the solution was concentrated under reduced pressure and the residue was purified by
, chromatography (SiO,, 2:1 ethyl acetate:hexanes) to provide the title compound as a
25 crystalline solid (9.88 g, 89% yield). MS (DCI/NH3) m/z 326 (M+NH,)".

Example 14H
tert-butyl (3aR.6aR)-hexahvdropvirolo[3.4-blpyvrrole-1(2H)-carboxylate

The product from Example 14G (9.88 g, 32 mmol) in methanol (200 mL) and water

30 (40 mL) was treated with solid potassium carbonate (4.86 g; 35 mmol). After stirring at 20
°C for 18 hours, the solvent was removed under reduced pressure. The residue was

azeotroped with ethyl acetate (50 mL) twice and finally with toluene (100 mL). The dry



pressure to provide the crude product (45 g) as a nearly 1:1 m xture of

di astereoners. These were separated by flash chromat ography on silica gel,
el uting Woh1/80% et hyl acetate in pentane. 15 The nore nPOTAS0IAI3ASt er eoner
was obtained as a thick syrup (Rf = 0.42, pentane:ethyl acetate (3:7) 17
g, 38%yield). The stereocenters were dgtermned to be (R R) using X-Ray
diffraction as described in Exanple 14E. M5 (DCI/NH3) mz 289 (MtH)+. The

| ess nobil e di astereonmer was obtained as a thick syrup (Rf = 0.21, pentane:

ethyl acetate (3:7) 17.8 g, 40%yield). The stereocenters were determ ned
to be (S, Spwdsl Wig sbrﬁéwlﬂzgo%il\ﬂqa@éﬁfﬂ 2 €90aelo) fiitbred, and the dlpicake gss VS

(DCl/ NH3) 1.z, 2 I ( -1- - . I

oct ahydro [1)1 f/l P ?dowgﬁ % 6%@%@? r/ E@?‘gﬁ)%ﬁ%&éng?'eﬁn%@q%ﬁ?%%{né %@artréedr tBBD ?gvﬁhﬁglg r%{ée
14C (17 @onfpud ®iwhite Bolkty, AVISAICUNIS,) n2/2 248 (M+HI2N, 200 nl) was heated in
an oil bath at 120 C for 20 hours. The m xture was cooled to 20 C and
concentrated under reduced pressure to renove excess HCL. The residue was

t ak in 10% Na2CO3 (100 mL) and ext fth CH2C12 (3 x 200 niL). The
orgggr:i c layers were conbined, mshe%%%i ne, dried (Na2C3), and
concent r at edert-bhwy] (2R, 6HR)- WG chiptro-3-piyeadinhhhexdah odrap aaola By b{Hikdds-1 @H)t ed
wth CH2C12: MeOH NHAOH, 90:10:1) to af orci the 30 title conpound as a
brownish oil (11.4 g, 89%yield). M ) mz 217 (MtH) +. Exanpl e 14E
WO 01/81347 P : En

BaR) -5 1 (4. ni C SaReRy ol Pant PN e 2 P and Zeplory Sdedipome 1531% 5, 4
- b ol e Themmapwete frocassddemmsb@ibtd b Wasmple dEessent that adager ahewhtiof sékiamp| e

15B i . titl d. T t t . t ined to b
(R H s G ooy T s 7. 0TBFP0 ittt o T BLe PRttt E8 Y Beampl o 147
(3aR 6aR)c‘hﬂGrﬁa(t3§h%ﬂy @hen Joys @t‘hzb’édeta@e fotpehfahboo B the title comfound (600 mg,

oct ahydropyrrol 0[ 3,4-blp ole The product from Exanple 14D (11.3 g, 52 nmol)

e
and tri et%%m®eM$(QC§NTEBn¥%&‘§3Z6l@/HH)+an~hydrous THE (200 nmL) at 0-5 C
was treated with trifluoroacetic anhydride (25.2 g, 63 nmmol) dropw se. The
reaction m xture was allowed to warmto roomtenperature overnight. The
THE was renoved under reduced pressukengiei4kepl aced with CHZC12 (200 ni).

The
15 , (3aR,6aR)-5-(6-chloro-3-pyridinyloctahydropyrrolo[3.4-blpvyrrole dihydrochloride

The product from Example 141 (211 mg, 0.65 mmol) in ethanol (5 mL) was treated

with HCl in 1,4-dioxane (4M, 2 mIL, 8 mmol). After stirring at ambient temperature for 4
hours, the solution was concentrated under reduced pressure and the residue crystallized from
ethanol:ethyl acetate (1:5) to provide the title compound as a white solid (165 mg, 85%

20 yield). '"H NMR (CD;0D, 300 MHz) & 2.05(m, 1H), 2.35 (m, 1H), 3.4 (m, 6H), 3.89 tdd,
J=12, 1.5 Hz, 1H), 4.45 (t, J=6 Hz, 1H), 7.36 (dd, J=9, 3 Hz, 1H), 7.45 (d, J=9 Hz, 1H), 7.9
(d, J=3 Hz, 1H); MS (DCIUNH;) m/z 224/226 (M+H)"; Anal. calculated for C1;H;4CIN3+2
HCL: C, 44.48; H, 5.39; N, 14.15. Found: C, 44.18; H, 5.35; N, 14.05.

25 Example 15
(3a8S,6aS)-5-(6-chloro-3-pyridinyoctahydropyrrolo[3.4-blpyrrole dihydrochloride

Ekam le 15A
(3a8.6aS)-1-[(1R)-1-phenvlethyl]octahydropyrrolol3.4-blpyrrole

30 The less mobile diastereomer from Example 14C was processed as described in

Example 14D to provide the title compound as a brownish oil (11.3 g,76% yield). MS
(DCUNH;) m/z 217 (M+H)".



met hyl ene chl ori de was washed with brine, dried (MyS04), and concentr at ed.
The residue was purified using chromatography (Si02, eluting with 5-15%
et hyl acev@vestsexanes) to 15 provide the title conpound aBCEHUKMgITIsyel | ow
oil (13.7 g, 84%yield). M5 (DCFNH3) mz 313 (MtH) Exanple 14G tert-butyl
(3aR 6aR)-5-(trifluoroacetyl

hexahydr opyrrol o[ 3, 4- bl pyrrol e- 1( 2H) - carﬁboxyl ate 20 The product from
Exanple 14F (11.2 g; 35.8 mmmol) and di-tert-butyl dicarbonate (8.58 g,
39.4 mmol) in methanol (400 m.) was treated with 10% Pd/C (0.6 g). The

m xture was shaken under an atnosphere of hydrogen (4 atn) at 25 C for 18

hours. After filtration, the soluti gn vvals ggncentrat ed under reduced

pressure and the residue was purifie mat ography (Si 02, 2:1 ethyl

acet at e: hexanes)- slrm-ﬁfn%h&?ymhgoﬁqmﬂ?(m ”ﬂlﬁlﬂ%eﬁﬁlﬁc&@y@ﬁoﬁ%@ibb Ng ARl

(9.88 g, 89% yield). N5 (MFNHA) + Exanple I4H tert-butyl
(3aR 6aR) - hexaﬁ;ﬂcproéqmtfmrmﬁgamplb]lﬁx‘kr(dé% mgl()zﬂ)mma]r)laudym@ihsd afiee $r Bomés from

3Fr cat b éamﬁ%%lw@oﬁ%eéﬁfr@ pAnG et e il hmitspenopbyl

St' rring c?mtl rif (166 hY 058 rﬁ&% Hn dfcﬁ%rérﬁétlﬁ%&a[(@’i’ﬁﬁ SRIR VR Agk rEfAYE ed

pressure. e resi due was eotroped wth et hy acetate (50 nl) tw ce and
finally vmmwwmtaeeﬂewedﬁﬁwaﬂn) to Pha idmeM@r@lAﬂEthoﬂ@Heummr&@ﬁ@&llut@&

Pl or c ot pichlofermtintlt SO D e Sb 3 MBI Qe 10 bieBrind 1P g1 gied

concentr Gﬂaﬂd @éﬂ&ﬁtr&t@@uﬁdér'r&iuc@@?ié@ﬁﬂ oRideihd §1SQhsbund/Bs ﬁﬁgﬁ! NH3)
mz 213 ( +. anple 141 tert-bu ,6aR)-5-(6-chloro-3-p r

yl ) héxah ﬁllpW(ﬂObiime BEpYF oD %mgl(eMstalwmbL@yfpamaydﬁ aghondese glfol“mhkxarrpl e

14H (2 q, 0 S

procéssgdﬂ%‘g e&gggartloﬁlafn met@]acetzile§<11]é8§1}£ S% ﬁgt?(%w?adf%e??gﬁ%dm‘%s SOdI um
10 tert - hiyaxli deefsiondd). 0XULRXD. mmh) oﬂzﬁ@rhbﬁ@cb PZ{m2 cEudy aps.A0BIGE), was
purified by chromat ography, (S 02, 20% et hyl _acetate in pentane) to provide
the titl @ TUEHOS(dCTBIT i, A, ‘é*sb/%%lrf?éﬁhgx 778 PpeohPay géﬁnaz s@w)staﬂ‘egremhm +

Exanpl e 1&%‘9&1 were collected using Mo K o radiation (A=0.71069 A). Refinement of the structure

15 using full matrix least squares refinement of 253 parameters on 2005 reflections with

I>3.00c(1) gave R=0.117, Ry=0.123.

Example 15C
(3aS ,6aS)— 1-[(1R)-1-phenylethyl]-5-(trifluoroacetyl)octahydropyrrolo[3.4-blpyrrole

20 » The product from Example 15A (11.3 g, 52 mmol) was processed as described in
Example 14F to provide the title compound (11.2 g, 69% yield). MS (DCI/NH;) m/z 313
(M+H)*.

Example 15D
25 tert-butyl (3aS,6aS)-5-(trifluoroacetyDhexahydropyrrolo[3.4-blpyrrole-1(2H)-carboxylate

The product from example 15C was processed as described in Example 14G to
provide the title compound (97% yield). MS (DCI/NH3) m/z 326 (M+NH,)".

Example 15E
30 tert-butyl (3aS,6aS)-hexahydropyrrolo[3.4-blpyrrole-1(2H)-carboxvylate

The product from Example 15D was processed as described in the Example 14H to

provide the title compound.



15 (3aR, 6aR)-5-(6-chl oro-3-p3' di nyl )octahydropyrrol o 3, 4-b] pyrrol e

di hydrochl ori de The product from Exanple 141 (211 ng, 0.65 mml) in

et hanol WO mB13wAs treated with HO in 1,4-di oxane (4M PCHUS01B13m8DI ) .
After stirring at anbient tenperature for 4 hours, the solution was
concentrated under reduced pressure and;+he residue crystallized from

et hanol : ethyl acetate (1:5) to provide the title conpound as a white solid
(165 mg, 85% 20 yield). 1H NWR (CD30D, 300 MHz) 8 2.05(m 1H), 2.35 (m

1H, 3.4 (m 6H), 3.89 (dd, J=12, 1.5 Hz, 1H), 4.45 (t, J=6 Hz, 1H) , 7.36
(dd, J=9, 3 Hz, 1H), 7.45 (d, J=9 Hz, 1H), 7.9 (d, J=3 Hz, 1H); M5
(DCI/NH3) mz 224/ 226 (MH) +; Anal . eyl gted for CLIHI4CING.2 HA: C
44.48; H, 5.39; N, 14.15. Found: C —1ie, 1, 5.35; N, 14.05. 25 Exanple 15
(3aS, 6aS) - 5- fefi-ly1qBSE.829y3-(Gltlilyto) Do yadiydhvh vdrbeirseld 31 -pipyielee] (2H)-

di hydrochl ori de Exanple 15A

(3aS,6aS)-1-[(1R) - 1- phenyl et hyl ] oct aﬁ@@%ﬁ?ﬁ‘irol o[ 3,4-b]pyrrole 30 The |ess

nobi e di aster e i anpl e
14D 1o provi de ECE ¢ RONEERIRUE 138 kol a3 9B BEq HRAE TR P
( DCUNH3) prbwid2 i@ t{tdddmipoulD(400h §icd)7 MECTD OBNH; 1 8v7:9824/3%6 @aHpl. e 15B (3

asS, 6aS) - 5- 1( 4- ni t rophenyl

sul fonyl]-1-1(I R) - 1- phenyl et hyl | oct ahydropyrrol or3, 4-blp ole The product
from Exanpl e 15A (148 ng, 0.68 mol )p.apaid (4@t hyl amne (0.15 n, 5 1.08
mol ) in dichloromethane (5 nL) at S treated with

4-ni t r obenz ef2a 6430 Hy(6-chibroet-puadip i@ tahydrdpy6lai Bt | pymold idétydorcbiveidhane (2
m.).over 1 mnyte. The . reactio Lxture was.al Lowed to warmt m

Fenbr at ur e Atedirod i igRr Sianibied I iebRatSid RSPl RubSr s LdPhane

(20 ) apgviveahadiadnthont@ MICR14)1 CHRRR (fé;fm@ﬁ)d@b@ Nt & diob @, 1VBS(34)

and concentrated under reduced pressure to provide the title conpound as a
| i ght 10 (yellHy3.4 Gini 6H},Z372P @y )=126%%,.118i 4¢b &, dryBizal ), §ui (nalAB, 7.8(d.d=Bay

di ffraction regro Y. I erati.on.fraq t hyl . a I ution.
Crystar a4 fRe R N ol DY G Rhatye i fetdnt B 6 R8T 10
mm or t hoggarhyi 6,50PR1238D, (AR, CanAGB K&, N, 18786. 168(2), ©=22.687(2) A,
V=1981. 8(3) A3, Z=4, 'Dcal c=1. 345 g/cm’3.” Crystal |l ographic data were

col l&cted using Mo K a radiation (X=0.710691). Refinement of the structure

15 using full matrix |east squares refine of 253 paraneters on 2005
reflections with eé____l'@_xam Téa{'é

cis-1-(6-chloro-3-pyridinyDoctahydropyrrolo[3.4-blpyrrole hvdrochloride

Example 16A
20 tert-butyl cis-1-(6-chloro-3-pyridinyDhexahydropyrrolo[3.4-blpyrrole-5(1H)-carboxvlate

tert-Butyl cis-hexahydropyrrolo[3,4-b]pyrrole-5(1H)-carboxylate (550 mg, 2.60
mmol), prepared as described in (US 5071999) and 2-chloro-5-iodopyridine (660 mg, 2.76
mmol), prepared as described in (Tetrahedron Lett. (1993), 34, 7493-7496), were processed
as described in Example 1E to provide the title compound as a tan foam (750 mg, 89% yield).
25 MS (DCUNH;) m/z 324, 326 (M+H)".

Example 16B
cis-1-(6-chloro-3-pyridinyl)octahydropyrrolo[3.,4-blpyrrole
The product from Example 16A (745 mg, 2.31 mmol) in dichloromethane (10 mL)

30 was cooled to 0 °C and treated with trifluoroacetic acid (10 mL). The mixture was stirred for
5 minutes, allowed to warm to ambient temperature and stirred for 2 hours. The mixture was

evaporated under reduced pressure and the residue purified by chromatography (SiO,,



| >3. 006(1) gave R=0.117, R =0 123. Exam | pel5C (3aS, 6aS)-1-[(1R)-1-phen
ly eth Iy |I-5-(trifluoroacetyl)octahydropyrrolof3,4-b]jp ole 20 The product
from Exawp0e1/484 (11.3 g, 52 mmol ) was processed as descrPOrR@SIIT3I7BXanpl e
14F to provide the title conmpound (11.2 g, 69%yvyield). M5 (DCI/N 13) mz
313 (MrH)+. Exanple 15D 25 tert-butyl g

(3aS, 6aS)-5-(trifluoroacetyl)hexahydrop yr ol o0l3, 4-bl pyrrole-1

2H) - car boxyl ate The product from exanple 15C was processed as described in
Example 14G to rovide the title conpound (97%yield). M5 (DCI/NH3) nlz

326 ( MrNHAP#»:0. 1sMESHE: BB 08 tto pnp[v;de the title compound as a yellow oil (384 mg,
(3aS, 6aS) -he ahdg 2H - carboxyl ate The product from
Exanpl e 1§%/€\Esy g@@ﬂ@gﬁ%ﬁ@ggr he Exanple 14H to provide the

title conpound. WO 01/81347 PCT/ USOl/ 13798 77 Exanple 15F tert-butyl
(3aS, 6aS) - 5- (6-chl oro-3-pyridinyl) hexahydro%rrol o[ 3, 4-b] pyrrol e-1(2H) -

carboxylate 5 The product from Exa s processed as described in

t he anpl e 141 10 p R 0IRgI/NHS) m z
324/326 ( M+H) +. X < ar 1y

oct ahydr opyrr dl"lf.e[;ﬁodﬁdm |ﬁmy1{ EﬂdﬂﬁpldIlEBC{BﬁﬁiiﬂgpI BGmm&I) wﬁbereaﬁddmtthta dohaivnexfanpl e
15F was processed as described in the pr.ovi de the title

conpou nd H&5oy, \4-dioypne ¢Aldrg A(]@DQ@mI%dOu\HHiI)Ol)aasZie@@l{%m Prgmpls 1550 (1

1y (3 ol BRI o g ol v e dpt b, 20

C11H14CI NKz’{Hk)BZtﬂQI(m (IH) 2161 9; 1), 3533&1 4N), 3L§2 68, 21 Bred: (nC, | 464,27 (tdH=65. 66;
N, 14.
1- (60 chI o?rHZ=311®y}7116|(ﬁ§/>|1r8c% ’a‘lﬁybﬂbﬂfﬁr@i 51381 2-15Dp /8 60 RE sEHI MPi de

Exanpl e 18feyNH;) m/z 224, 226 (M+H)"; Anal. Calculated for C;H4CIN3 HCL.C, 50.78; H, 5.81;
N, 16.15. Found: C, 50.88; H, 5.78; N, 16.08.

Example 17
15 cis-1-(6-chloro-3-pyridinyl)-5-methyloctahydropyrrolo[3.4-blpyrrole hydrochloride

The product from Example 16C (114 mg, 0.44 mmol) in methano! (3 mL) was cooled

to 0 °C and treated with sodium cyanoborohydride (70 mg, 1.1 mmol) and formalin (3 mL,
36 mmol). After stirring at ambient temperature for 16 hours, the mixture was quenched with
aqueous sodium carbonate and extracted into dichloromethane (3x10 mL). The organic

20 extracts were combined and dried over potassium carbonate. The residue was purified by
chromatography (SiO,, 95:5:0.5 CH,Cl;:MeOH:NH,OH) to afford the free base of the title
compound (80 mg, 77% yield). The free base was then treated with a solution of HCl in 1,4-
dioxane (4 M, 88 pL, 0.35 mmol) as described in Example 1F to provide the title compound
as a white solid (70 mg, 75% yield). "H NMR (CD;OD, 300 MHz) & 2.04 (m, 1H), 2.33 (m,

25 1H), 2.95 (s, 3H), 3.30-3.80 (br m, 7H), 4.43 (m, 1H), 7.15 (dd, J=8, 3 Hz, 1H), 7.29 (d, J=8
Hz, 1H), 7.74 (d, J=3 Hz, 1H); MS (DCINH;) m/z 238, 240 (M+H)"; Anal. Calculated for
Ci2H16CINs HCI: C, 52.57; H, 6.25; N, 15.33. Found: C, 52.59; H, 6.29; N, 15.26.

Example 18
30 (1R.,5R)-2-(3-pyridinyl)-2,6-diazabicyclo[3.2.0Theptane bis(4-methylbenzenesulfonate)

Example 18A



20 tert-butyl cis- 1

- (6-chl oro- 3- pdi nyl ) hexahydr opyrrol o[ 3, 4-b] pyrrol e-5(1 H) - carboxyl ate

t ert - But Wo ei/8B3exahydr opyrr ol o[ 3, 4- b] pyrrol e-5(1H) - car boRgT/a8&1/133B0 ny,
2.60 mmol), prepared as described in (US 5071999) and

2-chl or o-5-i odopyridine (660 ng, 2.76 7gpnol), prepared as described in
(Tetrahedron Lett. (1993), 34, 7493-7496), were processed as described in
Exanple | E to provide the title conpound as a tan foam (750 ng, 89%yield).
25 M5 (DCI/NH3) mlz 324, 326 (I\/Hr Exarrple 168 Ci s-, 1-(6-chloro-3-p ry

i di nyl) oct ahydr ogyeputloftat-RutoKeArbeslve)-Jrh eralidinecmparylicacib A (745 n,
2.31 mmol) in d with
trifluoroaceti ghlgsjg% ?}?W%l%% (%bt‘p’ﬁrgg\gl\{/?\ﬁ/a%18 1(:?]:1 ??Iﬁa(gP ]S\’Eﬁgﬁlreﬁfjet%}é%’

al | oned sodiwarhydtoxident3i 36, Sdenmerl)al wattr G¥ims) it sbichioemBetatus. SAft&ihH) m xture
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chr omat o§HAHRS Y Lirens, t (s Vs Araptet 8o dir te 7yl digriopnaty @6{53 g,
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1- (6-chl omrmeﬁtrzpyd unider rddused afeydne;widiﬁécbﬂ)@mzml wih saluetddyKIHBOh (ag),i hd The

product from 368 was treated wth a out'on of
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3. SQO%WIG mpslffﬁ9117m(3l H), 4.41 (td J= 6 10 2 Hz 1H) 7.14 (dd
JD%U , 7.29 (d, J=9 Hz, 1H), 7.73 (d, J=3 Hz, 1H); VB

NHB) n12 224 226 (M+rH) +; Anal. Cal culated for C, 1H14C N3 HCl: C, 50.78;
H 5.81; N, 16. 15 Found: C, 50. 88gxkhpf.188, N, 16.08. Exanple 17 15 cis-
1-(6-chloro-3-p idinyl)-5- nethyloctahydropyrrolo 3 4-b pyrrole
hydr ochl ori de Tg@-by ; ydig "H‘"z’.-v"

Sélmnimf?saﬁﬁ‘??g?m‘ﬁ‘l?tnﬁ?@ A %ﬁsﬁrﬁ‘w&‘ 73 a@%)gﬁ%s Lo

t enper at treged with bordmeunsthylt suéfide complex @ad1 qﬂEHEJTElﬂ nYIL t'714 mAgl) dedpivisOsVem
car onat and extracted. into dichlorongethane_ ( The or ganic 20

extlPact s Qvgl*%u B S ROdtioRdY B ed e Fetlyst 8%%:119% g&ﬂt?@ﬂ]&fléo 16-g8 @eS| due was

puri fi ednR¥hanol was added cautiously at 10-20 °C until there was no obvious evolution of

hydrogen. The mixture was concentrated under reduced pressure and the white residue

stirred with water (50 mL) for 10 minutes and then extracted with ethyl acetate (3x100 mL).

The combined extracts were washed with brine (2x10 mL), dried (Na,SOy,), and concentrated
20 to provide the title compound as a white solid (7.24 g, 99% yield). "H NMR (MeOH-d,, 300 -

MHz) & 1.48 (s, 9H), 1.82 (m, 1H), 2.10 (m, 1H), 3.45 (m, 3H), 3.66 (m, 2H), 4.30 (m, 1H);

MS (DCI/NHz) m/z 218 (M+H)".
, Example 18C
25 tert-butyl (2R,3S5)-3-[(methylsulfonyl)oxy]-2- {[(methylsulfonyl)oxy]methyl}-1-

pyrrolidinecarboxylate
The product from Example 18B (4.6 g, 21.2 mmol) and triethylamine (9.0g, 89.0

mmol) in dichloromethane (100 mL) 0 °C was treated with methansulfonyl chloride (4.9 mL,
63.5 mmol) over 20 minutes. After stirring at ambient temperature overnight, the mixture

30 was quenched with saturated sodium bicarbonate (50 mL) and extracted with
dichloromethane (2x100 mL). The combined extracts were washed with brine (2x10 mL),
dried (Na2SOy), and concentrated. The reside was purified by chromatography (SiO»,



chromat ography (Si 02, 95:5:0.5 CH2C12: MeOH: NHAOH) to afford the free base
of the title conpound (80 ng, 77%yield). The free base was then treated
with a sovavi/srs4nf HO in 1,4- dioxane (4 M 88 L, 0.35 npol/ysasi3desscri bed
in Exanple IF to provide the title compound as a white solid (70 ng, 75%
yield). 1H NVR (CD3CD, 300 MHz) 8 2.04 ggm 1H), 2.33 (m 25 1H), 2.95 (s,
3H), 3.30-3.80 (br m 7H), 4.43 (m 1H), 7.15 (dd, J=8, 3 Hz, 1H), 7.29 (d,
J=8 Hz, 1H), 7.74 (d, J=3 Hz, 1H); M5 (DCUNH3) niz 238, 240 (M+H)+; Anal.
Cal cul ated for CL2HL6Q N3 HQ : C . 52.57; H 6.25; N, 15.33. Found: C,
52.59: H bhexamsefyl acstatg 6OEthr@V1ﬂ8 tlggltie compound as a pale yellow solid (4.6 g,

i o oot R RED, N BT ZB0NNE) £ sl SERLA2S m e B s B8 7o

(2S, 39) - 13.(8 eyrts; b NS 4.20-3-4ay@t, GXY); 220Y! OH); WS eDarBOKYh/£3ALi d
trans- 3- %d €t{gry (L Scﬁ%?%gn%llo 0 g,( H% Y |n)THE%(50 m.) was treated
W th t:IN,H@B 36 g, 84 innmpol) in vvater (34 nL) at anbient
terrp§rature After 10 mnutes of stirring, the mxture was treated with

di -tert-butyl dicarbonate (16.63 g, 76.3 5 mmol) portionw se. After
stirring at anbient tenperature for BOnpeI8D the m xture was concentrated
under reduced pressure aC| d|f| ed to pH 2-3 vmth sat ur at ed KHSO4 (aq) and
extracted with &ZhPRivE SRGE.G PClQ) B Falinentang-4+-5@ :

i ned, b
e compound & aa‘\%mﬁ%ﬂ E%rf“%%??‘z‘r% %%ﬁzgﬁ%? E‘Pﬂaﬁ*&g g @?‘%%rf‘t%
Exanpl e 18Btddewih berizylamine (7.7g, 36 mmol) and heated at reflux for 20 hours After cooling to = .
2R, 3S) - 3- hyd d t h 1- b | at Th duct
(2089 S 2 O o ol fegge Rl sl pocict
bor ane- Metfihe HiM ﬁﬁﬁﬁe@&n@ﬁ%aﬁéﬁ%y (50 Fhexindh: dthyl abdha T Ao) S5 BIRVIREOV er

15 10 m nutes. The sol ution was warmed to re hour | cooled to
10-20 T. tithdatolngoohd was waitdedlid €14 o108 yickd). HISZMKICEIMOD 1OI6MHZ)/®$ 40ds,

or esur @ AAB-UH i DB G BaDe o F o2 ks S SB gt orl oA it o

and then gxf vaglesh W, b %@(b@%@lgtﬁz(z%( ) The conbi ned extracts
were washed w th brine 82x10 L ried NaZS ), and concentrated 20 to

pro¥dde the title conpound as a white soI|d (7.24 g, 99%vyield). 1H NWR
(MeOH d4, 300
Example 18E
(1R,5R)-6-benzyl-2,6-diazabicyclo[3.2.0]heptane

The product from Example 18D (1.00 g, 3.4 mmol) in ethanol (10 mL) was treated

with 12M HCI (1 mL) and heated at 50 °C for 1 hour. After cooling to ambient temperature,
20 the mixture was concentrated under reduced pressure and then azeotroped from isopropyl
acetate. The residue was purified by recrystallization from isopropyl acetate:heptane (1:1) to
provide a white solid (0.74g, 84% yield). "H NMR (CDsOD, 300 MHz) & 2.20 (m, 1H), 2.50
(m, 1H), 3.90 (m, 1H), 4.00 (m, 1H), 4.26 (m, 1H), 4.50 (m, 1H), 4.76 (m, 3H), 5.10 (m, 1H),
7.40-7.60 (m, 5H); MS (DCIUNH;) m/z 189 (M+H)".
25
Example 18F
(1R,5R)-6-benzyl-2-(3-pyridinyl)-2,6-diazabicyclo[3.2.0]heptane
The product from Example 18E (260 mg, 1.0 mmol) and 3-bromopyridine were

processed as described in Example 1E, except that a larger amount of sodium tert-butoxide
30 (384 mg, 4.0 mmol) was used to neutralize the salt. The crude product was purified by
chromatography (SiO,, CH,Cl,:MeOH, 95:5, Ry 0.3) to provide the title compound (0.26 g,



MHz) 8 1.48 (s, 9H), 1.82 (m 1H), 2.10 (m 1H), 3.45 (m 3H), 3.66 (m
2H), 4.30 (m 1H; M5 (DCI/NH3) mz 218 (MtH)+. Exanple 18C 25 tert-butyl
(2R, 3S) - W peB3wal sul fonyl oxy]-2-{[(meth | sul fonyl oxy] nP€THR)1B798
pyrrolidinecarboxylate The product from Exanple 18B (4.6 g, 21.2 mmol) and
triethylamne (9.0g, 89.0 mmol) in dichoronethane (100 nm.) 0 C was treated
wi th methansul fonyl chloride (4.9 mL, 63.5 mml) over 20 minutes. After
stirring at anbient tenperature overnight, the m xture 30 was quenched with
saturated sodi um bi carbonate (50 nL) and extracted with dichl oronethane
(2x100 nl)98% I hieldd.oHINMER (EX;:08; 880 M2 Sad €, WY, 1. 2@r(méH(),23<i@3r8!))(m, 4HD)j ed

(5102, ool B345. Pot rusoH). 14Rs500 k0. RERMBLDCUNTH) ale et BTE67 307 1 &

provi de the t|tIe conmpound as a pale yellow solid (4.6 g, 58%yield). 1H
NVR ( CDC13, 300 MHz) 6 1.48 (br s, 9H), 2.28 (m 2H), 3.05 (br s, 3H),

3.08 (br s, 3.55 (m 2H), 4.20- mgmsﬁm 520(m%|—|)|\/|5
(gc L EZH)?;? "Lé{ %.ZLZ (ﬁ(z '1\3myr1H2h.nv1)§2@61 dl(azwgbl}lgH\leof 35 (Eﬁar_ n@%ll D ﬁnz%}né(sulfgxllgefg m
Exanpl e 18C (@}%ro&&tm Ex:hﬂpl@QBFQI@ o6, d@lﬂﬁfb@)lﬁ%@ﬁnﬂl—ﬁ)ﬁlom wist@atd W th

benzyl am ne (7.7g, 36lnnol) and heated at reflux for ours. After
cool i ng twith 1@’Ad?ﬂz$€é&t13g)smdelr abyrdregen dtmosphereiates 0aSTof iLb hevisd Adfef canithgithe

(1ot s SO O (sl s BALLSA By SO Sorgnly
white sol ('2531@ ﬁlL§ rﬁse 6% ﬂ]tl%{ed\ifas G%Hc%tm%edé% ﬁre@an& tﬂeﬁbl(ﬁvn reé}d@é")
1.48 (s, 5H), O (m 2H), 3.18 (in, 2H) (m 4H), 8 (m

1H) 104, 2onqmpropymlcol’rolzwo TI 2(astregie)l w1WMylmynwﬁom8 acid mqaphydrw

r om BxarsP 80 017560 TheM il PARBARIT e Pyls B TR PR AP EaRVRAL
12M HO  (td cob)toanthiditt adresbrattirenhd Gtifred for 1MMburs. ATHef}ireéipl@dté 0gs isolagddyent

t enper at ur e,
filtration and dried under reduced pressure at 40-50 °C to provide the title compound (180

mg, 44% yield). "H NMR (CD;0D, 300 MHz) & 2.40 (s, 6H), 2.45 (m, 1H), 2.55 (m, 1H),

15 3.70 (dd, J=11.8, 3.0 Hz, 1H), 3.85 (m, 1H), 4.08 (m, 1H), 4.46 (dd, J=11.8, 5.5 Hz, 1H), 4.85 -
(m, 1H), 5.30 (t, 6.6 Hz, 1H), 7.24 (d, J=7.8 Hz, 4H),6.98 (br d, J=8.0 Hz, 4H), 7.84 (m, 2H),
8.15 (m, 1H), 8.22 (m, 1H); MS (DCUNH;) m/z 176 (M+H)"; Anal. calculated for
C10H13N3+2 TsOH: C, 54.71; H, 5.70; N, 7.98. Found: C, 55.20; H, 5.51; N, 7.58.

20 Example 19
(1R,5R)-6-(6-chloro-3-pyridinyl)-2.6-diazabicyclo]3.2.0]heptane

bis(4-methylbenzenesulfonate)

Example 19A
25 tert-butyl (1R,5R)-2,6-diazabicyclo[3.2.0Theptane-2-carboxylate
The product from Example 18D (1.25 g, 4.3 mmol) in ethanol (25 mL) was treated
with 10% Pd/C (0.25 g) under a hydrogen atmosphere at 60 °C for 16 hours. The mixture

was filtered through diatomaceous earth with an ethanol rinse (2x10 mL). The filtrate was
concentrated under reduced pressure to provide the title compound as a yellow oil (0.85 g,

30 99% yield). "H NMR (CD;0D, 300 MHz) & 1.46 (s, 4.5H), 1.48 (s, 4.5H), 1.60 (m, 2H), 3.18
(m, 2H), 3.60-3.75 (m, 3H), 3.98 (m, 0.5H), 4.20 (m, 0.5H), 7.20-7.42 (m, 5H); MS
(DCI/NH3) m/z 199 (M+H)".



20 the m xture was concentrated under reduced pressure and then azeotroped
fromisopropyl acetate. The residue was purified by recrystallization from
i sopropywaesssse: heptane (1:1) to provide a white sol i dPCOURE37BL%
yield). 1H NWR (CD3OD, 300 MHz) 8 2.20 (m 1H), 2.50 (m 1H), 3.90 (m
1H), 4.00 (m 1H), 4.26 (m 1H), 4.50 (@ 1H), 4.76 (m 3H), 5.10 (m 1H),
7.40-7.60 (m 5H); M5 (DCI/NH3) mz 189 (MtH)+. 25 Exanple 18F
(1R, 5R)-6-benz 1-2-(3-p rY idinyl)-2,6-diazabi cycl o[ 3. 2. 0] hept ane The
product from Exanple 18E (260 ng, 1.0 nmol) and 3-bronopyridi ne were
processed as described in Exanple 1E, except that a |arger anount of sodium
tert-butoxide 30 (384 ng, 4.0 mmol )_was .u to neutralize the salt. The
crude product was purlfled by chro (Sl 02, CH2C12: MeCH, 95:5, Rf

y . . . \, ]

98% ield).
3. 50y3 80) (m ﬁlﬂ)proutt il@rr(ﬁxamply 194 (g@)(nm 1. H)unolj ag@Z;ctho@mpdgH)mdx%

H3
( )2&%% ?.28115’;?)) Pfﬁpge eggﬁg Clpé}Fet‘_;)abzdﬁathéet‘& (1993), 34, 7493-7496),
b' S( 4- WEtvb\éfb pﬁjw@e@ayhésaﬁaé@im E)ZEhﬁ)l@lE%lpﬁovfdeQm &n@amh@uhalfo 06.026485 0. 98
mml) in ethanol (10 ni) was treated wth 10% Pd/C (0.13g) under a

hydr ogen }aﬂﬁbsm QDsQ@ @09 MHZ)GS hé8ifs H) 1-8F (mobilh ﬂ@ot( , Jzhbidebd Hz,

t enper at t d o) h. an
et hanol Ul(@xiggﬁ{lmlﬁ %llltefrgg f@agléggﬁlcgﬁb’r eﬁ“ﬂﬁ@e? %328{1 EHS?
pressure Hi\d}l)hw@(dwva— ess tﬂlﬂﬁ 18),im2 @apr-as;10. AHe o119), 7(69Qd 3. VHS, THeat ed
wi th 4-nethyl benzenesul foni ¢ _aci d. nonohydrate (558 ng, 2.94 mmol). The

m xiQre WS (REUAED) ore BL0BK2 (M) ds di ssol ved and then allowed to cool to
anbi ent tenperature and stirred for 10 hours. The precipitate was isol ated
by filtration and dried under reduced pressure at 40-5 0 Cto provide the
title conpound (180 ny, 44%yield).E p gQCDSCD 300 MHz) 6 2.40 (s,
6H), 2.45 (m 1H), 2. 15 _ : .0 IH), 3.85 (m
1H, 4.08 (m 1H), 4 » ' : : H), 5.30 (t,
6.6 Hz, 1H), 724(d J78sz1 B eth 098 b b1 @nards8- 0 Hz, 4H), 7.84 (m
2H) , 815(m 1H), 8.22 (m 1F6££‘_VVS—?DCENH%‘ﬁ]—§76(NH—|)+ Anal .

cal bSJI at ed forThe(pIG&iﬂc:BﬂénQE‘zse(ﬂaiﬂe COB%230rthg, $483 Bxiddl) iN\;thahod 810 mbymas tr€ated

55.20; H w1?h 5’ methylbgnzggesu Omg)a(lgiﬁpmono}xydrate (480 mg, 2.49 mmol). The mixture was

heated to reflux for 2 hours, cooled to 25 °C, and concentrated under reduced pressure. The
brown residue was azeotroped in isopropyl acetate (10 mL) several times and then -
crystallized from isopropyl acetate:heptane (1:1) to provide the title compound (0.17 g, 37%
20 yield). 'H NMR (CD;0D, 300 MHz) & 2.00 (m, 1H), 2.40 (s, 6H), 2.45 (dd, J=14.5, 6.0 Hz,
1H), 3.65-3.80 (m, 2H), 3.98 dd, J=9.8, 2.2 Hz, 1H), 4.15 (dd, J=10.2, 2.3 Hz, 1H), 4.58 (m,
1H), 4.95 (m, 1H), 7.09 (m, 1H), 7.24 (d, J=8.1 Hz, 4H), 7.32 (d, J=8.8Hz, 1H), 7.68 (d,
J=3.3 Hz, 1H), 7.72 (d, J=8.3 Hz, 4H); MS (DCI/NHs) m/z 210/212 (M+H)"; Anal. calculated
for C10H12N3Cl2 TsOH: C, 52.02; H, 5.09; N, 7.58. Found: C, 52.00; H, 5.27; N, 7.45.
25
Example 20
(1R,5R)-6-(3-pyridinyl)-2,6-diazabicyclo[3.2.0Theptane

bis(4-methylbenzenesulfonate)

30 Example 20A
tert-butyl (1R,5R)-6-(3-pyridinyl)-2,6-diazabicyclo[3.2.0]heptane-2-carboxylate




(1R, 5R)-6-(6-chl oro-3-pyridinyl)-2,6-di azabi cycl o 13. 2. 01hept ane

bi s(4- met hyl benzenesul fonate) Exanple 19A 25 tert-butyl

(1R, 5R) - Ay@ouswzabi cycl o[ 3. 2. 01hept ane- 2- car boxyl at e The peD@ae137980m
Exanple 18D (1.25 g, 4.3 mmol) in ethanol (25 nL) was treated wth 10%
PdlI C (0.25 g) under a hydrogen atnosphgse at 60 C for 16 hours. The mixture
was filtered through di atomaceous earth with an ethanol rinse (2x10 niL).
The filtrate was concentrated under reduced pressure to provide the title
conmpound as a yellow oil (0.85 g, 30 99%yvyield). '"H NWVR (CD30OD, 300 MHz) 6
1.46 (s, 4.5H) Thdpwgudtdrond ERkinplell 980(20thmg H)Q mBiolBand(Ivbroptdpyridin6 @1 A M5, (m

3H), 3.98 0.5 4. 20 0. - 20- 7. . DCl /N n

100 (Wb b2 ESD DI BT SR B s e o e Pavists o ey 0227
(1R SR) - 6-4dv, G OHINRIR (CED )302511\611{22)821?5@(§y9111)9f1.@s%mQhH?,P}.ﬁﬁ(%rd?J£@t@0X
| ate Theé product” from Exanpl e 19A (200 ng, 1.0 ol ) and

2- chl or 063-HnddPy3.6di(melB), (288 (diy J=38 121 .k, 1 H), 5 ¢pan.cd)ad. 50éme il Hyeld7§ (or

(Tetrahedro t ( o34, 1493-7496) , r C as . described in
Eearipi o b8 TG dESE R Wk T22tdidaa v, 8 1% Vel d 5§ REp ST B R
CD3CD, 39@8%@,)#@.7,10."7&{&51}1)%,%)"GIﬁEPHﬁ)rH]/le*%,(l\@FI%@. (dd, J=13.5, 6.1 Hz,
1H), 3.62 (m 1H), 3.70 (dd, J=8.5, 1.7 Hz, IH), '3.90 (m 2H), 4.50 (m
1H), 4.78 (br t, J=5.1 Hz, 1H), 6.90 (dd, J=8.4, 3.1 Hz, 1H), 7.22 (dd,
J=8.5, 0.7 Hz, 1H), 7.59 (d, J=3.1 1H),.- 10 M5 (DCI/NH3) mlz 310/ 312
(MeH) +. Exam | pe19C (1 R 5R)-6-(6-cﬁrzi%918@—@§yridi nyl)-2, 6-diazabicyclo
[3.2.d heptane bi s(4¢1resRybepzadiashly,eaakzedicyd§3Pehastesict from Exanpl e
19B (250 ng, 0.83 nmmmol) in ethanol (10 nL) was treated wth

4- 8t hyl benzenesul foni ¢ aci d Risihmethdbeizemsolionate)>. 49 nmol ). The ni xture

was heated gyl ﬁfclﬁ&]{ét ﬁr@aﬁ Eg(agl?)}gf() \ 40 fedBa %?de@m&ﬁ‘élﬁn%ﬁﬁ»ﬁ‘é { sft”‘: g under

reduced pressdureé. own residue was azeotroped I'n isopropyl acetate

(10 ) sewiteahe titloesmpmchdl(0S2 g, 62Ysyiold). 2@ WIMR ¢OD;GDPBOPYVHAGEL Bd ghhept ane
(1:1) to provide the title conpound (0.17 g, 37% 20 yield). 1H NVR (CD3QOD,
300 MHz) 1%),2-%(%@;1),3?-%0,(%lfd4(7s,6-06ﬁ1|y,,1fb), 135(%%5, (na,2H, 4 14 6mo 11y, 4.34 (.,

3.65-3.8 é,%ﬁgz&pl,’lf’%; 88090 1=9 %P 115, Pod i, 117k 11t 4y, A eaa) B0 28 B3 F2

39
P

1H), 4.5
15 4H), 7.82 (m, 2H), 8.12 (m, 2H); MS (DCI/NH3) m/z 176 (M+H)"; Anal. calculated for

CioH13N32 TsOH: C, 55.47; H, 5.63. Found: C, 55.81; H, 5.61.

Example 22
cis-6-(6-chloro-3-pyridinyloctahydro-1H-pyrrolo{3.4-blpyridine dihydrochloride

20

Example 22A
tert-butyl cis-6-(6-chloro-3-pyridinyl)octahydro-1H-pyrrolo{3.4-blpyridine-1-carboxylate

tert-Butyl cis-octahydro-1H-pyrrolo[3,4-b]pyridine-1-carboxylate (374 mg, 1.65
mmol), prepared as described in (EP0603887A2) and 5-bromo-2-chloropyridine (314 mg,
25 1.65 mmol), prepared as described in (Tetrahedron Lett. (1998), 39, 2059-2062) were
processed as described in Example 1E to provide the title compound (273 mg, 49% yield).
MS (DCI/NHs) m/z 338/340 (M+H)".

Example 22B
30 cis-6-(6-chloro-3-pyridinyloctahydro-1H-pyrrolo[3,4-bIpyridine dihydrochloride

The product from Example 22A in methanol (1 mL) was treated with a solution of

HCl in ether (1N, 4 mL, 4 mmol). The mixture was stirred at ambient temperature for 2



1H), 4.95 (m 1H), 7.09 (m 1H), 7.24 (d, J=8.1 Hz, 4H), 7.32 (d, J=8.8Hz,
1H), 7.68 (d, J=3.3 Hz, 1H), 7.72 (d, J=8.3 Hz, 4H); M5 (DCUNH3) niz

210/ 212 Wobd/st34Anal . cal cul ated for C1O0H12N3CLl. 2 TsOH BCT/H20103798H, 5. 09;
N, 7.58. Found: C, 52.00; H, 5.27; N, 7.45. 25 Exanple 20 (1R 5R)-6-
3-pyridinyl)-2,6-diazabicycl of 3. 2. O hepgane bi s(4-net hyl benzenesul f onat e)
30 Exanpl e 20A tert-butyl

(1R, 5R)-6-(3-pyridinyl)-2,6-diazabi cycl ol 3. 2. 0] hept ane- 2- car boxyl ate WO
01/ 81347 PCT/ USO01/ 13798 83 The product from Exanple 19A (200 ng, 1.0 mmol)
and 3- br orhwpys andithen ¢oreentraged urklep radwodd praesuee. pFlecesdent sdiddessarydhdtizédn

Exanpl e 1 (0. 27 99%

(c%gpoae 306 e 8 Gy Tt pfo B8 WAR obihpfiin g aplisiichy.  HAME |,
1 2

1H) 3 7§(d15510br I%tho 1\?1_{@6(1@@ () Zoﬁ) 19418ﬁ 1), 238|x|)(m ?mg% émm 1'}9)83‘.’% 5505_4(}31

Hz, 1H), AVHBG T0dd JE=32) $Elz, 1), 3.9871, g&s&ﬂn 1}1) 74247(ddOJ—79 BIsz 1H); 7.08(d, m@JNHs)

m z 76 (

(1R S - SR, 708 R03 50 THh - MSUPS VD 405 6P RADQGED"s gyl Calltated for
bi s(4- ”EtCMH?@N?QQSHbi -qnafses: 8. SIOFNdlI@Wf remdExaapks; ﬁO@\lW pegessed as

described in Exanple 19Cto provide fhe title conpound (0.32 g, 62%
yield). 1H NWR (CD30OD, 300 MHz) 6 2.10 (m 1H), 2.49 (s, 6H), 2.50 (dd,
J=14.7, 6.0 Hz, 1H), 3.65-3.85 (m 2 1 (m 1H), 4.34 (m 1H), 4.68
(in, 1H, 5.10 (t, J=5.0 Hz, 1H), 7. —7 8 Hz, 4H), 7.70 (dd, J=8.0,

1.8 Hz, 15 4H), @isB3mridiihocBid@roli Mpyaidd[3 M5 6 RRiANHR) detrosds ( MrH) +;

Anal . calculated for Cl1OH13N3.2 TsOH. C, 55.47; H, 5.63. Found: C, 55.81;

H 3061. Exanple 22 cis-6-(6-chloro-3-p

ridinyl)octahydro-| H pyrrol 013, 4- b] i ﬂ! i hydrochl ori de 20 Exanple 22A

tert-butyl Pd10934

ci s-6-(6-chl onm—Buuwas{ﬁ (By;t\brmhmsawthh@dﬂolrkmwvrroldbgﬁ 3-Wipa]daye-il dhibexilaar boxyl a
- h | - I 74

J;nj, 26%1:5 Butyl TI(1:eI psro uct ro){rgﬁxamp e%w g, 1 Og]l‘gl)l(lr )%Incrll %-bror%%}ro}l?r?(ﬁge ? t6% n(lg),

1.03 mmol) were processed as described in Example 1E to provide the title compound (220
15 mg, 70% yield). MS (DCI/NH;) m/z 304 (M+H)".

Example 23B
cis-6-(3-pyridinyl)octahydro-1H-pyrrolo[3.4-blpyridine dihydrochloride

The product from Example 23 A in methanol (1. mL) was treated with a solution of
20 HCl in ether (1N, 4 mL, 4 mmol). The mixture was stirred at ambient temperature for 3
hours and then concentrated under reduced pressure. The resulting solid was crystallized
from ethanol/diethyl ether to provide the title compound (169 mg, 83% yield). '"H NMR
(CD;0D, 300 MHz) 6 1.88 (m, 2H), 1.97 (m, 2H), 2.95 (m, 1H), 3.10 (m, 1H), 3.34-3.70 (m,
4H), 3.83 (dd, J=12, 5 Hz, 1H), 4.06 (t, J=5 Hz, 1H), 7.75 (dd, J=9, 2 Hz, 1H), 7.85 (dd, J=9,
25 5 Hz, 1H), 8.09 (d, J=5 Hz, 1H), 8.11 (d, ]=2 Hz, 1H); MS (DCIUNH;) m/z 204 (M+H)";
Anal. Calculated for C1,H;7N3+2.1 HCI: C, 51.50; H, 6.88; N, 15.02. Found: C, 51.25; H,

6.71; N, 14.91.
Example 24
30 (3aR.6aR)-5-(5,6-dichloro-3-pyridinyDoctahydropyrrolo[3.4-blpyrrole hydrochloride

Example 24A



mol ), prepared as described in (EP0603887A2) and 5-brono-2-chl oropyridi ne
(314 ng, 25 1.65 mml), prepared as described in (Tetrahedron Lett. (1998),
39, 2059w06p313were processed as described in Exanpl e 1EPCDURIIOMIMe t he
title conpound (273 ng, 49%yield). I\/S (DCUNH3) m z 338/ 340 ( M+H) +.

Exanpl e 22B 30

Ci s-6-(6-chl oro-3-pyridinyl)octahydro-| H-pyrrol o[ 3, 4-b] p3ri di ne

di hydrochl oride The product from Exanple 22A in nmethanol (1 nlL) was
treated with %SOl ution of HA in ether (1N 4 m., 4 mol). The mxture

hours and t hen concentratedlunder reduced \%essure  The resultlng SO|Id was
crystallized from ethanol/diethyl etgﬁ’%‘&ga—%rovi de the title conmpound (191
gy, 76% yi el d)The]ﬂﬂoMfroﬁ%ﬁigle?!Qﬂ Mi2)3-BichioBd 5680 gyfidind pBpatddas2H) , 2 88
(m lH) m 1H) 32-3.58 (m 4H), 3.70 (dd, 13\] =12 1OMBHZ 1H),

(t, I-@?SCTJL an US4, 1BaP12) wgere groepssed gy desgribagl IP@XW@ B Ftpfo'llldIP theﬁlﬁﬁe ( d

55 e Wy IR PSR "L AR S gt e Lo ¢

N, 12.99. Exanple 23

Ci s-6-(3-pyridinyl)octahydro-| H-pyrrol 0[3 4 b] pyri di ne di hydrochl oride 10

Exanpl e 23A tert-butyl Example 24B

ci s-6-(3- pyrhgh

product fron 03 52 Ny,

1 03 mmol ) vver"Ehegrro«tmﬁedl Exmxﬂ;ﬁsd#Abm:tprmeEsmqusldesciEedexampldéMtoe title
ound (220

CI s1®- (3-poyidp H}leﬁyfg@é@%% (%l Jol %ﬁﬂ@ﬁ 5}%3383\%&%? g%@? :ﬁ@ziﬁe

duct f t f
Dok i R P e O J“‘*?"i-‘f A BN @Jf;%“* o
t enper at uk), 7.8r(dI=3ndzir1d)as m@mﬁgmmssm&m {MBH)F e@lnulerdﬂqmﬂa&&isfure The

B S R

2H), 1.97 (m 2H), 2.95 (m 1H), 3.10 (m 1H), 3.34-3.70 (m 3.83
(dd, J=12, 5 Hz, 1H), 4.06 (t, J=5 Hz, 1H), 7.75 (dd, J=9, 2 Hz 111), 7.85
(dd]5J=9, Example 25

(3aS.,6aS)-5-(5.6-dichloro-3-pyridinyloctahydropyrrolo[3.4-blpyrrole hydrochloride

Example 25A
tert-butyl (3aS,6aS)-5-(5,6-dichloro-3-pyridinyl)hexahydropyrrolo[3.4-b]pyrrole-1(2H)-
20 . carboxylate
The product from Example 15E and 2,3-dichloro-5-iodopyridine, prepared as
described in (US 5,773,912), were processed as described in ExamplelE (41% yield) to
provide the title compound. MS (DCIYNH;) m/z 358/360/362 (M+H)".

25 Example 25B
(3aS,6a8)-5-(5,6-dichloro-3-pyridinyl)octahvydropyrrolo[3.4-blpvrrole hydrochloride

The product from Example 25A was processed as described in Example 14J to
provide the title compound (78% yield). "H NMR (CD;0D, 300 MHz) & 2.05 (m, 1H), 2.35
(m, 1H), 3.36 (m, 6H), 3.85 (dd, J=12, 1.5 Hz, 1H), 4.42 (t, J=6 Hz, 1H) , 7.35 (d, J=3 Hz,
30 1H), 7.8 (d, J=3 Hz, 1H); MS (DCI/NH3) m/z 258/260/262 (M+H)"; Anal. calculated for
Ci1iHi13ChN3*HCI: C, 44.79; H, 4.75; N, 14.25. Found: C, 44.76; H, 4.79; N, 14.24.




25 5 Hz, 1H), 8.09 (d, J=5 Hz, 1H), 8.11 (d, J=2 Hz, 1H); MS (DCUNH3) niz
204 (MtH)+; Anal. Calculated for C12H17N3.2.1 HCI: C, 51.50; H, 6.88; N,
15.02. Fov@d1/80347 51. 25; H, 6.71; N, 14.91. Exanpl e 24 30PCT/US01/13798
(3aR, 6aR)-5- (5, 6-dichloro-3-p inyl)octah pyrrrol o[ 3, 4-bl pyrrol e hydrochl ori
de Exanple 24A WO 01/81347 PCT/ US01/13%g98 85 tert-butyl (3 aR 6aR)
5-(5,6-dichloro-3-p. r yl hexahydropyrrol 013, 4-bl pyrrol e-1(2H)- carboxyl ate
The product from Exanple 14H and 2, 3-di chl oro-5-iodo pyridine, prepared as
described in (US 5,733,912), were processed as described in Exanple 1E to
provide the title 5 conpound in 42%5,{!@@&@1_6/5 (DCUNH3) miz 358/ 360/ 362
(M+H) +. Exanmg
(3aR, 6aR) - oF C ' T 5T simely ST PYTT Ot e
hydr ochl ori de The product from Exarrpl e 24A was processed as described in
Exanple 14J to 10 provide the title conpound (65%yield). 1H NVR (CD3CD,
300 MHz) S 2.05 (m 1H) 235 (m Bapmple 268 (m 6H), 382(dd J=12, 1.5
Hz, dH), 4.42 Z : : _1H);
e NHB)télﬁ(x %55 G nlorf: ekl o: ‘ ¢
C11H13C12N3HC1. 0. 5 H2O C 43. 47, HQHA-CJXNatelS 83 Found C 43.82; H,
4.86; N, 13.99. 15 Exanpl e_25 (3aS 6as) - 5- (5, 6-di chl or o- 3- r|d|n I
oct ahydr opyrr 6@%@3@%&%%%6#6@@%?%@ &5 evre %Wﬁe
(3aS, 6aSsS rmate- 1( 2H) -
20 car bo?? %:taetg %d%l’ﬁg&%:b g& %c?ngﬂlgknﬁa% mbﬁé%ﬂwﬁ)n{&uﬁ&%ﬁ% I%é% s
2, 3-di chI(ﬂCﬂ/—I\Hig)axdoﬁ%BdOﬁM%Drepar ed as described in (US 5,773,912), were
pr o (gssed as described in Exanplel E (41%yield) to provide the title

ng und. M5 (DCUNH3) mfz 358/360/362 (MtH)+. 25 Exanple 25B
(3aS 6aS) - 5- (5, 6-di chl oro-3-p ' dinyl anygl opyrrol o[ 3,4-blp, rrole
hydrochl oride The product from Exa e was processed as described in
Exanpl e 143a§.6aS)-5-(6-chloro-5-methyl-3-pyridinyl)octahydropyrrolo[3.4-b]pyrrole hydrochloride

The product from Example 26A was processed as described in Example 14J to
provide the title compound (42% yield). "H NMR (CD;OD, 300 MHz) & 2.05 (m, 1H), 2.35
15 (m, 1H), 2.45 (s, 3H), 3.45 (m, 6H), 3.95 (dd, J=12, 1.5 Hz, 1H), 4.45 (t, J=6 Hz, 1H), 7.55
(d, J=3 Hz, 1H), 7.85 (d, J=3 Hz, 1H); MS (DCI/NH3) m/z 238/240 (M+H)"; Anal. calculated
for C2H;6CIN3+1.8 HCL: C, 47.46; H, 5.93; N, 13.84. Found: C, 47.24; H, 5.91; N, 13.69.

Example 27
20 (3aR,6aR)-5-(6-chloro-5-methyl-3-pyridinyl)octahydropyrrolo[3,4-blpvrrole hydrochloride
Example 27A

tert-butyl (3aR,6aR)-5-(6-chloro-5-methyl-3-pyridinyDhexahydropyrrolo[3.4-blpvrrole-
1(2H)-carboxylate

25 The product from Example 14H and 5-bromo-2-chloro-3-methyl pyridine were
processed as described in ExamplelE to provide the title compound (24% yield). MS
(DCUNH;) m/z 338/340 (M+H)".

Example 27B
30 (3aR,6aR)-5-(6-chloro-5-methyl-3-pyridinyDoctahydropyrrolo[3.4-blpyrrole hydrochloride

The product from Example 27A was processed as described in Example 147 to
provide the title compound. (40% yield). 'H NMR (CD;OD, 300 MHz) & 2.05 (m, 1H), 2.35



provide the title conpound (78% vyield). 1H NVR (CD30OD, 300 MHz) 8 2.05 (m
1H, 2.35 (m 1H), 3.36 (m 6H), 3.85 (dd, J=12, 1.5 Hz, 1H), 4.42 (t, J=6
Hz, 1H WwagoB&3¢d, J=3 Hz, 30 1H), 7.8 (d, J=3 Hz, 1H); MCT/DSUNEI8 ni z
258/ 260/ 262 (M+H)+; Anal . calculated for Cl1HLI3C12N3HO : C, 44.79; H,
4.75; N, 14.25. Found: C, 44.76; H, 4.7% N, 14.24. WO 01/81347

PCT/ USO1/ 13798 86 Exarrpl e 26

(3aS, 6aS) - 5- (6- chI oro-5-nmethyl -3-p)ridi nyI ) oct ahydr opyrrol 013, 4- bl pyrrol e
hydr ochl ori de Ie 26A 5 tert-butyl

as, 6as) - 5(1(1161th2o4f 53 BA @B-68)r 382 t9d. ﬁb&dk@ﬂzﬁ} Adibdt.1=6 B, bipyri2l e-

1(2H) - car y| u
5- br ono- 2?&)? g?% éHyj?@ ‘ngﬁ{&r %ﬁpﬁ?gﬂgmg% QSSS/Zﬁ()eQ\gﬂ{Beé%nian Exanpl el E
t1 8 g( ovi Fﬁldizlglgedﬂoi Ce, It eupaends (ELE yART A, 5MB; N, DEORHEbuAd:2C, 337370 5 8Bk H) +.
anpl_e
(36, 66) - BY;(18-@hl or o- 5- et hyl - 3- pyri di nyl ) oct ahydr opyrrol o[ 3, 4-b] pyrrol e
hydrgochl ori de The product from Exanple 26A was processed as described in
Exanple 14J to provide the title conpound (42% yield). 1H NVR (CD30OD, 300
MHz) b 2.05 (m 1H), 2.35 15 (m 1HEx @gs 3H), 3.45 (m 6H), 3.95
(dd, J=12, 1.5 Hz 1 : : JIH), 7.85
(d, J=3 Hz, 1H) (Gabisbary Yo s YITOAQ. d 5
C12H16CIN3. 1.8 HCl: C, 47 46; H 5. 93 N, 13. 84 Found C 47 24 H, 5.91;
N, 13.69. Exanple 27 20 (3aR 6aR)-5-(6-chl oro-5-nethyl-3-p)gridi nyI
oct ahydropyrrol 0[3 4- bl pyrrol e hydr dhahnpie 2RA Exarrpl e 27A tert-butyl (3
aR, hI . i )

1(2 ; :
5- br ono- 2- chl OJ!‘HE dﬁﬁttﬁibhiEXaﬁh ENGHVBOE ‘P@@%%ﬁgl ﬂﬁdgﬂﬁ’&ﬂhbpﬁﬂi IeI E
to provide the tIE’??e conpound 1%124%}1\3,/??@ g.%r D&U m z "338/ 340 (

Exanpl e 2Z7Bud@l) were processed as described in Example 1E (w1th the modlﬁcatlon that 2.1 eq. of

(SaR 62, 85 L 01AREQaS AR« PRl SheulehotRNEORULE Pt By o' e

chromatography (SiO,, 4% MeOH in CH,Cl,) to provide the title compound as a pale yellow
15 solid (400 mg, 70%). MS (DCIUNH3) m/z 290 (M+H)".

Example 28B
(3aR,6aR)-5-(3-pyridinyl)octahydropyrrolo[3.4-blpyrrole dihydrochloride
The product from Example 28A (400 mg, 1.38 mmol) in ethanol (3 mL) was treated
20 with HCV/1,4-dioxane (4 M, 4 mL). After stirring at 20 °C for 2 hours, the mixture was

concentrated under reduced pressure. The yellow oily residue was purified by
chromatography (SiO,, 90:10:1 CH,Cl,:MeOH:NH,OH) to provide the free base as a pale oil
(208 mg). The free base in ethanol (3 mL) was treated with HCV/1,4-dioxane (4M, 3 mL).
The solvents were removed under reduced pressure to leave a light yellow solid, which was
25 crystallized from ethanol:ethyl acetate (1:4) to provide the title compound as a hygroscopic
off-white solid (253 mg, 70% yield). 'H NMR (CD;0OD, 300 MHz) § 2.11 (m, 1H), 2.40 (dq,
J=14, 8 Hz, 1H), 3.4 (m, 3H), 3.53 (dd, J=8, 5 Hz, 1H), 3.61 (m, 1H), 3.71 (dd, J=12, 7 Hz,
1H), 3.99 (dd, J=12, 2 Hz, 1H), 4.52 (br t, J=7 Hz, 1H), 7.85 (m, 2H), 8.13 (m, 1H), 8.18 (br
s, 1H); MS (DCIUNH;) m/z 190 (M+H)"; Anal. calculated for C;;H;sN3» 2 HCI1+0.2 H,0: C,
30 49.71; H, 6.60; N, 15.81. Found: C, 49.80; H, 6.59; N, 15.64.

Example 29



The product from Exanple 27A was processed as described in Exanple 14J to
provide the title conmpound. (40%yield). 1H NMR (CD30D, 300 MHz) 6 2.05 (m
1H), 2. 3%voW/8BAB1347 PCT/ USO1/ 13798 87 (m 1H), 2.45 (sPCBHpQI/B7%5 (m
6H), 3.92 (dd, J=12, 1.5 Hz, 1H), 4.45 (t, J=6 Hz, 1H), 7.52 (d, J=3 Hz,
1H), 7.82 (d, J=3 Hz, 1H); VB (DCUNH3) 8?2 238/ 240 (MtH) +; Anal .

cal cul ated for CL2H16CIN3.1.75 HCl : 7.74; H,£ 5.96; N, 13.92. Found: C
47.57; H, 5.89; N, 13.62. 5Exarrp|e28

(3aR, 6aR) '5-(3-p3' di nyl ) oct ahydr opyrrol of3 4- bl pyrrol e di hydr ochl oride
Exanpl e 28A (BaRbeRi-5HOtmeth¢By-ARyBdRy olBl4-bipyehie 1)

13, 4- bl pyrrol e- 1(2H) - car boxyl ate The product from Exanpl e 14H (800 nm,
1.96 mmol ) and 3-bronopyridine (400 ng, 2.5 mmol) were processed as

described in Exanple IE (vvith t he rrqg(jﬁﬂ%?jgg@n that 2.1 eq. of sodium

tert - but oxi de (390 ng, - was useé he cr ude product was purified
by chronatigy 3spaR IR v hrpbiayDhexa ) cel (@Hpound
as pal e yel | ow 15 solid (400 ny, 700@ a% (DCI/NH3) rﬂz 290 ( MHH) +.

l e 28B (3 aR, 6aR) - 5(3pd|nyl) op ol 013, 4-bl pyrrol e

di hydr ochl or i dencThedit GRUCE a1 EK01806:, 288 i) 208 3-bko8-ImethbxiyrRlidanol
(3 m) was treategg 20 V\AthXHélq 6(dl o%ane (4 M Qa ) ? Af ter S?[(Il’l’lng at

20 C for (278161&%54@%01&1@%%&&91@ 7A€Wﬂ@é>ﬁ*?<‘reﬁf’aeédisdﬁ$f@|be¢ erbxaaplpl BSwithdhe The
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free basaitlercogigoandbs § Baletybllomsilt(0 mtgedowwymmms (BOUNIED €'z (ZQ(N(MQHD*L)

The, sol vents were renoved under reduced pressure to | eave a |ight yell ow
sol 1Y, which was 25 crystallized from ethanol :ethyl acetate (1:4) to

provide the title conpound as a hygr | gggof f-white solid (253 ngy, 70%
yield). 1H NVR (CD30D, 300 MHz) 6 2.%, 2.40 (dqg, J=14, 8 Hz, 1H),

3.4 (m 3H) BaR.6RYHS-mEtRxys-pridit)octahy8iopymplol B-blByridle (ibydrodhibide 7 Hz,

RIS N N R A B R

f48 r 8831 1 El»@ig?zgeg?edﬁ@k}i &t&o'fl?a@en&acl@@ 048.)! 1 fidihstifirf2Ost abieh? te@dperdtaeter 2 C,
15 hours, the mixture Was concentrated under reduced pressure. The resulting yellow oil was

purified by flash chromatography (89:10:1 CH,Cl,:MeOH:NH,OH) to provide the free base
as a pale oil (210 mg). The freebase was dissolved in ethanol (3 mL) and treated with HCI in

1,4-dioxane (4M, 3 mL, 12 mmol). After stirring for 30 minutes, the mixture was

concentrated under reduced pressure. The residue was crystallized from ethanol:ethyl acetate -
20 (3:1) to provide the title compound as an off-white solid (317 mg, 57% yield). 'H NMR

(CDs0D, 300 MHz) & 2.10 (m, 1H), 2.39 (dq, J=13, 7 Hz, 1H), 3.35-3.45 (m, 3H), 3.52 (dd,

J=7,5 Hz, 1H), 3.61 (m, 1H), 3.69 (m, 1H), 3.96 (br d, J=13 Hz, 1H), 4.00 (s, 3H), 4.49 (brt,

J=7Hz, 1H), 7.24 (m, 1H), 7.83 (d, J=2 Hz, 1H), 7.91 d, =2 Hz, 1H); MS (DCI/NHj3) m/z

220(M+H)+; Anal. calculated for Ci,H;7N30°2.6 HC1: C, 45.89; H, 6.29; N, 13.38. Found: C,
25 46.02; H, 6.23; N, 13.49.

Example 30
(3aS,6aS)-5-(3-pyridinyDoctahydropvrrolo[3.4-blpvrrole 4-methylbenzenesulfonate

30 Example 30A
tert-butyl (3aS,6aS)-5-(3-pyridinyDhexahydropyrrolo[3,4-blpyrrole-1(2H)-carboxvlate




Exanpl e 29 WD 01/81347 PCT/USO1/ 13798 88 (3aR, 6aR)-5-(5-net hoxy-3-p

di nyl ) oct ahydr opyrrol o[ 3, 4-bl pyrrol e di hydrochl ori de Exanple 29A
tert-but WO 01/81347 PCT/US01/13798

(3aR, 6aR) - 5- ( 5- met hoxy- 3- pyri di nyl ) hexahydr opyrrol 013, 4- bl pyrrol e- 1( 2H) -
carboxyl ate The product from Exanple I1&H (0.80 g, 1.96 mmol) and

3- brono- 5- net hoxypyridine (478 ng, 2.54 mmol) from Exanple 7A were
processed as described in Exanple 1E (with the nodification that 2.1 eq.

of sodi umt-but oxi de (400 4.2 mml% was usedﬁ to provide the title
conpound as a pale@rgdict ﬁwﬁxanqme 62E §).71% Gd0neiod)in tBereri®B aNpRyasieatego

(()I(\:/'tIr Ie_lbh;;dr opyrﬁﬁ@%&fﬁ%ﬂ%%r %n%@%ﬁ&ﬁu&(ﬁ?@{h?@%aﬁ&gﬂg@g%(r:r% f?é&”&&npl e

29A (1620 g, 0.10 Sendlymegl’ Ybis(Qiphesiplassphimb 2 & e bindPhtiis) (an hvaRbRAVIh Birem
trifluoroacetic acid(10nm). After stirring at anbient tenperature for 2 15

hours, t Hehemigalsy@3vpg Oc ) étbé‘éfnﬁﬂmner(@ﬁﬂl‘?@& fS‘Pl@sAsld’fléh Chreraicakeib)t i ng
| f
yel | ow oi GRes gg)%hoi)eﬁl&)% n?ﬁé?t @ﬁé@ﬂ%&&&ﬁé\ﬁ@ﬁoﬁ?& djrﬁhﬁhewclab Co) (054

CH2C12: Me pr OVI as a a
freebase gy@ss0dnmst)l \veftkriheatidgheB0l°C(f8r lmh@uranhle ﬁmﬂateadas\/poblkedHﬁ}o dlﬂhyl ether

14d|oxa nmo) Aft rring for 30 m nutes, the m xture
was conc S? gﬁé Waﬂg’ér‘m Zl?ﬂftee@z)?) ?M$ﬁ94)raé’§1°d’ﬂée%’éedd}“§1§1ir§wqeﬁled from
et hanol t
ot owhi { & gégﬁeg%%éﬁdu@@a# edb%&g&ﬂétﬁﬁfém%&% 300 M) C@ t(agrov de
1H), 2. 3gh¢tte cdmp@;nd?asmeumqn@z%g 91%bGyickd). B9 (DG/SH;) i, 2901M+H)§ Hz
0361(m1H) 3.69 (m 1H), 3.96 (br d, J=13 Hz, 1H), 4.00 (s, 3H,
.4b(brt, J=7 Hz, 1H), 7.24 (m 1H), 7.83 (d, J2Hz 1H), 7.91 d, J=2
Hz, 1H); M5 (DCI/NH3) mlz 220(MtH) ﬂxaﬁ@@lgogal cul at ed for C12H17N30. 2. 6
HCO - C,4589H629N1338 Foun 54602H623N1349
Exanp|e 30 cy;' 2 5= % 1 Jogliamy D ;‘, ; ) : SHERINCE i
4- et hyl benze r1 ( ridin
1 hexah pyrrolo §r28\bﬁ?t61§rn%§? rEﬁfl?%EA O x;?l)l a gﬂ\)\ﬁ)%g}%gg@gfﬁﬁé‘ﬁ L%ﬁg 13798

with trifluoroacetic acid (10 mL). After st1mng at ambient temperature for one hour, the

15 mixture was concentrated under reduced pressure. The residue was purified by
chromatography (5103, 10%MeOH/CH,Cl,/1%NH4OH) to provide the free base of the title
compound as a colorless oil (0.45g, 79% yield). The salt was formed by combination with 4- -
methylbenzenesulfonic acid, and crystallized from ethanol:ethyl acetate (1:7) to provide the
title compound as a white solid. 'H NMR (CDs0D, 300 MHz) & 1.98-2.11 (m, 1H), 2.38-

20 2.42 (m, 1H), 3.25-3.41(m, 5H), 3.50 (dd, J=3.0, 9.0Hz, 1H), 3.87 (dd, J = 3.0, 12.0Hz, 1H),
4.42 (t, J=6.0Hz, 1H), 7.27(dd, J=2.0, 11.0 Hz, 1H), 7.31 (dd, J=2.0, 9.0Hz, 1H), 7.96 (dd,
J=2.0, 5.0Hz, 1H), 8.04 (d, J=3.0Hz, 1H); MS (DCI/NH;) m/z 190 (M+H)"; Anal. Calculated
for C11H;sN31.15 TsOH: C, 59.08; H, 6.30; N, 10.85. Found: C, 58.89; H, 6.41; N, 10.96.

25 Example 31
(3aS.6a8)-5-(5-bromo-3-pyridinyoctahydropyrrolo[3.4-blpvrrole 4-methylbenzenesulfonate

Example 31A
tert-butyl (3aS.6aS)-5-(5-bromo-3-pyridinyl)hexahydropyrrolo[3.,4-blpyrrole-1(2H)-

30 carboxylate
"The product from Example 15E (0.56g, 2.70 mmol) in toluene (27 mL) was treated

with tris(dibenzylideneacetone)dipalladium(0) (Pd,(dba)s, available from Alfa Aesar) (50 mg,




89 The product from Exanple 15E (0.71g, 3.30 nmmol) in toluene (33 nL) was
treated with tris(dibenzylideneacetone)di palladiun(0) (Pd2(dba)3,

avai | abl avéopusa3sl fa Aesar) (61 ng, 0.10 mmol), PCT/US01/13798

2, 2' - bi s(di phenyl phosphi no) -1, 1' - bi napht hyl (BI NAP, avail able from Strem
Chem cals) (83 ng, 0.10 mmol ), 3-bronopyyidine (available fromAl drich
Chemcal Co.,) 5 (0.58 g, 3.70 nmmol ), and sodiumtert-butoxide (avail able
fromAl drich Chemcal Co.,) (0.54 g, 5.60 nmol). After heating at 80 C for
16 hours, the m xture was poured into diethyl ether 100 nmL), washed with

brine (100-Mpmogy 22tbriEnasnyibesploreht rbinaphthi(BINARd gesslgblefrons Sigm.  The

d d
R AT R e e
290 ( M+tH)Go. )I@ 6ExapPD emB@l) Bnd sodium tert-butoxide (available from Aldrich Chemical Co.,)

(3aS, 6aS) - 5- (3-pyri di nyl)octahydro rrol o{ﬁB 4-b] pyrrole
4- et hyl d@ﬂﬁ@éélm@ﬁﬁté\ erhéatpxg@a £CrlprHe sy @reaefﬁor(mlwegvaswogrqd\ml)

i n C§-|2 Cl%a‘{olcp ?Ttg%fl) é@r?) er exgas\ﬁneé Qlltrhrﬂrfcnle (f &i?tdged@%%d 3‘91}({“‘ %Aggrﬁ‘;attgcf

stirTing Ture fTor one

concent r ainder teaokesd ;fresiufee dhelresdud was puiicd @¥icltenmegraphy (Ji0gd by -
chr onmat ogra 10%veOH CH2O 2/ 190NHACOH) to provide the free base of
the titl et @@é&ﬁ@ﬁd%ﬁ%@rwﬂéﬁh%k eompoppd Asgyelm&gll(ﬁ-ﬂag 477hgekl) Mias

f ormed byD%ﬁFmil;{ net hyl benzenesul fonic acid, and crystallized
from et hano ﬂ%lvzacet gE)MP)Y) to provide the title corrpound as a white
SO|Id 1HN|\/R(CD3CD 300 MHz) S 1.98-2.11 (m 1H), 2.38 '20 2.42 (m 1H),

3.41(m 5H), 3.50 (dd, J=3.0, 9, OHz . 3.87 (dd, J = 3.0, 12.0Hz,
?442(tJ60—Iz ,727(3%@%@_@110Hz|m,731(dd

J 2 0, 9. @HE k). £ 5-bAorS 3£Mdmyi')u@ta9vdr5p@'f§lor 31 1 Brofidls ﬁ%thvib‘éﬁz%ulf&ﬁel M5

(DC/NH3) nmi'z T90 (MFH) +, Anal . Cal cutated ftor CLTHISNI. 1715 TsOH C
59.08; H, 6. 3CFheproddt$em Example 3CA (887891 3B|1maok)11;l CH.CLa10&L) 2BskEseategl e 31

23‘;’}; ﬁ??ﬁgﬁ}éﬁ'&@h&aﬁg 3@( (féﬂlgﬂ% é%‘“%’%ﬁdr OP%ﬁt{ L maerind B ohhSur, the
(3aS, 6aS)m&nfr5 whk e8RccAtrRkl uﬂa&%&d&e&gﬁxﬁﬁ@mﬁé fesfdua Masl@hﬁﬁe(mj/e 1(2H - 30

carboxylate The product from Ex le 1 ) 1n toluene (27

MRS AR Nt RS S e %@él&&ﬁ) @ maﬁﬂamﬁae'(e@)asq plithe i) 3,

avai | abl € I‘nrp ﬁnn(f‘!lsf & ccﬁgﬁgsrs)01l((6%2né? 91%8%58}1%4 S7a1tF\)NCJ5/ fggné'é %}3 r§b1nat10n with 4-
metnhybenzenesulfonic acid and crystallized from ethanol:ethyl acetate (1:10) to provide the
title compound as a light brown solid. 'H NMR (CD;0D, 300 MHz) & 1.98-2.14 (m, 1H),
2.30-2.42 (m, 1H), 3.25-3.52 (m, 6H), 3.85 (4, J=15.0 Hz, 1H), 4.43 (t, J=6.0 Hz, 1H), 7.42

20 (d, J=2.0 Hz, 1H), 8.00 (d, J=3.0, 1H), 8.05 (d, J=2.0Hz, 1H); MS (DCI/NH;) m/z 268/270

(M+H)"; Anal. Calculated for C;;H4N3Br+1.0 TsOH-1.0EtOH: C,49.38; H, 5.80; N, 8.64.
Found: C, 49.60; H, 5.99; N, 8.83.

Example 32
25 (3aS,6aS)-5-(5-methoxy-3-pyridinyDoctahydropvrrolo[3.4-blpyrrole 4-

methvylbenzenesulfonate

Example 32A
tert-butyl (3aS,6aS)-5-(5-methoxy-3-pyridinyl)hexahydropyrrolo[3.4-b]pyrrole-1(2H)-
30 carboxylate
The product from Example 15E (0.549 g, 2.30 mmol) in toluene (23 mL) was treated
with tris(dibenzylideneacetone)dipalladium(0) (Pdz(dba)s, available from Alfa Aesar) (43 mg,




90 0.10 mmol ), 2,2'-Dbis(di phenyl phosphi no)-1, 1' - bi napht hyl (Bl NAP,
available from Strem Chemcals) (68 ng, 0.10 nmmol), 3,5-di bronopyridi ne
(avai | abiveobr/gaswAl dri ch Chemical Co.,) (0.69 g, 2.90 mMDOPCT/ERG/SOW um
tert-butoxide (available fromA drich Chemcal Co.,) (0.44 g, 4.60 mmol).
After heating at 80 C for 16 hours, thejreaction m xture was poured 5 into
di ethyl ether (100 nL), washed with brine (100 nL), dried (MgSO) and
concentrated under reduced pressure. The residue was purified by

chr omat ogr aphy (Si Q2 5%veOH CH2C1l2) to provide the title c ound as a
vel | ow of 0 I0unmpY, 24bisjdichenylphvphindel | Nigyplishyl (BESAS7 v kikyiom BoeEx anpl e

31B 3aS§, 6 e

4~ et hyl b SRbited ey P R g%ﬁéﬁ Sh %ﬁoa?%‘%%ﬁ‘%{@ﬁ(%f@[%f %‘A%%‘%‘%ﬁ]‘?qét 038 ol
i n CH2C12 {dLhnidl) antesddiving &irEButoxde (aviallitle mnpmd@idhccmhebl CH)) (038 g/ o@r
stirring at ambi ent tenperature for one hour xture was concentrat ed

under redbmel- gk deateng af 88 "L ey %@%@i}wxmree\ﬁawumi Bty @ﬁ@t/b@h%&{ G0

Sl , q]{Me 1%32‘91][ hldog;l% |
((:orrpound as %o or e/ggsl{%ﬂ L%gng& %s/oé)) J}Ilgci{om%he sgﬂ%r Ite&&%eh g“rt?y
conbi nat i T resithine Was piﬁ‘ﬁﬁ‘dd}fd}ecﬂﬁﬁﬂmgfabh}h (21 0ac5 WMVRQH/CHSLa kd proeide fiicotiile
et hanol : et hyl cet at 0 rovi t nd a |light
br own s 0l OBPOYRS m.v%%ﬂ%@b](o)é% Vi 11@3 @Cl)kh%ﬁ]wﬁg?w 3o- 2.4zg(m
1H), 3.25-3.52 (m 6H), 3.85 (d, J=15.0 Hz, 1H), 4.43 (t, J=6.0 Hz, 1H),
7.42 20 (d, J=2.0 Hz, 1H), 8.00 (d, J=3.0, 1H), 8.05 (d, J=2.0CHz, 1H); M5
(DCI/NH3) mlz 268/270 (M+H)+; Anal .Ex@GaipdeiBZBed f or C11H14NSBr1.0

TsQHl. OEtCH C 49 38 H_ 5 80: N .8 64 Fou . H 5 99; N, 8.83.
Exahpl e 32 25 (3 5 U iro St o £

i di nyl) oct ahydr opyr rol 013, 4- bl pyﬁ{egjygoeﬂzemlmatbenzenesul fonate Exanple
32A tert-butyl

(3aS, 6aS) - 5- ( EIEh@mrh@;@y ﬁgnp@xwlﬁﬁﬂy\ﬁéﬁar@a@mmpbm pélzﬁllztﬂlmrﬂr)owé tegted) - 30
car boxyl u Q.54 Ln oluene
(35 m whlh v BB e LR BB, G al e Srafiatis Titub bt b2

( Pd2( dba)mixta¥ &iak abhe@niriteduAddracARsables§idd. The réélau@ WR ipaﬁ?lef@' / US01/ 13798
o1 15 chromatography (S10,, 10%MeOH/CH,Cl,/1%NH4OH) to provide the free base of the title

compound as a colorless oil (0.22g, 63% yield). The salt was formed by combination with 4-

methylbenzenesulfonic acid and crystallized from ethanol:ethyl acetate (1:10) to provide the -
title compound as a yellow solid. 'H NMR (CD50D, 300 MHz) § 2.09-2.12 (m, 1H), 2.30-
2.42 (m, 1H), 3.32-3.55 (m, 6H), 3.85-3.93 (m, 4H), 4.43 (t, J=6.0 Hz, 1H), 6.89 (d,1=2.0

20 Hz, 1H), 7.70 (d, J=2.0, 1H), 7.75 (d, J=2.0Hz, 1H); MS (DCI/NH3) m/z 220 (M+H)"; Anal.. -
Calculated for C1,H7N30°1.0 TsOH+1.0H,O: C, 55.73; H, 6.65; N, 10.26. Found: C, 55.85;
H, 6.89; N, 10.02.

Example 33
25 (cis)-3-(3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane tris(4-methylbenzenesulfonate)
Example 33A

1-tert-butyl 4-ethyl 3-oxo0-1.4-piperidinedicarboxylate

Ethyl 1-benzyl-3-oxopiperidine-4-carboxylate hydrochloride (24.16 g, 81.1 mmol ) in
30 ethanol (250 mL) was treated with triethyl amine (11.3 mL, 81.1mmol), di-tert-butyl
dicarbonate (18.6g, 85.3 mmol) and 10% Pd/C (0.13g). After stirring under H (1 atm) at 50

°C for 1 hour, the mixture was allowed to cool to ambient temperature and filtered through



0.10 mmol ), 2,2'-bis(di phenyl phosphi no)-1, 1' - bi napht hyl (BLNAP, avail able
fromStrem Chemcals) (58 ng, 0.10 mol ), 3-brono-5-nethoxypyridine from
Exanpl e ®mO(008¥87 g, 2.30 nmol) and sodiumtert-but oxi de PevaEsdZI®s from

Al drich Chemcal Co.,) (0.38 g, 3.90 mol). After heating at 80 C for 16
hours, the m xture was poured into dietdpyl ether (100 5 nlL), washed with
brine (100 nm.), dried (MySO4) and concentrated under reduced pressure. The
resi due was purified by chromatography (Si 2, 5%e0OH CH2Cl 2) to provide the
title conmpound as a yellow oil (0,42 g 57%y|eld M5 (DCUNH3) m z 320

( M-H) + Egmunéce@zsear@i vh a8 cthamyL @x2G i rinesy T {mtedwmoné@xt

Hhainder
[EoL013: 4 BRYALRLS & ELLRSERERHLANA G die A0Sk [ATHRATRLE 322
(10 nl). déthet ethéririst (Rx3AmBybIlenfilttempey @htdreratcd undeereiocyd, présigre ton Xt ur e
was concentrated under reduced pressure. The residue_was E)Ul’lfl ed by 15

chr omat ogi*apey thedt t@zconzmwéwaﬂmgﬂm/&mw Hddhr & {H&: P 00 of

th tl Y, Y4l
Forribd by? S3amr At S0 arvr A G R B R B o S 305 S 3b e
from et hanpd (g, g&b9IHACEN ANIS (Dt:mm3)tmyzgr7wmﬁ)t,m9 (MmH4)torrpound as a

yel low solid. 1H NVR (CD3OD, 300 MHz) 6 2.09-2.12 (m 1H), 2.30- 2.42 (m
1H), 3.32-3.55 (m 6H), 3.85-3.93 (in, 4H), 4.43 (t, J=6.0 Hz, 1H), 6.89

(d,' J=2.0 20 Hz, 1H), 7.70 (d, J2%§2%@e3i]375(d J=2.OHz, 1H): MB

(DCUNH3) mz 220 (MH) + Anal. Cal r CL2H17N30. 1.0 TsOHL. OH20: C,
55.73; H, 6. 65; N télff)—bﬁﬁ/l 3Erydrukv—€(hvﬂ5m&ﬁ1ethslﬂ 1 Gi®SidiNcarbbx@2e Exanpl e 33

tr.£ hsﬁef h3(/I3b ll)f’fﬂg‘hg%‘ pz%? ﬁéﬂ P%@ﬂnaﬁa@ml (Z00hy pras

3-oxo-1, 4tré&k%ftl@b&t§ﬁh%{‘&ﬁ&ﬁh@{9alﬁé 4o mmol) slowly over 20 minutes at 0-10 °C The
1- benzyl 3-'oxopi peri di ne-4-car boxyl @ e hydrochl ofi de (24.16 g, 81.1 mmol)

in 30 etttk Wa@slowkd tavasrm toeéanlsanmpenamr@mkwsttlrmdl foe2@ hdur® 'hhg mixture

81. i mol bonat e 8.6 85. 3 I d,10% Pd

(0. 130) . asispSiiaied infensedure RS iyttt g o o Pty mBcrh Wil ur o
was al | Ovﬁﬂforbﬁ)rﬁﬁgkl@mmwb‘m@brgﬁﬁ@%&@tw&&:oﬁﬂ&ﬁa‘técﬁﬁfd@ﬂreﬁﬁéé&l{ﬁ&sﬁi@tQ 1/81347
PCT/ US01/ 13798 92 di at onaceous earth vvlth an ethanol (2x20 m.) rinse. The

fill¥ at e masidedredisht compeand (e g, 86% yield). 'H NMR (CD;0D, 300 MHz) § 1.48 (s, 9H),
1.70-1.50 (m, 3H) , 2.90-2.70 (m, 2H), 3.72-3.40 (m, 2H), 4.18-3.90 (m, 4H); MS (DCI/NH3)
m/z 232 (M+H)".

Example 33C
20 tert-butyl 3-[(methylsulfonyl)oxy]-4-{[(methylsulfonyDoxylmethyl}-1-piperidinecarboxylate

The product from Example 33B (8.0 g, 34.6 mmol) and triethylamine (14.0g, 138.4

mmol) in dichloromethane (200 mL) was treated with methanesulfonyl chloride (6.7 mL,
86.5 mmol) at 0 °C. After stirring at ambient temperature overnight, the mixture was
quenched with saturated sodium bicarbonate (50 mL) and extracted with dichloromethane

25 (2x100 mL). The combined extracts were washed with brine (2x10 mL), dried (Na;SO4), and
concentrated under reduced pressure. The residue was purified by chromatography (SiOs,
hexanes:ethyl acetate, 50:50) to provide the title compound as a brown oil (7.8 g, 58% yield).
'H NMR (CD;0D, 300 MHz) & 1.48 (s, 9H), 1.60(m, 2H), 2.10-2.30 (m, 1H), 3.08-3.20 (m,
6H), 3.90-4.60 (m, 7H); MS (DCY/NHs) m/z 405 (M-+NH,)".

30 ‘

Example 33D
tert-butyl (cis)-8-benzyl-3.8-diazabicyclo[4.2.0]octane-3-carboxylate




reduced pressure. The residue was treated with diethyl ether (200 nL) and
refiltered wwth a diethyl ether rinse (2x30 nL). The filtrate was
concent r av@d1/gn3der reduced pressure to provide the titl ePCDUSONIMSAS a
yellow oil (20.6 g, 94%yield). '"H NVR (CD30D, 300 MHz) 5 6 1.32 (t, J=6.9
Hz, 3H), 1.48 (s, 9H), 2.32-2.26 (m 3H3 3.5 (t, J=5.7 Hz, 1H), 4.0 (br s
1H, 4.24 (q, J=6.9 Hz, 2H); M5 (DCUNH3) nmiz 272 (MtH)+, 289 (M-NH4) +
Exanpl e 33B tert-butyl 3-hdy roxy-4-(hydroxynethyl)-1-pip
eri di necarboxyl ate 10 The product from Exanple 33A (10. 84 40 mol ) in
met hanol (200 rfﬂ)ema@ctfrp@alﬁwwt’iﬁcéé&guﬂﬁ BEReh o éroegt veng (100 1)
sl oWy Ov%asztpe d%’irtﬁa ez agmq'e gl(% g 4{39 %@Xtﬁg.lnh\/\@t§n %{df& QOW Hhe
20 Ndur's. &M Xt

anbi ent terrpera ure an |rre ure was concentrat ed

under reduG@eeRiL28UHEd td émt@@ls e hﬁtl wh Eltefdd0 THe)filtr@8 &28 XblicREE261 Whd the
chl orof orm (2x100 nlL). The organi c_phase was concentrated under reduced

pressur e tesidugpyiiead tiechromatogtapby €Dk oimxangss:tiyl geetaizod 6@ td provide thisRtle

57255, aotRo DS hrctth 7 gyt 157y s PRQRIARE 280 R ) T B ¢

33C 20 tert-butyl 3-[(nethylsulfonyl)oxy]-4-{[(nmethylsulfon

| ey] met hyl } - 1- pi peri di necar boxyl ate _The product from Exanple 33B (8.0 g,
34.6 mml) and triethylam ne (14.0g, A@Elﬂ_@nol) i n di chl oronet hane (200
m.) was treated w. et ha i (P Ehenz @sﬁfo%i%l) at 0 C
After stirring a : o gquenched
with saturat edl“]mdbdlmtlfro@mEkmﬁﬁlbé'i»DE(O 30Lg, 1mdnmXIm&&Iaﬁdl (\M)t‘rﬂL) was treated

di chl oronet hane 25 (2x100 ml). The combi ned extracts were washed with brine

(2x19 ni) with AraefhylRenzspesplionisacidappradiyaras € g d armeddderhssiing s15Q°C fite
resi due u QUBE QL

50: 50) tﬁ?@vfha% ﬁ;?%a Fﬁe cont%%aﬁ ég{bgé“g v%é?%fg% gh&)ﬁ B ?‘5‘?‘15 d). 1H
NVR ( CD3Qladucdd@rédbize. Thit résdduesvasHapotraped @lom isdphopyRackidie?. 30 (m 1H),
3.08-3.20 (m 6H), 3.90-4.60 (m 7H); M5 (DCUNH3) mfz 405 (M+NH4)+ 30
Exanpl e 33D tert-butyl

(cis)-8-benzyl -3, 8-di azabi cy_cl o[ 4. 3-carboxyl ate WD 01/81347

PCT/ US01/ 13798 93 The product from%:sc (5.8 g, 15 mol) in

anh¥@lr ous tol uene ( 1@Gs)+8-henzyl-3-(3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane

The product from Example 33E and 3-bromopyridine were processed according to the

procedure of Example 1E, except that a larger amount of sodium tert-butoxide (384 mg, 4.0
mmol) was used. The residue was purified by chromatography (SiO,, hexanes: ethyl acetate,
20:80, R¢ 0.2) to provide the title compound (0.16g, 57% yield). "H NMR (CD;0D, 300

20 MHz) & 2.04 (m, 2H), 2.56 (m, 1H), 3.00 (m, 2H), 3.22 (m, 2H), 3.55 (m, 1H), 3.60 (d,
J=12.5 Hz, 1H), 3.70 (d, J=12.5 Hz, 1H), 3.55 (m, 1H), 3.70 (m, 1H), 7.04 (ddd, J=8.8, 3.0,
1.3 Hz, 1H), 7.17 (d, J=4.8 Hz, 1H), 7.24 (m, 5H), 7.80 (dd, J=4.7, 1.3 Hz, 1H), 7.84 (d,
J=3.0 Hz, 1H); MS (DCI/NHs) m/z 280 (M+H)".

25 Example 33G
(cis)-3-(3-pyridinyD)-3.8-diazabicyclo[4.2.0]octane tris(4-methylbenzenesulfonate)

The product from Example 33F (150 mg, 0.54 mmol) in methanol (10 mL) was
treated with 4-methylbenzenesulfonic acid monohydrate (0.205 g 1.08 mmol) and 10% Pd/C
(0.15g). After stirring under H; (1 atm) at 60 °C for 20 hours, the mixture was allowed to
30 cool to ambient temperature and filtered through diatomaceous earth with an ethanol (2x10
mL) rinse. The filtrate was concentrated under reduced pressure and the brown residue

azeotroped from isopropanol (10 mL). The obtained solid was crystallized from



was treated wth benzylamne (4.8 g, 45 mml ). After heating at reflux for
20 hours, the mxture was allowed to cool to 25 C and then filtered. The
filtratewasl/gewtentrated and the residue purified by chrowaSagragshy

(Si @2, hexanes:ethyl acetate, 40:60) to provide the title 5 conpound as a
brown oil (0.73 g, 15%yield). M5 (DCl/gy43) mz 303 (M+H) +. Exanple 33E
(cis)-8-benzyl -3, 8-di azabi ¢ cl o[ 4. 2. Oloct ane 4-net hyl benzenesul fonate The
product from Exanple 33D (0.30 g, 1.0 nmol) in ethanol (10 nmL) was treated
10 wi th 4-methyl benzenesul foni ¢ aci d nmonohydrate (0.57g, 3 mmol). After
heati ng atisqooi@neldisopropylgrtaterth@rotise the éitlegemaprehEd.d mecyeld X6 aHONYR

t t

azeot 1 opedCPEOH BB 2 LoD, 22X drbn ) o5t 15k 190 G ) SHBAE T, 5
- pyddi nyl3 7@¢f, ﬂiﬁz@@' ewe! 4y, 4:83 (nD I19H.69n,119), Rraedug 1=l 5 oM Bxamis, 436@
and 3-br ormpyrl di ne ‘were procéessed according to the procedure of Exa

1E excepim, 2Bt 4.30 (ar Ha), 4é9f5dﬂnt1}5f7 2b W, drY 8z, OB DXO (b JE88HzrgH) A1 84 ( I )

ncetht e, T30 A Pe10: SPO B pol Pen Y hE R Tb ARt F b S REed o)

"H NWR (GB3 Iﬁ(;'mw;)m& " Rhbl, cadeified R 301 C259.45;3. 22
(m 2H)( B, ﬁ@( Hou®s BoRMLA mmc ) ,e& r?%ﬁ?ﬁl\@ﬁ o Hz%i) 1) .

d
3.55 (m 11;4357 75095(eru11¢4)C §4bQLIécﬁjZ9 NSH®8, 3.0, 1.3 Hz, IH), 7.17 (d,
J=4.8 Hz, 1H), 7.24 (m 5H), 7.80 (dd, J=4.7, 1.3 Hz, 1H), 7.84 (d, J=3.0
Hz, 1H); M5 (DCI/NH3) mlz 280 (M+H) +. 25 Exarrple 33G
(cis)-3-(3-pyridinyl)-3, 8-di azabi cyclE{athp?e 83 oct ane
tr|5é4 nmet hyl benzenesulfonateg The rq[duct from Exa pl e 33F (150 ng, 0.54

nmo in net A HaLaR )y WAX . A{ARODYITOAQ| - BUBNET QA VTGO HIGNECS 5~
nonohydrate (0.205 g 1.08 mmol) a”dd&g&{%ﬁ%gdéo 159) After stirring under
H2 (1 atm) at 60 C for 20 hours, re was allowed to 30 cool to

anbi ent tenperature and fil tered t hrough di at omaceous earth with an et hanol
(2x10 L) rinse. The filtrate was ncent ed under reduced pressure and
the brown residue azeotroped from ?@@Bﬂi%éﬁ%l (10 nmL). The obtained solid
was crystal {dzgdyl BIRICHR) @Hﬁﬂﬁﬂﬂeﬂﬂ%ﬁ@ﬁm&ﬂyﬂ}ﬁ&&h?&%ﬁ%élb@(}&f opy!
acetate to provide the titlre conpound (35.0 ng, yreld 9%

3001%Hz) 6 2.10 (m 2H), 2.35 (hpyrrelp-l(ZHuearbexylge), 3.20 (m 1H), 3.46 (m

H, : The product of Example 36A (980 mg, 2.66 mmol) was treated with

ethynyltrimethylsilane (0.73 mL, 5.2 mmol) in dry DMF (15 mL) in the presence of
PdCL(PhsP); (93.4 mg, 0.133mmol), cuprous iodide (25.3 mg, 0.133 mmol) and
triethylamine (1.0 g, 9.9 mmol) at 56-60 °C for 1hr. The mixture was diluted with water and

20 extracted with ethyl acetate (3 x 100 mL). The organic layers were combined, dried (MgSO,),
filtered and the filtrate evaporated under reduced pressure. The residue was purified by
chromatography (SiO,, ethyl acetate:hexanes, 1:9) to provide the title compound (550 mg,
55% yield). MS (DCI/NH;) m/z 386 (M+H)".

25 \ Example 35B
tert-butyl (3aR,6aR)-5-(5-ethynyl-3-pyridinyDhexahydropyrrolo[3,4-blpyrrole-1(2H)-

carboxylate
The product of Example 35A (550 mg, 1.42 mmol) in dry tetrahydrofuran (10 mL)

was treated with tetrabutyl ammonium fluoride (4 mL, 4mmol, 1M solution in

30 tetrahydrofuran) at room temp for 1 hour. The solution was concentrated under reduced
pressure and the residue was purified by chromatography (SiO,, ethyl acetate:hexanes, 1:4) to
provide the title compound (280 mg, 63% yield).



3.70 (dd, J=11.8, 3.0 Hz, 1H), 3.85 (m 1H), 4.08 (m 1H), 4.46 (dd,
J=15.0,3.0 Hz, 1H, 4.00 (m 2H), 4.20 (m 1H), 4.95 (m 1H), 7.24 (d,
J=7.8 HzwWeb)/$13¥7 70 (d, J=8.0 Hz, 6H), 7.84 (dd, 5 J=9.0, PET/PSHz1378H), 8. 00
(ddd, J=9.3, 3.3, 1.2 Hz, 1H), 8.10 (d, J=5.4 Hz, 1H), 8.30(d, J=3.1 Hz,
1H); M5 (DCI/NH3) miz 190 (M+H) +; Anal .gscal cul ated for C11HI5N3.3 TsOH C,
54.45; H, 5.57; N, 5.95. Found: C, 54.10; H, 5.79; N, 5.58. Exanple 35 10
(3aR, 6aR)-5-(5-ethyn 3-pyridinyl)octahydrop rrolo[3,4-blp 'rile

hydrochl ori de di hydrochl oride Exanple 35A tert-butyl

(3aR 6aR)-5-{5-[(trinmethylsilyl ethynyll-3-pyridinyl}hexahydrop o[ 3, 4- 15
bl pyrrol e-1(2H -carbox | ate The prod ct olf anpl e 36A (980 ng, 2.66 mmol)
was treated with ethynyltrinethyl si 3 nm, 5.2 mol) in dry DVF (15
nL) in the pregesse)-of5-efdedR{BRadhg)0&3hviremurdlo[3 A36MHRirdle dRICAlsSIde 0di de
(25.3 ng, 0.133 nmmol) and triethylamne (1.0 g, 9.9 mmol) at 56-60 C for
1hr. The mixture was diluted with wlhgdroghlaridy extracted with ethyl acetate
(3 X100 ni). . red
ind The 1117 ks PO SREBE By PR G e TR M S g Braink e
purified fycedary e eginailby4] o }ﬁBVldetl’feytitleaﬁﬁip@hﬁd bBOang,s%%LyiQ)d)t o provide

the titleg co oun]SI (550 55% ield %0 % Mg 38 Fl(l;%ji'z 12%
%?gr[)lgedfsw‘]{\r’ﬁ%((f iQ]Py-“?Qleg[HZ? EH tz{%ﬁnﬁr}llla-ﬁp%/d R Hb)@‘a%y@ o
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amoni umN/IBL(DOLﬂiHh() m/mzmqmml) Aihis edlcnilated forC3H; sNa 2Ty 0126 FHHORAN, m64 oom
er’rP for 1 hour. The so was concentrated under reduced pressure and
el0 esi dibed- SN gdrlid |Fé’dln€yceﬁ§éﬁaﬁo@péﬂﬂy 4%-02, ethyl acetate: hexanes,
1:4) to provide the title conpound (280 ng, 63%yield). WO 01/81347
PCT/ US01/ 13798 95 Exanpl e 35C (3aR, 6aR)-5-(5-eth)nyl-3=py idin 1)
oct ahydr opnol 013, 4- bl pyrrol e hydr ochlExangde 3@i hydr ochl ori de

(3aR.6aR)-5-(5-bromo-3-pyridinyoctahydropyrrolo3.4-bJpyrrole dihydrochloride

15 Example 36A
tert-butyl (3aR,6aR)-5-(5-bromo-3-pyridinyDhexahvydropyrrolo[3,4-blpyrrole-1(2H)-

carboxylate
The product of Example 14H ( 910 mg, 4.3mmol) and 3,5-dibromopyridine (1.0 g, 4.3

mmol) were processed according to the procedure of Example 1E to provide the title
20 compound (520 mg, 33% yield). MS (DCUNH;) m/z 370 (M+H)".

Example 36B
(3aR,6aR)-5-(5-bromo-3-pyridinyl)octahydropvrrolof 3.4-blpyrrole dihydrochloride
The product of Example 36A (210 mg, 0.57 mmol) was processed according to the
25 procedure of Example 147 to provide the title compound (169 mg, (87% yield). '"H NMR
(CD;0D, 300 MHz) & 2.05 (m, 1H), 2.35 (m, 1H), 3.45 (m, 6H), 3.92 (dd, J=12, 1.5 Hz, 1H),
4.45 (t, J=6 Hz, 1H), 7.95 (d, J=3 Hz, 1H), 8.18 (d, J=3 Hz, 1H), 8.32 (d, J=1 Hz, 1H); MS
(DCI/NH;3) m/z 270 (M+H)+; Anal. calculated for C11Hi4BrNs;*2HCI : C, 38.69; H, 4.69; N,
12.31. Found: C, 38.38; H, 4.73; N, 12.17.

30

Example 37
5-((3aR,6aR)-hexahydropyrrolo[3,4-blpyrrol-5(1 H)-yDnicotinonitrile




5 The product of Exanple 35B (280 ng, 0.89 nmmol) was processed according to
the procedure of the exanple 14J to provide the title conpound (180 ny, 94%
yield). MWONVR3I¢TD3OD, 300 MHz) 8 2.05(m 1H), 2.35 (m 1PT/USOMB7Y8M 6H),
3.92 (dd,"'J=12, 1.5 Hz, 1H),4.18 (s, 1H), 4.45 (t, J=6 Hz, 1H), 7.83
(m1lH), 8.18 (d, J=3 Hz, 1H), 8.25 (s,1ig; M5 (DCI/NH3) mlz 214 (MtH)+;
Anal . cal cul ated for CL13HL5N3. 2HC1. 0.25 H20: C, 53.64; 10 ~H, 5.80; N,
14.14. Found: C, 53.53; H 6.06; N, 14.36. Exanple 36

(3aR, 6aR)-5-(5-brono-3 pyridinyl)octahydropyrrol o] 3, 4-b] pyrrol e

di hydrochl oride 15 Exanple 36A tert-butyl (3aR 6aR)-5-(5-brono-3-pyridinyl
hexahydr opyrr ol of 3, 4- b] pyrrol e- 1( 2H) ¢ carb X | ate The product of Exanple
14H ( 910 ng, 4.3mmvol) and 3,5-dibro (1.0 g, 4.3 nunol) were
processed according to the proceﬂu@gupjcﬁﬁ@aph@nbE to provide the title 20
conmpound (520 ng, 33%yi el d) S INH3) mz 370 (M+H) +. Exanpl e 36B

(3aR 6aR) - 5- (@lws@lmueowhlm)(ém )awywdsiﬁs} tQ é1bé<{reomc@}w1é@(2é 10 mmol,

di hydroch

pr océejsse g%:ég? F%eg? hpél?%’%%léq{tdié ﬁgﬁl&m gﬁ Ex(x%}gleﬁgﬁ%geg ﬁe rowfay\@?1 ReStitl e
conpound Tlﬂeﬁﬁlxlﬁige V\(a8 E%)Wb@’tcdc)ool idtodivRemp B E), poﬁ&@l d‘viﬁi)ce&l (X) Sandrextradipd

2.35 (m 1H ngnzla) 92 (dd, J=12,1.5 Hz 445](¥z J=6 Hz,

1H), /7 ggwl(tlgethgl-eg;e 31){.1) On‘@) 1§"h(3 6omhmgd pﬁ&&o}_;gmrey@bec% gjiecgssiye w1t13_|_|) VB
DCI / NH3 C, 38.69;
|(4, 4. 69 )alﬂl,%guf %@E&Woﬁuhﬁ'g: ‘ﬁé&é %“sdsg%t;gﬂ ﬁ’,’%’ 4, 7%9%%%5%??{’ %ngxgaﬁpl e 37

5- (( 3aR, c@arR}emtatedhyndeopdncdl pésssred - Thepyyidus wﬁlﬂurbﬁeyllb)/rdhncnnamgraphy (91,0
01/81347 P /USOl/ 3798 96 Exanple 37A 3-bro i rus
oxcy b1 or 1 989 @SFTHE) D285 diado PBVEITO HORFUDET AT e (3 it DG )
Avocado RgseRugly@hem cals, Ltd.) and the m xture was heated to gentle

reflux for 3 hours The m xture was allowed to cool to roomtenperature,
poured onto ice (100 g) and extracted

Example 37B
tert-butyl (3aR,6aR)-5-(5-cyano-3-pyridinylhexahydropyrrolo[3.4-b]pyrrole-1(2H)-

15 carboxylate
The product of Example 14H (1.7 g, 8 mmol) and 3-bromo-5-cyanopyridine (1.46 g, 8

mmol, from Example 37A) were processed according to the procedure described for Example
1E, to provide the title compound (600 mg, 24% yield). MS (DCUNH3) m/z 315 (M-+H)".

20 Example 37C
5-((3aR,6aR)-hexahydropyrrolo[3.,4-b]pyrrol-5(1H)-yl)nicotinonitrile fumarate
The product of Example 37B (300 mg, 0.95 mmol) in ethanol (8 mL) was treated with

4N HCl in 1,4-dioxane (2 mL, 8 mmol) for 4 hours. The mixture was concentrated under
reduced pressure and the residue was purified by chromatography (SiO,,

25 CH;Cly:methanol:NH4OH ,q), 94:5:1) to provide the free base (100 mg, 42% yield). The free
base was dissolved in 10% methanol/diethyl ether (35 mL) and treated with a solution of
fumaric acid (65 mg, 0.56 mmol) in 10% methanol/diethyl ether (10 mL). The mixture was
stirred at room temperature for 16 hours and the precipitate was isolated by filtration and
dried under under reduced pressure to provide the title compound (154 mg, 83% yield). 'H

30 NMR (CD;OD, 300 MHz) & 2.05 (m, 1H), 2.35 (m, 1H), 3.45 (m, 6H), 3.90 (dd, J=12, 1.5
Hz, 1H), 4.45 (t, J=6 Hz, 1H), 6.68 (s, 2H), 7.45 (m,1H), 8.25 (d, J=1.5 Hz, 1H),8.35 (d, J=3



with ethyl acetate (3 x100nmL). The conbi ned extracts were washed
successively with aqueous ammoni um hydroxi de and water, dried (MJSQ4),
filteredvemdi/gst3e7 filtrate concentrated under reduced preBeTWUS0/IBHS resi due
was purified by chromatography (Si 02, 10 ethyl acetate: hexanes, 1:1) to
provide the title conpound (1.5 g, 82%qi el d). M5 (DCI/NH3) mz 184

(M+H) +. Exanple 37B tert-butyl (3aR 6aR)-5-(5-co0-3-pyridinyl)hexah

pyrrol 013, 4-b] pyrrol e-1(2H)- 15 carboxylate The product of Exanple 14H

(1.7 g, 8 _mml) and 3-brono-5-cyanopyridine (1.46 8 mml, from Exarrple
S7A) wer o s 68948 ADKERFA iy 216 (WD pr bbeldereilaied &y Gioth NotCE@mbe

to providegt I u 6 % Ml M5 ( DCUNH3) n12 315
e g%?aﬁp? b ENCPEBSURSLAC X s8%o; #3046 R H.00.
5- ((3aR, 6aR) - hexahydropyrrol o[ 3, 4-b] pyrrol -5(1H)yl)nicotinonitrile fumarate
The product of Exanple 37B (300 ng, 0.95 mmol) in ethanol (8 nlL) was
treated with 4N HJ in 1, 4-di oxane Exagple® nmol) for 4 hours. The mixture
e oo ot S LR RIGRRNS S IR R G uBE BULAS] °Y
chr omat ogr apty ( Sroz TEt Tanol - NFROH( aq), . 94. de the
free base (100 ng, 42% yi eI d) The free base was dissolved in 10%

nmet hanol / di et hyl ether (35 nL) and treated with a solution of fumaric acid
(65 ny, 0.56 mml) in 10% mathanol/cﬁlém%—ﬁher (10 n). The mixture was

stirred at roomtenperature ge%ﬂ@_ggﬁgt%ozgggﬂ&@oama@&| pitate was isol ated
by filtration and dried under unade edu pressure to provide the title
corrpound ( 154 Bapzyl83torpiehdie (23 H3 30 1 Riveol) €33 aMjed3faduetly Yo 8 nfixidfe ¢fm 1H)
90 2, (t, J=6 Hz,.
1y 10 6" etniboacsiefenydl alinding et 1850 g T ) 31 abtens fy S B) e sl

01/ 81347 1 il
cal cul at eﬁ@% r@@g 5 Hiig%in&%é 3 mL ol wa%@ 4 @@ﬁ‘d’“@) Ai’télZﬂl\llg &ﬁ%ﬁ%ﬁgﬁhig%@ﬂ@ieg

58. 20; H,thgmigureNyasistingd at ajohn:pt @n@graglre over 4 hours. The organic layer was

3- (3- d di bi 3..2. 0l h
blclsle rregsﬁl))lef) % h’z‘%%éé% Wltg‘ bg{ng)%? E:?g ]?){angézﬂn%eél a f?r%o provide the title compound as
2, 2-di mtdﬂ@iN(?EhB'gCQOW@IH? BPNMR (@bt:cp sboMmhe 6233%t, 3=6.0H%; B1)18l3p (was:

added gradually to a mixture of
15 6H), 4.37 (t, J=6.0Hz, 1H), 5.11 (s, 2H), 7.30 (m, 5H); MS (DCI/NH;) m/z 257 (M+NH,)",

340 (M+H) .
Example 38B
benzyl allyl(2.2-dimethoxyethyl)carbamate
20 The product of Example 38A (281.0 g, 1.18 mol) in dry toluene (1.0 L) was treated

with powdered KOH (291.2 g, 5.20 mol) and triethylbenzylammonium chloride (4.4 g, 0.02
mol). A solution of allyl bromide (188.7 g, 1.56 mol) in toluene (300 mL) was then added
dropwise over 1 hour at 20-30 °C. The mixture was stirred overnight at room temperature
and then water (300 mL) was added over 20 minutes at 20-30 °C . The layers were separated

25 and the aqueous phase was extracted with toluene ( 2 x 300 mL). The organic phases were
combined, washed with brine (2 x 100 mL), dried (K,COs3), filtered and the filtrate
concentrated to provide the title compound as oil (315.6 g, 96%, yield). 'H NMR (MeOH-d,,
300 MHz) 6 3.32 (s, 3H) 3.37 (m, 5H), 3.97 (d, J=5.4Hz, 2H), 4.50-4.40 (m, 1H), 5.15 (m,
4H), 5.75 (m, 1H), 7.23 (m, 5H); MS (DCINH;) m/z 297 (M+NH,)", 280 (M+H)".

30

Example 38C
benzyl allyl(2-oxoethyl)carbamate




10 am noacet al dehyde di nethyl acetal (152.0 g, 1.3 nol) in toluene (750 nli)
and aqueous NaCH (72.8 g, 1.82 nol; in 375 nL of water) at 10-20C After

t he addi Won1/8u387 conpl eted, the mxture was stirred at aPOT/@8e1/13&98per at ure
over 4 hours. The organic |ayer was separated, washed with brine (2 x 100
m.) and concentrated to provide the titdge conpound as an oil (281.5 g, 90%
yield). 1H NWR (CDC14 300 MHz) 6 3.33 (t, J=6.0CHz, 2H), 3.39 (s, 15 6H),
4.37 (t, J=6.0OHz, 5.11 (s, 2H), 7.30 (m 5H); M5 (DCI/NH3) mz 257
(MENH4) +, 340 é} +. Exanpl e 38B benzyl allyl (2, 2-dimethox ey thyl
carbamate 20 TIT epﬂbh!@tﬁb?fﬁﬂ@l@ﬁ@@%@@(bgﬁ oo Waﬁﬂ@ﬁﬁn’lﬂ}hfoﬂnm%ﬁl@ ol uene
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over 1 hour at 20-30 C. The m xture was stirred overnight at room

t ﬁrrper at wrEactadhwithisdyl neetete (3 3600 mL)). wais cxtraets W@%@onzlun% gt washgd Wit 30 C .
ob iens. Sy SR RERRLAYEG a BB 20T, (T RSO NAS Sy XL IAGRS et e

(2 x 100 gglnpousd aseadsligﬁi’l@%)lowfdﬂl (e0.0¢, am ;,tléla) f1H|NMRt E€DCBBYeNIH) 8B .20

provide the title co ound as oil (315. 96% vyield). 1H NVR (MeOH d4,
300 MHz) (8%, 3H33. ?7s(m ), 3. 1970y, HI) O(IQ» .bd> (%5%45 ap) SHU950-d. 40 (m

(M+NHZSL) Jlﬁ“ (%Mg(égvé@ﬁp%%‘g@%be ?yl 5;? | yVFZ(ESSEf‘ﬁ)W )rr{:;r oo VO

01/ 81347 PCT/ US01/ 13798 98 The product of Exanple 38B (314.0 g, 1.125 nol)
was treated with formc acid (88% _350 m_g at roomtenperature and al |l owed
to 8ir for 15 hours. Mst of the f S d was renoved by concentration

under reduced pressure atbeﬂ%? %9@2-@?535?&??“@30“%& acted with ethyl
acetate (3 x 500 nL). Th r ne Shed with 5 brine
until the wasiTheadoducpblf Exéimple 3804260 g,aihildS A @ am@nﬂnhc(érﬁtk)aﬂmdrdadﬁd
rovide t h title yel | 260. %yield).
DR ( cofussdugacyig P st Ayg e A7) moy e B Sy atag oy €' 1)
Eﬂ mz ggz ) {?)%Efo%e 198.0 g/ 449 ntdl) urtd} N, IrROmbGure whis@tiftbH at rbbi: teMBerlafleb DY)

15 20 hours. The volatiles were removed under reduced pressure and the residue was extracted

with ethyl acetate (2 x 750 mL). The combined organic phases were washed with brine until

the wash has pH = 7. The organic phase was concentrated to provide the title compound as

an oil (271 g, 98% yield). "H NMR (MeOH-d4, 300 MHz) § 3.94 (m, 2H), 3.98 (d, J=5.5Hz,

1H), 4.17 (d, J=4.4Hz, 1H), 5.30 (m, 4H), 5.60 (m, 1H), 7.40 (m, SH). MS (DCI/NH3) m/z
20 266M+NH,)", 249 (M+H)".

Example 38E
benzyl (cis)-3-amino-4-(hydroxymethvl)-1-pyrrolidinecarboxylate
A solution of the product of Example 38D (240 g, 0.97 mol) in xylene (1.0 L) was

25 heated at reflux under N, over 10 hours. The resulting brown solution was cooled to 10-15
°C and acetic acid (1.0 L) was added under N. Zinc powder (100 g, 1.54 mol) was added
gradually, and the gray mixture was stirred at room temperature for 3 hours. The mixture
was filtered and water (1.0 L) was added to the filtrate. The filtrate was stirred for 10
minutes and the brown organic layer was separated. The aqueous phase was washed well

30 with xylenes (4 x 400 mL) and then concentrated under reduced pressure to a volume of
approximately 200 mL. This residue was basified to pH 9-10 by cautious addition of

saturated aqueous Na,COj;. The precipitated white solid was removed by filtration and the



10 Exanpl e 38D benzl allyl[2-(hydroxyi m no)ethyl] carbamate The product of
Exanpl e 38C (260 g, 1.115 nol) in acetonitrile (1.5 L) was treated wth
sodi um aoe® at/g134ti hydrate (170.6 g, 4.41 nol, in 0.75L di BECTAUR@d3Mst er) and
NH2OH hydrochloride (98.0 g, 4.41 nol) under N2. The m xture was stirred
at roomtenperature over 15 20 hours. The volatiles were renoved under
reduced pressure and the residue was extracted wth ethyl acetate (2 x 750
m.). The conbi ned organi c phases were washed with brine until the wash has
pH = 7. The organi c phase was concentrated to provide the title conpound as
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brown organic | ayer was separated. The aqueous phase was washed wel |l 30
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(m SH) . MakiXd, 4R Wi bArd (M) 1) Bxé @Pﬂc%n?tgt%d b&Rgydsidue was purified by

(cis)-3-[(tert-Dbutox
caatbony| dhaerhatoraghy KSieh okHs Gl Q1958 R:00.5 tioneowidb thetitkt @mpound (7.5 g,

77% yield). "H NMR (MeOH-d4, 300 MHz) & 1.50 (brs, 9H), 2.50 (m, 1H), 3.25 (m, 1H),
3.40 (m, 1H), 3.60 (m, 4H), 4.32 (m, 1H), 5.10 (s, 2H), 7.30 (m, 5H); MS (DCUNH;) m/z 368
(M+NH,)", 351(M+H)".

20 Example 38G
benzyl (cis)-3-[ (tert-butoxycarbonylaminol-4- {[(methylsulfonyDoxylmethyl}-1-

pyrrolidinecarboxylate
The product of Example 38F (4.80 g, 13.7 mmol) in CH,Cl, (60 mL) was treated with

triethylamine (2.77 g, 27.4 mmol).” The mixture was stirred at room temperature over 5

25 minutes, cooled down to —10 °C and then treated with methanesulfonyl chloride (1.73 g, 15.1
mmol) in CH>Cl, (10 mL) dropwise over 10 minutes. The resultant brown solution was
stirred for 1 hour at room temperature and quenched with water (10 mL). The layers were

. separated and the aqueous phase was extracted with CH,Cl, (2 x 50 mL). The combined

organic phases were washed with brine (2 x 20 mL), dried over Na,SOy, filtered and the

30 filtrate concentrated to provide the title compound as a dark brown oil (4.38 g, 75% yield).
'H NMR (MeOH-d,, 300 MHz) § 1.48 (s, 9H), 2.80 (m, 1H), 3.08 (s, 3H), 3.30 (m, 1H),



10 The product of Exanple 38E (7.0 g, 28 mmol) in ethanol (50 nlL) was
treated with 5% NaOH(aq) solution (10 nL) and di-tert-butyl dicarbonate
(10.9 g WOOsaswt ) at room tenperature and all owed to stPeTOS@rI3Tght. Most
of the ethanol was renoved under reduced pressure and the residue was
extracted with ethyl acetate (2 x 100 migh The extracts were conbined,
washed with brine (2 x 20 nL) and concentrated. The residue was purified by
15 chrorratography (Si 02, CH2C12: MeOH, 95:5, Rf. 0.5) to provide the title
conmpound (7.5 g, 77%yi el dg 1H NVR (MeCH d4, 300 MHz) 6 1.50 (brs, 9H)
2.50 (m H§2(HB 125, 3.#) (mpH 43‘2(21@1,(1&1) 4.4 (328D S (s 23D, 780day AH):IMS, 5. 10

(s, 2H, H) + 368 ( MrNH4) +, 3 51 (M+H) +. 20
Exanpl e 3&8%ﬁcﬁé§@+ NZ%QYI car bonyl ) am nol - f

[ (et hyl sul fonyl ox 1y nmeth I1}-1- pyrrolidinecarboxyl ate The product of
Exanmpl e 38F (4.80 g, 13.7 nmmol) in CH2C12 560 m.) was treated with
triethylamne (2.77 g, 27.4 mmol). e was stirred at room
tenperature oy J 0.t ¢ and taged W th
met hanesul f ony i CH2C] OpW Sse
over 10 mi nuteéssolﬁhenbeﬂmlp&@(mct bfmumlﬁeBﬂGl(QBO\gaso Osﬁmolr)ﬁdCHQChls hayrwaat
room tenperature and quenched with water (10 nL). The | ayers were

separ at edaifd YiHerHhuRsEHC pHddemid st Bor %?&péaﬁtwetowerdmz The nyaxBiee We§ . The
conbi ned I t &

Na2SOM4, %%1?1% tQ ??ﬁge%%t |el tr ?tg lgnd(,:\%sn%%ér?lit& IPat edglt1 th%?lo\%s) ese&iﬁfé&gllyﬁf{%e
conpound r&st aeldamthomﬁmhe@uhf(cduc&ﬂ & NMR/((Me@Hddz;, 300MHYYR 2( 0&@h- 144, 3360
M—IZ} 6 1.48 | H), WO 01/81347

M UC0 (8583 40w 47025 §5r0 621G, 35D A G b 2580 05 <m1@5n4 A4 210051845 oty

5.10 (s, 30 gﬁ(ﬁl DSk s )+, 429 (M+H) +.
Exanpl e 3%%22 %éné;s/{{m(Mlggch ant no- 24%& Nﬁ@ gé? ony Yox |y
nmet hyl }-1.- pyrrolidi necarboxyl ate A solution of the product of Exanple 38G

(4.30 g, 10.0 nmmol) in CH2C12 (5 nl) was ated with trifluroacetic acid
(5 nL) at roomtenperature over 1 h i Xxture was concentrated to

provi de the ti 3 BuBAIRANcASI0AS-KiDRAVRIGHEL. 2 il dissbdigect | y "

t he next step W thout Turther pUI’ITIC&tIOI’]
3 055 ( m 1H), Biergodwt p§ Ex@hple 3§H4m e(hanoll(la)i mIB) 8% tBeabRl With 5 BHqueusAaQih

0%~§%L%'13‘h’ %O) a@t 6%% t%lr_q(’) hours. Tfle mixture was allowed to cool to room

temperature and then was treated with di-tert-butyl dicarbonate (2.40 g, 11 mmol). After

stirring at overnight room temperature, the volatiles were removed under reduced pressure
and the aqueous residue was extracted with CHCI; (3 x 50 mL). The combined organic

20 phases were washed with brine (2 x 20 mL), concentrated and the residue was purified by
chromatography (Si0,, CH,Cl;:MeOH , 95:5:1, Ry. 0.5) to provide the title compound (3.2 g, -
96% for steps 38H and 38I). 'H NMR (MeOH-d,, 300 MHz) & 1.46 (s, 9H), 3.10 (m, 2H),
3.25 (m, 1H), 3.46 (m, 1H), 3.90 (d, J=11.9 Hz, 1H), 4.05 (m, 2H), 4.68 (dd, J=6.3, 4.4 Hz,
1H), 5.20 (s, 2H), 7.36 (m, 5H); MS (DCINH;) m/z 350 (M+NH,)",333 (M+H)".

25

Example 38J
tert-butyl (cis)-3.6-diazabicyclo[3.2.0Theptane-6-carboxvlate

The product of Example 381 (2.3 g, 6.92 mmol) in methanol (30 mL) was treated with
10% palladium on carbon (0.23 g) and stirred at room temperature under H; (1 atm) for 10
30 hours. The catalyst was removed by filtration through diatomaceous earth and the filtrate
was concentrated to provide the title compound as a yellow oil. (1.27 g, 92% yield). 'H
NMR (MeOH-d4, 300 MHz) § 1.46 (s, 9H), 2.47 (dd, J=12.9, 3.7Hz, 1H), 2.64 (dd, J=12.2,



2H), 7.36 (m 5H); M5 (DCI/NH3) nfz 346 (M-NH4)+, 329 (M+H)+. Exanple 381 3
-benz lan(cis)-6-tert-butyl

3, 6-di azavwd oyst3e] 3. 2. 0] hept ane- 3, 6-di carboxyl ate 15 The proUUS/BIISEXanpl e
38H in ethanol (25 nL) was treated with 5% aqueous NaCH (-25 nL, pH > 10)
at 60 C for 10 hours. The m xture was ajjjowed to cool to room tenperature
and then was treated with di-tert-butyl dicarbonate (2.40 g, 11 mmol).
After stirring at overnight roomtenperature, the volatiles were renoved
under reduced pressure and the aqueous residue was extracted with CHC13 (3

x 50 nlL). 5THéz déhbi-Aedmotighrits (Qmﬂlﬁa&éﬂs Ly 8. 2¢edd Hed 2:4zh 18, i3 (02 1X0)20

Gcr5e ey CoatnBe s 1663, SB A0, TS e e A AR LKA SO e o
f20r stgp2538H alnd 38%) 461H vaie (Me?%g4 d305) g/lilzé a; 42H§S 495% (?n 1(2)H§m
4H23’8 (dd, J(g]s H21i4 Hz, (rlnH) H)5 205&_(@9:&&(7 36 (m 5H); IS (DCI/NH3) m z
350 £ M-NH4) +, 33 , . ,

[ 3. 2. 0] hept ane-t ‘ ] 3

i n- et hanol (3ﬂ1€’ﬂr)>dﬂﬂ©fEkﬁﬁfJR@8\7\ﬁ(Iﬂﬁ)méM@ﬁhﬁcﬂﬂﬂﬂﬂB-ﬁfbnﬁﬁyﬁﬁﬁle(vﬂarQB g) and
stirred at roomtenperature under ]tg%o 10 30 hours. The catal yst
was renmoviEacessed 4@?}%&% t9rihg progerwe é?saﬂb% pd& HE-n Thaerud @rordluPW%ﬁ e was

orara " hEckRyRh R ASSLOR (0L SRR A0S S NEOIPW Sblige i e & 5200

1H) 2 64cofrbund €112, Bg, A wcslwnmhmrmsoda/racﬂy%themm ﬁeﬁwzthoﬂil-ﬁ)mha. 95 (m

10 O utiieaiion H NGIR (VbOBRS a0 M € BRISSTT 5 0B PR 102,

199(MH-|) t e Ci

di nyl)-3, 665% a?%? 2331%6%%) 236%1?112& 3S5962 %aéﬁ%o%}}%tlle{) Sr?lé(nﬁrlo%)uétogo(%n &Igrrpl e
38J (150 4@y (dd, 756.83vbl iz alkd), 33b(mnﬁlﬁ)/r78ﬁ(mm l\lﬁr&IO(mm ddBsEEIDHCIASHg mez t o

t he procedur Ei | n,.Exanpl e 1E. The crude product was purified by
chr omat og?%§éﬁ@%3@§%%¢é+@i)z MeOH, 95:5, Rf. 0.3) to provide the title
conpound (110 ny, 53%yield), which was used directly in the next step

wi t hout further 10 purification. 1H NVR (MeOH d4, 300 MHz) S 1.50 (s, 9H),
2.88(m 1H), 3.00 (dd, J=10.2, Example 38L

(cis)-3-(3-pyridinyl)-3.6-diazabicyclo[3.2.0Theptane bis(4-methylbenzenesulfonate)

The product of Example 38K (100 mg, 0.36 mmol) in ethanol (10 mL) was treated
with 4-methylbenzenesulfonic acid monohydrate (144 mg, 0.76 mmol) at 80 °C and allowed
to stir for 6 hours. The mixture was concentrated under reduced pressure and the residue was

20 .diluted with warm methyl tert-butyl ether (20 mL) and stirred at ambient temperature for 10
hours. The precipitate was isolated by filtration and dried under reduced pressure at 40-50 °C
to provide the title compound (140 mg, 86% yield). 'H NMR (MeOH-d,, 300 MHz) & 2.40
(s, 6H), 3.28 (dd, J=10.9, 6.4Hz, 1H), 3.40 (dd, J=12.9, 5.5Hz, 1H), 3.60 (m, 1H), 3.78 (dd,
J=11.1, 5.0 Hz, 1H), 4.04 (d, J=10.8Hz, 1H), 4.28 (d, J=12.9Hz, 1H), 4.30 (m, 1H), 5.14 (dd, -

25 J=7.1, 5.4Hz, 1H), 7.24 (d, J=7.8Hz, 4H), 7.68 (d, J=8.1Hz, 4H), 7.88 (dd, J=8.8, 5.4Hz, 1H),
8.02 (ddd, J=9.1, 2.7, 1.3Hz, 1H), 8.20 (d, J=5.4Hz, 1H), 8.34 (d, J=3.0Hz, 1H); m/z 176
(M+H)+; Anal. calculated for C;oH13N32.4TsOHH,0: C, 53.07; H, 5.68; N, 6.93. Found:
C, 52.99; H, 5.23; N, 6.62.

30 348896 Example 39
(c1s)-6-(3-pyridinyloctahydro-1H-pyrrolo[2,3-clpyridine dihvdrochloride




6.5Hz, 1H), 3.25 (m 1H), 3.60 (m 1H), 3.82 (d, J=10.2Hz, 1H), 3.97 (m
1H, 4.08 (m 1H), 4.84 (dd, J=6.8, 4.1Hz, 1H), 7.30 (m 2H), 7.82 (m
1H), 8. 1opr/dEy7 MS (DCIINH3) mz 293 (MtNH4) +, 276 ( MtPHUSMBI3B8anpl e
38L (cis)-3-(3-p dinyl)-3,6-diazabicycl of 3. 2. 0] hept ane

bi s(4- met hyl benzenesul fonate) The produypt of Exanple 38K (100 ng, 0.36
mml) in ethanol (10 nL) was treated wth 4-nethyl benzenesul fonic acid
nonohydrate (144 ng, 0.76 nmmol) at 80 C and allowed to stir for 6 hours.
The m xture was concentrated under reduced pressure and the residue was 20
diluted with warm net hyl tert-butyl EMI&PE@Q@M) and stirred at ambient
tenperature for 10 hours. The pg_eci jate was.j.solated by filtration and
dri ed under reduced pressure at e the title conpound (140
g, 86% yield)2- ChldrMﬁrW%ﬁMl yﬁ@ﬁlem)g, 832 rﬂﬂlol)(lﬁ me@li’éhol \3as?t$es(téi;ﬂw1th
J=10.9, 6.4Hz, 1H), 0 (dd, 1H), 0O (m 1H, 3.78

J 11 1, 5103 pelladiyy on&a@@n@g @mllémhséﬁous Mlurrl@cz@te((a 14ng?:é 1191491) angggit ede,o

3o 410 g hyn dorboly fmper i sor Hhmieny 46 mplfe L qtignd o) S,

H, 8.20 ﬁl&at&beﬁce‘ﬂdztedlhi)ier 1Bddeed (pdessure3o PHivvidd thEltitle wbampduitd (2(5\@|'1X)®% Anal .
cal cul ated for CLOHI3N3. 2. 4TsOHH20:,. C, 53.07; H, 5.68; N, 6.93. Found: C
52.99; H,Y1eldpMS @Cé’l\%és)ﬁ%l%%@é@ﬁ Exanple 39 cis -6-(3-p r

di n_yl)octahydro-1 H pyrrol 012, 3-cl pyri di ne di hydrochl ori de WO 01/ 81347
PCT/ US01/ 13798 102 Exanple 39A 3-am no-4-nethylp ridine

2-Chl oro-3-nitro-4-nethyl pyridine (4£xuple 282 mmol ) in nethanol was

tre‘i\(zed with 10% pal | adi um on. ca Eon 2l and an Xdrous sodi um acet at e
g, 26 nmmol) and agitm%ﬂwﬂ%ﬁm 1 -  oom tenperature for
45 m nut es. ThepdPrs&ntt 8f) Eﬁ&n ]el3t9gr ?@O%@Ztiﬁﬁmoﬁ)' 1httét?e{h§d1%‘ﬁﬁ¥é§('id ﬁmq,agnder
reduced pressure to provid he title conpound . 100% yleldg
at

( DCUNHS) trgaged1n@igh GQmmbls(Ebnaﬁrthlell)QDBhi@(ﬁt 2mL, BM §01ut101’1 in tetrahydrofuran

i n t ;P ?/;Hyalg%%%g%rn%(i%ﬁﬁzm”g S dg%lpg a?gage\ﬁ l?lﬁygrﬁa?r}g%atg ?G%S(rggg.é%mo%).%hrgm )
bi s(t ri mehixykes ivla lshiaed derobf. tbmptratutdfor Gl holukDind ddnt eitFapddydidef teaaced préssure.

15 The residue was partitioned between ethyl acetate (100 mL) and water (20 mL). The organic

layer was separated, dried (MgSO,) and concentrated under reduced pressure. The residue
was purified by chromatography (SiOs, ethyl acetate:hexanes, 3:7) to provide the title
compound (400 mg, 69% vield). MS (DCI/NH;) m/z 209 (M+H)".

. 20 ‘ Example 39C
tert-butyl 2-hydroxy-2,3-dihydro-1H-pyrrolo[2,3-c]pyridine-1-carboxylate
The product of Example 39B (900 mg, 4.32 mmol) in tetrahydrofuran (20 mL) was
cooled to —40 °C and treated with n-butyllithium (5.4 mL, 1.6M solution in hexane, 8.6

mmol) at —40 °C. The mixture was allowed to warm to room temperature over 2 hours and
25 then N,N-dimethylformamide (0.2 mL) was added. The reaction mixture was stirred for 0.5
hours, poured into water (20 mL) and extracted with ethyl acetate (100 mL). The organic
layer was dried (MgSQ,) and concentrated under reduced pressure. The residue was purified
by chromatography (SiO,, ethyl acetate:hexanes, 1:4) to provide the title compound (600 mg,
60% yield). MS (DCI/NH;) m/z 237 (M-+H)".
30

Example 39D
tert-butyl 1H-pyrrolo[2,3-c]pyridine-1-carboxylate




roomtenperature followed by addition of di-tert-butyl dicarbonate (605 ng,
2.8 mol). The mxture was stirred at roomtenperature for 3 hours and
concent r Wedi/sn3der reduced pressure. 15 The residue was pRECTUBIIGIEZS bet ween
ethyl acetate (100 nlL) and water (20 nmlL). The organic |ayer was separated,
dried (MySO4) and concentrated under reguced pressure. The residue was
purified by chromatography (Si 02, ethyl acetate: hexanes, 3:7) to provide
the title conpound (400 ng, 69%yi eld). M5 (DCUNH3) nmfz 209 (M+H)+. 20
Exanpl e 39C tert - butc}l/ I‘OXéZ 3-di hydro-1Hp

rol of 2, 3-c] yr| dihsere twa@ﬁﬁmﬁf:@ Hé- 5 6d4u@m08fané>ta¢tby1@nm9ﬂl(69@c15rﬁgmnwl)82
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m xture wamod)| Imadtlhmg\m&mxﬁ @enﬁmmeem)% BowE etheYektigh Mkt vedydjuéhcHeien
N, N- di net hyI formam de 0 2 nmL) was added. The reaction m xture was stirred

for 0.5 W§t€ré%ﬂﬁléd ap ?W%%qdé’iﬂﬂ( gtbymc?taém@ ekQGmle) cdhogreaielape) Wakcet at e
1005 M. s
E educed) pr ess ur%ﬁ?#hﬁd C(lellgi)é%aaet vvascg; te;%ﬁl]g éd;%é{g%} aﬁ%o{r%git og{r;\’tgpﬁ&ﬁ?@%per et hyl

acet at e: hdxanstsgraphw{SiOg, ephydmnd:&tetm&aﬁdsll é) wmmdame(t&[&:oqu;oumﬂio%s/g,el d).

M5 ( DCUN npl e 39D tert-butyl

1H pyrrol%?f”/zy@ié)l W&Q?ﬂﬁ@)mé%%%%%e WO 01/ 81347 PCT/ US01/ 13798 103
The product of Exanple 39C (1.5 g, 6.4 mmol) and triethylamne (1.6 g, 15.8
mmol) in methylene chloride (50 nL) were treated with net hanesul f onyl
chloride (0.54 mM, 7 muol). After dix ar_mglﬂg%ét roomtenperature for 18
houw t he reaction, m xt nL) and extracted

ethyl acetate (B384 (MyS®™) and
concentrat ed roll & ¢¢ Eﬂarﬁﬁl%%@!!f @60]&@9 lr@%ﬁhﬁg 1%?3%&&61 (1088l P¥as treated
chr omat ogr ap i 02, ethyl acetate: hexanes provide the title

compound With méﬂ/ogaauamg%m v Chmaant G b ma)fer Ssesmilte 39€ 10

b | d f he
oot Spiud i SRR g THOUR Sadocheditn i Rlinecd e BLRAS Al BA°
\émth 1$‘;{omwcio@qdoumimmgb@w o (iRd). MIS) (BUINHY) hatad (vpdgy. H2 (4 atm) for 3

ays, The
15

Example 39F
tert-butvl 6-(3-pyridinyoctahydro-1H-pvrrolo[2,3-clpyridine-1-carboxvylate

The product of Example 39E (226 mg, 1.0 fnmol) and 3-bromopyridine (158 mg, 1.0
mmol) were processed according to the procedure described in Example 1E to provide the

20 title compound (60 mg, 20% yield). MS (DCI/NH;) m/z 304 (M+H)".

Example 39G
(cis)-6-(3-pyridinyDoctahydro-1H-pyrrolo[2.3-clpyridine dihydrochloride

The product of Example 39F (60 mg, 0.19 mmol) was processed according to the
25 procedure of Example 14J to provide the title compound (37 mg, 71% yield). "H NMR
(CDs0D, 300 MHz) 6 1.70 (m, 1H), 2.0 (m, 2H), 2.3 (m, 1H), 2,65 (m, 1H), 3.1-4.0 (m, 7H),
7.85 (dd, J=9, 6 Hz 1H), 8.18 (dd, J=9, 3 Hz 1H), 8.42 (d, J=3 Hz, 1H); MS (DCI/NH;3) m/z
204 (M+H)+; Anal. calculated for C;,H17N3<2HCI : C, 52.12; H, 6.87; N, 15.20. Found: C,
51.87; H, 6.88; N, 15.04.
30

Example 40
(cis)-6-(3-pyridinyl)-3.6-diazabicyclo[3.2.0]heptane fumarate




m xture was filtered and the filtrate was concentrated under reduced
pressure to provide the title conmpound (240 ng, 64%yvyield). M5 (DCl/NH3)
mz 227 WOb)813415 Exanple 39F tert-butyl 6-(3-pridinyll)Bct/akydnes H p
rrol o[ 2, 3-c] pyri di ne-1-carboxyl ate The product of Exanple 39E (226 ng, 1.0
mrol ) and 3-broi nopyridine (158 ng, 1.04mol) were processed according to
the procedure described in Exanple 1E to provide the 20 title conpound (60
ng, 20%yield). M5 (DCI/NH3) mlz 304 (MtH)+. Exanple 39G (cis)-6-(3--p

-idi nyl)octahydro-I H pyrrol o[ 2,3-c] pyridi ne di hydrochl ori de The product of
Exanpl e 39F (60 ng, 0.19 mml) was processed according to the 25 procedure
of Exanple 14J to provide the title ﬁp;p&g%A(W ng, 71%yield). 1H NWR

(CD30D, 300 MHz) S 1.70 (m 1H), 2. 0"FHESH2 2 3 (m 1H), 2,65 (m 1H),

3.1-4.0 (m 7H, 7. aﬁnﬁﬁdmsﬂ-i%d@zdﬂi’cyﬁdﬁa 2 9neBtandd-cadbdkylade Hz 1H), 8. 42
(d, J=3 Hz +; Anal. calculated for

N
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Fumed at o B DL S A 4B Fp bGP IR Lok L e YRR et dentiulaEP! 2N
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Exanple 381 (1.0 was treated with

trifluor o‘&%?@?‘il Wltﬁéﬁwr¥§i %maeoa% N’F‘%Q%t@ﬁﬁ@r%%&% =%-3) and By (5 mﬁlf)edlﬁ?% ure was
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chl or of or it on “as sat urat ed agueous
pH=8-9) dfAd4ly, bW i8djrivhichdvaseded {ivhSn4yt, stép| Wit lerue dunﬁmﬂlonhéHﬂ\iMRr(M@H-

ConTE el SIS SRS BN b B B
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( MENH4) +, 233 (MeH) +. Exanpl e 40B

Example 40B
benzyl (cis)-6-(3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane-3-carboxvlate

15 The product of Example 40A (230 mg, 1.0 mmol) and 3-bromopyridine were
processed according to the procedure described in Example 1E. The crude product was
purified by chromatography (SiO,, CH,Cl,: MeOH, 95:5, Ry. 0.3) to provide the title
compound (130 mg, 42% yield: '"H NMR (MeOH-d,, 300 MHz) & 3.24 (dd, J=12.6, 4.1Hz,
1H), 3.30 (m, 1H), 3.40 (m, 1H), 3.65 (dd, J=7.8, 3.4 Hz, 1H), 4.08-3.92 (m, 3H), 4.70 (m,

120 1H), 5.10 (m, 2H), 6.90 (m, 1H), 7.24 (m, 3H), 7.35 (m, 2H), 7.73 (d, J=2.7 Hz, 1H), 7.86 (d,’
J=4.7 Hz, 1H); MS (DCUNH;) m/z 310 (M-+H)".

Example 40C
6-(3-pyridinyl)-3.6-diazabicyclo[3.2.0]heptane
25 The product of Example 40B (120 mg, 0.39mmol) in MeOH (10 mL) was treated

with 10% palladium on carbon (120 mg) and stirred at ambient temperature under H; (1 atm)
for 2 hours. The mixture was filtered and the filtrate was concentrated to provide the title
compound as a brown oil (65 mg, 94% yield). "H NMR (MeOH-d4, 300 MHz) § 2.55 (dd,
J=12.9, 3.4 Hz, 1H), 2.72 (dd, J=12.6, 6.5 Hz, 1H), 3.20 (m, 2H), 3.63 (dd, J=7.5, 3.4 Hz,

30 1H), 3.90 (t, J=7.8 Hz, 1H), 4.65 (dd, J=6.1, 3.4 Hz, 1H), 6.88 (ddd, J=8.5,3.1, 1.4 Hz, 1H),
7.18 (dd, J=8.4, 4.8 Hz, 1H), 7.73 (d, J=3.0 Hz, 1H), 7.83 (dd, J=4.7, 1.3 Hz, 1H) m/z 176
(M+H)".



bent hl (cis(3-pyridinyl)-3,6-diazabicyclol 3.2.0l hept ane- 3-carboxylate 15
The product of Exanple 40A (230 ng, 1.0 mmol) and 3-bronopyri di ne were
processedv@ousmdi ng to the procedure described in Exanpl ePCEUSHMS7%r ude
product was purified by chromatography (Si 02, CH2Cl2: MeOH, 95:5, Rf. 0.3)
to provide the title conpound (130 ng,;@%2% yield: 1H NVR (MeOHd4, 300
MHz) 8 3.24 (dd, J=12.6,4. IHz, 1H), 3.30 (m 1H), 3.40 (m 1H), 3.65 (dd;
J=7.8, 3.4 Hz, 1H), 4.08-3.92 (m 3H), 4.70 (m 20 1H), 5.10 (m 2H), 6.90
(m 1H), 7.24 (m 3H), 7.35 (m 2H), 7.73 (d, J=2.7 Hz, 1H), 7.86 (d,
J=4.7 Hz 1H); M5 (DCl/NH3) mz 310 (NH—|)+. Exanpl e 40C

6-(3-pr' d| n_yl)-3, 6-di azabi cycl o(3, lhept.ane 25 The product of Exanple
40B (120 ng, 0.39mmol) in MeOH (10 w@%‘—@g—“—rﬁeated with 10% pal | adi um on
carbon (120 ng) and (6ik)-6(8PvALinFYH, CdiazbiGERA6[BIA0BeptifieintdZaté 1 atm) for 2
hours. The m xture was filtered and the filtrate was concentrated to

provi de the titherodushpbbnampls 4QCHpowe. 8i37 rpesl) s tratedyyig) fymarigdcidgo. 4

e By m@ e Mk i de@indiitbpronlTagtals (3tgiving20 . Tie Adyfyes abéaly D °

lH) 650()1¢ldem136r6tu16 O\Berﬂighfz THehhrecipit438 wad ddl,lecﬂeﬁ&}&ﬂtratldn add driddzundéH) ,
7.18 (dd, J=8.4, 4.8 Hz ., 7.73 (d, J=3.0 Hz, iH), 7.83 (dd, J=4.7, 1.3
Hz, 1H) rfpéucr¢@r68§m|as40 5 qusmdﬁﬁhpeﬂp CenRPUBAgE Mg d4YEvisldpl d RBIR

éfc | E)xaﬁpf 033 65 @) Speh oL g2 Phnebt ane oyt T, pr pduct

nsrgl atourat msﬂwhmmgﬂyﬂme%t@ 2(}11? 104 Ydaa, 72027 . 1§m mixt ure
vvas St irre F‘I

roomtenperature overni preci pi tate was col | ected

by 191tr a?m?%@ddafmﬁ Hr4- BHzyHdb .87 (Edud &t Hé»s%?fr @dai‘ﬂtl& 5bHe, t); ppeviTde t he

title co a. dd,
1m1o 6, AVGEDs (fébz‘l .°§%€é{/fnt¥} %@3@12‘8%&%&%@% ?%91’“@3 8‘§ﬁ 62869(
J=7.5 Hz,Folihli; (45896{H)5.3¢)N, .68 (s, 2H), 7.04 (ddd, J=8.2, 2.7, 1.3 Hz,
1H), 10 7.27 (dd, J=8.2, 4.8 Hz, 1H), 7.87 (d, 2.7 Hz, 1H), 7.95 (dd
J=4.8, 1.1 Hz, 1H); nmz 176 (M+H+; Anal. calcul ated for
C10H13N3I . 2504H404 0.6H20: C, 54.41; dH..py84 N 12.69. Found: C, 54.96;
H, 5.50; N, 12.10. Exanple 41

15 (cis)-3-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane fumarate

Example 41A
tert-butyl (cis)-3-(6-chloro-3-pvridinyl)-3,6-diazabicyclo[3.2.0Theptane-6-carboxvlate

The product of Example 38J (150 mg, 0.75 mmol) and 5-bromo-2-chloropyridine
20 were processed according to the procedure described in Example 1E. The crude product was
purified by chromatography (SiO;, hexane:ethyl acetate, 50:50, Ry 0.3) to provide the title
compound (150 mg, 48% yield: "H NMR (MeOH-d4, 300 MHz) & 1.48 (s, 9H), 2.90 (dd,
J=10.6, 4.1 Hz, 1H), 3.00 (dd, J=10.2, 6.4 Hz, 1H), 3.27 (m, 2H), 3.60 (m, 1H), 3.77 (4,
J=10.2 Hz, 1H), 3.92 (m, 1H), 4.08 (m, 1H), 7.26 (d, J=1.7 Hz, 2H), 7.85 (t, J=1.8 Hz, 1H),
25 MS (DCUNH;) m/z 329 (M+2+NH,)*, 327 (M+NH,)".

Example 41B
(cis)-3-(6-chloro-3-pyridiny1)-3.6-diazabicyclo[3.2.0Theptane
The product of Example 41A (150 mg, 0.48 mmol) in CH,Cl, (5 mL) was treated

30 with trifluoroacetic acid (5 mL) at room temperature and allowed to stir for 1 hour. The

mixture was concentrated and the brown residue was neutralized to pH = 9 with 5% NaOH.

The mixture was extracted with CHCl; (3 x 50 mL) and the combined organic phases were



15 (cis)-3-(6-chloro-3-pyridinyl)-3,6-diazabicycl o[ 3.2. A heptane fumarate
Exanpl e 41A tert-butyl (cis)-3-(6-chloro-3-pyridinyl)-3,6-diazabicyclo

[ 3. 2. 0] heyo angt3é? car boxyl ate The product of Exanpl e 38J PABOSOm374. 75
mol ) and 5-brono-2-chl oropyridine 20 were processed according to the
procedure described in Exanple IE. The gjgude product was purified by
chromat ography (Si 02, hexane:ethyl acetate, 50:50, Rf 0.3) to provide the
title conmpound (150 ny, 48%yield: 1H NVR (MeOH d4, 300 MHz) 8 1.48 (s,
9H), 2.90 (dd, J=10.6, 4.1 Hz, 1H), 3.00 (dd, J=10.2, 6.4 Hz, 1 327
( m 2H), 3oBeEnitaied tq povide the tifle comp&qr@i 38 rpwn mli)(% 2120 90%erwield ) H

329 ( L&gfﬁ%oﬁ dsz”éomﬂz-é%z’ﬁ; @5 0.1 %, T ,3b5@a 32108, 6897, %)3 % z

3- | h I, t
T o g s e o e

trifluoroddeliZé (édl—d 1Bz, rﬂH) a7l ﬂéizpéfﬁIMSe(Dﬁiﬂ\JHj)Im/w@a%M@ﬁNﬁd or 1
hour ThS22 M$I§gﬂei+m1as concentrated and the brown residue was neutralized
to p?—l \ZI The m xture was extracted with CHC13 (3 x 50 nl)
and the conbi ned organi c phases were WO 01/81347 PCT/US01/ 13798 106
concentrated to provide the title conpound as brown oil (90 ng, 90% vyield).
1H NVR (MeOHd4, 300 MHz) 8 2.95 (cﬁmbﬂé.lﬁ, 5.1 Hz, 1H) 3.05 (dd,
J=10.2, 6.8 Hz, ; , : . : > ..2Hz, 1H),
387(tJ81Hz g

(2H), 7.87 (t, "D]@Jpré’dﬁdz pf Ekhmp]IVEIBQQD/nM-@)%rﬂamOEZ@as(tM%dNMﬁ ﬂumaﬁnchZ:i?d (53. O
M+N + Exa

(ci 3 (IE&&. %ﬂ@ wyPTdngtpl the Brosedira satsribye pixrmplopARe areds Baditlst e The

duct 0. t d
P5e 0 1 ompbaR @0 ie P uiar: SENETR cOReas AERMATI Y b DRIt
40D to prIszdtﬂ)I hes (dd, Iel2.2.051pSLn UH], BOSD @n,MgT), 73%6(gd, gD, 5. SHIAVR) (e, d4,

300 MHz) 8 3.0 , J4=10.1, 5.1 Hz, 1 3.15 (dd, J=12.2, 5.1 Hz, 1H,
3000 (4 Tud K D 436 18 5512 3 18, 4l 28 o, Talige it B 5 0 R -6, 571 16

|('|(Zj, |J H)12 ‘Hz, ) ék& (5 Hé };)7 %ﬁ@% &Js*%ﬂigz%ﬁg 7538:3)%111 137-'%882(575%01@% 96](7@%2%
7. 965 (d, u@zlws e]zcmm)m)z 2BV DENHY) T3 P2 Fr{V+RERY Mihelda)on]at@DBr ( M-NHA) +

Anal . Ca'é“ﬁ D R, 1,0,°0.5H,0: C, 52.09: H, 5.46: N, 15.18. Found: C, 5031.; H, 4.920;
N, 14.41.
Example 42
20 (cis)-3-(6-chloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane bis(4-methylbenzenesulfonate)

Example 42A
tert-butyl (cis)-3-(benzylamino)-4-(hydroxymethyl)-1-piperidinecarboxylate
Benzylamine (17.8 g, 0.166 mol) and the product of Example 33A (41.0 g, 0.151 mol)
25 in a mixture of acetic acid (27.3 g, 0.454 mol) and CH,Cl, (600 mL) were treated with solid
NaBH;3CN (96.2 g, 0.454 mol) gradually over 30 minutes. The mixture was stirred for 18

hours at room temperature. Water (200 mL) was added and the organic phase was separated,
dried (MgSOy), filtered and the filtrate concentrated under reduced pressure to provide an oil
(40 g). The obtained oil was dissolved in tetrahydrofuran (300 mL) and treated with LiAIH,
30 (1 M in THF, 121 mL, 121 mmol) at 0 °C. The mixture was allowed to warm to room
temperature and stir for 2 hours and then quenched by cautious addition of excess

NapS04210H,0. The mixture was filtered and the filtrate was concentrated to provide the



C10H12C1IN3. 0. 5C4H404. 0. 5H20: C, 52.09; H, 5.46; N, 15.18. Found: C, 50.31.;
H, 4.920; N, 14.41. Exanple 42 20

(cis)-3-Woohbwrd- 3-pyridinyl)-3,8-diazabicyclo [4.2. 01 PCT/@RE/13798

bi s(4- et hyl benzenesul fonate) Exanple 42A tert-butyl (cis)-3-(bent

| a~m no) - 4- (hydrox Zethyl)-1-pi peridi neggr boxyl ate Benzylam ne (17.8 g,
0.166 nol) and the product of Exanple 33A (41.0 g, 0.151 nol) 25 in a

m xture of acetic acid (27.3 g, 0.454 nol) and CH2Cl12 (600 nL) were treated

wi th solid. NaBH3CN (96. 2 5 ual I ver ., nut es

i xtur o wdlegomPPRE RO A28 ﬁ?l@@%\fhl&e dﬂréc&mr%? n%@@t?w}%%s
added and fﬁlt@ger%ﬁgﬁgétgorp ge a/ated, M+q!ﬁed (MySO4), filtered and the
filtrate conce at ed reduced pressure to provide an oil (40 g). The
obtai ned oil was dissol ved in tetrahydrofuran (300 nL) and treated with

LiAlH4 30 (1 Min THF, 121 ni, 121 ﬁmolb @EO C. The m xture was al | owed
to warmto roomtenperature and stir urs and then quenched by

cautsous additi on 9t be%ERSS-3- &}ﬁiﬁ%%@@%%e@% %%gﬁcmgxilhﬂetered and
the filtrate was concentrate 0 provi 01/ 13798
107 title coMOé@taﬁEWnpl(eZ@Aﬂé2&@@/@8&@1&1)11 gthinoh (4@smbywds deatedt |y in
E;]:ngle)ét 4S EO‘?A@@IIO%BP c];nucl:’aFd:I;]oeﬂ’ (2pLjralnI1 Itl%eal%{x?ure was sl(l DC&JmIa_(li?'e)r I—fd 3%58’ géférwl_b *
l ( Ci s) - 3-1ird) OFHE-cabil bt ey hh &) bylfi IBa e hikli the GikOXub abrechige® 1Rt éduetd
Exanpl e 42A (28.2 ¢, 0.088 nol) in ethanol (400 nl) was treated wth 10%
pal | adi urhressueede petvidothg titigeamiprand 13 Qg.8Nms MB i ndez 252 B0 C for
4 fwurs. The catalyst was renoved by filtration and the filtrate was
concentrated under reduced pressure to provide the title conmpound (18.0 g,
89% . Ms (DCI/NH3) mz 231 (MtH) +. _@m:z_(eMCtert but |y
(cis)-8-[(2- nltrqphengl 3 -| ..c c cI 0[4 2 Oloctane 3-C
te A sol ut ',',l ! 1S )< trc eyl e “,‘ 5 i 781 0 4 . o arbq

tri ethyl am ne £ idfion eﬂ%%dmpwmgpl%%ﬁ @go 0 Pty KEERAEne L

2- ni tr obenzenesul t onyl I"ori d e’'m xture was
stirred &, 1|46Jnml¢1¢ambﬂhﬁzahéﬂﬁ(bmm&ahmmgd withe2-nitvobenzenesmfonylahbeiien(23.6 ¢,

u ndf,'g ' edl"b% g{) 3'{heem%< gretvst]a% S uer%él gltu r%o emtpgrg’?ur}e ?(g‘ 1'6%o%£sh aﬂ{)el m1(x%'u5rg Wrgs') and

concentrated under reduced pressure and the residue was taken up in ethanol (150 mL) and

?rboxyla

treated with potassium carbonate (7.4 g, 53.6 mmol). After stirring at room temperature for
40 hours, the solids were removed by filtration and the filtrate was concentrated to provide
the title compound (6.1 g, 30% yield). MS (DCUNH3) m/z 415 (M+NH,)".
20 :
Example 42D
benzyl (cis)-8-[(2-nitrophenyl)sulfonyl]-3,8-diazabicyclo[4.2.0]octane-3-carboxylate
The product of Example 42C (1.25 g, 3.2 mmol) in CH,Cl, (20 mL) was treated with

trifluoroacetic acid (20 mL) and the solution was stirred at room temperature for 1 hour. The

25 mixture was concentrated under reduced pressure and the residue was taken up in 5% NaOH
(10 mL) and extracted thoroughly with CHCl3 (10 x 10 mL). The combined organic phases
were concentrated under reduced pressure. The residue was dissolved in CH,Cl; (20 mL)
and treated with triethylamine (0.26 g, 2.6 mmol) and benzyl chloroformate (0.41 g, 2.4
mmol) at 0 °C. The mixture was stirred at room temperature for 2 hours and then washed

30 successively with 1N HCI (10 mL) and saturated NaHCO3; (10 mL). The organic phase was
dried (MgSOy), filtered and the filtrate concentrated under reduced pressure to provide the
title compound (0.71 g, 83% yield). MS (DCIUNH;) m/z 449 (M+NH,)".



treated with potassium carbonate (7.4 g, 53.6 mml ). After stirring at room
tenperature for 40 hours, the solids were renoved by filtration and the
filtratewasl/gBwtentrated to provide the title conpound PET/USY/1338%
yield). M5 (DCI/NH3) mz 415 (MtNH4) +. 20 Exanpl e 42D benzyl (cis
-8-f(2-nitrophenyl)sul fonyl| -3, 8-di azabjpgycl o[ 4. 2. 0] oct ane- 3- car boxyl ate
The product of Exanple 42C (1.25 g, 3.2 mmol) in CH2C12 (20 nlL) was treated
with trifluoroacetic acid (20 m.) and the solution was stirred at room
tenperature for 1 hour. The 25 m xture was concentrated under reduced
pressure and the residue was taken up in 5% NaCH (10 ni) and extracted

t horoughly with CHC13 (10 x 10 nL). ned organi c phases were
concentrat ed under reduced pressure.E gqahdue was di ssolved in CH2Cl12
(20 nL) and lbarn@alt(egl;)A&L&éﬁ-bmb@t/day&camwms(d&zzﬁcgalo121 X0)ebRhe-3anthorensy |

chloroformate (0.41 g he m xture was stirred at room
temperature f @rﬁ@lﬁt;‘?fgﬁ%m?ﬁé’ﬁ slh%CY %M@&W\@ISWMW% tyertedeyity 10 ni)
and saturg (%legg

fil ter ed at(ggl %O?tl&;rgm%%aﬁlgglﬁﬁg{ d@ dga{rﬂessure (C)g%)ﬁ?oor{l/l de

the titltempemapoefud 16thodis. JTheGRthyre e»iaslﬁu-th‘dBtr(eﬂéZleMﬁi) text-budficfdbbbinitd) + WO
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The pr od Wil @S
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di luted wigh). dives pCIANS rmfzl 847 mq)FHz*washed with brine, dried (MyS04),

filtered and the filtrate concentrated under reduced pressure. The residue
was purified by 10 chromat ography (Si 02, nethanol:CH2Cl2, 3:97) to provide
the title conmpound (1.45 g g, 58% yEeI :i R ( DCUNH3) Mz 347 ( M+H) +.

Exanpl e 42F tert-butyl (cis)-3,8-di j [4. 2. 0loct ane- 8- car boxyl ate 15

The product of Exanpket-Bat (c193,3Wiaz4bi&R10MDI0]odtime®LHBORYIate10 M) was

treated wth 10% pal |l adium on carbon and the m xture was stirred under H2
(1 Bm at 40-Uw produgt of Example 42E (190 mg, 0.50 mmol) in methanol (10 mL) was treated

with 10% palladium on carbon and the mixture was stirred under H, (1 atm) at 4045 °C for 4
hours. The mixture was filtered and the filtrate concentrated to provide the title compound
(60 mg, 60 % yield). MS (DCUNH;) m/z 213 (M+H)".

20 Example 42G
tert-butyl (cis)-3-(6-chloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0] octane-S-carboxylate
A solution of the product of Example 42F (0.32 g, 1.50 mmol) in toluene (15 mL) was
treated with 2-chloro-5-bromopyridine (0.319 g, 1.70 mmol), Pd,(dba); (0.22 g, 0.03 mmol),
BINAP (0.038 g, 0.010 mmol) and sodium tert-butoxide (0.29 g, 3.0 mmol) and the reaction

25 was heated at 80 °C for 6 hours. The reaction mixture was poured into diethyl ether (150
mL), washed with brine (100 mL), dried over MgSO, and concentrated under reduced
pressure. The residue was purified by chromatography (SiO-, 3% MeOH/CH,Cl,) to provide .
a yellow oil (0.257 g, 53%). MS (DCUNHs) m/z 324 (M+H)".

30 Example 42H
(cis)-3-(6-chloro-3-pyridinyl)-3.8-diazabicyclo[4.2.0]octane bis(4-methylbenzenesulfonate)




hours. The m xture was filtered and the filtrate concentrated to provide
the title conmpound (60 ng, 60 %vyield). M5 (DCUNH3) nfz 213 (M+H)+. 20
Exanpl e 42G0t/8x347 but y| PCT/US01/13798
(cis)-3-(6-chloro-3-pyridinyl)-3,8-di azabi cycl o[ 4. 2. 0] oct ane- 8- car boxyl ate
A solution of the product of Exanple 42f9(0.32 g, 1.50 mml) in toluene (15
m.) was treated wth 2-chl oro-5-bronopyridine (0.319 g, 1.70 mol ),
Pd2(dba)3 (0.22 g, 0.03 rrm)l) BI NAP (0.038 g, 0.010 nmmol) and sodi um
tert-but oxi de &%§29 and the reaction 25 was heated at 80 C for
6 hours. The r CW&EWIM%G;{B%édO@ﬁm@oauﬂéﬂWlor@mﬁ@ﬁm’(@Qen hitvys

washed wi t reduced
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Exa e 42H (cis) 6-chl oro 8-di azabicyc 4 loct ane
bi o 4+ et 1% BAENUCHIE BSOS Bimeridns yhiy odsa 53 bt S3royicihel bt oduct
of anpl )1 treated

W t hEg(t ri ftﬁt}élr%{g%égtblgl%egﬁugo%fmswésg) ﬁ*}%%ﬁ%?ﬁ%%ﬁ? ure for 1 hour
and conqdMHOHt 309 MHd)BB 1r%due&qnpﬂé);am4ez 196, Hé)s'acmez memplﬁ)' BiZQGB By (m,

chr omat ogr aph 0% nret hanol / CH2C12/ 190\NHAQH) to pro ilxﬁl |.ow oi |

(0.185 g)*n3 ééf%%%ﬂ @, c?H)Tﬂ8554 B ep4thet- H§17b%‘%1@ér¥é§)u7186r€‘éﬂ€ﬁ Oshéfﬁz 5 M3 r med

E%Zf 2”1 S22 My A oL e Vo P GO e

4. 2564@3\37(63 Hdind: @, 3BOT.12%.16yN, 233, 7.86 (d, J=3.0 MHz, 1H); MB
L NH3) mz 224 (MrH) +; Anal.Calcd for CLIHL4N3CL. 1.2 TsoHL. 2l PA: C,
H 6.49; N, 7.60. Found: C, 55.07; H, 6.16; N, 7.23. 10 Exanpl e 43

(3 aR 6aR) - 5- ( 6- br ono- 5- met hoxy- 3- pyrg@hiyd Jpct ahydropyrrolo |3
, 4-b] pyrrol e Exarrple 43A 15 tert butyl E%aR 6aR) 5 (6- brom) 5- net hoxy- 3- py

i di nyl hexahydBak _ nethok -3 -piyiEi v logie pb g / vitodg | de The
product of Exanple 29A (260 rrg, 0.81 mmol ) at 0 5 C|n acetonltrlle (8 nb)
was treated with N-bronosuccinimde (215 ng, 1.2 mmvol) precooled to 0-5 C

in Example 43A
15 tert-butyl (3aR,6aR)-5-(6-bromo-5-methoxv-3-pyridinyl)hexahydropyrrolo[3.4-b]pyrrole-

1(2H)-carboxylate hydrochloride
The product of Example 29A (260 mg, 0.81 mmol) at 0-5 °C in acetonitrile (8 mL)

was treated with N-bromosuccinimide (215 mg , 1.2 mmol) precooled to 0-5 °C in

acetonitrile (4 mL). The mixture was allowed to warm to room temperature over 1 hour and

20 then concentrated under reduced pressure. The residue was purified by chromatography
(S10,, diethyl ether:hexanes 3:7) to provide the title compound (200 mg, 63% yield). MS
(DCI/NH;) m/z 398 (M+H)".

Example 43B
25 tert-butyl (3aR,6aR)-5-(6-bromo-5-methoxy-3-pyridinyDhexahydropyrrolo[3,4-b]pyrrole-

1(2H)-carboxylate hydrochloride
The product of Example 43A (200 mg, 0.5 mmol) was processed according to the

procedure described in Example 147 to provide the title compound (142.5 mg, 78% yield).

'H NMR (CD;0D, 300 MHz) & 2.05 (m, 1H), 2.35 (m, 1H), 3.45 (m, 6H), 3.92 (dd, J=12, 1.5
30 Hz, 1H), 4.45 (t, J=6 Hz, 1H), 6.95 (d, J=3 Hz, 1H), 7.55 (4, J=3 Hz,1H); MS (DCIV/NH3) m/z

300 (M+H)"; Anal. calculated for C;H;sN3OBre1.75 HC1 : C, 39.77; H, 4.90; N, 11.60.

Found: C,39.93; H, 5.01; N, 11.64



acetonitrile (4 nmL). The m xture was allowed to warmto roomtenperature
over 1 hour and 20 then concentrated under reduced pressure. The residue
was puri Wedi/g4thr omat ography (Si 02, diethyl ether: hexar€®US017)37980
provide the title conpound (200 ng, 63%yield). M5 (DCUNH3) m z 398

(MtH) +. Exanpl e 43B 25 tert-butyl 110

(3aR, 6aR) - 5- ( 6- br ono- 5- et hoxy- 3- pyrri di nyl ) hexah

Tdropyrrol o[ 3, 4-b] pyrrol e- 1(2H)-carboxl ate hydrochl ori de The product of
Exanpl e 43A (200 ng, 0.5 mml) was processed according to the procedure
described in Exanple 14J to provide the title conpound (142.5 ng, 78%
yield). 1H NWVR (CD3CD, 300 I\/Hz) 6 2.0 1e M) . 235(m 1H), 3.45 (m 6H),
3.92 (dd, J=12,1.5 30 Hz, 445% 6.95 (d, J=3 Hz, 1H),
7.55 (d, J=3 (st)-&J\‘B;-;DyNBiI{VDGJNdB@)ZahibzcloG@OKoMah‘ibzs(Anmhvlbmlzmbldﬁﬂﬂ@or
Cl2HI6N3OBr1.75 HO : C, 39.77; H 4.90; N, 11.60. Found: C, 39.93; H,
5.01; N, 11.64 WD 01/81347 PCT/US01/13798 110 Exanple 44 (cis)-8-(3
pyrigdinyl)-3, 8-diazabicyclo[4.2. 0O i s(4-net hyl benzenesul f onat e)

5 Exgrrpl e 44A tert-butyl (cis)-3,8- ?:%%% o[ 4. 2. 0] oct ane- 3- car boxyl ate
The product of Exarrplt@“t—mt@I (cx)B.Ydiagat8cyohei 2. G InctBMd-3{c5horilptenas treat ed

Vn\g;[]urgzv?g <(51 8ductjf fgf‘f‘mrggg)‘ug]o@rﬁ[ :ﬁ%@%ﬁﬁiﬂnﬁ@ (ngﬂt‘?bu?sg}%o% i dx% B(rae
was pour egd,dmf@.¢d %tlb)d n&fob%d(tﬁ@?héﬂe&oléh ?”ﬂG Wash1ehdMhk %1§fu'ré‘®a£ AlowR0

mL). The organic ase was ‘dried iltered’and the filtrate
concentr atp@tjr @trrdem terapereude ﬁwrégélqu@ Thﬁénlixége wiae poarsd pie idfstled ethgr (100 mL)
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tert-but yiilteel c@hcfﬁrﬂ(aﬁ:dmfﬁisﬂﬂeﬂﬁée}lﬁesguﬁl mbeﬁdfué @&éplﬁnfﬁuwoaftﬁnﬁogapmex r

The product of Exa e 44A 0.090 g, 0.40 prol ) .in toluen 0)
treated (HOhmmAGH Vo5 8%1) & DoV s coppmngiays o A7 g

0. 008 Mok Meﬁ 1L 10 mmol ) and sodiumtert-butoxide (0.70 g,
0.7 nmol ) angﬂr’;ea é)( 215;‘9(1\&9[#? 12 20 hours. The reaction m xture was

allowed to cool to roomterrperature and concentrated under

15 Example 44B
tert-butyl (cis)-8-(3-pyridinyl)-3.8-diazabicyclof4.2.0]octane-3-carboxylate
The product of Example 44A (0.090 g, 0.40 mmol) in toluene (14 mL) was treated
with 3-bromopyridine (0.074 g, 0.50 mmol), Pd,(dba); (8.0 mg, 0.008 mmol), BINAP (11
mg, 0.010 mmol) and sodium tert-butoxide (0.70 g, 0.7 mmol) and heated at 80 °C for 12

20 hours. The reaction mixture was allowed to cool to room temperature and concentrated under
reduced pressure. The residue was purified by chromatography (SiO,, 5%MeOH/CH,Cl,) to
provide a yellow oil (99%, 0.156 g). MS (DCIYNH3) m/z 290 (M+H)".

Example 44C
25 (cis)-8-(3-pyridinvyl)-3.8-diazabicyclo[4.2.0]octane bis(4-methylbenzenesulfonate)

The product of Example 44B (0.15 g, 0.5 mmol) in dichloromethane (10 mL) was

treated with trifluoroacetic acid (10 mL), stirred at room temperature for 1 hour and
concentrated under reduced pressure. The residue was purified by chromatography (SiO,,
10% methanol/CH,Cl,/1%NH4OH) to provide a yellow oil (0.09 g) in 99% yield. The bis(4-
30 methylbenzenesulfonate) salt was formed to afford a white solid. "H NMR (MeOH, 300
MHz) 6 2.0-2.10 (m, 1H), 2.25-2.35 (m, 1H), 2.93-3.07 (m, 1H), 3.19-3.30 (m, 1H), 3.38 (dd,
J=3.0, 15.0 Hz, 1H), 3.53-3.67 (m, 1H), 3.73 (dd, J=3.0, 15.0 Hz, 1H), 3.94 (dd, J=3.0, 10.0



reduced pressure. The residue was purified by chromatography (S Q2,

5%veOH CH2C12) to provide a yellowoil (99% 0.156 g). Ms (DCI/NH3) m z
290 ( M-HWO oEsaapl e 44C 25 (ci s PCT/US01/13798

-8 (3-pyridinyl)-3,8-diazabicycl of 4. 2. A oct ane

bi s(4- nmet hyl benzenesul fonate) The produqgt of Exanple 44B (0.15 g, 0.5
nmml ) in dichloronmethane (10 nL) was treated with trifluoroacetic acid (10
m.), stirred at roomtenperature for 1 hour and concentrat ed under reduced
pressure. The residue was purified béochrorrato raphy (Si

met hanol / ¢Fe D/ 49maiD. ¢dOdAbIT4E, 20y LB o7 1-7 @0 (9 24), 3%@957;33/@ Blzd. The

bis(4 30 h Z f A ite solid.
"R (veat 000 Pas s 305N (RS TR BhpR PR 0553 07
(m 1H), GsHINBSID-ZOEAH) C, $5.68 H,d3; N] 63710, Follnd 0CH5.431 1), 6.78; B363967 (m
1H), 3.73 (dd, J=3.0, 15.0 Hz, 1H), 3.94 (dd, J=3.0, 10.0 WD 01/81347

PCT/ USO01/ 13798 111 Hz, 1H), 4.04 (m 1H), 4.60 (dt, J=2.0, 5.0 Hz, 1H),
7.7157.85 (m 2H), 814(d J=3.0 Hz, 18 (d, J=9.0 Hz, 1H); M5
(DCU?\IHB) mz 190 (MtH) +; Anal . Cal cd f%@%ﬁlm&% 2.CEtOH: C, 55.66; H,
6.93; N, GciFl8-(Fehluvdo-3 8tdiabicgclold.2.6]d8ene bisd-argihdbehFenesulfonate)
(cis)-8-(6-chloro-3-pyridinyl)-3,8-diazabi cycl of 4. 2. 0] oct ane

bi s(4- nmet hyl benzenesul f onate) Exanple 45A tert-butyl
(cis)-8-(6-chloro-3-pyridinyl)-3, 8 qig s gygl of 4.2.0loct ane- 3-car boxyate
10 The product of Exarrpl e 44A (0.391 g, rrrml) in toluene. (50 m_) was
(0. 391 g, 112 ‘mu ‘ Srdiaz o 4 angine :

2 L PO B ﬁfo@r%?é‘f’g} TR G FiRT,

The reacti. &mrm)m Wk Ereatedl «mnct blﬂotboﬂbrdrﬁbﬁyﬁ@fﬁet(e mse gap '@ﬁﬁnol)mdd(c&d)gl(ot?ﬂ
di ethyl ether (125 with brine dried over and 15

concent r a% Sl iHEmed), B@éﬁ@é@ %é@s@@ﬂ%mmﬂb déﬂlé t%@”ﬁﬁﬂ?@ é@lgify 0 mmol)
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purified by chromato

Example 45B
(cis)-8~(6-chloro-3-pyridinyl)-3.8-diazabicvyclo[4.2.0]octane bis(4-methylbenzenesulfonate)
20 The product of Example 45A (0.215 g, 0.7 mmol) in dichloromethane (20 mL) was

treated with trifluoroacetic acid (20 mL), stirred at room temperature for 1 hour and-
concentrated under reduced pressure. The residue was purified by chromatography (SiO,,
10% methanol/CH,Cl»/1%NH4OH) to provide a yellow oil (0.100g) in 67% yield. The bis(4-
methylbenzenesulfonate) salt was formed to afford a yellow foam. "H NMR (MeOH, 300

25 MHz) 4 1.81-1.98 (m, 1H), 2.09-2.23 (m, 1H), 2.67-2.80 (m, 2H), 3.04 (dd, J=3.0, 15.0 Hz,
1H), 3.17-3.27 (m, 1H), 3.34-3.42 (m, 1H), 3.68 (dd, J=2.0, 9.0 Hz, 1H), 3.72-3.84 (m, 1H),
4.07-4.15 (m, 1H), 7.05 (dd, J=3.0,12.0 Hz, 1H), 7.22 (d, J=15.0 Hz, 1H), 7.68 (d, J=3.0 Hz,
1H); MS (DCI/NHs) m/z 224 (M+H)"; Anal.Calcd for CasHzoN3S,06Cl: C, 52.85; H, 5.32; N,
7.40. Found: C, 52.47; H, 5.38; N, 7.61.

30

Example 46
(cig)-6-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane fumarate




10% met hanol / CH2C12/ 19%NHACH) to provide a yellow oil (0.100g) in 67%vyield.
The bi s(4- nethyl benzenesul fonate) salt was forned to afford a yell ow foam
1H NVR ( MeO®iy/8B3@0 25 MHz) 8 1.81-1.98 (m 1H), 2.09-2.23 pa1/UsH)1378. 67- 2. 80
(m 2H), 3.04 (dd, J=3.0, 15.0 Hz, 1H), 3.17-3.27 (m 1H), 3.34-3.42 (m
1H), 3.68 (dd, J=2.0,9.0 Hz, 1H), 3.72-3284 (m 1H), 4.07-4.15 (m 1H),
7.05 (dd, J=3.0,12.0 Hz, 1H), 7.22 (d, J=15.0 Hz, 1H), 7.68 (d, J=3.0 Hz,
1H); M5 (DCJINH3) mz 224 (MtH)+; Anal . Calcd for C25H30N3S206C1: C, 52.85;
H 5.32; N, 7.40. Found: C, 52.47; H, 5.38; N, 7.61. 30 Exanple 46
(cis)-6-(6-chloro-3-pyridinyl)-3,6-di azabi cycl oI 3.2.d heptane fumarate WO
01/81347 PCT/US01/ 13798 112 Exanpl ep4fA,Rapay
(cis)-6-(6-chloro-3-pyridinyl)-3,6- [3 2. 01lhept ane- 3- car boxyl at e
The product d)fenﬁokml-@(@relﬂofcm%yﬂdmsm &dmlzablamilofz 2c(bihemand§3 -barboyatei di ne

0.98 5 g, nmol to d d
(0,96 5,9 5.l 55, b oEcised acor i Lo 06 pegeaurs doscr fed
hﬁ;@l@feleg%ns' Niat o e Aﬁ%%tﬁ%pﬁ@%rgﬁestcﬁﬁe&_ s 0rpeL e é%)dég g,
330" (m hblct S puifivd by phroMaBrds (SIs7hexengetbykaseratso0:40, BE03) 62 (M

i) ‘7‘ Z&re%%eyhesu@ copprops (A5 & 3178 51600, "B S Sy 810 Fatad s

, +
6- ( 6- chI or o- :g pyri d)le‘);-?’g?lgi %zéﬂgl)(?:h é?lé% 6%%0@1 e7 t@gﬁg@iﬁﬁg& 0% ?c?gu(g% of
Exanpl e 448D, 4 79qQddyj=50, 33 Hayd[H), wée (mr:&é) 6c90/ﬁddrﬂ=t8r5 Bthu,aldetV@O(aduJer&SlO

mL) . at amhi r r d d.to sti D The n.xture
w10 conadhithe oLl FHe Polruidhvae uirry e 1 R PEbT NG o7 02,
CHZCI 2: metpealyt N3 IVI__\)+90: 10:1, Rf 0.4) to provide the title corrpound(140
ng, 86% Yyield). 111 NVR (MeOHd4, 300 MHz) S 2.54 (dd, J=12.8, 3.4 Hz,
1H), 2.74 (dd, J=12.2, 6.1 20 Hz, 1H), 3.16 (m 1H), 3.18 (d, J=12.2 Hz,
1H), 3.26 (d, J=12.9 Hz, 1H), 3.62 (4d 3.3 Hz, 1H) 3.92 (t, J=7.8
Hz, 1H), 4.65 (dd, J=6.1, 3.4 Hz, 1M%éﬁi—]%dd J=8.8, 3.1 Hz, 1H), 7.20
(d, J=8.1 Hz, 1H), 7. 25(6kehiord=Rpykiditiyl)-316)diadbidyDBINDDIhaBtane212 (M-2+H) +,

15 The product of Example 46A (250 mg, 0.73 mmol) was treated with trifluroacetic

acid (10 mL) at ambient temperature and allowed to stir for 50 hours. The mixture was
concentrated and the residue was purified by chromatography (SiO», -
CH,Cly:methanol:NH3.H,O, 90:10:1, Ry 0.4) to provide the title compound(140 mg, 86%
yield). '"H NMR (MeOH-d,, 300 MHz) § 2.54 (dd, J=12.8, 3.4 Hz, 1H), 2.74 (dd, J=12.2, 6.1

20 Hz, 1H), 3.16 (m, 1H), 3.18 (d, J=12.2 Hz, 1H), 3.26 (d, J=12.9 Hz, 1H), 3.62 (dd, J=7.7,
3.3 Hz, 1H), 3.92 (t, J=7.8 Hz, 1H), 4.65 (dd, J=6.1, 3.4 Hz, 1H), 6.90 (dd, J=8.8, 3.1 Hz,
1H), 7.20 (d, J=8.1 Hz, 1H), 7.25 (d, J=2.7 Hz, 1H); MS (DCUNH;) m/z 212 (M+2+H)",
210 (M+H)".

25 Example 46C
(cis)-6-(6-chloro-3-pyridinyl)-3,6-diazabicyclo{3.2.0Theptane fumarate
The product of Example 46B (130 mg, 0.62 mmol) was treated with fumaric acid

(78.4 mg, 0.70 mmol) according to the procedure described in Example 40D to provide the
title compound (195 mg, 99% yield). "H NMR (MeOH-d4, 300 MHz) & 3.15 (dd, J=12.9, 3.7

30 Hz, 1H), 3.35 (m, 1H), 3.40 (m, 1H), 3.45 (m, 1H), 3.76 (m, 3H), 4.04 (t, J=7.8 Hz, 1H),
4.88 (m, 1H), 6.68 (s, 1H), 7.20 (dd, J=8.5, 3.1 Hz, 1H), 7.28 (d, J=8.5 Hz, 1H), 7.65 (d,



210 (M+H) +. 25 Exanple 46C

(cis)-6-(6-chloro-3-pyridinyl)-3, 6-diazabicycl o[ 3. 2. 0] heptane funarate The
product oYOBxsmspt e 46B (130 ng, 0.62 nmol) was treated w POTAUGOMEN3TE aci d
(78.4 ng, 0.70 mmol ) according to the procedure described in Exanple 40D to
provide the title conpound (195 ng, 99%gyield). 1H NVR (MeOH d4, 300 MHz)
6 3.15 (dd, J=12.9, 3.7 30 Hz, 1H), 3.35 (m 1H), 3.40 (m 1H), 3.45 (m
1H), 376(m3|—|) 404(tJ78Hz 1H) 488(m1H) 668(s 1H),
7.20 (dd, J=8.5 }I&H7 28&8 I% (d, WO 01/81347
PCT/ US01/ iﬂ%@éiz 1@3 M%(@C oz 2 ‘t?C*IH)I\II%lO M1 Ay quq)lat d foro

1200, FounteEEaHE, % Sé%"ﬁlg%“%sf? 9@% Gorois B8 611 285, N

(1S, 6R)-8-(6-chloro-3-p "dinyl)-3, 8-di azabi cyclof4 2. 01 octane difumarate
Exanpl e 47A tert-butyl (1 S, 6R)-8-(6-chloro-3-pyridinyl)-3,8-diazabicyclo f
4.2.01oct ane- 3-carbox The product of M@-‘QMF (212 ny, 1.0 mmol) and

> brond- 2-chl of ARYIH KR HIBH aﬁﬁaﬁ@ﬂ%e@a&me&&wm&ﬁ@murgax%edur e
descri bed i n Exanple 1E. e Crude proauct Dy romat ogr aphy
(Si 02, hexane:ethyl acet ate 60: 40, Rf 0. 45) to prow de the t|tIe conpound
(220 ng, 68%yield). 1H NMR (I\/bO—I—dz}E 30? ) 8 1.30 (s,5H), 1.45 (s, 4H),
1.90 (m 1H), 2.10 (m 1H), 2.94(m—ﬂ1b9%e 0-3.50 (m 1H), 368388(m
4H), 4. 10-43Qut i i
(DCl / NH3) Z

S, 6R) - 8- ( 6- chlThepradys) of Bxaqmbl)aﬁ:?sF&Hﬂ lagabpcngmbla[andé br@mommgpmdlnmm e
The, product of .Exa 4

S0 1 b oA AR 8 oS ges RS B bl iy TPECpilf ripaiglifss 102 o

m xture fie@ B CRIdiAS @x@@pﬁem Q6étalCo0Vas RROUS) 3 proeflietie Atk = 9
wth 5%\@34 Tge mxtu%gp extracte with CHCL3 (3 X5r)50p n.). The

extract s cagmpeund@Z0neg @ﬁfdyl@bﬁc i MR ¥ eOftfradls, 309VIHGES W39 (5.6Ehtleth (6 ¢H),

brovi do cred e 2 Senit SR s 5905 R i 10 ReR B e 9 M) 6
2.08 25 (i 2Hb‘!)6 9@(11301}gym 2bkhn, 1808654 @, 1330 HAY; MS (o) mB338 (m 1H),

3. 50- 3. 68
15 +2+NH4 * 324 (M+NH,)".

Example 47B
(1S,6R)-8-(6-chloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]Joctane difumarate
The product of Example 47A (210 mg, 0.65 mmol) in CH,Cl, (2 mL) was treated

20 with trifluoroacetic acid (2 mL) at room temperature for 1 hour. The mixture was
concentrated and the brown residue was neutralized to pH = 9 with 5% NaOH. The mixture
was extracted with CHCl; (3 x 50 mL). The extracts were combined and concentrated. The
residue was treated with fumaric acid according to the procedure described in Example 40D
to provide the title compound (210 mg, 72% yield). "H NMR (MeOH-d,, 300 MHz) & 2.08

25 (m, 1H), 2.30 (m, 1H), 2.85 (m, 1H), 3.15 (m, 1H), 3.30 (m, 1H), 3.50-3.68 (m, 2H), 3.80
(dd, I=7.5, 1.7 Hz, 1H), 3.88 (t, J=7.5 Hz, 1H), 4.38 (dt, J=7.8, 2.4 Hz, 1H), 6.70 (s, 4H), 7.14
(dd, J=8.8 Hz, 1H), 7.28 (d, J=8.8 Hz), 7.74 (d, J=3.1 Hz, 1H); MS (DCI/NH3) m/z 226
(M+2+NH,)", 224 (M+NH,)". Anal. calculated for C11H14CIN3+2.2C4H;0401.1H,0: C, 47.67;.
H, 5.05; N, 8.42. Found: C, 47.81; H, 4.35; N, 8.06.

30

Example 48
(1R,6S5)-8-(6-chloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane fumarate




(dd, J=7.5, 1.7 Hz, 1H), 3.88 (t, J=7.5 Hz, 1H), 4.38 (dt, J=7.8, 2.4 Hz,
1H), 6.70 (s, 4H, 7.14 (dd, J=8.8 Hz, 1H), 7.28 (d, J=8.8 Hz), 7.74 (d,
J=3.1 HzwWOb)s13WE (DCUNH3) nfz 226 (M2+NH4) +, 224 ( MrNHEGHUSMIAI3798

cal cul ated for G 1H14C1N3. 2. 2C4AH4041. 1H20: C, 47.67; H,5.05;N,8.42. Found:
C, 47.81; H 4.35; N, 8.06. 30 Exanple #& (1R 6S)-8-(6-chloro-3-p

di nyl) -3, 8-di azabi cycl of 4. 2. 01 octane funmarate WO 01/ 81347 PCT/ US01/ 13798
114 Exanple 48A tert-butyl

(1R, 6S)-8-(6-chl oro-3-pyridinyl)-3,8-diazabi cycl ol 4. 2. 0] oct ane- 3- car boxyl at
e The product of Exanple 90C (0.310 g, 1.50 nmmol) in toluene (15 nL) was
treated 5 with 2-chl oro-5-bronmopyri deRgnpR- 4348 9, 1.60 mmol ), Pd2(dba)3
(0.28 g, 0.03 nmmol), BI NAP (0 038 g“_O_UIO‘Tm)I) and SOdI umtert but oxi de
(0.246 g, (¢ o1 R.,6808-(hecd ‘ »

|| oned | y d
B‘?Zs?urz.“eThé"r@%f"a%c‘%m Rimpfr ?ﬁa‘} ?&%ﬁ@ %%}1?%%%@“’1‘3 m&%#&zm)
t o psovi dgitR2yBldr@¥-Bomo %&ﬁle@mg, .60 ﬁﬁldl ) (02& 53563 ﬁﬁﬁ*dﬂ ‘B]NAlJO

Exanpl e 48B (1R, 6S)-8-(6-chloro-3-pyridiny -3 8- di azabl cycl o[ 4
oct ane f ui@d38tz 00hE npnoland sddiamiet- bm@b(edeé(QMQ @ 380gymd]) @ndrhezattgd atﬂo °C for

dichloro hane trea rifl uoyoace ),

St rred o beas et beralidn Hitdueors pRNeHS ol cepaableBiera® aRdem baduEty

pressure lﬁﬂérfb@uéerdagr%@fé vwﬁef}eﬁa@@ﬂabe léﬁ ol %g@f@loﬁhe resi due was

purified chr omat o? (Si 02, nethanol : CH2Cl 2: 10:89:1) to

provi de aS%Mﬁmi/CéISQ 2pid PIPMIdEEQ@IOerlﬂﬁ%@ 06188 .2) TVES AN Hy)em&a168 (M) "

forggd to afford a white foam 1H NWR (MeOH, 300 MHz) 6 1.98-2.11 (m 1H),
2.38 (m 1H), 2.81-2.93 (m 1H), 3.12- 3.23 (m 1H), 3.27-3.35 (m

1H), 3.53-3.67 (m 2H), 3.76-3.89 (rExadple4dB35 (dt, J=2.0, 10.0 20 Hz,

1H), 711(dd J30 120Hz 1H)_727dJ120HzIH) 7.32 (d, J=3.0

Hz, 1H); MB Np3338-(fr-shlorms3 34 e patand NEEEte 1. 2CAHA04:

PR Ty T e T

f umar at e treated w1th trifluoroacetic a01d (10 mL), stirred at room temperature for 1 hour, concentrated

15 under reduced pressure and neutralized with 3% aqueous NH4OH in methanol. The residue
was purified by chromatography (SiO,, methanol: CH,Cl,:NH,OH, 10:89:1) to provide a
colorless oil (0.119g) in 53% yield. The fumarate salt was formed to afford a white foam. 'H
NMR (MeOH, 300 MHz) § 1.98-2.11 (m, 1H), 2.25-2.38 (m, 1H), 2.81-2.93 (m, 1H), 3.12-
3.23 (m, 1H), 3.27-3.35 (m, 1H), 3.53-3.67 (m, 2H), 3.76-3.89 (m, 2H), 4.35 (dt, J=2.0, 10.0

20 Hz, 1H), 7.11 (dd, J=3.0, 12.0 Hz, 1H), 7.27 (d, J=12.0 Hz, 1H), 7.32 (d, J=3.0 Hz, 1H); MS
(DCI/NH3) m/z 224 (M+H)"; Anal.Calcd for C;1HsN3Cle1.2C4H4O04: C, 52.28; H, 5.22; N,
11.58. Found: C, 52.08; H, 5.25; N, 11.51.

Example 49
25 (1R,65)-3-(6-chloro-3-pvyridinyl)-3,8-diazabicyclof4.2.0]octane fumarate

Example 49A
tert-butyl ( 1R,6S)iS-diazabicvclo[4.2.010ctme-8-cmboglate

The product of Example 90B was processed according to the procedures of Examples
30 42D, 42E, and 42F to provide the title compound. MS (DCIYNH;) m/z 213 (M+H)".

Example 49B



Exanpl e 49A tert-butyl (1R 6S)-3, 8-diazabicyclo[4.2.0]octane-8-carboxyl ate
The product of Exanple 90B was processed according to the procedures of
Exanpl es W@01/83D; 42E, and 42F to provide the title conmpoR@WUSNB3(IBCI / NH3)
mz 213 (MtH)+. Exanple 49B WO 01/81347 PCT/US01/ 13798 115 tert-butyl

(1R 6S)-3-(6-chloro-3-p "dint')-3, 8-di aiabi cycl o[ 4. 2. 0] oct ane- 8-car boxyl ate
The product of Exanple 49A (0.265 g, 1.30 mmol) in toluene (13 nlL) was
treated with 2-chloro-5- brom)pyrldl ne (0 263 g, 1.40 nmol), Pd2(dba)3

I d

(0.0.24 g, 0.0
tert- butomg@‘ét—%:@@é i 2ee giacaslit

reaction m xt Urﬁqe%d&lt bPE@QnIBl@ 499&&) 2769 g" ‘?@U‘rﬁﬁﬁﬂ% ﬁ)%éh@ (ﬁﬁﬁ'lL G %Qt‘é&at ed
under reduced pressure. The residue was purified by chromat ography (S 02,

3%\/904/ CHR{T1 2)chicgoPrlovindeyadioe (G26kgs! .40 mn(@Bf P, (@ba)80.¢ 24 MBS DOUNH3) i z
368

C3n 65 AR FEATH. G Ao and soding testdhytenide (1204 G19enmal i bepst &t The

prodyct  ofo ExamMkaARB 1R it ’rletlJ@QwﬁETQl'lawécﬂto%Sﬁb%&H@érﬁﬁé?ﬁufe?aﬁ n) was
treated with trifluoroacetic acid (7.5 nlL), stirred at roomtenperature for

1 hour, omoedratsdatneldr reddesd presbucedl Imrreséw wasyuti fred btyr ko g dgraplih (30,

aqueous i ol. 15 Th esi ur|f| raphy

(Si 02, n%g@@}ﬂe%@%ipw ,eafﬁ SS:LT%%)‘%?% @l M @&Mi@’vﬂf‘ Sg(o. 112
g) in 84%yigjd. The fulnarate salt was forned to afford a white solid. 1H
NVR (MeCH, 300 MHz) 6 1.97-2.09 (m 1H), 2.15-2.30 (m 1H), 3.09-3.23. (m
1H), 3.25-3.47 (m 1H), 3.51 (dd, J=3.0, 15.0 Hz, 1H), 3.81-3.98 (m 3H),
4.12-4.22 (m 1H), 4.70 (dt, J=3.0,9.0 1H).7.30 (d, J=3.0, 12.0 Hz,
1H)?O738(dd J=3.0, 9.0 Hz, 1H). 2%‘@%%%—%‘& J=3.0 Hz, 1H): NB ( DCUNH3)
gié 122ﬁ| (g/H2-1)7+ F(AR@%S)@(&&IB@LS-@idaﬂﬂzﬂmxaiablﬁfbﬂ{m@ (ﬂlo&hrfé“funﬁraté4 03; H,

oun
5-[ (1R, 6S) - 3, 8Tk rodst of ExemBleAIB) OS2 »0- ?%m@zﬁl) W&whl@rpn@tme%? ad-) was

oy i my1 ) 5 GVR el e R S S o or 1 how

concentrated under reduced pressure and neutralized with 3% aqueous NH4OH in methanol.

15 The residue was purified by chromatography (SiO,, methanol:CH,Cl,:NH,OH, 10:89:1) to
provide a colorless oil (0.112 g) in 84% yield. The fumarate salt was formed to afford a
white solid. "H NMR (MeOH, 300 MHz) & 1.97-2.09 (m, 1H), 2.15-2.30 (m, 1H), 3.09-3.23 .
(m, 1H), 3.25-3.47 (m, 1H), 3.51 (dd, J=3.0, 15.0 Hz, 1H), 3.81-3.98 (m, 3H), 4.12-4.22 (m,
1H), 4.70 (dt, J=3.0, 9.0 Hz, 1H),7.30 (d, J=3.0, 12.0 Hz, 1H), 7.38 (dd, J=3.0, 9.0 Hz, 1H),

20 7.98 (d, J=3.0 Hz, 1H); MS (DCINH;) m/z 224 (M+H)"; Anal.Calcd for
C11H14N3Cle1.1C4H404°1.0IPA: C, 54.03; H, 6.31; N, 9.27. Found: C, 54.36; H, 5.82; N,
9.19.

Example 50
25 5-[(1R.6S)-3.8-diazabicvyclol4.2.0]oct-8-vlnicotinonitrile fumarate

Example 50A
tert-butyl (1R,68)-8-(5-cyano-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane-3-carbox ylate
The product from Example 90C (0.726 g, 3.40 mmol) in toluene (34 mL) was treated
30 with 3-cyano-5-bromopyridine (0.748 g, 4.10 mmol), Pd,(dba); (0.0.63 g, 0.10 mmol),
BINAP (0.086 g, 0.010 mumol) and sodium tert-butoxide (0.56 g, 5.8 mmol) and heated at 80

°C for 16 hours. The reaction mixture was allowed to cool to room temperature and



The product from Exanple 90C (0.726 g, 3.40 mml) in toluene (34 nL) was
treated 30 with 3-cyan-5-bronopyridine (0.748 g, 4.10 mmol ), Pd2(dba)3
(0.0.63 gyoovdB4mmol ), BINAP (0.086 g, 0.010 mml) and soBCTESER3TIsbut oxi de
(0.56 g, 5.8 mol) and heated at 80 C for 16 hours. The reaction m xture
was allowed to cool to roomtenperaturelignd WO 01/ 81347 PCT/ USO01/ 13798 116
concentrated under reduced pressure. The residue was purified by

chromat ography (Si 02, 5%e0OH CH2CI2) to provide a yellow oil (21% 0.231
g). M5 (DCI/NH3 z 315 ( +. 5 anp| e 50B . .

5-[ (1R GS)COQCGQt%ﬁegi S?rcrﬁéw%%s‘effoégx ﬁ%JWGM%@PPﬁS%PVFMO@aFm%@I%e
product - ofse gwr%aegye@m;&lw 0.051 @] MISQLRTNIARE, 619 ML) was
treated W|t trlfluoroac tic acid (10 , Sstirfe roomtenperature for
1 hour, dddENtrated under reduced pressure and neutralized with 3%
aqueous NHACH in nethanol. The reaction 10 m xture was purified by

chromat ography (Si 02, nethanol : CH2C12: NHAOH, 10:89:1) to provide a
cologless oil (0.062 g) in 41 %yi elg(mg%iﬁbynarate salt was forned to
afford a white foam 1H NMR (MeOH, 6 1.98-2.11 (m 1H), 2.25-2.39
(m 1H), 2.85-2.9%-1((B’65113)8-drzatdcrlaia.2((pctd8ylInigotR®nitrle fusprae Hz, 1H),

Ty, 3 04 (1, Dot S pigiuoly P ot e gt ol hpitipnd 81y g

J=2.0, 6. t@eatéﬂ,vvllﬂ'i)nﬂtﬁ)rda%el(zéiacﬂFﬁ) RL&tirrddht rodmXbmperatde 2o hdur, cbﬂbentfé&d
(DO /NHB)  mz 215 (MeH) + Anal. Cal cd for CL6H, 8NA04. 0. 30CAHAO4. 0. 35CHAO:

c 56. 01:under duced pessurppndgeutplizgd With 3% squeus NHOTBm methano]. e mashipn e 51

3
T e T e e I
(3aR, 6aR)prbviflé aboloriesseit (0e062- g’j-mm%l y:lelﬁy H}xbé‘mﬁﬁm&rsanwa& dbhed, t4-abffoRy4 r ol e-
1(2H) - carboxyl ate, 25 The product o 37B é380 . 1.2 mol) in
2Got bn {PVRS 0B ) NMR GIEDR SRMEA & eah- i N0 GRS L3¢ (i MIIQ-{52A87
1.2 mol (PN L u
al | owed % ’\Nal_lﬁ’%e%%@rj&)dr# ﬁgggge?%%%rgefgvef g(%’ %ngt%él%arl\gpejn dc%%c(wal[rat ed
under r edigadl)p3.es ¢di, §=2.0h&0 s i HUWS.MaG, or0 Hz ey, 46fq&tom9€a os.apiay 1K5i 02,
et hill acet at<(=ddhexanes 1 4} to provide the title compound (250 53%

Vi ely J=2.0, 6.0 Hz, 1H), 8.18 (d, J=3.0 Hz, 1H), 8.31 (d, J=2.0 Hz, IH); MS (DCI/NH>)
m/z 215 (M+H)+; Anal.Calcd for C16H;3N404°0.30C4H4040.35CH40: C, 56.01; H, 5.52; N,

14.89. Found: C, 55.93; H, 5.37; N, 14.61

Example 51
20 5-((3 aR,6aR)-hexahydropﬁrolo[3J4-b]pyrrol-5 (1H)-y1)-2-bromonicotinonitrile fumarate

Example S1A
tert-butyl (3aR,6aR)-5-(6-bromo-5-cyano-3-pyridinyl)hexahydropyrrolo[3,4-b]pyrrole-
1(2H)-carboxylate
25 The product of Example 37B (380 mg, 1.2 mmol) in acetonitrile (10 mL) at 0-5 °C

was treated with N-bromosuccinimide (215 mg , 1.2 mmol) in acetonitrile (4 mL) precooled
to 0-5 °C. The mixture was allowed to warm to room temperature over 30 minutes and then
concentrated under reduced pressure. | The residue was purified by chromatography (SiO,,
ethyl acetate:hexanes 1:4) to provide the title compound (250 mg, 53% yield). MS

30 (DCI/NH3) m/z 393 (M+H)".

Example 51B



30 (DCI/NH3) mlz 393 (MtH) +. Exanple 51B WD 01/81347 PCT/ US01/ 13798 117
5-((3aR, 6aR) - hexahydropyrrol o[ 3, 4-b] pyrrol -5(1H) -yl )-2-brononi cotinonitrile
fumar at e wabhespenpduct of Exanple 51A (250 ng, 0.63 mol) PaT/vSMNI®Sne
chloride (4 nL) was treated with trifluoroacetic acid (2 nL) at room
tenperature for 2 hours. The solution Mmgs concentrated under reduced
pressure and the residue was purified by chromatography 5 (Si Q2

CH2C12: net hanol NH4C]—I(aq) 94 5: 1) to provi de the free base of the title
conpound ( Id) T f t eated Wlthfu r|c acid
accordi ng t& RGN * GO s
compound (242 e p%gfg&cwtgamplwmg@s h%%@@mﬁ@l?lﬂ\é!ﬁ%%hﬁm% cgﬁ,mb @ty 2,35
6. 65 (s, \Q&d)treaVedBﬂt}( ti],ﬂubni}acbizq adi) (2 BL) 5t fodm @n@etazl;re fdﬂ)z h(MES (DTQN-}@)OIILO m z
294 (M+H) +; Anal Iat %d for C
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2-di et h I'hY exahy rop rrol 013, 4-di | |, 3] oxazi ne- 6( 4H) -cargox ly ate
(R) Manc(éB&U% 9Q%en¢dbdhhﬂ ff@ff mpltr@ate@wmhlmmgnc QCIQ@cmdmgutn therproeasereone

'E éﬁge?‘éz Ut S%‘%?@ﬁﬁrggﬁ?%&ﬁ\fféf troé%%‘%rﬁ%ﬁw)%ﬁfx%o Q\é@gdﬂ%’eg%t/s X]tef[:%ﬁl mweduced
pressure @ndon)8o0 Mﬂﬁbts%zwgndm)sgbwﬁx 1H),H.45 (nReBhHon8s5 (d§0=1t)1.5 Hz, 1H),

(R -Mandeli ¢ acid (85 was added and the brown solution was
stirred a44% 60Pﬁ6t1énﬂéi)a6 Qb ¢€s,125%), 7180 kb J8 Hzg®), B8 di.prBdiz IWasMiSYIGNI:)by

f|| atio ed ,under pr t C ound
o 10 ot B/ B, M oo B R R B s by i vt ur e

of the tirduadcoype8sdHand7 mydrngy zed conpound

(cis)-3-am no-4- hydr oxynet hyl - N- benzyl oxycar bonyl - pyrrolidinyl

(R -mandel ate 81.20-1.40 (m 3H), 2.09 (s, 3H, 3.30 (m 1H), 3.48-3.75

(m 6H, 4.20 (m 1H, 510 (m 3H, 2452 (m 10H); M5 (DCUNH3) nl z

291( MtH) +(for the product of Exanpl e%&@%l (MtH) + (for the hydrol yzed

product of Exanpl e 52@R.5S)-6-(3-pyridinyl)-3.6-diazabicyclo[3.2.0Theptane fumarate

15

4 Example 52A
benzyl (cis)-2,2-dimethylhexahydropyrrolo[3.4-d][1,3]oxazine-6(4H)-carboxylate (R)-

Mandelate
The product of Example 38E (140g, 0.56 mol) in dry acetone (150 mL ) was treated

20 with 2-methoxypropene (55 mL, 0.57 mol) at room temperature overnight. The reaction
mixture was concentrated under reduced pressure and the residue was dissolved in dry
acetone (750 mL). (R)-Mandelic acid (85 g, 0.56 mol) was added and the brown solution
was stirred at room temperature for 48 hours. The precipitate was isolated by filtration and
dried under reduced pressure to provide the title compound as a white solid (57.0 g, yield,

25 23%). 'H NMR (MeOH-D,_ 300 MHz) mixture of the title compound and hydrolyzed
compound (cis)-3-amino-4-hydroxymethyl-N-benzyloxycarbonyl-pyrrolidinyl (R)-mandelate
8 1.20-1.40 (m, 3H), 2.09 (s, 3H), 3.30 (m, 1H), 3.48-3.75 (m, 6H), 4.20 (m, 1H), 5.10 (m,
3H), 7.25-7.52 (m, 10H); MS (DCYNH;) mv/z 291(M+H)"(for the product of Example 52A);
251 (M+H)" (for the hydrolyzed product of Example 52A).

30

Example 52B
benzyl (3S.4S)-3-[(tert-butoxycarbonyl)amino}-4-(hydroxymethyl)-1-pyrrolidinecarboxylate




30 Exanpl e 52B benzyl (3S,4S)-3-[(tert-butox

car bonyl ) am nol - 4- (hydr oxynet hyl ) - 1- pyrrol i di necar boxyl ate WD 01/ 81347

PCT/ USO1MQ¥D813471.18 The product of Exanple 52A (56 g, 127ranB)1/i3mset hanol
(50 m.) was treated with 5% aqueous H2SO4 (100 nL) at room tenperature and
allowed to stir for 16 hours. The m xturge was basified to pH -10 with 20%
aqueous NaOH (50 nlL) and then the mxture was treated with di-t-butyl

di carbonate (41.5 g, 190 rrm)l) in ethanol (50 nmL) 10-20 C. After 5 stirring
at roomtenperature for 4 _hours, the ethanol was renoved under reduced
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phase was extracted w CH2Cl12 (2 x 400 nml). The conbi ned organi ¢ phases

wer e was hre, 1.Qinfl/mby; iune 10 2inx Hﬁb@ltwn)tunajforﬁwtdmnmzﬁt)as thfenﬂmreureﬂblland t he
filtrate .conce atedt ro e title conp ovvn
by oun o1 1SOBST 0 & et R Bt Ragied st Sscnagnts Rmited roite g0

2.80 (m gbighes3. 08 (s, 3H), 3 40(m 2H), 3.70 (m 2H), 4.10 (m 1H), 4.40
(m152H)’ 4.75 (m 1H), 5.16 (s, 2H), 7.30 in, 5H); M5 (DCl/NH3) m z 446

Example.52C
benzyl (3S.45)-3-[(tert-butoxycarbonylamino]l-4- {[ (methvylsulfonyDoxylmethyl}-1-

pyrrolidinecarboxvlate
The product of Example 52B (43.7 g, 125 mmol) and triethylamine (25.2 g, 250
20 mmol) in CH,Cl, (600 mL) was treated with methanesulfonyl chloride (12.6 mL, 163 mmol)

over 30 minutes at —10 °C. The solution was allowed to warm to room temperature over 1
hour and then quenched with water (100 mL). The layers were separated and the aqueous
phase was extracted with CH,CL, (2 x 400 mL). The combined organic phases were washed
with brine (2 x 100 mL), dried over Na;SOs, filtered and the filtrate concentrated to provide

25 the title compound as a brown dark brown oil (52.0 g, yield, 97%). 'H NMR (CDCls, 300
MHz) 6 1.46 (s, 9H), 2.80 (m, 1H), 3.08 (s, 3H), 3.40(m, 2H), 3.70 (m, 2H), 4.10 (m, 1H),
4.40 (m, 2H), 4.75 (m, 1H), 5.16 (s, 2H), 7.30 m, 5H); MS (DCI/NH3) m/z 446
(M+NH,)",429 (M+H)".

30 Example 52D
benzyl (1S,55)-3.6-diazabicyclo[3.2.0Theptane-3-carboxylate




(MENH4) +, 429 (M+H) +. 30 Exanpl e 52D benzyl

(1S,59) -3, 6-di azabi cycl o[ 3. 2. A hept ane- 3-car boxyl ate WD 01/ 81347

PCT/ USO1MG#081347119 The product of Exanple 52C (43.7 g, 1p6rwselis79sn CH2CL2
(150 nL) was treated wth trifluoroacetic acid (50 nL) at room tenperature
and allowed to stir for 1 hour. The mNoure was concentrated under reduced
pressure and the residue was dissolved in ethanol (250 nmL) and basified to
pH -10 with 10% aqueous NaCOH. The m xture was warned to 60 5 C at 10 hours.

The reaction al l owed _to cool oomt nperat u n was concen rated
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250 ( MENHA) +, 233 H+. Exanpl e 52E 15 benzyl (15, 5S -6-(3-p

rridi nyl Jur@eredicadatresyrs tofanavdhhe i sireestBaohr Bhesesatie wad ketrutaidvith CHIC];

mcoor di ngt DL br BiciiEr ot FRBBCR M EREBIG bTe (TS0 R Gt tas
purified By %@H@ttt QQI%%HM cﬁa?ébﬁg@eo%@&ﬂ? TR AAAR! wastdneentiBted 10 p?t)vu‘lé)the

provi de the conpound (19 ng, 61%vyield). 1H NVR (MeOH d4, 0 MHz)
8 3.24 (dile Qbﬁﬂp@uﬁd 4s 2 yeliow 20 (2% g, F18Pwhivh wWad)useBindbe pept sle!ﬂ)mﬂ@usﬂn“(lmm

B oy o g 3 B Dyl 0 iy

J=4.7 Hz,3pH); | 0K, @@mj{g
(1R 5S) - 6- (@pﬁ@dlﬁﬁglj)ﬁg@% I(}?azabl cm[S . 0] heptlg%eﬁﬁlﬁdeﬂ\g—rl‘gd&g? of

Exanpl e SMEH)I90 ny, 0.61mmol) in methanol (10 nl) was treated with 10%
pal | adi um on carbon (100 ng) under H2 according to the procedure described
in Exanple 40C. The title conpound was obtained as a yellow oil (100 ng,
yield, 94%. 1H NWVR (MeOHd4, 300 MHzExSmgle33E dd, J=12.5, 3.4 Hz, 1H),

2.72 (dd, J=12.5, 6.4 Hz, 1H),
15 benzyl (1S SS) 6- (3-pvr1d1nvl) 3,6-diazabicyclof3.2.0lheptane-3-carboxylate

The product of Example 52D (230 mg, 1.0 mmol) and 3-bromopyridine were

processed according to the procedure described in Example 1E. The crude product was
purified by chromatography (SiO;, CH,Cl,:methanol, 95:5, R. 0.3) to provide the title
-‘compound (190 mg, 61% yield). 'H NMR (MeOH-d4, 300 MHz) 6 3.24 (dd, J=12.6, 4.1 Hz,

20 1H), 3.30 (m, 1H), 3.40 (m, 1H), 3.64 (dd, J=7.8, 3.4 Hz, 1H), 3.92-4.08 (m, 3H), 4.70 (m,
1H), 5.10 (m, 2H), 6.90 (m, 1H), 7.24 (m, 3H), 7.35 (m, 2H), 7.73 (d, J=2.7 Hz, 1H), 7.86 (d,
J=4.7 Hz, 1H); MS (DCI/NH;) m/z 310(M-+H)".

Example 52F
25 (1R,58)-6~(3-pyridinyl)-3.6-diazabicyclo[3.2.0]heptane
The product of Example 52E (190 mg, 0.61mmol) in methanol (10 mL) was treated

with 10% palladium on carbon (100 mg) under H; according to the procedure described in
Example 40C. The title compound was obtained as a yellow oil (100 mg, yield, 94%). .1H
NMR (MeOH-d4, 300 MHz) § 2.53(dd, J=12.5, 3.4 Hz, 1H), 2.72 (dd, J=12.5, 6.4 Hz, 1H),

30 3.20 (m, 2H), 3.63 (dd, J=7.8, 3.4 Hz, 1H), 3.90 (t, J=7.8 Hz, 1H), 4.65 (dd, J=6.1, 3.4 Hz,
1H), 6.88 (ddd, J=8.4, 3.0, 1.3 Hz, 1H), 7.18 (dd, J=8.5, 4.8 Hz, 1H), 7.73 (d, 3.1 Hz, 1H),
7.83 (dd, 4.7, 1.4 Hz, 1H) m/z 176 (M+H)".



30 3.20 (m 2H), 3.63 (dd, J=7.8, 3.4 Hz, 1H), 3.90 (t, J=7.8 Hz, 1H), 4.65
(dd, J=6.1, 3.4 Hz, 1H), 6.88 (ddd, J=8.4, 3.0, 1.3 Hz, 1H), 7.18 (dd,
J=8.5, 4v80obw$13aH), 7.73 (d, 3.1 Hz, IH), 7.83 (dd, 4.7,PATASH1378H) m z
176 (M+H)+. WD 01/81347 PCT/ US01/ 13798 120 Exanple 52G

(1R, 5S)-6-(3-pyridinyl)-3,6-diazabi cycligph3. 2. 0] hept ane fumarate The product
(100 ng, 0.57 mml) of Exanple 52F was treated with fumaric acid 5
according to the procedure of Exanple 40D. The title conpound was obtai ned
as white solid (120 ng, 73%yield). 1H NVR (MeOH d4, 300 MHz) 8 3.18 (dd,
J=12.6, 3.4Hz, 1H), 3.35 (m | H), 3.46 (m | H), 3.75 (m 3H, 4.04 (t,
J=7.8 Hz, I H, 4.90 (m | H, 6.58 g8mAtkpg7- 04 (ddd, J=8.2,2.7,1.3 Hz,
1H), 727(dd J=8.2, 4.8 Hz, 1H), .7 Hz, 1H), 795(dd J=4.8,
1.1 Hz, 1H; mz l-(BRﬁS'ﬂ‘H)(i:pVAdHWD téldwhkm:adoﬁficﬁ O]heptane fumarate
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6- ( 55 br oneGeigith %ég&b%ed%reﬁom)%ﬁhé 15! Thdtifle QdRBRLARNRaS SUTRNA! & wHiR: JoKanpl e
53A benzyl (iS5 5- br ono- 3-

dinyl)-3 (62@@%@@1&))1@1%%@% 30@MH®m) Wy B dB8ddd, Thd2 61 ddtet 110 3B%anpl e

02520 00,5 O g LT e RSB

t hyl - il | d
P SO, DAL 4 Mt e

3 40 (m JEHB, 13.162 I(HidnﬂzﬂGﬂwHa ;AARM, Caimlate@fcgEleHﬂg@H’@ml ZSGQHM 075Hiﬁm
1 2 7. 7. 24 3 7.35 2
b‘)(d 595;-’% @57@%5 £)39@ f‘éﬁ}ﬁ“ﬂm, (m(DClI_JDNI-B) m§m39ow |

(Mr2+|—|)+ 388 (MtH) +. 25 Exanple 53B (1 R 5
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Exanpl e 53A (180 ng, 0.46mmol) was t th trifluroacetic acid

accordi no, Lo heyDLeedNie oG hRd DoEAIRLEdRs: oRIG AL HiguaLOduCt v

purified by chronatoy T2 et franot 907107 I, Rf. 0.4)
to provide the title 30 corrpound (80 ng 69% vyi el d) 1H NI\/R (MeOH d4, 300
MHz) 6 2.94 (dd, J=12.4, 3.3 Hz 3.12 (dd, J=12.2, 6.8 Hz, | H),

3.35%(m | H), 3.52 (d, J=12.2 i—lz kﬁ_.a_rs@sé_éd J=12.5

benzyl (1S.,5 &6—@-bromo-3-pyr1d1nyl) 3.6-diazabicvclo[3.2.0Theptane-3-carboxylate

The product of Example 52D (230 mg, 1.0 mmol) and 3,5-dibromopyridine were
. processed as described in Exampie 1E. The crude product was purified by chromatography
(810, ethyl acetate, R¢ 0.2) to provide the title compound (180.mg, 47% yield). "H NMR
20 (MeOH-dy4, 300 MHz) § 3.20(dd, J=12.5, 4.0Hz, 1H), 3.30 (m, 2H), 3.40 (m, 1H), 3.64 (dd, -
J=7.8, 3.4 Hz, 1H), 3.95-4.10 (m, 3H), 4.75 (m, 1H), 5.15 (m, 2H), 7.05 (t, J=2.1 Hz, 1H),
7.24 (m, 3H), 7.35 (m, 2H), 7.70 (d, J=2.3 Hz, 1H), 7.93 (d, J=1.7 Hz, 1H); MS (DCI/NH3)
m/z 390 (M+2+H)", 388 (M+H)".

25 Example 53B
(1R.,58)-6-(5-bromo-3-pyridinyl)-3.6-diazabicyclo[3.2.0Theptane

The product of Example 53A (180 mg, 0.46mmol) was treated with trifluroacetic acid

according to the procedure described in Example 46B. The crude product was purified by
chromatography (SiO,, CH,Cl,:methanol:NH,OH, 90:10:1, R¢. 0.4) to provide the title

30 compound (80 mg, 69% vield). 'H NMR (MeOH-d,, 300 MHz) § 2.94 (dd, J=12.4, 3.3 Hz,
1H), 3.12 (dd, J=12.2, 6.8 Hz, 1H), 3.35 (m, 1H), 3.52 (d, J=12.2 Hz, 1H), 3.56 (d, J=12.5
Hz, 1H), 3.74 (dd, J=8.2, 3.4 Hz, 1H), 4.00 (t, J=8.1 Hz, 1H), 4.88 (m, 1H), 7.15 (1, J=1.7



Hz, 1H), 3.74 (dd, J=8.2, 3.4 Hz, 1H), 4.00 (t, J=8.1 Hz, 1H), 4.88 (m
1H), 7.15 (t, J=1.7 WD 01/81347 PCT/US01/13798 121 Hz, 1H), 7.78 (d, J=2.3
Hz, 1H), WO968K3d7 J=2.0 Hz, 1H); MS (DCUNH3) mlz 256 ( MFREHU$S)1/B398 ( M-H) +.

Exanpl e 53C 5

(1R, 5S)-6-(5-brono-3-pyridinyl)-3, 6-di azabi cycl o[ 3. 2. 0] hept ane fumarate
The product of Exanple 53B (100 ng, 0.57 mmol) was treated with fumaric
acid according to the procedure described in Exanple 40D. The titIe

conpound ite 0 8%

(|vea+ da, ﬂﬁ@o’é%v&&l)g (g 1331%@]% J7-9f§&6!'“%6ii0 % f’%“ﬁﬁ%ﬂﬁz% 3.45 (m
3.67 15 3.75 (m 2H), 4.06 (t, J=8.1Hz, 10 1H), 4.94
(m 1H), @mﬂﬁf, ffﬁf,“%z (t, J=2.3 Hz, 1H), 7.84 (d, J=2.3 Hz, 1H), 8.04

(d, J=1.7 Hz, 1H); MsS (DCUNH3) m z 256 (Mt2+H)+, 254 (MtH)+. Anal
cal cul ated for CiOHlZBrNB.I.OC4H40é: C“ é§C42; H 4.36; N, 11.35. Found:
C, 45.50; H 4.34; N, 10.22. Exanpl

(1S55RL6- ( 6- Ch'QROSS?) fpzssr bidhidy3-byrddifyNizag ahkmicyd[3.02 18 eRS MARrdisimar at e
Exanpl e 54A benzy -2, 2‘6|nethyihexaﬁydrop

ol ol 3, 4-dI 11, %@nmﬂuﬁ@o xapiple 3t Oh0PI rag.d. %B)runq\lhwal%ﬂr@at@ wzbfmn@nqaméluct of

> ﬁe”FLﬁxi’%&%%%g%ﬁgwcgﬂuw&)ﬁaﬁa&@ W EREEREAEPL e (P clfBouhi 5k fitatisn B o
Exanpl e {&he sochh oblrﬁ%/gsw%?lmyntﬁm@mqm@@mag 389 M fmﬂs t3€1§ Iﬁ=1(24<8 3% g,

yield, 259%. m xture o e t|t conpound and
hydr ol yzH@ H@}rﬁ(ﬁ_ﬁ)r(m,(la)s3 43 (ayi e 347(d, J=11.5Hz, 1H), 3.75 (m, 2H), 4 06 (t J=8.1Hz,

hydr.o y I di ate.S (s, 2H),
v ABCs T 3R S RE P 6 é?rﬁ! A8 RS e 1y

5.10(m 2H).7 HE, 28);7M32 ml@b)m/zzys gM}E)gl(AhﬁH):aieﬁlafedtf&e pr Oduct
of Exanpl e 54A)1‘{; 251 (for the % ro oduct of Exani%l e 54A).
Exanmpl e SaBLider e1n9<}4 @RQR? 43; H £-8p1 Nplik. %&yﬁ@%@or@blﬁ 50; H, 4.34; N, 10.22.

am no] - 4- (hydroxynet hyl ) - 1- pyrrol i di necarboxyl ate The product of Exanple
54A (6.2 g, 14 mol) was treated wth 5% aqueous H2SO4 for 2 hours, then

neutralized with 20% aqueous NaCH, aBfamhpleaded with di-tert-butyl WO

01/ 81347 PCT/ USQ1/ 13798
(1S,5R)-6-(6-chloro-3-pyridiny})-3.6-diazabicyclo[3.2.0Theptane fumarate

Example 54A
benzyl (cis)-2,2-dimethylhexahydropyrrolo(3.4-d][1,3]oxazine-6(4H)-carboxylate (S)-
Mandelate
20 The product of Example 38E (110g, 0.44 mol) in dry acetone (100 mL ) was treated

with 2-methoxypropene and (S)-mandelic acid according to the procedure of Example 52A.
The title compound was obtained as a white solid (48.0 g, yield, 25%). 'H NMR (MeOH-Dy,
300 MHz) mixture of the title compound and hydrolyzed compound (cis)-3-amino-4-
hydroxymethyl-N-benzyloxycarbonyl-pyrrolidinyl (S)-mandelate & 1.20(s, 2H), 1.40(s, 2H),

25 2.09(s, 2H), 3.30-3.75(m, 7H), 4.10(m, 1H), 5.00(s, 1H), 5.10(m, 2H), 7.25-7.52(m, 10H);
MS (DCIUNH3) m/z 291(M-+H)* (for the product of Example 54A); 251(M+H)" (for the
hydrolyzed product of Example 54A).

Example 54B
30 benzyl (3R.4R)-3-[(tert-butoxycarbonyl)amino]-4-(hydroxymethyl)-1-pyrrolidinecarboxylate

The product of Example 54A (6.2 g, 14 mmol) was treated with 5% aqueous H,SO4
for 2 hours, then neutralized with 20% aqueous NaOH, and treated with di-tert-butyl



122 di carbonate according to the procedure described in Exanple 52B. The
title conpound was obtained as a slightly yellowoil (4.4 g, yield, 90%.
1H NVR ( MeOwi/gid47 300 MHz) 6 1.46(s, 9H), 2.50(m 1H), 3.PET/wH01IHy9I8 3. 40( m
1H), 3.50-3.75(m 4H), 4.20(m 1H), 5.10(s, 2H), 5.10(s, 2H), 7.35(m 5H);
M5 (DCUNH3) mfz 368 (M+NH4) +, 351( M+H) +.12Phe 5 enantiopurity of the title
conpound was determ ned as 98% ee by HPLC (HPLC conditions: Chiracel AD
col umm; et hanol / hexane=20/80, flow rate, 1.0 nL/mn; uv 215 nm Retention

y W"EOL‘SB ety AeaNiio Be PRGHERe dagHBSh Bl Do Oﬂéerre;@e co%r%%g% ?yatsi the
026408 1 %ﬁ?égpg 1
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Moo bag fi(e?xm”mﬁ“garéﬂ 8y e g zomm’ DG
(5. 10. 99%14xyﬁép&>”‘2’Hmmm o OCIRE S 36 dvrtle DS B 1)
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54D 20 be(ﬁizipdceKAR @R)rm% e(ﬁha:duoh(hatan@ﬂﬂ/&f[ 3lo, Bjen é{@trddﬂﬁlﬁ-waaflbomylkﬁtmtiﬁhe

duct of | 54C di th
b1 ocedur dUBY I EAGHPPE BabT et A misa Re SRR (F R B t5 CRPRRE O G aphy
(Si02,  GEHRGAZLNBGHNEHEN, m1%9te§0re?erer5(3 ﬁJQOOOtO%I@O@V' de the title conpound
(1.91g, 69%yield). iH NVR (NMEOHd4, 300 Miz) S S 3.30-3.16 (m 3H), 3.36

(m 1H), 3.76 (m 3H), 4.48 (m 25 1H), 5.16 (s, 2H), 7.36 (m 5H): M

( NH3) niz 250 (M+NH4) +, 233 (M+H) + Ex |- 54E benzyl
(ID% R) - 6- (6-chl oro- 3-pyri di nyl)-3, 6- d%&%@go[ 3. 2. 0] hept ane- 3- car boxyl a

te The producbe@iyl BRaIR)-8-[BéRbu#3YciBonyl)athinsNd-) [ (Bithylsulfonyl)oxy]methyl}-1-
2-chl oro-5-bronopyridine 30 were processed according to the procedure

described in Exanpl e 1E. The cruddyolidimgsarbogdatenyrified by chronat ogr aphy
(Si 02, ethyl r rrpound
(120 ny, 35% yu%‘%&’&#%ﬁ%ﬁn{’%&éﬁ%ﬁ 3%6%4}2%% t’ge\é{zeg%ﬁg’% @lhﬁéfﬁ]go
WO 01/ 8133MorR@’Ié{cthﬁMg118ﬂ%pro&aﬁ1rd&BspnBed3m Emnpld-BSG 3Thé)t1ﬂm:01ﬁpi)und3mﬁ;5 (dd
J=7.7, 3.7 Hz, 1H), é "?’1470
15 obtained as a brown 011 (5 10 99% yield). H NMR eOH-D4, 300 MHz) & 1.46 (s, 9H),
2.80 (m, 1H), 3.08 (s, 3H), 3.40 (m, 2H), 3.70 (m, 2H), 4.16 (m, 1H), 4.35 (m, 2H), 5.16 (s,
2H), 7.30 (m, 5H); MS (DCI/NHs) m/z 446 (M+NH,)", 429 (M+H)".

Example 54D
20 benzyl (1R,5R)-3.6-diazabicyclo[3.2.0Theptane-3-carboxvlate

The product of Example 54C (5.10 g, 11.9 mmol) was processed according to the
procedure of Example 52D. The crude product was purified by chromatography (SiO-,
CH,Cl;:MeOH:NH4OH, 90:10:1, R 0.1) to provide the title compound (1.91g, 69% vyield).
"H NMR (MeOH-d,, 300 MHz) § & 3.30-3.16 (m, 3H), 3.36 (m, 1H), 3.76 (m, 3H), 4.48 (m,

25 1H), 5.16 (s, 2H), 7.36 (m, 5H); MS (DCI/NH;) m/z 250 (M+NH,)", 233 (M+H)".

Example 54E
benzyl (1R,5R)-6-(6-chloro-3-pyridinyl)-3.6-diazabicyclo[3.2.0Theptane-3-carboxylate
The product of Example 54D (230 mg, 1.0 mmol) and 2-chloro-5-bromopyridine

30 were processed according to the procedure described in Example 1E. The crude product was
purified by chromatography (SiO,, ethyl acetate:hexane, 50:50, Ry 0.4) to provide the title
compound (120 mg, 35% yield). "H NMR (MeOH-d,, 300 MHz) § 3.20 (dd, J=12.6, 4.1 Hz,



dd, J=8.9, 3.1 Hz, 1H), 7.20 (d,

J=6.4, 3.9 Hz, 1H), 5.10 (m 2H), 6.90 (
J=9.1 Hz, 1H), 7.25 (m 3H), 7.35 (m 2H), 7.54 (d, J=2.8 Hz, 1H); M5
( DCUNH3) w0 21/8867 ( Mt2+H) +, 344 (M+H)+. 5 Exanpl e 54F (1 PCT/US01/13798
S,5R)-6-(6-chloro-3-pyridin)l)-3,6-di azabi cycl o 13. 2. d heptane The product
of Exanple 54E (120 ng, 0.35 mnol) was23reated with trifluroacetic acid
according to the procedure of Exanple 46B. The crude product was purified
by 10 chromat ography (Si 02, CHZClZ Me OH: NH40H 90:10:1, Rf 0.2) to provi de

e 5 a5 EBR e D 3gb b 184 68 (4 rr A T TR RS 5 9 1 G T

? d(218 S me %H)sg §9% (1@1%5 9081582%?6@0%d J“S')9 3, 131{29%}@67261‘@ 1293421{ Jﬂ:% 7‘&568

1H), 7. 2Hnf dH),J7:25 ﬁnHzH) THW; (dJ\ZErZ(éDle/PHB)MSl(DCZMii)WZ%H@{MQiH)QM4-J|)+ 15
Exanpl e 5%? 1 S, 5R 6-chl oro-3-pyridinyl)-3, 6-diazabi cycl o[ 3. 2. 01hept ane
fumar at e ¢ product of Exanple 54F (70 ng, 0.33 mmol) was treated with .
fumegic acid according to the procedure of Exanple 46C. The title conpound
was obtained as a yellow 20 solid (95 ng, 90%yield): 1H NVR (MeOH d4, 300
MHz) 8 3.15 (dd, J=12.8, 3.7 Hz, 1H)mmm 1H), 3.40 (m 1H), 3.45 (m
1H), 3.76 in, 3H, 4 : : 670(s 1H), 7.05
dd, J=8.8, 3.0 Hz, i Hz, 1H); M5
(DCI/NH3) m z rodMic? ﬂsf‘DE)talnﬁlé(ME'\(ﬂ'fO g, @\BB'mlll@l@IWéB h@ﬁt@d V\flmrtnﬂuroacetlc acid
Cl10H12C1NS3. 1. 25C4H404. 0. 1H20: C, 50.53; H, 4.86; N, 11.78. Found: C, 50.07;
H 4. 20 aqcordpg to Ihqyoc@uaqmﬂ Bxagmple 46B. The crude product was purified by

1S, <1(h§0nq§(to k&bﬁ'}){ @1 (971 (&12 ifelajﬁ: Xﬁi 61? 9 1Q)1 f' %tO% % {)%@?c{eﬁlgtlﬂg 0 Exanple

55A enz

(1R 5R)- 370 iy, lyeld, %24 dratiryeiedB-E&, mdmmzaaez&ccar b@mysb aateH\é‘p
01/81347 P /USOl/ 13798 124 The product of Exan‘BI e 54D |)
and 3- br oD YS0dihd=heHe0-8 i dHs. gecdbd PR (e 2Hhe3 H7 & du7§ %iéﬁ?r ithad in

Exanpl e 1Eq) theoos Hoe iy, OPEEtad™iSe.1, 3.4 Hz, 1H), 6.94 dd, J=8.4, 3.0 Hz, 1H), 7.20 (d,
J=8.8 Hz, 1H), 7.25 (d, J=2.7 Hz, 1H); MS (DCUNH;) m/z 212 (M+2+H)", 210 (M+H)".
15

Example 54G
(18.5R)-6-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane fumarate

The product of Example 54F (70 mg, 0.33 mmol) was treated with fumaric acid

according to the procedure of Example 46C. The title compound was obtained as a yellow
20 solid (95 mg, 90% yield): 'H NMR (MeOH-d,, 300 MHz) & 3.15 (dd, J=12.8, 3.7 Hz, 1H),

3.35 (m, 1H), 3.40 (m, 1H), 3.45 (m, 1H), 3.76 m, 3H), 4.00t, J=7.8 Hz, 1H), 4.88 (m, 1H),

6.70 (s, 1H), 7.05 dd, J=8.8, 3.0 Hz, 1H), 7.28 (d, J=8.4 Hz, 1H), 7.68 (d, J=3.0 Hz, 1H);

MS (DCIUNH;) m/z 212 (M+2+H)*, 210 (M+H)*. Anal. calculated for

CioH12CIN31.25C4H,404°0.1H,0: C, 50.53; H, 4.86; N, 11.78. Found: C, 50.07; H, 4.20; N,
25 11.10.

Example 55
(1S,5R)-6-(3-pyridinyl)-3,6-diazabicvclo[3.2.0lheptane fumarate

30 Example 55A
benzyl (1R,5R)-6-(3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane-3-carboxylate




purified by chromatography (Si 02, CH2Cl12: MeCH, 95:5, Rf 0.2) to provide the
title conmpound (210 ng, 68%yield). 1H NVR (MeOH d4, 300 MHz) 6 3.24 (dd,
J=12.6, avaoH81345 1H), 3.30 (m 1H), 3.40 (m 1H), 3.65 (BAT/USKI713398 3.4 Hz,
1H), 3.92-4.10 (m 3H), 4.70 (m 1H), 5.10 (m 2H), 6.90 (m 1H), 7.24 (m
3H), 7.35 (m 2H), 7.73 (d, J=2.7 Hz, 144, 7.86 (d, J=4.7 Hz, 1H); MB
(DCUNH3) mz 310 (M+H)+. Exanple 55B 10 (1

S, 5R) - 6- ( 3- p3gri di nyl) 3 6 di azabi cycl o[ 3. 2. 0] hept ane The product of
Exanpl e 55A (210 ny, n_net hanol was treated wth

pal | adi um on cé?lmm%a@wwn@eé@c{?%mgol@H@ns¥>@e€échrerna@§é41vwarq n

Ex | 4 | d
vagm(:)lvgm 4068%6'88&0%{“% o ﬂ}g&é&g)!@ées 2@3@%@%@]& 1%‘6199&’7%1%?%%% 12. 5
6.5 Hz hdrificd. bmmmnatagﬁ)aphﬁcmez,(@fdhc1g1mca 555, Rc0.2to pibbide B Gee (1, I=T 8
Hz, 4. 65 J=6.1, 3.4 1 6.88 (dd

6t b commpud CHLOFmpi8% Biely AR (e oleg 500 M) 63 ol 126t 1 s

i+ Q- (1
S, 58 b (P Odrh e S B IR, B R0 67 3 40 P B OO ey
of Exarrpl EH)SSBO((ﬂrDBHm 9®(r601Hmﬁ12)4 (weSHD,re34 e, 38, A.78 (apli-2c7 Hg,i1dl), 286 ¢d.di ng
to the procedure a . The title conpound was obtai ned
as a V\hifzé'ﬂ]gﬁ lﬁéﬁl\fb&, gll%c&l%% H NMVR (MeOH d4, 300 MHz) 6 3.18
(dd, J=12.2, 3.4Hz 1H, 3.35 (m 1H), 3.46 (m 1H, 3.75 (m 3H), 4.04

(t, J=7.5 Hz, 1H), 4.90 (m 1H), 6.58 (s, 25 2H), 7.04 (ddd, J=8.2, 2.7,
1 3 Hz, 1H), 7.27 (dd, J=8.1, 4.8 Hz@@mﬁ)l_@_ilim (d, 2.7 Hz, 1H), 7.95 (dd,

1.1 Hz _— ul
010 3N3. 1. 3004Hé|_l|)04 0. 5910"91%}4 2.05 heptagg 61 4 5. 25.

Exanpl e 56 30 fw ﬁ&ﬂlﬁﬁ@f’ﬂﬁarﬁﬁ'}e\%w&i@ﬂg 0. 68mmol in methanol éXO mL) ves treated
i di nyl ) oct ahydr oopyrr ol of 3, 4- b]é&)yrrol e di hydrochl ori de WO

01/ 81347 w@rp@lg@lunlgnwbonzsdqr 2 acgendiyng @@maﬂw%dissnb@dmg:pmw $eny
hexahydr r H) ¥ r
14H (4. 58191¥ . %‘%"ﬁnﬁ@w"{’@ qeﬂé%\éﬂ((%gg%?%ghﬁefﬁuxe (\%Pet‘dﬁ& d“’B&Eﬁg?L
trap to r@rzmse(danly&lw el HAZNENsPIsdRI=Y®2Ss, 4. her, caniem (s 268! 963 &, &=7.5,
15 3.4 Hz, 1H), 3.94 (t, ]=7.8 Hz, 1H), 4.65 (dd, J=6.1, 3.4 Hz, 1H), 6.88 (ddd, J=8.5, 3.1, 1.4
Hz, 1H), 7.18 (dd, J=8.4, 4.8 Hz, 1H), 7.73 (d, J=3.0 Hz, 1H), 7.83 (dd, J=4.7, 1.3 Hz, 1H)

m/z 176 (M+H)
Example 55C
20 (1S,5R)-6-(3-pyridinyl)-3,6-diazabicyclof3.2.0Theptane fumarate

The product of Example 55B (105 mg, 0.60 mmol) was treated with fumaric acid
according to the procedure described in Example 40D. The title compound was obtained as a
white solid (155 mg, 90% yield). "H NMR (MeOH-d,, 300 MHz) & 3.18 (dd, J=12.2, 3.4 Hz,
1H), 3.35 (m, 1H), 3.46 (;m, 1H), 3.75 (m, 3H), 4.04 (t, J=7.5 Hz, 1H), 4.90 (m, 1H), 6.58 (s,
25 2H), 7.04 (ddd, J=8.2, 2.7, 1.3 Hz, 1H), 7.27 (dd, J=8.1, 4.8 Hz, 1H), 7.87 (d, 2.7 Hz, 1H),
7.95 (dd, J=4.8, 1.1 Hz, 1H); m/z 176 (M+H)"; Anal. calculated for
CioH13N3°1.30C4H404+0.5H,0: C, 54.48; H, 5.77. Found: C, 54.61; H, 5.25.

Example 56
30 (3aR.,6aR)-5-(5-vinyl-3-pyridinyloctahydropyrrolo{3,4-blpyrrole dihydrochloride

Example 56A



5 and tris(di benzylideneacetone)di palladium 0) (Pd2(dba)3, Alfa Aesar)
(0.194 g, 0.210 nmmol) and 2, 2'-bi s(di phenyl phosphi no)-1, 1' - bi napht hyl

(Bl NAP, SVoems®Ghem cals) (0.396 g, 0.636 nmol) were addeBCT/URE/13798t ure was
warnmed to 90 C and allowed to stir for 15 mnutes then was again cooled to
bel ow 50 C. Sodiumtert-butoxide (4.07 @5 42.0 mmol ) and 3, 5-

di bronopyridine (5.50 g, 23.0 mmol) were added and the m xture was war ned
to 95 C and 10 stirred for 2 hours. The reaction m xture was then all owed
to cool to ambient terrperature flltered throuh Oellte and the filtrate
was concent r Eladtyi{daR.-02R#3(arbro EHIS grol ‘ 42

chromat ography (Si 02, 50% Et OA\C/ hexa . €prow de t he t| tle corrpound
(5.85 g, 15.9 mol, 75%y|eld) M5 ( mz 368 (M+H)+. 15 Exanpl e 56B
tert-butyl The product of Example 14H (4.50 g, 21.2 mmol) in toluene (200 mL) was refluxed

Car box| alBth st Geb i TGS TSR (BERBUgOn 8o HomegPiedn B P (BIS) 4
(0.391 9 an@- tﬁgalbgﬂaglﬁdef%%gmg@ag%uﬁmm))(P\ﬁf(a r)s r@@i g@sa dohyoard, Bt ghyhay! tin

(2.87 nm, l'ution ‘was wa 100" Cand al lowed to
stir for M%@usédlpﬁmlplwphihohl Ai-inephshyld BINAP) S)tmd (Ghemieatd) (0.89Gs10-636
br esour e D 14g& RS K HAIY s P EeCi B B Al (S Gotor d§gHiRtice
Et CAc/ hexageshs a%\lgl BEANd bl 50 °C! SoaRmPRUhtE:2dOU. 97 84238 mNBY) and9 %o
yield). M5 (DCI/NH3) nmfz 316 (MH) 25 Exanple 56C (3 aR, 6 aR)-5
(5 Vi ny|d113rorrwryn@mﬁ O &t 2h( anropl) et aided and the mixpyre wes avamped m%‘iﬁ@ncbf
t le 58?%‘6%1?01‘%0%5 'th%%agw gllﬂt{fre%%% e(l?ovmd)to %%OIQO %n}\ﬁ@e%t te e?att W th
r| uor oaceti c ‘aci W SE Vi a Syringe. res R red at 0

C for S%I%rétmhrcmghr(tbli&élam memnmé ms edndmﬁlaed upduicedhcpd pﬁessirre Tﬂ'élﬁesi’dasi due
was purified via chromat ographyls,(B b CH2C12: CH3OH: N
provi de t¥e Rurtfied by shinsuaiperaphy ¢ @z,gSO/eE%c/h%m)émw@ the t tlﬂe mnpwd/ NH3)

mz 216 ( W"@ Més@%é%ﬁﬁ ijﬁ@ %ﬁ}?@l e 56D (3
aR, 6aR) - 5(%?%“ nyl 3%5?3@4% ﬁ?Toct ro%yr rolo ( b] pyrrol e
di hydrochl ori de The product of Exarrpl e 56C (0.170 g, 0.790 nmmmol) in ethyl

acefate (5 m) was Example 56B

tert-butyl (3aR,6aR)-5-(5-vinyl-3-pyridinyl)hexahydropyrrolo[3.4-blpyrrole-1(2H)-

carboxylate
The product of Example 56A (2.40 g, 6.52 mmol) and Pd(PPh;)4 (0.301 g, 0.261

mmol) in toluene (50 mL) were treated with tributylvinyltin (2.87 mL, 9.78 mmol). The

20 solution was warmed to 100 °C and allowed to stir for 36 hours. The reaction mixture was
allowed to cool to ambient temperature, filtered through Celite and concentrated under
reduced pressure. The residue was purified via chromatography (SiO,, 50% EtOAc/hexanes)
to provide the title compound (2.00 g, 6.34 mmol, 97% yield). MS (DCI/NH3) m/z 316
(M+H)*.

25

Example 56C
(3aR.6aR)-5-(5-vinyl-3-pyridinyl)octahydropyrrolo[3,4-b]pyirole
The product of Example 56B (0.500 g, 1.59 mmol) in CH,Cl, (5 mL) at 0 °C was

treated with trifluoroacetic acid (1 mL) dropwise via syringe. The mixture stirred at 0 °C for

30 2 hours and then concentrated under reduced pressure. “The residue was purified via
chromatography (SiO,, 9:1:0.1 CH,Cl,:CH3;0H:NH,OH) to provide the title compound
(0.180 g, 0.836 mmol, 52% yield).. MS (DCI/NH:) m/z 216 (M+H)".



5 treated with 4N HO in 1,4-dioxane (2 nL). The precipitate, which fornmed
i medi ately upon addition of the acid, was isolated via filtration and was
recryst alwoagsit3éT om net hanol and ethyl acetate to provi deP€HESe/3Ies
conmpound (0.190 g, 0.620 nmmol, 79%yield). 1H NVR (CH3OH d4, 300 MHz) S
2.10 (m 1H, 2.40 (m 1H), 3.40 (m 3H326 3.60 (m 2H), 3.70 (dd, J =12.2,
6.4 Hz, 1H), 3.96 (dd, J = 12.6, 1.7 Hz, 1H), 4.50 (m 1H), 5.68 (d, J
=11.2 Hz, 1H), 10 6.19 (d, J = 17.9 Hz, 1H), 6.86 (dd, J =17.9, 11.2 Hz,
1H, 7.80 (m 1H, 8.08 (m 1H, 8.28 (m 1H); M (DCUNH3) mz 216

(MtH 2HC1) +;. Anal . cal cul ated for CL13H17N3. 2HC1. 2H20: C, 48.16; H, 7.15;
N, 12.96. Found: C, 48.53; H, 6.69; ape®%p Exanpl e 57 15

(1R, 5S)-6-(6-chl oro-3-pyridinyl)-3, 6- cl 013. 2. Olhept ane fumarate
Exanpl e 57A héaRyhRY{-3355&)yl-3-pyridinyl)octahydropyrrolo[3.4-blpyrrole dihydrochloride

o oduct of  Exahi mousbot Baarly TG (G §9§9$§lﬁﬁfaﬁ§e@§@?€%§%§$ e
(028 20ucigedhvity A0 HEY £ 4R5AGEEORE) APROFAL AR OVERR THEOASHNIGI B9 Sibied

in Exanple 1E. The crude product was puri chromat ogr aphy (
hexane: et dugiticaeitlae @cid, aﬁaszn@c;laﬂéﬂ vin Bljration mdnwasj@cltyla‘elltzed tﬁ@ntmnﬂmmicando 13 g,

38% vi el VR . 300 MHz
: 3oy'<ren Yyt bl o bl fic v gamphida §tbogs. ol ol 765 Vigidp g

g 28(&-%@)1{ §§06 Mﬁz)75 b F(|)1?1ﬂH)1H)52zﬂ(p(né nDH|_)|523‘D40 (& 9ﬁ) (3%b l_f)rril =2¥1)53 76((jéd hiz,
Hz, "1H) : wgmwﬁslasmmw@@ﬂ 1 K214, H&éﬂéH)(%Bl)(m 1Exasn¢ﬂ(e1 5#51 2Hz 1),

brolfict ot %éﬁm"f;?‘)%%&p?%%%ddfs@?%f?%&ﬁbwe§<zéa»°ﬂ$xRtO??m?ﬁbT%i%et.c

aci d acc 1% (MHE&?«Ifmj*eAﬂ@chalaih@te@T&@QHW‘N@Q}M‘ZHQ@O' by
chr omat ogr &{?I 02 CHZC12: MeOH: NH40H, 90 .4) to provide the
title WO, ‘;)88%1/(8 THETNUS8 P61 Frosd: G, 28. S@Joﬁﬁoé@ﬁdN( 173)0$rg 88% yield). 1H NWR

(MeOH d4, 300 MHz) 8 2.54 (dd, J=12.8,3.4 Hz, 1H), 2.74 (dd, J=12.2,6.1
Hz, 1H), 3.16 (m 1H), 3.18 (d, J=12.2 Hz, 1H), 3.26 (d, J=12.9 Hz, 1H),
3.62 (dd, J=7.7, 3.3 Hz, 1H), 3.92 (t Exakle 87 Hz, 111), 4.65 (dd, J=6.1, 3.4
Hz, 1H), 6.90 (dd, J=8.8, 3 1 Mz, 720(d J=8 1 Hz, 1H. 7.25 (d,
J=21% Hz, 1H); K& ~ONfrphlore-3p £ lohh2.Dihepiane fumarate

Example 57A
benzyl (1S,558)-6-(6-chloro-3-pyridinyl)-3.,6-diazabicyclo[3.2.0Theptane-3-carboxvlate

The product of Example 52D (0.23 g, 1.0 mmol) and 2-chloro-5-bromopyridine (0.29
20 g, 1.5 mmol) were processed according to the procedure described in Example 1E. The crude
product was purified by chromatography (SiO,, hexane:ethyl acetate, 60:40, R¢ 0.3) to
provide the title compound (0.13 g, 38% yield). "H NMR (MeOH-d,, 300 MHZ) & 3.24 (dd,
J=12.9, 4.1 Hz, 1H), 3.30 (m, 1H), 3.40 (m, 1H), 3.65 (dd, J=7.8, 3.4 Hz, 1H), 4.08-3.92 (m,
3H), 4.70 (dd, J=5.7, 3.7 Hz, 1H), 5.10 (m, 2H), 6.90 (dd, J=8.5, 3.1 Hz, 1H), 7.20 (d, J=8.8
25 Hz, 1H), 7.25 (m, 3H), 7.35 (m, 2H), 7.54 (d, J=3.0 Hz, 1H); MS (DCUNH3) m/z 346
(M+2+H)*, 344 (M+H)".

Example 57B
(1R,58)-6-(6-chloro-3-pyridiny})-3,6-diazabicyclo[3.2.0Theptane

30 The product of Example 57A (130 mg, 0.38 mmol) was treated with trifluoroacetic
acid according to the procedure of Example 46B. The product was purified by
chromatography (S10,, CH,Cl,:MeOH:NH,OH, 90:10:1, R¢ 0.4) to provide the title



Exampl e 57C

(1R, 5S5)-6-(6-chl oro-3-pyridinyl)-3,6-di azabi cycl 013. 2. 0] hept ane funarate
The prodweo ous13Exanpl e 57B (70 ng, 0.33 mmol) was treat edP@r/UROHIN®Sr i ¢ aci d
10 according to the procedure described in Exanple 46C to provide the title
conmpound (195 ng, 99%yvyield). 1H NVR (i¢gyOH d4, 300 MHz) 8 3.15 (dd,
J=12.5, 3.7 Hz, 1H), 3.35 (m 1H), 3.40-3.48 (m 2H), 3.76 (m 3H), 4.00
(t, J=8.2 Hz, 1H)), 488(m 1H) 668(s 1H) 705 (dd, J=8.8, 3.1 Hz,

iH), 7.28 (d, J=8.8 1H), 7.65 |vs DOl /NHB) nlz. 212
( Me2+H) +, czmomﬂpmgm&ﬁ .wekcal cHl MQQH@O%QP W@) e C,
15 50. 02; N o |

55 (3ar OB 22T Dt LR MRy B AT f%é“AHéq 3Py ©

Eg I gygr %)cﬂmdé QHgﬂehT&QdE)@m 8. 33iHA ItIEB)I; B@%t@t,yf7ﬁ Hy, 1), 465 (4d, 1=6. }1 34 10, 1H),
a a or o- met I N exa ro 0 O rro -
1( 21 - oar b3k (el S b L wﬁ&q@oﬁr&ﬂ LTS e G TR e San Ry ) BYRLS
d +56A th duct f Ex | 14H (1. 50
PO S (R R A LS D P P o B N (6. 133 g, 0. 212

mmol ), 5-brono-2-chloro-3-nethyl pyridine (1.60 g, 7.77 nmmol, from Exanple
11B), and sodiumtert-burtoxide (1. g, .14.1 mol ) to provide 1.76 g of
the title conpound(5.21 rrm)l, 74% €5 (DCI/NH3) mz 338 (MHH) +.
Exanpl e 58B 30
hexahydr opyrrol 0 yla
PCT/ USOl/ 13798The]1:28dfﬂh9f PradpletS 78 (78xagnpl 38 IﬁﬁlAl)(vﬁasSk&@teg with Sinamewkcdd i n

h f d Pd
Cr1 6 by dPorditeds s Hipesira deSiaed flhinetd A0 FpBide e e sepoupy Los e
Stirring doog yRRnNOMNEMRL (eI, D M@S) i 3. ift&m-—kfwtsgmgeiw 8 385h, b5,

filtrate was concentrat ed under Teduced pressure. The residué was purif
via 5 chri#®t dgr(apRid),(BT®Oan, 350 cTIcXkEned]), t48 Hmavithe6.6B €s, tLH)) 205

conmpound ] o 3% yj e : (@ne Y 3 H) +,
oo o 586 283 &1 TR, (2, foh s Rphih e a@f‘é?t%ﬂlﬁa(@wsa%
ole 212 (M+2+H)+, 210 (M+H)+. Anal. calculated for C1gH;,CIN3°1.25C4H,04¢0.3H,0: C,

15 50.02; H, 4.93; N, 11.67. Found: C, 50.07; H, 4.20; N, 11.10.

Example 58
(3aR.6aR)-5-(5-methyl-3-pyridinvhoctahydropyrrolo[3,4-blpyrrole trihydrochloride

20 : Example 58A
. tert-butyl (3aR,6aR)-5-(6-chloro-5-methvl-3-pyridinyDhexahydropvrrolo[3.4-blpvrrole-
1(2H)-carboxylate

The title compound was prepared according to the procedure described in Example
56A using the product of Example 14H (1.50 g, 7.07 mmol), Pd,(dba); (64.7 mg, 0.0707
25 mmol), BINAP (0.132 g, 0.212 mmol), 5-bromo-2-chloro-3-methylpyridine (1.60 g, 7.77
mmol, from Example 11B), and sodium tert-burtoxide (1.36 g, 14.1 mmol) to provide 1.76 g
of the title compound (5.21 mmol, 74% yield). MS (DCUNH;) m/z 338 (M+H)".

Example 58B
30 tert-butyl (3aR,6aR)-5-(5-methyl-3-pyridinyhexahydropyrrolo[3.4-blpyrrole-1(2H)-

carboxylate




10 The product of Exanple 58B (0.500 g, 1.65 mmol) in CH2C12 (7 nL) at 0 C
was treated with trifluoroacetic acid (1.50 nL) dropw se. The m xture was
stirred a¥001/83%pr 3 hours and then was concentrated undeCTUSCICSES
pressure. The residue was purified via chromatography (Si02, 9:1:0.1
CH2C12: CH30H: NHAOH) to provide the titli@gconpound (0.300 g, 1.48 mol, 89%
yield). M5 (DCI/NH3) mz 204 (M+H)+. 15 Exanpl e 58D

(3aR, 6aR) - 5- (5- et hyl - 3- pyri di nyl ) oct ahydr opyrrol o[ 3, 4- bl pyrrol e

e o R L TETRT P, 5, Bt i L™
preci pi t a%s“t%?ti%ﬁ@vﬂmg%tf@h)b tiRARAGRIA Ry Bhniddi@. Oozl?La‘? '1‘7‘nﬁﬁ6'11\&ﬁ§er

i sol ated vi a tration rOV|dethet|tIe conpound
75% yi el ditmogpHei\VR Hﬁwwmngam@ 36vHe)rs3the nﬂlﬂtu(enwa&ﬁ{)tx?red ﬂﬁﬁughﬂelﬂtbi)md ﬂ1€50

(s, 3H, 40 dd,.J = . 6.4 Hz, 1H),
3.95 (dd, ﬁoiﬁ'ateféasfon‘f aﬁ?“n%ﬂ‘)fgg‘}lf ﬁ@?ﬁ‘re P%reskduf’d’”(srﬂ“r%?ﬁl Viag 05 (m 2H):
VB (Ol / Nﬂ%mﬁb%ra&%(&@%‘iﬁ%%}t@/h%&) 16 B e it QbmpGlRHIIR SiEH20:

C, 43.59; H 71. Found: C, Rl 12.35. 25 Exanpl e
59 ( aR GmRPL53(/©ﬂbldbnMSS€Q@ﬂ/NH®)IBlZ@Q4|Mﬂ§!] )oct ahydr opyrrol of 3, 4- bl pyrrol e
fumarate The product of Exanple 24A (330 ng, 0.92 mmol) in HBr (30%in
AcOH, 5 nL) was heated at 110 C for 3 hours. The m xture was allowed to
cool to room tenperature and 30 congaahipds sgCto dryness under reduced
pressure. The resi due was pur| f| ed by chr omat ogr aph Sl 02,

CH2C12: met hanol : Ni@aH0aR)-5-(54 3-paidinydiactphveropys pdeviglethe  title

2coRydi g v oTRRT é*&%é%lfﬁ?é%%% B nW%ﬁ%‘%?gf Feel ks 7

Exanpl e 3@tedovigh wiffudeodchige ddid (IeS(Emﬂtpdmjﬂvzéel 6Ilmgn1x%%wa¢ |sﬁhrek) at ALtC KR
(CD30D, 300 MHz) S 2.0 3.85 .(dd,
J=12, 1.3 angliijen wam@neﬁmr%t&% rrfér rqdpr;erg mfewe( 3Thezrﬁﬁlg?le7vv3%p1(%ﬁeda\ﬂ% Hz, 1H)
7.80 (d, @(}Qi}h@ OBPR JAnal for
C11H13Br(§“h°§n04k§fcﬁmséoy? 19 99 H}@/ﬁ%oes N, Ly Fodﬁﬁﬁﬂ%gé@g H,
4.19; N, (9.380 g, EX&nphel, 89%(8eR). GMS)(IEI(I‘Hme’zﬂOB(NEﬁ{)yI

di nﬁ)oct ahydrop yrrol of 3,4-b]pyrrole dihydrochloride

Example 58D
(3aR,6aR)-5-(5-methvyl-3-pyridinyDoctahydropyrrolo[3.4-blpyrrole trihydrochloride
The product of Example 58C (0.300 g, 1.48 mmol) in ethyl acetate (5 mL) was treated

with 4N HCl in 1,4-dioxane (1 mL). A precipitate formed immediately upon addition of the
20 acid and was isolated via filtration to provide the title compound (0.385 g, 1.10 mmol, 75%
yield). "H NMR (CH30H-d,, 300 MHz) § 2.10 (m, 1H), 2.40 (m, 1H), 2.50 (s, 3H), 3.40 (m,
3H), 3.55 (m, 2H), 3.68 (dd, I = 12.2, 6.4 Hz, 1H), 3.95 (dd, J = 12.2, 2.0 Hz, 1H), 4.49 (m,
1H), 7.70 (m, 1H), 8.05 (m, 2H); MS (DCI/NH;) m/z 204 (M+H-2HCI)"; Anal. calculated for
C12H17N3*3HCIH,0: C, 43.59; H, 6.71; N, 12.71. Found: C, 43.93; H, 6.53; N, 12.35.
25
Example 59
(3aR.6aR)-5-(6-bromo-5-chloro-3-pyridinyl)octahydropyrrolo[3.4-blpyrrole fumarate
The product of Example 24A (330 mg, 0.92 mmol) in HBr (30% in AcOH, 5 mL) was

heated at 110 °C for 3 hours. The mixture was allowed to cool to room temperature and

30 concentrated to dryness under reduced pressure. The residue was purified by
chromatography (SiO,, CH,Cly:methanol:NH4OH,q), 94:5:1) to provide the free base of the
title compound (119 mg, 43% yield). The free base was treated with fumaric acid according



10 Exanpl e 60A (3aR, 6aR)-5-(6-brono-5-nethyl-3-p yl)octahydropyrrol of
3,4-b] pyrrole The product of Exanple 58A (0.250 g, 0.740 mml) in 30%

HBr / acet iwOau8w47120 nl) was warnmed to 100 C in a seal ed pOb®SIIGX3798 hour s.
The m xture was cooled to 0 C, the contents were transferred to a
separatory funnel and the |ayers were sggarated. The aqueous 15 | ayer was
concentrated under reduced pressure and the residue was purified via
chromat ography (Si02, 9:1:0.1 CHC12: CHSCH NHACOH) to provide the titIe

(I:Eggprrgr gd 66&8%roce%ureode%ggbe%lExamp% %9(? rovilé{st}ge tit el\clzo%r? ourrHi %l meg, 88 Yo

(3aR 6aR) sBad by QuRe FepROBY ortuys b A8l 9K APy oL A1ch 4ull P

dlhydrochlorlde fe co oun ccor e prgcédure
of Exanplle=13805 ik, hH), 449@(tp1=€m&]z,tlH)f 6. EiéamHe ’5@5\(4,0—10912 13]), 0.88%& JaBulz), to

bho) o 2. 09: B (g z%%zwhw) g caloutaggi o Oy I%jggﬁbt%ﬁﬁ?@dés o
3H),53. 4 o 1 7.33 J =27 Hz, 25
15)0,57 7242%%? HZhDO &%0(3 @ uﬂchS‘ %25’4 4 %ﬁ 582 ( MEH- 2|(4c:1)+ Anal .

cal cul ated for C12H16BrN3 2HC1 0.5H20: C, 39.58; H, 5.26; N, 11.54. Found:
C, 39.87; H 5.43; N, 11.46. Exanpl -L(]

S, 6R) - 3, 8-di azabi cycl o[ 4. 2. 0] oct - 8- ylig[—’ﬁlgﬁ—’ii-&é]onitri |l e fumarate 30 Exanple
61A VO 014385 3R ) BEBLLISADL. SL3E8R1-3 43R ddmyli BEdah Pato¥{rrdio et A¥lpyrrole dihydrochloride
5-{[(1S)-I-phenylethylTamno }-3,6-di hydro-1I,4 ZH)- pyri di nedi car boxyl at e

The product of Exanple 33A (90.4 g, 0.333 m)l) in toluene (250 nL) was
tre?%ed with (S)-a-nethyl benzyl am n%)((a42;4 Eg; 0.350 nol). The m xture was

dtoreflux with 5 a Dean-Sta til the distillate was cl ear
(7 hours) and {FaRibaR}-5@Ordiaskskhaanyl-TabligiatyBectaficogiircle[Bel- M%srrole

concentrated under reduced pressure to provide the title conp d whi ch

was carried onthginredyqtpf Eyample 53éx(0.- 250 OWre maruel) F@?@%éﬁBfﬁﬁe’ﬂ? ﬁ@él@Q)ﬁlL)
Exanpl e QIR %g%d % § (5 "élﬁt} sé,(alél‘q]ﬁbg\ﬁr Aﬁ?du‘?g {’ﬁ]g(iﬁlxquje v%}%%%gttgﬁ l°bag} no_}

1, 4-piiperidi |car e product of 167
ol ), NaBidaaAts)vdere iﬁﬁsi@rrgd tdda gep8ratarly funnel and the layers were separated. The aqueous
15 layer was concentrated under reduced pressure and the residue was purified via
chromatography (SiO,, 9:1:0.1 CH,Cl,:CH;0H:NH,4OH) to provide the title compound

(0.100 g, 0.355 mmol, 48% yield). MS (DCUNH;) m/z 282 (M+H)".

Example 60B
20 (3aR,6aR)-5-(6-bromo-5-methyl-3-pyridinyl)octahydropyrrolo[3.4-blpvrrole dihydrochloride

The title compound was prepared according to the procedure of Example 58D using
the product of Example 60A (0.100 g, 0.355 mmol) to provide the salt (0.129 g, 3.54 mmol,
99% yield). 'H NMR (CH;OH-d4, 300 MHz) & 2.05 (m, 1H), 2.35 (m, 1H), 2.40 (s, 3H),
3.30 (m, 2H), 3.38 (m, 3H), 3.46 (m, 2H), 3.87 (dd, J=11.9, 1.0 Hz, 1H), 7.33 (d, J = 2.7 Hz,
25 1H), 7.76 (d, T = 2.7 Hz, 1H); MS (DCUNH;) m/z 282 (M+H-2HCI)"; Anal. calculated for
Ci12H16BrN3*2HCI0.5H,0: C, 39.58; H, 5.26; N, 11.54. Found: C, 39.87; H, 5.43; N, 11.46.

Example 61
5-[(1S.,6R)-3.8-diazabicyclo[4.2.0]oct-8-ylInicotinonitrile fumarate

30
Example 61A



and powdered 4A nol ecul ar sieves (133.0 g) in toluene (730 nmL.) in a 3-neck
round bottom flask equi pped with a nechanical stirrer, thernoneter and
addi ti onwanngi34at 0 C was treated wth acetic acid (191rai/us®/B@®snol )
dropwi se. After the addition was conplete, the ice-bath 15 was renoved and
the m xture was stirred for 20 hours, fijdgtered and the filtrate
concentrated under reduced pressure. The residue was dissolved in ethyl
acetate (1000 nL) and quenched by slow addition of saturated aqueous
NaHCO3. The | ayers Iayer was extracted with
ethyl acetate. ThESESRBILA e Qs 3-Ondibiy-1.4 ered and
the filtrate concentrat ed under r §8ddiRL S ULE to provi de t he product as
a-1.1.5 20 mxture of the two (C:Egi)iw_s—%l@o 0 g, 0.159 nol, 94%
yield). M (D@N—ﬁpdudtbfﬂimp(el\%lﬂ 0. 4Eggé)rﬁﬁ3emo]6310:cﬂlmnb(biﬂmL) was treated
E)?Seflsél ﬁ%é£¥§r o I\/Et}gg {1[@1% 2'482%4[J E’henglol I%E)P Y lthe ?nTXtrl]l?C W]a's wggned to reflux with

(3R 4R) - 4; ) N

bi pet 4 nefeg*ﬂéf%é?ﬁ?%“%ﬂ fhg’aﬁl%%@a}f‘%%i@ RS S e L R ST RR

t et rahydrafilectad. TROMhintuye mccﬁx@eramﬂﬁﬁnﬂleomdusal fressarentoxtranide e titlet hi um

al um num hydrid 7..00 Q.175 959% in tetrah furan, (300 nL) at O
C A ter SHEPORAEMBI a%%areﬁfﬁm @{@ﬂytt%herﬁe%f fiPR NS B e llar m 1 o
anbi ent tenperature and was quenched by slow addition of Na2SO4. 10 H20 WO

01/81347 PCT/ US01/ 13798 131 (excess). The m xture was stirred for 16
hours, filtered and the filtrate congemplat&d under reduced pressure. The

oot bt o/ nowalistbugfuathf BTt i OB S ARl EL SR b aemrtiundite o e
determined to b p rbb@ct(o%ﬁxé@glecbla&@rﬁ%)mm%a)Qvﬁﬂ(@A&%ﬁdﬂglo .708 mol),

acet at e/ hexanes é d and a | ess nob

di ast er eoﬂqaérpm@@@drﬁf%n@élwab@emél%33925)1%to eas { B0aphbin 4 Rheek 0updbetiom 759
et hyl / 6 % 35
Chaty +- AL ARG BrPafiea o MRlror it By MG e e

Singl e crysh ad:éiw&bidt(dbl enlf, 3r30amoB Yirdhvikd. a&ftbﬂhe wadigio ivaysorbplet! mwlce-bath
evaﬁératl on from etléﬁ/ acetate solution, tal data:. MM334
C19HB0ON20%as 1epoyed arf theraixBre Wes oy fzo%@helern%teri@m thy éﬂﬂﬁ@%mcenwi@ 121

(#19), azlﬁrdépl(é%lﬁé?)d’ prgss%(?e. Gﬁf'e%@iue \gaszéss%%ge‘?l(lﬁ)eghyl ycejfa(ig EI 060%(1@,) :ﬁi% 'quenched

by slow addition of saturated aqueous NaHCO3. The layers were separated and the aqueous

layer was extracted with ethyl acetate. The combined organics were dried over Na,SOy,
,, filtered and the filtrate concentrated under reduced pressure to provide the product as a ~1:1.5
.20 mixture of the two (cis) isomers (60.0 g, 0.159 mol, 94% yield). MS (DCI/NH3) m/z 377
(M+H)".

Examples 61C
tert-butyl (35.4S5)-4-(hydroxymethyl)-3-{{(1S)-1-phenylethvyl] amino 1-1-

25 piperidinecarboxylate
and
tert-butyl (3R,4R)-4-(hydroxymethyl)-3-{[(1S)-1-phenylethyl]amino}-1-
piperidinecarboxylate

The product of Example 61B (60.0 g, 0.159 mol) in tetrahydrofuran (200 mL) was
30 added dropwise to a mixture of lithium aluminum hydride (7.00 g, 0.175 mol, 95%) in
tetrahydrofuran (300 mL) at 0 °C. After the addition was complete, the mixture was allowed

to warm to ambient temperature and was quenched by slow addition of Na;SO4+10 H,O



Z=4, Dcaic 1.13 g/cm 3. Crystall ographic data were collected using Mo K a
radiation (a,=0.710691). Refinenent of the structure using full matrix

| east sqve®esswef i nenent of 217 paraneters on 2349 refl eBCT/OREG/ 14798

| >3. 006(1) gave R=0.067, R, =0.087. 15 Exanple 61D tert-butyl

(3S, 4S) - 3-am no- 4- (hydr oxymnet hyl ) - 1- pi pgni di necar boxyl ate The nore nobile
di astereoner of Exanple 61C (13.3 g, 39.8 mmpl) in ethanol (200 nl) was
treated with 10% Pd/C (1.95 g) under 1 atm)sphere of H2 at 50 C. After
stirring for 20_hours, the mxtureb6\/\ﬁs allowed to to ambi en

|
t enper at ulExcess)i {8F BHXPR WagFiiresd) ipx s aHipredandrthe f1 ? ﬂéat%cwﬁ@éaﬁ%# wrdey
d d d
i roct |y taieeRbRSAHE SThORIRKMAR phfie by b o R SRR, "
231 ( M+Hcetatcdbexamdsg t(ﬁﬂIEVRE tve rdllastnud:cyﬂlerﬁ laSnﬁtﬁ)mcﬂ}l[e((ﬁasmrequnhEtﬂphnned to be

Beampl & 6RO RORBFmPIR G 8213 (500 MR aReGo e a1 EaPU AL 4575

trieghyl %Hblﬁ%nﬁ $8est Iﬁﬂblle(zllés?&ecri@ér)defe%ﬁ&mg bQYhe2(3R' Ay eRanzeRssYRE @Yo in

chloride (19 g, mml ). The ice-bath was renoved and the sol uti on
stirred alS‘Vanﬁhwbmtat@(h@@nas, aeé g 6?7 3 ipoohddVsyielihe M RCYSHeas/z330(dhtHDAt ed

under reduced ressure d .t he residue in ure .of et hanol
and 5% aqueous %erﬁ(ﬂ?ewf%esuﬁd\effati% aél?yf’lfeg}nlgﬁ) Cr%ﬁgl m nut es,

concent r afu@gbly W@i@f—rdy&ﬂfi?@ﬂo@%ﬁss 66 b sldth ehpoldtidneidhy bthgt etltesdlditin, ML)
and the |ayers were separated. The organic layer was dried over Na2SOM4,

filtered, Capgl date YMIWTI34t148, AOTBANEr3a7E qb@mn%m P058.20X895 mynAcent r at ed
und re i 302,
5008 ot hyfoqﬁ@éﬁlﬁb‘??aﬁ%zaﬁég@? R b s M R Y8R
mrol ,  70%:4, 4103 g/ém8. srapdlogrddhid dAEUNER)collbded téing MoK radiaofxanmpl e
61. F tert- butyl (1 S 6R) - 3, 8- di azabi cycl o[ 4. 2. 0loct ane- 3- car boxyl ate The
product di=ExafeR &). GREﬁleemerm ogtheziﬁ'uvtummul)g full ohathix déavesqugtes oafimemiedeof{ 2170

m.) was treat d Wi t al | t hi ophenol (3.70
mL, 36.0 PaFRRY ?ISQFﬁﬁgFgﬁmé &?gﬁ&@(ﬁﬂﬂ &'%)QtWeﬁﬂ‘?Pg d for 20 hours,
flltered and the filtrate 10 concentrated under reduced pressure. The

resi due was-purified via chromatography (Si 02, 9:1:0.1 CH2C12: CH3OH: NHAOH)
to pfovide the title conmpound (2.50 Exafubl86ol, 43%

tert-butyl (3S,49)-3-amino-4-(hydroxymethyl)-1-piperidinecarboxylate

The more mobile diastereomer of Example 61C (13.3 g, 39.8 mmol) in ethanol (200
mL) was treated with 10% Pd/C (1.95 g) under 1 atmosphere of H; at 50 °C. After stirring

for 20 hours, the mixture was allowed to cool to ambient temperature, filtered through Celite,

20 and the filtrate concentrated under reduced pressure to provide the title compound which was
carried on directly to the next step without further purification. MS (DCI/NH3) m/z 231
(M+H)".

Example 61E
25 tert-butyl (1S,6R)-8-[(2-nitrophenyl)sulfonyl]-3,8-diazabicyclo[4.2.0]octane-3-carboxylate

The product of Example 61D (39.8 mmol) in CH,Cl, (200 mL) at 0 °C was treated
with triethylamine (16.7 mL, 0.120 mol) followed by 2-nitrobenzenesulfonyl chloride (19.5
g, 88.0 mmol). The ice-bath was removed and the solution stirred at ambient temperature for
20 hours. The mixture was concentrated under reduced pressure and the residue dissolved in
30 a mixture of ethanol and 5% aqueous NaOH (2:1, 200 mL). The mixture was stirred for 30
minutes, concentrated under reduced pressure, diluted with ethyl acetate (200 mL) and the

layers were separated. The organic layer was dried over Na;SO,, filtered, and the filtrate



yield). M5 (DCI/NH3) mz 213 (MtH) +. . Exanple 61 G 15 tert-butyl

(1S, 6R) - 8- (5-cyano- 3-pyridinyl) -3, 8-di azabi cycl ol 4. 2. 0loct ane- 3- car boxyl at e
The prodweo ous13Exanpl e 61F (0.780 g, 3.68 mmol) was treat pATARMM3PS2( dba) 3
(34 nmg, 0.0368 nmol), BINAP (69 ng, 0.110 mmol), 3-brono-5-cyanopyridi ne
(0.810 g, 4.41 mol), Cs2C33 (2.60 g, B209 nmol ) and processed according
to the procedure described in Exanple 56A to provide the title conpound
(0.630 g, 2.01 mol, 55%vyield). M5 20 (DCUNHS) mz 315 (MrH) +. Exanple 61H

5-[(1 S, 6 dlaz bi cycl t-8-yl]nicotingnitrile The ct of
Exanpl e 6f)én%6‘6§r8 er2re &ceﬂ%awur %%P@féi e(“l"&? mﬁ@a&a ‘f}%r%‘&f‘@&rapg%?
trifluoroape) bk Pé?:'e&te(/ﬂeﬂihés) EHOVRNEe tide & 2¢9§ﬁrﬁblb?@%:\¥?el@f§{m| e
64C to provi de tht title conpound (O. 500 g, 100 oyle VS (

215 ( M+H)two sepshrpMS @UVISHS)(m/8, 46 R(M3NHi.azabi cy
to[4.2.0]oct-8-yllnicotinonitrile fumarate 30 The title conpound was
prepared according to the procedure described in Exanple 66D using the
prodsict of Exanple 61H (2.01 mvol) amehn®hi€dPrg fumaric acid (2.01 mol) to
provi de the salt (0.325 g, 0 953 nnnl Z?W ield for t wo steps) 1H NVR
(CH3OH d4, 300 WO 0f8 £ 6 B YD 231

(m 15292 il omm&%%gﬁ QTR gy Bl (5,

Hz, 1H) ﬁLﬁﬁvaé déhted] wﬁthﬁlOﬁl 7.8z 85, $|rﬁmol3 f&?ov(dd, bthhrﬂpKel’fDI@ 70 iﬂ']!), ,364) 46
(dt, J = 7.8 1H), 6.67 (s, 2H)), dd, J = 3.1, 1. 1H),
8.17 (d, Iz}mbsﬂt ﬂmiﬂlk“«ﬂ’f mperaéurm Téll mlzsmelstquzfor 3 Omws”ﬂ@rict@mmﬁltrﬁt% 215

T A LG Ly e T i

3, 8- di azabi OyicCHIA, ZHOFHENIBOH) o prviderthatitle cbepbumip@ste:, 1 1O nfxdmis % 62A
tert butyl cis)-3-(5-cyan- 3- "
di nyl ) - 3,8 a%@méﬂf%g&/ﬁﬂ?e 8-carboxyl ate The product of Exanple

42F (0.220 g, 1.0 mml) in (0.220 g, 1.0 nmol) in tol uene

Example 61G
15 tert-butyl (1S,6R)-8-(5-cyano-3-pyridinyl)-3.8-diazabicyclo{4.2.0]Joctane-3-carboxvlate

The product of Example 61F (0.780 g, 3.68 mmol) was treated with Pd;(dba); (34 mg,
0.0368 mmol), BINAP (69 mg, 0.110 mmol), 3-bromo-5-cyanopyridine (0.810 g, 4.41
mmol), Cs,CO3 (2.60 g, 8.09 mmol) and processed according to the procedure described in
Example 56A to provide the title compound (0.630 g, 2.01 mmol, 55% yield). MS"
20 (DCI/NH3) m/z 315 (M+H)".

Example 61H
5-[(1S,6R)-3,8-diazabicyclo[4.2.0]oct-8-ylInicotinonitrile
The product of Example 61G (0.630 g, 2.01 mmol) in CH,Cl; (10 mL) was treated

25 with trifluoroacetic acid (7 mL) according to the procedure described in Example 64C to
provide tht title compound (0.500 g,>100% yield). MS (DCUNH3) m/z 215 (M+H)".

Example 611
5-[(1S,6R)-3,8-diazabicyclo[4.2.0]oct-8-ylInicotinonitrile fumarate
30 The title compound was prepared according to the procedure described in Example
66D using the product of Example 61H (2.01 mmol) and 0.230 g fumaric acid (2.01 mmol) to
provide the salt (0.325 g, 0.953 mmol, 47% yield for two steps). 'H NMR (CH30H-dy, 300




(10 mL.) was treated with 3-cyano-5-bronopyridine (0.206 g, 1.10 nmmol),
Pd2(dba)3 (0.0.19 15 g, 0.02 mmol ), BINAP (0.026 g, 0.040 mmol ) and sodi um
tert-but x0des8i3@7 170 g, 1.80 mol) and heated at 80 C f oPCHUR@WN3398 The

m xture was allowed to cool to roomtenperature and concentrated under
reduced pressure. The residue was purifiggd by chromat ography (Si 02,

5%veOH CH2C12) to provide the title conpound as a yellow oil (77% 0.232
g). M5 (DCPNH3) miz 314 (MrH)+. 20 Exanple 62B (ci S) - 5- [3 8- di azabi cycl o

f 4.2.0]oct - 3- yIIn| cotinonitrile fumarate The product of Ie 62A (%212
g, 0.70 n¥81® 3Z20Gien iy 8r§ét(ﬁ’ar1|g)’(21?)2 () LRa g Zot(ii@%tje‘dlw’t%it Hllulﬁbé

d (10 1+h
?g:acti(on @?(t uﬂ%gﬁ%gaﬁe rate gtq%g’?g@%fuce?fes épgdguiequ‘lsh%toﬁgzgl%ﬁe was

purified3®p (dmrJOﬁﬁEpgﬁ&DimHog 02 (t, ret/hHe) IID—iZ@]SZdNHIébO:B, 20H8911), 6167 (s,
prowdeagzellowml n_39% vyi el marate _salt_was formnmed

. The_f
to af f or dHan/ ok €dnhi- t3e1=flo7aH1Z @ W(@i\kﬂ?’llHédg{)g/ﬁ# (& Iz 67 H2 1BMS 1H),

2.3% 2.4 gl . =3.0
i, 1ty CQCINE e Ba5 QYRR Bl SalRisaBr S A Gt Ml 27500 o,
9.0 30 H56311—1)I,567415 (G.42.JE8imd: €z56.15;HY,,5.39;4V, 16dt4. J=2.0, 8.0 Hz, 1H), 7.43
(t, J=2.0 Hz, | H), 8.18 (d, J=3.0 Hz, 1H), 8.32 (d, J=2.0 Hz, 1H); \S3
(DCUNH3) mfz 215 (M+H) +; Anal . Cal cd for WO 01/81347 PCT/US01/ 13798 134
Cl12H14N4. 1. 50C4H8041. OH20: C, 53. 20; gihmpied; N 13.79. Found: C, 53.21; H,
5 16; N, 13.38 Exanple 63 5 (3aR 6aR) 5-(5-ethyl -3-p.
' di nyl ) oct ahydr opy (eighof R84lidzhbigyele O]oete3ryhinesofiggnitrde furharabg|
(381 6aR) - 5- (5-et hyl - 3- pyri di nyI)hexahydropyrroI o[ 3, 4- bI pyrrol e-1(2H) -
car oxyI ate 10 The product of Exanple 56B (1.00 g, 3.17 mmol) and Pd/C
(0.100 g, 10 wt%9 in ethanol (20 miExwepl qlaaced under 1 at nosphere of
hydrogen. After stirring at anbl ent terrperature for 5 hours the m xture
was filteredet Bpylighs)Ga(3-¢vs inyl ipgabiqyglo 36 X yPuced
E)E)eCIS/S K"r_g) t ?r[ gﬁg%g{% t{j@" é}lahlp?e Wg,(loo 1%91901?1’11 (6 2%6 g”F‘é'mmg*B %1 Volt?éng) M5
(10 mL) was treated with 3-cyano-5-bromopyridine (0.206 g, 1.10 mmol), Pd,(dba); (0.0.19

15 g, 0.02 mmol), BINAP (0.026 g, 0.040 mmol) and sodium tert-butoxide (0.170 g, 1.80 mmol)

and heated at 80 °C for 4 hours. The mixture was allowed to cool to room temperature and
concentrated under reduced pressure. The residue was purified by chromatography (SiO;,

5%MeOH/CH,Cl,) to provide the title compound as a yellow oil (77%, 0.232 g). MS

(DCUNH3) m/z 314 (M+H)".
20
Example 62B
(cis)-5-]3,8-diazabicyclo[4.2.0]oct-3-ylnicotinonitrile fumarate
The product of Example 62A (0.212 g, 0.70 mmol) in dichloromethane (10 mL) was
treated with trifluoroacetic acid (10 mL). After stirring at room temperature for 1 hour, the
25 reaction mixture was concentrated under reduced pressure. The residue was purified by

chromatography (SiO,, methanol:CH,Cl,:NH4OH, 10:89:1) to provide a yellow oil (0.059 g)
in 39% yield. The fumarate salt was formed to afford an off-white foam. "H NMR (MeOH,
300 MHz) 8 2.01-2.12 (m, 1H), 2.37-2.48 (m, 1H), 2.87-2.96 (m, 1H), 3.15-3.35 (m, 1H),
3.47 (d, J=3.0 Hz, 1H), 3.52-3.63 (m, 1H), 3.68 (dd, J]=2.0, 12.0 Hz, 1H), 3.86 (dd, J=2.0, 9.0
30 Hz, 1H), 3.45 (t, J=8.0 Hz, 1H), 4.47 (dt, J=2.0, 8.0 Hz, 1H), 7.43 (t, J]=2.0 Hz, 1H), 8.18 (d,
J=3.0 Hz, 1H), 8.32 (d, J]=2.0 Hz, 1H); MS (DCIYNH;) m/z 215 (M+H)"; Anal.Calcd for



15 Exanple 63B (3 aR 6aR)-5 _(5-ethyl-3-pyridinyl)octahydropyrrolo

[ 3,4-b] pyrrole The product of Exanple 63A (0.360 g, 1.13 nmol) in CH2O 2
(10 nL) weQot/sated wth trifluoroacetic acid (3 L) dropei/dsozs’® C. The
m xture was stirred at 0 Cfor 1 hour, 20 allowed to warmto anbi ent
tenperature and stirred an additional 3l3aours. The sol ution was
concentrated under reduced pressure and purified via chromatography (Si 02,
9 1 0.1 CH2C12: CH3OH: NHAOH) to provide the title conpound (0.176 g, 0.810

(3R 6aR Goiinteit G B Ry ) EeGe S o B TRl pti P e SAGut i on

of fumaricgzagid (94.0 ng, 0.810 mmol) in 10% CH3OH in diethyl ether (7 nl)
was treated with the product of Exanple 63B (0.176 g, 0.810 mml) in 10%
CH3OH in diethyl ether (5 nL). After stirring for 20 hours, a precipitate
formed and was isolated via 30 filtr ionlt provide the title conpound
(0.220 g, 0.643 nmmol, 79%yield). 1H OH- d4, 300 MHz) 8 1.25 (t, J
= 7.8 Hz, 3H), 2. 034kt i 2H), 3.34
(m 5H), 3.49 (m .5, 1. m 1H), 6.67
(s, WO 01/81347 PCT/ US01/ 13798 135 2H) 7. 06 (rn | H), '7.84 (d, J = 1.4 Hz,
1H, 7.87 (d, f = 2.7 Hz, 1H); M ( I/NH3 z 218 (MtH-CAHAOM) +; Anal .

cal cul ated for C13H19N3C4H404. 0. 5H2 1 3 3: H 7.07; N, 12.27. Found:

C, 59.73; H, tht-Bitiyl (8aRARIB (55D BH xﬁilﬁﬂ)hexahydropvrroloB 4-blpyrrole-1(2H)-

] 5- ((3aR, 6aR) - hexahydr opyrrol o(3, 4-b] pyrrol -5(1H)-yl)-2-brono- 3-pyridinyllm
et hanol fumarate Exanple 64A 10 ter@légli_!(/i?ﬁw aR, 6aR) - 5- [ 5- (hydr oxy

protbiet of " Exariy im0 BE B LR Sep Yok, & I rafe GO r PR h® 1 TS
m., 18.5 etiambo) (ZOrInEHEe(eJ;ﬂﬁbedm)ﬁm]sattrroeph@d oﬁ\hydrogeelr tAﬂtmtsyfrlngtdn bunbidnn
pe nt ane

d -78 dd h
Xt ur o VBSDSRIT Bt YT R B iererioveh Celicenars Bils ottt o
a m xt ur e;pit: MARM drdssdr tgpr&'\ﬁd@th@mle)cob@o%mdojgg.mﬁmol, 89% yield). MS

(DCUNH;) m/z 318 (M+H)".

15

Example 63B
(3aR.6aR)-5-(5-ethvi-3-pyridinyl)octahvdropyrrolo[3.4-blpyrrole

The product of Example 63A (0.360 g, 1.13 mmol) in CH,Cl, (10 mL) was treated

with trifluoroacetic acid (3 mL) dropwise at 0 °C. The mixture was stirred at 0 °C for 1 hour,

20 allowed to warm to ambient temperature and stirred an additional 3 hours. The solution was
concentrated under reduced pressure and purified via chromatography (Si0,, 9:1:0.1
CH,Cl,:CH3sOH:NH40H) to provide the title compound (0.176 g, 0.810 mmol, 72% yield).
MS (DCI/NH3) m/z 218 (M+H)".

25 Example 63C
(3aR.6aR)-5-(5-ethyl-3-pyridinyDoctahydropvrrolol 3.4-blpyrrole

A solution of fumaric acid (94.0 mg, 0.810 mmol) in 10% CH;OH in diethyl ether (7
ml) was treated with the product of Example 63B (0.176 g, 0.810 mmol) in 10% CH;0H in

diethyl ether (5 mL). After stirring for 20 hours, a precipitate formed and was isolated via

30 filtration to provide the title compound (0.220 g, 0.643 mmol, 79% yield). "H NMR
(CH30H-d4, 300 MHz) & 1.25 (t, J = 7.8 Hz, 3H), 2.05 (m, 1H), 2.35 (m, 1H), 2.65 (q, ] =7.8
Hz, 2H), 3.34 (m, 5H), 3.49 (m, 1H), 3.87 (dd, T =11.5, 1.1 Hz, 1H), 4.40 (m, 1H), 6.67 (s,



The solution was stirred for 30 mnutes at anbient tenperature and then
ethyl acetate (100 nl) and H20 (100 nL) were added. The | ayers were

separ at etv@ntsBe aqueous | ayer was extracted with ethyl rarEsas7¢8100 nlL).
The conbi ned organic |ayers were dried over NaSO4, filtered,and the
filtrate concentrated under reduced pressure. The crude material showed 20
unreduced al dehyde; therefore, the m xture was dissolved in CH3CH (100 nm.)
and NaBH4 (1.75 g, 46.0 rrm)l) vvas added The mi xture was stirred for 2

hours and e t r

purified i ‘én%?’ﬁna% 6’2 Z5 )fgtgroﬁfg EYRATE ggﬁeﬁgn@%ﬁﬁ?%w de
the titleogg 0 E@H)Fo % I

b | 52 ExWanpl glgi%ét éérﬁ;[al fb%atﬁﬁla r ClAPNI-€419)0 - VB, O LE s B, m 7, 320

aR, 6aR) - 5-2.%" Braymd:- G;i%?ﬁ&b)@ﬁ?ﬂeﬂ\hﬂml@ pyri di nyl | hexahydropyrrol o[ 3, 4-

b] pyrrol e-1 (2H)-carboxyl ate The product of Exanple 64A (1.11 g, 3.48 muol)
in CH3CN (30 nL) was treated 30 with N bronobsuccinimde (0.606 g, 3.41
nol 3 in CH3CN (10 nL) dropw se -10 Gix 6an xture was stirred for | hour
at -10 C and then was quenched vvlth 1 rrL) The Iayer s.vvere separ at ed
and the aq R 6a) £ : rokef ) p i z

PCT/ US01/ 13798 136 conbl ned organl Cs L Sie dr| ed over Na2804 fil tered and
the filtrate concentrated under redugﬁ—pressure The residue was purified
via chromat ography (Si 02, 50% ethyl acet at e/ hexanes) to provide the title

conmpound (1.32 g, 3.31 nmol, 95%yiel d). (DCI/NH3) mz 398 (MtH)+. 5
Exarrpl e 64C [5 ((3 aR 6 aR) - hexahydr%@dif 3 ,4-b]pyrrol-5 (1

: A0 g 349,
0 3 167354 nL)

dr opw se at 0 C. After the addltloh(,ZH)lfwrbmxIatHe was 10 allowed to warmto

Concent rat od. UMARFOPEAAEEErBSeH @ D Shanmelia S ok e g oypatnite (143

h
ch ggﬁ%gq?gpg%so (n%lléi%m TRFH éb I%L%%?tw Db thRmP I Pentige (1€ M 19,2

mL) dropw1se at-78 °C After complete addition, the mixture was stirred for 20 minutes and

15 then transferred via cannula to a mixture of NaBH, (1.75 g, 46.0 mmol) in CH30H (100 mL).

The solution was stirred for 30 minutes at ambient temperature and then ethyl acetate (100
mL) and H,O (100 mL) were added. The layers were separated and the aqueous layer was
extracted with ethyl acetate (100 mL). The combined organic layers were dried over NaSO,,
filtered and the filtrate concentrated under reduced pressure. The crude material showed
20 unreduced aldehyde; therefore, the mixture was dissolved in CH3OH (100 mL) and NaBH,4
(1.75 g, 46.0 mmol) was added. The mixture was stirred for 2 hours and then was worked up
as before to give a crude oil which was purified via chromatography (SiO2, 50% ethyl
acetate/hexanes) to provide the title compound (2.10 g, 6.57 mmol, 71% yield). MS
(DCYNH;) m/z 320 (M+H)".
25
Example 64B
tert-butyl (3aR,6aR)-5-[6-bromo-5-(hydroxymethyl)-3-pyridinyl |hexahydropyrrolo{3.4-
blpyrrole-1(2H)-carboxvlate
The product of Example 64A (1.11 g, 3.48 mmol) in CH3CN (30 mL) was treated
30 with N-bromosuccinimide (0.606 g, 3.41 mmol) in CH3;CN (10 mL) dropwise ~10 °C. The
mixture was stirred for 1 hour at —10 °C and then was quenched with H,O (10 mL). The

layers were separated and the aqueous layer was extracted with CH,Cl, (10 mL). The



15 Exanpl e 64D [5-((3 aR 6aR)-hexahydropyrrol o[ 3, 4-b] pyrrol-5 (1

H) -yl )-2-brono- 3-pyridinyl)nethanol funmarate The product of Exanple 64C
(90.0 nmywWOB8B4MMDI ) in 20% CH3OH in diethyl ether (10 nk¢TAa&!/13resat ed
with a solution of fumaric acid (35.0 ng, 0.302 nmmol) in 10% CH3OH 20 in
diethyl ether (5 nmL). The m xture was st3¢rred for 20 hours and the
precipitate was isolated via filtration to provide the title conpound
(91 3 ny, 0 211 mol 70%yi eld). 1HNW (CH3OHd4, 300 MHz) 8 2.05 (m

2.35 332 45 ( 2H), 3.84 (dd, J =11.5, 1.2 Hz,
1H) 4. 39 PR mbn@ﬂ‘)orgaAn@?N?rg dngqlﬁ)verg\leggOe g%ltequ‘._fg andﬁhgégllt(aép copcentzated F.Eder 1H),

7.72 (d, Q”Q%J a9 Ao\t I
cal cul at eééf 8?@ %S%%%H%E%res% %F—I@% Wézc 44, %S%EEW § etﬁ?l?Z Found:
C, 44. 39;ackiatedhek8nesNio @ro6hile thdtdampimep@md((BAR 26AR] nﬁn@lﬁs%%qrrdd)s MiSnyl - 3-p

ryidinyl) ‘t‘(@%@ Y )}/g[ +4-b] pynol e di hydrochl oride 30 Exanple 65A
tert- buty@) %6%(%)39%? rono- 5-vi nyl - 3- per
di ny4) hexahydropyrrol o(3, 4-b] pyrrol e-1(2H) - carboxyl ate WO 01/ 81347

PCT/ US01/ 13798 137 The product of Exanple 56B (0.550 g, 1.74 mmol) in
CH3CN (10 nL) was treated with sol |Ei@mm¢;%@sucm ni m de (0.330 g, 1.83
mmol ). The ' . [ o, & hutfnched
with water ard ot A9 RIS

Na2SO4, fil ter’ﬂfé;ﬁﬂ@dtb?Eﬁcmhblfe@B (@qag%DB@D%&?Q&CHE@E%Q@)W&%&&%@ The
5 residue was purified via chronatograp provide the title conmpound

(o 210 g,With BERiorqnssiic 2add ¢4 mléldﬁgpvvlwt(% /Nﬁqgt)thﬁﬁédlggm themigture Wiganpl e 65B

(3 5. 52Rheh o DLOIR: Bl P BYAOEI INLORKLLBL Aok 8 oy ol e

treated osntdntiatadfunder edasdd Iﬁemnechnmhmte);xdde ppmﬁaiawatchﬂmﬁtoﬁh@msmyr e was

stirred at 0 C for. 3 hours (% concentrated under reduced .
pressure.? TRd @%&@S@z@é@&?ﬁ .t%artwcaﬂ & Hfle femBeirddRyPop & 8302 gamoly 84%
CH2C12: i NHAOH) to provide the title conpound (0.140 g, 0.476 mol,
94% vyi el (DCUNH3) mnmiz 295 (M#H) +. 15
15 ’ Example 64D
[5-((3aR,6aR)-hexahvydropyirolo[3.4-blpyrrol-5( 1H)-yD)-2-bromo-3-pyridinyljmethanol
fumarate

The product 6f Example 64C (90.0 mg, 0.302 mmol) in 20% CH3;O0H in diethyl ether
(10 mL) was treated with a solution of fumaric acid (35.0 mg, 0.302 mmol) in 10% CH3;0H
20 in diethyl ether (5 mL). The mixture was stirred for 20 hours and the precipitate was isolated
via filtration to provide the title compound (91.3 mg, 0.211 mmol, 70% yield). 'H NMR
(CH;0H-d4, 300 MHZz) 6 2.05 (m, 1H), 2.35 (m, 1H), 3.32 (m, 5H), 3.45 (m, 2H), 3.84 (dd, J
=11.5, 1.2 Hz, 1H), 4.39 (m, 1H), 4.57 (s, 2H), 6.67 (s, 2H), 7.33 (d, J = 3.1 Hz, 1H), 7.72 (d,
J=3.1 Hz, 1H); MS (DCUNH;) n/z 299 (M+H-C4H,04)"; Anal. calculated for
25 Ci2H16BIN3OC,H404°H,0: C, 44.46; H, 5.13; N, 9.72. Found: C, 44.39; H, 4.79; N, 9.66.

Example 65
(3aR,6aR)-5-(6-bromo-5-vinyl-3-pyridinyl)octahvdropyrrolo[3.4-blpvrrole dihydrochloride

30 Example 65A
tert-butyl (3aR.6aR)-5-(6-bromo-5-vinyl-3-pyvridinyDhexahvdropyrrolo[3.4-blpvrrole-1(2H)-

carboxylate



Exanpl e 65C (3aR, 6aR)-5-(6-brono-5-vinyl-3-p ridinyl)octahydrop

yrol 013, 4-bl pyrrol e di hydrochl ori de The product of Exanple 65B (0.140 g,
0.476 mmwQ oi/su3eét hyl acetate (10 nL) was treated w th 4NPEICUSIIN3798

1, 4-dioxane (1 m). The m xture was stirred at ambient tenperature 20 for
15 m nutes and then concentrated under ¥3duced pressure. The crude materi al
was crystallized from CH3OH and ethyl acetate to provide the title
conmpound (50.0 ng, 0.130 mmol, 27%vyield). 1H NVR (CH3OH d4, 300 MHz) 6

2 50 tan Tl S e %mple%%ééé? 2 pinsol) § GERGN 1 L) vees gt

J=17.3,11. vﬁtﬂ%lld:!{‘llﬂ))rorﬂos%écﬁgmdé?ZéO ki, 8§Lfﬂ}moly Tife thfkturd s Ltifiéd atlddibied® 25

(DCI/NH3) mz 294 ( MtH 2HCL) +; na cal cul ated for C13H, 6Br N3. 2HC1H20: C,

40. 54; H temperaBire for 1llﬁ>u9,1queﬁ«ziwddv1ﬂﬂwat¢ﬂalst;XttacteB With CHizCho Thd orgenimipbbse 66
5-((3aR, 6

LT b o oS e BN et 2 B Rentrated mmpervedused arsspuesdho vo

01/ 84347 r@@ﬁéﬁ@slﬁlﬂr%‘?éﬁ&la él%%n{a&rgfraﬂnyttbf brdvddiRe GARLoRPbS1d0N0-D 0,583

1( met hyl sul f ony rret h pyri di nyl hexahydr opyrr ol 3,4-b] pyrrol e-|
(2H) - car oyl étl%g 52&1/181{3 4&%@&(0 300 g, 0.753 nmol) and
triethylamne (O. 231 n1_ 1.66 mol) in CH2C12 (5 nL) were treated with
met hanesul fonyl chloride (0.0641 niL, 0.829 5 nmol) at anbient tenperature.
The m xture was stirred for 20 hour sExamehlé b§B was quenched with water (5
mL). The | ayers were_separated and t he organl c | ayer was dr| ed over Na2SO4,

filtered and t hEaRyqaR)-@-brgrmeoss, |-3pviidimsloetahydrapyelaBsdb oyirelee 1 esi due
broifde the t ﬁ‘f@@fﬁ@t‘%@ﬁﬁ%ﬂ%@@%@%‘% Bk iRCR LR
66B t ert -vhith irifluoBoaaBtiGadR) (ZSHJfL) dropw1se at 0 °C. The mixture was stirred at 0 °C for 3 hours
i L SRR T

N, N-di "Etdﬂydrﬁﬁsgﬂaﬁh;d?slb?,ogié%.1&@%{%@@&@?@0‘9{)&8p%@h‘ie(tﬁéuﬂg cofipSf Mol ) .

The m xture was warned N
(0.140 g, 0.476 mmol, 94% yield). MS (DCI/NH3) m/z 295 (M+H)".

15

Example 65C
(3aR,6aR)-5-(6-bromo-5-vinyl-3-pyridinyl)octahydropyrrolo[3.4-blpyrrole dihydrochloride
The product of Example 65B (0.140 g, 0.476 mmol) in ethyl acetate (10 mL) was

treated with 4N HCl in 1,4-dioxane (1 mL). The mixture was stirred at ambient temperature

20 for 15 minutes and then concentrated under reduced pressure. The crude material was
crystallized from CH3OH and ethyl acetate to provide the title compound (50.0 mg, 0.130
mmol, 27% yield). "H NMR (CH30H-dg, 300 MHz) § 2.07 (m, 1H), 2.36 (m, 1H), 3.40 (m,
7H), 3.88 (dd, J=11.9, 1.3 Hz, 1H), 5.50 (dd, J=11.5, 1.0 Hz, 1H), 5.87 (dd, J=17.3, 1.0 Hz,
1H), 6.94 (dd, J=17.3, 11.5 Hz, 1H), 7.33 (d, J=3.1 Hz, 1H), 7.77 (d, J=3.1 Hz, 1H); MS

25 (DCUNH3) m/z 294 (M+H—2HCI)+; Anal. calculated for C13H;sBrN3*2HCI*H,O0: C, 40.54; H,
5.23; N, 10.91. Found: C, 40.86; H, 5.17; N, 10.41.

Example 66
[5-((3aR.6aR)-hexahvdropyrrolof 3.4-blpyrrol-5(1H)-y1)-2-bromo-3-pyridinyl]acetonitrile
30 fumarate

Example 66A



allowed to stir for 20 hours. The m xture was then concentrated under
reduced pressure and the residue purified via chromatography (Si 02, 50%
et hyl acev@vestsexanes) to provide the title conpound (0. RO0U§/B7846 mol ,
39% vyield). M5 (DCUNH3) m z 409 (MtH)+. 20 Exanple 66C

] 5- ((3aR, 6aR) - hexahydr opyrr ol of 3, 4- b] pyi3gol - 5(1H) y1)-2-brono-3-p
"dinyl]acetonitrile The product of Exanple 66B (0.100 g, 0.246 mml) was
processed accordi ng to t he procedure described in Exanple 64C to provide
the free am ne (70 0,
((3aR, 6aR) - hexahy @& 'opH - gpB8 R PIRE &L ‘ :
'dinyl]acetonitrile f- 18 ah ") qtb @é@l CQ@QXIZ{QOWQ 0.228
nmol ) in 10% CH3OH i'nm diethyl ether reat e umari c acid
(26.4 ng, O. Z%emmgctbﬁExm@é@BHOBﬂO@i @ﬂﬁ&mrmlhmdﬁ@mmﬁnmlo 23hmlyi xture

t f th { d t t
brovi de (He FROUER SIS rer PR Siaheuisngt flsiae oD, Bia8" 1
(CHBOH 043001 abtbieh EnolrTd s 94s &Fied 4020 o3 ahtne s allrtiod m
3H), 3.83 (d 7 Hz, WD 01/81347 PCT/US01/13798 139 1H),

(s, 2H) mﬂswm(enﬁ mﬂ) The bgeyssyer Bpardteand(the opagiclayer WaEfét}Iedea‘ZNi(zﬂow =3.1
Mz, |/ NG3) 1 z. 30 + |
L SHLER r@%%%?‘g tg Coznﬁemliaf&gﬂﬁﬁeﬁm%C%‘isp"ef\?“relznbeere ifle &S plE‘fo%Vlég H

4.37; N, cbl?orﬂzﬁe%’éplﬁx@ﬂ% 5087 ethyl acetate/hexanes) to provide the title compound (0.300 g,
(3aR 6aR)-5-[ 6 {rret hoxynet hyl ) - 3- pyri di nyl ] oct ahydr opyr r ol of

3, 4- bl perrQﬂoénmPh%r/aY]@ ®xanpl e 67A 10 tert-butyl

(3afg 6aR) - 5- [ 6- br onp- 5- (et hoxynet hyl ) - 3- p3gri di nyl ) hexahydr op iol 013, 4-
b] pyrrol e-1(2H) - carboxyl ate The product of Exanple 64B (0.251 g, 0.630
mml ) in N, N-di nethylformam de (3 mBxawpde 6B ed to 0 C and treated with

NaH (38 ng, O, Tlcebthwas ] the m xture_stirred
for 20 mnultfé%g—ihg;' iRRQIM 1

ek ahvdronvirg ".‘«

0. 660 mml) was added. The |cnd the reaction mxture
was stirred for 1 hour, cooled o nd quen ed with ice/water. The

m xture was diThetperoduwwit DﬁExmﬂﬂeﬁﬁAa(ﬁdSOOtgeOpB&mo&epﬁﬂ\éﬂedethmlﬁanmmjém(Sc
Iayﬁr Was‘fnlg)r\;vgsdtré)a od W&E%&%(mfrln[gf& 529 m%?oq) "Phe mixture was warmed to 60 °C and

allowed to stir for 20 hours. The mixture was then concentrated under reduced pressure and

the residue purified via chromatography (SiO;, 50% ethyl acetate/hexanes) to provide the title
compound (0.100 g, 0.246 mmol, 39% yield). MS (DCI/NHz) m/z 409 (M+H)".

20 ' Example 66C
[5-((3aR,6aR)-hexahydropyrrolo[3.4-blpyrrol-5(1H)-yl)-2-bromo-3-pyridinyl]acetonitrile
The product of Example 66B (0.100 g, 0.246 mmol) was processed according to the

procedure described in Example 64C to provide the free amine (70 mg, 93% yield).

25 Example 66D
[5-((3aR,6aR)-hexahydropyrrolo[3.4-b]pyrrol-5(1H)-yl)-2-bromo-3-pyridinyl]acetonitrile
fumarate
The product of Example 66C (70.0 mg, 0.228 mmol) in 10% CH3;OH in diethyl ether
(5 mL) was treated with fumaric acid (26.4 mg, 0.228 mmol) in 10% CH3OH in diethyl ether |
30 (5 mL). The mixture was stirred for 20 hours and the precipitate was isolated via filtration to
provide the title compound (15 mg, 0.0347 mmol, 15% yield). "H NMR (CH30H-d,, 300
MHz) & 2.04 (m, 1H), 2.34 (m, 1H), 3.33 (m, 3H), 3.45 (m, 3H), 3.83 (dd, J=11.9, 1.7 Hz,




filtrate concentrated under under reduced pressure. The residue was
purified via chromatography (Si 02, 50% Et hyl acetat e-hexanes) to provide
the titl eveonpswnd (0.200 g, 20 0.485 mmol, 77%yvyield). MXTDWWISHB) ni z
412 (MtH) +. Example 67B (3 aR 6aR)-5-f

6- br ono- 5- (met hoxynet hyl ) - 3- pyri di nyl ] ogbahydr opyrrol o[ 3, 4-bl pyrrole The
product of Exanple 67A (0.200 g, 0.485 mmol) and trifluoracetic acid were
25 processed according to the procedure described in Exanple 64C to provide
the title ound 0. 145 464 nmml , 96%yield Exanpl e 67C

(3aR 6aR) 10140 HrE0sk: @gngpﬁg;) 66§ (5, 28, 7.27 (4, 258 ) 115788 E RIS e, 1)

let hyfl -3 @'I’{Nﬁ +3 Orof T .

pr oduct OTM ﬁg)np e g%& ?Q’I%'[QHY@‘ ). 4 Aﬁlialblr‘:?&!ﬂﬁ ?Jrnéalr@g%'?@é% %Hzg) 464
mol ) wer@, $r2% &5 daib; &k d219di Fguhd Ct,Hé..%B;HcédlZﬂé tR%@ri bed in Exanple 66D to
provi de the WO 01/81347 PCT/US01/ 13798 140 title conmpound (0.155 g, 0.362
mmol, 78%yield). 1H NVR (CH3OHd4, 300 MHiz) 8 2.05 (m 1H), 2.35 (m 1H),
3.265(m 1H), 3.35 (m 3H), 3.43 (M 23620 (s 3H), 3.84 (dd,
J=11.5,1.3 Hz, 1H), 439(m 1H), 4.M‘(“L‘ZH) (s, 2H) 7.26(d,
J=3.1 Hz, (3R, 62R) | higx ymieth y1)-81 viid 5

Anal . cal cul ated for 5 C13H18BrN3004 04: C, 47 68 H 5. 18 N, 9 81

Found: C, 47.31; H, 4.93; N, 9.56. 68

(1S, 5R6- (5-et hynyl - 3-pyri di nyl) -3, 6-di azabi cycl 013. 2. 0] hept ane furmarate 10
Exanpl e 68A tort-butyl (1R 5R)-6-{5-! (trimethylsilyl)ethynyl]-3-p dinyl

-3, 6- diazabicyclo [3.2.0] heptane-3 te The product of Exanple 69A

(199 0. Qe B BNPIR YA 4 [ERIA. W@Wh%%%&ﬁ&l&;n% ﬁ@]ﬁh%%;@%@%%@fé%g g,

1), trretnyramne (122 ng, 1.2 nnory,
mmol) and Cul (7.6 ng, O. 004 mﬁjbx)rmlalt\ﬂm@rmyﬂméfor mam de under N2 at
60-70 C and allowed to sti xture was diluted with 10

nL of water anthegipaug péﬁxmﬂﬁ 64&(9%5 1 &%@é@ em@@) n Tﬁé\lﬂﬂleﬂwﬂwlql &G s
12 2 OTGP S ol g G g, B A oo ety
removed and the mixture stirred for 20 minutes. The mixture was recooled to 0 °C and CHsI
15 (41.0 pL, 0.660 mmol) was added. The ice-bath was removed and the reaction mixture was
stirred for 1 hour, cooled to 0 °C and quenched with ice/water. The mixture was diluted with
CH,C(l; and the phases separated. The organic layér was dried over NaySQ,, filtered and the
filtrate concentrated under under reduced pressure. The residue was purified via
chromatography (SiO,, 50% Ethyl acetate-hexanes) to provide the title compound (0.200 g,
20 0.485 mmol, 77% vyield). MS (DCINH3) m/z 412 (M+H)".

Example 67B
(3aR,6aR)-5-[6-bromo-5-(methoxymethyl)-3-pyridinyljoctahydropyrrolo[3.4-blpyrrole
The product of Example 67A (0.200 g, 0.485 mmol) and trifluoracetic acid were

25 processed according to the procedure described in Example 64C to provide the title
compound (0.145 g, 0.464 mmol, 96% yield).

Example 67C
(3aR,6aR)-5-[6-bromo-5-(methoxymethyl)-3-pyridinyl]octahydropyrrolo[3.4-blpyrrole
30 fumarate
The product of Example 67B (0.145 g, 0.464 mmol) and fumaric acid (54 mg, 0.464

mmol) were processed according to the procedure described in Example 66D to provide the




20 conpound (120 ng, 80%yield). 1H NWVR (MeOH d4, 300 MHz) 6 0.05 (s, 9H),
1.40 (brs, 9H), 3.16-3.35 (m 3H), 3.50 (m 1H), 3.85-4.05 (m 3H), 4.50
(m 1H), vwo688G3w1 1H), 7.48 (d, J=2.7 Hz, 1H), 7.67 (m BEWURIHB7981H); NS5
(D /NH3) mz 372 (M+H) +. Exanple 68B 25 tert-butyl

(1R, 5R)-6-(5-ethynyl -3-p 140

di nyl) -3, 6-di azabi cycl of 3. 2. 0] hept ane- 3- car boxyl ate The product of Exanple
68A (120 ng, 0.32 nmol) was treated with BudN+F- (1Min THF, 2 nL) at room

or cosur e &8 SPREORBLILLR Gl Grrphaa oyt HHRPSGaERy Hr & o5 VA2 05

e (B T 00D g8 PSR E g p R RS G030 Sy 21 )

1H), 3.20=313510rHz,2H), 4.39 60, (), 444)(s, 16 6.68s, 2ZH)) 7.263d.9534. 1@5 1 7.38(d,

ﬁ|z,70 o JT%dEH%dlfﬁJ%%@éﬁﬁWZ% (@%@Fmﬁs@)mén%o@l‘(ﬁw?ﬁ for’ \7/\% (()il/ 8%342177

PCT/ LISO1/ | 1373
r di n§/J|) 3%171?%512%(3%%@%%@%%%(St%ngﬁ%?g S?S%?%’ it 13}2#;%%1\]6%%6( 90 ny,

0.30 mmol ) was treated with trifluroacetic acid 5 according to the
procedure of Exanple 69C. The product was purified by chronmatography
(Si 2, CH2C12: MeOH: NHAOH, 90:10:1, Rf 0.2) to provide the title conmpound
(60 ng, 99% vyield). 1H NWR (I\/bO—I—d4E,§aQ[g,1é\/gg) 8 2.57 (dd, J=12.6,4.1 Hz,
1H), 2.75 (dd, J12564 ,1H)_310 30(m3H),360(dd J78 3.4
Hz, 1H), 3_70(8 N6 hgnyls3 H diggabicwelof8.2(qQ aedfumarate 3 Hz,
1H)1694(dd J2717Hz 1H),772(d J27Hz 1H),790(d 10 J=1.7
Q4 M5 (DO /NHB) miz 200 (MrH)+.  Exanple 68D (1
S 5R) 6- (5-eth) Myl - 3-pyridinyl)-3, 6wclo f 3.2.0l heptane fumarate
The product of Exarrpl e 68C (60 was treated vmth fumaric acid
15 according to thetgrsdddRSR)Sr U Elmetbylsdd ety dighipdnd was
obtained as a solid (86 i d4 300 MHz) 8 3.16
(dd, J=12.6, 3.4 Hz, 1H)), 1H), 3.70-3.85 (m
3H) 4. 05 (t ’Dt;e?prSdlk&z of ]Ekbmplé 69& (1dda ,ng @6104nm31)3wa‘d2treatelﬂ®11h ﬁh?l@/h(rsneﬂzyﬂ)

119 25 . (HOORFDP i bio Wi 22 g Loty TsaBeRS (56 iz, Gobs ™

012H1_3'\'3 Iﬁm%g%hﬂft@% i@ﬁ%gg@oo%%&olﬁﬂ N difdethy1BfAnaide bhd&iN, £SO °CGnd
57.69; H, 5.06; N 11.0%3

allowed to stir for 10 hours. The mixture was diluted with 10 mL of water and extracted with

ethyl acetate (3 x 50 mL). The extracts were combined and concentrated. The residue was
purified by chromatography (SiO,, EtOAc:hexanes, 50:50:, R¢ 0.50) to provide the title

20 compound (120 mg, 80% yield). "H NMR (MeOH-d4, 300 MHz) & 0.05 (s, 9H), 1.40 (brs,
9H), 3.16-3.35 (m, 3H), 3.50 (m, 1H), 3.85-4.05 (m, 3H), 4.50 (m, 1H), 6.68 (m, 1H), 7.48
(d, J=2.7 Hz, 1H), 7.67 (m, J=1.7 Hz, 1H); MS (DCIUNH3) m/z 372 (M+H)".

Example 68B
25 tert-butyl (1R, 5R)-6-(5-ethynyl-3-pyridiny])-3,6-diazabicyclo[3.2.0Theptane-3-carboxvlate
The product of Example 68A (120 mg, 0.32 mmol) was treated with Buy;N'F™ (1M in

THF, 2 mL) at room temperature over 20 minutes. The volatiles were removed at reduced
pressure and the residue was purified by chromatography (SiO,, EtOAc: hexane, 50:50:, R¢
0.50) to provide the title compound (90 mg, 94% yield). "H NMR (MeOH-d,, 300 MHz) &

30 1.40 (brs, 9H), 3.16 (dd, J=12.5, 4.1 Hz, 1H), 3.20-3.35 (m, 2H), 3.60 (m, 1H), 3.65 (s, 1H),
3.85-4.05 (m, 3H), 4.70 (dd, J=6.1, 4.4 Hz, 1H), 6.95 (dd, J=2.7, 1.7 Hz, 1H), 7.73 (d, J=2.7
Hz, 1H), 7.94 (d, J=1.7 Hz, 1H); MS (DCIUNH;) m/z 300 (M+H)".



Example 69 (1 S, 5R)-6-(5-vinyl-3-pyridinyl)-3,6-diazabicycl o(3. 2. 0] heptane
fumarate 25 Exanple 69A tert-butyl (1R 5R)-6-(5-broino-3-p

i di nyl) - 3y@ousmazabi cycl o[ 3. 2. 0] hept ane- 3-car boxyl ate TheP@T/OAMCE3798f
Exanple 71B (510 ng, 2.0 mvol ) was treated with di-tert-butyl dicarbonate
(660 my, 3.0 mml ) and triethylamne (404 ng, 4 mol) in CH2C12 (20 mL) at
roomtenperature and allowed to stir for 10 hours. The m xture was
concentrated and the 30 residue was purified by chromatography (Si C2,

Et OAc: hexane, 50:50, Rf 0.5) to provide the title conpound (700 ng, 98%
yield). 1H NVR (MeOH d4, 300 MHz) 81.40 (brs, 9FD 3.14 (dd, J=12.9, 4.0
Hz, 1H), 3.20-3.35 (m 2H), 3.65 (n1E%5& 1e%885-4.05 (m 3H), 4.74 (dd, WO
01/81347 PCT/ USO1/ 13798 142 J=5.4 T?’ig—lZ_IH) 07 (t, J=2.0 Hz, 1H),
7.68 (d, J=2.7 Hz, ‘ dyl-3-py s RI16[3Q.0Neiiner] z 356
(M+2+H) +, 354 6 ter

(1R, 5R) - 6- ( 5- vf]?ﬁ/ﬁ’@" u%?? %HF% é@ @0 ?aﬁ) Té’é’ﬂ)o‘f%s oot triflroacetic 8ddy | at
e The pr&dd@ﬁngxt) tﬁé@rmé&uéaﬁﬁﬁaﬁﬂﬁe reagc Ihé pratiic wﬂ@ﬁuﬁﬁéﬂa&faumatbgraphy

tributyl vinyl stannane . and Pd PPh3)4 (79 ny,
t ol uene (302, ;ﬁ_HzCémMeﬁ)&hNEgOél 9@_6@ 1d<fff6r2) toptpideshe tihecempaupd £6Qvae, 99%
hexane, | ooy, TR AMERIEGS AR P2 57 709 418 S ETBbanth oy b0

ﬂz el cli)H) Tty NPPBQQ g/g@:snali(!n 33{)03 wbgad 3=1. 84@4(}bz’ SlH)9:H)'o (31116, i@@i(t 1=43187 611H)3 8
J=5.8, ’4410(@,,11@,1 35}&2%6%@@ B=2|%171H)z,,1155) g(ﬂ((é J—gz_{%lzslﬂaﬂm 6. 70

(dd 09=17_ 0. Wﬁéﬁﬁ% 0 hz, IH, 7.65 (d, J=2.7 Hz, |H)),
7.9 (4., Ay g |4z9H) 1P 00 QF§0505”, (MiH) +. 15 Exanpl e 69C (1
S, 5R)-6-(5-vinyl-3-pyridinyl)-3, 6-di azabi cycl o[ 3. 2. 0] hept ane The product of

Exanpl e 69B (140 ng, 0.46mmol) was treated with trifluoroacetic acid (2
nm) in CH2C12 (2 nl) at roomtenperMer stlrrlng for one hour, the

T o 20 e SRR 5l Db e B 01 A SRR o0r 2phy
(80 ng, 86% yiBhedroduct of Example 68C (60 mg, 0.30 mmol) was treated with fumaric acid
15 according to the procedure of Example 46C. The title compound was obtained as a solid (86
mg, 92% yield). "H NMR (MeOH-d,, 300 MHz) 8 3.16 (dd, J=12.6, 3.4 Hz, 1H), 3.35-3.40
(m, 3H), 3.45 (m, 1H), 3.70-3.85 (m, 3H), 4.05 (t, J=7.8 Hz, 1H), 4.96 (dd, J=6.4, 3.3 Hz,
1H), 6.70 (s, 2H), 7.10 (dd, J=2.3, 1.7 Hz, 1H), 7.85 (d, J=2.7 Hz, 1H), 8.00 (d,J=1.7 Hz,
1H); MS (DCI/NH3) m/z 200 (M+H) Anal. calculated for C;,H;3N3e1. 20C4H4O4'0 8H,0:

20 C,57.17;H, 5.54; N, 11.91. Found: C, 57.69; H, 5.06; N, 11.03.

in

Example 69
(1S,5R)-6-(5-vinyl-3-pyridinyl)-3.6-diazabicyclo[3.2.0Theptane fumarate

25 . Example 69A
tert-butyl (1R,5R)-6-(5-bromo-3-pyridinyl)-3.,6-diazabicyclo[3.2.0Theptane-3-carboxylate
The product of Example 71B (510 mg, 2.0 mmol) was treated with di-tert-butyl
dicarbonate (660 mg, 3.0 mmol) and triethylamine (404 mg, 4 mmol) in CH,Cl, (20 mL) at

room temperature and allowed to stir for 10 hours. The mixture was concentrated and the
30 residue was purified by chromatography (SiO,, EtOAc:hexane, 50:50, R¢ 0.5) to provide the

title compound (700 mg, 98% yield). '"H NMR (MeOH-d,, 300 MHz) & 1.40 (brs, 9H), 3.14

(dd, J=12.9, 4.0 Hz, 1H), 3.20-3.35 (m, 2H), 3.65 (m, 1H), 3.85-4.05 (m, 3H), 4.74 (dd,



1H NVR (MeOH d4, 300 MHz) 8 2.57 (dd, J=12.8,3.7 Hz, 1H), 2.75 (dd,
J=12.2,6.1 Hz, 1H), 3.10-3.30 (m 3H), 3.65 (dd, J=7.8, 3.4 Hz, 1H), 3.95
(t, J=8. wWoin1/8Bk), 4.70 (m 1H), 5.40 (d, J=11.5 Hz, 1H) PCHUS@/I3A98 J=17. 6
Hz, 6.70 (dd, J=17.6, 11.2 Hz, 1H), 6.95 (t, J=2.4 25 Hz, 1H), 7.65 (d,
J=2.7 Hz, 1H), 7.90 (d, J=1.7 Hz, 1H); M3 (DCI/NH3) mz 202 (MtH)+.

Exanple 69D (1 S,5R)-6-(5-vinyl-3-p ry

i di nyl) - 3 6- di azabi cycl o[ 3. 2. 0] hept ane funarate The product of Exanple 69C

(80 nmg, 4 ccordi to th
procedure J_g 4@24%4 ﬁﬁﬁ@?%hg %melébMd? 2H§b]clg] (r;{ @Sﬁ& 7(5)16713’ ﬁ{)€62
ng, 50% yqﬁgdb 3I)\IWZQ§@§71&§4H)+39§4 m®t 3.20 (dd, 1=12.6, 3.4 Hz,
3.35-3.40 ( 5m3H) 405(tJ78Hz
1H), 4.96 (dd J 6.1, 3.4 Hz, WO 01/81347 PCT/ US01/ 13798 143 1H), 5.40 (d,
J=10.8 Hz, 1H), 5.90 (d, J= 17.6 H 1H), 6.76 (dd,
J=17.9,11.2 Hz, 1H), 710(t J2M775(d J=2.7 Hz, 1H), 8.00
(d, 9=1. 7. Hgw bhi: IaroWNG. 063 )
C10OH12Br N3. :
4.60. 5 Exanplﬂlamo@aqt@iEsamﬂ)e @Adﬁdﬁaml}ﬂdymOBfW% treated with

?12R g}:g;] ehl; Pg’f}’x L !Stgglﬁjagpg?gll %’ %@?@ég@}’@é@ eg?(? 66 mmo?) 1n¥01uene (20

3. 2. 01lhephByendBhdatida®x b al dor TN louRs. O i Ofire v Itoh CentdRd (98 tho sidde WD )
and 3-brono-5-cyano-pyridi ne were processed accordln? to the procedure of

Exarrpl e ImrifipddychipseatperapiictSiQadiPdc: hexage.pp: 5% Re 8ifal bgprapy theditly?

oo R B A S P G DRTRURA M Bao 1

Sm6 i5 i H);lz% 9% I({@IdH)J;@oz 353t ZHZ), 3.85m, BHPGS @5-21@5(@1 331')94 7%dﬁ41=€5181,,
3H), 7. 354 t Hz tHl) 5.42 @63]:(](9”% H_,zl%) B0 (ﬂll-f(r”@ Hz, 1H)d6 7Q£<_id =17, 109 Hapes

(DCl / NH3) (. + e A0B20
(1R, 5R) - 61}?5{5%09?}§ﬁ IS%;%i Wﬁﬁ@g J6 di aga})ﬁ)eycl gF jd21 %?ﬁeplpén (IP car Ed)xyl ate
A sol uti an/z#02t(veriy oduct from Exanpl e 70A (800 ng, 2.40 mmol) in ethanol
(40 L) was conbined with 10% pal | adi um on carbon (400 ng) and the

susb%n& on was stirred under

(m

Example 69C
(1S,5R)-6-(5-vinyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane
The product of Example 69B (140 mg, 0.46mmol) was treated with trifluoroacetic

acid (2 mL) in CH,Cl, (2 mL) at room temperature. After stirring for one hour, the mixture
20 was concentrated and the residue was purified by chromatography (SiO,,
CH,Cl:MeOH:NH40H, 90:10:1, R¢. 0.2) to provide the title compound (80 mg, 86% yield).
'"H NMR (MeOH-d,, 300 MHz) § 2.57 (dd, J=12.8, 3.7 Hz, 1H), 2.75 (dd, ]=12.2, 6.1 Hz,
1H), 3.10-3.30 (m, 3H), 3.65 (dd, J=7.8, 3.4 Hz, 1H), 3.95 (t, J=8.1 Hz, 1H), 4.70 (m, 1H),
5.40 (d, J=11.5 Hz, 1H), 5.90 (d, J=17.6 Hz, 6.70 (dd, J=17.6, 11.2 Hz, 1H), 6.95 (t, ]=2.4
25 Hz, 1H), 7.65 (d, J=2.7 Hz, 1H), 7.90 (d, J=1.7 Hz, 1H); MS (DCI/NH;) m/z 202 (M+H)".

Example 69D
(1S8,5R)-6-(5-vinyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane fumarate
The product of Example 69C (80 mg, 0.40 mmol) was treated with fumaric acid

30 according to the procedure of Example 46C. The title compound was obtained as a solid (62
mg, 50% vield). "H NMR (MeOH-d4, 300 MHz) & 3.20 (dd, J=12.6, 3.4 Hz, 1H), 3.35-3.40
(m, 2H), 3.45 (m, 1H), 3.70-3.85 (m, 3H), 4.05 (t, J=7.8 Hz, 1H), 4.96 (dd, J=6.1, 3.4 Hz,



H2 (1 atm at anbient tenperature for 2 hours. The m xture was treated with
di-tert-butyl dicarbonate (660 ng, 3 mol) and stirred for an additional 6
hours. Theomi/gB¥re was filtered 25 and the filtrate was cPOT@®RVRI®Sd. The
residue was purified by chromatography (Si 02, CH2C12: MeOH, 95:5, Rf 0.6)
to provide the title conmpound (300 ng, 43% yield). 1H NVR (MOH d4, 300
MHz) S 1.40 (brs, 9H) 3.20 (dd, J=12.9, 4.1 Hz, 1H), 330340(m 2H) ,
3.68 (m 1H), 3.85-4.10 (m 3H), 4.74 (dd, J=6.1, 4.0 Hz, 7.15 (dd,

(Do ) 1;;{'2551@%(1%&@%? g%)égig?gk%@gb Hh 6 h5he (dE'Zf 11911 56

S, 5R) - 3, 6- | L | 1\/@}@1
PCT/ )U801/ 1%79?b71£0/4&T%e%$§81£fp{)7§%h 2"7e 7%%”3%6 ‘%3‘ iaj SI?I-Swas

treated VIDCU/NH;)mha@0d YBH)C. mlqal@l&at@iﬁtrﬁgoHl@Bm%el p@@d&&rlé(ﬁiz(lzx@npl e
46B. The ) I i chr omat ogr aphy (Si 02, CH2Cl2:

M OH; Nmﬁ%g’%ﬁ Ploﬁfldg%szié’% ngﬁ)de the title compound (110 ny, 55%
yielg). 1H NVMR (MeOHd4, 300 MHz) b 2.58 (dd, J=12.9,3.0 Hz, 5 1H), 2.76

(dd, J=12.2, 6.1 Hz, 1H), 3.15-3.30 (m 3H), 365(dd J=8.2, 3.8 Hz, 1H),
4.00 (t, J=7.8 Hz, 1H) 4.75 (dd, J%&_mpg_l /% Hz, 724(m 1H), 7.83

Eg]’ D‘QS;Z"Z’O_HE’((%H) - - -¢§ziiia§c1“hzéiﬂgpk&5mn 12,201 (MeH) +

TODITU 04 LS, o) - o, O- Ut azabi c
[3.2.d hept-6-yllni coti noni tr| |l e furrar ate The product of Exanple 70C (100
ng, 0.50 nmmol) was treated with fumaric acid according to the procedure of
Exanpl e 46C. The t|tIe corrpound was E@?&E@L@’n&ias a solid (140 ng, 90%
y| e 6) . 1H [ . :
(m 2 350 )= 3.3 T
(dd J=6.5, 3. ’Bleilxﬁodﬂmt oﬁEl)tamﬁle'b@D((@SOﬂr@ 4ni‘m616 aﬁdiﬂ-brdmd—S?qyaﬂlo i‘)yi'ﬂdmeiﬂé)re

(SM}rEI) (+d Af{awsseéaaceerg‘ggée t%vm&éﬂﬁ‘fﬁfﬁwzpl@é&%&%% %m%t H@P%Z teghhy

4.97. F |
e R e, oS

(1R, 5R) - &1¢hyietd)ntd BAVIR '(MicH-)ls, 306 Miilz)za BiX(dH ol 22, 8 1Hént1&H£3.30-Gattuoxy | at e
15 2H), 3.65 (dd, J=8.2, 3.4 Hz, 1H), 3.96-4.10 (m, 3H), 4.74 (dd, J=6.1, 4.0 Hz, 1H), 5.10 (m,
2H), 7.15 (dd, J=2.7, 1.7 Hz, 1H), 7.25 (m, 3H), 7.35 (m, 2H), 7.96 (d, J=2.7 Hz, 1H), 8.15
" (d, J=1.7 Hz, 1H); MS (DCINH;) m/z 335 (M+H)".

Example 70B
20 tert-butyl (1R, 5R)-6-(5-cyano-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane-3-carboxvylate
A solution of the product from Example 70A (800 mg, 2.40 mmol) in ethanol (40 mL)

was combined with 10% palladium on carbon (400 mg) and the suspension was stirred under
H,; (1 atm) at ambient temperature for 2 hours. The mixture was treated with di-tert-butyl
dicarbonate (660 mg, 3 mmol) and stirred for an additional 6 hours. The mixture was filtered

25 and the filtrate was concentrated. The residue was purified by chromatography (SiO,,
CH,CL:MeOH, 95:5, R¢ 0.6) to provide the title compound (300 mg, 41% yield). 'H NMR
(MeOH-dy4, 300 MHz) & 1.40 (brs, 9H), 3.20 (dd, J=12.9, 4.1 Hz, 1H), 3.30-3.40 (m, 2H),
3.68 (m, 1H), 3.85-4.10 (m, 3H), 4.74 (dd, J=6.1, 4.0 Hz, 1H), 7.15 (dd, J=2.7, 1.7 Hz, 1H),
7.96 (d, J=2.7 Hz, 1H), 8.15 (d, J=1.7 Hz, 1H); MS (DCUNH;) m/z 301 (M+H)".

30

Example 70C
5-[(1S,5R)-3.6-diazabicyclol3.2.0Thept-6-ylInicotinonitrile




The product of Exanple 54D (920 ng, 4 mmol) and 3, 5-di bronopyri di ne were 25
processed according to the procedure described in Exanple 1E. The crude
product weQovgnai fi ed by chronmat ography (Si 02, EtOAc: hexar€T/USQ/BM8 Rf 0. 4)
to provide the title conpound (1.03 g, 66%yield). 1H NWVR (MeCH d4, 300
MHz) S 3.20 (dd, J=12.9, 4.1 Hz, 1H), B430-3.40 (m 2H), 3.65 (dd, J=7.8,
3.7 Hz, 1H), 3.92-4.10 (m 3H) 4.74 (dd, J=6.1, 4.0 Hz, 1H), 5.10 (m
2H), 7.05 t, J=2.1 Hz, 7.25 (m 3H), 735(m2H) 7.68 (d, J=2.4 Hz,

30 90 1 ! 390 M2 388 (M+H) +.
Exarlr:;ll) e ;15 Vé%f/%ﬁ%?%fﬁé%&g giz‘é) TEROR Vs regte 5;152‘6%‘0@% de "
dinyl ) - 3, Gl REARIEAE R ekl BERLARSI BB, PROGMAL nfaferﬁmapbﬁqﬂehw 1.00 g,

2.58 nmmol) was treated with trifluoroacetic acid according to the
pr ocedur echdesatogtapbly (SioEQQJi‘Ixﬂlle MeBH:IWHeOH; 0té0rtaRed 2ato masidptheititieed by

Che trt 1 St Babec 26y el aamh MG (ICONAAR VREAZA (ol s B3 16°
E ?nd 3 i{) 12}}5) 2376§d(ll'|2J 12 ég% 1 1% ?121'2,@%) AHy, (x71{§ ggﬁ,(irhﬁs ﬁdﬁg’ J—%Z,;%S %%1 11?);')51,.(2@9
119, 8 04k HactEho 45 <dd4)7*swsa’em NFBE). é4rtm 55 7.8MeR3+).3 Hr264), BH)dy . 10

Funar at e TFEer BB S G CRRaR e 2 it 36Tty A hEnt o wi th

fumari c acid according to the procedure of Exanple 46C. The title conpound

was obtained as a solid (85 ng, 78%yield). 1H NWVR (MeOHd4, 300 MHz) S

320(dd J=12.7, 3.7 Hz, 1H), 3.35-Bxatiple I8D(m 2|—|) 3.45 (m 1H),
803 82(m 3H) 9 : 37Hz 1H),

7. 28:(H1s RELREAE) NHE) ) 2
256 M+2+H) ¥, rSMdﬁbf Ex gie 70@@1@05? @%Oflﬁﬁlog was treated w1th fumaric acid
C10H12Br N3. 2. 45C4H404. | . O0OH2 N, 7.50 Found: C, 42.16;

H, 4.30; aqcordingo tixopredvpt ef Branile 466 RIThe itle compaundswos elythingd ps a solid
di nyl) -3, i az C 2 t
(1R 51y - Ty iSSP LI R CORORGH, SRS, st S s gl sl dos: o5
car boxy! & &) (m, 2H), 3.50 (m, 1H), 3.70-3.85 (m, 3H), 4.10 (t, J=8.1 Hz, 1H), 5.00 (dd, J=6.5, 3.8
15 Hz, 1H), 6.70 (s, 1H), 7.36 (dd, J=2.7, 1.7 Hz, 1H), 8.10 (d, J=3.0 Hz,, 1H), 8.26 (d, J=1.4
Hz, 1H); MS (DCUNH3) m/z 201 (M+H)*. Anal. calculated for
C11H1oNy#2.00C4HyO401.20H,0: C, 50.27; H, 4.97. Found: C, 49.83; H, 4.30.

Examp‘ le 71
20 - (18,5R)-6-(5-bromo-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane

Example 71A
benzyl (1R,5R)-6-(5-bromo-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane-3-carboxylate

The product of Example 54D (920 mg, 4 mmol) and 3,5-dibromopyridine were
25 processed according to the procedure described in Examplé 1E. The crude product was
purified by chromatography (SiO,, EtOAc:hexane, 50:50, R¢ 0.4) to provide the title
compound (1.03 g, 66% yield). "H NMR (MeOH-d,, 300 MHz) & 3.20 (dd, J=12.9, 4.1 Hz,
1H), 3.30-3.40 (m, 2H), 3.65 (dd, J=7.8, 3.7 Hz, 1H), 3.92-4.10 (m, 3H), 4.74 (dd, J=6.1, 4.0
Hz, 1H), 5.10 (m, 2H), 7.05 t, J=2.1 Hz, 1H), 7.25 (m, 3H), 7.35 (m, 2H), 7.68 (d, J=2.4 Hz,
30 1H), 7.90 (d, J=1.3 Hz, 1H); MS (DCUYNH;) m/z 390 (M+2+H)", 388 (M+H)".

Example 71B



The product of Exanple 69B (130 ng, 0.43 mmol) in acetonitrile (10 nL) at
-20 Cwas treated with N-bronosuccinimde (73 ng, 0.41 mmol) in
acetoni t woer/grecrooled to -10 to -20 C. The reacti on m xPOT/@SWas7guenched
with water (5 nL) and diluted with ethyl acetate (50 nL). The conbi ned
organi ¢ phases were washed with brine (5 10 nL), concentrated 30 and the
resi due was purified by chromatography (Si02, EtOAc: hexane, 30:70:, Rf
0.60) to provide the title conpound (100 ny, 61%y| eld). 1H NVR ( MeOH d4,
300 MHz) 6 1.40(br =12. . 320335(m
2H), 3.65 (m 1H), Yibgptanes 3H), 4. 70
(m 1H), 5.42 (fhe f}céﬁt §ftl7;algﬂa A%l% gﬁé 58‘1rm4131)@v4"2crea9eh|)w1ﬂpm?ﬂo£0(3@et1c
J=17.7,10.9 Hz, (d, J=3 VB

( DCI / NH3) acnd ZCCEfding oMk pfd)cedur@ ﬂesm&l)m—Eﬁarﬁxla |4‘ﬁBe Th@ Bn(db matenal was punﬁed

ot ocuer o BaEeE R TB o MAd NP, DR S BO Do B RIRBF Bttt
aci ds accoédilﬁﬂ?ﬂm& B@g @%%‘éi&bf edauR (VRRstlan Jovatal £s 6918 I\;Cdﬁhfc&w@% Hz,

material was purifie chriomat ogra hy (SI'02, CH2Cl2:
90: 10: 1, Hi),0. 3@)(HL6HDJ3)§/®CIB Hpe3.vd (m52HD4d19r(deEﬁj (468 (g, J%%3y4 Bzd)H), 1H

0 2 Y 1t ol ol Wl 1 °

8HZ(M VR 7 (Ek)=6.1, 3.3 Hz, 1H), 5.45 (d, J=11.9 Hz, 1H), 5.90
. J=173 Hz, 6.95 (dd, J=17.6, 11.2 Hz, 1H), 7.00 (d, J=3.0 Hz, 1H), 7.46
J=3.0 Hz, 1H): M5 (DCUNH3) mz 282 (Me2+H)+, 280 (MH)+. 15 Exanpl e

J=

(d

(d,

72C éls, 5R) - 6- ( 6- brono-5-vi nyl -3-p rﬁ{ g E{Scdl azabi cycl o[ 3. 2. 0] hept ane
fu

fu

t

ate The product of Exanple 72 0.25 Mol ) was treated with

maric acid a¢rFR)-695i8ombs-Piked)s 6-desbidybeis. Bl)llﬁ%ﬁ&i@lﬁﬂn&ﬁ@ The
itle conpound was obtained as a 20 solid (85 ny, 87%yield 1H NMVR

(MeOH- d4, 300 Tadroducs of Exprmgle T1B1G5ang, 9.3 rp@ol)ms treagedamitiglupmricracid H) |

30 ro bk teioRedd oP hamilp B8C g THE bfund i ot honlRs T, iy
6.96 (dd ,mg; */Js% 91,e1d)1®H9\1MR, (MEQH-dZ, 30 MHZ;S'QZG(dd; J=124 3. ’7H%51}(I}13 35=840 Hz

1H), 7.60 NH3) miz 282 M+2+
(mm ol 252 Bt ) fg%éélmmis@_samﬁndﬁz_ 590 @, 1265, 3.7 1z,

1H), 6.70 (s, 1H), 7.22 (m, 1H), 7.84 (s, 1H), 8.04 (s, 1H); MS (DCI/NH3) m/z 256
(M+2+H)+, 254 (M+H)+. Anal. calculated for C;gHzBrN3+2.45C4H,041.00H,0: C, 42.46;
H, 4.35; N, 7.50 Found: C, 42.16; H, 4.30; N, 7.74.

20 Example 72
(1S,5R)-6-(6-bromo-5-vinyl-3-pyridinyD)-3.,6-diazabicyclol[3.2.0Theptane fumarate

Example 72A
tert-butyl (1R,5R)-6-(6-bromo-5-vinyl-3-pyridiny])-3,6-diazabicyclo[3.2.0Theptane-3-
25 carboxvylate

The product of Example 69B (130 mg, 0.43 mmol) in acetonitrile (10 mL) at -20 °C
was treated with N-bromosuccinimide (73 mg, 0.41 mmol) in acetonitrile precooled to ~10 to
—20 °C. The reaction mixture was quenched with water (5 mL) and diluted with ethyl acetate
(50 mL). The combined organic phases were washed with brine (2 x 10 mL), concentrated
30 and the residue was purified by chromatography (SiO,, EtOAc: hexane, 30:70:, R¢ 0.60) to
provide the title compound (100 mg, 61% yield). "H NMR (MeOH-d,, 300 MHz) &
1.40(brs, 9H), 3.16 (dd, J=12.6, 3.8 Hz, 1H), 3.20-3.35 (m, 2H), 3.65 (m, 1H), 3.85-4.05 (m,



25 C, 8.50; H 4.58. Found: C, 48.15; H 4.14. Exanple 73

(3aR, 6aR)-1-(6-chloro-3-pyridin 1)y octahydropyrrol o[ 3, 4-bl pyrrol e fumarate
30 ExanplveO #8#I3¥WD 01/ 81347 PCT/ US01/ 13798 147 tert-butyl PCT/US01/13798

(3aR, 6aR)-1-[ (1R) - 1- phenyl et hyl | hexahydr opyrrol o[ 3, 4- bl pyrrol e-5(1H) -
carboxyl ate The product of Exanple 14043.53 g, 16.3 mmol) in
tetrahydrofuran (50 nL) and water (10 nL) was treated with di-tert-butyl

di carbonate (3.60 g, 16.3 mmol ). The m xture 5 was stirred for 15 m nutes

wth vat erEprb TR, 1 el @i méﬁgd%% PP Tide R £ P (L pal . 1

concent r atigdl 141y de6s &cf gdyged, @H? RAR JJ§1§HZG§H51UMS’@§<ZWH5 &by a

chr omat ogr aphy grS| 50% eth at e- hexangs) provi de the title
conpound 42701)g, 3804 Mol | 91 %yield). M (DCUNHB) n12 317 (MrH) +. 10
Example 73B tert-butyl

(3aR, 6aR) - hexahydr opyrrol o[ 3, 4- b] pyrrol e-5(1H) car boxyl ate The product of
Exampl e 73A (4.70 g, 14.9 nmol) and 20%Rd lg-;)zg/c (wet, 1.019) in CH3OH
(50 m.) were stirred at 50 C under 60 psi . \Wen H2 absor pt| on ceased,
the 15 reacti or(18iSR)16r€b-buomoadvinmbd -mmu 3.pdliazabicy aner e,

I;LTSLZdMZL‘dpLﬂ%.%&dO%E BiscRar IR Petidicy ‘aaageﬁeé’&ﬁé%é“@@aﬁhﬁmm

to providgid :tveoidlﬁg ® thopReEdde 2sctiBedin E;&nﬁ)lérwt TlﬁE&@déﬂn@ieﬁM wAPUEHSINHS)
mz 213 (MtH)+. 20 Exanple 73C tert-but 3aR, Gag,5 6- chl or o- 31%
" gl ) hRA OB gEEBY O5.6 A HyGly VEDBISHAHL SE Moy 41 © prvide frecilet of

Ciah GRS mBIRHNLE, 6yt 509700 Iq s PAVT,

sodi um 287y EWS-(@(!JU&XB gg6. @(szﬂ)gz 1(43&0 (ﬂinBH) W@ldpJ:QESESﬁ@HzaH@pBCQOT‘(Q to
t he procedure described in provide the title conpound

(0. 450 g, =1:3392,i hhp4.705gds @16‘31 ;90 HM;H) 543 (d J=11.9 Hz, 1H), 5.90 (d, J=17:3 Hz,
6.95 (dd, I=17.6, 11.2 Hz, 1H), 7.00 (d, J=3.0 Hz, 1H), 7.46 (d, ]=3.0 Hz, 1H); MS
(DCUNH3) mv/z 282 (M+2+H)*, 280 (M+H)".

15

Example 72C
(1S,5R)-6-(6-bromo-5-vinyl-3-pyridinyl)-3.6-diazabicyclo[3.2.0]heptane fumarate

The product of Example 72B (70 mg, 0.25 mmol) was treated with fumaric acid

according to the procedure described in Example 46C. The title compound was obtained as a
20 solid (85 mg, 87% yield). "H NMR (MeOH-d,, 300 MHz) & 3.16 (dd, J=12.6, 3.4 Hz, 1H),

3.35-3.40 (m, 2H), 3.45 (m, 1H), 3.70-3.85 (m, 3H), 4.05 (t, J=7.8 Hz, 1H), 4.96 (dd, J=6.1,

3.4 Hz, 1H), 5.50 (d, J=11.9 Hz, 1H), 5.90 4, J=17.6 Hz, 1H), 6.70 (s, 1H), 6.96 (dd, J=17.9,

10.9 Hz, 1H), 7.10 (t, J=2.4 Hz, 1H), 7.15 (d, J=3.1 Hz, 1H), 7.60 (d, J=3.1 Hz, 1H); MS

(DCI/NH3) m/z 282 (M+2+H)", 282 (M+H)".Anal. calculated for C1oH;,BrN3+1.00C,H,04:
25 C, 8.50; H, 4.58. Found: C, 48.15; H, 4.14.

Example 73
(3aR,6aR)-1-(6-chloro-3-pyridinyloctahydropyrrolo[3.4-blpvrrole fumarate

30
Example 73A



(D /NH3) mz 324 (M+H) +. Exanple 73D 30 (3 aR 6aR)-1-(6-chl oro-3_pyridi nyl
oct ahydrop Tol o[ 3, 4-b] pyrrol e WO 01/ 81347 PCT/US01/ 13798 148 The product
of ExanpiveO #8813¢0. 450 g, 1.39 mmol) and trifluoroacetic aBCTHUSIB798
processed according to the procedure described in Exanple 64C to provide
the title conpound (0.300 g, 1.34 mvl14796% vyield). M5 (DCI/NH3) mz 224
(MtH) +. 5 Exanple 73E (3aR 6aR)-1-(6-chl oro-3-p dinyl)octahydrop

ol o[ 3, 4-bl pyrrol e fumarate The product of Exanple 73D (0.300 g, 1.34 mmol)
and fumaric acid (0 156 g 1 34 mml) wer e processed accordl n? to_the
procedure of ‘gl GaBsmi)y Jrilghenyathy lhexahydignipaels ypler > (1H
nimol, 83%yield). 1H NVR (CH3CJ—|—d4 % 6 2 00 (m 10 1H, 2.30 (m
1H),330(m4|—|) 3.47 (m 2H), 3.6 , 4.38 (m 1H), 6.68 (s, 2H),
7.13 (dd, J=8lHepr&dukt blexélhh)],e 1AD28.53d, 16:38ntmoHan tektdhydrofid3n (30, mIly3ndl Hz,

éH)l i—llél\l/gl &%% ﬂicv asfge 236%1( Mﬁﬂd&%ﬁ%ﬁ dlciagg%ﬂf‘te @%l}%t%%@r glpe mixtuge 13-

N, 12.22.wkoiExam! & hthutes and then diluted with diefthyl ether (30 mL). The organic layer was
5-[ (1R, 5S) -3, 6-di azabi cycl 013. 2. Ol hept -6-yl I ii coti nonittil

bi s(4- rretma,shbbwzth veer (fl O malt e diriedEoccamNasS G4 Al dmed 2yd filtms, @yerﬁra@dﬁl-lmd@tS p

di nyl ) -3, bi ¢ hept boxyl atg . d Exanpl
5'sz<2330 rhced BRSRho TRE Fost AL 80 VA R B Ot bbbt T
(71. 0 nU,heRakbéPtoPro|idy th PR ipodfd (@70 8; 1?419lnﬁﬁml 91%9&2 §4DBZNH.T nd/®

nol ) and 3- bronmp- 5- cyanopyridine (0.98 g, 5.37 rrrml) m xture was
heated at317@BMED) under N2 for 10 hours and then al | owed to cool to room
tenpgrature and diluted with ethyl 25 acetate (100 nmiL). ‘The brown sol ution
was washed with water (2 x 10 nL) and concentrated under reduced pressure.
The residue was purified by chromat @xagphy7385i 02, Et OAc: hexane, 50:50, Rf
0.3) to provide the t|tIe co ound 770 ny 64%y| eld " H NWVR gl\/ec}l-d4
300 |sz) 6 3. 2(lgd;buf ahyayopyrsolg(P.4blnyegolef aghoyylatey =g, 2,

715 (a (dd R 29& L}’I&@l&%%%kﬁ%ﬂ( dgdéﬂhﬁmég aédggwpd(/&}xﬂegé(%g)zm

J=2.7 Hz,in UH:;0OB(S0m L iiwed=tirgdHEz 50 1(E|)mdew50(1ﬁijNlﬁ8) Wiez H3 3bsorption ceased, the

15 reaction mixture was allowed to cool to ambient temperature, filtered and the filtrate was

concentrated under reduced pressure. The residue was purified via chromatography (SiO,,
9:1:0.1 CH,Cl,:CH30OH:NH4OH) to provide the title compound (2.19 g, 10.3 mmol, 69%
yield). MS (DCI/NH3) m/z 213 (M+H)".

20 : Example 73C
tert-butyl (3aR.6aR)-1-(6-chloro-3-pyridinyl)hexahydropyrrolo[3,4-blpyrrole-5(1H)-
carboxylate

The product of Example 73B (0.510 g, 2.40 mmol), Pd,(dba); (22 mg, 0.0240 mmol),

BINAP (45 mg, 0.0720 mmol), 3-bromo-5-chloropyridine (0.510 g, 2.60 mmol), and sodium
25 tert-butoxide (0.460 g, 4.80 mmol) were processed according to the procedure described in

Example 56A to provide the title compound (0.450 g, 1.39 mmol, 58% yield). MS
(DCUNH3) m/z 324 (M+H)".

Example 73D
30 (3aR,6aR)-1-(6-chloro-3-pyridinyloctahvydropyrrolo[3.4-blpyrrole




(MtH) WD 01/81347 PCT/US01/13798 149 Exanple 74B

5-[ (1R, 5S) - 3, 6-di azabi cycl of 3.2.0] hept-6-yl]nicotinonitrile The product of
Exanpl e ™MA0(/86® ng, 1.8 mmol) was treated with trifl uoroRCBUSE/132% d (5
m.) at 65-70 C for 1.5 hours. The m xture was allowed to cool to room
tenperature 5 and concentrated under ri@guced pressure. The residue was
basified to pH - 10 with 10% NaOH and stirred at roomtenperature for 10

m nutes. The m xture vvas extracted with CHC13 (3 x 50 nmL). vThe conbi ned

or gani ¢ phases re W t h d. concentra ed under
reduced pr essur'l)g‘ep"l‘?fgla g’éﬁi’éplﬁlggéﬁﬁﬁﬁégeﬁ%wnh%@?@ EQ5RSHq st ere
CH2Cl2: Me C%%C&QIH%QO the ﬂ%cé@iu?@ dets&ﬂférdqw]ﬁ%mtp%m Hﬁoﬁﬁgﬂf&ﬂﬂ: (290 ng,
80% vyi el d 10 1H NWVR (MeOH MHz) 557 (dd, J=12.9, 3. 1H),
2.74 (dd, compDBnQ(O 31)OJgH234mmd)l 96%1{5913 M(ECI/BHQH&B%(NMH)J 8 2 '3.8 Hz,
1H), 4.00 (t, J=7.8 Hz, 1H), 4.75 (dd, J=5.4, 3.7 Hz, 1H), 7.24 (m 1H),
7.83 (d, J=2.3 Hz, 1H), 8.10 (d, J=1.7 Hz, 1H); M5 (DCUNH3) niz 201
(MrH +. a[ D120: -20.0(c, 0.520, MeOHixa: x@npl e 74C 5-f
(1R 55)-3, 6-di azablc clo f 3 2. Ohept-g-yi [ i cotlnonltrlle
bi s(4- et hyl berdZ@hé preg pidpvhieaia Avelald. 4 :

nol ) was tre i e I onch i ‘nDnoh

2.5 mol) in a mpft? C@ gFX g @23%? T3#L’5'm31r23 %?‘W?ﬂca%%?gfg% élé%)rﬁ_)
The m xt urRolyaerspidceeed at:,cdmmgwtc; m@?@@@wfee)f@mapwﬁﬁb tolRevide thy t@td pitate
was isolated by filtration and drie er reduced pressure at 40-50 Cto

pr ovi de cohwornd (Ge3 &harpol Al a8 Yl 3 A WMRACH OH-sivR 00 MEidE): 1200 $00 Mz )

o, 74 (a5 (it Bl b G nlose g H3sefl ot 0. g

I H), lf(d(ltJr—SJS—g 13—1:HZLH)117'|)28 (5&@5(1@@1 1}1}*675@&81}&1;1}11;%&4 Dm%m& 8.1
Hz, 4H) dad, J=2 25 (d,
J=2.7 Hz 221}@“ C4Izl4<?d éﬂai C@lql&ateCmf 1%4@@&%?4@253264 HMN, 12} .

cal cul at - C, 55.13; H, 5.18; N, 10.29. Found: C,
54. 90; W“‘?C%i‘?ﬂﬁ'é gﬁ% & 74D 30

5-f (1R, 5S) - 3, 6-di azabi cycl of 3. 2 O] hept-6-yl]lnicotinonitrile (D)-tartarate
The, product of Exanple 74B (100 ng, 0.5 mmol) in methanol (5 nlL) was
treated

Example 74
5-[(1R,58)-3,6-diazabicyclo[3.2.0Thept-6-ylInicotinonitrile bis(4-methyibenzenesulfonate)

Example 74A
20 benzyl (1S,55)-6-(5-cyano-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane-3-carboxylate
The product of Example 52D (830 mg, 3.58 mmol) in toluene (20 mL) was treated
with Pdy(dba); (71.0 mg, 0.072 mmol), BINAP (134 mg, 0.214 mmol), Cs,CO; (2.32g, 7.16
mmol) and 3-bromo-5-cyanopyridine (0.98 g, 5.37 mmol). The mixture was heated at 100 °C

under N, for 10 hours and then allowed to cool to room temperature and diluted with ethyl

25 acetate (100 mL). The brown solution was washed with water (2 x 10 mL) and concentrated
under reduced pressure. The residue was purified by chromatography (SiO;, EtOAc:hexane,
50:50, R¢ 0.3) to provide the title compound (770 mg, 64% yield). "H NMR (MeOH-ds, 300
MHz) & 3.2(dd, J=12.9, 4 Hz, 1H), 3.30-3.4(m, 2H), 3.6(dd, J=8.2, 3.Hz, 1H), 3.96-4.10 (m,
3H), 4.74 (dd, J=6.1, 4.0 Hz, 1H), 5.10 (m, 2H), 7.15 (dd, J=2.7, 1.7 Hz, 1H), 7.25 (m, 3H),

30 7.35 (m, 2H), 7.96 (d, J=2.7 Hz, 1H), 8.15 (d, J=1.7 Hz, 1H); MS (DCI/NH3) m/z 335
(M+H)".



with (D -tartaric acid (75 ng, 0.5 mmol) and the m xture was stirred at
roomtenperature WO 01/81347 PCT/US01/ 13798 150 overnight. The precipitate
was i sol avedi/gg4tiltrati on and dried under reduced pressuPE€T/EBIMBTISHO C to
provide the title conmpound (137 ng, 78%yield). np 205-210 C, 1H NWR
(DVBO-d6, 300 MHz) 8 2.74 (dd, J=12.9, B4 Hz, 1H), 2.86 (dd, J=12.2, 6.4
Hz, 1H), 3.20 (m 1H), 3.30 (d, J=12.2 Hz, 1H), 3.45 (d, J=12.5 Hz, 1H)
3.65 (dd, J=8.2, 3.7Hz, IH), 3.96 5 (t, J=7.8 Hz, 1H), 4.80 (dd, J=6.4, 3.7
Hz, 1H), 7.34 (dd J=2.8, 2.0 Hz, 1H), 8.08 (d, J=2.7 Hz, , 1H), 8.24 (d,
J=1.7 Hz, 1H); M5 (DCIINH3) mlz 201( © | . calculated for

G THL2NA. 0. SCAHBO6. 1, ORR0SSIG 6 Bafinctiot Ghepil-viodbhorfiind: G, 53. 76;

H 5.80; N 17.81. 10 anple 75 (3aR 6aR)-I-(3-p

di ngy) oct ahydrBpyprodta [03 FaatobleyiAo(660 h@ﬂr&mmolﬁxma@dﬂﬁwh trflhuordngtiyd

15 The. prEHUS B! Mo I G 17 de FomsoRego e hatyed Byphinaram(SoRgaet 0oas
mol 3,  BllABnéhaatd, un@epl%agcéﬂl??ésﬁur@ Tk %@dﬁiér Wb 1Rifed 1@pA 110 wah 389gmol )

and sodiumtert- butoxid . nol ) were processed according to
t he procedaPl agdsimedeidopm teﬂpan&blr@fcsaﬂ mmuWSoxThd mixtee wiag ¢xdragledpoiind

bon 3o HR R S sl Py S S Wik PERA 2 xR S 3R

of Exanpl ®né&fratdd. 13er ﬂ:duae&iregmf& )Tlma5s1@mm@§§lﬁfﬁeaqcywhmmgogﬁp 8)gloz,

procedure described in Exanple 64C to provide the title co 0. 240 g,
1. 28 ol CH2Gls M YEMQEL, 900AD: 1.0k 0 Niris praide the title ppppeunde(e cyield).

o oo ks AR ALY bATSHab 28 G roLeh 3 i ??’ﬁg@ﬁﬁ%%tﬂ‘ﬁf 1 28

30 mmol ) Me)rswrm@rﬁemﬁgca@r(dﬂm%stzom@z ﬂﬁ-gC‘ﬁdU(t?kd’Estl bEyl “rvsEdanpl e 66D
to provide the title conpound 30% vyield). 1H NMR
( CH3OH d4T~53bé Nl 11D, iZéim (3N ’i|8|§>(d2 33 fémlH)kﬁ 104d,951 7Rz, 4H); MS 50 (dt

F=12.5, Splrm,) il 203 AL apd® %200 & d.555, Meom).

15 Example 74C
5-[(1R.58)-3.6-diazabicyclo[3.2.0Thept-6-vlnicotinonitrile bis(4-methylbenzenesulfonate)

The product of Example 74B (250 mg, 1.25 mmol) was treated with 4-

methylbenzenesulfonic acid monohydrate (450 mg, 2.5 mmol) in a mixture of 2-propanol (10
mL) and ethyl acetate (10 mL). The mixture was stirred at room temperature overnight. The

20 precipitate was isolated by filtration and dried under reduced pressure at 40-50 °C to provide
the title compound (565 mg, 83% yield). "H NMR (MeOH-d,, 300 MHz) § 2.40 (s, 6H),
3.20 (dd, J=12.6, 3.7 Hz, 1H), 3.35 (m, 1H), 3.55 (m, 1H), 3.72 (d, J=12.5 Hz, 1H), 3.85 (d,
J=12.9 Hz, 1H), 3.90 (dd, J=8.5, 3.4 Hz, 1H), 4.16 (t, J=8.2 Hz, 1H), 5.10(dd, J=6.5, 3.8
Hz, 1H), 7.22 (d, J=8.1 Hz, 4H), 7.68 (d, J=8.1 Hz, 1H), 7.74 (dd, J=2.8, 1.6 Hz, 1H), 8.24

25 (d,J=2.7 Hz , 1H), 8.44 (d, J=1.4 Hz, 1H); MS (DCUNH3) m/z 201 (M+H)". Anal.
calculated for C;;H12N42.00TsOH: C, 55.13; H, 5.18; N, 10.29. Found: C, 54.90; H, 5.12;
N, 9.96.

Example 74D
30 5-[(1R.58)-3,6-diazabicyclo[3.2.0Thept-6-ylnicotinonitrile (D)-tartarate

The product of Example 74B (100 mg, 0.5 mmol) in methanol (5 mL) was treated

with (D)-tartaric acid (75 mg, 0.5 mmol) and the mixture was stirred at room temperature



WO 01/81347 PCT/US01/13798 151 IH), 4.40 (m 1H), 6.68 (s, 2H), 7.12 (ddd,
J=8.5, 2.7, 1.0 Hz, 1H), 7.29 (ddd, J=8.5, 4.7, 0.7 Hz, 1H), 7.94 (m 2H);
V5 (DCl/ NH3p1/84327 190 (MtH CAHAO4) +; Anal . cal cul ated for PCT/US01/13798
Cl1HISN3CAHAOA. 0. 5CH3OHH2O. C, 56.44; H, 6.57; N, 12.74. Found: C, 56.71;
H 6.42; N, 12.46. 5 Exanple 76 150 :

2-broino-5-{(1R, 5S)-3, 6-di azabi cycl o[ 3. 2. d hept-6-yllnicotinonitrile
fumarate Exanple 76A 10 benzyl (1S,5S)

6- (5- cyano- 3- pyri dj nyl) -3, 6-di azabi cycl o[ 3. 2. 0].hept ane- 3- car boxyl ate, The
product of°V 1&%%&% .aEOWSgl,S‘%%t?%Y ﬁﬁ%ﬁ")"q %’PdtdE{éGélﬁ er(@‘i“ﬁ‘?&)@r © et &t ed
W th 3-cyapnerd: (e 7804 , C (1 g, 0.10
mmol ) ; Bl %QP&F g)[r %ggé)g{e tgie%%@%e%ﬁnog é%@o %ﬂSSQ%%SO%mm ) and the
reacti on magSOah! 30D MHAHEG 274 fddy J<12. 90Kz, 1THe2.86X8d)Te1Nds6.aHzp Wy 3(29) cool
to roomtenperature and then concentrated 15 under reduced pressure. The

resi due vi@is 150 3-89 &bl J5)2 -8 iz ). Gyt aish §= 15t Bz, 1HE S G813y Hze 1.6\ e

(et BRIREdR R SR Tl PR, B R a5

di nyl ) - 3,18z,di18D) phd4 ¢ 1Tel 3.1z, QHh S aDEINIES mva 2l @iieH) Thangl ededitedforExanpl e
76A (0'312@ﬂ) i n et hanol (I_EO nm.) was treated with 10% PdlIC (Q. 100%2I and
the mixt UriefleRl &1Gatebly LOThEb . DéAfeflat-SFeNuliabt Houmdids pRdpPetlof-StpNf or 1
hour. Thegaction was filtered and concentrated under reduced pressure.
The residue was dissolved in nethylene chloride (20 nL) and treated with
di-tert-butyl dicarbonate (0.387 g, 25 1.80 mmol) and tri et hyl am ne

(0.‘3. 2g, 1.50 nmol). The reaction was, stirr at room tenperature

overni ght. The material was concentr r reduced pressure. The

residue was purifg Qﬁ@R}Q%Bﬁﬁﬁﬁ_ﬂj}@@cﬁﬂy&&3gglogt41}z5jm#%ﬁhﬁfﬁ@xane 1:1) to
provide the title conpound as a colorless ol o O. g). Ms (DClI/ NH3)
mz 301 (MrH)+. 30 Exanple 76C tert-butyl (1

S, 5S) - 6- (6- br onp- 5-cyano-3: p)ri di nyl) -3, 6-di azabi cycl| o[ 3. 2. 0] hept ane- 3-
carboxyl ate WD 01/81347 PCT/US01/13 ie F54

tert-butyl (3aR,6aR)-1-(3-pyridinyl)hexahydropyrrolo[3.4-blpyrrole-5(1H)-carboxylate
15 The product of Example 73B (0.500 g, 2.36 mmol), Pd,(dba); (22mg, 0.0236 mmol),
BINAP (45 mg, 0.0720 mmol), 3-bromopyridine (0.250 mL, 2.59 mmol), and sodium tert-

butoxide (0.45 g, 4.70 mmol) were processed according to the procedure described in
Example 56A to provide the title compound (0.380 g, 1.31 mmol, 56% yield). MS
(DCUNH3) m/z 290 (M+H)".
20
Example 75B
(3aR.6aR)-1-(3-pyridinyDoctahydropyrrolo[3.4-blpvyrrole
The product of Example 75A (0.380 g, 1.31 mmol) was processed according to the

procedure described in Example 64C to provide the title compound (0.240 g, 1.28 mmol,
25 97% vyield). MS (DCUNH;) m/z 190 (M+H)".

Example 75C
(3aR.6aR)-1-(3-pyridinylDoctahydropyrrolo[3.4-blpvrrole fumarate
The product of Example 75B (0.240 g, 1.28 mmol) and fumaric acid (0.147 g, 1.28

30 mmol) were processed according to the procedure described in Example 66D to provide the
title compound (0.130 g, 0.385 mmol, 30% yield). "H NMR (CH30H-d,4, 300 MHz) & 2.01
(m, 1H), 2.32 (m, 1H), 3.30 (m, 4H), 3.50 (dt, J=12.5, 5.7 Hz, 2H), 3.71 (dt, J=9.5, 7.1 Hz,



152 The product of Exanple 76B (0.263 g, 0.90 nmmol) in acetonitrile (10 nL)
was treated with N-bronmosuccinimde (0.149 g, 0.80 mml) at -20 C. After
stirringwop1/447 m nutes, the reaction m xture was quenchepdraseli3ngt er (5.0
m.) and extracted with nethylene chloride (100 nL). The organi c phase was
dried (MgSH), filtered and the filtratiesi15 concentrated under reduced
pressure. The residue was purified by chromatography (Si 02, ethyl

acet at e: hexane 1: 1) to provide the title conpound as a white solid (29%

38?&8)5%%% M batega &F%J §=E]X5?§§'t?8154[)ﬂﬁ3 b9 i 7494 7.07

fumarate )Eéﬁr@ﬂ/ﬁﬁ% i onet hane
(5.0 nL) was H?reat éné t uoroacetl c acl 334:13%0?”}\%11 &fl?iel%%?{rrri ng at

room t err11é1r1H15N3€C41[-IaO4-I) FAHQHEhO: G, 6adtj An6.67 XN utR7HaoundnCedi.7 Btled.4hder
reduced pre s . The residue was purified by chromatography (Si 02, 10%
nmet hanol / /1%\IH4CJ—|) to provide the title conpound as 15 a col orl ess
oil £0.051 g) in 61%yield. The fumarate salt was forned to afford an off
white foam 1H NVR (MeCH, 300 MHz) S 3.17-3.28 (dd, J=3.0,12.0 Hz, 1H),
3.28-3.38 (in, 2H), 3.43-3.52 (m 1%@3 72 (m 2H) 4.08 (t J=9.0
Hz, 1H), 4. 0, (d

H 3.75; N, 10. 96 Found C, 44. 26 H 3 91; N, 10. 68 20 Exarrple 77 (3
as, 6aS) - 1- (6-chl oro-3-pyridinyl)octah dy r é) rrol o[ 3,4-bl pyrrole fumarate
Exarrpl e 77A 25 tert butyl (3aS, 6aS) phenyl et hyI I hexahydroan

0 . Qf

di -tert but yl ’ﬂ‘le(}ﬁb&ﬂmmafExﬁrﬂplESZD (om)o% BWImnommtoimt(BmmL)mwsmmdwas

stirred at. apbient tenperature for 1 hour and then di ed vmth yl
cther ( SOMUISG K-S PRARPGRIOIRDe SATematl iy it 60 ommel) Bithe

conbi ned @gygg%}’@ ogé?ﬁﬂg W‘?&@ RASK0O8Y G%Gg%rﬂb%rﬁn&“tﬂ%trg J&ﬁ%ﬁm&t@@ {40 oc and

t he conbin ases wer dr| ver tere and the
filtrate foohbotrs. aﬂ“hdnuﬂdmrwas&dlwwd tpreddorem Tmepargsicdue thasconCeiat il 347
PCT{ éJSOl/ 11:;1798
er reduced pressure. The residue was purified by chromatography (SiOs,
5%MeOH/CH,Cl,) to provide the title compound as a yellow oil (47%, 0.530 g). MS

(DCUNH;) m/z 335 (M+H)".

Example 76B
20 tert-butyl (18.58)-6-(5-cyano-3-pyridinyi)-3,6-diazabicyclo[3.2.0]heptane-3-carboxylate

The product of Example 76A (0.312 g) in methanol (30 mL) was treated with 10%

Pd/C (0.100g) and the mixture was stirred at room temperature under 1 atmosphere of H, for
1 hour. The reaction was filtered and concentrated under reduced pressure. The residue was
dissolved in methylene chloride (20 mL) and treated with di-tert-butyl dicarbonate (0.387 g,

25 1.80 mmol) and triethylamine (0.152g, 1.50 mmol). The reaction was stirred at room
temperature overnight. The material was concentrated under reduced pressure. The residue
was purified by chromatography (SiO,, ethyl acetate:hexane 1:1) to provide the title
compound as a colorless oil (59%, 0.265 g). MS (DCIUNH;) m/z 301 (M+H)".

30 Example 76C
tert-butyl (1S,5S)-6-(6-bromo-5-cyano-3-pyridinyl)-3.6-diazabicyclo[3.2.0Theptane-3-

carboxylate




153 purified via chromatography (Si 02, 50% et hyl acetate/hexanes) to
provide the title conpound (4.90 g, 15.5 mmol, 77%vyield). M (DCl/NH3)
mz 317 WO bd/81347 Exanpl e 77B 5 tert-butyl (3aS, 6aS)-hexahpdrop01/13798

ol o[ 3, 4- bl pyrrol e-5(1H) - car boxyl ate The product of Exanple 77A (4.90 g,
15.5 mml ) was processed according to tig® procedure described in Exanple
73B to provide the title conmpound (3.24 g, 15.3 mmol, 99% vyield). M
(DCI/NH3) mz 213 (I\/H-|)+ 10 Exanple 77C tert-butyl

Car boxyl At e TABSHORSE DL BXERRTB 0 208 E BORZEME) Teistonbiint 10 THant toa) 3

(22. 4 ny, ]mqu
5- brono- 2 t%ﬁ%(’ﬂ)’ﬁ%f)yrl %%18%%%8&gﬂ§§%90%09@§1)w0;& ége Sl?r%ntl%fotr but oxi de
(0.470 g, m#huds, imowdactive ixiprowasqeckaioitidivater (R0 hile amd@rz&dmcbwnﬂescrl bed

;,.n eFﬁ? ”plr%gs?@@% Fiipgige 19 ntghe P COE;‘?%%&%@(&%?%%&@%@) iftared o the filiate

3 6aS I duct.
o Exanpl SroREege! %dﬁcédg%e*@e‘)q‘%ﬁéﬁ?%?‘Fg@% B, QbR Baphe (10871
proc esseobt]ayicaoctdﬁedg:xam 1: ﬂ]ﬁomrmé@ltheentéesnmobam as awhite rgid(26%C0t098 m).oMSle

the title g, 1.16 mol, 97%yvyield),carried on directly in
t he next (9@8@55“%)?&%@%7)7E (3 aS, 6aS)-1-(6-chloro-3
-pyridinyl)octahydropyrrolo [3,4-blpyrrole fumarate The product of Exanple
77D (0.260 g, 1.16 mml) and fumaric acid (0.135 g, 1.16 nmol) were
processed according to the procedur@msm_l_@d in Exarrpl e 66D to provide

t he 0t|tIe corrEund 91 . | CHSH-d4 500
Miz}%8 2. 00 30 a8 5 5 9

Hz, 2H), 3.67 lel_lpzrodu&o?Exﬁngle%c (oldé)s 25 4, ﬁ@mﬁrml) ﬁﬂ@lehl@roﬁl%ﬂ(aﬁe Dbl 7wa]sz
(dd, J=8.8, 3. =8.8 Hz, 1H), 7.73 (d, WO 01/813

PCT/ USO 1/qgwwthmuyf@czﬁq~@cld 3 mIA)s Adiyrstingim) at gpom seraperais-fon Hiou fuhe
Anal . - cal r%%t%&?@tflﬂ%\lwa%%%ﬁ&;&t'\@ (i Qiucta p?e"és&g Thb rediddé Wa's\lpuljiﬁec?gy Found:

C, 52.86;
chromatography (SiO,, 10% methanol/CH,Cl,/1%NH4OH) to provide the title compound as

15 a colorless oil (0.051 g) in 61% yield. The fumarate salt was formed to afford an off white
foam. 'H NMR (MeOH, 300 MHz) & 3.17-3.28 (dd, J=3.0, 12.0 Hz, 1H), 3.28-3.38 (i, 2H),
3.43-3.52 (m, 1H), 3.68-3.72 (m, 2H), 4.08 (t, J=9.0 Hz, 1H), 4.93-4.98 (m, 1H), 7.40 (4,
J=3.0 Hz, 1H), 7.90 (d, ]=3.0 Hz, 1H).; MS (DCI/NH3) m/z 279 (M+H)"; Anal.Calcd for
CioH1oN4OgBr: C, 44.63; H, 3.75; N, 10.96. Found: C, 44.26; H, 3.91; N, 10.68.

20
Example 77
(3a8.6a8)-1-(6-chloro-3-pyridinyDoctahydropvrrolo[3,4-blpyrrole fumarate
Example 77A
25 tert-butyl (3aS,6aS)-1-[(1R)-1-phenylethyl Jhexahydropyrrolo[3.,4-blpyrrole-5(1H)-
carboxylate
The product of Example 15A (4.33 g, 20.0 mmol) in tetrahydrofuran (60 mL) and
water (15 mL) was treated with di-tert-butyl dicarbonate (4.15 g, 19.0 mmol). The reaction
mixture was stirred at ambient temperature for 1 hour and then diluted with diethyl ether (50
30 mL). The organic layer was washed with water (20 mL). The combined aqueous layers were

back-extracted with diethyl ether (30 mL), and the combined diethyl ether phases were dried

over Na;SQy, filtered and the filtrate concentrated under reduced pressure. The residue was



Exanple 78 5 (3aS, 6aS)-1-(3-pyridinyl)octahydropyrrol o[ 3, 4-bl pyrrol e

di hydrochl ori de Exanple 78A tert-butyl (3aS, 6aS)-1-(3-pyridinyl

hexahydr oyo ot/813¢1, 4- b] pyrrol e-5(1H) - carboxyl ate The prodeCtT/Usé1/ BR8Pl e 77B

(0.560g, 2.64 mmol), Pd2(dba)3 (24 ng, 0.0262 mmol), 10 BI NAP (49 ny,

0.0787 mol ), 3-bronopyridine (0.28 niL,152.90 muol ), and sodiumtert

but oxide (0.510 g, 5.30 mmol) were processed according to the procedure

descri bed in Exanple 56A to provide the title conmpound (0.600 g, 2.07
79% (DC /N 29 M-H) + 15 Exanpl e, 7

2S, 6aS) 1P @%%acﬁlm%&r@ lggyﬁ%ﬁfg\[v a%taﬂat]%w%ﬂ% w"?ﬁ@ldﬁ %ﬂéﬁ of

Exanple 7 ./ I \r Pﬁﬁg e processed

accordi ng%ﬁgﬁatgﬁﬁpgr' oc%éggemgiégc%/gg%k% nME“%(ggC e &%@%ﬁ?‘p@éﬁiﬁe the title

conpound (0.390 g, 2.06 mMmmol, 99%vyield). I\/S (DCUNH3) nmiz 190 (M+H)+. 20

Exanpl e 78C (3aS, 6aS)-1-(3-p dinyl qctah dr7 yrrol o[ 3, 4-bl pyrrol e

di hydrochl ori de The product of Examzb(cl%@%%—% 390 g, 2.06 nmml) was

processed accordte@'gb&t XA ,,m aleO provide

the title conpound 66% yi el d VR (CH3OH d4,

300 MHz) b 2. THhe(my mchszareﬁleOﬂA(ﬂlérﬂ g,35450m(nni)vma)pro®s@ a@mrdmg)to tig. 65

E g;[ ZI{I) 12 ieéiu{eodesgﬁh\?%% ﬁ%(amgie{) ';ﬁ%fo:ﬁng ﬁ? tglefopigaou&!{%’j’ 2%@%&%}@%@9& 7.84

190 (M+H é’l&pMS (D@]mHS)quZQquMaQ{)for C11H15N3. 2HC1. 0. 25H20: C, 49.54; H,
6.61; N, 15 76. Found: C, 49.46; H, 6.65; N, 15.76. 30 Exanple 79
5-[ (1R, 5R) - 3, 6-di azabi cycl 0[ 3. 2. 0] hept-3-ylInicotinonitrile fumarate WO

01/ 83347 PCT/US01/ 13798 155 Exanpl g;,79A1 @5k -butyl (1S, 5R)-3-(5-cyano-3
pr' di nyl)-3, 6-di azabicyclol 3.2. 4 he?ﬁ%—mr boxyl ate The product of

Exanpl e 80A teikdRityiy3aSLo48)rintd-ghlamd3-bylidiapbhealydroppysloBid8pwadr-5(1H)-

carboxylate
The product of Example 77B (0.520 g, 2.45 mmol), Pdy(dba); (22.4 mg, 0.0245

mmol), BINAP (46.0 mg, 0.0735 mmol), 5-bromo-2-chloropyridine (0.520 g, 2.69 mmol),

15 and sodium tert-butoxide (0.470 g, 4.90 mmol) were processed according to the procedure
described in Example 56A to provide the title compound (0.390 g, 1.20 mmol, 49% yield).
MS (DCI/NH3) m/z 324 (M+H)".
Example 77D
20 (3a8S.,6aS)-1-(6-chloro-3-pyridinyl)octahydropyrrolo[3.4-bIpyrrole

The product of Example 77C (0.390 g, 1.20 mmol) and trifluoroacetic acid were
processed according to the procedure described in Example 64C to provide the title

compound (0.260 g, 1.16 mmol, 97% yield),carried on directly in the next step.

25 Example 77E
(3aS,6aS8)-1-(6-chloro-3-pyridinyl)octahydropyrrolo[3,4-blpyrrole fumarate
The product of Example 77D (0.260 g, 1.16 mmol) and fumaric acid (0.135 g, 1.16
mmol) were processed according to the procedure described in Example 66D to provide the
title compound (0.310 g, 0.912 mmol, 79% yield). "H NMR (CH30H-dj, 500 MHz) & 2.00
30 (m, 1H), 2.30 (m, 1H), 3.32 (m, 4H), 3.50 (dt, J=12.5, 5.9 Hz, 2H), 3.67 (dt, J=9.7, 6.3 Hz,
1H), 4.39 (m, 1H), 6.67 (s, 2H), 7.12 (dd, J=8.8, 3.1 Hz, 1H), 7.27 (d, J=8.8 Hz, 1H), 7.73 (d,




5 processed according to the procedure of Exanple |E. The crude product was
purified by chromatography (Si @2, hexane: EtQOAc, 50:50, Rf 0.3) to provide
the titl avaonpoynd (120 ng, 40%yield). 1H NVR (MeOH d4, PGOOSMAHBYI86 1. 48
(s, 9H, 3.00 (dd, J=11.2, 4.4 Hz, 1H), 3.10 (dd, J=10.5, 6.8 Hz, 1H),
3.27 (m 2H), 3.60 (m 1H), 3.85 (d, J=K2.2 Hz, 1H), 3.97 (d, J=12.2 Hz,
m 1H), 4.10 (m 1H), 7.55 (m 1H), 8.20 (d, J=1.7 Hz, 1H), 8.34 (d, J=1.7
Hz, 10 114); M5 (DCI/NH3) miz 301 (M+H)+. Exanple 79B

5-[ (1R 5R).- di bi c 2.01hept - 3- ni ptln n|tr|I fumarate The
product off~ éﬁ'ﬁfb %7 2[3‘[”?@?1“% 246 (Yo %ﬁgﬁ edv@% treated with
15 trifluerpaceniecasiol C2s8b). Als $290 by eﬂfo%&r@ @i'sowem 3ptir for
1 hour. Thé mxturé was concentrat e the residue was neltra |zed to pH
-9 with 5% NaCH. The m xture was then extracted with CHC13 (3 x 50 nL) and
t he conbi ned organi c phases concentra% ed. !TE§ residue was treated with
fumaric acid according to the proced arrpl e 46C to provide the
title conpound (%5@ -BEH ¥ ‘ 14 WML hiSrde 14 (dd,
J=10.6, 20 6.2 . H, 3.75
(dd, J=11.0, 5.0 Hz, 1H), '3.96 (d, J= 10 6 Hz 1H), 4.18 (d, J=12.2 Hz,

IH), 4.28 (dd, J=10.9, 8.4 Hz, 1H), E6401,§ 7.65 dd, J=2.9, 1. Hz,
1H), 8.33 (d, J=1.2Hz, 1H), 8.45 (d, , 1H) M (DOl I NH3) iz 201
(MrH) +. Aﬂatert-&ﬁ{flc(%%@@) f-@J-D%H‘}MahWOQ Aﬁb'ﬁﬁ}rro@rsﬁﬁ)»%&bokkﬂaé 27,
N, 17.22. Found: C, 55.00; H 5. 27; . 25 Exanp

(1R 5R) 3- (6- c}“hemr@dlgzi of Egample)778, (Qﬁépaz%@ m;mlb Et’éz(éb@t f?é’pmé;rfé%@rfﬂﬁ@l)e

(1678ry - SRS Rk St mamoDodbrompamaidine QA8 %R gl opd sofiem (g
Exarrpl e Ho{ide GRI0 4.6. Mno‘@a&eré pﬁﬁ:b&ﬂdd \weddrdidl 1d gietpréustivte desdribad onat e
according_to the égr oced%%e descri bed in Exanple of 381, then hydrogenated

over WO OF¥asaPia 0 oter Prggise) the g contamd 01696 i8u-08 reely 6% ¥adebr¥Png to t he
pr ocedur le 38 to provide the title conpound (1.52g,
76% vyi el 3; 1H ?qu/g(2|9 " 300 MHz) S 1.46 (s, 9H), 2.47 (dd, J=12.9,
3.7 Hz, 2. 64 (dd, J122 5.7 Hz, 1H), 2.95 (m 1H), 3.05 d, J=12.2

, 3.24 (d, J=12.5 Hz, 1H), 3,46 H, 3.95 (in, 1H, 4.64 (dd,
68, Bl s ke, 1H, M5 Biamehss

(3a8,6aS)-1-(3-pyridinyDoctahvdropyrrolo[3.4-blpyrrole

The product of Example 78A (0.600 g, 2.07 mmol) and trifluoroacetic acid were
processed according to the procedure described in Example 64C to provide the title
compound (0.390 g, 2.06 mmol, 99% yield). MS (DCI/NHs) m/z 190 (M+H)".

20
Example 78C
(3aS,6aS8)-1-(3-pyridinyl)octahydropyrrolo[3.4-b]pyrrole dihydrochloride
The product of Example 78B (0.390 g, 2.06 mmol) was processed according to the

procedure described in Example 58D to provide the title compound (0.362 g, 1.36 mmol,

25 66% yield). "H NMR (CH3;0H-d4, 300 MHz) & 2.11 (m, 1H), 2.35 (m, 1H), 3.40 (m, 3H),
3.55 (m, 2H), 3.65 (dt, J=12.9, 6.1 Hz, 1H), 3.77 (dt, J=10.2, 7.4 Hz, 1H), 4.60 (m, 1H), 7.84
(m, 2H), 8.12 (d, J=5.1 Hz, 1H), 8.17 (d, J=2.4 Hz, 1H); MS (DCI/NH3) m/z 190 (M+H-
2HC1)+; Anal. calculated for C{1H;5N3*2HCI+0.25H,0: C, 49.54; H, 6.61; N, 15.76. Found:
C,49.46; H, 6.65; N, 15.76.

30

Example 79
5-[(1R,5R)-3,6-diazabicyclo[3.2.0Thept-3-yl|nicotinonitrile fumarate




5 (DCUNH3) mz 216 (MrNH4)+, 199 MrH) +. Exanple 80B tert-butyl (1
S,5R)-3-(6-chl oro-3-p)gjdinyl)-3, 6-di azabi cycl o[ 3. 2. 0] hept ane- 6- car boxyl at e
The prodweo ous13Exanpl e 80A (198 ng, 1.0 mol) and 5- br onoPQFERIIGBEYSY T i di ne
10 were processed according to the procedure described in Exanple 1E. The
crude product was purified by chromatagsaphy (Si 02, hexane: EtOAc, 50: 50,
Rf 0.3) to provide the title conmpound (80 ng, 25%yvyield). 1H NVR ( MeCH d4,
300 MHz) 6 1.48 (s, 9H), 2.90 (dd, J=10.6, 4.1 Hz, 1H), 3.00 (dd, J=10.2,
6.4 Hz, 1H), 3.27 (m 2H), 3.60 (m 1H), 3.77 (d, J=10.2 Hz, 1H), 3.92 (m
1H, 4.08 (m 1H, 7.26 (d, J=1.7 Hz, 2H), 7.85 (t, J=1.8 Hz, 1H); 15 Ms
(DCUNH3) nmlz 329 M+2+NH4) +, 327 (M*'%Qlﬁ]%le 75xanpl e ' 80C

(1R, 5R)-3-(6-chl oro-3-p)gidinyl)-3 I azabi cycl o[ 3. 2. 0] hept ane fumarate
The pr oduc terbbutk@SpiR)-BOBcYH0- 3mvnm1121(}3cﬁmia)zahwycmﬂz thétﬁanﬂ-_ﬁ cavhsxtlateat ed

wth 20 trifl oroa etl aC| \(ﬁénggé omtB ure and allopwed to
stir for 1 ho 2 (85 2 RSB L P RIRPHANET HE% e
to pH - %réﬁ\ée%&d%&\!ﬁ@ﬁg tmﬁ‘e ﬁ%éédﬁ&@oﬁ%nﬁétﬂ‘ia%%rd@e éﬁ'{:‘%s ﬁﬁqﬂ%dﬁ%z )

and the conbi ned organi ¢ phases were concentrated under reduced preéssure.
The resi dheonsgeplatEd.hiexme: BiRALcS W0, R0 ¢o piovigetthe title compamd (i 20 oig,

(oo da 0ot RN @festrindaep NIRGYS 1 465 Bl og e £ g el 5 4
Tij 1H), 331(65@1d( J’Q1015H)6 8 Az 7’f?H)( 497 émj ?ﬂ{} 3260 %nll}ﬂZB shid, 140%2( CiH)J”fW ((1&3 Hz,

J 6,8 4J8=1242HZ.LH),,HB mo(m, 112}-|)7 557(1]34H)d8 20 £® Jﬁlﬂzﬂz m),834emeuaHz1 8.9

J MS (DCUNH3) niz 229 (M+2+NH4) +, 227
(M+ )+]1ITQ)A%4;?§(%6%1§|Q§€H’£{Z %01:‘@? }élOH1201N31 1CAH606. 0. 30H20: C, 50.46: H,

12.26; N, 19.10. Found: 30 C, 50.25; H 4.65; N 11.73. Exanple 81 WO
01/ 81347 PCT/ USO1/ 13798 157 5-((3aR, 6aR

- hexahydr opyr r ol o[ 3, 4- bl pyrrol 1(2H) yE}&@iﬂRlﬁl_ﬁﬁom trile Exanple 81A

tert-butyl .
(3aR 6aR) - 1- ( 5- cy le Tumarale 51 Hy-
car boxyl at'e Tthhe[i}ji‘@(ﬂbb@bf BfaripampA 128 g, 0.48:10nd) 1n2CI€§CIEr(‘mh1)L) whad %db&)}ﬁth( 25

ng, 0 0269 ol ),
trifluoroacetic acid (2 mL) at room temperature and allowed to stir for 1 hour. The mixture

was concentrated and the residue was neutralized to pH ~9 with 5% NaOH. The mixture was -
then extracted with CHCls (3 x 50 mL) and the combined organic phases concentrated. The
residue was treated with fumaric acid according to the procedure of Example 46C to provide
the title compound (84 mg, 67% yield). 'H NMR (MeOH-d4, 300 MHz) & 3.14 (dd, J=10.6,

20 6.2 Hz, 1H), 3.24 (dd, J=12.8, 5.0 Hz, 1H), 3.55 (m, 1H), 3.75 (dd, J=11.0, 5.0 Hz, 1H), 3.96
(d, J=10.6 Hz, 1H), 4.18 (d, J=12.2 Hz, 1H), 4.28 (dd, J=10.9, 8.4 Hz, 1H), 6.40 (s, 2H), 7.65
dd, J=2.9, 1. Hz, 1H), 8.33 (d, J=1.2Hz, 1H), 8.45 (d, J=2.8 Hz, 1H); MS (DCI/NH3) m/z 201
(M+H)*. Anal. calculated for C;1H,N,¢1.0C4H,04¢0.5H,0: C, 55.38; H, 5.27; N, 17.22.
Found: C, 55.00; H, 5.27; N, 17.00.

25
Example 80
(1R.5R)-3-(6-chloro-3-pvyridinyl)-3,6-diazabicyclo[3.2.0Theptane fumarate
Example 80A
30 tert-butyl (1S,5R)-3,6-diazabicyclo[3.2.0]heptane-6-carboxylate

The product of Example 54D (2.32g, 10 mol) was treated with di-tert-butyl

dicarbonate according to the procedure described in Example of 381, then hydrogenated over



Bl NAP (50 ng, 0.0810 mmol ), 3-brono-5-cyanopyridine (0,540 g, 2.95 mol),
and sodium tert-butoxide (0.520 g, 5.40 rnol) were processed according to
t he procedoaoesdescri bed in Exanple 56A to provide the tiPCRUSOMBSHSNd
(0.400 g, 1.27 mvol, 47%vyield). M5 10 (DCUNH3) mz 315 (M+H) +. Exanple 81B
5- ((3aR, 6aR - hexahydropyrrol o[ 3, 4-b] pyrrsg - 1(2H) -yl )nicotinonitrile The
product of Exanple 81A (0.400 g, 1.27 mol) and trifluoroacetic acid were
15 processed according to the procedure described in Exanple 64C to provide

Iﬁh re ef:it ][ ;etpaﬁgcﬁgmrpéo o d&ag&}?ne%%rrg @ngt}gét%ég%ggg%hgg ge?%%{agfl icril)E)ggﬂpﬁQ 3 g\ﬂ% p%c?\;icrhla ﬁlcej: on

5- ((3aR, 63R).- 4,0 314 ) 100t iNEML Ldid

qun(ar Zte gggfrf)g%%{p%é’zgéﬁ%ﬁgﬁ8 %%&%H%%b%?g alhg llf’u%r}yr’ ?'éwaci d
EoaDL e COL Lo prov de e L e e el Gaot i o ) |
Ex e to provide the _title conpoun . o % vyi e .
TH VR ( CHBlors 21(d0, SO0 MR 1H). 3 49, - 485 (mpTE), 4 (G §-6. 1 StTes D,

3. 55 (At , A5 mB A sk a0k . J=9.8, 7.1 Hz, 25 1H), 4.47 (ddd,
J=7.8, 7.(sz,L“Tzk.@:’H’“%/,é 1%1)@6}?%98’(&9@ ?{'7.38 (dd, J=2.7.1.4 Hz, 1H), 8.20
(m 2H); M5 (DCI/NH3) mlz 215 (MtH CAHAO4) +; Anal . cal cul ated for
CI2HIANA 1. 3C4HA04: C, 56.57; H 5.30: N 15.34. Found: C, 56.63; H 5.32;

N, 14.99. Exanple 82 30 o Example 80B
(3aS, 6a5) - dorf Buky SRR (¥ hlof-B)vHfH A PRt AOED HmBAERYE-b Lhboxylate
di hydr ochl oride e 8JA VO U1/ 81347 P IS0 R

(3aS, 6aS) - 1-[ Srl(eu&ngn}rm@@)(ampw(xﬁdﬂﬁ |rmgaé>£bm;zml)cﬁm¢r5r-bﬂooezﬂ¢hlmwndb1ee¥5( 1H)
4SO B rociR Ao O T BRI, (Bt Rdimptl T2 70Ldae HERLARRS

3- benzyl gxiiffed by eRRANAtb Siaply (Si04hefandd BAOABIEY:I0, RA0DB) tSpeRiticUn? title
tert-butoxide (0.950 g, 9.89 | ) were processed according to the

pr ocedur econthesnd (Hbangi 25 %evamid). e IEENR GMedBvdac20Q Md12) idt 1 48 o Mpuhao (dd,27 g,
3.21 | %, yi-el - | - 1- (5
Foxy- 3 pyri i e iy BT Gees 4 s PP @B 2bo tl Pl 3% @
J=10.2 Hz, 1H), 3.92 (m, 1H), 4.08 (m, 1H), 7.26 (d, ]=1.7 Hz, 2H), 7.85 (, J=1.8 Hz, 1H);
15 MS (DCUNH;) m/z 329 M+2+NH,)*, 327 (M+NH,)".

Example 80C
(1R,5R)-3-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane fumarate
The product of Example 80B (80 mg, 0.26 mmol) in CH,Cl, (2 mL) was treated with

.20 trifluoroacetic acid (2 mL) at room temperature and allowed to stir for 1 hour. The mixture
was concentrated and the residue neutralized to pH ~ 9 with 5% NaOH. The mixture was
extracted with CHCl; (3 x 50 mL) and the combined organic phases were concentrated under
reduced pressure. The residue was treated with fumaric acid according to the procedure of
Example 46C to provide the title compound (26.0 mg, 31% yield). "H NMR (MeOH-d,, 300

25 MHz) 6 3.05 (dd, J=10.1, 5.1 Hz, 1H), 3.15 (dd, J=12.6, 5.1 Hz, 1H), 3.50 (m, 1H), 3.75 (dd,
J=11.2, 3.1 Hz, 1H), 3.90 (d, J=10.5 Hz, 1H), 4.10 (d, J=12.2 Hz, 1H), 4.25 (dd, J=11.2, 8.8
Hz, 1H), 5.05 (dd, J=6.8, 4.8 Hz, 1H), 6.68 (s, 2H), 7.34 (d, J=8.5 Hz, 1H), 7.38 (dd, J=8.9,
3.1 Hz, 1H), 7.96 (d, }=2.7 Hz, 1H); MS (DCI/NH3) m/z 229 (M+2+NH,)", 227 (M+NH,)".
Anal. calculated for CjpH;2CIN5+1.1C4HgO6°0.30H,0: C, 50.46; H, 12.26; N, 19.10. Found:
30 C,50.25; H, 4.65; N, 11.73.

Example 81



10 carboxylate The product of Exanple 82A (1.27 g, 3.21 mmol) in nethanol
(25 nm.) was treated with ammoniumformate (2.00 g, 30.2 mml) and 10% Pd/ C
(0.27 g, we@bp¥/813The mi xture was warned to reflux and al | oneusa/sr98r for 20
hours. The reaction m xture was then allowed to cool to anbient
tenperature, filtered through Celite and7the filtrate was concentrated
under 15 reduced pressure to provide the crude title conpound which was
taken on directly to the next step without further purification. M
(DCUNH3) mz 306 N% i
(3aS, 6aS) - 1- ( 5- hyd¥ks s bpiPre A ) Fe 20 The
product of Exarrpl e 828 (3. 21 nmol ) and trlfl uoroacetl c aci d was processed
according to the procedure described in Exanple 64C to provide the title
compound (0.250 g, 1.22 mmol, 38% \ixahplofkk two steps) M5 (DClI/NH3) mz

S MNP -t it i s %%m%’i‘@omdﬁa%ﬂé&a iYhdedlomablmmgless 0B

di nyl ) oct ahyur

Exanpl e 82C (0. 250 g, 1 22 rrm)l) vvasc%ggﬁgt%ed accordl ng to the procedure
described in Exanple 58D to provide the tiilTe cogPound 320 793

ot | G50 vi a1 arodet RUB G OHE,578 002 Kptymel B eaibals (24 Mg, 0 9268 D, .
5 205 AR state b 480 Ao, 366 Boyhnblsighicl, 54 e 205 oD, s gt T

(d, J=1. Redbutokide (05203, 620 1ﬂm81)3vdr€prol;k%ed Moof N INHB provedurd @bscribed in
( M+H- 2HC1 ; Anal cal cul ated for CL1H15N30. 2. 5HCI. 2NH4C1 C, 32.75;, H,
564 gruppvide, thattlg gomppung (9400 g, 1.27 mpyol, $e0igldn M3

6. 37;
SO1/ b3 4A& +83 (3aS, 6aS) - hexahydropyrrol o[ 3, 4-b] p Trot
1(2ﬁ$ ylfnlcotlﬂonltrlﬁﬂpﬁﬁnarate 5 Exanple 83A tert-butyl

(3aS, 6aS) -1-(5-c apyridinyl)hexahydrop rrol of 3, 4- pryrroIe 5(1H) -

carboxylate The product of Exanple 77B (1 g, 5.42 mmol), Pd2(dba)3 (55
ng, 0.0596 rrm)l) Bl NAP (101 ny, O. M 3- br ono- 5- cyanopyri dine (1.09

g, 5.96 mml), (@Qﬁ'ddg-héﬁhéﬁflc}pﬁﬂfo%hﬁ_ﬁﬁ%ﬁ%glQQH% Xyﬁﬁcéﬁﬁsﬁh}ﬂéﬂere _
processed accordlng rocedure descri in 0 provide

the title conpbherpodult BBEgampleBQArmIﬂIOO £7 99/ ynmeb i and tnﬂuoroacetlc acid were

15 processed according to the procedure described in Example 64C to provide the title

compound (97 mg, 0.450 mmol, 35% yield) which was carried on directly to the next

reaction.
Example 81C
20 5-((3aR.6aR)-hexahvydropyrrolo[3.4-blpyrrol-1(2H)-yDnicotinonitrile fumarate

The product of Example 81B (97 mg, 0.450 mmol) and fumaric acid (53 mg, 0.450
mmol) were processed according to the procedure described in Example 66D to provide the
title compound (110 mg, 0.301 mmol, 67% yield). 'H NMR (CH;OH-d,, 300 MHz) & 2.04
(m, 1H), 2.31 (m, 1H), 3.40 (m, 4H), 3.55 (dt, J=12.5, 5.7 Hz, 2H), 3.70 (dt, J=9.8, 7.1 Hz,
25 1H), 4.47 (ddd, J=7.8, 7.2, 2.4 Hz, 1H), 6.66 (s, 2H), 7.38 (dd, J=2.7, 1.4 Hz, 1H), 8.20 (m,
2H); MS (DCUNH;) m/z 215 (M+H-C4H,04)"; Anal. calculated for C1,H14N21.3C,H,04: C
56.57; H, 5.30; N, 15.34. Found: C, 56.63; H, 5.32; N, 14.99.

Example 82
30 (3aS,6aS)-1-(5-hydroxy-3-pyridinyl)octahydropyrrolo[3.4-blpyrrole dihydrochloride

Example 82A



Exanpl e 83B 5-((3aS, 6aS - hexahydropyrrol o 3, 4-blp . Tool

1(2H) -yl )nicotinonitrile 15 The product of Exanple 83A (1.35 g, 4.29 mmol)
and trifwooosisetic acid were processed according to thePQT/OSEdINEs
described in Exanple 64C to provide the crude title conmpound (>100% which
was carried directly to the next step vi5S8hout further purification. Exanple
83C 20 5-((3aS, 6aS) - hexahydropyrrol 013, 4-bl pyrrol -1(2H)-yl )nicotinonitrile
fumarate The crude product of Exanpl e 83B ('4.29 mmol) and funaric acid
(0.501 g, 4.2
mExarrpIe%%&X YOV SPAS ;

yi el d over two steps) 1H NI\/R (CH3C]—|-%OX g@g I\/Hz) 8 2 03 (m 1H) 2. 31 (m
1H, 3.26 (m 1H, 3.35 (m 1H, 3.4 =5.7, 4.0 Hz, 1H), 25 3.46 (m
2H) , 3 52 (dd, Theprodit ofEFample 71B)(1.03.278. 9§dmm01);19d29dbaﬁ 85 g, 0045 mmell, (m

0. 23 (a, R Ry ey periley s Sethns fdmm Sfpsmippd”

cal cyil at ed il @,mﬁl%lw Bed9eoinko 86 préeuig: C,
sl 1571 H% %iﬁl% teﬁﬁlﬁiﬁ%)tf?i 3?@%{?9 ) fére Proce ccotling pr

(1R, 5S) - Blegaibst iy Fyamplerpdi f@umwlsie @ealtlmcamm@/@ 3] 8. 322 1anmepbt @¥e yicldhar at e
WD 01/81347 PCT/ US01/ 13798 160 Exanple 84A tert-butyl (1S,5S)-6-{5-f
(trimethylsilyl)ethynyll-3-pyridinyl}-3,6-diazabicycl of 3. 2. 0l hept ane-
3-carboxylate 5 The product of Examagp®6#2K 120 ng, 0.34 mmol) was treated
wi th ethynyltrjnet hyI 5| I ane accor ding to the pr ocedure descrl bed in_Exanpl e
68A. The ti bt ) N-1gh3-h 340 V,DhEY’ TTole 5 v

hexw;n/R 50: 50, Rf 0. 50) to prOV| de theothhdke corrpound(90 ng, 71%y| el d).
(MeOHd4, 300 MHz) 6 0.05 (s ‘%F&i%‘m (brs, 9H), 3.16 (dd,

J=12. 6, 3.6 HZThelrhducBoPBxandb A, (1 ZH)g, 332.16BmobHin iﬂd}hanﬁl (&5 AL )OBag tgat3H) ;. 10

4.70 1 6. 638 ( J=2. , . 67 J=1.7 Hz, 1
Vs ( DOUNPBTH o i) 2 001 e and 4 4% RA) @20 s Behy i vistgs was 1
idinyl)- %Mﬂ@@ﬁ*ﬂuﬁ%ﬁh Qlidwed SR EGR) hours. The reaction mixture was then allowed to

cool to ambient temperature, filtered through Celite and the filtrate was concentrated under

15 reduced pressure to provide the crude title compound which was taken on directly to the next

step without further purification. MS (DCI/NH;) m/z 306 (M+H)".

Example 82C
(3a8.6aS8)-1-(5-hydroxvy-3-pyridinyDoctahvdropyrrolo[3.4-blpyrrole

20 The product of Example 82B (3.21 mmol) and trifluoroacetic acid was processed
according to the procedure described in Example 64C to provide the title compound (0.250 g,
1.22 mmol, 38% yield over two steps). MS (DCI/NHz) m/z 206 (M+H)".

Example 82D
25 (3a8.6aS)-1-(5-hydroxy-3-pyridinyDoctahydropyrrolo[3,4-b]pyrrole dihydrochloride
The product of Example 82C (0.250 g, 1.22 mmol) was processed according to the

procedure described in Example 58D to provide the title compound (0.320 g, 0.793 mmol,
65% yield). 'H NMR (CH30H-ds, 300 MHz) § 2.08 (m, 1H), 2.33 (m, 1H), 3.40 (m, 4H),
3.53 (m, 2H), 3.62 (m, 1H), 3.72 (dt, J=9.5, 6.8 Hz, 1H), 4.55 (ddd, J=7.8, 6.8, 2.4 Hz, 1H),

30 7.04 (dd, J=2.3, 1.7 Hz, 1H), 7.65 (d, J=1.7 Hz, 1H), 7.73 (d, J=2.3 Hz, 1H); MS (DCI/NH3)
m/z 206 (M+H-2HCI)"; Anal. calculated for C;,H;sN30+2.5HCI-2NH,CI: C, 32.75; H, 6.37;
N, 17.36. Found: C, 33.11; H, 6.71; N, 17.77.



15 The product of Exanple 84A (90 ng, 0.24 mmol) was treated with Bud4N+F-
solution (1IMin THF, 2 nL) at roomtenperature. After stirring for 20

m nut es, woersisxture was diluted with ethyl acetate (50 PCY/USoEESMSd with
water (2 x 5 nL) and concentrated under reduced pressure. The residue was
treated with trifluoroacetic acid (2.5 9 in CH2C12 (2.5 nlL) at room
tenperature. After stirring for 1 hour, the m xture was concentrated and
the 20 residue was purified by chromatography (Si 02, CH2C12: MeOH NH40H,
90:10:1, Rf 0.2) to provide the title corrpound (45 ng, 94%yield). 1H NWR
(MeOHd4, 300 MHz) 6 2.75 (dd, J=12.9, 3.4 Hz, 1H), 2.90 (dd, J=12.2, 6.5
Hz, 1H), 3.10 (m 1H), 3.30 (d, J=12 3.40 (d, J=12.9 Hz, 1H),
3.70 (dd, J=7.8, 3.3 Hz, 1H), 376(s,ﬁ_xglrégie_]8g) 6 (t, J=7.8 Hz, 1H 4.70
(dd, J=6.1, 3. (@ ,085)- heﬁhgdlro@miolom bTnyribl-1 (2H)-yiihotindnitidle(fumagt® . 7 Hz,
1H), 7.94 (d, 25 J=1.7 Hz, 1H); M5 (DCI/NH3) mz 200 (M+H)+. Exanple 84C
(1R, 5S) 6-(5-ethynyl-3-p. "dinyl)-3, 6-di azabi cycl o[ 3. 2. A heptane fiunarate
The product of Exanple 84B (45 no, Oixdf1&9®PA) was treated with fumaric
acid 30 according to the procedure 0o arrp e 46C. The t|tle conpound was
obt ai ned as terisiutyld3af 83501 -(FycyaRe3-pymdinyl)hexiah ydvip yrked yol-MHA)- S 3. 16
(dd, J=12.6,3.7 Hz, 1H), 3.35 3.40 (marbx y 3.45 (m 1H) 3.70-3.85 (m
3H), 3.95 (t, J=7.8 Hz, 1H), 496(d —1, 3.4 WD 01/81347

PCT/ US01/ 137981h a;ddr&ofEk&m T8 (1815 I5)42 rzmb PafdbalrB54ng, .65 964mad
7.85 (d, J=3. ooy 796I§d A 3 QQQI%T%NHS oozl
(MHH) +.  ARRYAP élélldug,aﬁ ) mgol), éibzmxtefﬁscwn (1109@}52% m@lol)sencs@dmm

(1R L) SRS o 5 ndwelt lyr%s,?%e%%ga . e el AP dEeced
f umar at e ExxgitpbeA 86 provdddabea iyt cohfolld)(d B5(H ,4@9dnmbl a0 Bieldy.

i di nyl)-3, 6-di azabi cycl o[ 3. 2. 0) hept ane- 3-car boxyl ate The product of
Exanpl e 52D (451 ng, 1.94 mmol) was coupled with 2, 3-dichl or o- 5-

i odopyridine (805 ng, 2.94 nmol; USM%%?BB 912) usi ng

tris(di benzylideneacetone)- dipalladium dba)3,, 36 ng, 0.039 mmol ;
Al fa Aesar), 2,2 SMfﬁﬁmaShhﬂmm&mmbmA4b.]1bx’rrol+:il(2ﬁbm)h'r¢btim®limm3, 82 ny,
0. 1%5 ol 5 St r"Fthprog to%%%nl{gfe S%A (1b3q5t g?ﬁ'.ﬁemﬁ% Omgqﬁﬂgbrggcetic acid were

processed according to the procedure described in Example 64C to provide the crude title

compound (>100%) which was carried directly to the next step without further purification.

Example 83C
20 5-((3aS,6a8)-hexahydropyrrolo[3.4-blpyrrol-1(2H)-yl)nicotinonitrile fumarate

The crude product of Example 83B (~4.29 mmol) and fumaric acid (0.501 g, 4.29

mmol) were processed according to the procedure described in Example 66D to provide the
title compound (0.510 g, 1.54 mmol, 36% yield over two steps). "H NMR (CH;OH-d,, 300
MHz) 6 2.03 (m, 1H), 2.31 (m, 1H), 3.26 (m, 1H), 3.35 (m, 1H), 3.42 (dd, I=5.7, 4.0 Hz, 1H),

25 3.46 (m, 2H), 3.52 (dd, J=12.5, 5.7 Hz, 1H), 3.70 (dt, J=9.9, 6.8 Hz, 1H), 4.46 (m, 1H), 6.67
(s, 2H), 7.38 (dd, J=3.1, 1.7 Hz, 1H), 8.21 (d, J=3.1 Hz, 1H), 8.23 (d, J=1.7 Hz, 1H); MS
(DCUNH3) m/z 215 (M+H-C4H404)"; Anal. calculated for CroH;,N,*C4H,04: C, 58.17; H,
5.49; N, 16.96. Found: C, 58.17; H, 5.73; N, 17.32.

30

Example 84
(1R,58)-6-(5-ethynyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane fumarate




15 mnol; Aldrich) according to the procedure described in Exanple IE to
provide the title conmpound (184 ng, 25%yvyield). M5 (DCI/NH3) mz 378, 380
(MtH) +. B¥@np8B48B85B (1 R 5 S)-6-(5, 6-di chl oro- 3-pyri di nyl PeBUGo1AI3298abi cycl o
13. 2. 0] heptane 20 The product from Exanple 85A (184 ng, 0.49 mmol) in
trifluoroacetic acid (10 nL) was heaterhoat 65 C for 3 hours, allowed to
cool to roomtenperature, concentrated, and the residue purified by
chromat ography on silica gel (10-50% A-CH2C12, A=CH2C12- MeOH NHACH,
75:22.5:2.5) to afford the title conmpound as an oil (112 nmg, 94% . M5
(DCI/NH3) mz 244, 246 (M+H)+. 25 Exanpl e 85C
(1R 58)-6-(5, 6-dichloro-3-pyridinyl) g3.8sdisazaabi cycl o[ 3. 2. Ol hept ane
fumarate The product from Exanple 858‘(‘1%0“@ 0.45 mol ) in ethanol was
Fousyl (E9.58)-boid-[6frinfatimesilyd) ethoingl 1{3B@yridn y19-34G dimpaiicyci[d.2i hdptane-

ethanol and stirred for 2 hours. The, 3 retci itafe was col |l ected by
filtration to provide the title corrp%ﬁﬂg@—ﬁ” 055280 of f-white solid (105 ngy, 65%

yield). 1H NNRH{%%‘[o@@Qa%Bl%)%ﬁgzégndé,@@ﬂrﬁﬁ%%wékﬂ%?ated]vbﬂh 3.28 (m 1H),
3.44 (ddd, J=14, 7, 3 Hz, 1H), 3.68 (dd, J=12, 12 H, 2%, 3.75 (dd, J=8, 3
Hz, 1H), ethpwlitigwthyledlapeeceding kohepsoeduggscribedin Bxgnpl 484, The)title. 92

(98, 2 il Vo SaPeb B il R T b Bl ™
CAHAO4:  the tifl6 cO@poilhd 0285, NY% Jiel®7 'HROMBRIMEOHAR; $30 Mitz) 4. 4.85 (Nopd 11 56®. 5

Exanpl e 86
(1R 5S) - 65 O bk (IdaITA2 6,3 65le) LED), 8201 hxSivi 85 T B2, (Dn S ahes &, 310,

met hyl bengz sul Ex e I 53) 5 6-5-,ARt = 33 ,
'y 5700 B3R RS o aF 38 el aa oy Bk TS o SadiD: OF EXGHFY s20
(940 ny, OF2weH) and 3- br omo- 5- met hoxypyridine (1.13 g, 6.07 nmol) were
processed according to the procedure described in Exanple 1E. The crude
product was purified by chromatography (Si02, ethyl acetate:hexane, 1:1) to

ide the titl d (0.50 g, OM' . M5 (DCUNH3) mfz 340 (M+H) +.
EI‘SOVI e the title compound ( 9. Bhll ghs) ( ) z (M+H)

(1R.58)-6-(5-ethynyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane
15 The product of Example 84A (90 mg, 0.24 mmol) was treated with Bu,N"F solution

(1M in THF, 2 mL) at room temperature. After stirring for 20 minutes, the mixture was
diluted with ethyl acetate (50 mL), washed with water (2 x 5 mL) and concentrated under
reduced pressure. The residue was treated with trifluoroacetic acid (2.5 mL) in CH,Cl, (2.5
mlL) at room temperature. After stirring for 1 hour, the mixture was concentrated and the

20 residue was purified by chromatography (SiO,, CH,Cl,:MeOH:NH40H, 90:10:1, R¢0.2) to
provide the title compound (45 mg, 94% yield). '"H NMR (MeOH-d4, 300 MHz) § 2.75 (dd,
J=12.9, 3.4 Hz, 1H), 2.90 (dd, J=12.2, 6.5 Hz, 1H), 3.10 (m, 1H), 3.30 (d, J=12.6 Hz, 1H),
3.40 (d, J=12.9 Hz, 1H), 3.70 (dd, J=7.8, 3.3 Hz, 1H), 3.76 (s, 1H), 3.96 (t, J=7.8 Hz, 1H)
4.70 (dd, J=6.1, 3.3 Hz, 1H), 6.94 (dd, J=2.7, 1.7 Hz, 1H), 7.77 (d, J=2.7 Hz, 1H), 7.94 (d,

25 J=1.7 Hz, 1H); MS (DCUNH3) m/z 200 (M+H)".

Example 84C
(1R,55)-6-(5-ethynvyl-3-pyridinvyl)-3,6-diazabicyclol[3.2.0 heptane fumarate
The product of Example 84B (45 mg, 0.226 mmol) was treated with fumaric acid

30 according to the procedure of Example 46C. The title compound was obtained as a solid
(51.0 mg, 73% yield). 'HNMR (MeOH-d,, 300 MHz) & 3.16 (dd, J=12.6, 3.7 Hz, 1H), 3.35-
3.40 (m, 3H), 3.45 (m, 1H), 3.70-3.85 (m, 3H), 3.95 (t, J=7.8 Hz, 1H), 4.96 (dd, J=6.1, 3.4



Exanpl e 86B (1R, 5S)-6-(5-nmethox y~3-pyridinyl)-3, 6-di azabi cycl of
3.2.01lheptane The product from Exanple 86A (300 ng, 0.88 mml) in
trifluoroweetdsd4ncid (10 nL) was heated at 60 C for 2 hoR€eT/USuidl3ees t 0 r oom
tenperature, concentrated, and the residue 20 was purified by

chromat ography on silica gel (CH2Cl2: M@t NHAOH, 90:10:1) to provide the
title conpound (150 ng, 83% . Ms (DCFNH3) m z 206 (MtH)+. Exanpl e 86C

(1R, 5S) - 6- ( 5- met hoxy- 3- pyri di nyl) -3, 6 di azabi cycl o[ 3. 2. 0] hept ane 4- 25

[T cat o with L. iy s BH Gl T B (i dangal-ah 01 153 74 (863 ol

in ethanolgf 4yinsa D@Iﬂ@ﬁ%ﬁ'nﬂz@@@‘{%flﬂﬁlam&alcuﬁ%mﬂUre was stirred at

roomtenperature over ni preci'pitate was isolated by filtration and
dried unﬁ&Hu@HmﬁtheﬁsQﬂbehtC#ﬂﬁmPESt@ Pk dVi78e Fotmed:t Ct 360N, 1B N34 7
PCT/ US01/ 113]343;3 163 compound (182 ngy, 61%yield). 1H NVR (MeOH d4, 300 MHz)
6 2.37 (s 3.20 (dd, J=12.6, 3.7 Hz, 1H), 3.35 (m 1H), 3.45 (m 1H),
3.725(m 3H), 3.83 (s, 3H), 4.16 (t, J=8.2 Hz, 1H), 4.90 (dd, J=6.5, 3.8
Hz, 1H), 6.54 (t, J=2.4 Hz, 1H), 7.22 (d, J=6.0 Hz, 2H), 7.47 (d, J=2.8
Hz, 1H), 7.67 (d, J=2.8 Hz, 1H) 7. 6@(@@&‘60 Hz, 2H); M5 (DCI/NH3) iz
206 5 ( M+H) +. 5 6.14; N,
11.13. Found: : Blcpfan Fimdtae
(1R, 5S)-6-(6- chI or o- 5 met hyI 3- pyr| d| nyI )-3, 6- di azabi cycl 013. 2. 0] hept ane 4-
10 nmet hyl benzenesul f onat e Exanpl e 87A benz (1

S, 5S) - 6- (6-chl oro- 5 met hyI 3- pyr| di i azabi cycl 013. 2. 0] hept ane- 3-
car hpxyl at genzdp; ' A SfheBERL 33l xylate
5- br ono- 2- re—‘mvcvss%&—

according to tTie: mommedﬁEErdp]s(SQDJ(ddl g, IEAmbB wds co{fﬂsied omthd’eS ﬂrcbhbms was
P ) 9 0 a2 5l A8 SN Bl B,
next st emlmﬂaaﬁm BB, 369, DiBaLARE AMR ALG! Miis(@pheryBhosphof-WH) +-
binaphthyl (BINAP, 82 mg, 0.13 mmol; Strem), and sodium tert-butoxide (360 mg, 3.75
15 mmol; Aldrich) according to the procedure described in Example 1E to provide the title
compound (184 mg, 25% yield). MS (DCUNHs) m/z 378, 380 (M+H)".

Example 85B
(1R,58)-6-(5,6-dichloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane
20 The product from Example 85A (184 mg, 0.49 mmol) in trifluoroacetic acid (10 mL)

was heated at 65 °C for 3 hours, allowed to cool to room temperature, concentrated, and the
residue purified by chromatography on silica gel (10-50% A-CH,Cl,, A=CH,Cl,-MeOH-
NH4OH, 75:22.5:2.5) to afford the title compound as an oil (112 mg, 94%). MS (DCI/NH3)
m/z 244, 246 (M+H)".

25

Example 85C
(1R,55)-6-(5,6~dichloro-3-pyridinyl)-3,6-diazabicyclo{3.2.0Theptane fumarate
The product from Example 85B (110 mg, 0.45 mmol) in ethanol was treated with a

solution of fumaric acid (52 mg, 0.45 mmol, Aldrich) in ethanol and stirred for 2 hours. The
30 precipitate was collected by filtration to provide the title compound as an off-white solid (105

mg, 65% yield). "H NMR (CD;0D, 300 MHz) & 3.12 (dd, J=13, 4 Hz, 1H), 3.28 (m, 1H),

3.44 (ddd, J=14, 7, 3 Hz, 1H), 3.68 (dd, J=12, 12 Hz, 2H), 3.75 (dd, J=8, 3 Hz, 1H), 4.04 (dd,



20 Exanple 87B

(1R, 5S)-6-(6-chl oro-5-net hyl -3-pyridinyl)-3, 6-di azabi cycl o[ 3. 2. 01lhept ane
The prodweo of/8BwT Exanpl e 87A (220 ng, 0.61 nmol) in trifl pOTO&EBTS acid (6
m.) was heated at 60 C for 2 hours, cooled to roomtenperature,
concentrated, and purified by chromatography on silica gel

(CH2C12: MeOH: NHAOH, 90:10:1) to afford the title conmpound 25 as an oil
(100 mg, 80%yield). M5 (DCI/NH3) mz 224, 226 (MtH)+. Exanple 87C

et bendshot ey o d o Grood Bier Bk e 3 5 708 (eed HAdIprbEb et s ? ne

Exanpl e 8 G100 @Iﬁﬁ eda it I I
rmnohydratYfgZ %@ M@(D %24}4{1\@& Wﬁgllt):’eﬁ%}l bglglélta%? efyle?%ﬁmd%%@

m xt ure v@,s4(sﬁ$8 lHédZOaN ddofh Fenpkr@uared; By drifj Yhtl.59he precipitate was
isolated by filtration and dried under reduced pressure at 40-50 Cto
provide the title conmpound (133 5 ng, 72%yield). 1H NVR (MeOH d4, 300 MHz)
8 2.31 (s, 3H), 2.36 (s, 3H), 3.18 (dtamplcd®@- 6, 3.7 Hz, 1H), 3.41 (m 2H),
3.72 (dd, J=12.6, 3.7 Hz, 2H) 3.76 (d é.? Hz, 1H), 3. 98 (t, J=8.2 Hz,
1H), 4.87 (dd, J=BRZS)3- 1y @1ddw1) lazabicypip[3.2 Phep@nes- (d, J=6.0
Hz, 2 H), 7.48 (d, J=2.8 Hz, 1HE“17!;668 gdi 12&—2!8 Hz 1H); M5 (DCI/NH3) mz
224, 226 (MrH)+. Anal. cal cul at C7H803S: C, 54.61; H,
5.60; N, 10.61. Found: C, 54.47; H, 10 5.51; N, 10.46. Exanple 88 (1

S, 6R) - 845- et hoxy- 3- pyri di nyl) -3, 8-di azabi cycl 014. 2. 01 octane fumarate 15
Exanpl e 88A tert-butyl (i S, 6R)-8-(5-nmethoxy-3-pyridinyl)-3,8-diazabicycl of
4. 2.0 octane-3- carboxylate The prq@&g{ 1®8cExanpl e 61F (0.780 g, 3.68
mol ) was treated vvlth Pd2(dba)3 (34 ) 0 0368 mml) BI NAP (69 ny, 0 110
nmol§, 3- brbenzyd SLnd it 1aEgpicy? LE

g, 11.0 nmol ) .accor 0.t (o) u S..I’I A
provi de the ti é”%guctgﬁ émf‘gleﬁg) (gﬁgf{%ﬂcb% Bﬁ$3%r%§@@°’gﬁw C@%eB (1
S, 6R- @16y, Whﬁﬁﬁ%i)&wr@pfdc%sﬁ& lagcodding to die@l@i@daﬁeaie@cr(béd Zn Bkarppleame
The crude product was purified by chromatography (SiO;, ethyl acetate:hexane, 1:1) to
provide the title compound (0.50 g, 37% yield). MS (DCI/NH3) m/z 340 (M+H)".

15

Example 868
(1R.58)-6-(5-methoxy-3-pyridiny])-3.6-diazabicvyclo}3.2.0Theptane
The product from Example 86A (300 mg, 0.88 mmol) in trifluoroacetic acid (10 mL)

was heated at 60 °C for 2 hous, cooled to room temperature, concentrated, and the residue
20 was purified by chromatography on silica gel (CH,Cl,:MeOH:NH,0H, 90:10:1) to provide
the title compound (150 mg, 83%). MS (DCIY/NH;) m/z 206 (M+H)".

Example 86C
(1R.58)-6-(5-methoxy-3-pyridinyl)-3.6-diazabicyclo]3.2.0]heptane 4-

25 methylbenzenesulfonate

The product of Example 86B (150 mg, 0.73 mmol) was treated with 4-
methylbenzenesulfonic acid monohydrate (153 mg, 0.84 mmol) in ethanol (4 mL) and ethyl
acetate (16 mL). The mixture was stirred at room temperature overnight. The precipitate

was isolated by filtration and dried under reduced pressure at 40-50 °C to provide the title



25 The product of Exanple 88A (0.540 g, 1.70 mmol) and trifluoroacetic acid
were processed according to the procedure described in Exanple 64C to
provi de Weot/3Bke conpound (0.340 g, 1.55 mmol, 91%vyi el BOT/URNzN3p8e 88C 30
(1S, 6R) - 8- (5- met hoxy- 3-pyridi nyl)-3, 8-di azabi cycl of 4. 2. Ol oct ane funarate
The product of Exanple 88B (1.55 g, 0.78®9 mmvol) and fumaric acid (83 nyg,
0.710 mmol) were processed according to the procedure described in Exanple
66D to provide the WO 01/81347 PCT/US01/ 13798 165 title compound (116 ny,

0. 346 | 49% | d 1H NVR ( CH30-|-d4 300 MHz) 6 2.31 1 2.85
O el A e 67 i p B EMe@E s S0BMIAS 17 (o Bk A4 by

358 (S A du B 43 Py 158 s K96, 3 G5k

?d 68 (s, HZ2HIH), ﬂ.%ﬁ(d(i;ﬂ—ﬁ]‘;zl &Hblle)lEi)S4 (’r7Jf¥2 A(H, 151),1%22@1 Bz6.0 H), 2H)E . 4D@,JNH3)
220 H CAHAO4 An r _CI2H1 CA404

55. 81, HS—%SH@» 1K), 6 @@JE%%&C?S ﬁlljﬂafts%{jdﬁb% %HzezﬁbM ® %%m/@%%%pl e 89

10 (1S, eam f@}Iﬁhlcgfcaraﬁedfﬁ%gbﬁﬁlﬂlﬁqm@ﬁw;sl)c 37830i19g.30i QY £l P 4FAu] €Ct ane

funmarat e e 89A tert

(1S, 6R) - 87@6 Hh6®5dﬂ5umﬁthyl 3-p)gridinyl)-3,8-diazabicycl o[ 4. 2. 0l oct ane- 3-
carboxylate 15 The product of Exanple 61F (0.35 g, 1.65 mmol), Pd2(dba)3
(30 ng, 0.0330 mmol ), BINAP (41 ng, 0.0660 mmmol),

5- br ono- 2- chl or o- 3- net hyl pyri di ne (Og34dr8.871. 82 mMmol ), and Cs2CO3 (0. 860
g, 2.64 mmol) were processed accordlng to the procedure descrlbed |n
Exanple 56A to pfRubTE6#(brehlare4Semethy siridin : ] %4 el d) .

(DCI /NH3) iz 338 (MéH)+. 20 & 89 T
S, éﬁ) 8- (6-chl or o- 5- net hyl - 3- pyﬁgﬁﬁ%§§¥§§i§58§é§abicycl0[4.2.C10ctane The

product of Exanple 89A (0.140 g, 0.418 mol) and trifluoroacetic acid were
processed according to the procedure described in Exanple 64C to provide
the title 25 conpound (85 ny, O0.359 miamMEdE8Z4 el d).

benzyl (18,58)-6-(6-chloro-5-methyl-3-pyridinyl)-3.6-diazabicyclo[3.2.0]heptane-3-

carboxylate
15 The product of Example 52D (1.30 g, 5.60 mmol) and 5-bromo-2-chloro-3-

methylpyridine (1.73 g, 8.39 mmol) were processed according to the procedure described in
Example 1E. The crude product was purified by chromatography (SiO,, ethyl
acetate:hexane, 1:1) to provide the title compound (0.22 g, 11 % yield) which was used
directly in the next step without further purification. MS (DCI/NH;) mv/z 358, 360 (M+H)".

20 ‘ Example 87B
(1R.58)-6-(6-chloro-5-methyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane

The product from Example 87A (220 mg, 0.61 mmol) in trifluoroacetic acid (6 mL)
was heated at 60 °C for 2 hours, cooled to room temperature, concentrated, and purified by
chromatography on silica gel (CH,Cl,:MeOH:NH,OH, 90:10:1) to afford the title compound

25 as an oil (100 mg, 80% yield). MS (DCI/NHs) m/z 224, 226 (M+H)".

Example 87C
(1R,5S5)-6-(6-chloro-5-methyl-3-pyridinyl)-3,6-diazabicyclof3.2.0Theptane 4-

methvlbenzenesulfonate




Exanmpl e 89C (1

S, 6R) - 8- (6-chl or o-5-net hyl - 3-pyridi nyl) -3, 8-di azabi cycl o[ 4. 2. 01 oct ane
fumar at e wahespenpduct of Exanple 89B (0.850 g, 0.359 mol PCEuS0H 3N i c aci d
(42 nmg, 0.359 30 nmol) were processed according to the procedure described
in Exanple 66D to provide the title congaund (97 ng, 0.250 mmol, 70%
yield). 1H NWR (CH3OH d4, 300 MHz) 8 2.05 (m 1H), 2.30 (m 1H), 2.32 (s,
3H), 2.85 (m 1H), 3.15 (ddd, J=12.5, 8.1, 4.4 Hz, 1H), 3.31 WD 01/81347

L R A B e b
4.34 (dt, tc]lu&ae%ul%oxﬁc E@lzl ﬁéﬂoﬁg@ra@g@@ %3%%@7 mﬂloglﬁn(e%am;r"&hﬁ acél!éte (1120 20 711L57
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m) was tI-gaced. Vi, h]fibp%lpeﬂnl aId) szﬁ(ﬂdcﬁﬂbafﬂ 3(7JH§QI—D) 3 aan Sst’l Hzeﬂ{);ad)@r 1
at nosphere was allowed to

cool to dMdF §r¥tH%ae1|<5FBe4 3 @4 J—915l §§r}é7d 1%%%(11 éé¥ f‘tPEZ S0 £HEE 160 Ei &

concentr efnr r (9.90
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tert but yAnal. calculated for C11H14N3CleC;H30sS: C, 54.61; H, 5.60; N, 10.61. Found: C, 54.47; H,
§%#t%$q8dkpphenyl)sulfonylI-3,8-diazabicycloI4.2.Oloctane-3-carboxy

Iat 20 ct of Exanmple 90A (9.90 g, 43.0 mml ), triethylam ne

(17.9 nmL, 0.129 nol) and 2-nitrobenzenesul fonyl chloride (20.9 g, 94.3

nmol ) were processed according to the procedure descri bed in Exanple 61E

to provide the title conpound (7.84 diijLQ_&nDI 46% yi el d). M5 ( DCUNH3)

m z 415' ( M+NH4) .

(1R, 6S) -3, 8-di azab S at-boxytate —fhe

90B (7.80 g, 19.7 nnnl) K2C03 (8 40 g 60 8 nnnl) and

15 Example 88A
tert-butyl (1S,6R)-8-(5-methoxy-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane-3-

carboxylate
The product of Example 61F (0.780 g, 3.68 mmol) was treated with Pd,(dba); (34 mg,

0.0368 mmol), BINAP (69 mg, 0.110 mmol), 3-bromo-5-methoxypyridine (1.03 g, 5.50
20 mmol), and Cs,CO;3 (3.60 g, 11.0 mmol) according to the procedure described in Example
56A to provide the title compound (0.548 g, 1.72 mmol, 47% yield).

Example 88B
(1S8.6R)-8-(5-methoxy-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane
25 The product of Example 88A (0.540 g, 1.70 mmol) and trifluoroacetic acid were

processed according to the procedure described in Example 64C to provide the title
compound (0.340 g, 1.55 mmol, 91% yield).

Example 88C
30 (1S,6R)-8-(5-methoxy-3-pyridinyl)-3,8-diazabicyclo[4.2.0loctane fumarate

The product of Example 88B (1.55 g, 0.710 mmol) and fumaric acid (83 mg, 0.710

mmol) were processed according to the procedure described in Example 66D to provide the



t hi ophenol (2.60 nlL, 25.5 mml) were processed according to the procedure
described in Exanple 61F to provide the title conmpound (2.80 g, 13.2 mol,
67% yi el YOONMB3E¢DCI / NH3) 30 mlz 213 (M+H) +. Exanpl e 90D MX/0$413B3987

PCT/ US01/ 13798 167 tert-butyl

(1R, 6S) - 8- (6-chl oro-5-net hyl - 3- pyri di nylgs- 3, 8- di azabi cycl o[ 4. 2. 0] oct ane- 3-
carboxyl ate The product of Exanple 90C (365 ng, 1.72 mmol), Pd2(dba)3 (30
ng, 0.0330 mmol), BI NAP (41 ng, 0.0660 mml)

5- br ono- 2- chl or o- 3- et hyI pyri di ne &388 %jﬂ; and Cs2C(3 5897
ng, 2.75 m%wpmnewyiﬂréé@&soeﬁ%a@@@ ?{gmﬁ@)tﬁé%&g PE-¢e 3¢ M5EQ 631

Ewéa”F'D‘af §1 .@é@@%%ﬁ'(&g —%%@%%{%01@’3&&%}{}@%6 @Sty 384) -

(1R 6S) - adaarcamzon -1z rIEI)hS’ 79 @@y#’v 8jny |Hz- BH& 3(18%@@1&);)3(860(114 12)04.36¢dtane
The product of trifluoroacetic acjd

Exanpl e

were proésiséd %c%%)dﬁﬁa (@é Jr% 9&2@&5&6 @%@e?ﬁb&aﬁﬁ@ Hatpel B4 E- 1200,
provi de 12 i} 1gn); SRTRSEHRE R, B30 (RO TRRY'; ARRRbahMl for 15 Exanpl e
(1R, 69) - 8B AR0CH B, i HyD:-Q-33\81; &, 6y44) N3 18200 Beahi: €y 65 .6pAH26.00,081 ane
fumarate T product of Exanple 90E (0.130 g, 0.548 mmol) and furaric acid
(64 ng, O nmol ) were processed according to the procedure described in
Exanpl e 66D to provide the title conmpound (77 ng, 0.182 mml, 33%yield).
1H NV\R (CH3OHd4, 300 MHz) S 2.08 20 (m 1H), 2.30 (m 1H, 2.33 (s, 3H),
2.85 (m 1H), 3.15 (ddd J=12.6, 8. ZM 1H), 3.30 (m 1H) 3.57 (ddd,

J=12.8, 8.4,
3%%, 1H) , (A

2H), 7.05 (d, J=2.7 He, 1H) 757 (d, J=2.7 Hz, 1H). MB (DCUNH3) mz 238
(MtH CAHAO4) +; Anal . calculated for Cl12HI6CIN3. 1.6C4H404: C, 52.19; H,
5.33; N, 9.92. Found: C, 52.09; H SxzmplaBdh0. 10. 25 Exanple 91 (1

carboxylate
15 The product of Example 61F (0.35 g, 1.65 mmol), Pd,(dba); (30 mg, 0.0330 mmol),

BINAP (41 mg, 0.0660 mmol), 5-bromo-2-chloro-3-methylpyridine (0.372 g, 1.82 mmol),
and Cs;COs (0.860 g, 2.64 mmol) were processed according to the procedure described in
Example 56A to provide the title compound (141 mg, 0.418 mmol, 25% yield). MS
(DCI/NH3) m/z 338 (M+H)".
20
Example 89B
(1S.,6R)-8-(6-chloro-5-methyl-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane
The product of Example 89A (0.140 g, 0.418 mmol) and trifluoroacetic acid were

processed according to the procedure described in Example 64C to provide the title

25 compound (85 mg, 0.359 mmol, 86% yield).

Example 89C
(18S,6R)-8-(6-chloro-5-methyl-3-pyridinyl)-3.8-diazabicyclo[4.2.0]octane fumarate

The product of Example 89B (0.850 g, 0.359 mmol) and fumaric acid (42 mg, 0.359

30 mmol) were processed according to the procedure described in Example 66D to provide the
title compound (97 mg, 0.250 mmol, 70% vield). 'H NMR (CH;OH-d4, 300 MHz) § 2.05
(m, 1H), 2.30 (m, 1H), 2.32 (s, 3H), 2.85 (m, 1H), 3.15 (ddd, J=12.5, 8.1, 4.4 Hz, 1H), 3.31



30 tert-butyl (1S, 6R)-8-(3-p

di nyl) -3, 8-di azabi cycl o[ 4. 2. 0] oct ane- 3- car boxyl ate The product of Exanple
61F (390 wig01/41384 mmol ), Pd2(dba)3 (34 ng, 0.0368 mmol), PEI/NAH/(348 ny,
0.0736 mmol ), 3-bronopyridine (320 ng, 2.02 mmol ), and sodiumtert WO
01/81347 PCT/US01/ 13798 168 butoxide (%3 ng, 2.94 mmol) were processed
according to the procedure described in Exanple 56A to provide the title
conmpound (360 ng, 1 25 nmol, 68%yield). M5 (DC/NH3) mz 290 (MtH) +. 5

e L S DA T T PR e Cé@”frmere

Phe title 28%%%;%?%9 s (oG P ey PR B R 2205

( MrH) +. 1z, BXBnpbe(§1e2.8316 Rﬁ)BMSB(JZpQIr‘NHB)HWIz)BB (Mﬂ{-&HkIDOydma[l Zakubted

mon) i n B R IRaNe S BBk B el 108 T PO 0P de Baopi . Tos6. >t

4- met hyl benzenesul foni ¢ acid nonohydrate (61 ng, 0.317 15 mmol) in ethyl
acetate (2 nL) dropwi se. After the addition was conplete, the m xture was
refrigerated for 16 hours. The resul thsampk 82i pitate was isolated by
filtration t un 0 4. mml , .96%vi el d).
1H NVR (CH3 , i 8 3(§’ na 90 Oota a,.ra H) ,
2.86 (m 1H), 3.16 (ddd, J=12.5, 8.1, 4.4 Hz, 1H), 3.35 (d, J=2.7 Hz, 1H),
3.57 (ddd, J=12.9, 8.9, 4.5 Hz, 1H), 3.65 gdd, J=14.6, 2.4 Hz, 1H), 3.79 20
(dd, J=7.1, 2.7 FE 1H), 3.85 (t J 4. 35 (dt J=8.1, 2.7 Hz,

2 . D4 _oo J=8. 3,

. ; ‘ § 01 (dd,
J=4.7, 1.3 H Thbl-]&ss Ml(diﬁddtédb&)lGMfZE}éh&Qﬂé MI(E+I1-I44Q\J¥m4mn®cﬂb mdbableck dthanol
d: C, 59.68; H 6.40: N,

C11H15N3C 1. N, 11.62. Fou
T g %{5 s érfafeé mﬂegi% @akAf lipgprondarpn) 808 aidslimrkindeb atmosphere
4. 2. 0loctng (4-0Bf DH0PeNZE P68 H8lisOARE Enix X QWAL BIRFA to cool to ambient
temperature, filtered through Celite, and the filirate concentrated under reduced pressure to
15 provide the title compound (9.90 g, 43.0 mmol, 99% yield). MS (DCI/NH3) m/z 231

(M+H)".

Example 90B
tert-butyl (1R,65)-8-[(2-nitrophenyl)sulfonyl]-3,8-diazabicyclo[4.2.0]octane-3-carboxylate
20 The product of Example 90A (9.90 g, 43.0 mmol), triethylamine (17.9 mL, 0.129

mol) and 2-nitrobenzenesulfonyl chloride (20.9 g, 94.3 mmol) were processed according to
the procedure described in Example 61E to provide the title compound (7.84 g, 19.7 mmol,
46% yield). MS (DCINH;) m/z 415 (M+NH,)".

25 Example 90C
tert-butyl (1R.6S)-3.8-diazabicyclo{4.2.0Joctane-3-carboxvlate

The product of Example 90B (7.80 g, 19.7 mmol), K,COs5 (8.40 g, 60.8 mmol) and
thiophenol (2.60 mL, 25.5 mmol) were processed according to the procedure described in
Example 61F to provide the title compound (2.80 g, 13.2 mmol, 67% yield). MS (DCI/NHj3)

30 m/z 213 (M+H)".

Example 90D



30 tert-butyl (1R 6S)-8-(3-p.

ridinyl)-3, 8-diazabi cycl o{4. 2. 0] oct ane- 3-car boxyl ate The product of Exanple
90C (400 wig01/41380 mmol ), Pd2(dba)3 (35 ng, 0.0378 mmuol ), PEI/NAH/(349%8 ny,

0. 0755 nnnol ), 3-bromopyridine (328 ng, 2.08 nmol), and sodiumtert WO

01/ 81347 PCT/ USO1/ 13798 169 butoxide (BF0 ng, 3.02 mmol ) were processed
according to the procedure described in Exanple 56A to provide the title
conmpound (325 ngy, 1. 12 mmol , 60% yi eI d) M5 (DCl/ NH3) rﬂz 290 (MrH)+. 5
Exanpl e 92B [ octage The

product of Ex 2R27g (5 NGB Y P Y3 odiazaly : ner e
processed accordl ng to the procedure &@%%a@@d in Exarrpl e 64C to provide
the title conpound (188 ng, 0.995 mol, oyield). M5 (DCI/NH3) mz 190

(MFH) +. 10 Exals mro@RCof Ex@nplg)20€- (B6S pe; m.znmm)al)sl’@(cmaanz(ébinag;@msﬁo mmol),
4.2.0] oct 4- et h |.f.onat t B (0,120 g,
o 52a) ea NS R B RSB ER b ot 05: BBy e oS 1 38 8085 ¢
ol §  wergdebonesh7ass or. 95 ﬁﬁn&pwmq)r@ée@g‘ee%&&dﬂn"g td esCHrobaRrd BesBipdmihe 91C
to provide the title cor& 0.553 mmol, 87% %/leld 1H NWR

( CHBO—l— d4Exagmde R4 fo proyigyghe ﬁtle w;npoxmde(iw mg, 045p4 namaly 33%, vidd) MS. 85 (in,

I'H) 1 Hz, 1H), 3.32 (d, J=2.7 Hz, 1H). 3.56
E?M @%3)N§%§%ﬁ&+ﬁ) 1H) . 3.64 (5?1, J:14.EF>, 2.0 He, 1H),Hé. 79 (dd,
=7,24Hz 1H), 3.86 (t, J=7.1 Hz, 1H), 435 (dt, 9=8.1, 2.4 e, 1H),
1
7

2 (ddd, J=8.1,°3.1, 1.3k, IH), 7.23 (m 2H), 7.28 (ddd, J=8.4, 20 4.8,

(

J

7.

0.7 Hz; 1H), 7.69 (m 2H), 793(ddw7m 1H), 8.02 (dd, J=4.8,
/ gt £

CllHB_%NBC7H$OBS 59. € o 2 5. 58 6.39; N,
11.59. Exanpl €T }Eiiprﬁdﬁlct of Example 9OD (O 190 g, 564 mmol) and ’mﬂuoroacetlc a01d were

ﬁéts o berf sl fgeTatts g por S Bbadseibed GGy 04 % providme e
S, 6R) - 8- (c@nﬁ,oqh&bllg,grrﬁ%a) pglrfngjddfpﬁg)% ?,??9 8ndi azabi cycl o(4. 2. d oct ane- 3- car boxyl

ate 30 The "product of Exanple 61F ng, 1.84 mmol), Pd2(dba)3 (34 ng,
0. 0368 mmmol ),
15 : Example 90F

(1R,6S)-8-(6-chloro-5-methyl-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane fumarate

The product of Example 90E (0.130 g, 0.548 mmol) and fumaric acid (64 mg, 0.548
mmol) were processed according to the procedure described in Example 66D to provide the

title compound (77 mg, 0.182 mmol, 33% yield). 'H NMR (CH3;0H-ds, 300 MHz) & 2.08
20 (m, 1H), 2.30 (m, 1H), 2.33 (s, 3H), 2.85 (m, 1H), 3.15 (ddd, J=12.6, 8.2, 4.4 Hz, 1H), 3.30
(m, 1H), 3.57 (ddd, J=12.8, 8.4, 4.0 Hz, 1H), 3.64 (dd, J=14.2, 1.7 Hz, 1H), 3.76 (dd, J=7.1,
2.3 Hz, 1H), 3.84 (t, J=7.4 Hz, 1H), 4.34 (dt, J=8.1, 2.4 Hz, 1H), 6.70 (s, 2H), 7.05 (d, J=2.7
Hz, 1H), 7.57 (d, J=2.7 Hz, 1H); MS (DCI/NH;) m/z 238 (M+H-C4sH40,)"; Anal. calculated
for C12H16CIN3+1.6C4H404: C, 52.19; H, 5.33; N, 9.92. Found: C, 52.09; H, 5.22; N, 10.10.

25

Example 91
(1S.,6R)-8-(3-pyridiny])-3.8-diazabicyclo[4.2.0]octane 4-methylbenzenesulfonate

Example 91A
30 tert-butyl (1S,6R)-8-(3-pyridinyl)-3.8-diazabicyclo[4.2.0]octane-3-carboxylate

The product of Example 61F (390 mg, 1.84 mmol), Pd,(dba); (34 mg, 0.0368 mmol),
BINAP (46 mg, 0.0736 mmol), 3-bromopyridine (320 mg, 2.02 mmol), and sodium tert-




Bl NAP (46 ng, 0.0736 mmol ), 2, 3-dichloro-5-iodopyridine (554 ng, 2.02
nmml ), and sodiumtert-butoxide (283 ng, 2.94 mmol) were processed
accor di ngvo 01/813¢7 pr ocedure WO 01/ 81347 PCT/ USO01/ 13798 17pCO®Sewisiesd in
Exanpl e 56A to provide the title conpound (80 ng, 0.224 mmol, 12%yield).
M5 (DCI/NIi3) mz 358 (MtH)+. Exanple 938 5 (1S, 6R)-8-(5,6-dichloro-3-p
di nyl) -3, 8-di azabi cycl o{4. 2. 0] oct ane The product of Exanple 93A (80 ny,
0.224 mml) and trifluoroacetic acid were processed according to the

8r iggdlrjr‘:rgl desc (?g;g I n %&%ﬁﬁﬁ%ﬂ'&p]&g@%eg Xéc%?dlitlg teot L:J[I)llroecedurergggc%%gd g 4> m,
(1S, 6R) - Sﬁ;élnéieds&@{o%%vﬁre@{é ﬂn‘?é Mﬁouﬁd%@ ﬂgapw Mﬁﬁcﬁlés% y@el@c hage 4-

met hyl benzenesul f onat'e The product “of e 93B ( 175 mmol ) and
4- et hyl HM&QM@@D({M%Q d rmnohydrate (33 3 rrg, 0 175 mol ) were
processed according to the procedure 15 described in Exanple 91C to provide
the title conmpound (58 ng, 0.135 mmol, 77%yield). 1H NVR (CH30OH d4, 300
MHz)55 2.04 (m 1H), 2.30 (m 1H), %@gl@;lﬁH) 2 89 (m 1H), 3.16 (ddd,
J=12.2, 7.4, 4.1 Hz, 1H) . ) x> J129 8.8, 4.1 Hz,

1H), 3.64 (dd J=14. 6(1S ez, 1H), 390(t
J=7. 5 Hz 7 22 J=2.7
e, an 770 e OK/EX?%@F@)%??F'QE f—s’zéé smoRaty iﬂ%ﬁ%ﬂﬁ%%ﬁl@ 3 ed for
C 1H13Cl§1ﬁ€@§i’dﬁ%&;rdfﬁ 0 Ghegrocddurétd &2sibdd inFExbthpl&FMAD € provide b titds H, 4. 88;
N, 9.67. anple 94 (1R, 6S5) 8(7 6-di chl or o- 3-

i di nyl) - 3308496’P&QQ§’|069&I ](3?21111211(6919 Sevighd. MS Q@C%Igh}%%h%ﬂ\%ﬂp fonate Exanpl e
94A 4 ert-butyl

(1R, 6S)-8-(5, 6-di chl oro-3-pyridinyl)-3,8-diazabi cycl o[ 4. 2. 0] oct ane- 3- car box
ylate The product of Exarrpl e 90C (MM mol ), Pd2(dba)3 (34 ng,

0. 0368 mmol ), P . ) 23d|cqllr05|oopr|d|ne
(554 ng, 2.0213RS -1t ~

pr ocessed accopl e o?EEmHﬁl@@?ﬁ%@ N, O B0 T MO A )

ethanol (2 mL) was treated with 4-methylbenzenesulfonic acid monohydrate (61 mg, 0.317

15 mmol) in ethyl acetate (2 mL) dropwise. After the addition was complete, the mixture was
refrigerated for 16 hours. The resulting precipitate was isolated by filtration to provide the
title compound (110 mg, 0.304 mmol, 96% yield). "H NMR (CHsOH-d,, 300 MHz) & 2.06
(m, 1H), 2.33 (m, 1H), 2.37 (s, 3H), 2.86 (m, 1H), 3.16 (ddd, J=12.5, 8.1, 4.4 Hz, 1H), 3.35
(d, J=2.7 Hz, 1H), 3.57 (ddd, J=12.9, 8.9, 4.5 Hz, 1H), 3.65 (dd, J=14.6, 2.4 Hz, 1H), 3.79

20 (dd, J=7.1, 2.7 Hz, 1H), 3.85 (t, J=7.4 Hz, 1H), 4.35 (dt, J=8.1, 2.7 Hz, 1H), 7.12 (ddd, J=8.3,
3.1, 1.4 Hz, 1H), 7.22 (m, 2H), 7.27 (ddd, J=8.3, 4.7, 0.7 Hz, 1H), 7.70 (m, 2H), 7.95 (dd,
J=3.1, 0.7 Hz, 1H), 8.01 (dd, J=4.7, 1.3 Hz, 1H); MS (DCUYNH;) m/z 190 (M+H)"; Anal.
calculated for C11H;sN3°C7HgO;5S: C, 59.81; H, 6.41; N, 11.62. Found: C, 59.68; H, 6.40; N,

11.47.
25
Example 92
(1R.68)-8-(3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane 4-methylbenzenesulfonate
Example 92A
30 tert-butyl (1R,68)-8-(3-pyridiny1)-3.8-diazabicyclo[4.2.0]octane-3-carboxylate

The product of Example 90C (400 mg, 1.89 mmol), Pdy(dba); (35 mg, 0.0378 mmol),
BINAP (47 mg, 0.0755 mmol), 3-bromopyridine (328 mg, 2.08 mmol), and sodium tert-



171 described in Exanple 56A to provide the title conmpound (110 ng, 0.308
mmol, 17%vyield). M (DCI/NH3) mz 358 (MtH)+. Exanple 94B 5

(1R, 6S) - 3¥vQ 51/8t3dlT chl or o- 3- pyri di nyl ) - 3, 8-di azabi cycl o[ 4. 2POT/v801zx3298 The
product of Exanple 94A (110.0 ng, 0.308 nmol) and trifluoroacetic acid were
processed according to the procedure ofiggxanple 64C to provide the title
conpound (74 ng, 0.288 mml, 93%yield). 10 Exanple 94C

(1R, 6S)-8-(5, 6-di chl oro-3-pyridinyl)-3,8-diazabi cycl o(4. 2.0l octane 4-

met hyl benze nes ate_The pr duct of | e..94B 8..mml ) and
e ot hyl bORIEHR a0 g & (ool Mk PR L U Eing o G0 S ShRSIG RPE R b ned

accordi ng 3;,%1) 1£690 e the
title corrpE:)un E@Sﬁgpgﬁ%g{d%g@ﬁnﬁ%é %l(&%a(?%élsrél ﬁ?@hﬁn& @Qyﬁ%ﬁ)ﬂ\ngsoo VHz) 6

2.04 (m (DEUNE;)30/zQ290 QHH) 2. 36 (S, 2H) 2.88 (m 1H), 3.17 (ddd, J=11.8,
7.8, 4.0 Hz, 1H), 3.29 (m 1H), 3.56 (ddd, J=13.2,9.1,,4.4 Hz, 1H), 3.64
(dd, J=14. 6, 2.0 Hz, 1H) 3.80 (dd, J=7.4, 2.7 Hz, 1H), 3.89 (t, J=7.4 Hz,
1H),54.41 (dt, J=8.1, 2.4 Hz, 1H), 7.27 (d, J=2.7 Hz, 1H),
7.69 (m 2H), 7.71 (d, J27Hz _ /NI-13)20rr12258(|\/HrH)+ Anal .
cal cul ated for Cl1H13CiENG®P3EHawiId B Io[42:0lpetaie 76.  Found: C,
50.09; H 4.9 .

(1R 85) - 6- ( 6- bFSTBeRt e ﬁé%}ﬁ% 9%%%5‘2% )1 1% gD 294 GYEPSES Mt ane -
25 net hylhsssssstesubidansioahdxacgiee S&AribaninyxatblS64S)o Frotftellicotiie 5- met hox
-33 _pyridinyl)-3, 6-diazabi cyclo 3. 2.0l hept ane- 3- carboxylate . 30 The
product dfonpeanh(B8gns Q- 9% ommel % gekoMS (PCHNELbmZ 190 B ) was
tregyed with N-bronmosuccininmde (176 ng, 0.99 mml) in acetonitrile (4 nl)
at -42 C. After 20 WD 01/81347 PCT/US01/ 13798 172 minutes, the m xture was
allowed to warmto anbi ent tenperat Bxnphel92dien was concentrated under

reduced pressyre.. 10o; residue vas. Pyl S oM oGmr el 9ghanhy L3:92:.

The product of Example 92B (0.120 g, 0.634 mmol) and 4-methylbenzenesulfonic

acid monohydrate (121 mg, 0.634 mmol) were combined according to the procedure

15 described in Example 91C to provide the title compound (200 mg, 0.553 mmol, 87% yield).
'H NMR (CH30H-ds, 300 MHZ) § 2.05 (m, 1H), 2.31 (m, 1H), 2.37 (s, 3H), 2.85 (m, 1H),
3.15(ddd, J=12.2, 7.8, 4.1 Hz, 1H), 3.32 (d, J=2.7 Hz, 1H), 3.56 (ddd, J=12.9, 8.8, 4.4 Hz,
1H), 3.64 (dd, J=14.5, 2.0 Hz, 1H), 3.79 (dd, J=7.1, 2.4 Hz, 1H), 3.86 (t, J=7.1 Hz, 1H), 4.35
(dt, J=8.1, 2.4 Hz, 1H), 7.12 (ddd, J=8.1, 3.1, 1.3 Hz, 1H), 7.23 (m, 2H), 7.28 (ddd, J=8.4,

20 4.8, 0.7 Hz, 1H), 7.69 (m, 2H), 7.93 (dd, J=3.1, 0.7 Hz, 1H), 8.02 (dd, J=4.8, 1.3 Hz, 1H);
MS (DCI/NH3) m/z 190 (M+H)+; Anal. calculated for C;1H;5N3*C;HgO3S: C, 59.81; H, 6.41;
N, 11.62. Found: C, 59.58; H, 6.39; N, 11.59.

Example 93
25 (1S.6R)-8-(5.6-dichloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]loctane 4-

methylbenzenesulfonate’

Example 93A
tert-butyl (1S,6R)-8-(5,6-dichloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane-3-carboxylate -

30 The product of Example 61F (392 mg, 1.84 mmol), Pda(dba)s (34 mg, 0.0368 mmol),
BINAP (46 mg, 0.0736 mmol), 2,3-dichloro-5-iodopyridine (554 mg, 2.02 mmol), and

sodium tert-butoxide (283 mg, 2.94 mmol) were processed according to the procedure



et hyl acetate: hexane, 30:70) to provide the title conpound (110 ng, 26%
yield). M5 (DCI/NH3) mz 218, 220 (M+rH) +. 5 Exanple 95B

(1R, 5S) - 8vQ 61/8M3¢ND- 5- net hox -33-p dinyl) -3, 6-di azabi cycl oPGT/BS@}13&4st ane The
product from Exanple 95A (110 ng, 0.26 mml) in trifluoroacetic acid (6 i)
was heated at 60 C for 2 hours, cool ed 17 room tenperature, concentrat ed,
and the residue 10 was purified by chronmatography on silica gel

(CH2C12: MeOH: NH4OH, 90:10:1) to provide the title conpound (60 ng, 83%

yi el d). | [ N m 4, 286 +. Exa 95C o) <

(1R 55) - 0. QetTBEBibL SEHER R OR O S10¢ eriecoRHu BEABE Hbpach. BhEidne 4.
15 met hyl hgozeoesut,) apasses Miepyr oduct of Exanple 95B (60 ng, 0.26 mmol) was
treated with 4- methyl benzenesdl fonic acid nonohydrate (40 ng, 0.26 nmol)

in ethanol (4 nlL) and ethyl acetate (16 niL). The mixture was stirred at

room tenperature overnight. The pre it tg was isolated by filtration and
dried under reduced pressure at 40- %&@ﬁ%—ﬁovi de the title 20 conpound

(61 sy, 52%yiel d)aSHR d-MREIAr 61436 W B-BazibR {clof.2 8tdetand. 20 (dd,
J=12.6, 3.7 Hz, 1H), 3. m . 3. m , 3.72 (m ), 3.90 (s,
3H), 4.06 (t, Dhegorodugtef Expmplef395(80aeg, 03229, 18mod apdipluarppeetic agid wate J=2. 4

e, o1y e e Sonftloulonbie n it Mo i fhyickRyps 7™

CLl1H15N3Golnpddhd HEE0BE00.325 0101 C184 §id®; H, 4.91; N 8.09. Found: C, 25
46.93; H, 4.88; N, 8.07. Exanple 96 ‘

(1R, 5S)-6-(5-azido-3-pyridinyl) 3, 6-di azabi cycl o[ 3. 2. 01hept ane funarate 30
Exappl e 96A tert-butyl (IS, 58)-6-(5-%%&@%%@yri di nyl) -3, 6-di azabi c

ycl o] 3. 2. 0] hept ane- 3- car boxyl ate WD PCT/ US01/ 13798 173 The
product of Exanpl@SBERE-Ge®dihlord-34Rridimd)-3,8idiazbiritlofo2Bidetne 4¢ 10 nl) was

treated with di-tert-butyl dicarbonpate (463 , 2.13 mmol; Aldrich). The
reaction mxture was stirred atgﬁ&éﬁh&ﬁg&—&!&g@e S _%@&ure for 3 hours and then
concentr at ed o84 YE 89aRp RIS @5.0 MBS, [ B WAS-RfHy iHefLnBY1fonic
chromat ography (Si 02, 10-50% et hyl™ acetat e/ hexanes) to provide

acid monohydrate (33.3 mg, 0.175 mmol) were processed according to the procedure

15 described in Example 91C to provide the title compound (58 mg, 0.135 mmol, 77%.yield).
'H NMR (CH;0H-d,, 300 MHz) § 2.04 (m, 1H), 2.30 (m, 1H), 2.39 (s, 3H), 2.89 (m, 1H),
3.16 (ddd, J=12.2, 7.4, 4.1 Hz, 1H), 3.28 (m, 1H), 3.57 (ddd, J=12.9, 8.8, 4.1 Hz, 1H), 3.64
(dd, J=14.6, 2.0 Hz, 1H), 3.79 (dd, J=7.5, 2.7 Hz, 1H), 3.90 (t, J=7.5 Hz, 1H), 4.41 (dt, J=8.1,
2.4 Hz, 1H), 7.22 (m, 2H), 7.27 (d, J=2.7 Hz, 1H), 7.70 (m, 3H); MS (DCI/NH3) m/z 258

20 (M+H)+; Anal. calculated for C11H;3CloN3°C7HO5S: C, 50.24; H, 4.92; N, 9.76. Found: C,
50.14; H, 4.88; N, 9.67.

Example 94
(1R,65)-8-(5,6-dichloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane 4-

25 methylbenzenesulfonate

Example 94A
tert-butyl (1R,6S)-8-(5,6-dichloro-3-pyridinyl)-3.8-diazabicyclo[4.2.0]octane-3-carboxylate

The product of Example 90C (390 mg, 1.84 mmol), Pdy(dba); (34 mg, 0.0368 mmol),
30 BINAP (46 mg, 0.0736 mmol), 2,3-dichloro-5-iodopyridine (554 mg, 2.02 mmol), and

sodium tert-butoxide (283 mg, 2.94 mmol) were processed according to the procedure




5 the title compound (475 ng, 94%vyield). M5 (DCI/NH3) mz 354, 356 (MtH)+.
Exanpl e 96B tert-butyl (1S,5S)

6- (5- azi 30O 8v/ggiT di nyl ) - 3, 6- di azabi cycl o[ 3. 2. 01lhept ane- 3- e@rexyi3zsse The
product from Exanple 96A (475 ng, 1.34 mmol) in anhydrous tetrahydrofuran
10 (10 nL) was treated with n-butyllithyum (1.6 Min hexanes, 0.900 ni,
1.44 mmol; Aldrich) dropwi se over 10 mnutes at -78 C under a nitrogen

at nosphere. The deep burgundy solution was stirred at -78 C for 15 m nutes

and then sqJ ufi of trisyl azide (673 ng, 2.18 nmol; prepared according
to Org.  SFeRt i tfrarply S64% wepgdeith 1l peimpentior(d &z 8308 Fiels 43R0 vi
cannul a oxgy ([CCINAW 8% 35kN&a@for rapidly faded to light orange. After

stirring for 15 an additional 30 minutes, the reaction mxture was quenched
by the addition of acetic acid (0.4 nL) and then allowed to wvarmslowy to
roomtenperature. The m xture was treate i th saturated agqueous sodi um

bi carbonate and extracted tw ce w t@@ﬁﬁqﬂ'ﬁet ate. The conbi ned organic
phages were dri ed Qv gg).8R8BaEEHIFRSIULTBAiRY I3 4-HRL a4 DRodthid T at e
concentrated. The residue was purified by chromatography (Sr0Z, 10-100%
ethyl 20 acet dheptrsivahexamplap4o(HlG-Oeg PB08 nooel evdtif@T@cety, acddMexd el d) .
M5 (DCl/NH3) miz 317. H) +. anpl.e 96 . .

(R 59 - Brogkssad Aepiding ¢ Tlionei R HelBLe 046 i mipyids s lssomme P e 25
A sol uti oresgimhbie 9pyodelgy. from Exanple 96B (134 ng, 0.42 nmol) in anhydrous
di chl oronethane (2 nL) at O C was treated with trifluoroacetic acid (1 niL).
The m xture was allowed to warmslowy to roomtenperature, then
cogﬁ)‘entrat ed in vacuo and purified Wt ography on silica gel (10-50%
Al CH2C12, A=CH2C12: MeOH: NHACH, 75: 2727572 o afford the free base of the
title conmpound (7IR.68)-85 86dithtolo,3-B48divivDI3d-diathidcfdse. diseandy-30 et hanol
(1 m) was treated with a solution of fumari¢c acid (40 ng, 0.34 mmol;

Al drich) in ethanol/ethyl acet hylhengene irred for 12 hours. The

I1t

preci pitate wan pRIduECSESkalhie 54t [14AE0H L ey g i fuRdq( 60
ng, 51 %yi el d)egs a tan so i%llé %E%?C%%g%ﬁ&%ﬁ}%%‘%%%? %éu%y%g‘}QB
174 300 MdnphBirate 155 (gl (.238 hBnol} welrg cdnbbineBa@0rdimg tolih proBedibie (lekdeibedml 4, 7, 3
Hz, | H), . 3. 71 . J=13, .12. Hz, 2H), 78 ( J=8 . AH)., 4.05 (t,
1=8%z, Efsal,npk?_%%dte@a9wgz%l,e%af5'zﬁ2{np'3§%ﬂ ?8361?15’7&?% mﬂq}a,&é%%@lffis,ﬂé\ﬁtﬂ% 7.66
(d, I=3 (&m,ca,, 300 MHA & 2072tz 140k; g@%ﬁ) adpal -
Cal cul atg% or é’lOHlZIgIBZ(}i 1.2308212(01@2%821&%;(1%?(1)1.({ 57 H ’4211.{?22;2‘88[2\@’21%%?17@&]

J=11.8, 7.8, 4.0 Hz, 1H), 3.29 (m, 1H), 3.56 (ddd, J=13.2, 9.1, 4.4 Hz, 1H), 3.64 (dd, J=14.6,

2.0 Hz, 1H) 3.80 (dd, J=7.4, 2.7 Hz, 1H), 3.89 (t, J=7.4 Hz, 1H), 4.41 (dt, J=8.1, 2.4 Hz, 1H), .

7.23 (m, 2H), 7.27 (d, J=2.7 Hz, 1H), 7.69 (m, 2H), 7.71 (d, J=2.7 Hz, 1H); MS (DCINH)

20 m/z 258 (M+H)"; Anal. calculated for C1Hi3CLN3+C7HsOsS: C, 50.24; H, 4.92; N, 9.76.

Found: C, 50.09; H, 4.94; N, 9.64.

Example 95
(1R,55)-6-(6-bromo-5-methoxy-3-pyridinyl)-3,6-diazabicyclof3.2.0Theptane 4-

25 methylbenzenesulfonate

Example 95A
benzyl (18,5S5)-6-(6-bromo-5-methoxy-3-pyridinyl)-3.6-diazabicyclo[3.2.0Theptane-3-
carboxylate
30 The product of Example 86A (330 mg, 0.99 mmol) in acetonitrile (8 mL) was treated
with N-bromosuccinimide (176 mg, 0.99 mmol) in acetonitrile (4 mL) at —42 °C. After 20




5 Found: C, 50.75; H, 4.96; N, 24.23. The foregoing description is nerely
illustrative and is not intended to limt the invention to the disclosed
conmpound®OVasi3at i ons and changes which are obvi ous to onPCT/AKINV1324 i n t he
art of organic and/or nedicinal chemstry are to be within the scope and
nature of the invention which are defiivad in the appended clains. 10 WO
01/81347 PCT/USO1/ 13798 175 WE CLAIM 1. A conpound of fornmula | AY

RI-N, BZ NRO | A 5 or pharmaceutically acceptable salts and prodrugs
t hereof , wherein .S selected fromth roup. consi stin f a coval ent
bond, CH2 &S @}I-‘ilée mé’ﬁﬂre o WBHPS g‘é‘B@g’E@HIPFWPﬁ%%@P&?ﬁ consi sti ng

of CH2 anqoftdaehiRd uﬂﬂ%@lﬁﬂd%)%'%ur\éh%e Reslidue vARGHACHR cflﬁ%tc%r ygﬁ% Y

is selected fromthe group consisting of a coval ent bond
Z i s sel ethddcétpirhextre, §o GO}atoqun‘sndsthaqueofonaao@odré] 1&mhg, Pefe yieldh2 MSind

CH2CH2, I.ged e +S CH2CH2, then Z is a coval ent bond and
further p@%&?ﬁﬁgéﬁﬁ%%vmn@%ﬂs CH2CH2, then Y is a covalent bond; R is
selegted fromthe group consisting of RN\ R NR5 N | J~~ N NR4 R3 N

RA RBNRARSNRANRARSNRA /'l NRANR4 RBRNRM SRS, OR5, S J;
,r OSRERE N ~) R4 NR5 NR5 HxRmple9dSB

(1R,55)-6-(6-bromo-5-methoxy-3-pyridinyl)-3,6-diazabicycio[3.2.0Jheptane
The product from Example 95A (110 mg, 0.26 mmol) in trifluoroacetic acid (6 mL)

was heated at 60 °C for 2 hours, cooled to room temperature, concentrated, and the residue
10 was purified by chromatography on silica gel (CH,Cl;:MeOH:NH,OH, 90:10:1) to provide
the title compound (60 mg, 83% yield). MS (DCI/NH;) m/z 284, 286 (M+H)".

Example 95C
(1R.58)-6-(6-bromo-5-methoxv-3-pyridinyl)-3.6-diazabicyclo]3.2.0lheptane 4-

15 methvylbenzenesulfonate

The product of Example 95B (60 mg, 0.26 mmol) was treated with 4-

methylbenzenesulfonic acid monohydrate (40 mg, 0.26 mmol) in ethanol (4 mL) and ethyl
acetate (16 mL). The mixture was stirred at room temperature overnight. The precipitate
was isolated by filtration and dried under reduced pressure at 40-50 °C to provide the title

20 compound (61 mg, 52% yield). "H NMR (MeOH-d4, 300 MHz) & 2.37 (s, 3H), 3.20 (dd,
J=12.6, 3.7 Hz, 1H), 3.35 (m, 1H), 3.45 (m, 1H), 3.72 (m, 3H), 3.90 (s, 3H), 4.06 (t, J=8.2
Hz, 1H), 4.95 (dd, J=6.5, 3.8 Hz, 1H), 6.61 (d, ]=2.4 Hz, 1H), 7.22 (d, J=6.0 Hz, 2H), 7.27 (d,
J=2.8 Hz, 1H), 7.70 (d, J=6.0 Hz, 2H); MS (DCI/NH;) m/z 284, 286 (M+H)". Anal.
calculated for C;1H;sN30°1.33C;H303S+0.33H,0: C, 46.99; H, 4.91; N, 8.09. Found: C,

25 46.93; H, 4.88; N, 8.07.

Example 96
(1R.,58)-6-(5-azido-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane fumarate

30 Example 96A
tert-butyl (1S,5S)-6-(5-bromo-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane-3-carboxylate




44 ORS, A, R4, NONSS NO- N R5, 15 and R5 ; R3 is selected
fromthe group consisting of hydrogen, alkyl, and hal ogen; R4 is selected
from t he vyp ougL3¢dnsi sting of hydrogen, al koxy, alkyl, am poT/UR@l/BgEsn, and
nitro; WD 01/81347 PCT/US01/ 13798 176 R5 is selected fromthe group

consi sting of hydrogen, al kenyl, al koxy,73al koxyal koxy, al koxyal kyl,

al koxycar bonyl, al koxycar bonyl al kyl, al kyl, al kyl carbonyl,

al kyl car bonyl oxy, al kylthio, alkynyl, amno, anminoalkyl, am nocarbonyl,

bonyl al kyl | f ony] b boxyal k

R il e e e A

hng ox )yﬁlR%Lé ted %gcﬁREN@-’buﬁ‘? a&afﬁoaéde kyds m%?ﬁ ﬁ@méocljt\l)ﬁidr?eayl The reabéﬁﬁ%@t&@

E ﬁ( 0) 20R@yas stined f&tﬁ)}l@ﬁi&pma&;aw fora’S(rjimbu%arsﬂlrthen m?ﬁmie;hm@er ss@luefxi gdlfa‘um)mt )
e rou consistin r en an a ; | el ec ro e

G oup. ConLRSERIIE B PG TP ROREAY bt Ak 5o SRk SR TR AR

am nopcar QH@Mh@&&MILounlagniyh@xymrﬁa&vI MSEHEREL Yil/z 3514 Rsdr Mﬁﬁ)*

pyri di nyl car bonyl roxy, hydroxyal kyl, and phenoxycarbonyl 2. A
conmpound according to claim1 wherein 15 Rl is selected fromthe group

consisting of R5 R5 R3 N R4 and RSé\I R4 A conpound according to claim
1 of formulall R, NY Z RO 20 11, %ceutically acceptabl e salts

and prodr ugstbist elcs‘ 5SY6- (ﬁaﬁ@@-‘g%vﬂﬁiinjmc@ 6diinabicclef32.01Bpiienedafbo yiage a
coval ent bond and Z i s CH2.
The product from Example 96A (475 mg, 1.34 mmol) in anhydrous tetrahydrofuran

10 (10 mL) was treated with n-butyllithium (1.6 M in hexanes, 0.900 mL, 1.44 mmol; Aldrich)

dropwise over 10 minutes at —78 °C under a nitrogen atmosphere. The deep burgundy
solution was stirred at —78 °C for 15 minutes and then a solution of trisyl azide (673 mg, 2.18
mmol; prepared according to Org. Synth. coll. vol. V, 179) in tetrahydrofuran (5§ mL) was
added via cannula over 5 minutes. The color rapidly faded to light orange. Afier stirring for

15 an additional 30 minutes, the reaction mixture was quenched by the addition of acetic acid
(0.4 mL) and then allowed to warm slowly to room temperature. The mixture was treated
with saturated aqueous sodium bicarbonate and extracted twice with ethy] acetate. The
combined organic phases were dried over magnesium sulfate, filtered and the filtrate
concentrated. The residue was purified by chromatography (SiO, 10-100% ethyl

20 acetate/hexanes) to afford the title compound (275 mg, 65% yield). MS (DCI/NH3) m/z 317
(M+H)".

Example 96C
(1R,58)-6-(5-azido-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane fumarate
25 A solution of the product from Example 96B (134 mg, 0.42 mmol) in anhydrous

dichloromethane (2 mL) at 0 °C was treated with trifluoroacetic acid (1 mL). The mixture
was allowed to warm slowly to room temperature, then concentrated in vacuo and purified by
chromatography on silica gel (10-50% A/CH,Cl,, A=CH,Cl,:MeOH:NH,OH, 75:22.5:2.5) to
afford the free base of the title compound (77 mg, 0.36 mmol, 84% yield). The free base in
30 ethanol (1 mL) was treated with a solution of fumaric acid (40 mg, 0.34 mmol; Aldrich) in
ethanol/ethyl acetate (4 mL) and stirred for 12 hours. The precipitate was collected by
filtration to provide the title compound (60 mg, 51% yield) as a tan solid. "H NMR (CD;0D,



WO 01/ 81347 PCT/US01/13798 177 5. A conpound according to claim3 wherein
Yis a covalent bond; Zis CH2i and R is  Rs 5 R3 NR4. 6. A conpound
accordi ngvo01/8138a1 m 5 sel ected fromthe group consi sting oPCT/US01/13798
(cis)-6-(3-pyridinyl)-3,6-diazabicyclo [3.2.0]heptane;
(cis)-6-(6-chloro-3-pyridinyl)-3,6-di aziglai cycl o[ 3. 2. 0] hept ane; 10

(1R, 5S5)-6-(3-pyridinyl)-3,6-diazabi cycl o] 3. 2. 0] hept ane;

(1R, SS) - 6- ( 5- br ono- 3- pyrldl nyl) - 3 6- di azabi cyclo [ 3. 2. 0] hept ane; (1

SSR) 6- ( 6- chlor03 ai%H -di azabi ¢ o[ 3, 2. 0] hept ang; él S,
5R) - 6- (3- pYP AN 51 ‘éddréé é:yléi)@3{3§ (, D} sawgd 4Ry, 3z, 1H), 3.71

S)-6-(6- 0 .3 0 A
Doy o (REINZ oA '@?%?M‘V 30 RESBIEN TS Y bis Py le) AR, 16
g gRg 6- (HI)VBI@YL()HB-lH?’I’G[gB @}’121)1)37 @9@& MHZCBI?_L of73.(@. E?ﬁ%tlmﬁMS B CVNH3)
| azabDl 0 ni cotinoni tri

o o G AR, Al O e o8 oot N6 ) OF LB 6305 e .82 N, 24.60.

6- 6 di b | 3. 2. 0] hept 20 (1
s - o R A D o Y roaby cre b 3 2. 01 hent ane:
2- br onmo- 5- [ ( 1 BycHofSgoiighledtrgnminiis yekay [lBlsﬂatﬁ}v]ehmﬂUS Boetyihjendedbtoilimomitter i | e; (1

S 8 (S RN 8y tieissisels gttt VafiaB s o ehstEss gt Ase ORHAS forapte <

S, 5R) - 6- (g’ﬁﬂﬁd%@&l £ OF FpRAE h&d/wﬂn)edlém@r @Heﬁﬁﬁﬁi £% ¢ Be lvdthtr AL RERANE nathee
(cis)-6-(5, 6-dichl oro- 3-py nyl ) -3, 6-di azabi cycl o 3. 2. 0] heptane; (1R 5

S) - 6-(5- mg”ttlhﬂ)myexﬁlqmwlmdhalgplqefme@rdnhazpmr@y@bb{m 2.0] heptane; (1

S, 5R) - 6- ( 5- met hoxy- 3- pyri di nyl) -3, 6-di azabi cycl o [ 3. 2. 0] hept ane;

(ci S)-6-(6-bronp-5 -nethoxy-3 -pyridinyl)-3, 6-di azabi cycl o [ 3. 2. 0] hept ane;
(1R 5 5)-6-(6-chloro-5 -nmethyl-3 -pyridinyl)-3, 6-diazabicyclo

[3.2.0] heptane; 30 (1

S, 5R) - 6- (6- chl or o- 5- net hyl - 3- pyri di nyl ) - 3, 6- di azabi cycl o[ 3. 2. 0] hept ane;



(cis)-6-(6-chloro-5-nethyl-3-pyridinyl)-3, 6-di azabi cycl o [3.2.0] heptane; WO
01/ 81347 PCT/ USO1/ 13798 178 (1

R, 5S) - 6- (W60 br/gwsw? 5- met hoxy- 3- pyri di nyl) - 3, 6- di azabi cycl o[ BCRUS)spisane; (1
S, 5R) - 6- ( 6- br ono- 5- et hoxy- 3- pyri di nyl ) - 3, 6-di azabi cycl o [ 3. 2. 0] hept ane;
(cis)-6-(5-azido-3-pyridinyl)-3,6-diazapiscycl o [ 3. 2. 0] hept ane;

(1R, 5S)-6-(5-azido-3-pyridinyl)-3, 6-di azabi cycl o[ 3. 2. 0] hept ane; and 5

(1R, 5S) - 6-(5-azi do-3-pyridinyl)-3, 6-di azabi cycl o[ 3. 2. 0] heptane. 7. A
conpound according to claim5 that is

5-[ (1R, 5S)WEB (@-AfMzabi cycl o[ 3. 2. 0] hept-6- yl]nicotinonitrile. 10 S. A
conpound accor dj | &6 ﬁ] erein Yis CH2 and Z is a coval ent bond.

9. A conpgl'md g%@%? ‘?Lhngﬁo C e{% 3 wherein Yis CH2; Z is a coval ent bond,
and 15 Ris RS R3 N R4 10. A conpoun @rding to claim9 selected from
the group consisting of Ri—N, N

(1R 5R) -6-(6-chl oro-3-pyridinyl)-2, 6- B azabi cgel o[ 3. 2. 0] hept ane and 20
(1R, 5R)-6-(3-pyridinyl)-2,6-diazabi cycl o[ 3. 2. 0] heptane. 11. A conpound
according to claim3 wherein Y is CH2CH2-and Z is a coval ent bond. 12. A
conmpsound aTe i [,e} | s CH2. 25 13. A
corrp%und %?%%?Ig%cggtlétagygkg%pﬁb%e %’I@gﬁ gdli Eroén.lg:? t;ﬁiy(g:%isa 8%%11 bond and Z is CH2CH2.
WO 01/ 81347 PCYALISHAHITER thel@@up donsisting i @ vkl et bondli G, tGH€HR| and3 wher ei n
Yis a coa(l_alzlﬁ_?ztc 2(_)nd; Zis CH2CH2;, and R is ° R5 5 R3 N R4.

B is selected from the group consisting of CH, and CH,CH,, provided that when A is
CH,CH,CH,, then B is CHy;
10 Y is selected from the group consisting of a covalent bond, CH,, and CH,CHp;
Z is selected from the group consisting of a covalent bond, CH,, and CH,CHo,
provided that when Y is CH,CHo, then Z is a covalent bond and further provided that when Z
is CH,CH,, then Y is a covalent bond;

R; is selected from the group consisting of

N R4 ) R3 N R4 ) R3 N R4 ) R N R4 , N R4 ,
\rr(‘ A R5 N R4 N R4 _,\-r"’ N R
3 A 3 N
O 0 O R
R3 N R4 ’ S R5 > 0 R > S Z RS »
~OND R PTTC T 5 Rs
7 N P B G /e B e N A 1
P N N | o 4
o 55 Ry, Re, N~ O , N7 TS ,
-4 SN O~N
AU QUL
15 R5 s and R5,

R; is selected from the group consisting of hydrogen, alkyl, and halogen;
R4 is selected from the group consisting of hydrogen, alkoxy, alkyl, amino, halogen,

and nitro;



15. A compound according to claim 14 selected fromthe group consisting of
(cis)- 8-(3 -p yridinyl)-3, 8-diazabicyclo [4.2.0] octane; (cis)-

8- (6-chl ovoo883pyri di nyl )-3,8 -diazabicyclo [4.2. 0] octareT/Us@/13I'S,
6R)-(cis)-8 -(6-chloro-3 -pyridinyl)-3,8-diazabicyclo [4.2. 01 octane; (-)
(cis)- 8-(6-chloro-3 -pyridinyl)-3,8-diggabicyclo [4.2. 0] octane;

5-[ (1R, 6S) - 3, 8-di azabi cyclo[4.2.0] oct-8-yl]nicotinonitrile; (1

S, 6R) - 5-[ 3, 8-di azabi cycl o[ 4. 2 0] oct-8-yl]nicotinonitrile; (1

S, 6R) - 8- (5- met hoxy- 3- pyridi nyl) -3, 8-di azabi cycl o[ 4. 2. 0] oct ane;

(cis)-8-(5 - methdkelestedomd %gqoyp BO@JﬂmaféBv%ryg% afkenyl, a@?Xb&éla)ﬁéakOXY»

Lot ( ARl O oy @) ok bl R A MY bl DS Bipoptony,
(1 S, 6R) -dBeylhic hllkongt, amm,ramrl]nclaum rand??%a:r})oxﬁfl &ndnmdhlrwiaﬂt}d,[aﬁmﬂo?]lfzony]g]ne
f)(]:-t EnES) C@g) @% @%%vg%fv grymﬁ%’ cyrepl k?/f/ior@i @ﬁﬁkaﬁvg }@f%ﬂ@% 33%2{1

R 63 - 8- (1315 bglawﬁﬂfr&w hg&aﬁyﬂkﬁzﬁgfcﬁyt%l RetcApalkdl, nﬁ% %Dt%trazol 1, —NR68(O)2RZ )

(cis)-8-(5, 6-dichloro- 1)~-3) 8- dlazablcyc o[ 4 oct ane

S, 6R) -8 --QSNRsMBISQCﬁzQ(NByWR&qu@m}Rh A AKINNa) @M&Rﬂﬂsa SEOROR, and
(1 R 6S)- %éé);g dichl oro-3 -pyridinyl)-3, 8-diazabicyclo [4.2. 0] octane.
25 WO Ollaél 3 / US01/ 13798 180 16. A conpound according to claim1 of
formula 11l R, RN etﬁngfgeBﬂepéddbn fﬁel&k@rﬂa&ﬁ% gioap bynsamepradeg&alis and
prodrugs ther eof . 17. A conmpound according to claim 16 wherein Y is a
coval ent diedendnd Z is a covalent bond. 18. A conpound according to claim
16 %‘er ein Ry is selected from the group consisting of hydrogen, alkoxycarbonyl, alkyl, amino,
aminoalkyl, aminocarbonylalkyl, benzyloxycarbonyl, cyanoalkyl, dihydro-3-

pyridinylcarbonyl, hydroxy, hydroxyalkyl, and phenoxycarbonyl.

2. A compound according to claim 1 wherein
15 R is selected from the group consisting of
\f’) PN Rs
W
R4 and R N R4
3. A compound according to claim 1 of formula IT
ag
7 N. Ry
20 I,

or pharmaceutically acceptable salts and prodrugs thereof.

4, A compound according to claim 3 wherein Y is a covalent bond and Z is CH,.



10 Y is a covalent bond; Zis a covalent bond; and R is\ \ RS R3 NFR4
15 19. A conpound according to claim18 that is

(1R, 5R) - 2vQ 8v/gagu1 di nyl ) - 2, 6- di azabi cycl o[ 3. 2. 0] hept ane. POT/USVICIBMsOUNd
according to claim16 wherein Yis CH2 and Z is a coval ent bond. 20 21. A
conpound according to claim 16 wherein 1y7is a covalent bond and Z is CHZ
22. A conpound according to claim 16 wherein Y is a covalent bond; Zis
CHZ; and 25 Rl is R R3 N R4 WO 01/81347 PCT/US01/13798 181 23. A
conmpound accordjng to claim?22 selected fromthe group consisting of

(ci s) - 1- (6~ chl gk 69BPHRd A4eIIMEde CRE B BRFFFiol o 3, 4- b] pyrr ol e;
(cis)-1-(6-chl -3 Lohi vl ) - 5- net hyl oct ahydropyrrolo [3,4-b]pyrrole; (3
aR,6aR)-1-(6-cﬁf%ﬁ§¥§¥%?€? I 'nhyl ) octahydropyrrolo [3, 4-b]pyrrole; 5

(3aR, 6aR) - 1- ( 3 pyCHgliangt| ) oct ahydr opyrrol o[ 3, 4-b] pyrrole; (3
aS,6aS)-1-(6-§QIoro-3-pyridinyI)octahydropyrroIo [ 3, 4-Db] pyrrole;

(3aS, 6aS) - 1- (3™pYri di nyl ) oct ahydropyrrol o[ 3, 4-b] pyrrole; 5-((3

aR, 6aR) - hexahydr ep rrqgo[3,4-b]pyrrol-1(2FD-yI)nicotinonitrile;

(3aS, 6aS) - 1- (5- roKy-3- pyri di nyl ) oct ahydropyrrol o[ 3, 4-b] pyrrole; and 10
5-((3aS,6aS)-h§ X yrrol o[ 3,4-b]pyrrol-1(2H) -yl )nicotinonitrile. 24. A
conpdund according to ¢ aim16 wherein Y is CH2CH2 and Z is a coval ent
bond. 25. A compound according to claim 16 wherein Y is CH2 and Z is CH2.
15 26. A conpound according to claim 16 wherein Y is a covalent bond and Z

is CH2CHZ., 27A cémpoiasasrdagCorctHimg $ebectddafrdm thegrotp consistink 1
(cis)-6-(3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;

(cié)—6-(6-chloro—3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane; »

10 (1R,5S)-6-(3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(1R,58)-6-(5-bromo-3 —pyridinyl)-3 ,0-diazabicyclo[3 .2;O]heptane;
(1S,5R)-6-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(1S,5R)-6-(3-pyridinyl)-3,6-diazabicyclo[3 .2.0]heptane;
(1R,5S)-6-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;

15 ‘ (18,5R)-6-(5-ethynyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(1S,5R)-6~(5-vinyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
5-[(1S,5R)-3,6-diazabicyclo[3.2.0]hept-6-yl]nicotinonitrile;

() (cis)-6-(5-bromo-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(cis)-6-(5-bromo-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane;

20 (18,5R)-6-(6-bromo-5-vinyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane;
2-bromo-5-[(1R,55)-3,6-diazabicyclo[3.2.0]hept-6-yl]nicotinonitrile;
(1R,5S)-6-(5-ethynyl-3-pyridinyl)-3,6-diazabicyclo[ 3.2.0]heptane;
(1R,55)-6-(5,6-dichloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane;
(1S,5R)-6-(5,6-dichloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane;

25 (cis)-6-(5,6~dichloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(1R,5%)-6-(5-methoxy-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(18,5R)-6-(5-methoxy-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(cis)-6-(6-bromo-5-methoxy-3-pyridinyl)-3,6-diazabicyclo[3.2.0Theptane;
(1R,5S)-6~(6-chloro-5-methyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;

30 (1S,5R)-6-(6-chloro-5-methyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;
(cis)-6-(6-chloro-5-methyl-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;



Y R-NI CCZN RO 20 N, or pharmaceutically acceptable salts and prodrugs
thereof. 28. A conpound according to claim27 wherein Y is a coval ent bond
and Z i swoevusskent bond. 25 WO 01/81347 PCT/ US01/ 13798 PABRS®ALI7IR
conpound according to claim27 wherein Y is a covalent bond; Zis a
covalent bond; and Rl is nCR5 5 R3 N7R4. 30. A conpound according to
claim?29 selected fromthe group consisting of (cis)-3.-(3 -pyridinyl)-3,
6- di azabi cycl o [ 3. 2. 0] hept ane;

fsC'[ ?)1R35(R§3 ghles?ijﬁé%%?(ré%%m? @eﬁpﬁgé?pz a%}%}%l’%@c{lﬁﬁg Jﬁﬂffé%ﬁ’gﬁﬁ%g( 1R
SR -8 - (6 chl orps 3y BYBLALAYLY. mitnoRy AL ARV Sl Aal B3R N12PYRBANCSL. A

conmpound according to claim 27 erein and Z7is cov l'ent bond.
15 32. A conpqu¢6a6emnbﬁhgw@hnﬁh@ﬂﬁd@iﬂmmﬂmﬂBd(Ehﬂﬁmﬁhzl Z is a coval ent

el eet 20"t rom R St dmsPaRg op S SRR GREFLRS g o1 m 22
(ci s9 - 5- (6- chl QRG5S3-astdAdd1¥ pyBalRYVHE RIS di83%. Olheyard)| €;

7. A compound according to claim 5 that is 5-[(1R,5S)-3,6-diazabicyclo[3.2.0]hept-6-

yl]nicotinonitrile.
10 8. A compound according to claim 3 wherein Y is CH; and Z is a covalent bond.

9. A compound according to claim 3 wherein
Y is CHy;
Z is a covalent bond; and

15 Ry is

10. A compound according to claim 9 selected from the group consisting of
(1R,5R)-6-(6-chloro-3-pyridinyl)-2,6-diazabicyclo[3.2.0}heptane and
20 (1R,5R)-6-(3-pyridinyl)-2,6-diazabicyclo[3.2.0]heptane.

11. A compound according to claim 3 wherein Y is CH,CH, and Z is a covalent bond.
12. A compound according to claim 3 wherein Y is CH; and Z is CH;.

25

13. A compound according to claim 3 wherein Y is a covalent bond and Z is CH,CH..



(3 aR, 6aR)-5-(6-chl oro-3-pyridinyl)octahydropyrrolo [3,4-b]pyrrole; (3

asS, 6aS) - 5- (6-chl oro- 3- pyri di nyl ) oct ahydropyrrolo [ 3, 4-b] pyrrole; 25

(3aR, 6aRwW60(/81367 di chl or o- 3- pyri di nyl ) oct ahydr opyrr ol o[ 3, BEDUpyw3n¥8e; (3
aS, 6aS)-5-(5,6-dichloro-3 -pyridinyl)octahydropyrro to [3,4-b]pyrrole; (3
as, 6aS) - 5- (6-chl oro- 5- et hyl - 3- pyri di nyj7poct ahydr opyrrol o [ 3, 4-b] pyrrol e;
(3 aR, 6aR)-5-(6-chl oro-5-nethyl -3-pyridinyl)o ctahydropyrrolo
[3,4-b]pyrrole; (3 aR 6aR)-5- (3 pyridi nyl ) oct ahydropyrrol o [ 3, 4-b] pyrrol e;
WO 01/81347 PCT/US01/13798 183

aR, 6aR) - 5-1¢5- MWW@WP?@?WPF&%@&WH@T@&W rol o[ 3, 4-b]pyrrole; (3

asS, 6aS)-5-(3 -py Ep(l[ pﬁ(; hydropyrrolo [3,4-b]pyrrole; (3 aS, 6 aS)-5 -(5
-brorno-3 pyr|d|n octa fopyrrolo [3,4-b]pyrrole; (3 aS,

6as) - 5- ( 5- net hblsyCBzcmrandl nyl ) oct ahydropyrrol o[ 3, 4-b] pyrrole; 5
(3aR, 6aR)-5-(5-et hynyl - 3- pyri di nyl ) oct ahydr opyrrol o[ 3, 4- b] pyrrol e (3
aR, 6aR) - 5- (5-b}?*b’15r0 3-pyridinyl)octahydropyrrolo [3,4-b]pyrrole; 5-((3

aR, 6aR)-hexahyd6j)p rrqio[s 4-b] pyrrol -5(1 H-yl)nicotinonitrile; (3
aR, 6aR) - 5- (6- br nmet hoxy- 3- pyri di nyl ) oct ahydropyrrol o [ 3, 4- b] pyrrol e;
5-((3aR 6aR)-h§>g§fi?d[3%yrrol o[ 3, 4-b] pyrrol -5(1
H)-y$) - 2-brononi coti noHi-trile; 10

(3aR, 6aR)-5-(5-vinyl -3-pyridinyl)octahydropyrrol o] 3, 4-b] pyrrole; (3

aR, 6aR)-5-(5-nmethyl -3 -pyridinyl)octahydropyrrolo [3,4-b]pyrrole; (3

aR, 6aR) - 5t§ 6- bmampémﬁfﬁdabﬂnag ﬂé)’dlalﬂi rw&el&cadmﬂnwbﬁpb@ls{sangob] pyrrole;
(3 aR 6aR)-5-(6-b yridin oct ahydr opyrrol o
[ 3, 4- b] pyr r ol €is)- @3‘32113?“@&!&)1)% @aglcﬁglp%gﬁ fagenyl ) oct ahydr opyrrol o

o130 oY br ot Bt RIS S SR p Mdbiatel” L VTTE O
- pytddi nyl) OCt(aSJG}?m’(OlpyBJ’(GJChlo[r&S%}bidMﬂ) B Ratiazabky€loBt.2.0]octane;

aR, 6aR) - hexah rroI 4- b | -5 (1 .H)-yl)-2-brono- 3-
pyri di I)’lyl ] ace%/ cts 5 I'(é %gﬁ‘a -3 ](gnyl %8 c?laz(ablclgfl)clo)fé’f& OJoctane;

D) pyr ol o, 34 ﬁﬁﬁ%ﬁéﬁjﬁﬁgﬁa&oﬁw R YV 727 % coval ent
bond and Z | s ((]:EleR) 52|5 &ElazklmﬂéMOete&g}]nﬁwﬁmdxmmﬂ aim 27 wherein
(18,6R)-8-(5-methoxy-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;

15 (cis)-8-(5-methoxy-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(1R,6S5)-8-(5-methoxy-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(cis)-8-(6-chloro-5-methyl-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(1S,6R)-8-(6~chloro-5-methyl-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(1R,6S5)-8-(6~chloro-5-methyl-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;

20 (1S,6R)-8-(3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(1R,65)-8-(3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(cis)-8-(5,6-dichloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(15,6R)-8-(5,6-dichloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane; and
(1R,6S)-8~(5,6-dichloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane.

25



Y is a covalent bond; Zis CH2; and Rr is RR5 nC\ R3 NR4 and R3 N R4.
30 WO 01/81347 PCT/US01/ 13798 184 36. A conpound according to claim35

sel ect ed WoonsBle group consi sting of PCT/US01/13798
(cis)-2-(3-pyridinyl)octahydropyrrolo [3,4-c]pyrrole; (cis)-2-nethyl-5
-(3-pyridinyl)octall ydropyrrol o [3, 4-c]iygerrol e;

(cis)-2-(6-chl oro-3-pyridinyl)octahydropyrrolo [3,4-c]pyrrole; 5
(cis)-2-(6-chloro-3-pyridinyl)-5-nethyl octahydropyrrolo [3,4-c]pyrrole;
(cis)-2-(3-quinolinyl)aoctahydropyrrolo [3,4-clpyrrole;

(cis)-2-( 51-6hydrﬁown%@%¢r%ca@rﬁwg)tee.aawoqf[éawlam [3,4-c]pyrrole;, (cis)-2-(5
- et hoxy-3 -pyridinyl)octahydropyrroRp [ 3,4-c]pyrrole; (cis)-2-(5

-et hoxy-3 -pyridinyl)octahydropyrrol g3, 4c]pyrrole; 10
(cis)-2-(5-propoxy-3-pyridinyI)octahXiQEé}?rolo[3,4-c]pyrro|e;
(cis)-2-(6-chl oro-5-nethoxy-3 -pyridi kpﬂﬁﬁpydropyrrolo [ 3,4-c]pyrrole;
(cis)-2-(6-chl oro-5-nethyl -3-pyridinyl)octahydropyrrolo [3,4-c]pyrrole; and
(cis)-2-[5-(2,2,2-trifluoroethoxy)-3 -pHii di nyl] octahydropyrrolo
[3,4-c]pyrrole. 15 37. A conpound_according to cJaim?27 wherein Y is CH2CH2
and Z is a covP ﬁlfm%éhféﬁaﬁyé‘sc.’epﬁébé%ﬁ?%éa%lp’é)é&ﬁsd{l?{ %o claim 27 wherein Y
is GR2CH2; Z is a covalent bond; and 20 R is nCRs R3 NR4 39. A
conmpound according to claim 38 selected fromthe group consisting of

(ci s) - 6- (B- chl AcamBepyd dcdomiytg) tocd atmyldr whdreinpyr r ol o[ 3, 4- b] pyri di ne and 25

(c1)-6-(3-Pyry gl MOvaRl BNPERY 2 18 LovaRnsha? P Pyrt di ne.

18. A compound according to claim 16 wherein
10 Y is a covalent bond;
Z is a covalent bond; and
Ryis

15 19. A compound according to claim 18 that is (1R,5R)-2-(3-pyridinyl)-2,6-
diazabicyclo[3.2.0]heptane.

20. A compound according to claim 16 wherein Y is CH; and Z is a covalent bond.
20 21. A compound according to claim 16 wherein Y is a covalent bond and Z is CHo.
22. A compound according to claim 16 wherein
Y is a covalent bond;

Z is CHy; and
25 R;is



40. A conpound according to claim27 wherein Yis CH2 and Z is CH2. WO
01/81347 PCT/US01/ 13798 185 41. A conpound according to claim1 of fornula
V R CwoOvw/g3ZI N, RO V, or pharmaceutically acceptabl e B&rwsoiza3@spr odr ugs
thereof. 5 42. A conpound according to claim4l wherein Y is a coval ent
bond and Z is a coval ent bond. 43. A carggound according to claim4l wherein
Yis CH2 and Z is a covalent bond. 10 44. A conpound according to claim 41
wherein Y is a covalent bond and Z is CH2. 45. A conpound according to
claim4l wherein Y is CH2CH2 and Z.is_a coval ent bond. 15 46. A conpound
accor di ng2fo clafRAungAse ng\foicél sgieateg fogn qgroupreonsisigHpbund
according to clagikm 44-uass 8l ididvPodtak lofzong £ is CH2CH2.  48. A
GRS B 3 Ay poBb A AR

conmpound according to claim N 20 Z RO VI, or
phar maceut i cal(bip)-aq6ebiabilepwalitd)-amasthylociahygsophrenleldf4-blp#froleA conpound

2cooroL 1o 0 0ol B DRI 20 B SR SRR o ST

covaj ent bond. (350 EaRP1GORLMIANBEGRYEbHErd1673-B] g.-wherein Y is a
coval ent bond (a%d’ 7 ?sqar—@?l %%1/2%34% US01/ 13798 186 52. A conpound

accordi ng to dBa$.mael-fehlora3-yyridinghoctrrydaenyrolo[S,4ablpswaleent bond. 53. A
compound accordiog, &0 ¢4 8l Myt WG byolos FHFpHide? 'S G2
5-((3aR,6aR)-hexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl)nicotinonitrile;
(3a8S,6aS)-1-(5-hydroxy-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole; and
10 5-((3aS,6aS)-hexahydropyrrolo[3,4-b[pyrrol-1(2H)-yl)nicotinonitrile.

24, A compound according to claim 16 wherein Y is CH,CH; and Z is a covalent bond.

25. A compound according to claim 16 wherein Y is CH; and Z is CH,.

15
26. A compound according to claim 16 wherein Y is a covalent bond and Z is CH,CH,.
27. A compound according to claim 1 of formula IV
e
—
zZ" N. Rg
20 | v,

or pharmaceutically acceptable salts and prodrugs thereof.

28. A compound according to claim 27 wherein
Y is a covalent bond and Z is a covalent bond.
25



5 54. A conpound according to claim48 wherein Y is a covalent bond and Z
is CH2CH2. 55. A conpound according to claiml of formula VII ' Y Rl N Z
N. RO 10vepi/g13¢r pharmaceutically acceptabl e salts and protusgg3rdser eof
56. A conpound according to claim55 wherein Y is a covalent bond and Z is
a coval ent bond. 15 57. A conpound acc®2ding to claim55 wherein Yis a
covalent bond; Zis a covalent bond; and R is  R5 20 R3 NR4. 58. A
conmpound accordi ng to claim57 selected fromthe group consisting of
(cis)-3-( pyr|d|n -3, 8 Lazab cIo %% 2. 0] oct ane;

(ci s)-3- (@9chl b B8P ]¥§§° P8yclo [4.2.0]octane; 25 (1

R 6S) -3 -(6-Ch|§®{soa&va%[b&d‘lyl) 3, 8 d| azabicyclo [4.2. 0] octane; and
(cis)-5-{3 , 8-diazabicyclo [4.2.0] oct-3-yl]nicotinonitrile. 59. A
conpound accordisrgcavelent bomd; B8dwherein Y is CH2 and Z is a coval ent bond.
WO 01/ 81347 P /USOl/13798 187 60. A conpound according to claim55
wherein Y is a'fovalent bond; Zis a covalent bond; and R is RS 5 R3 N
R4. 61. A conpound.acggrding to claim60 that is

(cis)-6-(3-pyri ﬁoctahydro 1H pyrrol o[ 2, 3-c] pyri di ne.
5

30. A compound according to claim 29 selected from the group consisting of
(cis)-3-(3-pyridinyl)-3,6-diazabicyclo[3.2.0heptane;
(cis)-3-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane;

10 5-[(1R,5R)-3,6-diazabicyclo[3.2.0]hept-3-yl]nicotinonitrile; and
| (IR, 5R)-3-(6-chloro-3-pyridinyl)-3,6-diazabicyclo[3.2.0]heptane.

31. A compound according to claim 27 wherein Y 1s CH; and Z is a covalent bond.

15 32. A compound according to claim 27 wherein
Y is CHy; ‘
Z is a covalent bond; and

R1 iS

20
33. A compound according to claim 32 selected from the group consisting of
(cis)-5-(6-chloro-3-pyridinyl)octahydrpyrrolo[ 3,4-b]pyrrole;
(3aR,6aR)-5-(6-chloro-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;
(3aS,6aS)-5-(6-chloro-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;

25 (3aR,6aR)-5-(5,6-dichloro-3-pyridinyl)octahydropyrrolo]3,4-b]pyrrole;
(3aS,6aS)-5-(5,6-dichloro-3-pyridinyl)octahydropyrrolo[3,4-bJpyrrole;
(3aS,6aS)-5-(6-chloro-5-methyl-3-pyridinyl)octahydropyrrolo[ 3,4-b]pyirole;
(3aR,6aR)-5-(6-chloro-5-methyl-3-pyridinyl)octahydropyrrolo[ 3,4-b]pyrrole;
(3aR,6aR)-5-(3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;



10 62. A conpound according to claimb55 wherein Yis CH2ZCH2 and Z is a
coval ent bond. 63. A conpound according to claim1 of fornmula VII1 Y RN
ZNR9 VI WQ o1i813¢T pharmaceutically acceptabl e salts and proUUSEL3TYser eof .
64. A conpound according to claim63 wherein Y is a covalent bond and Z is
a coval ent bond. 20 65. A conpound accargding to claim63 wherein Y is CH2
and Z is a covalent bond. 66. A conpound according to claim®63 wherein Y
is a covalent bond and Z is CH2. WD 01/81347 PCT/US01/ 13798 188 67. A
conmpound accor%i%géto claim1 of fornulg IX RI-NY Z~N.RO I X or

phar maceut i cal | WhtAbreethoyrsryidny WU&EOHYFFQF‘)&%#']’]PW‘@EP A conpound
according to cI _S\AQeé_ nd Zis a coval ent
bond. 69. A co oun acco }gil(ﬂn I%C'ta% |0§%$iomer Yéll s CH2 and Z is a
coval ent bond.(3a3,6a9)3- (S\bmmm&wﬂdwb)octdhyt@opmodd)[ég%]&ﬁrmher ein Yis a
coval ent bond tical sition conprising a
t her apeuti cal |(§ g?@cfﬁgﬂwﬁgﬁpmdoﬁﬁ O%g{?ﬁéingpf% Rrele CO%I nat i gn
Wi thsa phar magekit beR)-bY s@qg%malg,lyﬁdﬁ@b&&tﬁﬁydrép‘?ﬂ&o[ﬁ ppiherd; for selectively

control ling neurotransm tter reléase’i'n ﬂ}])l‘l sing adm ni stering

to a mammal i (3aReaRbH- (étba:¢mof3aam¢’etm1)oatahhénoamub[?c blnyresid;ect i ve  anount
of a co ound 0,73. a di.sprder wherein
t he di sgPder 50 Q\%ﬁfﬂg}r é‘? YWP%@Q?{‘ F}? fqugs Iﬁ%%tlrﬁoﬂtg ’release in a
host mamal i r(351e6dR)1f5 (smﬁ&nbisela&m 3q:@zﬁmﬂy$)b6@hy<ﬁ@‘pyrm1§[t3e4 bIpgrdle;

t her apeuti cal Isy effective anount of onmpound of Claim1
(3aR,6aR)-hexahydropyrrolof3, 4—b]py1rol 5(1H)-yl)-2-bromonicotinonitrile;
10 (3aR,6aR)-5-(5-vinyl-3-pyridinyl)octahydropyrrolo[3,4-bpyrrole;

(3aR,6aR)-5-(5-methyl-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-5-(6-bromo-5-chloro-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-5-(6-bromo-5-methyl-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-5-(5-ethyl-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;
15 [5-((3aR,6aR)-hexahydropyrrolo[3,4-b]pyrrol-5(1H)-yl)-2-bromo-3-
pyridinyljmethanol;
(3aR,6aR)-5-(6-bromo-5-vinyl-3-pyridinyl)octahydropyrrolo[3,4-b]pyrrole;
[5-((3aR,6aR)-hexahydropyrrolo[3,4-b]pyrrol-5(1H)-yl)-2-bromo-3-
pyridinyl]acetonitrile; and |
20 (3aR,6aR)-5-[6-bromo-5-(methoxymethyl)-3-pyridinyl]octahydropyrrolo[3,4-
b]lpyrrole.

34. A compound according to claim 27 wherein Y is a covalent bond and Z is CH,.

25 35. A compound according to claim 27 wherein

Y is a covalent bond;

Z 1s CHj; and
R1 is
R3 N R4 and R3 N R4.

30



74. The nethod of claim 73 wherein the disorder is selected fromthe group
consisting of 25 Alzheiner's disease, Parkinson's disease, attention
deficit woersssivity disorder, depression, nicotinic w POTOUSKHAI37Syndr one,
Tourette's syndrone, and schi zophrenia. 75. The nethod of claim 73 wherein
the disorder is pain. 30 76. A nethod of84treating pain in a nmamral
conprising admnistering to a manmal in need of such treatnent a
therapeutically effective amount of a conmpound of Claiml in WO 01/81347

PCT/ US01/ 1,3798 %gngl}t)(?l?n@a{c@grtdin%gp\éiatng 3 s@f%?feﬁg}r‘?orn?kl% ré?n { ioé in%{s{iﬁgé}a tory agent

and a pharmaceutrcarly accep arrre ating pain

in a manmmal  conpis)-gi(Bpyadimybatkeydraygyricdo[d, 4Elpyablet N 5 need of such

treatnment a therapeutical I%/ ef fective amount of a conmpound of Claim1l in
;!

conbi nati on wi ©H)drmebybrd>-anadiayherdandeanyiodelPidyclaEdst abl e carrier. 78. A

oo O L1 SRS B84y 0 A TR EOMELAL DR SABMALer 1 9 Lo 3 el i

Caisnl in 10ctxpabicraldross-pyriding)-fmakdbiahphbpaeis@sseapymaed a

Al compr | SK AAT APPSR TR PO lad of such tfeaf ment a

W th Bn ant comireany g A e R T A carrior 15
(cis)-2-(5-methoxy-3-pyridinyl)octahydropyrrolo[3,4-c|pyrrole; :
(cis)-2-(5-ethoxy-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole;

10 (cis)-2-(5-propoxy-3-pyridinyl)octahydropyrrolo[ 3,4-c]pyrrole;
(cis)-2-(6-chloro-5-methoxy-3-pyridinyl)octahydropyrrolo{3,4-c]pyrrole;
(cis)-2-(6-chloro-5-methyl-3-pyridinyl)octahydropyrrolo[3,4-c]pyrrole; and
(cis)-2-[5-(2,2,2-trifluoroethoxy)-3-pyridinylJoctahydropyrrolo[3,4-c]pyrrole.

15 37. A compound according to claim 27 wherein Y is CH,CH, and Z is a covalent bond.

38. A compound according to claim 27 wherein
Y is CH,CHy;
Z is a covalent bond; and
20 R;is

39. A compound according to claim 38 selected from the group consisting of
(cis)-6-(6-chloro-3-pyridinyl)octahydro- 1 H-pyrrolof3,4-b]pyridine and
25 (cis)-6-(3-pyridinyl)octahydro-1H-pyrrolo[3,4-b]pyridine.

40. A compound according to claim 27 wherein Y is CH; and Z is CH,.
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41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

185

A compound according to claim 1 of formula V
Ri

or pharmaceutically acceptable salts and prodrugs thereof.

A compound according to claim 41 wherein

Y is a covalent bond and Z is a covalent bond.

A compound according to claim 41 wherein Y is CH; and Z is a covalent bond.

A compound according to claim 41 wherein Y is a covalent bond and Z is CH,.

A compound according to claim 41 wherein Y is CH,CHj; and Z is a covalent bond.

A compound according to claim 41 wherein Y is CH; and Z is CH,.

A compound according to claim 41 wherein Y is a covalent bond and Z is CH,CH,.

A compound according to claim 1 of formula VI

R1\I\(I\Y
Z’N\Rg

VI,

or pharmaceutically acceptable salts and prodrugs thereof.

A compound according to claim 48 wherein

Y is a covalent bond and Z is a covalent bond.
A compound according to claim 48 wherein Y is CH, and Z is a covalent bond.

A compound according to claim 48 wherein Y is a covalent bond and Z is CH,.
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52.

53.

54.

55.

56.

57.

58.

59.

186

A compound according to claim 48 wherein Y is CH,CH; and Z is a covalent bond.
A compound according to claim 48 wherein Y is CH; and Z is CH,.
A compound according to claim 48 wherein Y is a covalent bond and Z is CH,CH..

A compound according to claim 1 of formula VII

D
R{N Z,N\Rg

VII,

or pharmaceutically acceptable salts and prodrugs thereof.

A compound according to claim 55 wherein

Y is a covalent bond and Z is a covalent bond.

A compound according to claim 55 wherein
Y is a covalent bond;

Z is a covalent bond; and

R1 is
Yo Rs
L
Rj3 N R4

A compound according to claim 57 selected from the group consisting of
(cis)-3-(3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(cis)-3-(6-chloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane;
(1R,68)-3-(6-chloro-3-pyridinyl)-3,8-diazabicyclo[4.2.0]octane; and
(cis)-5-[3,8-diazabicyclo[4.2.0]oct-3-yl|nicotinonitrile.

A compound according to claim 55 wherein Y is CH; and Z is a covalent bond.
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60. A compound according to claim 55 wherein
Y is a covalent bond;

Z is a covalent bond; and

R1 1s
WXy Re
»
5 R3 N Ry

61. A compound according to claim 60 that is (cis)-6-(3-pyridinyl)octahydro-1H-
pyrroloj2,3-c]pyridine.

10 62. A compound according to claim 55 wherein Y is CH,CH,; and Z is a covalent bond.

63. A compound according to claim 1 of formula VIII

VIII,
15 or pharmaceutically acceptable salts and prodrugs thereof.

64. A compound according to claim 63 wherein

Y is a covalent bond and Z is a covalent bond.
20 65. A compound according to claim 63 wherein Y is CH; and Z is a covalent bond.

66. A compound according to claim 63 wherein Y is a covalent bond and Z is CH,.



- 10

15

20

235

30

WO 01/81347 PCT/US01/13798

188

67. A compound according to claim 1 of formula IX

or pharmaceutically acceptable salts and prodrugs thereof.

68. A compound according to claim 67 wherein

Y is a covalent bond and Z is a covalent bond.
69. A compound according to claim 67 wherein Y is CH; and Z is a covalent bond.
70. A compound according to claim 67 wherein Y is a covalent bond and Z is CH,.

71. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of Claim 1 in combination with a pharmaceutically acceptable carrier.

72. A method for selectively controlling neurotransmitter release in a mammal
comprising administering to a mammal in need of such treatment a therapeutically effective

amount of a compound of Claim 1.

73. A method of treating a disorder wherein the disorder is ameliorated by controlling
neurotransmitter release in a host mammal in need of such treatment comprising

administering a therapeutically effective amount of a compound of Claim 1.

74.  The method of claim 73 wherein the disorder is selected from the group consisting of
Alzheimer’s disease, Parkinson’s disease, attention deficit hyperactivity disorder, depression,
nicotinic withdrawal syndrome, Tourette’s syndrome, and schizophrenia.

75.  The method of claim 73 wherein the disorder is pain.

76. A method of treating pain in a mammal comprising administering to a mammal in

need of such treatment a therapeutically effective amount of a compound of Claim 1 in
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combination with a non-steroid anti-inflammatory agent and a pharmaceutically acceptable

carrier.

77. A method of treating pain in a mammal comprising administering to a mammal in
5 need of such treatment a therapeutically effective amount of a compound of Claim 1 in

combination with an opioid and a pharmaceutically acceptable carrier.

78. A method of treating pain in a mammal comprising administering to a mammal in
need of such treatment a therapeutically effective amount of a compound of Claim 1 in

10 combination with a tricyclic antidepressant and a pharmaceutically acceptable carrier.

79. A method of treating pain in a mammal comprising administering to a mammal in
need of such treatment a therapeutically effective amount of a compound of Claim 1 in
combination with an anticonvulsant and a pharmaceutically acceptable carrier.

15



