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INDOLE COMPOUNDS AND METHODS FOR TREATING
VISCERAL PAIN ABSTRACT 5 The invention features methods
of treating visceral pain or a condition in a mammal caused
by the action of nitric oxide synthase (NOS) or by the action
of serotonin 5HTID/1B receptors, by administering to a patient
in need thereof a therapeutically effective amount of an indole
compound of Formula (l), or a pharmaceutically acceptable salt
or prodrug thereof. The methods of the invention may further
comprise the administration of 10 additional therapeutic agent.
The invention also features new compounds of Formula (l),
pharmaceutical compositions thereof, and methods of resolving
enantiomeric mixtures. No Suitable Figure
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INDOLE COMPOUNDS AND METHODS FOR TREATING VISCERAL PAIN
ABSTRACT

The invention features methods of treating visceral pain or a condition in a mammal caused
by the action of nitric oxide synthase (NOS) or by the action of serotonin SHT1D/1B
receptors, by administering to a patient in need thereof a therapeutically effective amount
of an indole compound of Formula (1), or a pharmaceutically acceptable salt or prodrug
thereof. The methods of the invention may further comprise the administration of
additional therapeutic agent. The invention also features new compounds of Formula (1),

pharmaceutical compositions thereof, and methods of resolving enantiomeric mixtures.

No Suitable Figure
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INDOLE COMPOUNDS AND METHODS FOR TREATING VISCERAL PAIN

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims benefit to U.S. Provisional Application Nos. 60/988,757, filed
November 16, 2007, and 61/133,930, filed July 3, 2008, each of whick is hereby incorporated by |

reference.

FIELD OF THE INVENTION

The invention relates to compounds and methods for treating visceral pain.

BACKGROUND OF THE INVENTION
Visceral pain is the most common form of pain and is one of the most difficult forms of
pain to treat, often with with the use of opioids. Visceral pain is distinct from somatic pain and is
generally described as pain that originates from the body’s internal cavities or organs and has
five important clinical and sensory characteristics: (1} it is not evoked from all visceral organs

{eg liver, kidney, lung); (2) it is not always linked to visceral injury (e.g., cutting an intestine

~ does not evoke pain); (3) it is diffuse; (4) it is referred to other locations; and (5) it can be

referred to other autonomic and motor reflexes (e.g., nausea, lower-back muscle tension from
renal colic) (Lancet, 1999, 353, 2145-48). Several theories have been proposed for the
mechanisms of visceral pain. In the first theory, the viscera are innervated by separate classes of
neurons, one concerned with autonomic regulation and the other with sensory phenomena such
as pain. The second theory suggests a single homogenous class of sensory receptors that are
active at low frequencies (normal regulatory signals) or at high frequencies of activation
(induced by intense pain signals). However, studies indicate that the viscera is innervated by two
classes of nociceptive sensory receptors: high threshold (mostly mechanical receptors found in
heart, vein, lung, airways, oesophagus, bilary system, small intestine, colon, ureter, airways,
urinary bladder and uterus; activated by noxious stimuli) and low threshold intensity coding
receptors that respond to innocuous and nocuous stimuli (heart, oesophagus, colon, urinary
bladder and testes). Yet another theory suggests a component of afferent fibres that are normally
unresponsive to stimuli (silent nociceptofs) that can become activated or sensitized during
inflamation (Trends Neurosci. 1992, 15, 374-78). Once sensitizéd, these nociceptors now
respond to innocuous stimuli that normally occur in the internal organs resulting in an enhanced
barrage of convergent input to the spinal cord and subsequently friggering central mechanisms
that amplify the effect of the peripheral input.

Compounds for the treatment of visceral pain would therefore be highly desirable.
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SUMMARY OF THE INVENTION
The invention features methods of treating visceral pain by administering to a patient in

need thereof a therapeutically effective amount of a compound having the formula:

R* g3
gast

R® N

R R (1), or a pharmaceutically acceptable salt or prodrug thereof, wherein,

R! is H, optionally substituted C;. alkyl, optionally substituted C;4 alkaryl, optionally
substituted C)4 alkheterocyclyl, or optionally substituted Csg cycloalkyl;

each of R? and R’ is, independently, H, Hal, optionally substituted C;.¢ alkyl, optionally
substituted Cg.1¢ aryl, optionally substituted C alkaryl, optionally substituted C,.o bridged

heterocyclyl, optionally substituted Ci.4 bridged alkheterocyclyl, optionally substituted Co.o

~ heterocyclyl, or optionally substituted C;4 alkheterocyclyl;

each of R* and R is, independently, H, F, C; alkyl, or C, alkoxy;

R’isH, RSAC(NH)NH(CHa)s, or R®BNHC(S)NH(CH),s, wherein 15 is an integer from 0
02, R is optionally substituted C;4alkyl, optionally substituted Cq.jo aryl, optionally
substituted C).4 alkaryl, optionally substituted Cy. heterocyclyl, optionally substituted Ci.4
alkheterocyclyl, dptionally substituted C,.¢ thicalkoxy, optionally substituted C4 thioalkaryl,
optionally substituted aryloyl, or optionally substituted C; 4 thioalkheterocyclyl; and R*® is
optionally substituted C,.alkyl, optionally substituted Cg.1¢ aryl, optionally substituted C;.4
alkaryl, optionally substituted Ca.9 heterocyclyl, optionally substituted Cy4 alkheterocyclyl,
optionally substituted C,. thioalkoxy, optionally substituted C;.4 thioalkaryl, or optionally
substituted aryloyl; and .

RS is H, F, RACONH)NH(CHy)rs, or RENHC(S)NH(CHa)ss, wherein 16 is an integer from
010 2, R% is optionally substituted Cy. alkyl, optionally substituted Ce.jo aryl, optionally
substituted C;4 alkaryl, optionally substituted C,.g heterocyclyl, optionally substituted Ci4
alkheterocyclyl, optionally substituted C;.¢ thioalkoxy, optionally substituted C;4 thioalkaryl,
optionally substituted aryloyl, or optionally substituted C;4 thioalkheterocyciyl; and R%B s
optionally substituted C;.¢ alkyl, optionally substituted Ce.10 aryl, optionally substituted Ci.4
alkaryl, obtionally substituted Cy.¢ heterocyclyl, optionally substituted Ci.4 alkbeterocyclyl,
optionally substituted C,. thioalkoxy, optionally substituted C,.4 thioalkaryl, or optionally
substituted aryloyl.

In a preferred embodiment, R®is H.
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In certain embodiments, R! is H, optionally substituted C,.¢ alkyl, optionally substituted
Ci.¢ alkaryl, or optionally substituted C; alkheterocyclyl. In preferred embodiments, R' is H.

The methods of the invention may treat visceral pain that is secondary to irritable bowel
syndrome, inflammatory bowel syndrome, pancreatitis, diverticulitis, Crohn's disease, peritonitis,
pericarditis, hepatitis, appendicitis, colitis, cholecystitis, gastroenteritis, endometriosis,
dysmenorrhea, interstitial cystitis, prostatitis, pleuritis, upper gastrointestinal dyspepsia, renal
colic, or biliary colic; visceral pain that is secondary to a disease of the liver, kidney, ovary,
uterus, bladder, bowel, stomach, esophagus, duodenum, intestine, colon, spleen, pancreas,
appendix, heart, or peritoneum; or visceral pain that results from a neoplasm or injury, or visceral
pain that results from infection. Visceral pain treated by the methods of the invention may be
inflammatory or non-inflammatory.

In certain embodiments, for the compounds employed R** or R* is methyl,
fluoromethyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, thiomethoxy, thicethoxy, thio-n-
propyloxy, thio-i-propyloxy, thio-n-butyloxy, thio;i-butyloxy, thio-t-butyloxy, phenyl, benzyl, 2-
thienyl, 3-thienyl, 2-furanyl, 3-furanyl, 2-oxazole, 4-oxazole, 5-oxazole, 2-thiazole, 4-thiazole, 5-
thiazole, 2-isoxazole, 3-isoxazole, 4-isoxazcle, 2-isothiazole, 3-1sothiazole, and 4-isothiazole. In
some embodiments, RE, Rz, and R® are each H. In other embodiments, one or more of Rl, R?,
and R® is not H. For example, R! may be (CHy)m: X', wherein X' is selected from the group

consisting of:

RTC o RﬂiR‘lB
R™ S /\{';‘\R N )q‘l 1c 4 'Zq'i
gmN MZ -"’l R Z
R nt p1R™  and Pt , where

each of R' and R*® is, independently, H, optionally substituted C,_¢ alkyl, optionally
substituted Cs.g cycloalkyl, optionally substituted Cg.1 aryl, optionally substituted C;4 alkaryl,
C,.0 heterocycelyl, or optionally substituted C;.4 alkheterocyclyl;

cach of R'€ and R is, independently, H, F, OH, COzRIE, or NRY¥ RIG, wherein each of
R'E, REF, and R is, independently, H, optionally substituted C,.¢ alkyl, optionally substituted
Cisg cycloalkyi, optionally substituted Ce.10 aryl, optionally substituted C;4 alkaryl, Cs.g
heterocyclyl, or optionally substituted C,4 alkheterocyclyl, or R'€ and R'® together with the
carbon they are bonded to are C=0;

Z!is NR™, NC(O)R™, NC(O)OR™, NC(OYNHR ™, NC(SR™, NC(S)NHR '™,
NS(O)R', 0, S, S(0), or S(O)s, wherein R™is H, optionally substituted C,.¢ alkyl, optionally

-3
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substituted Cs.g cycloalkyl, optionally substituted Cg.y¢ aryl, optionally substituted C;.4 alkary,
Cy.0 heterocyclyl, or optionally substituted C;4 alkheterocyelyl;

ml is an integer of 0 to 6;

nl is an integer of 1 to 4;

pl is an integer of 0 to 2; and

ql is an integer of 0 10 3.

R']C
\R‘ED
L
...E Z1q1
In some embodiments, where X' is Pt , X! has a structure selected from
;
74 2q1 ?q‘l
Z Z
PT  and Pt where Z!, q1, and pl are as defined herein,
R? may be (CH»)mX?, wherein X* is selected from the group consisting of:
R2C ' RZC -
2D / R
2 A ,.;\R ) / A \\\
g——N’R - /\l , gl—N@#Z_RZC -gﬁi )2q2
R n2 P2 “R*® and p2 , wherein

each of R** and R*® ig, independently, H, optionally substituted C; alkyl, optionally
substituted Cs.g cycloalkyl, optionally substituted Cq.1¢ arvl, optionally substituted Cy alkaryl,
Ca.9 heterocyclyl, or optionally substituted Cy.4 alkheterocyclyl; o

each of R?" and R™ is, independently, H, F, OH, CO,R*, or NR*R*", wherein each of
RE , RZF, and R?® is, independentty, H, optionally substituted C,.¢ alkyl, optionally substituted
Cs.5 cycloalkyl, optionally substituted Cs.1g aryl, optionally substituted C;_4 alkaryl, Co
heterocyclyl, or optionally substituted C, alkheterocyclyl, or R*® and R*” together with the
carbon they are bonded to are C=0;

7% is NR™, NC(0)R™, NC(O)OR™, NC(O)NHR?, NC(S)R™, NC(S)NHR™,
NS(O)RR™, 0, S, S(0), or S(O)., wherein R* is H, optionally substituted Ci.¢ alkyl, optionally
substituted C;.g cycloalkyl, optionally substituted C.1¢ aryl, optionally substituted C;4 alkaryl,
Ca. heterocyclyl, or optionally substituted Cy.4 alkheterocyclyl;

m?2 is an integer of 0 to 6;

n2 is an integer of 1 to 4;

p2 is an integer of 0 to 2; and

g2 is an integer of 0 to 5.
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)“‘sz
~§ / 22q2
In some embodiments where X? is P2 , X? can have a structure selected from
74 2{42 2q2
Z )Z
P2 and P2 where 77, p2, and g2 are as defined herein.
R may be (CHy)mX°, wherein X° is selected from the group consisting of:
3C
3C
3D
RSD : ‘\\R
3A %
=4 (\:l 5‘”"’@—-'-2“"‘ = A
, 03 “R3D _and 3 , wherein

each of R3A and R?® is, independently, H, optionally substituted C;. alkyl, optionally
substituted Cs.5 cycloalkyl, optionally substituted Cg ¢ aryl, optionally substituted Cy4 alkaryl,
Ca.0 heterocyclyl, or optionally substituted C,.4 alkheterocyclyl;

each of R* and R*® is, independently, H, F, OH, CO,R*F, or NR*R*, wherein each of
RE R¥ and RV s, independently, H, optionally substituted C,.¢ alkyl, optionally substituted
Cs.g cycloalkyl, optionally substituted Cg. ¢ aryl, optionally substituted C, 4 alkaryl, C.0
heterocyclyl, or optionally substituted C;.4 alkheterocyclyl, or R and R*P together with the
carbon they are bonded to are C=0;

Z° is NR*™ NCO)R*, NC(O)OR™, NC(ONHR*, NC(SR®, NC(S)NHR™,
NS(ORR™, 0, 8, $(0), or S(O),, wherein R*® is H, optionally substituted C ¢ alkyl, optionally
substituted Cs.5 cycloalkyl, optionally substituted Cq.1¢ arvl, optionaily substituted C,.4 alkaryl,
Ca. heterocyclyl, or optionally substituted C;4 alkheterocyclyl

m3 is an mteger of 0to 6;

n3 is an integer of 1 to 4

p3 is an integer of 0 to 2; and

g3 is an integer of 0 to 5.

RSC
‘\RSD
‘% 4 23q3
In some embodiments, where R® is P8 , R? has a structure selected from
g 4 2q3 2q3
Z \ Z
P2 and P3  where Z°, p3, and g3 are as defined herein.
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In another embodiment of the invention, compounds of formula I wherein R®is
ROACONEDNH(CHy):s or RBNHC(S)NH(CH,)s, RS, R?, and R! are H, and R is (CHy)msXC also
bind to the serotonin SHT1D/1B receptors. Preferably the ICs; or K; value is between 10 and
0.001 micromolar. More preferably, the ICs; or K is less than 1 micromolar. Most preferably,
the ICsq or K is less than 0.1. In other embodiments, compounds are agonists of the SHT1g/p
receptors.

In other embodiments, R?is

R2J5 R2J4
REJG R2J3
$ 242

wherein each of R*%, R*®, R¥ R*, and R*® is, independently, H; C;. alkyl; OH; Cy
alkoxy; SH; C;.¢thioalkoxy; Halo; NOo; CN; CFs; OCFs; NR¥R™®, where each of R¥® and R*
is, independently, H or Cy.¢ alkyl; C(O)R™, where R*®is H or Cy.¢alkyl; CO;R™, where R™*is
H or Cy. alkyl; tetrazolyl; C(O)NR™R™®, where each of R™ and R*" is, independently, H or Ci.¢
alkyl; OC(O)R'?Jg, where R¥¢ is Cysalkyl; NHC(ORY™®, where R*™ is H or Cy.¢ alkyl; SO3H;
S(O)zNRmiRﬂj, where cach of R and R™ is, independenﬂy, Hor Cigalkyl; S(O)Rm‘, where
RZ¥ is Cy¢ alkyland S(ORR™, where R is Cy. alkyl.

Other compounds are those where RlorR?is

g
o VP o o 'S ,

wherein Z is NR*, o is an integer from 0-3, pisan intéger from 1 to 2, q is an integer from 0 to 2,
1 is an integer from 0 to 1, s is an integer from 1 to 3, v is an integer from O to 1, and tis an
integer from 3 to 7 (for exampie, from 5 to 7), wherein said R} or R? substituent includes 0 to 6
carbon-carbon double bonds or 0 or 1 carbon-nitrogen double bonds, and wherein R™ is H,
optionally substituted C.¢ alkyl, optionally substituted Cs.5 cycloalkyl, optionally substituted Cs.
10 aryl, optionally substituted C,.4 alkaryl, Co.o heterocyclyl, or optionally substituted C;4
alkheterocyclyl.

Still other compounds have the formula:

R¢ 3
2T R
X \ R2
NH i'*{
rR7 R , where X isQ or S.

-6 -
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Compounds usefu] in the methods include 2-ethyl-1-(1H-indol-5-y})-isothiourea; N-(1H-
indol-5-y1)-thiophene-2-carboxamidine; N-[1-(2-dimethylamino-ethyl)- 1 H-indol-6-yl]-
thiophene-2-carboxamidine; N-{1-[2-(1-methyl-pyrrolidin-2-yl)-ethy}}- 1 H-indol-6-yl } -
thiophene-2-carboxamidine; 1-[1-(2-dimethylamino-ethyl)-1H-indol-6-y1]-2-ethyl-isothiourea;
N-{1-(2-pyrrolidin-1-yl-ethyl)-1H-indol-6-yi]-thiophene-2-carboxamidine; N-(1-phenethyl-1H-
indol-6-y1)-thiophene-2-carboxamidine; N- [3-(2-djmethylémino-eizhyl)-1I~I—indol~5»yi]-
thiophene-2-carboxamidine; N-(1-{2-[2-(4-bromo-phenyl)-ethylamino]-ethyl }~1H-indol-6-yI)-
thiophene-2-carboxamidine; (+)-N-{1-[2-(1-methyl-pyrrolidin-2-yi)-ethyl}-1 H-indol-6-y1}-
thiophene-2-carboxamidine; (-)-N-{1-[2-(1-methyl-pyrrolidin-2-yl)-ethyl}- 1H-~indol-6-yl}-
thiophene-2-carboxamidine; N-[1-(1-methyl-azepan-4-y1)-1 H-indol-6-y1] ~thiéphene-2—

* - carboxamidine; and N-{1-(2-piperidin-1-yl-ethy])~1H-indol-6-y1]-thiophene-2-carboxamidine.

Other exemplary compounds include:

/1 —
NH NN /7
i s
/ {
N, N
N XN
/Y. H | BN
S N\ © N
NH N NH N
H H
/ /
N N

M NH N\
o Ny NN
NH\ \s " >
N N
H H
N
N D N
/1 H — /1 H
Y N\ s 3
NH N NH \
H

t
~J
t



//
N
e
7\ H
NH N
H
] 7
N N
N N
@g(ﬁ : g
‘Tr A ‘\./\“/ A
O S N NH N
H Ho
o@ TN
N B =
s A\
B N N
s \
NH N
H
7 S
HN
® v
s N §
-
\
LA > @r%)
H S N
MNH N
H
HNT H
B (AN
S N
NH > NH N
ﬁ H
N/ \N
S O
\ N\
/ N\ ﬁ NH N
S { N
N
H




o
:




/ /
N N
F — F
B M &
S N s N
NH NH
N N
N —N
3 H
B B
S N S N\
NH N NH N
H H

Other compounds useful in the methods are

ol aped

enantiomer.

Yet other compounds useful in the methods of the invention are

%@9

~)-cns-asomer

H

or (-)

Nes @

, Mixture of cis-enantiomers

ol

(+)}-cis-isomer ,

Still other compounds vseful in the methods of the invention are

-10-
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Q«@{{'OO*‘OKQ Nog

H
Mixture of trans-enantiomers Mixture of trans-enantiomers
HOH _
' NH (j
N N
s \ oy W8
NH N S A\ S N
H NH N NH N
Mixure of cis-enantiomers H H , and

H
N~
/N o
Q{Nij\g
NH N
H

Mixture of four isomers

The method may further include administering a SHT g or SHT p receptor agonist, .., a
triptan, such as sumatriptan, rizairiptan, naratriptan, zolmitriptan, eletriptan, almotriptan, or
frovatriptan.

The methods may also include administering one or more agents selected from the group

consisting of analgesics, antidepressants, and anticonvulsants.

The invention further features the compounds

N/
7 H
s N A
HN N
(+) H , or a pharmaceutically acceptable salt thereof; and
' /s
N
71 H
S N 4
HN N .
(-) H , or a pharmaceutically acceptable salt thereof.

-11-



The invention yet furﬁhcr features the compound

i

N
™
@\an
S N
NH N
‘ H

, or a pharmaceutically acceptable salt thereof; or

. ' \
N
(Slj(m IluQ
N
NH [ IN;
: H

The invention further features pharmaceutical compositions of any of the above

, or a pharmaceutically acceptable salt thereof.

5  compounds in combination with a pharmaceutically acceptable carrier.

The invention also features the mixture of compounds:

-~
@/O;‘{
b N\
O

N

N
H or a salt thereof, and the individual (+) or (-} enantiomers
thereof. |
The invention also features a method of synthesizing an enantiomer, e.g., (+) or (-) of
N/
2 l H
s N {
HN N
10 H , by

a. reacting 3-(1-methylpyrrolidin-3-y1)-1H-indol-5-amine with benzy! chloroformate to form ()
benzyl 3-(1-methylpyrrolidin-3-y1)-1H-indol-5-ylcarbamate;
b. subjecting () benzy! 3-(1-methylpyrrolidin-3-yl}-1H-indol-5-ylcarbamate to chiral HPLC or
SFC (supercritical fluid chromatography) to resolve the enantiomers of benzyl 3-(1-

15 mcfhylpyrroﬁdin-&yl)-1H—indol-5-ylcarbamate;
c. deprotecting one enantiomer of benzyl 3-(1-methylpyrrolidin-3-yI)-1H-indol-3-ylcarbamate by
hydrogenation to yield one enantiomer 3-(1-methylpyrrolidin-3-yl)-1H-indol-5-amine; and
d. reacting one enantiomer of 3-(1-methylpyrrolidin-3-y1)-1H-indol-5-amine with methyl

thiophene-2-carbimidothioate.



In yet another aspect, the invention features a method of treating a condition in a
mammal, such as, for example, a human, caused by the action of nitric oxide synthase (NOS)

and particularly nNOS, that includes administering an effective amount of a compound of the

formula

s/
N .
74 I H
s N 4
HN N .
+) H or a pharmaceutically acceptable salt thereof;

Ve
N .
4 I H
s N A
HN N .
(-) H or a pharmaceutically acceptable salt thereof; or
N
B )
S N\
NH N
H

}
$11] \
Qi e Qs
S M
N s N
NH N NH N
H , H ,  Mixture of cis-enantiomers |
H N NH
N / V. R
N\ S A
N NH
H N
{-}-cis-isomer Mixture of trans-enantiomers |

10 {+)-cis-isomer . ,
OH

OW gé}m OY ,@P%H O\’r N

Mixture of css-enant:omers

Iz A~

Mixture of transenantaomers

-13-
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,and Mixture of four isomers , or a pharmaceutically

acceptable salt thereof, to the mammal. -

Examples of conditions that can be prevented or treated include migraine headache (with
or without aura), chronic tension type headache (CTTH), migraine with allodynia, neuropathic
pain, post-stroke pain, chronic headache, chronic pain, acute spinal cord i m}ury, diabetic
neuropathy, trigeminal neuralgia, diabetic nephropathy, an inflammatory chsease stroke,
reperfusion injury, head trauma, cardiogenic shock, CABG associated neurological damage,
HCA, AIDS associated dementia, neurotoxicity, Parkinson’s disease, Alzheimer’s disease, ALS,
Huntington’s disease, multiple sclerosis, metamphetamine-induced neurotoxicity, drug addiction,
morphine/opioid induced tolerance, dependence, hyperalgesia, or withdrawal, ethanol tolerance,
dependence, or withdrawal, epilepsy, ankiety, depression, attention deficit hyperactivity disorder,
and psychosis. Compounds of the invention are particularly useful for treating stroke,
reperfusion injury, neurodegeneration, head trauma, CABG associated neurological damage,
migraine headache (with or without aurs), migraine with allodynia, chronic tension type
headache, peuropathic pain, post-stroke pain, opioid induced hyperalgesia, or chronic pain. In
particular, 3,5-substituted indole compounds are useful for treating migraine, with or without
aura, and CTTH,

These compounds of the invention can also be used in combination with one or more
other therapeutic agents for the prevention or treatment of one of the aforementioned conditions.
Examples of classes of therapeutic agents and some specific examples that are useful in
combination with a compound of the invention are listed in Table 1.

Other agents useful in combination with these compounds, include antiarrhythmics;
DHP-sensitive L-type calcium channel antagonists; omega-conotoxin (Ziconotide)-sensitive N-
type calcium channel antagonists; P/Q-type calcium channel antagonists; adenosine kinase
antagonists; adenosine receptor A; agonists; adenosine receptor Az, antagonists; adenosine
receptor Az agonists; adenosine deaminase inhibitors; adenosine nucleoside transport inhibitors;
vanilloid VR1 receptor agonists; Substance P/NK| antagonists; cannabinoid CB1/CB2 agonists;
GABA-B antagonists; AMPA and kainate antagonists, metabotropic glutamate receptor

antagonists; alpha-2-adrenergic receptor agonists; nicotinic acetylcholine receptor agonists
-14 -



(RAChRs); cholecystokinin B antagonists; sodium charmel blockers; a Kap potassium channel,

Ky1.4 potassium channel, Ca** -activated potassium channel, SK potassium channel, BK

potassium channel, IK potassium channel, or KCNQ2/3 potassium channel opening agent (eg. -

retigabine); SHT;a agonists; muscarinic M3 antagonists, M1 agonists, M2/M3 partial

agonist/antagonists; and antioxidants.

Table 1. Therapeutic agents useful in combination with compounds of the invention

Class Examples
Opioid alfentanil, butorphanol, buprenorphine, codeine, dextromoramide,
dextropropoxyphene, dezocine, dihydrocodeine, diphenoxylate,
eforphine, fentanyl, hydrocodone, hydromorphone, ketobemidone,
levorphanol, levomethadone, methadone, meptazinol, morphine,
morphine-6-glucuronide, nalbuphine, naloxone, oxycodone,
oxymorphone, pentazocine, pethidine, piritramide, remifentanil,
sulfentanyl, tilidine, or tramadol
- Amntidepressant | citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, or
(selective sertraline
serotonin re-
uptake inhibitor)
Antidepressant | clomipramine, doxepin, imipramine, imipramine oxide, trimipramine;
(norepinephrine- adinazolam, amiltriptylinoxide, amoxapine, desipramine, maprotiline,
reuptake nortriptyline, protriptyline, amineptine, butriptyline, demexiptiline,
inhibitor) dibenzepin, dimetacrine, dothiepin, fluacizine, iprindole, lofepramine,
melitracen, metapramine, norclolipramine, noxiptilin, opipramol,
perlapine, pizotyline, propizepine, quinupramine, reboxetine,
atomoxetine, bupropion, reboxetine, or tianeptine
Antidepressant | duloxetine, milnacipran, mirtazapine, nefazodone, or venlafaxine
(dual serotonin/
norepinephrine
reuptake
inhibitor)
Antidepressant | amiflamine, iproniazid, isocarboxazid, M-3-PPC (Draxis),
(monoamine moclobemide, pargyline, phenelzine, tranylcypromine, or vanoxerine
oxidase
inhibitor)
Antidepressant | bazinaprine, befloxatone, brofaromine, cimoxatone, or clorgyline
(reversible
monoamine
oxidase type A
inhibitor})
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Class

Examples

Antidepressant
(tricyclic)

amitriptyline, clomipramine, desipramine, doxepin, imipramine,
maprotiline, nortryptyline, protriptyline, or trimipramine

Antidepressant
(other)

adinazolam, alaproclate, amineptine, amitriptyline/chlordiazepoxide
combination, atipamezole, azamianserin, bazinaprine, befuraline,
bifemelane, binodaline, bipenamol, brofaromine, caroxazone,
cericlamine, cianopramine, cimoxatone, citalopram, clemeprol,
clovoxamine, dazepinil, deanol, demexiptiline, dibenzepin, dothiepin,
droxidopa, enefexine, estazolam, etoperidone, femoxetine, fengabine,
fezolamine, fluotracen, idazoxan, indalpine, indeloxazine, iprindole,
levoprotiline, lithium, litoxetine; lofepramine, medifoxamine,
metapramine, metralindole, mianserin, milnacipran, minaprine,
mirtazapine, montirelin, nebracetam, nefopam, nialamide,
nomifensine, norfluoxetine, orotirelin, oxaflozane, pinazepam,
pirlindone, pizotyline, ritanserin, rolipram, sercloremine, setiptiline,
sibutramine, sulbutiamine, sulpiride, teniloxazine, thozalinone,
thymoliberin, tianeptine, tiflucarbine, trazodone, tofenacin,
tofisopam, toloxatone, tomoxetine, veralipride, viloxazine, viqualine,
zimelidine, or zometapine

Antiepileptic

carbamazepine, flupirtine, gabapentin, lamotrigine, oxcarbazepine,
phenytoin, retigabine, topiramate, or valproate

Non-steroidal
anti-
inflammatory
drug (NSAID)

| acemetacin, aspirin, celecoxib, deracoxib, diclofenac, diflunisal,

ethenzamide, etofenamate, etoricoxib, fenoprofen, flufenamic acid,
flurbiprofen, lonazolac, lornoxicam, ibuprofen, indomethacin,
isoxicam, kebuzone, ketoprofen, ketorolac, naproxen, nabumetone,
niflumic acid, piroxicam, meclofenamic acid, mefenamic acid,
meloxicam, metamizol, mofebutazone, oxyphenbutazone, parecoxib,
phenidine, phenylbutazone, piroxicam, propacetamol,
propyphenazone, rofecoxib, salicylamide, sulindac, suprofen,
tiaprofenic acid, tenoxicam, tolmetin, valdecoxib, 4-(4-cyclohexyl-2-
methyloxazol-3-y1)-2-fluorobenzenesulfonamide, N-[2-
{(cyclohexyloxy)-4-nitrophenyl]methanesulfonamide, 2-(3,4~
difluorophenyl)-4-(3-hydroxy-3-methylbutoxy)-3-[4-
(methylsulfonylphenyl]-3(2H)-pyridazinone, or 2-(3,5-
difluorophenyl)-3-[4-(methylsulfonyl)phenyl}-2-cyclopenten-1-one)

SHTipnp agonist

almotriptan, eletriptan, frovatriptan, naratriptan, rizatriptan,

| sumatriptan, or zolmitriptan

Anti-
inflammatory
compounds

aspirin, celecoxib, cortisone, deracoxib, diflunisal, etoricoxib,
fenoprofen, ibuprofen, ketoprofen, naproxen, prednisolone, sulindac,
tolmetin, piroxicam, mefenamic acid, meloxicam, phenylbutazone,
rofecoxib, suprofen, valdecoxib, 4-(4-cyclohexyl-2-methyloxazol-5-
y1)-2-fluorobenzenesuifonamide, N-[2-(cyclohexyloxy)-4-
nitrophenyljmethanesulfonamide, 2-(3,4-difluorophenyl)-4-(3-
hydroxy-3-methylbutoxy)-5-[4~(methylsulfonyl)phenyl]-3(2H)-
pyridazinone, or 2-(3,5-diftuorophenyl)-3-[4-
(methylsulfonyl)phenyl]-2-cyclopenten-1-one
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Class ' Examples

N-methyl-D- | amantadine; aptiganel; besonprodil; budipine; conantokin G;

aspartate delucemine; dexanabinol; dextromethorphan;

antagonist dextropropoxyphen;felbamaie; fluorofelbamate; gacyclidine; glycine;
ipenoxazone; kaitocephalin; ketamine; ketobemidone; lanicemine;
licostinel; midafotel; memantine; D-methadone; D-morphine;
milnacipran; neramexane; orphenadrine; remacemide; sulfazocine;
FPL-12,495 (racemide metabolite); topiramate; (aR)-0—~amino-5-
chioro-1-(phosphonomethy!)-1 H-benzimidazole-2-propanoic acid; 1-
aminocyclopentane-carboxylic acid; [S-(aminomethyl)-2-[[[(55)-9-
chloro-2,3,6,7-tetrahydro-2,3-dioxo-1H-,5SH-pyrido(1,2,3-
de]quinoxalin-5-yl]acetylJaminophenoxy}-acetic acid; a-amino-2~
{2-phosphonoethyl)-cyclohexanepropanoic acid; o:-amino-4-
(phosphonomethyl}-benzeneacetic acid; (3E)-2-amino-4-
{phosphonomethyl)-3-heptenoic acid; 3-[(1E)-2-carboxy-2-
phenylethenyl]-4,6-dichloro-1H-indole-2-carboxylic acid; 8-chloro-
2,3-dihydropyridazino{4,5-blquinoline-1,4-dione 5-oxide salt with 2-
hydroxy-N,N,N-trimethyl-ethanaminiom; N'-{2-chloro-5-
(methylthio)phenyl]-N-methyl-N-{3-(methylthio)phenyl]-guanidine;
N'-[2-chloro-5-(methylthio)phenyl}-N-methyl-N-{3-[(R}-
methylsulfinyl]phenyl]-guanidine; 6-chloro-2,3,4,9-tetrahydro-9-
methyl-2,3-dioxo-1H-indeno[ 1,2-b]pyrazine-S-acstic acid; 7-
chlorothiokynurenic acid; (35,4aR,6S,8aR)-decahydro-6-
(phosphonomethyl)-3-isoquinolinecarboxylic acid; (-)-6,7-dichioro-
1,4-dihydro-5-[3-(methoxymethyl)-5-(3-pyridinyl)-4-H-1,2,4-triazol-
4-y1]-2,3-quinoxalinedione; 4,6-dichloro-3-[(E)-(2-oxo-1-phenyl-3-
pyrrolidinylidene)methyl}-1H-indole-2-carboxylic acid; (2R,4S5)-rel-
5,7-dichloro-1,2,3,4-tetrahvdro-4-[{{phenylamino)carbonyljamino]-2-
quinolinecarboxylic acid; (3R,48)-rel-3,4-dihydro-3-[4-hydroxy-4-
(phenylmethyl)-1-piperidinyl-}-2H-1-benzopyran-4,7-diol; 2-{(2.3-
dihydro- 1 H-inden-2-yl)amino]-acetamide; 1,4-dihydro-6-methyl-5-
[{methylamino)methyl]-7-nitro-2,3~quinoxalinedione; {2-(8,9-dioxo-
2,6-diazabicyclof5.2.0]non-1(7}-en-2-ylethyl]-phosphonic acid;
(2R,65)-1,2,3,4,5,6-hexahydro-3-[(2S)-2-methoxypropyl}-6,11,11-
trimethyl-2,6-methano-3-benzazocin-9-ol; 2-hydroxy-5-
[[(pentafluorophenyl)methyl]amino}-benzoic acid; 1-[2-(4-
hydroxyphenoxy)ethyl]-4-[(4-methylphenyl)methyl]-4-piperidinol; 1-
[4-(1H-imidazol-4-y1)-3-butynyl]-4-(phenylmethyl}-piperidine; 2-
methyl-6-(phenylethynyl)-pyridine; 3-(pbosphonomethyl)-L-
phenylalanine; or 3,6,7-tetrahydro-2,3-dioxo-N-phenyl-1H,5H-
pyrido{1,2,3-de]quinoxaline-5S-acetamide

Asymmetric or chiral centers may exist in any of the compounds of the present invention.
The present invention contemplates the various stereoisomers and mixtures thereof. These
stereochemical mixtures can be resolved using methods exemplified by (1) attachment of a
5  racemic mixture of enantiomers, designated (+/-), to a chiral auxﬂiary, separation of the resulting
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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, Enantiorners are designated herein by the symbols “R,” or “S,”
depending on the configuration of substituents around the chiral carbon atom. Alternatively,
enantiomers are designated as (+) or (~) depending on whether a solution of the enantiomer
rotates the plarie of polan'zed light clockwise or counterclockwise, respectively.

Geometric isomers may also exist in the compounds of the present invention. The present
invention contemplates the various geometric isomers and mixtures thereof resulting from the
arrangement of substituents around a carbon-carbon double bond and designates such isomers as
of the Z or E configuration, where the term "Z" represents substituents on the same side of the
carbon-carbon double bond and the term "E" represents substituents on opposite sides of the
carbon-carbon double bond. It is also recognized that for structures in which tautomeric forms
are possible, the description of one tautomeric form is equivalent to the description of both,r
unless otherwise specified. For example, amidine structures of the formula ~C(=NRYNHR" and
—C(NHRQ)ﬂNRT, where R” and R? are different, are equivalent tautomeric structures and the
description of one inherently includes the other.

It is understood that substituents and substitution patterns on the compounds of the
invention can be selected by one of ordinary skill in the art to provide compounds that are
chemically stable and that can be readily synthesized by techniques known in the art, as well as
those methods set forth below, from readily available starting materials, If a substituent is itself
substitated with more than one group, it is understood that these multiple groups may be on the
same carbon or on different carbons, so long as a stable structure resuits.

Other features and advantages will be apparent from the following description and the

claims,

Definitions

The terms “acyl” or “alkanoyl,” as used interchangeably herein, represent an alkyl group,
as defined herein, or hydrogen attached to the parent molecular group through a carbonyl group,
as defined herein, and is exemplified by formyl, acetyl, propionyl, butanoyl and the like.
Exemplary unsubstituted acy] groups include from 2 to 7 carbons. |

The terms “Cy.y alkaryl” or “Cy.y alkylenearyl,” as used berein, represent a chemical
substituent of formula ~RR’, where R is an alkylene group of x to y carbons and R’ 1s an aryl
group as defined elsewhere herein. Similarly, by the terms “Cy.y alkheteroaryl” or “Cy.y
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alkyleneheteroaryl,” is meant a chemical substituent of formula -RR", where R is an alkylene
group of x to y carbons and R" is a heteroaryl group as defined elsewhere herein. Other groups
preceeded by the prefix “alk-" or “alkylene-” are defined in the same manner. Exemplary
unsubstituted alkaryl groups are of from 7 to 16 carbons.

The term “alkeycloalkyl” represents a cycloalkyl group attached to the parent molecular
group through an alkylene group.

The term "alkenyl," as used herein, represents monovalent straight or branched chain
groups of, unless otherwise specified, from 2 to 6 carbons containing one or more carbon-carbon
double bonds and is exemplified by ethenyl, 1-propenyl, 2-propenyl, 2-methyl- 1-propenyl, 1-
butenyl, 2-butenyl, and the like.

The term “alkheterocyclyl” represents a heterocyclic group attached to the parent
molecular group through an alkylene group. Exemplary unsubstituted alkheterocyclyl groups are
of from 3 to 14 carbons.

The term “alkoxy” represents a chemical substituent of formula —~OR, where R is an alky!
group of 1 to 6 carbons, unless otherwise specified.

The term “alkoxyalkyl” represents an alkyl group which is substituted with an alkoxy
group. Exemplary unsubstituted alkoxyalkyl groups include between 2 to 12 carbons.

The terms “alky!” and the prefix “alk-,” as used herein, are inclusive of both straight
chain and branched chain saturated groups of from 1 to 6 carbons, unless otherwise specified.
Alkyl groups are exemplified by methyl, ethyl, n- and iso-propyl, n-, sec-, iso- and tert-butyl,
neopentyl, and the like, and may be optionally substituted with one, two, three o, in the case of
alkyl groups of two carbons or more, four substituents independently selected from the group
consisting of: (1) alkoxy of one to six carbon atoms; (2) alkylsulfinyl of one to six carbon atoms;
(3) alkylsulfonyl of one to six carbon atoms; (4) amino; (5) aryl; (6) arylalkoxy; (7) aryloyl; (8)
azido; (9) carboxaldehyde; (10) cycloalkyl of three to eight carbon atoms; (11) halo; (12)
heterocyelyl; (13) (heterocycle)oxy; (14) (hetemcycle)oyl (15) hydroxyl; (16) N-protected
amino; (17) nitro; (18) oxo; (19) spiroalkyl of three to eight carbon atoms; (20) thioalkoxy of one
to six carbon atoms; (21} thiol; (22) -CO,R?, where R* is selected from the group consisting of
(a) alkyl, (b) aryl and (c) alkaryl, where the alkylene group is of one to six carbon atoms; (23) -
C(O)NRBR®, where each of R® and R is, independently, selected from the group consisting of
(a) hydrogen, (b) alkyl, (c) aryl and (d) alkaryl, where the alkylene group is of one to six carbon
atoms; (24) -SO,RP, where RP is selected from the group consisting of (a) alkyl, (b) aryl and (c)
alkaryl, where the alkylene group is of one to six carbon atoms; (25) -SO,NRERF, where each of
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R* and RF is, independently, selected from the group consisting of (2) hydrogen, (b) alkyl, (c)
aryl and (d) alkaryl, where the alkylene group is of one to six carbon atoms; and (26) NRCR,
where each of R® and R™ is, independently, selected from the group consisting of (a) hydrogen;
(b) an N-protecting group; (c) alkyl of one to six carbon atoms; (d) alkenyl of two to six carbon
atoms; (e) alkynyl of twb to six carbon atoms; (f) aryl; (g) alkaryl, where the aikylene group is of
one to six carbon atoms; (h) cycloalkyl of three to eight carbon atoms; and (i} alkeycloalkyl,
where the cycloalkyl group is of three to eight carbon atoms, and the alkylene group is of one to
ten carbon atoms, with the proviso that no two groups are bound to the nitrogen atom through a
carbonyl group or a sulfonyl group.

The term “alkylene,” as used herein, represents a saturated divalent hydrocarbon group
derived from a straight or branched chain saturated hydrocarbon by the removal of two hydrogen
atoms, and is exemplified by methylene, ethylene, isopropylene, and the like.

The term "alkylsulfinyl," as used herein, represents an alky! group attached to the parent
molecular group through an -S(0)- group. Exemplary unsubstituted alkylsulfinyl groups are of
from 1 to 6 carbons.

The term "alkylsulfonyl," as used herein, represents an alkyl group attached to the parent
molecular group through an -SO»- group. Exemplary unsubstituted alkylsulfonyl groups are of
from 1 to 6 carbons. '

The term "alkylsulfinylalkyl," as used herein, represents an alkyl group, as defined
herein, substituted by an alkylsulfiny] group. Exemplary unsubstituted alkylsulfinylalkyl groups
are of from 2 to 12 carbons.

The term "alkylsulfonylalkyl,” as used herein, represents an alkyl group, as defined
herein, substituted by an alkylsulfdnyl group. Exemplary unsubstituted allcylsulfonylalkyl
groups are of from 2 1o 12 carbons.

The term "alkynyL," as used herein, represents monovalent straight or branched chain
groups of from two to six carbon atoms containing a carbon-carbon triple bond and is
exemplified by ethynyl, I-propynyl, and the like.

The term “amidine,” as used berein, represents a ~C(=NH)NH; group.

The term “amino,” as used herein, represents an -NH; group.

The term "aminoalkyl," as used herein, represents an alkyl group, as defined herein,
substituted by an amino group.

The term “aryl,” as used herein, represents a mono- or bicyclic carbocyclic ring sysiem

having one or two aromatic rings and is exemplified by phenyl, naphthyl, 1,2-dihydronaphthyl,
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- 1,2,3,4-tetrahydronaphthyl, fluorenyl, indanyl, indenyl, and the like, and may be optionally

substituted with one, two, three, four, or five substituents independently selected from the group
consisting of: (1) alkanoyl of one to six carbon atoms; (2) alky! 6f one to six carbon atoms; (3)
alkoxy of one to six carbon atoms; (4) alkoxyalkyl, where the alky! and alkylene groups are
independently of one to six carbon atoms; (5) alkylsulfinyl of one to six carbon atoms; (6)
alkylsulfinylalkyl, where the alkyl and alkylene groups are independently of one to six carbon
atoms; (7) alkylsulfonyl of one to six carbon atoms; (8) alkylsulfonylalkyl, where the alkyl and
alkylene groups are independently of one to six carbon atoms; (9) aryl; (10) amino; (11)
aminoalky! of one to six carbon atoms; (12) heteroaryl; (13) alkaryl, where the alkylene group is
of one to six carbon atoms; (14) aryloyl; (1 S)'azido; (16) azidoalkyl of one to six carbon atoms;
(17) carboxaldehyde; (18) (carboxaldehyde)alkyl, where the alkylene group is of one to six
carbon atoms; (19) cycloalkyl of three to eight carbon atoms; (20) alkeycloalkyl, where the
cycloalkyl group is of three to eight carbon atoms .and the alkylene group is of one to ten carbon
atoms; (21) halo; (22) haloalky! of one to six carbon atoms; (23) heterocyclyl; (24)
(heterocyclyloxy; (25) (heterocyclyloyl; (26) hydroxy; (27) hydroxyalky! of one to six carbon
atoms; (28) nitro; (29) nitroalkyl of one to six carbon atoms; (30) N-protected amino; (31) N-
protected aminoalkyl, where the alkylene group is of one to six carbon atoms; (32) oxo; (33)
thioalkoxy of one to six carbon atoms; (34) thioalkoxyalkyl, where the alkyl and alkylene groups
are independentty of one to six carbon atoms; (35) -(CH),CO.R?, where q is an integer of from
zero to four, and R™ is selected from the group consisting of (&) alkyl, (b} aryl, and (c) alkaryl,
where the alkylene group is of one to six carbon atoms; (36) -(CHz)qCONRBRC, where g is an
integer of from zero to four and where R® and RC are independently selected from the group
consisting of (a) hydrogen, (b) alkyl, (¢) aryl, and (d) alkaryl, where the alkylene group is of one
1o six carbon atoms; (37) -*(CHz)qSOzRD, where q is an integer of from zero to four and where RP
is selected from the group consisting of (a) alkyl, (b) aryl, and (c) alkaryl, where the alkylene
group is of one to six carbon atoms; (38) -(CHz)qsozNRERF, where g is an integer of from zero
to four andwhere each of RF and RF is, independently, selected from the group consisting of (a)
hydrogen, (b) alkyl, (c) aryl, and (d) alkaryl, where the alkylene group is of one to six carbon
atoms; (39) «(CHz)qNRGRH, where q is an integer of from zero to four and where each of RCand
R is, independently, selected from the group consisting of (a) hydrogen; (b) an N-protecting
group; (c) alkyl of one to six carbon atoms; (d) alkenyl of two to six carbon atoms; (e) alkynyl of
two to six carbon atoms; (f) aryl; (g) alkaryl, where the alkylene group is of one 1o six carbon
atoms; (h) cycloalkyl of three to eight carbon atoms; and (i) alkeycloalkyl, where the cycloalkyl
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group 1s of three to eight carbon atoms, and the alkylene group is of one to ten carbon atoms,
with the proviso that no two groups are bound to the nitrogen atom through a carbonyl group or a
sulfonyl group; (40) thiol; (41) perﬂuofoalkyl; (42) perfluoroalkoxy; (43) aryloxy; (44)
cycloalkoxy; (45) cycloatkylalkoxy; and (46) arylalkoxy.

The term “arylalkoxy,” as used herein, represents an alkaryl group attached to the parent
molecular group through an oxygen atom. Exemplary unsubstituted arylalkoxy groups are of
from 7 to 16 carbons.

The term “aryloxy” represents a chemical substituent of formula —~OR’, where R’ is an
aryl group of 6 to 18 carbons, unless otherwise specified.

The terms “aryloyl” and “aroyl” as used interchangeably herein, represent an aryl group
that is attached to the parent molecular group through a carbonyl group. Exemplary unsubstituted
aryloyl groups are of 7 or 11 carbons.

The term “azido” represents an Ny group, which can also be represented as N=N=N.

~ The term “azidoalkyl” represents an azido group attached to the parent molecular group
through an alkyl group. '

The term “bridged heterocyclyl” represents a heterocyelic compound, as otherwise
described herein, having a bridged multicyclic structure in which one or more carbon atoms
and/or heteroatoms bridges two non-adjacent members of a monocyclic ring. An exemplary
bridged heterocyclyl group is a quinuclidiny! group.

The term “bridged alkheterocyclyl” represents a bridged heterocyclic compound, .as
otherwise described herein, attached to the parent molecular group through an alkylene group.

The term “carbonyl,” as used herein, represents a C(O) group, which can also be
represented as C=0.

The term “carboxaldehyde” represents a CHO group.

The term “carboxaldehydealkyl” represents a carboxaldehyde group attached to the
parent molecular group through an alkylene group.

The term “cycloalkyl, ” as used herein represents a monovalent saturated or unsaturated
non-aromatic cyclic hydrocarbon group of from three to eight carbons, unless otherwise
specified, and is exemplified by cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
bicyclo[2.2.1.]heptyl and the like. The cycloalkyl groups of this invention can be optionally
substituted with (1) alkanoy] of one 1o six carbon atoms; (2) alkyl of one to six carbon atoms; (3)
alkoxy of one to six carbon atoms; (4) alkoxyalkyl, where the alkyl and alkylene groups are -

independently of one to six carbon atoms; (5) alkylsulfinyl of one to six carbon atoms; (6)
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alkylsulfinylalkyl, where the alky! and alkylene groups are independently of one to six carbon
atoms; (7) alkylsulfonyl of one to six carbon atoms; (8) alkylsulfonylalkyl, where the atkyl and
alkylene groups are independently of one to six carbon atoms; (9) arvl; (10) amine; (11)
aminoalkyl of one to six carbon atoms; (12) heteroaryl; (13) alkaryl, where the alkylene group is
of one to six carbon atoms; (14) aryloyl; (15) azido; (16) aZidoalkyl of one to six carbon atoms;
(17) carboxaldehyde; (18) (carboxaldehyde)alkyl, where the alkylene group is of one to six
carbon atoms; (19) cycloalkyl of three to eight carbon atoms; (20) alkeycloalkyl, where the
cycloalkyl group is of three to eight carbon atoms and the alkylene group is of one to ten carbon
atoms; (21) halo; (22) haloalkyl of one to six carbon atoms; (23) heterocyclyl; (24)
(heterocyclyloxy; (25) (heterocyclyl)oyl; (26) hydroxy; (27) hydroxyalkyl of one to six carbon
atoms; (28) nitro; (29) nitroalkyl of one to six carbon atoms; (30) N-protected amino; (31) N-
protected aminoalkyl, where the alkylene group is of one to six carbon atoms; (32) oxo; (33)
thioalkoxy of one to six carbon atoms; (34) thioalkoxyalkyl, where the alkyl and alkylene groups
are independently of one 1o six carbon atoms; (35) —(CHZ)QCOZRA, where g is an infeger of from
zero to four, and R” is selected from the group consisting of (a) alkyl, (b) aryl, and (c) alkaryl,

. where the alkylene group is of one to six carbon atoms; (36) -(CHz)qCONRBRC, where q is an

integer of from zero to four and where R® and R are independently selected from the group
consisting of (a) hydrogen, (b} alkyl, (c) aryl, and (d) alkaryl, where the alkylene group is of one
to six carbon atoms; (37) —(CHZ)qSO;_RD . where'q is an integer of from zero to four and where R”
is selected from the group consisting of (a) alkyl, (b) aryl, and (c) alkaryl, where the alkylene
group 1s of one to six carbon atoms; (38) '(Cﬁz)qSOQNRERF, where q is an integer of from zero
to four andwhere each of R® and R” is, independently, selected from the group consisting of (a)
hydrogen, (b) alkyl, (¢} aryl, and (d) alkaryl, where the alkylene group is of one to six carbon
atoms; (39) ~(CH2)NROR¥, where q is an integer of from zero to four and where each of R® and
R is, independenﬂy, selected from the group consisting of (a) hydrogen; (b) an N-protecting
group; (c) alkyl of one to six carbon atoms; (d) alkenyl of two to six carbon atoms; (e) alkynyl of
two to six carbon atoms; (f) aryl; (g) alkaryl, where the alkylene group is of one to six carbon
atoms; (h) cycloalkyl of three to eight carbon atoms; and (i) alkeycloalkyl, where the cycloaltkyl
group is of three to eight carbon atoms, and the alkylene group is of one to ten carbon atoms,
with the proviso that no two groups are bound to the nitrogen atom through a carbonyl group or a
sulfonyl group; (40) thiol; (41} perfluoroalkyl; (42) perfluoroalkoxy; (43) aryloxy; (44)
cycloalkoxy; (45) cycloalkylalkoxy; and (46) arylalkoxy. '
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The terms “cycloalkyloxy™ or “cycloalkoxy”, as used interchangeably herein, represent a
cycloalkyl group, as defined herein, attached to the parent molecular group through an oxygen
atom, Exemplary unsubstituted cycloalkyloxy groups are of from 3 to 8 carbons.

The term an “effective amount” or a “sufficient amount “ of an agent, as used herein, is
that amount sufficient to effect beneficial or desired results, such as clinical results, and, as such,
an “effective amount” depends upon the context in which it is being applied. For example, in the
context of administering an agent that is an inhibitor of NOS, an effective amount of an agent is,
for example, an amount sufficient o achieve a reduction in NOS activity as compared to the
response obtained without administration of the agent.

- The terms “halide” or “haiogcn” or “Hal” or “halo,” as used herein, represent bromine,
chlorine, 1odine, or fluorine.

The term "haloalkyl," as used herein, represents an alkyl group, as defined herein,
substituted by a halo group.

The term “heteroaryl,” as used herein, represents that subset of heterocycles, as defined
herein, which are aromatic: i.e., they contain 4n+2 pi electrons within the mono- or multicyclic
ring system.

The terms "heterocycle™ or “heterocyelyl,” as used interchangeably herein represent a 5-,
6- or 7-membered ring, unless otherwise speciﬁ.ed, containing one, two, three, or four
heteroatoms independently selected from the group consisting of nitrogen, oxygen and sulfur.
The 5-membered ring has zero to two double bonds and the 6- and 7-membered rings have zero
to three double bonds. The term "heterocycle" also includes bicyclic, tricycelic and tetracyclic
groups in which any of the above heterocyelic rings is fused to one, two, or three rings
independently selected from the group consisting of an aryl ring, a cyclohexane ring, a
cyclohexene ring, a cyclopentane ring, a cyclopentene ring and another monocyclic heterocyclic
ring, such as indolyl, quinolyl, isoquinolyl, tetrahydroquinolyl, benzofuryl, benzothienyl and the
like. Heterocyclics include pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazolinyl,
pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl, pyridyl, piperidinyl, homopiperidinyl,
pyrazinyi, piperazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl,
isoxazolidiniyl, morpholinyl, thiomorpholinyl, thiazolyl, thiazolidinyl, isothiazolyl,
isothiazolidinyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyl, benzothiazolyl,
benzoxazolyl, furyl, thienyl, thiazolidinyl, isothiazolyl, isoindazoyl, triazoly!, tetrazolyl,
oxadiazolyl, uricyl, thiadiazolyl, pyrimidyl, tetrabydrofuranyl, dihydrofuranyl, tetrahydrothienyl,
dihydrothienyl, dihydroindolyl, tetrahydroquinolyl, tetrahydroisoquinolyl, pyranyl,
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dihydropyranyl, dithiazolyl, benzofuranyl, benzothienyl and the like. Heterocyclic groups also
include compounds of the formula

r"’;\O: F{GI

Z~d  where

F’ is selected from the group consisting of -CHj-, -CH,O- and -O-, and G' is selected
from the group consisting of -C(O)- and (C(R')R"))y-, where each of R' and R" is,
independently, selected from the group consisting of hydrogen or alkyl of one to four carbon
atoms, and v is one to three and includes groups, such as 1,3-benzodioxolyl, 1,4-benzodioxanyl,
and the like. Any of the heterocycle groups mentioned herein may be optionally substituted with
one, two, three, four or five substituents independently selected from the group consisting of: (1)
alkanoyl of one to six carbon atoms; (2) alkyl of one to six carbon atoms; (3) alkoxy of one fo six
carbon atoms; (4) alkoxyalkyl, where the alkyl and alkylene groups are independently of one to
six carbon atoms; (5) alkylsulfinyl of one to six carbon atoms; (6) alkylsulfinylalkyl, where the
alkyl and alkylene groups are independently of one 1o six carbon atoms; (7) alkylsulfonyl of one
to six carbon atoms; (8) alkylsulfonylalkyl, where the alky! and alkylene groups are
independently of one to six carbon atoms; (9) aryl; (10) amino; (11) aminoalkyl of one to six
carbon atoms; (12) heteroaryl; {13) alkaryl, where the alkyiene group is of one to six carbon
atoms; (14) aryloyl; (15) azido; (16) azidoalky! of one to six carbon atoms; (17) carboxaldehyde;
(18) (carboxaldehyde)alkyl, where the alkylene group is of one to six carbon atoms; (19)
cycloalkyl of three to eight carbon atoms; (20) alkeycloalkyl, where the cycloalkyl group is of
three to eight carbon atoms and the alkylene group is of one {o ten carbon atoms; (21) halo; (22)
haloalkyl of one to six carbon atoms; (23) heterocyelyl; (24) (heterocyelyhoxy; (25)
(heterocyclyloyl; (26) hydroxy; (27) hydroxyalkyl of one to six carbon atoms; (28) nitro; (29)
nitroalkyl of one to six carbon atoms; (30) N-protected amino; (31) N-protected aminoalkyl,
where the alkylene group is of one to six carbon atoms; (32) oxo; (33) thicalkoxy of one to six
carbon atoms; (34) thioalkoxyalkyl, where the alkyl and alkylene groups are independently of
one to six carbon atoms; (35) -(CHz)qCO;;RA, where q is an integer of from zero to four, and RA
ig selected from the group consisting of (a) alkyl, (b) aryl, and (c) alkaryl, where the alkylene
group is of one to six carbon atoms; (36) -(CH,),CONRPRE, where q is an integer of from zero
to four and where R® and R® are independently selected from the group consisting of (a)
hydrogen, (b) alkyl, (¢) aryl, and (d) alkaryl, where the alkylene group is of one to six carbon
atoms; (37) -(CHg)qSOgRD , Where q is an integer of from zero to four and where RP is selected
from the group consisting of (a) alkyl, (b) aryl, and (¢) alkaryl, where the alkylene group is of
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one to six carbon atoms; (38) —(CH;)QSOZNRERF, where q is an integer of from zero to four
andwhere each of RE and RF is, independently, selected from the group consisting of (a)
hydrogen, (b) alkyl, (¢) aryl, and (d) alkaryl, where the alkylene group is of one to six carbon
atoms; (39) -(CHg)qNRGRH, where g is an integer of from zero to four and where each of R% and
R is, independently, selected from the group consisting of (a) hydrogen; (b) an N-protecting
group; (¢) alkyl of ‘ one tﬁi six carbon atoms; (d) alkenyl of two to six carbon atoms; (e) atkynyl of
two 1o six carbon atomé; (f) aryl; (g) alkaryl, where the alkylene group is of one to six carbon
atoms; (h) cycloalkyl of three to eight carbon atoms; and (i) alkeycloalkyl, where the cycloalkyl
group is of three to eight carbon atoms, and the alkylene group is of one to ten carbon atoms,
with the proviso that no two groups are bound to the nitrogen atom through a carbonyl group or a
sulfonyl group; (40) thiol; (41) perfluoroalkyl; (42) perfluoroalkoxy; (43) aryloxy; (44)
cycloalkoxy; (45) cycloalkylalkoxy; and (46) arylalkoxy.

The terms “heterocyclyloxy” and “(heterocycle)oxy,” as used interchangeably herein,
represent a heterocycle group, as defined herein, attached to the parent molecular group through
an oxygen étom.

The terms “heterocyclyloyl” and “(heterocyclejoyl,” as used interchangeably herein,
represent a heterocycle group, as defined herein, attached to the parent molecular group through
a carbonyl group.

The term “hydroxy” or “hydroxyl,” as used herein, represents an -OH group.

The term “hydroxyalkyl,” as used herein, represents an alkyl group, as defined herein,
substituted by one to three hydroxy groups, with the proviso that no more than one hydroxy
group may be attached to a single carbon atom of the alkyl group and is exemplified by
hydroxymethy!, dihydroxypropyl, and the like.

The terms “inhibit” or “suppress” or “reduce,” as relates to a function or activity, such as
NOS activity, means to reduce the function or activity when compared to otherwise same
conditions except for a condition or parameter of interest, or alternatively, as compared to
another condition.

The term “N-protected amino,” as used herein, refers to an amino group, as defined
herein, to which is attached an N-protecting or nitrogen-protecting group, as defined herein.

The term "N-protected aminoalkyl," as used herein, represents an alkyl group, as defined
herein, substituted by an amino group to which is attached an N-protecting or nitrogen-protecting

group, as defined herein.
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The terms “N-protecting group” and “nitrogen protecting group,” as used herein,
represent those groups intended to protect an amino group against undesirable reactions during
synthetic procedures. Commonly used N-protecting groups are disclosed in Greene, “Protective
Groups In Organic Synthesis,” 3" Rdition (John Wiley & Sons, New York, 1999), which is
incorporated herein by reference. N-protecting groups include acyl, aroyl, or carbamyl groups
such as formyl, acetyl, propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, '
trifluoroacetyl, trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-
chlorobenzoyl, 4-bromobenzoyl, 4»njﬁ'obenzoyl, and chiral auxiliaries such as protected or
unprotected D, L or D, L-amino acids such as alanine, leucine, phenylalanine, and the like;
sulfonyl groups such as benzenesulfonyl, p-toluenesulfonyl, and the like; carbamate forming
groups such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3,4-
dimethoxybenzyloxycarbonyl, 3.5-dimethoxybenzyl oxycarbonyl, 2,4~
dimethoxybenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 2-nitro-4,5-
dimethoxybenzyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)-1-
methylethoxycarbonyl, a,a-dimethyl-3,5-dimethoxybenzyloxycarbonyl, benzhydryloxy
carbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl, isopropyloxycarbonyl,
ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 2,2,2 ~trichloroethoxycarbonyl,
phenoxycarbonyl, 4-nitrophenoxy carbonyl, fluorenyl-9-methoxycarbonyl,
cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, phenylthiocarbonyl,
and the like, arylalkyl groups such as benzyl, triphenylmethyl, benzyloxymethyl, and the like and

silyl groups such as trimethylsilyl, and the like. Preferred N-protecting groups are formyl, acetyl,
“benzoyl, pivaloyl, t-butylacetyl, alanyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc), and

benzyloxycarbonyl (Cbz).

The term “nitro,” as used herein, represents an -NO, group.

The term "nitroalkyl," as used herein, represents an alkyl group, as defined herein,
substituted by a nitro group.

The term “ox0” or (O) as used herein, répresents =0,

The term “perfluoroalkyl,” as used herein, represents an alky! group, as defined herein,
where each hydrogen radical bound to the alkyl group has been replaced by a fluoride radical.
Perfluoroalkyl groups are exemplified by trifluoromethyl, pentafluoroethyl, and the like.
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The term “perflucroalkoxy,” as used herein, represents an afkoxy group, as defined
herein, where each hydrogen radical bound to the alkoxy group has been replaced by a fluoride
radical. |

The term “pharmaceutically acceptable salt,” as use herein, represents those salts which
are, within the scope of sound medical judgment, suitable for use in contact with the tissues of
humans and animals without undue toxicity, irritation, allergic response and the like and are
commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are well
known in the art. For example, S. M Berge et al. describe pharmaceutically aéceptable salts in
detail in J. Pharmaceurical Sciences 66:1-19, 1977, The salts can be prepared in sifu during the
final isolation and purification of the compounds of the invention or separately by reacting the
free base group with a suitable organic acid. Representative acid addition salts include acetate,
adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,
camphorate, camphersulfonate, citrate, cyclopentanepropionate, digluconate, dodecyisulfate,
ethanesulfonate, fumarate, glucoheptonate, glycerophosphate, hemisulfate, heptonate, hexanoate,
hydrobromide, hydrochioride, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate,
laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, niil_‘ate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate,
phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, '
toluenesulfonate, undecanoate, valerate salts and the like. Representative alkali or alkaline earth
metal salts include sodium, lithium, potassium, cai;:ium, magnesium and the like, as well as
nontoxic ammonium, quaternary ammoniurm, and amine cations, including, but not limited to
ammonium, tetramethylammoniurm, tetraethy}.ammonium, methylamine, dimethylamine, |
trimethylamine, triethylamine, ethylamine and the like.

The term “pharmaceutically acceptable prodrugs™ as used herein, represents those
prodrugs of the compounds of the present invention which are, within the scope of sound
medical judgment, suitable for use in contact with with the tissues of humans and animals with
undue toxicity, irritation, allergic response, and the like, commensurate with a reasonable
benefit/risk ratio, and effective for their intended use, as well as the zwitterionic forms, where
possible, of the compounds of the invention.

The term “Ph” as used herein means phenyl.

The term “prodrug,” as used herein, represents compounds which are rapidly transformed
in vivo to the parent compound of the above formula, for example, by hydrolysis in blood.

Prodrugs of the compounds of the invention may be conventional esters. Some common esters
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which have been utilized as prodrugs include, but are not limited to, phenyl esters, aliphatic (Cs-
Cay) esters, acyloxymethy! esters, carbamates, and amino acid esters. For example, a compound
of the invention that contains an OH group may be acylated at this position in its prodrug form.
A thorough discussion is provided in T. Higuchi and V., Stella, Pro-drugs as Novel Delivery
Systems, Vol. 14 of the A.C.S. Symposium Series, Edward B. Roche, ed., Bioreversible Carriers
in Drug Design, American Pharmaceutical Association and Pergamon Press, 1987, and Judkins
et al., Synthetic Communications 26(23):4351-4367, 1996, each of which is incorporated herein
by reference.

Each of the terms “selectively inhibits nNOS” or “a selective nNOS inhibitor” refers to a
substance, such as, for example, a compound of the invention, that inhibits or binds the nNOS
isoform more effectively than the eNOS and/or iINOS isoform by an in vitro assay, such as, for
example, those assays described herein. Selective inhibition can be expressed in terms of an ICsg
value, a K; value, or the inverse of a percent inhibition value which is lower when the substance
is tested in an nNOS assay than when tested in an eNOS and/or INOS assay. Preferably, the ICs
or K; value is 2 times lower. More preferably, the ICsq or K| value is 5 times lower. Most
preferably, the ICsq or K value is 10, or even 50 times lower.

The term “prophylaxis” refers to preventive or pre-emptive treatment for an event
expected to result in a condition, for example, visceral pain, and encompasses procedures
designed 1o target individuals at risk of suffering from a condition, such as visceral pain.

The term “solvate” as used herein means a compound of the invention wherein molecules
of a suitable solvent are incorporated in the crystal lattice. A suitable solvent.is physiologically
tolerable at the dosage administered. Examples of suitable solvents are ethanol, water and the
like. When water is the solvent, the molecule is referred to as a “hydrate.”

The term “spiroalkyl,” as used herein, represents an alkylene diradical, both ends of
which are bonded to the same carbon atom of the parent group to form a spirocyclic group.

The term “sulfonyl,” as used herein, represents an -S(0),- group.

The term “thioalkaryl,” as used herein, represents a thioalkoxy group substituted with an
aryl group.

The term “thioalkheterocyclyl,” as used herein, represents a thioalkoxy group substituted
with a heterocyclyl group.

The term “thioalkoxy,” as used herein, represents an alkyl group attached to the parent
molecular group through a sulfur atom. Exemplary unsubstituted alkylthio groups are of from 1

1o 6 carbons.
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The term “thioalkoxyalkyl” represents an alkyl group which is substituted with a
thioatkoxy group. Exemplary unsubstituted thioalkoxyalkyl groups include between 2 to 12
carbons.

Thé term “thiol” represents an —SH group.

As used herein, and as well understood in the art, “ireatment” is an approach for
obtaining beneficial or desired results, such as clinical results. Beneﬁéial or desired results can
include, but are not limited to, alleviation or amelioration of one or more symptoms or
conditions; diminishment of extent of disease, disorder, or condition; stabilized (i.e., not
worsening) state of disease, disorder, or condition; preventing spread of disease, disorder, or

condition; delay or slowing the progress of the disease, disorder, or condition; amelioration or

.palliation of the disease, disorder, or condition; and remission (whether partial or total), whether

detectable or undetectable. “Treatment” can also mean prolonging survival as compared to
expected survival if not receiving treatment. “Palliating™ a disease, disorder, or condition means
that the extent and/or undesirable clinical manifestations of the disease, disorder, or condition are
lessened and/or time course of the progression is slowed or lengthened, as compared to the extent
or time course in the absence of treatment.

By “visceral pain” is meant any pain felt by a subject secondary to a disease, disorder, or
condition of an internal organ. Conditions that result in visceral pain include, but are not limited
to, irritable bowel syndrome, inflammatory bowel syndrome, pancreatitis, diverticulitis, Crohn's
disease, peritonitis, pericarditis, hepatitis, appendicitis, colitis, cholecystitis, gastroenteritis, renal
pain, interstitial cystitis, ovarian (e.g., cysts), endomefriosis, dysmenorrhea, uterine pain, pain
resulting from a cancer of a visceral organ, pain from injury, infection in an internal organ,
gynecological pain, bladder pain, bowel pain, stomach pain, esophageal pain, referred cardiac
pain, upper gastrointestinal dyspepsia, and colic (including renal and biliary colic). Visceral pain
can be experienced by an animal with a disease or condition of an internal organ.

As used herein, by a “5HTp agonist” and “5HT;p, agonist” are meant, respectively, an
agent that enhances the activity of 5-hydroxytryptamine/serotonin receptors 1B and/or 1D, e.g.,
by directly binding and activating SHT s or SHT1p receptors (e.g., as with a riptan) or by
inhibiting reuptake of serotonin (e.g., as with an SSRI}. Agonists of SHT1g/1p receptors inciude,
but are not limited to, antidepressants or antianxiety drugs (e.g., citalopram), amphetamines (e.g.,
dextroamphetamine and levoamphetamine}), antiemetics or anxiolytics (e.g., benzodiazepines),

anticonvulsants (e.g., sodium valproate), and triptans (e.g., sumatriptan). An agonist of SHT 3
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receptors may also agonize SHT)p receptors; conversely, an agonist of 5HT;p receptors may also
agonize SHT ;g receptors.

By “analgesic” is meant any member of the diverse group of drugs used to relieve pain.
Analgesic drugs act in various ways on the peripheral and central nervous systems. They
include, but are not limited to, paracetamol (i.e., acetaminophen), the nonsteroidal anti-
inflammatory drugs (NSAIDs), and opiate drugs such as morphine.

By “antidepressant” is meant any member of the diverse group of drugs used to relieve
depression or dysthymia. Classes of antidepressants include selective serotonin reuptake
inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs), noradregnergic and
Speciﬁc serotonergic antidepressants (NASSAs), norepinephrine (noradrenaline) reuptake
inhibitors (NRIs), norepinephrine-dopamine reuptake inhibitors, tricyclic antidepressants
(TCAs), and monoamine oxidase inhibitors (MAQOIs). Examples of antidepressant agents
include, but are not limited to, amitriptyline, citalopram, desi;ﬁramine, duloxetine, escitalopram,
fluoxetine, fluvoxamine, paroxetine, sertraline, amitriptyline, desmethylamitriptyline,
clomipramine, doxepin, imipramine, imipramine oxide, trimipramine; adinazolam,
amiltriptylinoxide, amoxapine, desipramine, maprotiline, nortriptyline, protriptyline, amineptine,
butriptyline, demexiptiline, dibenzepin, dimetacrine, dothiepin, fluacizine, iprindole,
lofepramine, melitracen, metapramine, norclolipramine, noxiptilin, opipramol, petlapine,
pizotyline, propizepine, quinupramine, reboxetine, atomoxetine, bupropion, reboxetine,
tomoxetine, duloxetine, milnacipran, mirtazapine, nefazodone, venlafaxine, amiflamine,
iproniazid, isocarboxazid, M-3-PPC (Draxis), moclobemide, pargyline, phenelzine,
tranylcypromine, Vanoxerine, bazinaprine, befloxatone, brofaromine, cimoxatone, clorgyline,
amitriptyline, clomipramine, desipramine, doxepin, imipramine, maprotiline, nortryptyline,
protriptyline, trimipramine, adinazolam, alaproclate, amineptine, amitriptyline/chlordiazepoxide
combination, atipamezole, azamianserin, bazinaprine, befuraline, bifemelane, binodaline,
bipenamol, brofaromine, caroxazone, cericlamine, cianopramine, cimoxatoﬁe, citalopram,
clemeprol, clovoxamine, dazepinil, deanol, demexiptiline, dibenzepin, dothiepin, droxidopa,
enefexine, estazolam, etoperidone, femoxetine, fengabine, fezolamine, fluotracen, idazoxan,
indalpine, indeloxazine, iprindole, levoprotiline, lithium, litoxetine; lofepramine, medifoxamine,
metapramine, metralindole, mianserin, milnacipran, minaprine, mirtazapine, montirelin,
nebracetam, nefopam, nialamide, nomifensine, norfluoxetine, orotirelin, oxaflozane, pinazepam,
pirlindone, pizotyline, ritanserin, rolipram, sercloremine, setiptiline, sibutramine, sulbutiamine,

sulpiride, teniloxazine, thozalinone, thymoliberin, tianeptine, tiflucarbine, trazodone, tofenacin,
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tofisopam, toloxatone, tomoxetine, veralipride, viloxazine, viqualine, zimelidine, and
zometapine. |

By “anticonvulsive™ is meant any of a diverse group of agents used in prevention of the
occurrence of epileptic seizures {i.é., antiepileptic). The goal of an anticonvulsant is to suppress
the rapid and excessive firing of neurons that start a seizure. Many anticonvulsants block sodium
(Na") channels, calcium (Ca”) channels, AMPA rebeptors, or NMDA receptors. Some
anticonvulsants inhibit the metabolism of GABA or increase its release. Examples of
anticonvulsants include, but are not limited to, carbamazepine, flupirtine, gabapentin,
lamotrigine, oxcarbazepine, phenytoin, retigabine, topiramate, and valproate.

By “cyclooxygenase-2 (COX-2) inhibitor” is meant any agent that inhibits the activity of
the COX-2 enzyme. Examples of COX-2 inhibitors include, but are not limited to NSAIDS,
paracetamol (i.e., acetaminophen), celecoxib, etoricoxib. lumiracoxib, parecoxib, rofecoxib, and
valdecoxib. |

By “non-steroidal anti-inflammatory drug” (NSAID) is meant an agent that exhibits
analgesic, anti-inflammatory, and antipyretic effects on a treated subject. Examples of NSAIDS
include, but are not limited to, aspirin, amoxiprin, benorilate, choline magnesium salicylate,
faislamine, methyl salicylate, magnesium salicylate, salicyl salicylate (salsalate), aceclofenac,
bromfenac, etodolac, sulindac, carprofen, fenbufen, loxoprofen, oxaprozin, azapropazone,
sulfinpyrazone, nimesulide, licofelone acemstacin, celecoxib, derécoxib, diclofenac, diftunisal,
ethenzamide, stofenamate, etoricoxib, fenoprofen, flufenamic acid, flurbiprofen, lonazolac,
lornoxicam, ibuprofen, indomethacin, isoxicam, kebuzone, ketoprofen, ketorolac, naproxen,
nabumetone, niflumic acid, suiindac, tolmetin, piroxicam, meclofenamic acid, mefenamic acid,
meloxicam, metamizol, mofeblifazonc, oxyphenbutazone, parecoxib, phenidine, phenylbutazone,
piroxicam, propacetamol, propyphenazone, rofecoxib, salicylamide, suprofen, tiaprofenic acid,
tenoxicam, valdecoxib, 4-(4—-(:)791ohexyI-Q-methyloxazol-S—yl)-2—ﬂuqrobenzenesulfonamids, N-
[2-(cyclohexyloxy)-4-nitrophenyljmethanesulfonamide, 2-(3,4-difluorophenyl)-4-(3-hydroxy-3-
methylbutoxy)-5-[4-(methylsulfonyl)phenyl}-3(2H)-pyridazinone, and 2-(3,5-difluorophenyl)-3-
[4-(methylsulfonyl)phenyl}-2-cyciopenten-1-one).

By “opiate” is meant any agent, natural or synthetic, that exerts an analgesic effect upon
binding to an opioid receptor in the central nervous system. Examples of opiates include, but are
not limited to, alfentanil, butorphanol, buprenorphine, codeine, dextromoramide,
dextropropoxyphene, dezocine, dihydrocodeine, diphenoxylate, etorphine, fentanyl,

hydrocodone, hydromorphone, ketobemidone, levorphanol, levomethadone, methadone,
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meptazinol, morphine, morphine-6-glucuronide, natbuphine, naloxone, oxycodone,
oxymorphone, pentazocine, pethidine, piritramide, remifentanil, sulfentanyl, tapentadol, tilidine,
and tramadol. '

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 shows the metabolic stability of compounds éa and 6b incubated in the presence of
human liver microsomes.
‘Fig. 2 shows the metabolic stability of compound 18 incubated in the presence of human
liver micromes.
Fig. 3 shows the reversal of thermal hyperalgesia after i.p. administration of compound
6b in the Chung Model of nerve injury-induced neuropathic-like pain.
Fig. 4 shows the effect on the reversal of thermal hyperalgesia after i.p. administration of
compound 6a in the Chung Model of nerve injury-induced neuropathic-like pain.
Fig. 5 and Fig, 6 show, respectively, a reversal of tactile hyperthesia following the i.p.
administration of compound 6b but not 6a to test animals.
~ Fig. 7 shows the general testing protocol for a pancreatitis visceral pain model.
Fig. 8 shows the effects of compound 18 in a pancreatitis visceral pain model
Fig. 9 shows the effects of compound 6b in a pancreatitis visceral pain model.
Fig. 10 shows the effects of compound 18 in an IBS visceral pain model.
Fig. 11 shows the effects of compound 6a in a pancreatitis visceral pain model.

Fig. 12 shows the effects of compound 27 in a pancreatitis visceral pain model.

DETAILED DESCRIPTION OF THE INVENTION

We have discovered thai certain indole compounds, such as 3,5-substituted indole
compounds, are useful in treating visceral pain. Visceral pain may be caused by diséase or injury
{0 an internal organ, which refers pain to other parts of the body. Exemplary forms of visceral
pain treated by the methods described herein include that secondary to irritable bowel syndrome,
inflammatory bowel syndrome, pancreatitis, diverticulitis, Crohn's disease, peritonitis,
pericarditis, hepatitis, appendicitis, colitis, cholecystitis, gastroenteritis, endometriosis,
dysmenorrhea, interstitial cystitis, prostatitis, pleuritis, upper gastrointestinal dyspepsia, renal
colic, or biliary colic; Other forms are described herein, and still others are known in the art.

Particularly desirable compounds are disclosed in US 2006/0258721 and herein and have the
formula:

-33.



10

15

20

25

R* g3
Ny g2

R® N

RO W,
or a pharmaceutically acceptable salt or prodrug thereof, wherein,
| Rl'isH, optionally substituted C;.¢ alkyl, optionally substituted C1.4 alkaryl, optionally
substituted C,.4 alkheterocyclyl, or optionally substituted Cs.4 cycloalkyl;

~ each of R* and R is, independently, H, Hal, optionally substituted C1.¢ alkyl, optionally
substituted Cg.1p aryl, optionally substituted C;.s alkaryl, optionally substituted C,.9 bridged
heterocyclyl, optionally substituted C;4 bridged alkheterocyclyl, optionally substituted Cs.9
heterocyclyl, optionally substituted C; alkheterocyclyl, or optionally substituted Cs g cycloalkyl;
each of R* and R’ is, independently, H, F, Cy.4 alkyl, or C\.¢ alkoxy;

R® is H, R*ACINH)NH(CHy);s, or RENHC(S)NH(CHy),s, wherein 15 is an integer from 0
to 2, R* is optionally substituted C;.¢ alkyl, optionally substituted Ce.1p aryl, optionally
substituted C,4 alkaryl, optionally substituted C,.¢ heterocyclyl, optionally substituted C;4
alkbeterocyclyl, optionally substituted C;.thioalkoxy, optionally substituted C;4 thioalkaryl,
optionally substituted aryloyl, or optionally substituted C;.4 thicalkheterocyclyl; and R®isCig
alkyl, optionally substituted Cﬁ_l{; aryl, optionally substituted C,4 alkaryl, optionally substituted
C,.9 heterocyclyl, optionally substituted C,4 alkheterocyclyl, optionally substituted Ci.4
thioalkoxy, optionally substituted Cy.4 thicalkaryl, or optionally substituted aryloyl; and

R®is H, F, RSACONH)NH(CHa ), or RENHC(S)NH(CHy)y, wherein 16 is an integer from
0 to 2, R% is optionally substituted C;.¢ alkyl, optionally substituted Cg 1 aryl, optionally
substituted C;.4 alkaryl, optionally substituted Cs.g heterocyclyl, optionally substituted Cj4
alkheterocyclyl, optionally substituted C;.¢ thicalkoxy, optionally substituted C;.4 thioalkaryl,
optionally substituted arvloyl, or optionally substituted C;.4 thioalkheterocyclyl; and R®is Cig
alkyl, optionally substituied Cg.10 aryl, optionally substituted C;.4 alkaryl, optionally substituted
Cs.4 heterocyelyl, optionally substituted C,4 alkheterocyelyl, optionally substituted Ci.¢
thioalkoxy, optionally substituted C,4 thioalkaryl, or optionally substituted aryloyl.

In a preferred embodiment, Réis H.

Specific examples of these compounds include those in Table 2.
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Methods of synthesizing each of the compounds in Table 2 are provided in US
2006/0258721, hereby incorporated by reference.

Preferred compounds include

/ \
S N
NH N N N
H and H

T2z e

5
Additional 3,5 substituted indoles include
N N/
H
N
Gwr (1{( \
N . .
and (-) H , the racemic mixture
of which 1s disclosed in US 2006/6258721.
Another preferred compound is
)
SO,
S I N
NH N
10 H , the synthesis of which is described herein.

Additional prcferred compounds include:

NH
(A '
° NH ) >
N
i ¥
Miixture of cis-enantiomers | (+)-cis-isomer , {-)-cis-isomer ,
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Mixture of trans-enant:omers s Mixture of trans-enantmmers s Mixture of czs&nanttomers

OH

o ovep o

d Mixture of four isomers

Methods of preparing compounds of the inveniion
5 The synthesis of 3, S-substituted indoles is described generally in U.S. Patent No.
7,375,219, herein incorporated by reference, and additional examples are described herein. The

synthesis for 1, 3-disubstituted hexane ring is shown below:

n-0 1 =
=1 NR3R4
z
. m @50 Reductwe
N —_— ammation N
H N
tZ = NO;, Br, NR/Ry 11 Z= NOy, Br, NR{R, i1 Z = NOy, Br, NR4Ry
Rz, Rq = H or alkyl
=0-1 NH Cy g
NR3R4 HC! el
Jk e NR3R*
R O
HaN S W
— N\ V) y
3o N
N or NH N
H
Y NH HBr vil
RSA S/Q
(v

10
The Michael addition of a suitable indole derivative to enone was carried according to the
literature proceude reported in J. Org. Chem. 68: 2109-2114 (2003). Compouhd 11 can be

synthesized by the standard reductive amination with various primary and secondary amines in
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presence of sodium triacetoxy borohydride and an acid, preferably acetic acid. If the product is a
secondary amine (where the reductive amination was carried with primary amine), it can be
protected with a suitable protective group such as tert-butoxy carbonyl before proceeding further.
The amine of formula IV can be achieved by the reduction of the nitro group under Pd-C/H,
reduction conditions. In case of bromo-substitution, it can be converted into a primary amine
under standard Buchwald amination conditions using Pdy(dba); (see, e.g., U.S. Patent No.
7,375,219). The primary amine IV can be converted into compound V ’by reaction with amidine
reagent as described in U.S. Patent No. 7,375,219, |

Pharmaceutical Compositions

The compounds of the invention are preferably formulated into pharmaceutical
compositions for administration to human subjects in a biologically compatible form suitable for
administration in vivo. Accordingly, in another aspect, the present invention provides a
pharmaceutical composition comprising a compound of the invention in admixture with a
suitable diluent or carrier.

The compounds of the invention may be used in the form of the free base, in the form of
salts, solvates, and as prodrugs. All forms are within the scope of the invention. In accordance
with the methods of the inventidh, the described compounds or salts, solvates, or prodrugs
thereof may be administered to a patient in a vatiety of forms depending on the selected route of
administration, as will be understood by those skilled in the art. The compounds of the invention
may be administered, for example, by oral, parenteral, buccal, sublingual, nasal, rectal, patch,
pump, or transdermal administration and the pharmaceutical compositions formulated
accordingly. Parenteral administration includes intravenous, intraperitoneal, subcutaneous,
intramuscular, transepithelial, nasal, intrapulmonary, intrathecal, rectal, and topical modes of
administration. Parenteral administration may be by continuous infusion oirer a selected period
of time. A

A compound of the invention may be orally administered, for example, with an inert
diluent or with an assimilable edible carrier, or it may be enclosed in hard or soft shell gelatin
capsules, or it may be compressed into tablets, or it may be incorporated directly with the food of
the diet. For oral therapeutic administration, a compound of the invention may be incorporated
with an excipient and used in the form of ingestible tablets, buccal tablets, troches, capsules,

elixirs, suspensions, syrups, wafers, and the like.
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A compound of the invention may also be administered parenterally. Solutions of a
compound of the invention can be prepared in water suitably mixed with a surfactant, such as

hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid polyethylene

~ glycols, DMSO and mixtures thereof with or without alcohol, and in eils. Under ordinary

conditions of storage and use, these preparations may contain a preservative to prevent the
growth of microorganisms. Conventional procedures and ingredients for the selection and
preparation of suitable formulations are described, for example, in Remington's Pharmaceutical
Sciences (2003 - 20th edition) and in The United States Pharmacopeia: The National Formulary
(USP 24 NF19), published in 1999.

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable solutions
or dispersions. In all cases the form must be sterile and must be fluid to the extent that may be
easily administered via syringe.

Compositions for nasal administration may conveniently be formulated as aerosols,
drops, gels, and powders. Aerosol formulations typically include a solution or fine suspension of
the active substance in a physiologically acceptable aqueous or non-aqueous solvent and are
usually presented in single or multidose quantities in sterile form in a sealed container, which can
take the form of a cartridge or refill for use with an atomizing device. Alternatively, the sealed
container may be a unitary dispensing device, such as a single dose nasal inhaler or an aerosol
dispenser fitted with a metering valve which is intended for disposal after use. Where the dosage
form comprises an aerosol dispenser, it will contain 2 propeliant, which can be a compressed gas,
such as compressed air or an organic propellant, such as fluorochlorohydrocarbon. The aerosol
dosage forms can also take the form of a pump-atomizer.

Compositions suitable for buccal or sublingual administration include tablets, lozenges,
and pastilles, where the active ingredient is formulated with a carrier, such as sugar, acacia,
tragacanth, or gelatin and glycerine. Compositions for rectal administration are conveniently in
the form of suppositories containing a conventional suppository base, such as cocoa butter.

The compounds of the invention may be administered to an animal alone or in
combination with pharmaceutically acceptable carriers, as noted above, the proportion of which
is determined by the solubility and chemical nature of the compound, chosen route of
administration, and standard pharmaceutical practice.

The dosage of the compounds of the invention, and/or compositions comprising a

compound of the invention, can vary depending on many factors, such as the pharmacodynamic
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properties of the compound; the mode of administration; the age, health, and weight of the
recipient; the nature and extent of the symptoms; the frequency of the treatment, and the type of
concurrent treatment, if any; and the clearance rate of the compound in the animal to be treated.
One of skill in the art can determine the appropriate dosage based on the above factors. The
compounds of the invention may be administered initially in a suitable dosage that may be
adjusted as required, depending on the clinical response. In general, satisfactory results may be
obtained when the compounds of the invention are administered to a human at a daily dosage of
between 0.05 mg and 3000 mg (measured as the solid form). A preferred dose ranges between
0.05-500 mg/kg, more preferably between 0.05-50 mg/kg. |

A compound of the invention can be used alone or in combination with other agents that
have NOS activity, or in combination with other types of treatment (which may or may not
inhibit NOS) to treat, prevent, and/or reduce the risk of stroke, neuropathic or migraine pain, or
other disorders that benefit from NOS inhibition. In combination treatments, the dosages of one
or more of the therapeutic compounds may be reduced from standard dosages when administered
alone. In this case, dosages of the compounds when combined should provide a therapeutic
effect. Such additional agents include a SHT;5 and/or SHT1p receptor agonist, e.g., a triptan,
such as sumatriptan, rizatriptan, naratriptan, zolmitriptan, eletriptan, almotriptan, or frovatriptan,

Other agents include analgesics, antidepressants, and anticonvulsants. Specific examples

are provided herein.
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Example 1. N-(3-(1-Methvlpyrrolidin-3-vI}-1H-indol-5-vI)thiophene-2-carboximidamide
(6a and 6b)

N N~ N
@»@f — Crg — ‘@fg
AN N N
N N N
H H H
i 3 2

| )
N

H

N

N
N
H

Doy

4

4a-1st eluting enantiomer / \ 4b-2nd eluiing enantiomer

| |

N~ N7
HoN HoN
2 \ va \
N N
H
- 3a - - 3h H -
/] 7]
5 SMe g~ -SMe
HN “Hl . i HN * M
5 5
/ e
N N
HN N HN N
e H

6a-2nd eluting enantiomer 6b-1st eluting enantiomer

5 (a) N-Benzyl-3-(1-methylpyrrolidin-3-yI)-1H-indol-5-amine (1):
Macor, J. E et.al J. Med. Chem., 37, 2509-2512, (1994).
(b} 5-Bromo-3-(1-methylpyrrolidin-3-yi)-1H-indel-5-amine (2):

Macor, J. E et.al Synthesis, (1997), 443-449.
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(c) 3-(1-Methylpyrrolidin-3-yl)-1H-~indol-S-amine (3):

Method (1): N-benzyl-3-(1-methylpyrrolidin-3-y1)-1H-indol-5-amine 1, (4.0 g, 13.097
mmol}) was dissolved in anhydrous ethanol (60 mL)ina dry argon purged flask. Palladium
hydroxide, 20 wt% on carbon, wet (1.92 g, 2.734 mmol) is quickly added and the atmosphere
from the flask evacuated by vacuum pump and replaced with hydrogen from a balloon. The
atmosphere is evacuated from the flask and replaced with hydrogen twice more and the mixture
stirred under a hydrogen atmosphere at room temperature. After 48 hours, the mixture is filtered
through a pad of celite to remove insolubles, the pad washed with anhydrous ethanol (30 mL)
and the solvent evaporated. The crude amine is purified via chromatography on silica gel (2M
NH; in MeOH: CH,Cly, 1:9 to 1:4) to yield a pale yellow foam, 3 (1.50 g, 53.6% yield). 'H
NMR (DMSO-ds): 8 1.80-1.92 (m, 1H), 2.10-2.24 (m, 1H), 2.30 (s, 3H), 2.40 (t, 2H, ] = 8.4 Hz),
2.66-2.78 (m, 1H), 2.93 (t, 1H, J = 8.2 Hz), 3.35-3.46 (i, 1H), 442 (br s, 2H), 6.46 (dd, 1H, J =
2.1, 8.5Hz), 6.70 (d, 1H, J=2.0 Hz), 6.92 (d, 1H, J = 2.3 Hz), 7.01 (d, 1H, J = 8.5 Hz), 10.23 (br
s, 1H); MS (ESI+) m/z (%): 216 (MH", 100), 173 (41).

Method (2): S-Bromo-S-(l-methylpyrrolidin—S-yl)—1H—inciole 2, (405 mg, 1.45G7 mmol),
Tris(dibenzylideneacetone) dipalladium (0) (132.8 mg, 0.1450 mmol) and anbydrous
tetrahydrofuran (20 mL) were charged to a dry argon purged flask fitted with magnetic stir bar
and condenser. A solution of tri-ferf-butylphosphine (10 wt% in hexane, 863 pl, 0.2901 mmol)
is added followed by drop wise addition of a IM tetrahydrofuran solution of Lithium
bis(trimethylsityl)amide (4.35 mL, 4.35 mmol) and the mixture was refluxed for a period of 70
minutes. The mixture was cooled to room temperature then to 0 °C, quenched with 1M HCI (10
mL) and stirred for 10 minutes. The solution was diluted with ethyl acetate and 5M NH4,OH
added to adjust pH to 10. The mixture was transferred to a separatory funnel and the organic |
layer collected. The aqueous layer was further extracted with ethyl acetate and the combined
organic layers were washed with brine, dried over magnesium sulphate, filtered, concentrated
and the residue purified via dry chromatography on silica gel, eluting with ~ 25 mL portions of
solvent system 20% 2M NHj; in methanol/ 80% dichloromethane to yield a yellow residue, 3
(162 mg, 51.9% yield).

"H NMR (DMSO-dj): Identical to that prepared via Method 1 above.
{d) Benzyl 3-(1-methylpyrrolidin-3-yl)-1H-indol-S-ylearbamate (()-4):

Method (1): 3-(1-Methylpyrrolidin-3-y!)-1H-indol-5-amine 3, (96 mg, 0.446 mmol),
Dioxane (6 mL), 1M NaOH (0.89 mL, 0.89 mmol) and water (0.11 mL) were charged to a flask
fitted with a stir bar and Argon atmosphere and the mixture cooled to 0 °C in an ice-bath. Benzyl
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chioroformate (0.125 mL, 0.892 mmol) dissolved in dioxane (2 mL) is added dropwise at <5 °C.
The ice-bath was removed and mixture allowed to warm to room temperature. After 1 hour the
mixture was partitioned between ethyl acetate (50 mL) and saturated aqueous NaHCO; (10 mL)
and the organic layer collected. The aqueous layer was further extracted with ethyl acetate and
the combined organic layers were washed with brine, dried over sodium sulphate, filtered,
concentrated and the residue purified via chromatography on silica gel (10% 2M NH; in
methanol/ 90% dichloromethane) to yield an off-white solid (£)-4 (110 mg, 70.6% yield). 'H
NMR (DMSO-de): 6 1.82-1.93 (m, 1H), 2.12-2.27 (m, 11), 2.30 (s, 3H), 2.40 (1, 2H, ] = 8.4 Hz),
2.68-2.79 (m, 1H), 2.95 (t, 1H, ] = 8.2 Hz), 3.40-3.52 (m, 1H), 5.14 (s, 2H), 7.04-7.10 (2 m, 2H),
7.20-7.25 (m, 1H), 7.29-7.46 (m, 5H), 7.71 (br s, 1H), 9.45 (br s, 1H), 10.67 (br s, 1H); MS
(ESI+) m/z (%): 350 (MH", 100).

Method (2): Alternatively, (+)-4 was synthesized directly from N-benzyl-3-(1-
methylpyrrolidin-3-yl)-1H~indol-5-amine, 1, without purification of the intermediate amine 3. N-
benzyl-3-(1-methylpyrrolidin-3-yl)-1 H-indol-5-amine 1, (4.8 g, 15.716 mmol) was dissolved in
anhydrous ethanol (250 mL) in a dry argon purged flask. Palladium hydroxide, 20wt% on
carbon, wet (2.688 g) is quickly added and the atmosphere from the flask evacuated by vacuum
pump and replaced with hydrogen from a balloon. The atmosphere is evacuated from the flask
and replaced with hydrogen twice more and the mixture stirred under a hydrogen atmosphere at
room temperature. After 44 hours, thin layer chromatography in a solvent system of (15% 2M
NHa: in methanol/ 85% dichloromethane) shows complete conversion to 3, 3-(1-
methylpyrrolidin-3-y1)-1H-indol-5-amine. The mixture is filtered through a pad of celite to
remove insolubles, the pad washed with anhydrous ethanol (50 mL) and the solvent evaporated
and compound dried briefly on vacuum pump, yielding 3.40 grams of a pink-purple solid. A stir
bar and Argon atmosphere is charged to the flask. Dioxane (135 mL), IM NaOH (31.43 mL,
31.43 mmol, 2.0 equiv) and water (3.8 mL) are added and the mixture cooled to 0 °C in an ice-
bath. Benzy! chloroformate (4.42 mL, 31.432 mmol) dissolved in dioxane (40 mL} is added
drop wise over ~ 20 mins at < 5 °C. The ice-bath was removed and mixture allowed to warm to
room temperature. After 1 hour, the mixture was partitioned between ethy! acetate (500 mL) and
saturated NaHCO3 (50 mL) and the organic layer collecied. The aqueous layer was further
extracted with ethyl acetate and the combined organic layers were washed with brine, dried over
sodium sulphate, filtered, concentrated and the residue purified via chromatography on silica gel
(7.5% 2M NHj in methanol/92.5% dichloromethane to 10% 2M NHj; in methanol/ 90%
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dichloromethane) to vield a off-white solid (£)-4 (3.18 g, 57.9% yield). 'H NMR (DMSO-dj):
identical to that prepared via Method 1 above.
(¢) Benzyl 3-(1-methylpyrrolidin-3-yI)-1H-indo}-5-ylcarbamate (4a and 4b): Compounds 4a
and 4b were separated from the corresponding racemate (£)-4 by preparative HPLC using a
Chiralpak AD-H column, Scm x 25¢m, eluting with Hexane/Isopropanol/Diethylamine
(80/20/0.1) at a flow rate of 120 mI/minute.
Chiral HPLC Purity Conditions:
Column: ChiralPak AD-H, 4.6 x 250mm.
Mobile Phase: Hexane/Isopropanol/Diethylamine (80/20/0.1)
Flow Rate: 1 mL/minute
UV Detection: 240nm
Sample Preparation: 1 mg/mL in mobile phase.
Injection Volume: 5 ul.
Compound 4a (first eluting isomer at 14.7 min.): "H NMR (DMSO-dg): & 1.82-1.93 (m, 1H),
2.12-2.27 (m, 1H), 2.30 (s, 3H), 2.40 (t, 2H, ] = 8.4 Hz), 2.68-2.79 (m, 1H), 2.95 (t, IH, I =8.2
Hz), 3.43-3.52 (m, 1H), 5.14 (s, 2H), 7.04-7.10 (2 m, 2H), 7.20-7.24 (m, 1H), 7.29-7.45 (m, 5H),
7.71 (brs, 1H), 9.43 (br s, 1H), 10.65 (br s, 1H); MS (ESI+) m/z (%): 350 (MH', 100).
Compound 4b (second eluting isomer at 19.6 min.): 'H NMR (DMSO-dg): & 1.83-1.96 (m, 1H),
2.13-2.27 (m, 1H), 2.30 (5, 3H), 2.40 (t, 2H, I = 8.4 Hz), 2.67-2.78 (m, 1H),2.95(t, 1H, I =8.2
Hz), 3.43-3.54 (m, 1H), 5.14 (s, 2H), 7.04-7.13 (2 m, 2H), 7.20-7.24 (m, 1H), 7.30-7.48 (m, 5H),
7.71 (brs, 1H), 9.43 (brs, 1H), 10.65 (br s, 1H); MS (ESI+) m/z (%): 350 (MH', 100).
(f) N~(3-(1-Methylpyrrolidin-3-yI)-1H-indel-5-yl)thiophene-2-carboximidamide (6a and
6b):

Benzyl 3-(1-methylpyrrolidin-3-yl)-1H-indol-5-y1 carbamate 4b, (>99% ee, 1.90 g, 5.437
mmol) was dissolved in anhydrous ethanol (60 mL) in a dry argon purged flask. Palladium, 10
wt% on carbon (578.5 mg, 0.544 mmol) is quickly added and the atmosphere from the flask
evacuated by vacuum pump and replaced with hydrogen from a balloon. The atmosphere is
evacuated from the flask and replaced with hydrogen twice more and the mixture stirred under a
hydrogen atmosphere at room temperature. After 5 hours, thin layer chromatography in a
solvent system of (20% 2M NH; in methanol/80% dichloromethane) shows complete conversion
to 3b, 3-(1-methylpyrrolidin-3-y1)-1H-indol-3-amine. The mixture is filtered through a pad of
celite to remove insolubles, the pad washed with anhydrous ethano! (30 mL). To the ethanolic
solution of 3b is charged a stir bar and Argon atmosphere and methyl thiophene-2-
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carbimidothioate hydroiodide 5 (2.48 g, 8.699 mmol; prepared according to a known procedure,
see US 20060258721) is added to the flask and the reaction was stirred under Ar at ambient
temperature for 19 hours. At that time, the solvent was evaporated and the residue was
partitioned between H,O and ethyl acetate and 1M NaOH solution added to adjust pH to 10. The
mixture was transferred to a separatory funnel and the organic layer collected. The aqueous
layer was further extracted with ethyl acetate and the combined organic layers were washed with
brine, dried over magnesium sulphate, filtered, concentrated and the residue purified via dry
chromatography, eluting with ~ 50 mL portions of solvent system 15% 2M NHj; in methanol/
85% dichloromethane to 20% 2M NH3 in methanol/ 80% dichloromethane to vield a yellow
residue 6b (1.40 g, 79.4% yield).

In a like manner starting from Benzyl 3-(1-methylpyrrolidin-3-y1)-1H-indol-5-yl
carbamate, 4a (>99% ee, 2.0 g, 5.723 mmol) was prepared as a yellow solid 6a (1.10 g, 59.3%
yield).

Chiral HPLC Purity Conditions:

Column: ChiralPak AD-H, 4.6 x 250mm.

Mobile Phase: Hexane/Ethanol/Diethylamine (90/10/0.1)
Flow Rate: 0.4 mL/minute

UV Detection: 254, 230nm

Sample Preparation: 1mg/mL in Ethanol.

Injection Volume: 5 uL

Compound 6b (first eluting isomer at 75.0 min.): "H NMR (DMSO-ds) 5: 1.83-1.98 (m,
1H), 2.16-2.28 (m, 1H), 2.32 (s, 3H), 2.50-2.60 (m, 2H), 2.66-2.74 (m, 1H),2.95(t, I, J=84
Hz), 3.45-3.56 (m, 1H), 6.32 (br s, 2H), 6.64 (dd, 1H,J=8.4, 1.8 Hz), 7.02 (d, 1H, J = 1.4 Hz),
7.08-7.11 (m, 2H), 7.27 (d, 1H, T = 8.5 Hz), 7.59 (d, 1H, J =4.5 Hz), 7.71 (4, 1H, ] =3.3 Hz),
10.60 (br s, 1H). MS (ESI+) m/z (%): 325 (MH', 89), 282 (90}, 163 (100). EI-HRMS calculated
for C1sHaoNaS (M) 324.1409; observed: 324.1407.

Compound 6a (second eluting isomer at 83.1 min.): 'H NMR (DMSO-d) 8: 1.83-1.96
(m, 1H), 2.19-2.28 (m, 1H), 2.33 (s, 3H), 2.50-2.62 (m, 2H), 2.66-2.74 (m, 1H), 2.95 (t, 1H, ] =
8.4 Hz), 3.45-3.56 (m, 1H), 6.32 (br s, 2H), 6.64 (dd, I1H, I =8.4, 1.8 Hz), 7.02 (d, 1H,J=1.4
Hz), 7.08-7.11 (m, 2H), 7.27 (4, 1H, I = 8.5 Hz), 7.59 (m, 1H) 7.71 (4, VIH, J=3.3 Hz), 10.62 (br
s, 1H). MS (ESI+) m/z (%): 325 (MH", 89), 282 (90), 163 (100). EI-HRMS calculated for
C1sH20N4S (M) 324.1409; observed: 374.1404.
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(g) Dihydrochloride salt of N-(3-(1-methylpyrrolidin-3-yl}-1H-indol-5-yl)thiophene-2-
carboximidamide (6b):

N-(3-(1-Methylpyrrolidin-3-yl)-1H-indol-5-yD)thiophene-2-carboximidamide 6b, (2.40 g,
7.398 mmol) was dissolved in anhydrous methanol (70 mL) in a dry argon purged flask and
treated with 1M HCVEO (22.2 mL, 22.2 mmol) for 60 minutes at room temperature. The
solvent was evaporated and the residue dried to yield a pale yellow solid 6b.2HCI, (2.60 g, 88.5
% vield). [ap]® (¢ = 1.0, MeOH) = +13.0 |
(h) Dihydrochloride salt of N-(3-(1-methyipyrrolidin-3-yI)-1H-indol-5-yl)thiophene-2-
carboximidamide (6a):

N-(3-(1-Methylpyrrolidin-3-y1)-1H-indol- 5-yl)thiophene-2-carboximidamide 6a, (1.10 g,
3.391 mmol) was dissolved in anhydrous methanol (25 mL) in a dry argon purged flask and
treated with 1M HCVEO (10.17 mL, 10.17 mmol) for 30 minutes at room temperature. The
solvent was evaporated and the residue dried to yield a pale yellow solid 6a.2HCI, (1.15 g, 85.4
% yield). fap]® (¢ = 1.0, MeOH) = -13.0

Example 2. Attempted resolution of N-benzyl-3-(1-methvipyrrolidin-3-v1)-1H-indol-5-
amine (1): '

N/
Qs
N A\ chiral acid
e iina
N solvent
H

General Procedure:

N-Benzyl-3-(1-methylpyrrolidin-3-y1)-1H-indol-5-amine 1, (1.0 g, 3.274 mmol) was
dissolved in an anhydrous solvent (~10 mL) in a dry argon purged flask. To this solution was
added a solution of éhiral acid (0.5 equiv.) in anhydrous solvent (~10 mL) with swirling. If an
immediate cloudiness appeared in the solution, further anhydrous solvent was added slowly with
heating until the mixture was homogeneous. The mixture was allowed to cool slowly. Ifa
viscous gum precipitated on the walls of the flask, further anhydrous solvent was added with
heating until homogenous, and the solution allowed to cool to RT. Where no precipitation was
observed at RT the flask was cooled to 0°C overnight, and/or an antisolvent was added to try to

induce crystallization. Results are summarized in Table 3 below.
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Table 3: Attempted resolution of N-benzyl-3-(1-methylpyrrolidin-3-yl)-1H-indol-5-amine (1):

MeOH |MeOH +Et,O EtOH [PA Acetone
Dibenzoyl- Gum, dilute,
tartaric acid-(L) add Acetone-no
ppt.
Di-p-toluoyl- Gum or no ppt.| Gum, dilute, No ppt.
tartaric acid-(1.) add EtyO-no | Add EtzO-
ppt. gum
Dibenzoyl- Gum
tartaric acid- 0% ee gum
(D) 0% ee filirate
Di-p-toluoyl- Gum
tartaric acid- 0% ee gum
D) 0% ee filtrate
(R)-camphor No ppt Cloudy-no Gum No ppt
sulfonic acid | 0° C-no ppt ppt. Add Et;O
(S)-camphor No ppt Gum No ppt
1 sulfonic acid | 0° C-no ppt Add Et,O
(R)-mandelic Noppt |Cloudy-no ppt) Solid
acid 0° C-no ppt ~6% ee gum
~6% ee filtrate
(S)-mandelic No ppt Solid
acid 0° C-no ppt ~6% ee gum
~6% ee filtrate
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Example 3. Attempied resolution of N-(3-(1-methyipyrrolidin-3-yi}-1H-indol-5-
vhithiophene-2-carboximidamide (6):

a
S

Z3

chiral acid

HN solvent

TZ,. 7

General Procedure:

N-(3+(1-methylpyrrolidin-3-y1)-1 H-indol-5~yl)thiophene-2- carboximidamide 6, (0.78 g,
2.404 mmol) was dissolved in an anhydrous solvent (~10 mL) in a dry argon purged flask. To
this solution was added a solution of chiral acid (0.5 equiv.) in anhydrous solvent (~10 mL) with
swirling. If an immediate cloudiness appeared in the solution, further anhydrous solvent was
added slowly with heating until the mixture was homogeneous. The mixture was allowed to cool
slowly. If a viscous gum precipitated on the walls of the flask, further anhydrous solvent was
added with heating until homogenous, and the solution allowed to cool to RT. Where no
precipitation was observed at room temperature the flask was cooled to 0 °C overnight to try to
induce crystallization. Results are summarized in Table 4 below.
Table 4: Attempted resolution of N-(3-(1-methylpyrrolidin-3-yl}-1H-indol-5-yl)thiophene-2-
carboximidamide (6):

MeOH MeOH + EiOH EtOH
Tartaric acid-(L) No ppt Gum Gum
0° C-no ppt
Dibenzoyl-tartaric No ppt _ Gum Gum
acid-(L) 0° C-no ppt
Di-p-toluoyl-tartaric| No ppt
acid-(L) 0° C-no ppt
(S)-camphor ' No ppt
sulfonic acid 0° C-no ppt
(S)y-mandelic acid No ppt
0° C-no ppt
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Exampie 4. Attempted resolution of 5-bromo-3-( 1-methylpyrrolidin-3-vi}-1H-indel-5-

amine (2):

Br chiral acid

————"

solvent

IZ o

General Procedure:

5-Bromo-3-(1-methylpyrrolidin-3-yi)-1H-indol-5-amine 2, (0.544 g, 1.949 mmol) was
dissolved in an anhydrous solvent (~8 mL) in a dry argon purged flask. To this solution was
added a solution of chiral acid (0.5 equiv.) in anhydrous solvent (~2.5 mL) with swirling. The
mixture was allowed to cool slowly to RT. Where no precipitation was observed at RT the flask
was cooled to 0 °C overnight, and/or an antisolvent was added to try to induce crystallization.

Results are summarized in Table 5 below.
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Table 5: Attempted resolution of 5-bromo-3-{1-methylpyrrolidin-3-yl)-1H-indol-5-amine (Z):

MeOH, RT MeCH, 0°C |Conc to ¥ volume.| Add IPA until
' cloudy
(L)-tartaric No ppt. No ppt. No ppt. gum
acid
Di-benzoyl- No ppt. No ppt. No ppt. gum
(L)-tartaric
acid
Di-p-toluyl- No ppt. No ppt. No ppt. gum
(L)-tartaric
acid
{1S)-camphor No ppt. No ppt. No ppt. No ppt.
sulfonic acid
(S)-mandelic No ppt. No ppt. No ppt. No ppt.
acid

Example 5. Attempted chiral HPL.C separation of enantiomers of N-(3-(1-

methvipyrrolidin-3-vh-1H-indol-5-vIjthiophene-2- carboximidamide (6):
N-(3-(1-Methylpyrrolidin-3-y1)-1 H-indol-5-yl)thiophene-2- carboximidamide (&), was

subjected to a screening protocol to determine the feasibility of a large scale chromatographic

enantioselective separation.
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Results are outlined in Table 6 below.
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Table 6: Attempted chiral HPLC/SFC separation of enantiomers of N-(3-(1-methylpyrrolidin-3-

yl}-1H-indol-3-yl)thiophene-2-carboximidamide (6):

5
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Example 6. Attempted chiral HPLC/SFC separation of enantiomers of N-benzyi-3-(1-

: -1H-indol-5-amine (1}; 5-bromo-3-(1-methylpyrrolidin-3-vI}-1H-
indol-5-amine (2); 3-(5-brome-1H-indol-3-y)-1-methvlpvrrolidine-2.5-dione (7} and N-(3-
(1-methvl-2.5-dioxepyrrolidin-3-vi)-1H-indol-S-vhbenzamide (8):

O
T r O
N N N
N N N
H H H
1 2 7
N/
N Y
N
O N
H
8

In a like manner, N-benzyl-3-(1-methylpyrrolidin-3-yl)-1H-indol-5-amine (1); 5-bromo-
3-(1-methylpyrrolidin-3-y1)-1H-indol-5-amine (2); 3~(5-bromo-1H-indol-3-y1)-1-
methylpyrrolidine-2,5-dione (7} (prepared according to Macor et al., Synthesis, 443-449 (1997))
and N-(3-(1-methyl-2,5-dioxopyrrolidin-3-yi)-1H-indol-5-yl)benzamide (8) (prepared according

to Macor et al., Synthesis, 443-449 (1997)) were subjected to a screening protocol to determine
the feasibility of a large scale chromatographic enantioselective separation. In all cases, the
compounds either showed insufficient resolution or exhibited limited chiral stability on isolation.
For example, compound 1 was screened utilizing columns; Chiralpak AD-H, Chiralpak
AS-H, Chiralcel OJ-H, Chiralcel OD-H, Chiralcel OB-H, Sepapak-3 and Whelk-01 (R,R) with
solvents MeOH, EtOH, IPA, ACN with or without added 0.1% diethylamine or added 0.1%

methane sulfonic acids where appropriate.
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Example 7. 1-{(5-Bremo-3-(1-methvipvrrolidin-3-vl}-1 H-indpl-1-visulfonv} methvl}-7.7-
dimethvlbicycle]2.2.1]heptan-2-cne (9):

N N

Br

. Br
N 18-(+)-10-Camphorsaiphonyl chloride N
o N

ﬁ NaH, dry THF

A solution of compound 2 (0.095 g, 0.34 mmol) in dry THF (3 mL) was treated with NaH
(0.027 g, 0.680 mmol, 60% in mineral oil) at 0 °C. The reaction was brought to room
temperature and stirred for 30 min. 1S-(+)-10-Camphorsulphony! chioride (0.085 g, 0.340
mmol) was added at 0 °C, brought to room temperature over 1h and stirred for further 1h. The
reaction was quenched with saturated NH4Cl solution (15 mL) followed by water (10 mL)}, and
the product was extracted into ethyl acetate (2 x 15 mL}. The combined ethyl acetate layer was
washed with brine (15 mL) and dried (Na,SO4). Solvent was evaporated and crude was purified
by column chromatography on silica gel (4% 2 M NH; in methanol/ 96% dichloromethane) to
obtain compound 9 (0.11 g, 66%) as a solid. "H NMR (DMSO-dg): § 0.77 (s, 3H), 1.01 (s, 3H),
1.40-1.48 (m, 1H), 1.58-1.67 {(m, 1H), 1.77-2.01 (m, 3H), 2.07 (1, 1H, = 4.2 Hz), 2.19-2.39 (s +
m, 6H), 2.50-2.64 (m, 2H), 2.67-2.76 (m, 1H), 2.84 (t, 1H, J = 8.6 Hz), 3.42-3.63 (m, 3H), 7.45
(s, 1H), 7.55(dd, 1H, J = 1.8, 8.8 Hz), 7.84 (d, 1H, J= 8.8 Hz), 8.00 (brs, 1H); MS (ESI+) m/z
(%): 493/495 (MH", 100). The separation of the diastereomeric mixture of compounds was not
possible by regular column chromatography.

The same reaction with 1R-(-)-10-camphorsulphonyl chloride did not yield any product.
In this case only starting material was recovered.
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Example 8. Attempted preparation of 1-(7.7-dimethvl-2-oxobicvcie [2.2.1]heptan-1-vi)-V-

(3-(1-methvlpvrrolidin-3-yl)-1H-indol-5-vhimethanesulfonamide:

N/
N/
HoN -
Ny 1S-(+)-10-Camphorsulphonyl chioride. g f N (
N EtsN d’g 2 g
T
N/
; i 'E 0
o /7 N A\
&/ ;
11 O';S:O
o}
5 To a solution of 3-(1 -methylpyrrolidin-B-yi)~1H~indol—5-amine, 3 (62 mg, 0.288 mmol)

in anhydrous dichloromethane (10 mL) was added triethylamine (72.9 mg, 0.720 mmol), and the
mixture briefly cooled in an ice-bath. 1S-(;!-)—10—Camphorsuiphonyl chioride (75.8 mg, 0.302
mmol) was added at 0 °C, the reaction brought to room temperature stirred for further 16h. The
yeaction was concentrated, and the crude residue purified via chromatography on silica gel (5%

10 methanol/ 95% dichloromethane to 10% methanol/ 90% dichloromethane) to yield
(bis)sulphonamide 10, and (tris)sulphonamide 11.

Compound 10: 1-(7,7-dimethyl-2-oxobicyclo[2.2. 1 heptan-1-y1)-N-((7,7-dimethy]-2-
oxobicyclo[2.2.1]heptan-1-yDmethylsulfonyl)-N-(3-(1-methyl pyrrolidin-3-yl)-1H-indo}-5-
yDmethanesulfonamide. MS (ESI+) m/z (%): 644 (MH", 100}, ESI-HRMS calculated for

15 C33HugN306S; (MH) 644.2822; observed: 644.2829.

Compound 11: 1-(7,7-dimethyl-2-oxobicyelo[2.2. 1 heptan-1-y1)-N-((7,7-dimethyl-2-
oxobicyclo{Z'.Q’. 1]heptan-1-yl)methylsulfonyl)-N-(1-((7,7-dimethyl-2-oxobicyclo[2.2.1 [heptan-1 -
yDmethylsulfonyl)-3-(1-methylpyrrolidin-3-y1)-1H-indol-5-yl)methanesulfonamide. MS (ESI+)
m/z (%): 838 (MH", 100), ESI-HRMS calculated for Cy3HgsoN300S; (MH") 858.3492; observed:

20 858.3497.
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Example 9. 3-(1-Methvlpvrrolidin-3-vD-N-((R}-1-phenviethvl)-1H-indol-5-amine (13):

N/ N/
? N @ANHZ — : N N\
y A i
H
2 12

13

General Procedure:

5-Bromo-3-( l-methylpyrrolidin-3-y1)-1H-indole 2, (100 mg, 0.358 mmol),
Tris(dibenzylideneacetone)dipalladium (0), (R)-1-phenylethanamine 12, (52.1 mg, 0.430 mmol,
1.2 equiv.), ()-BINAP, sodium tert-butoxide, and anhydrous solvent were charged to a 20 mL
microwave vial with a magnetic stirbar under an atmosphere of Argon. The vial was sealed and

heated in an oil bath as per the conditions outlined in Table 7.

10

Table 7: Attempted cross-coupling with (R)-1-phenylethanamine.

. Palladium Ligand Solvent | Base (equiv) | Reaction Temp, | Resuits (TL.C)
source (equiv) | (equiv) Time
Pd.dba; BINAP Toluene NaOtBu 70°C, 21 hrs Negligible
(2 mol%) {4 mol%s) (1.4 equiv) Reaction
Pdadbas BINAP Toluene NaOtBu 70 °C, 21 hrs Negligible
(2 mol%) (4 mol%) (3.0 equiv) Reaction
Pd.dba; BINAP Toluene NaOtBu 100°C, 21 hrs | Negligible
(5mol%)  1(10 mol%) (2.5 equiv) Reaction
Pdsdbas BINAP Dioxane NaOtBu 100 °C, 21 hrs | Negligible
{(5mol%) (10 mol%) (2.5 equiv) Reaction
Pdydbas | BINAP | THF NaOtBu 1 65°C. 21 hrs | Negligible
(5 mol%) (10 mol%) (2.5 equiv) Reaction
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Example 10. 3-(3-Bremo-1H-indol-3-vl}-1-methvipvrrolidine-2.5-dione (7):

O Q
e -
N N
N .
Hz, Catalyst
Be o 2 ys Br 0
N Room femp. N\
N
A N
14 7

General Procedure:

A solution of 3-(5-bromo-1H-indol-3-yl)-1-methyl-1H-pyrrole-2,5-dione 14, (prepared
according to a known method, EP 1 224 932 Al) in the corresponding solvent (as shown in
Table 8) was treated with a metal catalyst and ligand at room temperature, and the reaction
mixture was stirred at room temperature under an atmosphere of hydrogen as per the conditions
outlined in Table 8. The reaction mixture was filtered through silica gel bed, and the solvent was
evaporated to obtain crude product. The crude product was purified by flash column
chromatography (60% Ethylacetate/ 40% Hexanes) to yield 3-(5-bromo-1H-indol-3-y1)-1-
methylpyrrolidine-2,5-dione (7). The enantiomeric excess was determined with chiral HPLC.
Chiral HPLC Purity Conditions:

Column: ChiraiPak AD-H, 4.6 x 250mm.

Mobile Phase: Hexane/Ethanol/Diethylamine {80/20/0.1)
Flow Rate: 1 mL/minute

UV Detection: 254, 230nm

Sample Preparation: 1mg/mL in Ethanol.

Injection Volume: 5 pl.
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Table 8: Asymmetric hydrogenation of 3-(5-bromo-1H-indol-3-yl)-1-methyl- 1 H-pyrrole-2,5-

dione, 14
Metal Ligand Solvent H, Reaction Result
precursor pressure | Time
Rh(COD),0Tf | (R,R)-MeDuphos | MeOH/THF | balloon | 5 days No reaction
Rh(CODROTY (R,R)~MeDuphos MeOH/THF | 40psi | 17.5hr Product
obtained,
0% ee
Rh(COD)0Tf} (R,R)-Me-BPE | MeOH/THF | 40-60 24 hr No reaction
psi
RB(CODOTf | (R)-Phanephos MeOH 80-100 32 hr No reaction
psi
(R)-Binaphane-Rh{COD) BF, MeQOH/THF | 80 psi 24 hr No reaction
RuClphosphine ligand MeOH/THF | 80 psi 24 hr No reaction

5  Example 11, 3-(5-Bromo-1-{tert-butyldimethvisilvi}-1H-indol-3-vI}-1-methvipvrrolidine-

2.5-dione (17):
| o)
7
N
B(OH), Q | o
Br - ' Br
m N Rh catalyst N
riq Ligand i}!
15 tBu T 17 Bu
General Procedure:
10 To an oven dried, argon purged flask fitted with magnetic stir-bar is charged 5-bromo-1-

(tert-butyldimethylsilyl)-1H-indol-3-ylboronic acid 15 (141.6 mg, 0.400 mmol), N-Methyl
maleimide 16 (22.2 mg, 0.200 mmol), Rhodium catalyst (0.05 equiv.), anhydrous dioxane (1
mL) and stirring begun. H,O (0.05 mL) added, and mixture heated in an oil bath as per the
conditions outlined in Table 9 below. The reaction mixture was filtered through silica gel bed,

15 and the solvent was evaporated to obtain crude product. The crude product was purified via
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chromatography on silica gel (20% Ethylacetate/ 80% Hexanes) to yield 3-(5-bromo-1-(rert-

butyldimethylsilyl)-1H-indol-3-y1)-1-methyl pyrrolidine-2,5-dione 17. The enantiomeric excess

was determined with chiral HPLC,

Table 9: Asymmetric 1,4 addition to N-Methyl maleimide 16.

Reaction ,
Rhodium Catalyst Temp. | Time Result
- Negligible reaction, mainly
Rh(COD), BF, - 40°C | 5hrs s.material 15 (TLC)
Rh(COD), BF,4 45°C | 16 hrs Protodeborination
2.5
R{(COD), BF: 70 °C brs Isolate yield 23%
Rh(COD), OTf 45°C | 2 s Isolated yield 65%
Rh(COD)(C;¢H2405P2)BF, 70°C 1 hr Isolated yield 60%, 0% ee
Rh(COD)YCsHs(CoH 4P):Fe)BF; | 70°C 1 hr Isolated yield 45%, 0% ee
| 15
(R)-Binaphane-Rh(COD)BF, 70 °C hrs Isolated vield 45%, (% ee

Example 12. nNOS (human), eNOS (human) Enzyme Assay
Human nNOS and eNOS Protocol:

Reagents and Materials

Enzymes: Nitric oxide synthase (neuronal, human recombinant) nNOS I, Cat.No.
ALX-201-068, Axxora LLC, CA 92121, USA; Nitric oxide synthase (endothelial, human
recombinant) eNOS III, Cat. No. ALX-201- 070, Axxora LLC

L-NMMA N°-monomethyl-L-arginine 1/04/05, Cat # A17933, Novabiochem
L-NAME NYNitro-L-arginine methy! ester Cat # N5751, Aldrich

2X Reaction Buffer: 50 mM Tris-HCl (pH 7.4), Cat.N0.93313, Sigma-Aldrich Co., St. Lous,
MO

6 uM tetrahydrobiopterin (BHy), Cat. No. T4425, Sigma

2 pM flavin adenine dinucleotide (FAD), Cat.No. F6625, Sigma

2 uM flavin adenine mononucleotide (FMN), Cat.No, F§399, Sigma
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Stop Buffer: 50 mM N-2-hydroxyethylpiperazine-N’ -2-ethanesulfonic acid; (HEPES)
(pH 5.5), H7523, Sigma and 5 mM Ethylene diamine tetra acetic acid (EDTA), Cat. No. EDS,

Sigma

NADPH: 10 mM freshly prepared on day of assay, Cat. No.N7505, Sigma
Calcium Chloride: 6 mM, CatNo. 21107, Sigma

Calmodulin: 1 mM, Cat.No. P2277, Sigma

[PHJ-L-Arginine: 1 pCi/reaction, 40-70 Ci/mmol, Cat. No. TRK-698, Amersham
Biosciences

L-Arginine: 2.5 M (final assay concentration), Cat. No. A5131, Sigma

Equilibrated Resin: AG-50W X8 Resin in HEPES buffer (pH 5.5), Cat. No.1421441, Bio- Rad
Laboratories Ltd. '

Spin Cups & Holder: Cat. No. C8163, Fisher Scientific

Liguid Scintillation Counter: ~ Tri-Carb 2000CA/LL, Canberra Packard Canada.

Liguid Scintillation Fluid: Cat. No.6012239, Ultima Gold, Perkin-Elmer Life and
Analytical Sciences, MA
COs Incubator: - Lab-Line Enviro Shaker.

Microcentrifuge:  Mikro 20.
Voriex Mixer: Mini Vortex mixer, IKA

Procedure for Human nNOS and eNOS

Primary stock solutions of test compounds at a concentration of 6 mM are prepared. The
primary stock solutions of each test compound are prepared freshly in distilled water on the day
of study. For determination of ICs, values, 12 test compound concentrations are prepared as 3-
fold serial dilutions. Concentration range of test compound utilized for nNOS are 0.001 to 300
uM and for eNOS are 0.003 to 1000 pM. The vehicle of the test compound or inhibitor is used
as blank control. For non-specific activity, 100 uM L-NMMA is used. The ICso concentration

* of L-NAME was run in parallel as a control.

All incubations are performed in duplicate:
Prepare the reaction mixture on ice by adding the following componenfs with a
micropipette to a polypropylene microcentrifuge tube:
10 L of test compound, inhibitor or control (vehicle or L-NMMA) solution
25 uL of Reaction Buffer {25 mM Tris-HC], 0.6 uM BH4, 0.2 uM FMN, 0.2
uM FAD}
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5 uL of 10 mM NADPH solution {1 mM} (freshly prepared in 10 mM Tris-
HCI (pH 7.4)

5 uL of 6 mM CaCl, {600 uM}

5 uL of 1 mM Calmodulin {100 uM}

5 uL of 0.02 pg/uL nNOS or 0.12 pg/ul eNOS

Pre-incubate the above reaction mixture at room temperature for 15 mins.

Start the reaction by addition of the substrate (in STIL containing 1 uCi of PH)-L-
Arginine + 2.5 pM of unlabeled L-Arginine) to the reaction mixture. Total reaction volume is 60
pl. | .

Mix using a vortex mixer and incubate the above reaction mixture at 37 °C in an
incubator for 30 minutes.

Add 400 pL of ice-cold Stop Buffer at the end of the incubation period to stop the
reaction. (The EDTA in the Stop Buffer chelates all of the available calcium.)

Mix using a vortex mixer and transfer the reaction samples to spin cups and centrifuge
using a microcentrifuge, at 13,000 rpm for 30 sec. at room temperature,

Remove the spin cups from the holder and transfer 450 pL of eluate (containing the
unbound L-citrulline) to scintillation vials, Add 3 mL of scintillation fluid and quantify the
radioactivity in a liquid scintillation counter.

Calculation of ICso Values:

Data is analyzed using a Sigmoidal dose-response (variable slope) curve to determine the
ICsq value of the test compound.

Y = Bottom + (Top - Bottom) (1 + 10* (LoglCsg - X)*Hill Slope))

X is the logarithm of test compound or inhibitor concentration

Y is the amount of L-citrulline formation (pmol) |

Bottom refers to the lowest Y value and Top refers to the lughest Y value.

This is identical the "four parameter logistic equation.”

The slope factor (also called Hill slope) describes the steepness of a curve. A standard
competitive binding curve that follows the law of mass action has a slope of -1.0. If the slope is

shallower, the slope factor will be a negative fraction, e.g., -0.85 or -0.60.

Human iNOS Assay:
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iNOS activity was determined by measuring the conversion of [*H]L-arginine to ["H]L-
citrulline by radiometric method. Recombinant human inducible NOS (iNOS) was produced in
Baculovirus-infected Sf9 cells (ALEXIS). To measure constitutive isoforms NOS, 10 uL of
enzyme is added to 100 pL of 40 mM HEPES, pH=7,4, containing 2,4 mM CaCl,, ImM MgCl,,
1mg/ml BSA, 1mM EDTA, 1mM dithiotheitol, 1uM FMN, 1uM FAD, 10uM
tetrahydrobiopterin, ImM NADPH, 1,2 pM CaM.
1. 15 uL of test substances are added to the mixture with the specific enzyme and pre-
~ incubated at RT for 15 min.
2. The reaction was initiated by addition of 20 pL L-argininé containing 0.25 pCi of [°H]
arginine/m! and 24 pM L-arginine,
3. The incubation is carried out at 37 °C for 45 min.
4. The reaction is stopped by adding 20 uL of ice-cold buffer containing 100mM HEPES,
3mM EGTA, 3mM EDTA, pH=5,3.
5. [PH]L-citrulline is separated by DOWEX (ion-exchange resin DOWEX 50 W X 8-400,
SIGMA).
6. The DOWEX is removed by spinning at 12,000 g for 10 min in the centrifuge.
7. An aliquot 70 uL of the supernatant is added to 100 uL scintillation fluid.
8. The samples are counted in a liquid scintillation counter (1450 Microbeta Jet, Wallac).
Specific NOS activity is reported as the difference between the activity (total) and that in
the presence of the inhibitor L-NMMA (non-specific) in the final concentration 240 uM. The
total volume of the reaction mixture is 150 uL in every well. All assays are performed at least in
duplicate. Standard deviations are 10% or less. Results for exemplary compounds of the
invention are shown in Table 10. These results again show the selectivity of the compounds of
the invention for nNOS inhibition versus e or iNOS.

Table 10. Selective inhibition of human NOS by compounds of the Invention

uNOSh eNOSh iNOSh
Compound (uM) (ub) e/n (=M}
6 0.4 38.7 97 35
6a 0.68 455 67 25
6b 0.205 20.6 100 20
i8 0.92 51.1 55 20

Sumatriptan - - - -
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L-NMMA 0.7 0.5 0.7 -

Example 13. Serotonin SHT1D/1B Binding Assavs
5-HT1D binding assays (agonist radioligand) were performed using bovine caudate

membranes according to the methods of Heuring and Peroutka (J. Neurosci., 7: 894-903 (1987)).
5~HTIB (rat cerebral cortex) binding assays (agonist radioligand) were performed according to
the method of Hoyer et. al. (Eur. J. Pharmacol., 118: 1-12 (1995)). For the purpose of result
analysis, the specific ligand binding to the receptors is defined as the difference between the total
binding and the nonspecific binding as determined in the presence of an excess of unlabelled
ligand. The results are expressed as a percent of control specific binding obtained in the
presence of the test compounds. ICsq values (concentration causing a half-maximal inhibition of
control specific binding) and Hill coefficients () were determined by non-linear regression
analysis of the competition curves using Hill equation curve fitting and the inhibition constants
(K;) were calculated from the Cheng Prusoff equation (K; = ICso/(1+(L/Kp)), where L. =
concentration of radioligand in the assay, and Kp = affinity of the radioligand for the receptor).
Results for the binding of selected compounds in SHT1D and 1B are shown in Table 11.

Table 11. Binding of Compounds in bovine 112 and rat 1B receptors.
SHT1D SHT1B

Compound (uD) (uM)
6 0.19 0.85
6a 0.17 1.4
6b 6.079 0.705
18 0.051 0.16
Sumatriptan 0.059 0.11
L-NMMA - -

Exampie 14. Human Liver Microsome In Vitre Metabolism Assavs of Enantiomers 6a, 6b,
and 18 '
General

The compounds (10 uM) were incubated with pooled human liver microsomes in the

presence and absence of the co-factor, B-Nicotinamide adenine dinucleotide phosphate (NADP™),
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required for oxidative metabolism by the Cytochrome P-450 (CYP) and flavin containing
monooxygenase (FMO) enzymes. A tandem liquid chromatography mass spectrometry (LC-
MS/MS) method was developed and/or qualified for each compound for measuring relative
stability of 6a, 6b, and 18 in the terminated reaction mixtures, The relative disappearance of the
test compounds following 15, 30, and 60 min of incubation with liver microsomes, NADP", and
an NADPH-regenerating system was determined in duplicate samples, 6a, 6b, and 18 stability
following 0 and 60 min of incubation with liver microsomes in the absence of NADP™ was also
determined. The metabolic stability of clozapine (10 pM) was determined in parallel as a
positive control. ‘
A 1 mM stock solution of each test compound was freshly prepared in distilled water on
the day of the assay. The stock solutions were used fof the metabolic stability assay as well as

for preparation of calibration standards.



10

15

20

25

30

1.
2.

Reagents and Standards

Human Liver Microsomes (Pooled Mixed Gender, Cat. No. 452161, BD Gentest)
0.5 M Potassium Phosphate Buffer, pH 7.4: prepared with 150 mL 0.5 M Potassium

Phosphaté monobasic (Cat No. P0662, Sigma Aldrich Co.) and 700 mL 0.5 M Potassium

3.

‘Phosphate dibasic (Cat No. P8281, Sigma Aldrich Co.).

67 mM Potassium Phosphate Buffer, pH 7.4: prepared from a 0.5 M Potassium Phosphate

Buffer pH 7.4 stock solution

AN O e

Methanol (Cat No. MX0480-1, EMD)

Magnesium Chloride Hexahydrate (MgCls, Cat No. M{250, Sigma Aldrich Co.)
Distilled water (Cat No. 15230-1 62, Invitrogen Corp.)

NADP" (Cat. No. N0503, Sigma Aldrich Co.)

Glucose-6-phosphate (G6P, Cat. No. G7250, Sigma Aldrich Co.)
Glucose-6-phosphate dehydrogenase (G6PDH, Cat. No. G7877, Sigma Aldrich Co.)
Clozapine (Cat. No. '(36305, Sigma Aldrich Co.)

Mianserin (44868, Cat. No. 153619, ICN)

Eguipment and Supplies
Microcentrifuge (Mikro20, Hettich)

Orbital shaker/incubator (Lab-Line Enviro Shaker)

24-Well BD cluster plates (Cat No.351147, VWR International)

1.5 mL microcentrifuge tubes (Cat No. L-510-GRD, Rose Scientific Ltd.)
15 ml Falcon tubes (Cat No. 35-2096, VWR International)

50 mL Falcon tubes (Cat No. 21008-178, VWR International}

Bicanalysis

Bioanalytical Method Development and Qualification for the Test Compounds
Method development and sample analysis was conducted using a PE Sciex API 4000 LC-

MS/MS system equipped with an Agilent LC systern with a binary pump, and solvent degasser, a
suitable LC autosampler, as well as a divert valve (VIVI, Valco Instrument Co. Inc.) installed

between the column and mass spectrometer inlet. Method qualification for each test compound

included: the determination of the ion transition for the compound and the internal standard (i.e.,
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identification of the parent and daughter ions), determination of the linear dynamic range, using
5 calibration standards in duplicate, intra-batch precision and accuracy and system check
reproducibility (= 20%) using neat compound. |

Clozapine was used as an internal standard (IS) for the test compounds. The
concentration of IS was 0.570 ng/mL for 6a, and 1.14 ng/mL for 6b. A detailed summary of the
bioanalytical method for the analytes is included below.

Sample Analysis of 6a, 6b and 18*
*This compound was analyzed in a separate experiment in a similar fashion to 6a and 6b

Samples for each test compound generated from the assay were analyzed as one batch by
the Quaiiﬁed LC-MS/MS method. The sample batch consisted of the following: initial system
check standards (three replicates), the assay samples (in duplicate) and the final system check
standards (three replicﬁtes). A batch was considered acceptable if the system check injection
acceptance criteria described above was met. Individual results for the % remaining following
incubation with the test compounds were determined by comparing peak are ratios

(analyte/internal standard) at each time point to the 0 hour (100% stable) value obtained.

Sample Analysis of Clozaping.
Samples generated for clozapine from the human liver microsomal stability assays were
analyzed by a validated LC-MS/MS method.

Metabelic Stability Assay

Human Liver Microsomes

The study was conducted with cryopreserved human liver microsomes, pooled from 15
donors (mixed pool of male and female donors). Pooled donor microsomes were used in order to
represent an “average” metabolic activity. The microsomes have been characterized by the
supplier for Phase I (CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6,
CYP2E1L, CYP3A4, CYP4A1l and FMO) and Phase [ (UGT1A1, UGT1A4 and UGT1AS9)

enzymatic activity.
Stability Assay
1. . The assay was performed with 0.5 mg/mL human liver microsomes in 50 mM potassmm
phosphate buffer, pH 7.4 (PPB), and in the presence of an NADPH regenerating system (1.3 mM
NADP", 3.3 mM glucose-6-phosphate, 0.4 U/mL glucose-6-phosphate dehydrogenase) and 3.3
-67 -
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mM MgCly. All incubations were performed in duplicate. One concentration of test compound
was tested (10 pM).

2. A stock solution of microsomes (20 mg/mL) was thawed in a 37 °C water bath on the day
of the assay and then immediately placed on ice. The microsomes were then diluted with an
appropriate volume of PPB, such that the final protein concentration in the assay was 0.5 mg/mL,
and the final PPB concentration was 50 mM.

3. An appropriate aliquot of the 1 mM stock solution of the test compounds (in water) was
ad;ied to the diluted microsomes, and then the mixture was warmed to 37 °C for 5 min in an
incubator. Two 75 uL aliquots of this warmed solution were added to chilied labeled
polypropﬂene centrifuge tubes containing 100 pL of the appropriate ice cold internal standard
solution in methanol and 25 uL of a 4-fold concentrated solution of the NADPH regenerating
system (5.2 mM NADP", 13.2 mM glucose-6-phosphate, 1.6 U/mL glucose-6-phosphate
dehydrogenase) and 13.2 mM MgCl,. These samples represent the time zero samples.

4. An aliquot (375 pL) of the pre-warmed liver microsomes and test compound mixture was
dispensed into a well of a 24-well plate. A 125 uL aliquot of pre-warmed (37 °C for 5 min} 4-
fold concentrated NADPH regenerating system solution was then added to start the reaction.
Reaction mixtures (0.5 mL) were incubated in a shaking incubator (150 rpm) at 37 °C.

5. One hundred pL of the reaction mixture was sampled following 15, 30, and 60 min of
incubation. Each sample with test compound was immediately added to a chilled labeled
centrifuge tube containing 100 pL of ice cold methanol to terminate the reaction.

6. All samples were mixed by vortex and then centrifuged (15,000 x g for 10 min at 4 °C) to
pellet the protein. An aliquot of the supernatant from each sample was then transferred to 2
clean, labeled centrifuge tube and stored at —70 °C until bioanalysis.

7. The metabolic stability of clozapine (10 uM) was similarly monitored in paraliel.

8. As a control, test compound was incubated with microsomes in the absence of NADP",
One hundred pl. of the reaction mixture was sampled for control samples following 0 and 60
min of incubation as detailed above.

9. Data sheets with the date of the experiment, the Study No., the compound IDs, the

sampling times, a plate map and any deviations to the protocol were recorded.
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Preparation of Blapk Simulated Matrix
Ten mL of simulated blank matrix for use in the bioanalysis (preparation of calibration

standards and QC samples) was prepared without microsomal protein as follows:

L. 1.25 mL of the 4-fold concentrated solution of the NADPH regenerating system was
added to 0.05 mL of water and 3.70 mL of potassium phosphate buffer, pH 7.4 (50 mM final
concentration) and mixed thoroughly by vortex.

2, Five mL of ice cold methano! was then added, and the mixture was again mixed by

vortex. The simulated matrix was stored at —70 °C until use.

Calculations and Expression of Results
The mean of the test compound to the internal standard peak area ratios were calculated

for the zero time sample. The duplicate peak area ratios following 15, 30, and 60 minutes of
incubation, were individually compared to the mean zero time sample, and expressed as %
remaining after 15, 30, and 60 minutes.

The data were analyzed by nonlinear regression analysis (GraphPad Prism software,
Version 3.02) by curve fitting to the following equation for mono-exponential decay:

%R, = %R, &™ |
where %R, represents the % remaining at time t, %R, denotes the initial percentage of the parent
compound in the incubation mixture (i.e., at time zero), and k represents the rate constant for the
decay. No weighting was used in the regression analysis. The half-life (t1,2) for compound

disappearance, where appropriaie, was calculated as 0.693/k.

Bicanalytical Method for 6a and 6b

Analyte ID 6a, 6b

Calibration Range n/a (No standard curve. Using the ratio of compound /IS to
compare change of concentration)

Internal Standard ID Clozapine

Matrix HLM

HPLC Agilent 1100 Liquid Chromatograph with vacuum degasser

(Model No, G1322A), quaternary pump (Model No. G1311A) and
well plate auto-sampler (Model No. G1367A)
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Injection Volume

Analytical Column

Inline Filter
Column Temperature
Mobile Phase

Flow Rate

Run Mode
Needle Wash
Analysis Time
Switching Valve

Detector

Interface

Polarity (Mode)
Curtain Gas

1on Source Gas 1
Interface Temperature
Interface Heater
Nebulizer Current
Dwell Time

Probe Position
Collision Activity
Dissociation (CAD) Gas
Declustering Potential
Entrance Potential

Collision Energy

6b-10 pL, 6a-10 pL and Cloz-2.0 pL

Onyx Momolithic C-18, 100x3.0mm, Cat.# 051020-10,
Phenomenex. Column #: 30

0.5 um (Cat. No. A-428, Upchurch Scientific)

Ambient

A = 95% water with 10mM AmF pH3 (v/v) and 5% methanol.
B = 95% methanol and 5% water with 10mM AmF pH3 (v/v)
80%B and 20% A | |

1.0 mL/min

Isocratic Elution

50% MeOH in water

[ min

VICI, Model No. EHMA (Valco Instrument Co. Inc.)

0 to 0.2 min, column effluent diverted to waste

0.2 to 0.9 min, column effluent flows to mass spectrometer

0.9 to 1.0 min, column effluent diverted to waste

API 4000 LC-MS/MS System (Applied Biosystems/MDS Sciex)

APCI
Positive Ion Multiple Reaction Monitoring (MRM)

_ 4Gpsig for all of analytes.

63 psig for all of analytes.
500 °C

ON

SuA

150 ms

X=5Y=3

6 psig for all of analytes.

100V for all of analytes

10V for all of analytes

30V for clozapine and 40V for all of analytes.

Collision Cell Exit Potential 15V for all of analytes.
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Table 12a. Summary of Analyte Ion Transitions and Retention Times.

Analyte ID | Molecular | Exact Ton Transitions (m/z) | Retention
Formula | Mass | Precarsor | Product Time
(g/mol) ion Ton {main)
Clozapine | CigHioN.Cl 326.8 327.3 270.0 0.66-0.68
62 CisHooN4S | 324.443 325.1 2250 | 0.56-0.58
6b CigH20N4S 324.443 325.1 225.0 0.56-0.58

m/z represents the mass to charge ratio
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SUMMARY OF THE LC-MS/MS METHOD FOR CLOZAPINE

Analyte ID

Calibration Range

Matrix

Internal Standard (IS) ID

HPLC

Injection Velume
Analytical Column

Inline Filter

Column Temperature

Mobile Phase

Flow Rate
Run Mode
Needie Wash

Analysis Time
Switching Valve

Detector
Interface
Polarity (Mode)
Curtain Gas

Ion Source Gas 1

Interface Temperatare

Interface Heater

Nebulizer Current

Dwell Time

Clozapine

0.010 - 6.00 uM

Terminated human liver microsome reaction mixture |
Mianserin (250 ng/mL)

Agilent 1100 Liquid Chromatograph with vacuum degasser
(Mode] No. G1322A), binary pump (Model No. G1312A) and well
plate autosampler (Model No. G1367A) |

2.0 pl

Discovery HS F5, 2.1 x 50 mm, 3.0 pm (Cat. No. 567500-U,
Supelco)

0.5 um (Cat. No. A-428, Upchurch Scientific)

Ambient

60% methanol and 40% water with 10 mM ammonium formate,
pH3.0

0.5 ml./min

Isocratic

Solvent: mobile phase

Wash time: 1 s

6.0 min

VICI (Model No. EHMA, Valco Instrument Co. Inc.)

0 to 2.8 min, column effluent diverted to waste

2.9 to 5.8 min, column effluent flows to mass spectrometer
5.9 to 6.0 min, column effluent diverted to waste

API 4000 LC-MS/MS System (Applied Biosystems/MDS Sciex)
APCI

Paositive Ton Multiple Reaction Monitoring (MRM)

45 psig, Nitrogen

65 psig, Nitrogen

500 °C

ON

1pA

500 ms
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Probe Position X=5Y=3
Collision Activity

Dissociation (CAD) Gas 6 psig
Declustering Potential 100 V for both analyte and IS
Entrance Potential 10 V for both analyte and IS
Collision Energy 30 V for both analyte and IS
Collision Cell Exit Potential 15 V for analyte, 6 V for IS

Table 12b. Summary of Analyte Ion Transitions and Retention Times.

Analyte Molecular Formula Ton Transitions Retention
D Formuia Weight | Precursor | Product Time
Fon Ion
(g/mol) (nv'z) (min)
Clozapine CisH1oN4Cl 326.8 3273 270.0 4.07 -
4.32
Mianserin CisHaoNo 264.4 265.1 208.5 2.98-3.19

ny/z represents the mass to charge ratio

RESULTS AND DISCUSSION

Bieanalytical Method Qualification and Sample Analysis

A detailed summary of the biocanalytical method for qualification of the test compounds
in terminated microsomal reaction mixtures is included above. Results from the sample analyses

are included in Table 13a. All acceptance criteria were met for both the method qualification

and for analysis of the samples.
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Metabolic Stability
The mean concentrations of clozapine and of the test compounds (6a and 6b) as a

function of incubation time are summarized in Table 12¢. The data (expressed as % remaining
versus incubation time) are depicted in the Figures described below. Clozapine was used as a
positive control as it has been demonstrated to be well absorbed (90-95%) in bumans following
oral dosing, but is subject to first-pass metabolism resulting in an absolute bioavailability of 50
to 60%. Clozapine is also known to be metabolized primarily to N—désmethyi clozapine and
clozapine N-oxide, with several CYP subtypes implicated in their formation.

The disappearance of clozapine upon incubation with human liver microsomes was
NADPH-dependent (Table 12¢). The estimated half-life for clozapine disappearance from the
microsomal reaction mixture was 354 min, indicating that the microsomes were metabolically
active. The test compound 6b (Figure 1) and 18 (Figure 2) were metabolically stable over 60
min of incubation, indicating that these compounds are not substrates for oxidative metabolism
by the CYP or FMO enzymes. The estimated half-life of 6a was 132 min (Figure 1). The data
indicate a significant difference in the metabolic stability of the two enantiomers. This shorter
half life may contribute to the observed differences in efficacy of 6a versus 6b in the animal

model of pancreatitis (See example 16).

Table 12¢. Mean test compound peak area ratios, determined in duplicate, as a function

of incubation time in human liver microsomes incubated in the presence and

absence of NADP".
Compound | Presence of Peak Area Ratio®
ID co-factor
(+ NADP" 0 min 15 min 30min | 60min
s +NADP” 517 4.99 5.00 523
- NADP™ 5.65 n/a n/a 5.12
o +NADP® 25.8 25.8 23.7 19.4
~ NADP" 22.0 20.2
N +NADP" 20.6 | 20.5 21.4 20.5
—NADP™ 20.2 20.6

<74 -



10

15

20

25

30

+ NADP" 9.25 8.81 8.91 8.19

Clozapine -
-~ NADP 8.70 8.79

“ Peak area ratio is the ratio of the peak response of the test compound relative to the peak

response of the internal standard

Example 15. Efficacy in Models Predictive of Neuropathic-iike Pain States for 63 and 6b

The efficacy of the compounds of the invention for the treatment of neuropathic pain was
assessed using standard animal models predictive of anti-hyperalgesic and anti-allodynic activity
induced by a Variety of methods, each described in more detail below.

(a) Chung Model of Injury-induced Neuropathic-Iike Pain: The experimental designs for
the Chung Spinal Nerve Ligation SNL Model assay for neuropathic pain are depicted in the
Figﬁre below. Nerve ligation injury was performed according to the method described by Kim
and Chung (Kim and Chung, Pain 50:355-363, 1992). This technique produces signs of
neuropathic dysesthesias, including tactile allodynia, thermal hyperalgesia, and guarding of the
affected paw. Rats were anesthetized with halothane, and the vertebrae over the L4 to S2 region
were exposed. The L5 and L6 spinal nerves were exposed, carefully isolated, and tightly ligated
with 4-0 silk suture distal to the DRG. After ensuring homeostatic stability, the wounds were
sutured, and the animals allowed to recover in individual cages. Sham-cperated rats were
prepared in an identical fashion except that the L5/L6 spinal nerves were not ligated. Any rats
exhibiting signs of motor deficiency were euthanized. After a period of recovery following the
surgical intervention, rats show enhanced sensitivity to painful and normally non-painful stimuli.

After one standard dose (30 mg/kg) injected IP according to the published procedure,
there is a clear antihyperalgesic effect of a SHT1p1p/mNOS selective compounds 6b (see Figure
3), but only weakly for 6a (see Figure 4). Administration of compomds 6b but not 6a to test

_ animals also resulted in a reversal of tactile hyperthestafsee Figures 5 and 6, respecﬁvely). A

clear difference between the two enantiomers of compound 6 was observed in this model of

neuropathic pain.

Example 16. Experimental Animal Models of Visceral Pain
Animals

Adult male Sprague Dawley rats (Harlan, Indianapolis, IN), weighing 150-200 g were
maintained in a climate-controlled room with ad 1ib food and water on a 12-h light/dark cycle

(lights on at 07:00 hours). All procedures followed the policies of the International Association
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for the Study of Pain and the NTH guidelines for the handling and use of laboratory animals.
Studies were approved by the University of Arizona IACUC.
Experimental design:
Visceral pain models

Pancreatitis was produced by a tail vein injection of dibutyltin dichloride (DBTCQ -
Aldrich, Milwaukee, WI, 0.25 cc) dissolved in 100% ethanol at a dose of 8 mg/kg under
isofluorane anesthesia (2-3 liters/min, 4.0 %/vol until anesthetized, then 2.5 %/vol throughout the

procedure) (Vera-Portocarrero et al., 2006). Control animals were injected with the vehicle

“solution only (100% ethanol, 0.25 cc).

Colonic hypersensitivity was induced by enemas of a sodium butyrate solution (1000
mM) twice daily for 3 days (Bourdu et al., 2005). For each enema, a catheter made of P100
polyethylene tube Was‘placed into the colon at 7 cmn from the anal opening, and the animals
received 1 mL of sodium butyrate at neutral pH. Care was taken to avoid damage of the colonic

wall by insertion of the catheter.

Behavioral measures _

Referred abdominal hypersensitivity in the pancreatitis model was quantified by
measuring the number of withdrawals events evoked by application of a calibrated von Frey
filament (determined by either abdominal withdrawal, licking of the abdominal area, or whole
body withdrawal). Rats were placed inside Plexiglas boxes on an elevated fine fiberglass screen
mesh and acclimated for 30 minutes before testing. A 4 g von Frey filament was applied from
underneath through the mesh floor, to the abdominal area at different points on the surface. A
single trial consisted of 10 applications of this filament applied once every 10 seconds to allow
the animals to cease any response and return to a relatively inactive position. The mean
occurrence of withdrawal events in each trial is expressed as the number of responses to 10
applications as previously described (Vera-Portocarrero et al., 2003).

Referred lumbar hypersensitivity in the colonic hypersensitivity model was quantified by
applying von Frey hairs to the lumbar dermatomes of rats (Bourdu et al., 2005). Rats were
shaved on the lumbar dermatomes before any manipulation and acclimated inside Plexiglas

boxes for 30 minutes on the day of testing. Calibrated von Frey hairs of increasing diameter were

~applied 5 times for 1 second, ranging from 0.04 to 6 g. The mechanical threshold corresponded

to the force in grams of the von Frey hair which induced lumbar skin wrinkling followed or not

by escape behavior from the filament.
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Statistical procedures

Significant differences between each experimental group for the behavioral test across
time were detected by a two-factor ANOVA follow by the Fishers Least Significance Difference
post-hoc test. One-factor ANOVA was used to detect significant differences in behavioral
outcomes within each experimental group over time. A linear regression analysis was used to

detect the dose-dependency of the effects. Significance was established at the p< 0.05 level.

Reference List

Bourdu S, Dapoigny M, Chapuy E, Artigue F, Vasson MP, Dechelotte P, Bommelaer G,
Eschalier A, Ardid D. Rectal instillation of butyrate provides a novel clinically relevant

mode! of noninflammatory colonic hypersensitivity in rats. Gastroenterology
2005,128:1996-2008.

Vera-Portocarrero LP, Xie JY, Kowal J, Ossipov MH, King T, Porreca F. Descending facilitation
from the rostral ventromedial medulla maintains visceral pain in rats with experimental

pancreatitis. Gastroenterology 2006;130:2155-2164,

Sparmann G, Merkord J, Jaschke A, Nizze H, Jonas L, Lohr M, Liebe S, Emmrich J. Pancreatic
fibrosis in experimental pancreatitis induced by dibutyltin dichloride. Gastroenterology
1997;112:1664-1672.

Results of Animal Models Tests for 18, 6a, and 6b.

Figures 8 and 10 show the effects of 18 in pancreatitis and IBS models of visceral pain
while Figures 9 and 11 show the effects of the enantiomer 6b in an experimental mode] of
pancreatitis. Note that the enantiomer 6a does not reverse tactile allodynia in rats with
experimental pancreatitis indicating that a compound with nNOS inhibitory activity and
SHT1B/1D activity is preferred for visceral pain (Figure 11). Both of these compounds reverse
the tactile allodynia associated with the two types of insults. Thus it is expected that compounds

of the invention would be useful for the treatment of visceral pain.
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Example 17. Svnthesis of N-(3-(1-ethvl-1,2.3.6-tetrahvdropvridin-4-vi}-iH-ind]-5-
yhithiophene-2-carboximidamide (Compound 19)

[/‘
N I
N
_/ 3 S
; O N
ON \ "C O,N NH-NH, H,0
N N, — 222 N I A
N Raney-Ni, MeOH
H H y AN
H
N_f . P
NH.HI N.HCI
N . |
- H
\\s S /S\ H ;tgef;iC! in g H \
AN
CIH.HN N
3 H H

3-(1-Ethyi-1,2,3,6-tetrahydropyridin-4-yl}-S-nitre-1H-indole: A solution of 5-nitro-
1H-indole (0.67 g, 4.13 mmol), 1-ethylpiperidin-4-one (1.094 mL, 8.26 mmol} and pyrrolidine
(1.025 mL, 12.40 mmol) in dry methanol (10 ml) was refluxed for 48 h. The reaction was
brought to room temperature, diluted with water and product was extracted into CH,Cl (2 x 50
10 mL). The combined CH,C); layer was washed with brine (20 ml.} and dried (Na;SO4). Solvent
was evaporated, crude was stirred with isopropanol: hexanes, {15 mL, 1:7) and the yellow
precipitate was filtered and dried to obtain 3-(1-ethyl-1,2,3, 6-tetrahydropyridin-4-y1)-5-nitro-1H-
indole (0.87 g, 78%). 'H NMR (DMSO-dq) 5 11.87 (s, 1H), 8.69 (d, 1H, J =2.1 Hz), 8.01 (dd,
1H, J=2.4,9.0Hz), 7.65 (s, 1H), 7.55 (4, 1H, I = 9.0 Hz), 6.18 (s, 1H), 3.16-3.12 (m, 2H), 2.64
15 (t,2H,J=5.1 Hz), 2.54-2.42 (m, 4H, merged with DMSO-peak), 1.70 (1, 3H, J = 7.2 Hz); ESI-
MS (m/z, %): 272 (MH", 100).
3-(1-Ethyl-1,2,3,6-tetrahydropyridin-4-yI)-1H-indol-S-amine: A suspension of 3-(1-
ethyl-1,2,3,6-tetrahydropyridin-4-y1)-5-nitro-1H-indole (0.375 g, 1.382 mmol) in dry methanol
(10 mL) was treated with Raney-nickel (0.1 g, 0.351 mmol), followed by hydrazine hjzdrate
20 (0.672 mL, 13.82 mmol) at room temperature. The resulting mixture was placed in a pre-heated
oil bath and refluxed for 5 min. (TLC basis, 2 M NH;3 in MeOH: CHoCly, 5:95). The reaction
was brought to room temperature, filtered through celite bed and washed with methano! (3 x5
mL). The combined methanol layer was evaporated and crude was purified by flash column
chromatography (2 M NH3 in MeOH: CH,Cl,, 5:95) to obtain 3-(1-ethyl-1,2,3,6-
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10.60 (s, 1H), 7.15 (d, 1H,J = 2.7 Hz), 7.05 (d, 1H, T = 8.4 Hz), 7.00 (d, 1H, ] = 1.5 Hz), 6.48
(dd, 1H, T=2.1, 8.5 Hz), 5.98 (s, 1H), 4.48 (s, 2H), 3.10-3.04 (m, 2H), 2.59 (1, 2H, J = 5.4 Hz),
2.54-2.39 (m, 4H, merged with DMSO peak), 1.06 (, 3H, J = 7.2 Hz); EI-MS (m/z, %): 241 (M7,
100). |
-(3-(1-Ethyl-1,2,3,6-tetrahydropyridin-4-yl)-1H-indol-5-yljthiophene-2-

carboximidamide: A solution of 3-(1-ethyl-1,2,3 6-tetrahydropyridin-4-yl)-1H-indol-5-amine
(0.32 g, 1.326 mmol) in dry ethanol (10 mL) was treated with methyl thiophene-2-
carbimidothioate hydroiodide (0.756 g, 2.65 mmol) at room temperature and stirred overnight
(18 h). The reaction was basified with sat. NalHCO; solution (30 mL) and product was extracted
into CH,Cl; (2 x 25 mL). The combined CH,Cl, layer was washed with brine (20 mL) and dried
(Na;S04). Solvent was evaporated and crude was purified by column chromatography (2 M NH;
in MeOH: CH,Cl, 1:9) to obtain N-(3-(1-ethyl-1 ,2,3,6-tetrahydropyridin-4-yﬁ~lH—indol-S»
yl)thiophene-2-carboximidamide (0.37 g, 80%) as a solid. 'H NMR (DMSO-ds) 8 10.94 (s, 1H),
7.71(d, 11,1 =3.3 Hz), 7.59 (s, 1H, I = 5.1 Hz), 7.31 (dd, 1H, 1 = 2.7, 5.4 Hz), 7.22 (5, 1H),
7.10 (t, 1H, ] = 4.8 Hz), 6.67 (d, 1H, J = 8.4 Hz), 6.26 (brs, 2H), 6.05 (s, 1H), 3.10 (brs, 2H),
2.63 (t, 28, J = 5.1 Hz), 2.54-2.40 (m, 4H, merged with DMSO-peak), 1.06 (¢, 3H, J = 7.2 Hz);
ESI-MS (mv/z, %): 351 (MH", 37), 294 (100); ESI-HRMS calculated for C2oHzsNaS (MH),
calculated: 351.1637; observed: 351.1636.

N-(3-(1-Ethyl-1,2,3,6-tetrahydropyridin-4-yI)-1H-indol-5-yDthiophene-2-
carboximidamide dihydrechloride: A solution of N-(3-(1-ethyl-1,2,3N-(3-(1-ethy!-1,2,3,6-
tetrahydropyridin-4-y1)-1H-indol-3-yl)thiophene-2-carboximidamide (0.35 g, 0.99% mmol) in dry
methanol (5 mL) was treated with 1 N HCI in ether (2.99 mL, 2.99 mmol) at room temperature
and stirred for 15 minutes. Solvent was evaporated and crude was dried under vacuum to obtain
dihydrochloride salt of N~(3-(1-ethyl-1,2,3,6-tetrahydropyridin-4-yl)-1H-indol-5-yl)thiophene-2-
carboximidamide as a solid. "H NMR (DMSO-ds) & 11.74 (s, 1H), 11.52 (s, 1H), 10.98 (brs,
1H), 9.68 (s, 1H), 8.62 (s, 1H), 8.22-8.16 (m, 2H), 7.93 (s, 1H), 7.68 (d, 1H, ] = 2.1 Hz), 7.59(d,
1H,J=8.7Hz), 7.39 (t, 1H,] = 4.2 Hz), 7.18 (4, 1H, ] = 8.7 Hz), 6.16 (s, 1H), 3.97-3.92 (m,
1H), 3.75-3.59 (m, 2H), 3.27-3.16 (m, 3H), 2.99-2.93 (m, 1H), 2.81-2.75 (m, 1H), 1.32 (t, 3H,J
= 7.2 Hz). '
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In experiments carried out as described above, Compound 19 was shown to selectively
inhibit ENOS versus eNOS as shown in Table 13.

Table 13
Human Human eNOS
NOSMNOS
Compound Structure nNOS (M) (UM e
N
0.74 68.4 92.4
19 au
A ST Y
H
5
Example 18. Svnthesis of N-(3-((15.3R)-3-(Methvlamino)evelohexv}-1 H-indol-5-
vl)thiophene-2-carboximidamide {Compound (+)-20)
O
\(:L/B o,N MeNH, . HCI, NaBH(QAC);
N Bl(NO3 MeCN N\ ACOH, 1.2-dichioroathane
N RT
H
Mixture of enantiomers
N N
b é b
N r O-N a
2 ! . 2 N
N N
H H
Mixture of cis-enanitomers Mixture of ms-gnanﬁomers
N\BDC N\BGC
OzN @ 4 (Boc}zo Ef3N N Raney-Ni, NH,-NH,  HoN {
1 4 Droxane N MeQOH, refiux, 15 min
N N
H H
Mixture of cis-enantiomers Mixture of cis-enantiomers Mixture of cis-enantiomers
NBoc
EtOH N 20% TFA N{'!
R, My
N CHoCly, 0°C s N
ﬁ 2h NH N
N . . . H
Mixture of cis-cnantiomers Mixture of cis-enantiomers
10 3-(5-Nitro-1H-indol-3-yl)cyclehexanone: To a solution of 5-nitroindole (4.00 g, 25.61

mmol) in dry MeCN (5.00 mL) was added cyclohex-2-enone (7.40 mL, 76.83 mmol) and

Bi(NO3); (0.12g, 0.26 mmol) and the mixture stirred overnight at room temperature. The solvent
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then was evaporated and the crude was purified by column chromatography (50% Hexane:
50%EtOAc) to obtain the title compound (2.70 g, 41%) as a yellow solid. 'H-NMR (CDCLs) §
1.81-2.09 (m, 3H), 2.26-2.34 (m, 1H), 2.37-2.55 (m, 2H), 2.65 (dd, 1H,J =9.9, 12.9 Hz), 2.77-
2.85 (m, 1H), 3.47-3.56 (m, 1H), 7.15 (d, 1H, J = 2.1 Hz), 7.41 (d, 1H, J=9.0 Hz), 8.12 (dd, 1H,
J=2.1,9.0 Hz), 8.51 (s, 1H), 8.59 (d, 1H, J = 2.1 Hz); EI-MS (m/z, %) 258 (M", 100),
N-Methyl-3-(5-nitre-1 H-indol-3-yljcyclohexanamine (mixture of frans-enantiomers}

and N—Methy[-3-(5-nitrd—lH—indo!»S~yl)cyclohexanamine (mixture of cis-enantiomers): To

" a solution of 3-(5-nitro-1H-indol-3-yl)cyclohexanone (1.20 g, 4.65 mmol) in 1,2-dichloroethane

(50 mL) was added AcOH (0.28 mL, 4.65 mmol), MeNH,-HCI (0.38 g, 4.65 mmol) and
NaBH(OAc); (1.50 g, 7.00 mmol) and the mixture left to stir overnight at room temperature.
The reaction mixture was extracted with 2N NaOH (10 mL) and washed with dichloromethane
(2x10 mL); th.e dichloromethane layer was separated and evaporated. The crude was purified by
column chromatography (2 M NH; in MeOH: CHClL, 1:9) to obtain two diastereomers as
yellow solids. The stereochemistry of both diastereomers was determined using COSY and
NOESY spectroscopic techniques. .
First eluting compound (mixture of frans-enantiomers): (0.58 g, 46%); 'H-NMR (CDCly) 8
1.49-1.65 (m, 3H), 1.69-1.88 (m, 3H), 2.04-2.08 (m, 2H), 2.41 (s, 3H), 2.87-2.97 (m, 1H), 3.26~
3.37 (m, 1H), 7.12 (s, 1H), 7.36 (d, 1H, I = 9.0 Hz), 8.09 (dd, 1H, T = 2.1, 9.0 Hz), 8.44 (s, 1H,
NH), 8.63 (d, 1H, J = 2.1 Hz); EI-MS (m/z, %) 242 (100), 273 (10); 2D NOESY: H, (3 3.26-
3.37) and H, (8 2.87-2.97) do not correlate; there is correlation between H, and Hg. 2D COSY: H,
and H, do not couple to each other.
Second eluting product (mixture of cis-enanﬁomers): (0.21 g, 16%); ‘H-NMR (CDCl3) &
1.26-1.38 (m, 2H), 1.45-1.57 (m, 2H), 1.89-1.95 (m, 1H), 2.01-2.08 (m, 1H), 2.13-2.17 (m, 1H),
2.33-2.44 (m, 1H), 2.56 (s, 3H), 2.75-2.93 (m, 2H), 7.06 (s, 1H), 7.35(d, 1H, J = 9.0 Hz), 8.06
(dd, 1H, T = 2.1, 9.0 Hz), 8.54 (d, 1H, T = 2.4 Hz), 8.93 (s, 1H, NH); EL-MS (m/z, %) 230 (100),
273 (30); 2D NOESY: H, (8 2.75-2.93) and H,, (8 2.33-2.44) strongly correlate; there is
correlation between H; and Hyq, 2D COSY: Hy ahd H; do not couple to each other.

teri-Butyl methyl((}.RﬁS)-ES-'(S-nitm-IH—inda1-3-yl)cyclohexyl)carbamate carbamate
(mixture of cis-enantiomers): To a solution of N-methyl-3-(5-nitro-1 H-indol-3-
yl)eyclohexanamine (0.40 g, 1.46 mmol) in 1,4-dioxane (10 mL) was added (Boc),0 (0.35 g,
1.61 mmol) and triethyl amine (0.40 mL, 2.92 mmol) and the resulting mixture left to stir
overnight at room temperature. The solvent was evaporated and the crude purified on column

chromatography (EtOAc: Hexanes, 1:1) to give the title compound as a vellow solid (0.40 g,
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73%). 'H-NMR (CDCls) & 1.34-1.44 (m, 1H), 1.49 (s, 9H), 1.57-1.69 (m, 3H), 1.78-1.86 (m,
1H), 1.92-2.00 (m, 1H), 2.03-2.10 (m, 2H), 2.78 (s, 3H), 2.95-3.06 (m, 1H), 3.96-4.27 (m, 1H),
7.11 (d, 1H, J = 1.8 Hz), 7.38 (d, 1H, T = 9.0 Hz), 8.10 (dd, 1H,J=2.1,9.0 Hz), 8.37 (s, 1H,
NH), 8.61 (4, 1H, ] = 2.1 Hz); EI-MS (m/z, %), 242 (100), 373 (20).

tert-Butyl-3-(5-amino-1H-indol-3-yheyclohexyl(methyl)carbamate (mixture of cis-
enantiomers): To a solution of tert-butyl methyl-(3-(5-nitro-1H-indol-3-
yl‘)cyciohexyl)carbamate (0.38, g 1.02 mmol) in dry MeOH (10 mL) was added Ra-Ni (0.1 gasa
slurry in water) and hydrazine hydrate (0.50 mL, 10.20 mmol). The résulting mixtare was

immersed in a preheated oil bath and refluxed for 15 min. or until the solution became clear. The

" reaction was cooled and filtered trough celite, washed with MeOH (20 mL) and the solvent

evaporated. The crude was purified on column chromatography (2 M NH; in MeOH: CH,Cl,
2:98) to give the title compound as a light brown solid (0.34 g, 97%)). 'H-NMR (CDCl3) & 1.31-
1.66 (m, 4H), 1.48 (s, 5H), 1.75-1.80 (m, 1H), 1.89-1.96 (m, 1H), 2.03-2.11 (m, 2H), 2.74 (s,
3H), 2.84-2.93 (m, 1H), 3.52 (s, 2H, NH), 4.13-4.26 (m, 1H), 6.65 (dd, 1H, I = 2.1, 8.4 Hz), 6.88
(d, 1H,J =2.4 Hz), 6.95 (s, 1H), 7.15 (d, 1H, J = 8.4 Hz), 7.72 (s, 1H, NH); EI-MS (m/z, %), '
343 (100).

tert-Butyl methyl(3-(5-(thiophene-2-carboximidamido)-1H-indok-3-
yl)eyclohexyl)earbamate (mixture of cis-enantiomers): To a solution of ferz-butyl-3-(5-
amino-1H¥indol—3~yl)cyclnhexyl(methyl)carbamate (0.32 g, 0.93 mmol) in dry EtCH (25 mL)
was added methyl thiophene-2-carbimidothioate hydroiodide (0.53 g, 1.86 mmol) and the
reaction left to stir at room temperature for 48h. The solvent then was evaporated and the
mixture dissolved in dichloromethane (20 mL) and washed with 2N NaOH (10 mL). The organic
fayer was extracted and evaporated. The crude was purified on column chromatography (2 M
NH; in MeOH: CH,Cly, 2:98 to 5:95) to give the title compound as a yellow solid (0.32g, 55%).
IH. NMR (DMSO-ds) 8 1.38 (s, 9H), 1.46-1.68 (m, SH), 1.84-2.00 (m, 5H), 2.69 (s, 3H), 2.79-
2.87 (m, 1H), 3.78-4.09 (m, 1H), 6.20 (s, 2H, NH), 6.62 (dd, 1H, J = 1.8, 8.4 Hz), 6.98 (s, 1H)
7.04 (s, 1H), 7.09 (dd, 1H, T =3.6, 3.6 Hz), 7.26 (d, IH, T = 8.4 Hz), 7.58 (d, 1H, ] = 4.8 Hz),
7.70 (d, 1H, J = 3.3 Hz), 10.59 (s, 1H, NH); ESI-MS (m/z, %) 453 (MNa", 100).

N-(3-(3-(Methylamino)eyclohexyl)-1 H-indol-5-ylythiophene-2-carboximidamide:
tert-Butyl methyl(3~(5-(thiophene-2-carboximidamido)- 1 H-indol-3-yl)cyclohexyl)carbamate
(0.30 g, 0.66 mmol) was treated with 20% trifluorcacetic acid (TFA) solution (31 mL) in
dichloromethane at 0 °C and the mixture left to stir for 2h at 0 °C. The solution then was

neutralized with 10% NH;OH, the organic layer separated and evaporated. The crude was
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purified by column chromatography (2 M NH; in MeOH: CH,Cl,, 1:4) to give the title product
as a yellow solid (0.22 g, quantitative), 'H-NMR (DMSO-dq) 3 1.28-1.61 (m, 4H), 1.84-2.01 (m,
2H), 2.08-2.11 (m, 1H}), 2.27-2.35 (m, 1H), 2.58 (s, 3H), 2.86-2.94 (m, 1H), 3.08-3.25 (m, 1H),
7.10 (d, 1H,J = 8.4 Hz), 7.28 (d, 1H,J= 2.1 Hz), 7.39 (pseudo t, 1H, J=4.5 Hz), 7.52 (d, 1H, J
5 =84Hz),7.65 (s, 1H), 8.12 (d, 1H, ] =3.6 Hz), 8.16 (d, 1H, J = 4.5 Hz), 8.58 (s, 2H, NH), 9.61
(s, 1H); ESEMS (m/z, %) 353 (100), EST-HRMS calc. for CagHasNgS 353.1794 found 353.1792.

Example 19, Svnthesis of NV-(3-(3-(methvlamino)cyclohexyD-1H-indol-5-vDthiophene-2-
carboximidamide dihydrochloride [(+)- and (-}-isomers] (Compounds 20a and 20b)

S Prep. chiralpLe ¢ N N
S N » 8 N
NH N CHIRALPAK AD-H NH N 7
H H

Mixiure of cis-enantiomers ‘ First eluting isomer
(+)-cis-enantiomer

NH
7\ H
<Sj\n'N A\
NH N
. H

Second eluting isomer

10

{-}-cis-isomer
NH
B A
(+)—cis—enantiomerﬂ 8 Ny 2HCI
NH N
H
O
B :
(—)—cis-enantiomer-—}ig-i;-— s Ny 2HCI
NH N

N-{s-(S-Methylamina)cyclohexyl)~IH-indol-5~yl)thiophene-zwcarbuximidamide: For
15 complete experimental details and spectral date, see Example 18 (Compound (+)-20).
Chiral separation: N-(3-(3-(methylamino)cyclohexyl)-1H-indol-3-yl)thiophene-2-
carboximidamide (0.95 g, 2.70 mmol) was subjected to a chiral HPLC (CHIRALPAK AD-H)
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separation. Flow rate 15 mL/min, 15% EtOH: 85% Hexane + 0.2% DEA. Maximum loading
270 mg.

First eluting enantiomer started eluting at 15 minutes [a]p = +23.77 (4.50 mg in 2 mL
MeOH), 88% ee by HPLC. Second eluting enantiomer started eluting at 28 minutes [a}p =~
28,64 (4.80 mg in 2 mL MeOH), 100% ee by HPLC to obtain 160.00 mg of each enantiomer.

N-(3-(3-(Methylamino)eyclohexyl)-1H-indol-5-yl)thiophene-2-carboximidamide
dihydrechloride [(+)-cis-enantiomer]: N-(3-(3-(Methylamino)cyclohexyl)-1H-indol-5-
yhthiophene-2-carboximidamide [(+)-cis-enantiomer] (0.16 g, 0.45 mmol) was dissolved in a
minimum amount of methano} to which hydrochloric acid (1.00 mL, 1.00 mmol, 1M in diethyl
ether) was added. The mixture was left to stir for 1 hour at room temperature. The solvent was
evaporated and the resulting solid dried under vacuum to give the product (0.16 g, 97 %) as a
light yellow solid. "H-NMR (MeOH-dy) § 1.30-1.67 (m, 4H), 1.93-2.24 (m, 3H), 2.47-2.51 (m,
1H), 2.73 (s, 3H), 2.96-305 (m, 1H), 7.16 (d, 1H, J = 8.7 Hz), 7.25 (s, 1H), 7.38 (dd, 1H, J=4.5,
8.4 Hz), 7.56 (d, 1H, J = 8.4 Hz), 7.73 (s, 1H), 8.05-8.07 (m, 2H); ESI-MS (m/z, %) 322 (100),
353 (W, free base, 50), ESI-HRMS calc. for Ci¢HzsN4O; (MEF, free base), calculated:
353.1819, found: 353.1807.

N-(3-(3-(Methylamino)cyciohexyl)-1H-indol-5-yl)thiophene-2-carboximidamide
dihydrochloride [(-)-cis-enantiomer|: N-(3-(3-(Methylamino)cyclohexyl)-1H-indol-5-
yhthiophene-2-carboximidamide [(—)-éisuenantiomer} (0.16 g, 0.45 mmol) was dissolved in
minimum amount of methanol to which hydrochloric acid (1.06 mL, 1.00 mmol, 1M in diethyl
ether} was added. The mixture was left to stir for 1 hour at room temperature and then the
solvent evaporated and the solid dried under vacuum to give the product (0.16 g, 97 %) as a light
yellow solid. "H-NMR (MeOH-d,) 5 1.27-1.71 (m, SH), 1.99-2.33 (m, 3H), 2.47-2.52 (m, 1H),
2.72 (s, 3H), 2.96-3.09 (m, 1H), 7.16 (dd, 1H, J=2.1,8.7 Hz), 7.25 (s, 1H), 7.38 (dd, 1H,J =
4.2, 48 Hz), 7.56 (d, 1H, J =8.7 Hz), 7.73 (d, 1H, J = 1.8 Hz), 8.05-8.07 (m, 2H); ESI-MS (m/z,
%) 322 (100), 353 (MH", free base, 50), ESI-HRMS calc. for C1sHasNsOs (MHT, free base),
calculated: 353.1819, found: 353.1809.

In experiments carried out as described »above, Compounds (£)-20, 20a, and 20b were shown
to selectively inhibit n(NOS versus eNOS and further to exhibit SHT 1B and 1D activities, as

shown below in Table 14,
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Table 14

Compound Structure Human | Human SHT | SHT
number | nNOS eNOS eNOS/ | 1B 1b
(uM) (M) | BNOS | (uM) | (uM)
N
()20 [S}\rr%:ﬁ { 0.49 7716 | 1583 | 20 | 2.8
NH N
H
Mixture of cis-enantiomers
- NH
/Iy B ' z
20a 49\(”@\/8 0.57 49.3 86.4 1.3 3.2
(isomer-1) NH N
{+}-cis-enantiomer
NH
Y H ¥
20b %Ng\g} 1.37 75 54.7 12 1.4
(isomer-2) NH N
{(-}-cis-enantiomer
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Example 20. Synthesis of N-(3-(3-(methvlamino)cvelohexvl)-1H-indol-5-yljthiophene-2-

carboximidamide (mixture of frans-enantiomers) (compound 21

NH .
ON \ N\Boc
2 Boc),O, EtsN
\ ( )2 3 02N
N 1,4-Dioxane AN
H RT N
H

mixture of frans-enantiomers . . ‘
: mixture of trans-enantiomers

NBoc
\

Raney-Ni, NHx-NH, H,0 HoN ,.m%?.i_,,.
2!
MeOH, reflux, 15 min N a2y
N S ©
a
H NH.HI

mixiure of trans-enantiomers

NBoc
% 20%TFA ()\“,
CHeCl, 0 R 0°C

mixture of trans-enantiomers .
mixiure of trans-anantiomers

N-Methyl-3~(3-pitro-1H-indol-3-yl)cyclehexanamine (mixture of frans-enantiomers):
For complete experimental details and spectral data, see example 19.

tert-Butyl methyl(3-(5-nitro-1H-indok-3-yljcyclohexyDearbamate {(mixture of frans-
enantiomers): To a solution of N-methyl-3-(5-nitro-1H-indol-3-yl)cyclohexanamine (0.55 g,
2.0 mmol) in 1,4-dioxane (10 mL) was added (Boc)0 (0.48 g, 2.21 mmol) and triethylamine
(0.56 mL, 4.10 mmol) and the resulting mixture left to stir overnight at room temperature. The
solvent was evaporated and the crude purified on column chromatography (EtOAc: Hexanes,
1:1) to give the compound as a yellow solid (0.73 g, quantitative). 'H-NMR (CDCl3) & 1.43 (s,
9H), 1.64-1.81 (m, 3H), 1.86-1.98 (m, 1H), 1.49-1.57 (m, 2H), 2.09-2.18 (m, 2H), 2.78 (s, 3H),
3.57-3.63 (m, 1H), 4.35-4.52 (m, 1H), 7.26 (s, 1H), 7.35 (d, 1H, J = 9.0 Hz), 8.08 (dd, 1H, J =
2.1, 9.0 Hz), 8.50 (s, 1H, NH), 8.57 (d, 1H, J = 2.1 Hz); EI-MS (m/z, %) 299 (M", 100).

tert-Butyl 3-(5-amino-1H-indol-3-yl)eyclohexyl(methylcarbamate (mixture of frans-
enanﬁomers). To a solution of rert-butyl methy}(3-(5-nitro-1H-indol-3-
vleyclohexyl)carbamate (0.70, g 1.87 mmol) in dry MeOH (15 mL) was added Raney-Ni (0.1 g
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as a shurry in water) and hydrazine hydrate (1.00 mL, 18.70 mmol). The resulting mixture was
immersed in a preheated oil bath and refluxed for 15 min. or until the solution became clear. The
reaction was cooled and filtered trough Celite, washed with MeOH (20 mL) and the solvent
evaporated. The crude was purified on column chromatography (2 M NHj in MeOH: CHxCly,
2:98) to give the title compound as a light brown solid (0.60 g, 92%). 'H-NMR (CDCls) & 1.42
(s, 9H), 1.46-1.72 (m, 6H), 1.88 (ddd, 1H,J =354, 12.3, 24.9 Hz), 2.05-2.16 (m, 2H), 2.76 (s,
3H), 3.50 (s, 2H, NH), 4.36-4.51 (m, 1H), 6.64 (dd, 1H,J =2.1, 8.4 Hz), 6.89 (d, 1H, J = 2.1
Hz), 7.16 (d, 1H, J = 8.4 Hz), 7.28 (s, 1H), 7.76 (s, 1H, NH); ELI-MS (m/z, %) 343 (M, 70), 212
(100).

tert-Butyl methyl(3-(5-(thiophene-2-carboximidamido)-1 H-indol-3-
yheyclohexyl)carbamate (mixture of frans-enantiomers). To a solution of fert-butyl '3 -.(S- '
amino-1H-indol-3-yl)cyclohexyl(methyl)carbamate (0.57 g, 1.66 mmol) in dry EtOH (25 mL)
was added methyl thiophene-2-carbimidothioate hydroiodide (0.75 g, 3.32 mmol) and the -
reaction left to stir at room temperature for 48h. The solvent then was evaporated and the
mixture dissolved in dichloromethane (20 mL) and washed with 2N NaOH (10 mL}. The
organic layer was extracted and evaporated. The crude was purified on column chromatography
(2 M NH; in MeOH: CH;,Cl,, 2:98 to 5:95) to give the title compound as a yellow solid (0.62g,
81%). 'H- NMR (DMSO-ds) 8 1.35 (s, 9H), 1.42-1.71 (m, 5H), 1.88-1.93 (m, 2H), 1.98-2.04 (m,
1H), 2.69 (s, 3H), 3.40-3.53 (m, 1H), 4.24-4.27 (m, 1H), 6.22 (s, 2H, NH), 6.64 (dd, I1H,J = 1.8,
8.4 Hz), 6.93 (s, 1H), 7.09 (dd, 1H,J=3.6,5.1 Hz), 7.28 (4, 2H, J =8.4 Hz), 7.58 (d, 1H, J = 4.5
Hz), 7.70 (4, 1H, I = 3.6 Hz), 10.68 (s, 1H, NH); ESI-MS (m/z, %) 453 (MNa", 100).

N-(3-(3~(Methylamino)eyclohexyl)-1H-indol-5-ylythiophene-2-carboximidamide
{mixture of frans-enantiomers). fert-Butyl methyl(3-(5-(thiophene-2-carboximidamido)-1H-
indol-3-yDeyclohexyl)carbamate (0.60 g, 0.13 mmol) was treated with 20% TFA solution (31
ml) in dichloromethane at 0 °C and the mixture left to stir for 2 hours at 0 °C. The sclution then
was neutralized with 10% NH,OH, the organic layer separated and evaporated. The crude
product was purified by column chromatography (2 M NH3 in MeOH: CH,Cl,, 1:4) to give the
final product as a yellow solid (0.45 g, quantitative). ' H-NMR (DMSO-d) & 1.51-1.60 (m, 3H),
1.69-1.77 (m, 3H), 1.83-1.91 (m, 1H), 1.96-2.07 (m, 1H), 2.40 (s, 3H}, 3.24-3.51 (m, 3H), 6.20
(brs, 2H, NH), 6.63 (d, 1H, 7= 10.2 Hz), 7.02 (d, 2H, ] = 10.4 Hz), 7.09 (dd, 1H, 1 =3.6,4.8
Hz), 7.58 (d, 1H, J = 5.1 Hz), 7.71 (d, 1H, ] = 3.3 Hz), 10.59 (s, 1H, NH); ESI-MS (m/z, %) 353
(MH", 80), 322 (100), ESI-HRMS (MH+ ) cale. for CyoHasN,S (M, calculated: 353.1794,
found: 353.1812.
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Example 21. Synthesis of N-(3~(3-(ethvlamine)cvelohexyl)-1H-indol-5-vl)thiophene-2-
carboximidamide (mixture of frans-enantiomers). (compound 22)

£ N SNH
N
EtNH2 HCI, NaBH(OAg); O,N a b d 0N a b d
AcOH 1,2-dichloroethane N L
N
H

AN

N

(%) - trans {%) ~ cis
. NBoc

NBoc
(Boc),0, EtgN . Raney-Ni, NH-NH, HzoH N N
. —— e T A 2

(%} - trans T 2Diorane O:N A MeOH, reflux, 15 min N

y N

RT [Ig H

NBoc NH

EfOH _O%RTRA N | =

3 N

O
Cchiz 0 c N )
NH Hi

3-(5-Nitro-1H-indol-3-yl)cyclohexanone: For complete experimental details, see
example 19.

N-Ethyl-3-(5-nitro-1 H-indol-3-ylcycichexanamine () - frans) and N-ethyl-3-(5-
nitro-1H-indol-3-yl)eyclohexanamine (%) - cis). To a solution of 3-(5-pitro-1 H-indol-3-

10 yDeyclohexanone (1.20 g, 4.65 mmol) in 1,2-dichloroethane (50 mL) was added AcOH (0.28
mlL, 4.65 mmol), EE&NH,-HCI (0.38 g, 4.65 mmol) and NaBH(OAc); (1.50 g, 7.00 mmol) and the
mixture left to stir overnight at room temperature. The reaction mixture was extracted with 2N
NaOH (10 mL) and washed with dichloromethane (2x10 mL), the dichloromethane layer was
separated and evaporated. The crude was purified by column chromatography (2M NH; in

15 MeOH: CH,Cly, 1:9) to obtain two diastereomers as yellow solids.

First eluting isomer (mixture of frans-enantiomer) (0.70 g, 52%): 'HANMR (CDCl) 8 1.17 (8,
3H, J = 8.4 Hz), 1.55-1.70 (m, 4H), 1.74-1.82 (m, 2H), 2.01-2.07 (m, 2H), 2.70 (q, 2H, J = 7.2,
7.2 Hz), 3.01-3.06 (m, 1H), 3.24-3.42 (m, 1H), 7.12 (4, 1H, T =2.1 Hz), 7.37 (d, 1H, J =9.0 Hz),
8.09 (dd, 1H, T =2.1, 9.0 Hz), 8.34 (s, 1H, NH), 8.64 (d, 1H, J = 2.1 Hz); EI-MS (m/z, %) 287

20 (M", 10), 242 (100); 2D NOESY: H, (3 3.24-3.42) and H, (83.01-3.06) weakly correlate; there is

correlation between H, and Hg, 2D COSY: H, and H; do not couple 1o each other.
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Second eluting isomer (mixture of cis-enantiomers) (0.21 g, 16%): 'H-NMR (CDCls) § 1.14
(t, 3H), 1.29-1.44 (m, 3H), 1.47-1.63 (m, 2H), 1.84-1.97 (m, 1H),2.04-2.11 (m, 2H), 2.28-2.32
(m, 1K), 2.75 (g, 2H, J = 7.2, 7.2 Hz), 2.89-3.00 (m, 1H), 7.10 (d, 1H, J = 1.8 Hz), 7.37 (d, 1H, J
=90.0 Hz), 8.10 (dd, 1H, = 2.1, 9.0 Hz), 8.37 (s, 1H, NH), 8.61 (d, 1H, J = 2.1 Hz); EI-MS (m/z,
%) 287 (M", 15), 244 (100); 2D NOESY: H, (8 2.89-3.00) and H, (52.28-2.32) strongly
correlate; there is correlation between H, and Hy, 2D COSY: H, and H; do not couple to each
other.

tert-Butyl ethyl(3-(5-nitro-1H-indol-3-yI)cyclohexyljcarbamate (mixture of trans-
enantiomers). To a solution of N-ethyl-3-(5-nitro-1H-indol-3-yl)cyclohexanamine (0.67 g, 2.36
mmol) in 1,4-dioxane (10 mL) was added (Boc)O (0.57 g, 2.60 mmol) and triethylamine (0.66
mL, 4.74 mmol) and the resulting mixture left to stir overnight at room temperature. The solvent
was evaporated and the crude purified on column chromatography (50% Hexane:50% EtOAc¢) to
give the compound as a yellow solid (0.72 g, 78%). 'H-NMR (CDCl;) 8 1.14 (1, 3H, J = 6.9 Hz),
1.45-1.49 (m, 9H, 3H), 1.62-1.79 (m, 3H), 1.86-1.96 {m, 1H), 2.07-2.17 (m, 2H), 3.07-3.28 (m,
2H), 3.57-3.61 (m, 1H), 7.26 (s, 1), 7.35 (d, 1H, J = 9.0 Hz), 7.63 (s, 1H), 8.08 (dd, 1H, T = 9.0,
2.1 Hz), 8.57 (d, 1H, T = 2.1 Hz); ESI-MS (m/z, %) 410 (MNa", 50), 288 (100).

fert-Butyl 3-(5-amino-1H-indol-3-yl)eyclohexyl(ethyljcarbamate (mixture of trans-
enantiemers). To a solution of rerr-butyl ethyl(3-(5-nitro-1H-indol-3-yl)cyclohexyl)carbamate
(0.70, g 1.81 mmol) in dry MeOH (15 mL) was added Raney-Ni (0.1 g as a slurry in water) and
hydrazine hydrate (0.90 ml, 18.10 mmol). The resuiting mixture was immersed in a preheated
oil bath and refluxed for 15 minutes or until the solution became clear. The reaction was cooled
and filtered trough Celite, washed with MeOH (20 mL), and the solvent evaporated. The crude
was purified on column chromatography (2 M NHz in MeOH: CH,Cl,, 2:98) to give the title
compound as a brownish solid (0.64 g, quantitative). 'H-NMR {(CDCl3) 8 1.12 (1, 3H,i J=6.8Hz),
1.45 (s, 9H), 1.53-1.69 (m, 3H), 1.71-1.79 (m 1H), 1.82-1.95 (m, 1H), 2.07-2.17 {(m, 2H), 3.06-
3.24 (m, 2H), 3.43-3.56 (m, 1H), 4.43 (s, 1H), 6.64 (dd, 1H, I =2.1,8.4 H2), 6.89 (d, 1H,J = 2.1
Hz), 7.15(d, 1H, ] = 8.4 Hz), 7.26 (s, 1H), 7.33 (s, 1H), 7.82 (s, 1H); EI-MS (m/z. %) 357 (M",
703, 212 (100).

tert-Butyl ethyl(3-(5-(thiephene-2-carboximidamido)-1 H-indol-3-
yDeyclohexyl)earbamate (mixture of frans-enantiomers). To a solution of ferr-butyl 3-(5-
amino-1H-indol-3-yl)cyclohexyl(ethyl)carbamate (0.62 g, 1.73 mmol) in dry EtOH (25 mL) was
added methy! thiophene-2-carbimidothioate hydroiodide (1.00 g, 3.47 mmol) and the reaction

left to stir at room temperature for 48 hours. The solvent then was evaporated and the mixture
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dissolved in dichloromethane (20 mL) and washed with 2N NaOH (10 mL). The organic layer -
was extracted and evaporated. The crude was purified on column chromatography (2 M NH; in
MeOH: CH,Cl,, 2:98 to 5:95) to give the title compound as a yellow solid (0.80g, quantitative).
'H-NMR (DMSO-dg) & 1.04 (t, 3H, ] = 6.9 Hz), 1.36 (s, 9H), 1.44-1.68 (m, SH), 1.84-2.04 (m,
3H), 3.05-3.20 (m, 2H), 3.42-3.53 (m, 1H), 4.19-4.26 (m, 1H), 6.21 (s, 2H), 6.64 (dd, 1H, J =
1.8, 8.4 Hz), 6.92 (s, 1H), 7.09 (dd, 1H,J=3.6, 5.1 Hz), 7.26 (s, 1H), 7.29 (s, 1H), 7.58 (d, 1H,J
=5.1Hz), 7.70 (4, 1H, ] = 3.9 Hz), 10.67 (s, 1H). ESI-MS (m/z, %) 467 (MH", 100)

N-(3-(3-(Ethylamino)cyclohexyl)-1H-indol-5-yI)thiophene-2-carboximidamide
{mixture of frans-enantiomers). fer-Butyl ethyl(3-(5-(thiophene-2-carboximidamido)-1H-
indol-3-yl)cyclohexyl)carbamate (0.75 g, 1.61 mmol) was treated with 20% TFA solution (31
mL) in dichloromethane at 0 °C and the miixture left to stir for 2h at 0 °C. The solution then was
neutralized with 10% NH,OH solution, the organic layer separated and evaporated. The crude
product was purified by column chromatography (2 M NHj in MeOH: CH,Cl,, 1:4) to give the
final product as a yellow solid (0.50 g, 85%)."H-NMR (DMSO0-d) § 1.05 (t, 3H, ] = 6.9 Hz),
1.44-1.51 (m, 3H), 1.58-1.82 (m, 3H), 1.89-1.97 (m, 2H), 2.58 (g, 2H, I = 7.2 Hz), 2.85-2.99 (m,
1H}), 3.08-3.23 (m, 1H), 6.19 (s, 2H), 6.62 (d, 1H, J = 8.4 Hz), 6.98-7.00 (m, 2H}, 7.09 (dd, 1H, J
=3.9,5.1Hz),7.26 (d, 1H, J=8.4Hz),7.58 (d, 1H,J = 5.1 Hz), 7.70 (d, 1H, T = 3.0 Hz), 10.54
(s, 1H); ESI-MS (m/z, %) 367 (MH’, 50%), 322 (100), ESI-HRMS (MH") calc. for CyHay7N,S,
calculated: 367.1950, found: 367.1956.
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Example 22: Synthesis of N~(3-(3-(ethylaming)cyvclohexvl)-1H-indel-5-yhithiophene-2-
carbeximidamide (mixture of cis-enantiomers) (compound 23)

NH NBoc
“—  (Boc)O, EtgN —
OuN 2%, =13 OsN Raney-Ni, NHy-NH; Ha0
‘ A\ 1.4-Dioxane MeOH, reflux, 15 min
\ RT
NBoc NBoc
-
H2N©fé} EtOH ) H “—  20%TFA
\ $ o
0,
; A Site ¥ | P CH,Cls, 0 °C

IZ_ .

N\
S b 2h
NH Hi
i
BN
S N
NHM . H
(23) '
5 N-Ethyl-3-(5-nitro-1 H-indol-3-yi)cyclohexanamine: For complete experimental details

and spectral data, see example 21,
tert-Butyl ethyl(3-(5-nitro-1H-indol-3-yl)cyclohexyl)carbamate (mixture of cis-

enantiomers). To a solution of N-ethyl-3-(5-nitro-1H-indol-3-yecyclohexanamine (0.20 g, 0.69
mmol) in 1,4-dioxane (5 mL) was added (BockO (0.17 g, 0.76 mmol) and triethylamine (0.20

10 mL, 1.40 mmol) and the resulting mixture left to stir overnight at room temperature. The solvent
was evaporated and the crude purified on colomn chromatography (EtOAc: Hexanes, 1:1) to give
the compound as a yellow solid (0.26 g, 97%). 'H-NMR (DMSO-ds) § 1.04 (t, 3H, I = 6.9 Hz),
1.49-1.23 (m, 2H), 1.42 (s, 9H), 1.51-1.57 (m, 2H), 1.64-1.75 (m, 2H), 1.86-1.95 (m, 2H), 2.96-
3.04 (m, 1H), 3.14 (q, 2H, T = 6.9 Hz), 7.39 (s, 1H), 7.50 (d, 1H, ] = 9.0 Hz), 7.97 (dd, 1H, ] =

15 2.1,9.0Hz), 855 (d, 1H, J = 2.1 Hz); EI-MS (m/z, %) 387 (M, 20), 270 (100). |
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tert-Butyl 3-(5-amine-1H-indol-3-yheycishexyl(ethyl)carbamate (mixture of cis-
enantiomers): To a solution of ferf-butyl ethyl(3-(5-nitro-1H-indol-3-yl)cyclohexylcarbamate
(0.24 g, 0.62 mmol) in dry MeOH (10 mL) was added Raney-Ni (0.1 g as a slurry in water) and
hydrazine hydrate (0.30 mL, 6.20 mmol). The resulting mixture was immersed in a preheated oil
bath and refluxed for 15 min. or until the solution became clear. The reaction was cooled and
filtered trough celite, washed with MeOH (20 mL) and the solvent evaporated. The crude
material was purified on column chromatography (2 M NH; in MeOH: CHaCl, 2:98) to give the
title_ compound as a brownish solid (0.21 g, 96%}). 'H-NMR (CDCls) 81.09 (t, 3H, J = 6.9 Hz),
1.30-1.66 (m, 3H), 1.48 (s, 9H), 1.80-1.83 (m, 1H), 1.90-1.94 (m, 1H), 1.98-2.04 (m, 1H), 2.11-
2.15 (m, 1H), 2.80-2.90 (m, 1H), 3.05-3.22 (m, 2H), 4.12-4.19 (m, 1H), 6.65 (dd, 1H, 7=2.1,8.7
Hz), 6.87 (4, 1H, I=2.1 Hz), 6.96 (s, 1H), 7.15 (d, 1H, J = 8.7 Hz), 7.725 (s, 1H); EI-MS (m/z,
%) 357 (M", 100),

tert-Butyl ethyl(3-(5-(thiophene-2-carboximidamido)-1H-indo}-3-
ylieyclohexylicarbamate (mixmi'e of cis-enantiomers). To a solution of rerr-butyl 3-(5-
amino-1H-indol-3-ylcyclohexyl(ethyl)carbamate (0.19 g, 0.53 mmol) in dry EtOH (20 mL) was
added methyl thiophene-2-carbimidothioate hydroiodide (0.30 g, 1.06 mmol) and the reaction
left to stir at room temperature for 48 hours. The solvent then was evaporated and the mixture
dissolved in dichloromethane (20 mL) and washed with 2N NaOH (10 mL). The organic layer
was extracted and evaporated. The crude was purified on column chromatography (2 M NH; in
MeOH: CH,Cl, 2:98 to 5:95) to give the title compound as a yellow solid (0.19g, 78%). H-
NMR (DMSO-d,) § 1.04 (t, 3H, I = 6.9 Hz), 1.39 (s, 9H), 1.46-1.57 (m, 3H), 1.57-1.74 (m, 2H),
1.80-1.94 (m, 3H), 2.77-2.89 (m, 1H), 3.13 (g, 2H, ] = 6.0 Hz), 3.89-4.03 (m, 1H), 6.83 (d, 1H, J
= 8.4 Hz), 7.13 (s, 1H), 7.22 (dd, 1H, J = 4.5, 8.7 Hz), 7.29 (s, 1H), 7.37 (d, 1H,J = 8.7 Hz), 7.84
(d, 1H,T7=3.3 Hz), 7.88 (d, 1H, J = 2.1 Hz), 10.83 (s, 1H, NH); ESI-MS (m/z, %) 467 (M,
100). |

N-(3-(3~(Ethylamino)cyclohexyl)-1H-indol-5-yl)thiophene-2-carboximidamide
(mixture of cis-enantiomers). fert-Butyl ethyl(3-(5-(thiophene-2-carboximidamido)-1/-indol-
3-yD)eyelohexyl)carbamate (0.17 g, 0.36 mmol) was treated with 20% TFA solution (20 mL) in
dichloromethane at 0 °C and the mixture left to stir for 2 hours at 0 °C. The solution then was
neutralized with 10% NH;OH solution, the organic layer separated and evaporated. The crude
was purified by column chromatography (20% 2N NH; in MeOH: 80% CH:Cly) to give the final
product as a yellow solid (0.50 g, 85%). 'H-NMR (DMSO-dg) 6 1.11 (t, 3H, I = 6.9 Hz), 1.21-
1.53 (m, 4H), 1.81-2.11 (m, 3H), 2.27-2.37 (m, 1H), 2.82-2.88 (m, 3H), 2.99-3.07 (m, 1H), 6.22
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(s, 2H, NH), 6.64 (d, 1H, ] = 8.4 Hz), 7.01-7.03 (m, 2H), 7.10 (dd, 1H, T = 3.6, 5.1 Hz), 7.28 (4,
1H, 7= 8.7Hz),7.59(d, 1H, T = 5.1 Hz), 7.71 (d, 1H, J = 3.0 Hz), 10.62 (s, 1 H, NH); ESI-MS
(m/z, %) 367 (MH", 50), 322 (100), ESI-HRMS cale. for CHpNS (MH) 367.1950 found

367.1968.
5
Example 23. Svnthesis of N-(3-(1-(2-hydroxvethyD)-1.2.3.6-tetrahvdropvridin-4-vl)-1H-
indol-5-yhthiophene-2-carboximidamide (compound 24
Boc
H
N N
O,N 0=<:/\N-Boc N N
N CH.Cla N
H N
M N
H
N H
C N NH.HI
N\ -
= S
Br—"OH  onN { NHZNHRHO HoN ¢ \s
EieN N Raney-Ni, MeOH N EOH
H H
OH OH
N.HCI
N V] ;
\ N )
/ 1 H 1 N HCl in ether
S N A oOH CIH.HN \
NH N N
N :
10 Tert-butyl 4-(5-nitro-1H-indo}-3-y1)-5,6-dibydropyridine-1(2ZH)-carboxylate: A

solution of 5-nitro-1H-indole (1 g, 6.17 mmol), tert-butyl 4-oxopiperidine-1-carboxylate (2,458
g, 12.33 mmol) and pyrrolidine (1.530 ml., 18.50 mmol) were refluxed for 48 hours. The
reaction was brought to room temperature, diluted with water (50 mL) and product was extracted
into ethyl acetate (2 x 50 mL). The combined ethy! acetate layer was washed with brine (15 mL)
15  and dried (Na,S04). Solvent was evaporated and crude was diluted with isopropanol: hexanes,
1:6 (20 mL). After stirring for 15 minutes, the solid was filtered off, washed with hexanes (2 x
-94.
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10 mL), and dried to obtain fert-butyl 4~(S-nitro-1H-indol-3-y1}-5,6-dihydropyridine~1(2H)-
carboxylate (1.515 g, 71.5%). 'H NMR (CDCls) & 8.83 (d, 1H, I = 1.5 Hz), 8.60 (brs, 1H), 8.14
(dd, 1H,J=2.1,9.0 Hz), 742 (d, 1H, I = 9.0 Hz), 7.31 (d, 1H, ] =2.1 Hz), 6.21 (s, 1H), 4.20-
4.16 (m, 2H), 3.70 (t, 2H, ] = 5.7 Hz), 2.60-2.50 (m, 2H), 1.51 (s, 9H).
5-Nitro-3-(1,2,3,6-tetrahydropyridin-4-yl)-1H-indele: A solution of rert-butyl 4-(5-
nitro-1H-indol-3-y1}-5,6-dihydropyridine-1(2H)-carboxylate (0.8 g, 2.330 mmol) in CH>Cl; (16
mL) was treated with TFA (4 mL) at 0 °C and the resulting mixture was stirred at same
temperature for 3 h. The reaction was evaporated and crude was basified with 1 N NaOH
solution (pH ~14). The solid was filtered off, washed with water (2 x 10 mL). The crude was
dried under vacuum and treated with 10% ethyl acetate in hexanes (20 mL). The solid was
filtered and washed with hexanes (2 x 5 mL). The vellow solid was dried under vacoum to
obtain 5-nitro-3-(1,2,3,6-tetrahydropyridin-4-yi)-1H-indole (0.56 g, 99%). 'H NMR (DMSO0-ds)
8 8.69 (d, 1H, I =2.1 Hz), 8.00 (dd, 1H,J=2.1, 9.0 Hz), 7.63 (s, IH), 7.55(d, 1H, J = 9.0 Hz),
6.21 (s, 1H), 3.42-3.30 (m, 2H, merged with DMSO-peak), 2.93 (t, 2H, J = 5.4 Hz), 2.40-2.30
(m, 2H); ESI-MS (m/z, %): 244 (MH", 77), 215 (100).
2-(4-(5-Nitro-1H-indol-3-y])-5,6-dihydrepyridin-1(2H)-yDethanol: A suspension of 5-
nitro-3-(1,2,3,6-tetrahydropyridin-4-yl)-1H-indole (0.55 g, 2.261 mmol) in dry CH,Cl;:1,4-
dioxane (15 mL, 2:1) was treated with triethylamine (0.636 mL, 4.52 mmol), followed by 2-
bromoethanol (0.176 mL, 2.487 mmol) at room temperature. Only starting material was
observed after stirring for 4 h at room temperature. The reaction was then refluxed for 24 h. The
reaction was brought to room temperature, diluted with 1 N NaOH solution (25 mL) and product
was extracted into CH,Cly (2 x 25 mb). The combined CH;Cl, layer was washed with brine (20
mL) and dried (Na;SQy4). Solvent was evaporated and crude was purified by column
chromatography (2 M NH; in MeOH: CH2Cly, 5:95) to obtain 2-(4-(5-nitro-1H-indol-3-y1)-5,6~
dihydropyridin-1(2H)-yDethanol (0.24 g, 36.9%) as a dark yellow solid. "H NMR (DMSO-d;) 8
11.86(s, 1H), 8.68 (d, 1H, J=2.1 Hz), 8.01 (dd, 1H, J =24, 9.0 Hz), 7.65 (s, 1H), 7.55 {(d, 1H, J
=9.0 Hz), 6.16 (s, 1H), 4.42 (t, 1H, J = 5.4 Hz), 3.56 (g, 2H), 3.18 (t, 2H, T = 6.3 Hz), 2.69 (¢,
2H, J = 5.4 Hz), 2.54-2,50 (m, 4H); ESI-MS (m/z, %): 288 (MK, 100).
2-(4-(5-Amino-1H-indel-3-y1)-5,6-dibydrepyridin-1(2ZH)-yl)ethanol: A solution of 2-
{4-(5-nitro~1H-indol-3-y1}-5,6-dihydropyridin-1(2H)-yl)ethanol (0.225 g, 0,783 mmol) in dry
methanol (5 mL) was treated with hydrazine hydrate (0.244 mL, 7.83 mmol), followed by
Raney-nickel (0.1 g, 0.783 mmol) at room temperature. The resulting mixture was placed in a
pre-heated oil bath and refluxed for 5 minutes (TLC basis, 2 M NH; in MeOH: CHxCl,, 1:9).
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The reaction was brought to room temperature, filtered through a Celite bed, and washed with
methanol (3 x 10 mL). The combined methanotl layer was evaporated and crude was purified by
column chromatography (2 M NH; in MeOH: CHoCl,, 1:9) to obtain 2-(4-(5-amino-1H-indol-3-
y1)-5,6-dihydropyridin-1(2H)-yljethanol (0.175 g, 87%) as a solid. "H NMR (DMSO-ds) § 10.59
(s, 1H), 7.15 (d, 1H, ] = 2.4 Hz), 7.05 (d, 1H, T = 8.4 Hz), 6.99 (s, 1H), 6.48 (dd, 1H,J = 18,84
Hz), 5.96 (s, 1H), 4.48 (brs, 2H), 4.40 (t, 111, I = 5.4 Hz), 3.55 (g, 2H), 3.16-3.10 (m, 2H), 2.65
(t, 2H, J = 5.7 Hz), 2.50-2.45 (m, 4H); ESI-MS (m/z, %): 258 (MI", 30), 185 (100).
N-(3-(1-(2-Hydroxyethyl)-1,2,3,6-tetrahydropyridin-4-y1}-1H-indol-5-yl)thiophene-
2-carboximidamide: A solution of 2-(4-(5-amino-1H-indol-3-yl)-5,6-dihydropyridin-1(2H)-
yDethanol (0.16 g, 0.622 mmol) in dry ethanol (5 mL) was treated with methyl thiophene-2-
carbimidothioate hydroiodide (0.355 g, 1.244 mmol) at room temperature and stirred overnight
(18 ). The reaction was basified with sat. NaHCO; solution (50 ml.) and product was extracted
into CH,Cl, (3 x 20 mL). The combined CH,Cly layer was washed with brine (20 mL) and dried
(Na»SO4). Solvent was evaporated and crude was purified by column chromatography (2 M NH;
in MeOH: CH,Cly, 1:9) to obtain N-(3-(1-(2-hydroxyethyl)-1,2,3,6-tetrahydropyridin-4-yl)-1H-
indol-5-yl)thiophene-2-carboximidamide (0.14 g, 61.4%) as a solid. "H NMR (DMSO-ds) &
10.92 (s, 1H), 7.71 (d, 1H, I = 3.6 Hz), 7.58 (d, 1H, ] = 5.1 Hz), 7.33-7.30 (m, 2H), 7.21 (s, 1H),
7.09 (t, 1H, J=3.9 Hz), 6.66 (d, 1H, ] = 8.4 Hz), 6.23 (brs, 2H), 6.03 (s, 1H), 440 (1, 1H, I =5.1
Hz), 3.54 (g, 2H), 3.16-3.10 (m, 2H), 2.66 (t, 2H, J = 5.4 Hz), 2.50-2.44 (m, 4H, merged with
DMSO-peak); ESI-MS (m/z, %): 367 (MH", 33), 294 (100).
N-(3-(1-(2-Hydroxyethyl)-1,2,3,6-tetrahydropyridin-4-yD)-1H-indol-S-yljthiophene-
2-carboximidamide dikydrochloride: A solution of N-(3-(1-(2-hydroxyetiyf)-1,2,3,6-
tetrahydropyridin-4-yl)-1H-indol-5-yl)thiophene-2-carboximidamide (0.125 g, 0.341 mmol) in
dry methanol (3 mL) was treated with hydrogen chloride (IM in diethyl ether) (1.023 mL, 1.023
mmol) at room temperature. Solvent was evaporated under reduced pressure after stirring for 15
minutes and the crude material was dried to obtain N~(3-(1-(2-hydroxyethyl)-1,2,3,6-
tetrahydropyridin-4-y1)-1H-indol-5-y}thiophene-2-carboximidamide dihydrochloride (0.14 g, 93
%) as a solid. "H NMR (DMSO-dg) 8 11.70 (s, 1H), 11.47 (s, 1H), 10.57 (brs, 1H), 9.66 (s, 1H),
8.61 (s, 1H), 8.19-8.16 (m, 2H), 7.94 (s, 1H), 7.68 (d, 1H, I =2.1 Hz), 7.59 (d, 1H, J = 8.4 Hz),
739 (t, 1H, T =4.5 Hz), 7.18 (d, 1H, ] = 9.3 Hz), 6.16 (s, 1H), 5.36 (s, 1H), 4.06-3.96 (m, 1H),
3.90-3.80 (m, 3H), 3.71-3.67 (m, 1H), 3.28-3.0 (m, 2H), 2.98-2.91 (m, 1H), 2.81-2.72 (m, 1H),
2.50-2.40 (m, 2H, merged with DMSO peak); ESI-MS (m/z, %): 367 (MH", 39), 294 (100); ESI-
HRMS calculated for CaoHasN4OS (MH, free base), calculated:367.1587; observed: 367.1605.
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Example 24: Svnthesis of N-(3-( 2-(pyrrolidin-1-yliethyvD)-1H-indol-5-vi}thiophene-2-

carboximidamide (Compound 25)
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Br. Pds(dba)s, BusP S
) u::m?m;’s = HN U)( -
N ’ O \ EtOH |
| N
o ¢J

AN Qo
S , 1NHClinether K 8 _
g Ny .
T O N 2HCI
N

> MeOH
NH e
N

(25) x 2HCI

n

5-Brome-3-(2-(pyrrolidin-1-ylethyl)-1H-indole: Prepared according to literature
procedure reported in Bioorg. & Med. Chem. Lett. 14: 727-729 (2004).
3-(2-(Pyrrolidin-1-yl)ethyl)-1 H-indol-S-amine: A solution of Pdxdba; (0.187 g, 0.205
10  mmol) in dry THF (10 mL) was treated with tri-tert-butylphosphine (2.483 mL, 0.819 mmol) at
room temperature. After stirring for 10 min., 5-bromo-3-(2-(pyrrolidin-1-yDethyl)-1H-indole
(1.2 g, 4.09 mmol) in dry THF (10 mL) was added followed by lithium bis(trimethylsilyl)amide
1M THF (10.23 mL, 10.23 mmol) at same temperature. The reaction was placed in a pre-heated
oil bath and stirred for 3.5 h at 100 °C in a sealed tube. The reaction was brought to room
15 temperature, quenched with 1 N HC solution (25 mL) and stirred for 30 min. The reaction was
basified with 1 N NaOH solution (50 mL) and product was extracted into ethyl acetate (3 x 25
mL). The combined ethyl acetate layer was dried (Na;SQ,) and solvent was evaporated to obtain
crude product. The crude material was purified by column chromatography (2 M NH; in MeOH:
CH,Cly, 5:95) to obtain 3-(2-(pyrrolidin-1-yl)ethyl)-1H-indol-5-amine (0.6 g, 2.62 mmol, 63.9 %
20 yield) as a brown foam. ESI-MS (m/z, %): 230 (MH", 100).
N-(3-(2-(Pyrrolidin-1-ylethyl)-1H-indol-5-yl)thiophene-2-carboximidamide: A
solution of 3-(2-(pyrrolidin-1-yl)ethy!)-1H-indol-5-amine (0.59 g, 2.57 mmol) in dry ethanol (10
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mL) was treated with methyl thiophene-2-carbimidothioate hydroiodide (1.467 g, 5.15 mmol) at
room temperature and the resulting mixture was stirred overnight. The reaction was basified
with saturated NaHCO; solution (50 mL) and product was extracted into CHxCly (2 x 25 mlL).
The combined organic layer was washed with brine (20 mL) and dried (N2,SOx). Solvent was
evaporated and crude was purified by column chromatography (2 M NH; in MeOH: CH,CL,
1:9) to obtain N-(3-(2-(pyrrolidin-1-yl)ethyl)- 1 H-indol-5-yl)thiophene-2-carboximidamide (0.39
g, 1.152 mmol, 44.8 % yield) as a solid. *H NMR (DMSO-dg) 8 10.59 (s, 1H), 7.70 (4, 1H, I =
2.7 Hz), 7.58 (d, 1H, J = 3.9 Hz), 7.26 (d, 1H, J = 6.3 Hz), 7.10-7.08 (m, 2H), 6.92 (s, 1H), 6.62
(d, 1H, J = 6.3 Hz), 6.23 (s, 2H), 2.80 (t, 2H, J = 6.0 Hz), 2.65 (t, 2H, J = 5.4 Hz), 2.52-2.48 (m,
4H, merged with DMSO peak), 1.68 (s, 4H); ESI-MS (m/z, %): 339 (MH", 100).
N-(3-(2-(Pyrrolidin-1-yl)ethyl)-1H-indol-5-yl)thiophene-2-carboximidamide
dihydrochioride: A solution of N-(3-(2-(pyrrolidin-1 ~y1)ethy1}.-IH-indol—S-yl)ﬂLiophene-Z-
carboximidamide (0.16 g, 0.473 mmol) in methanol (3 mL) was treated with 1 N hydrochloric
acid in ether (1.418 mL, 1.418 mmol) and stirred for 15 minutes at room temperature. Solvent
was evaporated and product was dried under reduced pressure to obtain N-(3-(2-(pyrrolidin-1-
yhethyl)-1H-indol-5-yl)thiophene-2-carboximidamide dihydrochloride (0.17 g, 0.413 mmol, 87
% yield) as a solid. "H NMR (DMSO-ds) § 11.50 (s, 1H), 11.38 (s, 1H), 11.26 (brs, 1H), 9.71 (s,
1H), 8.64 (s, 1H), 8.20-8.17 (m, 2H), 7.75 (s, 1H), 7.53 (d, 1H, = 6.6 Hz), 7.39 (5, 2H), 7.12 (d,
1H, J = 6.3 Hz), 3.58-3.52 (m, 2H), 3.40-3.32 (m, 2H), 3.20-3.16 (m, 2H), 3.06-3.04 (m, 2H),
2.00-1.88 (m, 4H); ESI-MS (m/z, %): 339 (MH", free base, 100), 268 (74), 126 (59); ESI-HRMS
calculated for CoHxN4S (MH™, ﬁ'ee base), calculated: 339.1637; observed: 339.1649.
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Example 25, Svnthesis of N-(3-(3-(ethvlamino)evelopentvl)-1H-indol-5-vlithiophene-2-

carbeximidamide (compound 26)

+
O N\/
ENH, . HCI, NaBH{OAC
m OuN 2 {OAC)s 0N
ﬁ BI(N03)3 MeCN N AcOHM, 1,2-dichioroethane AN
ﬁ RT N
H
Boc
N\/’
(BOC}QO, EfsN Raney-Ni, NH;}_-NHz HoN
2
1 4-Dioxane MeOH reﬂux 15 min A
RT ﬁ
Eoc h
~ ~
_BOH (1( 20% TFA B
N CHyClp, 0°C  ° T N\
N 2h H
NH.Hi
{28)

3-(5-Nitro-1H-indol-3-yl)cyclopentancne: To a solution of 3-nitroindole (2.0 g, 12.80
mmol} in dry MeCN (10.0 mL) was added cyclopent-2-enone (2.0 mL, 23.87 mmol) and
Bi(NO3)s (0.06g, 0.13 mmol) and the mixture stirred overnight at room temperature. The solvent
then was evaﬁorated and the crude was purified by column chromatography (50% Hexane: 50%

10  EtOAc) to obtain the titie compound (1.63 g, 52%) as a yellow solid. 'HNMR (CDCl3) § 2.05-
2.18 (m, 1H), 2.37-2.48 (m, 3H), 2.54-2.66 (m, 1H), 2.80 (dd, 1H, = 7.2, 7.8 Hz), 3.72-3.82 (m,
1H), 7.15(d, 1H, J =1.5 Hz), 7.42 (4, 1H, ] = 9.0 Hz), 8.15 (dd, 1H, J =2.4, 9.0 Hz), 8.39 (brs,
1H, NH), 8.62 (d, 1H, J = 2.4 Hz); ESI-MS (m/z, %) 267 (MNa", 100).

N-Ethyl-3-(5-nitro-1H-indol-3-yl)eyclopentanamine: To a solution of 3-(5-nitro-1H-

15 indol-3-yl)cyclopentanone (1.6 g, 6.55 mmol) in 1,2-dichloroethane (50 mL) was added AcOH
(0.40 mL, 6.55 mmol), EINH,-HCl (0.53 g, 6.55 mmol) and NaBH(OAc); (2.1 g, 9.83 mmol)
and the mixture left to stir overnight at room temperature. The reaction mixture was extracted
with 2N NaOH (10 mL) and washed with dichloromethane (2x10 mL). The dichloromethane
layer was separated and evaporated. The crude material was purified by column chromatography

20 (2 M NH; in MeOH: CHCly, 1:9) to obtain the product as a yellow solid as a mixture of
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diastereomers (1.2 g, 67%). 'H-NMR (CDCl3) & 1.10-1.16 (m, 6H), 1.45-1.92 (m, 10H), 1.96-
2.13 (m, 3H), 2.13-2.36 (m, 3H), 2.50-2.58 (m, 1H), 2.65-2.76 (m, 4H), 3.28-3.43 (m, 3H), 3.49-
3.60 (m, 1H), 7.11 (d, 1H, J = 1.8 Hz), 7.15 (d, 1H, I = 1.5 Hz), 7.35 (s, 1H), 7.38 (s, 1H), 8.08
(d, 1H, J=2.1 Hz), 8.11 (d, 1H, T = 2.1 Hz), 8.32 (brs, 1H, NH), 8.41 (brs, 1H, NH), 8.61 (d, 1H,
J=2.1Hz),8.63 (d, 1H, J = 2.1 Hz); EI-MS (nv/z, %) 273 (M, 90).

tert-Butyl ethyl(3-(5-nitro-1 H-indol-3-yl)cyclopentyl)carbamate: To a solution of N-
ethyl-3-(5-nitro-1H-indol-3-yl)eyclopentanamine (1.1 g, 4.02 mmol) in 1,4-dioxane (10 mL) was
added (Boc)0 (0.97 g, 4.43 mmol) and triethylamine (1.2 mL, 8.04 mmol) and the resulting
mixture left to stir overnight at room temperature. The solvent was evaporated and the crude
purified on column chromatography (EtOAc: Hexanes, 1:1) to give the compound as a yellow
solid (1.43 g, quantitative). "H-NMR (CDCl3) & 1.13-1.21 (m, 6H), 1.49 (s, 18H), 1.65-1.94 (m,
5H), 2.01-2.20 (m, 5H), 2.21-2.40 (m, 3H), 3.15-3.32 (m, SH), 3.53-3.58 (m, 1H), 4.42-4.53 (m,
2H), 7.10 (4, 1H,J=1.5Hz), 7.14 (m, 1H, J= 1.8 Hz), 7.35 (d, 1H, ] = 4.5 Hz), 7.38 (d, 1H, I =
4.5 Hz), 8.08(dd, 1H,J=2.7,9.0 Hz), 8.11 (dd, 1H, J=2.4, 4.8 Hz), 8.56 (d, 1H, J=2.1 Hz),
8.60 (d, 1H, J = 2.1 Hz), 8.62 (brs, 1H, NH), 8.71 (brs, 1H, NH); EI-MS (m/z, %) 373 (M, 30).

tert-Butyl 3-(5-amino-1 H-indol-3-yl)cyclopentyl(ethyl)carbamate: To 2 solution of
tert-butyl ethyl(3-(5-nitro-1H-indol-3-ycyclopentyljcarbamate (1.40, g 3.75 mmol) in dry
MeOH (15 mL) was added Raney-Ni (0.1 g as a slurry in water) and hydrazine hydrate (1.9 mL,
37.5 mmol). The resulting mixture was immersed in a preheated oil bath and refluxed for 15
min. until the solution became clear. The reaction was cooled and filtered trough celite, washed
with MeOH (20 mL) and the solvent evaporated. The crude was purified on column
chromatography (2% 2N NH; in MeOH: 98% CH,Cl,) to give the title compound as a brownish
solid (1.25 g, quantitative). "H-NMR (CDCl3) & 1.11-1.19 (m, 6H), 1.49 (s, 18H), 1.67-1.89 (:zi,
6H), 1.96-2.12 (m, 4H), 2.13-2.22 (m, 2H), 2.26-2.35 (m, 2H), 3.10-3.28 (m, 4H), 3.37-3.58 (m,
4H), 4.44-4.59 (m, 2H), 6.64 (dd, 1H, T = 1.8, 9.0 Hz), 6.67 (dd, 1H, ] =2.1, 8.4 Hz), 6.91 (d,
1H,I=24Hz),692(d, 1H, J=21 Hz)., 7.14(d, 1H,J=21Hz),7.17({d, 1H,J=2.1 H2), 7.73
(brs, 2H, NH); EI-MS (m/z, %) 343 (M", 100).

tert-Butyl ethyl(3-(5-(thiophene-2-carboximidamido)-1H-indel-3-
yljcyclopentyl)carbamate: To a solution of rert-butyl 3-(5-amino-1H-indol-3-
yl)cyclopentyl(ethyl)carbamate (1.22 g, 3.55 mmol) in dry EtOH (30 mL) was added methyl
thiophene-2-carbimidothioate hydroiodide (2.0 g, 7.10 mmol), and the reaction left to stir at
room temperature for 48 hours. The solvent was evaporated, and the mixture dissolved in
dichloromethane (20 mL) and washed with 2N NaOH (20 mL). The organic layer was extracted
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and evaporated. The crude material was purified using column chromatography (2 M NH; in
MeOH: CH,Cl,, 2:98 to 5:95) to give the title compound as a yellow solid (1.28 g, 80 %). H-
NMR (CDClL) & 1.10-1.17 (m, 6H), 1.47 (s, 18H), 1.68-1.89 (m, 6H), 1.97-2.12 (m, 4H), 2.13-
2.34 (m, 4H), 3.11-3.32 (m, 4H), 3.42-3.53 (m, 1H), 4.51 (brs, 2H), 4.92 (brs, 2H), 6.86 (dd, 1H,
J=2.1,84Hz), 6.89 (dd, 1H, J=2.4, 8.4 Hz), 6.96 (d, 1H, I =2.1 Hz), 6.98 (d, 1H, J = 2.1 Hz),
7.07-7.10 (m, 2H), 7.21-7.23 (m, 2H), 7.30 d, 1H, J = 3.3 Hz), 7.33 (d, IH, J = 3.3Hz), 7.42 (s,

1H), 7.43 (s, 1H), 7.95 (brs, 1H, NH), 7.97 (brs, 1H, NH); ESI-MS (m/z, %) 453 (M, 100).

N-(3-(3-(Ethylamino)cyclopentyl)-1H-indol-5-yl)thiophene-2-carboximidamide (26):
tert-Butyl ethyl(3-(5-(thiophene-2-carboximidamido)-1H-indol-3-yl)cyclopentyljcarbamate
(1.25 g, 2.76 mmol) was treated with 20% TFA solution (31 mL) in dichloromethane at 0 °C and
the mixture left to stir for 2 hours at 0 °C. The reaction then was neutralized with 10% NH4OH
solution, the organic layer separated and evaporated. The crude was purified by column
chromatography (20% 2N NH; in MeOH: 80% CH,Cl;) to give the product as a yellow solid
(0.87 g, 89 %).'"H-NMR (DMSO-d¢) & 1.07 (¢, 3H, ] = 7.2 Hz), 1.45-1.71 (m, 2H), 1.77-2.16 (m,
3H), 2.23-2.40 (m, 1H), 2.64-2.73 (m, 2H), 3.24-3.49 (m, 2H), 6.22 (brs, 2H, NH), 6.63 (d, 1H,J
=8.1 Hz), 7.03-7.11 (m, 3H), 7.26 (4, 1H, 1 =84 Hz), 7.58 (d, I1H, J = 5.1 Hz), 7.71 (d, 1B, ] =
3.6 Hz), 10.57 (s, 1H, NH); EI-MS (m/z, %) 352 (M, 50), 243 (80), 158 (100), EI-HRMS (M")
cale. for CopgHa4NGS, calculated: 352.1722, found: 352.1725.

Chiral separation of N-(3-(3-(ethvlamino)eyvelopentyl)-1H-indol-5-vI)thiophene-2~

carboximidamide:

The compound (mixture of four isomers) was subjected to a chiral preparative HPLC
(CHIRALPAK AD-H). _
Flow rate 18 mL/min, 10% EtOH: 90% Hexane + 0.2% DEA.

- 101 -



H
N~
S N
H

Fiuted first
Enantuomer!dlastereomer-

(—)\ﬂ/ separatton [x(
chiral HPLC

i : ; Eluted second
Mixture of four isomers Enantiomer/diastereomer-2

+ ,‘;ﬁ\/
S W
S N
NH N
H

Eluted third; Mixiure of two
enantiomers/diastereomers

First (least polar) isomer started eluting at 27 min. to obtain 13.0 mg with 100%
enantiomeric purity. The second isomer started eluting at 33 min. to obtain 8.0 mg with 100%
enantiomeric purity. The other two isomers started eluting together at 35 min. and could not be
separated in to their pure enantiomeric forms.

nNOS and eNOS inhibitory activities for all new compounds are listed in Table 15

below,

Table 15
compound Cso1n pM {Crom M eNOS/nNOS
(Human nNOS) | (Human eNOS)
21 0.309 7.76 25.1
22 0.264 10.8 40.9
23 0.735 31.8 432
24 0.748 74.1 99
25 0.427 992 23.2
26 0.257 14.3 55.6
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Example 26. Effects of 1-Methvipvrrelidin-2-yhmethvl)-1H-indol-5-
yDthiophene-2-carboximidamide (Compound (27)) in a pancreatitis visceral pain model
The effect of Compound (27), whose synthesis is described in U.S. Patent No. 7,375,219,

hereby incorporated by reference, in a pancreatitis visceral pain model was demonstrated using

the procedure described in Example 16. Figure 12 shows that Compound (27) reverts the tactile
allodynia in rats with pancreatitis.

Other embodiments

While the present invention has been described with reference to what are presently
considered to be the preferred examples, it is to be understood that the invention is not limited to
the disclosed examples. To the contrary, the invention is intended to cover various modifications
and equivalent arrangements included within the spirit and scope of the appended claims,

All publications, patents and patent applications are herein incorporated by reference in
their entirety to the same extent as if each individual publication, paient or patent application was
specifically and individually indicated to be incorporated by reference in its entirety. Where a
term in the present application is found to be defined differently in a document incorporated
herein by reference, the definition provided herein is to serve as the definition for the term.

(Other embodiments are in the claims.
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What is claimed is:
CLAIMS
1. A method of treating visceral pain, said method comprising administering to a

patient in need thereof a therapeutically effective amount of a compound having the formula:
R4 R3 4
R5
A\ R2
R® N
R

R R

(D), or a pharmaceutically acceptable salt or prodrug thereof, wherein,

R! is H, optionally substituted Ci.¢ alkyl, optionally substituted C;4 alkaryl, optionally |
substituted Cy4 alkheterocyclyl, or optionally substituted Cs.g cycloalkyl;

" each of R? and R? is, independently, H, Hal, optionally substituted C;.¢ alkyl, optionally
substituted Ce.10 aryl, optionally substituted C;4 alkaryl, optionally substifuted Cy.g bridged
heterocyclyl, optionally substituted C; bridged alkheterocyclyl, optionally substituted Co.
heterocyclyl, or optionally substituted C,.4 alkheterocyclyl;

each of R*and R’ is, independently, H, F, Cy. alkyl, or C;.5 alkoxy;

R’ is H, R**CONEDNH(CHa)ss, or R*PNHC(S)NH(CH,),s, wherein r5 is an integer from 0
t0 2, R is optionally substituted Cy.¢alkyl, optionally substituted Cg.10 aryl, optionally
substituted C; alkaryl, optionally substituted Cy.¢ heterocyclyl, optionally substituted Ci4
alkheterocyclyl, optionally substituted Ci.4 thioalkoxy, optionally substituted Ci.4 thicalkaryl,
optionally substituted aryloyl, or optionally substituted C,4 thicalkheterocyclyl; and R ig
optionally substituted C, . alkyl, optionally substituted Cg.1¢ aryl, optionally substituted C;4
alkaryl, optionally substituted C,.¢ heterocyclyl, optionally substituted Ci.4 alkheterocyclyl,
optionaily substituted C1.5 thioalkoxy, optionally substituted C;4 thioalkaryl, or optionally
substituted aryloyl; and

R® is H, F, RCONH)NH(CHa)e, or RENHC(S)NH(CHy)ss, wherein r6 is an integer from
0 to 2, R% is optionally substituted C,.alkyl, optionally substituted Cg.10 aryl, optionally
substituted C 1.4 alkaryl, optionally substituted Cy.5 heterocyclyl, optionally substituted Ci.4
alkheterocyclyl, optionally substituted Cy. thioalkoxy, optionally substituted C;.4 thicalkaryl,
optionally substituted aryloyl, or optionally substituted C;4 thioalkheterocyclyl; and R is
optionally substituted C;.alkyl, optionally substituted Cs.10 aryl, optionaily substituted Cy4
alkaryl, optionally substituted Cy.5 heterocyclyl, optionally substituted CM, alkheterocyclyl,
optionally substituted C.q thicalkoxy, optionally substituted Cy4 thioalkaryl, or optionally
substituted aryloyl.
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2. The method of claim 1, wherein ROis H.

3. The method of claim 2, wherein RlisH, optionally substituted C;. alkyl, optionally
substituted C;.4 alkaryl, or optionally substituted C;.4 alkheterocyclyl.

4. The method of claim 1, wherein said visceral pain is secondary to irritable bowel
syndrome, inflammatory bowel syndrome, pancreatitis, diverticulitis, Crohn's disease, peritonitis,
pericarditis, hepatitis, appendicitis, colitis, cholecystitis, gastroenteritis, endometriosis,
dysmenorrhea, interstitial cystitis, prostatitis, pleuritis, upper gastrointestinal dyspepsia, renal

colic, or biliary colic.

5. The method of claim 1, wherein said visceral pain results from a neoplasm, infection,

or injury.
6. The method of claim 1, wherein said visceral pain is inflammatory.
7. The method of claim 1, wherein said visceral pain is non-inflammatory.

8. The method of claim 1, wherein R** is methyl, fluoromethyl, ethyl, n-propyl, i-propyl,
n-butyl, i-butyl, t-butyl, thiomethoxy, thioethoxy, thio-n-propyloxy, thio-i-propyloxy, thio-n-
butyloxy, thio-i-butyloxy, thio-t-butyloxy, phenyl, benzy!, 2-thienyl, 3-thienyl, 2-furanyl, 3-
furanyl, 2-oxazole, 4-oxazole, 5-oxazole, 2-thiazole, 4-thiazole, 5-thiazole, 2-isoxazole, 3-

isoxazole, 4-isoxazole, 2-isothiazole, 3-isothiazole, and 4-isothiazole.
9. The method of claim 1, wherein one or more of R/, RZ, and R isnot H.

10. The method of claim 1, wherein R’ is (CHo)mi X, wherein X' is selected from the

group consisting of:

R1C o \ \\R‘iD
ORIV S SOV y TR Sy |
é—"'N MZ1 29 R 71
‘R1Be n1 , p1“R™ , and P , wherein
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each of R and R'® is, independently, H, optionally substituted C,. alkyl, optionally
substituted Cs4 cycloalkyl, optionally substituted Cq.yq arvl, optionally substituted C;.4 alkaryl,
Ca.¢ heterocyclyl, or optionally substituted C;4 alkheterocyclyl;

each of R'® and R'P is, independently, H, F, OH, CO;R'%, or NR'*R'®, wherein each of
R'E, R¥ and R, independently, H, optionally substituted C,.4 alkyl, optionally substituted
Cs.g cycloalkyl, optionally substituted Ce.50 aryl, optionally substituted C;.4 alkaryl, Cop
heterocyclyl, or optionally substituted Cy.4 alkheterocyclyl, or R*® and R'® together with the
carbon they are bonded to are C=0; _

21 is NR™, NC(OR'™, NC(O)OR™, NC(O)NHR, NC(S)R™, NC(S)NHR™,
NS(O)ZRIH, 0, S, 8(0), or S(O),, wherein R¥is H, optionally substituted C,.¢ alkyl, optionally
substituted Cs.g cycloalkyl, optionally substituted Cg.o aryl, optionally substituted C,4 alkaryl,
Ca.9 heterocyclyl, or optionally substituted C,4 alkheterocyclyl;

ml is an integer of 0 to 6;

nl is an integer of 1 to 4;

pl is an integer of 0 to 2; and

ql is an integer of 0 to 5.

11. The method of claim 10, wherein when X!is Pl R X! is selected from

}@3(&1 p@jtﬂ.

and P

12. The method of claim 1, wherein R* is (CHy)mX, wherein X? is selected from the

group consisting of;

2c R2C 0
" ' RD R
B G LT,
R n2 P2 R®  and p2 , wherein

each of R* and R”® is, independently, H, optionally substituted Cy.¢ alkyl, optionally
substituted Cs.g cycloalkyl, optionally substituted Cg.j9-aryl, optionally substituted Cy4 alkaryl,
Cy. heterocyclyl, or optionally substituted C;.4 alkheterocyclyl;
each of R* and R?® is, independéntly, H, F, OH, CO,R%, or NR*R*®, wherein each of
R*, R¥, and R is, independently, H, optionally substituted C,.¢ alkyl, optionally substituted
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Cs.g cycloalkyl, optionally substituted Cq.1p aryl, optionally substituted C;.4 alkaryl, Cag
heterocyclyl, or optionally substituted C;.4 alkheterocyclyl, or R* and R*P together with the
carbon they are bonded to are C=0;

7% is NR%, NC(OR™, NC(O)OR™, NC(ONHR™, NC(S)R™, NC(S)NHR™,
NS(ORR, 0, S, S(0), or S(O),, wherein R* is H, optionally substituted C_ alkyl, optionally
substituted Cs.g cycloalkyl, optionally substituted Cg.1q aryl, optionally substituted C,4 alkaryl,
Ca.0 heterocyelyl, or optionally substituted C, alkheterocyclyl;

m2 is an integer of 0 to 6;

n2 is an integer of 1 to 4;

p2 is an integer of 0 to 2; and

q2 is an integer of 0 to 5.

RZC
‘RZD
AN
..g / ."Z 2
13. The method of claim 12, wherein when X2 is p2 , X2 is selected from
4 2 2
e
P2 and Pz |

14. The method of claim 1, wherein R? is (CH)X, wherein X is selected from the

group consisting of:

Rac R3C
3A /\{'“RBD ) ’ ‘)\\\R?’D
§--N’R é—N 73 g_ N .,‘q3 R3¢ "§ 4 'Z3q3 :
'R3 Mn3 , P3R®  and p3 , Wherein

each of R* and R®® is, independently, H, optionally substituted Cp.¢ alkyl, optionally
substituted Cs.g cycloalkyl, optionally substituted Cq.jg aryl, optionally substituted C;4 alkaryl,
Ca.¢ heterocyclyl, or optionally substituted C;.4 alkheterocyclyl;

each of RC and R is, independently, H, F, OH, C02R3E, or NR¥*R*C, wherein each of
R*, R¥, and R*C is, independently, H, optionally substituted C;.¢ alkyl, optionally substituted
Cas cycloalkyl, optionally substituted Cg.10 aryl, optionally substituted C;4 alkaryl, Cyo
heterocyclyl, or optionally substituted C,.4 alkheterocyclyl, or R?‘c and R*P together with the

carbon they are bonded to are C=0;
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73 is NR*, NC(O)R™ NC(O)OR™, NC(O)NHRE, NC(S)R™, NC(S)NHR™,
NS(O%R*E, O, S, S(0), or S(O),, wherein R*" is H, optionally substituted C.¢ alkyl, optionally
substituted Ca.g cycloalkyl, optionally substituted Cg 0 aryl, optionally substituted C,.4 alkaryl,
Ca.0 heterocyclyl, or optionally substituted Ci4 alkheterocyclyl;

m3 is an integer of 0 to 6;

n3 is an integer of 1 to 4;

p3 is an integer of 0 10 2; and

q3 is an integer of 0 to 5.

RSC
\R3D
¢ T
15. The method of claim 14, wherein when X’ is p3 , X is selected from
7\ /g3 3
ety
P3| and p3 |
16. The method of claim 1, wherein R is
R25 R24
R2J6 R243
g R2J2

®

wherein each of R7?, R s R¥™ R and R is, independently, H, Ci.¢ alkyl; OH; Ci.6
alkoxy; SH; Cj.thicalkoxy; Halo; NOy; CN; CF3; OCFs; NRZ2R? wwhere each of R*® and R*®
is, independently, H or Cgalkyl; C(O)R™, where R*® is H or Cy. alkyl; CO;R™, where R™ is
H or C ¢ alkyl; tetrazolyl; C(OINR™R", where each of R* and R*" is, independently, H or C1.6
alkyl; OC(O)R™®, where R¥® is C;.¢ alkyl; NHC(O)R™™, where R*™ is H or C;.¢ alkyl; SOsH;
S(O)NR™ R, where each of R and R is, independently, H or Ci¢alkyl; S(O)R™™, where
R is €4 alkyl;and S(O)R™, where R* is Cy.s alkyl.

17. The method of claim 1, wherein said compound is selected from the group consisting
of: 2-ethyl-1-(1 H-indol-3-yl)-isothiourea; N-(1H-indol-5-y1)-thiophene-2-carboxamidine; N-{1-
(2-dimethylamino-ethyl)-1H-indol-6-yl}-thiophene-2-carboxamidine; N-{1-{2~(1-methyl-
pyrrolidin-2-yi)-ethyl]-1H-indol-6-yl} thiophene-2-carboxamidine; 1-[1+(2-dimethylamino-
ethyl)-1H-indol-6-y1}-2-ethyl-isothiourea; N-[1-(2-pyrrolidin-1-yl-ethyl)-1H-indol-6-yl]-
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thiophene-2-carboxamidine; N-(1-phenethyl-1H-indol-6-y})-thiophene-2-carboxamidine; N-[3-
(2-dimethylamino-ethyl)-1H-indol-5-yl]-thiophene-2-carboxamidine; N-(1-{2-[2-(4-bromo-
phenyl)-ethylamino]-ethyl}-1H-indol-6-y])-thiophene-2-carboxamidine; (+)-N-{1-[2-(1-methyl-
pyrrolidin-2-yl)-ethyl]-1H-indol-6-y1} -thiophene-2-carboxamidine; (-)-N-{ 1-[2-(1-methyl-
pyrrolidin-2-y1)-ethyl}-1H-indol-6-y1}-thiophene-2-carboxamidine; N-{1-(1-methyl-azepan-4-
y1)-1H-indol~6-y1]-thiophene-2-carboxamidine; and N-[1-(2-piperidin-1-yl-ethyl)-1 H-indol-6-

vl] ~thi0'phenc-2-carboxamidine.

18. The method of claim 1, wherein RlorR%is

or
wherein Z is NR¥, o is an integer from 0-3, p is an integer from 1 to 2, q is an integer from 0 to 2,
r is an integer from 0 to 1, s is an integer from 1 to 3, uis an integer from 0 to 1, and tisan
integer from 3 to 7, wherein said R! or R? substituent includes 0 to 6 carbon-carbon double bonds
or 0 or 1 carbon-nitrogen double bonds, and wherein R™ is H, optionaily substituted C;.¢ alkyl,
optionally substituted Cs.5 cycloalkyl, optionally substituted Ce.i0 aryl, optionally substituted Cy.4
alkaryl, Cy.g heterocyclyl, or optionally substituted C;.¢ alkheterocyclyl.

19. The method of claim 1, wherein said compound has the formula:

20. The method of claim 1, wherein said compound is selected from:

, wherein X is O or S.

&

=

/7 % H
<1n/ 8 N \\
NHE/’N
H
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22. The method of claim 1, wherein said compound has the formula:

N/
4 ‘ H
S N S
HN N
+) H

23, The method of claim 1, wherein said compound has the formula:

N/
74 1
S N 4
o ™ N

24, The method of claim 1, wherein said compound has the formula:

NE , NH
S N\ 8 N
NH N NH N
¢ H

(+}-cis-enantiomer

o
EE o o

Mixture of cis-enantiomers

NH
/7 Y H b NH
s A [\ H )
NH N s \
H NH N

{-}-cis-enantiomer Mixture of trans-enant{omers .

10 Mixture of trans—enantfomers Mixture of cns-enanttomers
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ay: (ALK
S N\ s N\
H , H , Or
H
N~
H
/A X
S N\
NH N

Mixture of four isomers

25. The method of claim 1, wherein said compound has the formula

\
N
/ H i
Ot A J
NH N
H .

5
26. The method of claim 1, further comprising administering a 5SHT;g or SHTp receptor
agonist.
10 27. The method of claim 1, further comprising administering a triptan.
28. The method of claim 27, wherein said triptan is sumatriptan, rizatriptan, naratriptan,
zolmitriptan, eletriptan, almotriptan, or frovatriptan.
15 29. The method of claim 1, further comprising administering to said patient one or more

agents selected from the group consisting of analgesics, antidepressants, and anticonvulsants.

-114 -



30. The method of claim 1, wherein said visceral pain is secondary to a disease of the
liver, kidney, ovary, uterus, bladder, bowel, stomach, esophagus, duodenurm, intestine, colon,

spleen, pancreas, appendix, heart, or peritoneum.

5 31. A compound having the structure
/
N
7 f H
s N {
HN
® g

32. A compound having the structure

N/ .
] d
S N 4
10 O "N N

, or a pharmaceutically acceptable salt thereof.

, or a pharmaceutically acceptable salt thereof.

33. A pharmaceutical composition comprising

N
74 | H
S N Q
HN
) N

and a pharmaceutically acceptable carrier.

15 34. A pharmaceutical composition comprising

N/
70 H
S N A
oo H

35. A compound having the structure

and & pharmaceutically acceptable carrier.
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, or a salt thereof.

Iz

36. A compound having the structure

-~
@./Oﬁ
hif N\
0

N

N
) H , or a salt thereof,
37. A compound having the structure
N
©\/O N

hig \

o N
H , ot & salt thereof.

()

38. A compound having the structure

& H
Q.8
NH

10

N
39. A pharmaceutical composition comprising

N

N

TZ

,or a pharmaceutically acceptable salt thereof.

7 H Y
s A
NH N
H , and a pharmaceutically acceptable carrier.
15 40. A method of synthesizing an enantiomer of

-116 -



10

15

20

25

30

N
71 H
S N S
HN N . ‘ ..
H , said method comprising the steps of:

a. reacting 3~(1-methylpyrrolidin-3-y1)-1H-indol-5-amine with benzyl chloroformate to form ()
benzyl 3-(1-methylpyrrolidin-3-y1)-1H-indol-5-ylcarbamate; )

b. subjecting (+) benzyl 3-(1-methylpyrrolidin-3-y1)-1H-indol-5-ylcarbamate to chiral HPLC or
SFC (supercritical fluid chromatography) fo resolve the enantiomers of benzyl 3-(1-
methylpyrrolidin-3-y1)-1H-indol-5-ylcarbamate;

c. deprotecting one enantiomer of benzyl 3-(1-methylpyrrolidin-3-yl)-1H-indol-53-ylcarbamate by
hydrogenation to yield one enantiomer 3-(1-methylpyrrolidin-3-yl)-1H-indol-5-amine; and

d. reacting one enantiomer of 3-(1-methylpyrrolidin-3-yl)-1H-indol-5-amine with methyl
thiophene-2-carbimidothioate.

41. The method of claim 40, wherein said enantiomer is the (+) enantiomer.

42, The method of claim 40, wherein said enantiomer is the (-) enantiomer.

43. A method of treating a condition in a mammal caused by the action of nitric oxide
synthase (NOS), wherein said method comprises administering an effective amount of the

compound of claim 1 to said mammal.
44, The method of claim 43, wherein said mammmal is a human.

45. The method of claim 43, wherein said condition is migraine headacﬁe (with or
without aura), chronic tension type headache (CTTH), migraine with allodynia, neuropathic pain,
post-stroke pain, chronic headache, chronic pain, acute spinal cord injury, diabetic neuropathy,
trigeminal neuralgia, diabetic nephropathy, an inflammatory disease, stroke, reperfusion injury,
head trauma, cardiogenic shock, CABG associated neurological damage, HCA, AIDS associated
dementia, neurotoxicity, Parkinson’s disease, Alzheimer’s disease, ALS, Huntington’s disease,
multiple sclerosis, metamphetamine-induced neurotoxicity, drug addiction, morphine/opioid
induced tolerance, dependence, hyperalgesia, or withdrawal, ethanol _tolerance, dependence, or

withdrawal, epilepsy, anxiety, depression, attention deficit hyperactivity disorder, or psychosis.
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46. The method of claim 45 wherein said condition is stroke, reperfusion injury,

neurodegeneration, head trauma, CABG associated neurological damage, migraine headache

(with or without aura), migraine with allodynia, chronic tension type headache, neuropathic pain,

post-stroke pain, opioid induced hyperalgesia, or chronic pain

47. The method of claim 43, wherein said compound is a 3,5-substituted indole and said

condition is migraine or chronic tension type headache.

48. The method of claim 43, wherein said method further comprises administering to

said mammal an opioid.

49. The method of claim 48, wherein said opioid is alfentanil, butorphanol,
buprenorphine, dextromoramide, dezocine, dextropropoxyphene, codeine, dihydrocodeine,
diphenoxylate, etorphine, fentanyl, hydrocodone, hydromorphone, ketobemidone, loperamide,
levorphanol, levomethadone, meperidine, meptazinol, methadone, morphine, morphine-6-
ghucuronide, nalbuphine, naloxone, oxycodone, oxymorphone, pentazocine, pethidine,

piritramide, propoxylphene, remifentanﬂ, sulfentanyl, tilidine, and tramadol.

50. The method of claim 43, wherein said method further comprises administering to

said mammal an antidepressant.

51. The method of claim 50, wherein said antidepressant is a selective serotonin re-
uptake inhibitor.

52. The method of claim 51, wherein said selective serotonin re-uptake inhibitor is

citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine or sertraline.

53. The method of claim 50, wherein said antidepressant is & norepinephrine-reuptake -
inhibitor.

54. The method of claim 53, wherein said norepinephrine-reuptake inhibitor is

amitriptyline, desmethylamitriptyline, clomipramine, doxepin, imipramine, imipramine oxide,
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trimipramine; adinazolam, amiltriptylinoxide, amoxapine, desipramine, maprotiline,
nortriptyline, proiriptyline, amineptine, butriptyline, demexiptiline, dibenzepin, dimetacrine,
dothiepin, fluacizine, iprindole, Jofepramine, melitracen, metapramine, norclolipramine,

noxiptilin, opipramol, perlapine, pizotyline, propizepine, quinupramine, reboxetine, or tianeptine.

55. The method of claim 50, wherein said antidepressant is a selective

noradrenaline/norepinephrine reuptake inhibitor.

56. The method of claim 55, wherein selective noradrenaline/norepinephrine reuptake

inhibitor is atomoxetine, bupropion, reboxetine, or tomoxetine.

57. The method of claim 50, wherein said antidepressant is a dual
serotonin/norepinephrine reuptake inhibitor.

58. The method of claim 57, wherein said dual serotonin/norepinephrine reuptake

inhibitor is duloxetine, milnacipran, mirtazapine, nefazodone, or venlafaxine.

59. The method of claim 50, wherein said antidepressant is a monoamine oxidase
inhibitor.

60. The method of claim 59, wherein said monoamine oxidase inhibitor is amiflamine,
iproniazid, isocarboxazid, M-3-PPC (Draxis), moclobenide, pargyline, phenelzine,

tranylcypromine, or vanoxerine.

61. The method of claim 50, wherein said antidepressant is a reversible monoamine
oxidase type A inhibitor.

62. The method of claim 61, wherein said reversible monoamine oxidase type A

inhibitor is bazinaprine, befloxatone, brofaromine, cimoxatone, or clorgyline.

63. The method of claim 50, wherein said antidepressant is a tricyclic.
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64. The method of ¢laim 63, wherein said tricyclic is amitriptyline, clomipramiﬁc,

desipramine, doxepin, imipramine, maprotiline, nortryptyline, protriptyline, or trimipramine.

65. The method of claim 50, wherein said antidepressant is adinazolam, alaproclate,
amineptine, amitriptyline/chlordiazepoxide combination, atipamezole, azamianserin,
bazinaprine, befuraline, bifemelane, binodaline, bipenamol, brofaromine, caroxazone,
cericlamine, cianopramine, cimoxatone, citalopram, clemeprol, clovoxamine, dazepinil, deanol,
demexiptiline, dibenzepin, dothiepin, droxidopa, encfexine, estazolam, etoperidone, femoxetine,
fengabine, fezolamine, fluotracen, idazoxan, indalpine, indeloxazine, iprindole, levoprotiline,
lithium, litoxetine; lofepramine, medifoxamine, metapramine, metralindole, mianserin,
milnacipran, minaprine, mirtazapine, montirelin, nebracetam, nefopam, nialamide, nomifensine,
norfluoxetine, orotirelin, oxaflozane, pinazepam, pirlindone, pizotyliné, ritanserin, rolipram,
sercloremine, setiptiline, sibuframine, sulbutiamine, sulpiride, teniloxazine, thozalinone,
thymoliberin, tianeptine, tiflucarbine, trazodone, tofenacin, tofisopam, toloxatone, tomoxetire,

veralipride, viloxazine, viqualine, zimelidine, or orzometrapine.

66. The method of claim 43, wherein said method further comprises administering to

said mammal an antiepileptic.

67. The method of claim 66, wherein said antiepileptic is carbamazepine, flupirtine,

gabapentin, lamotrigine, oxcarbazepine, phenytoin, retigabine, topiramate, or valproate.

68. The method of claim 43, wherein said method further comprises administering to
said mammal a non-steroidal anti-inflammatory drug (NSAID).

69. The method of claim 68, wherein said NSAID is acemetacin, aspirin, celecoxib,
deracoxib, diclofenac, diflunisal, ethenzamide, etofenamate, etoricoxib, fenoprofen, flufenamic
acid, flurbiprofen, lonazolac, lornoxicam, ibuprofen, indomethacin, isoxicam, kebuzone,
ketoprofen, ketorolac, naproxen, nabumetone, niflumic acid, sulindac, tolmetin, piroxicam,
meclofenamic acid, mefenamic acid, meloxicam, metamizol, mofebutazone, oxyphenbutazone,
parecoxib, phenidine, phenylbutazone, piroxicam, propacetamol, propyphenazone, rofecoxib,
salicylamide, suprofen, tiaprofenic acid, tenoxicam, valdecoxib, 4-(4-cyclohexyl-2-

methyloxazol-3-yi)-2-fluorobenzenesulfonamide, N-[2-(cyclohexyloxy)-4-
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nitrophenyl]methanesulfonamide, 2-(3,4-difluorophenyl)-4-(3-hydroxy-3-methylbutoxy)-5-[4-
(methylsulfonyl)phenyl]-3(2H)-pyridazinone, and 2-(3,5-difluorophenyl)-3-[4-
{methylsulfonyl)phenyl}-2-cyclopenten-1-one).

70. The method of claim 43, wherein said method further comprises administering to

said mammal an antiarrhythmic.

71. The method of claim 43, wherein said method further comprises administering to
said mammal a GABA-B antagonist.

72. The method of claim 43, wherein said method further comprises administering to

said mammal an alpha-2-adrenergic receptor agonist,

73. The method of claim 43, wherein said method further comprises administering to

said mammal a serotonin SHT;p,;p agonist.

74. The method of claim 73, wherein said serotonin 5HT1p/p agonist is almotriptan,
eletriptan, frovairiptan, naratriptan, rizatriptan, sumatriptan, or zolmitriptan.

75. The method of claim 43, wherein said method further comprises administering to

said mammal an N-methyl-D-aspartate antagonist.

76. The method of claim 75, wherein said N-methyl-D-aspartate antagonist is
amantadine; aptiganel; besonprodil; budipine; conantokin G; delucemine; dexanabinol;
dextromethorphan; dextropropoxyphen;felbamate; fluorofetbamate; gacyelidine; glycine;
ipenoxazone; kaitocephalin; ketamine; ketobemidone; lanicemine; licostinel: midafotel:
memantine; D-methadone; D-morphine; milnacipran; neramexane; orphenadriné; remacemide;
sulfazocine; FPL-12,495 (racemide metabolite); fopiramate; (aR)-o—amino-S-chloro-1-
(phosphonomethyl)-1H-benzimidazole-2-propanoic acid; 1-aminocyclopentane-carboxylic acid;
[5-(aminomethyl)-2-{[[(55)-9-chloro-2,3,6,7-tetrahydro-2,3-dioxo-1 H-,5H-pyrido[ 1,2,3-
de]quinoxalin-5-yljacetyl Jamino]phenoxy]-acetic acid; ot-amino-2-(2-phosphonoethyl)-
cyclohexanepropanoic acid; o-amino-4-(phosphonomethyl)-benzeneacetic acid; (3E)-2-amino-4-

(phosphonomethyl)-3-heptenoic acid; 3-[(1E)-2-carboxy-2-phenylethenyl]-4,6-dichloro-1H-
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indole-2-carboxylic acid; 8-chloro-2,3-dihydropyridazino[4,5-b]quinoline-1,4-dione S-oxide salt
with 2-hydroxy-N,N,N-trimethy!-ethanaminium; N'-[2-chloro-5-(methylthio)phenyl}-N-methyl-
N-[3-(methylthio)phenyl]-guanidine; N'-[2-chloro-5-(methylthio)phenyl}-N-methyl-N-[3-{(R)-
methylsulfinyl]phenyl]-guanidine; 6-chloro-2,3,4,9-tetrahydro-9-methyi-2,3-dioxo-1H-
indeno[1,2-b]pyrazine-9-acetic acid; 7-chlorothiokynurenic acid; (35,4aR,6S,8aR)-decahydro-6-
(phosphonomethyl)-3-isoquinolinecarboxylic acid; (-)-6,7-dichloro-1,4-dihydro-5-{3-
(methoxymethyl)-5-(3-pyridinyl)-4-H-1,2 4-triazol-4-y1}-2,3-quinoxalinedione; 4,6-dichloro-3-
[(E)-(2-0x%0-1-phenyl-3-pyrrolidinylidene)methyl]-1H-indole-2-carboxylic acid; (2R,4S)-rel-3,7-
dichloro-1,2,3 4-tetraliydro-4-[[(phenylamino)carbonyl]amino]-2-quinolinecarboxylic acid;
(3R,4S)-rel-3 4-dihydro-3-[4-hydroxy-4-(phenylmethyl)-1 -piperidinyl}-2H-1-benzopyran-4,7-
diol; 2-[(2,3-dihydro-1H-inden-2-yljamino}-acetamide; 1,4-dihydro-6-methyl-5-
[(methylamino)methyl]-7-nitro-2,3-quinoxalinedione; [2-(8,9-dioxo-2,6-diazabicyclo[5.2.0non-
1(7)-en-2-yhethyl]-phosphonic aéid; (2R,65)-1,2,3.4,5,6-hexahydro-3-[(2S)-2-methoxypropyl]-
6,11,11-trimethyl-2, 6-methano-3-benzazocin-9-ol; 2-hydroxy-5- |
[[(pentafluorophenyl)methyl]amino}-benzoic acid; 1-[2-(4-hydroxyphenoxy)ethyl]-4-[(4-
methylphenyDmethyl]-4-piperidinol; 1-[4-(1H-imidazol-4-y1)-3-butynyl]-4-(phenylmethyl)-
piperidine; 2-methyl-6-(phenylethynyl)-pyridine; 3-(phosphonomethyl)-L-phenylalanine; or

3,6, 7-tetrahydro-2,3-dioxo-N-phenyl-1H,5H-pyrido[1,2,3-de]quinoxaline-5-acetamide.

77. The method of claim 43, wherein said method further comprises administering to
said mammal a cholecystokinin B antagonist.

78. The method of claim 43, wherein said method further comprises administering to

said mammal a substance P antagonist.

79. The method of claim 43, wherein said method further comprises administering to

said mammal an anti-inflammatory compound.

80. The method of claim 79, wherein said anti-inflammatory compound is aspirin,
celecoxib, cortisone, deracoxib, diflunisal, etoricoxib, fenoprofen, ibuprofen, ketoprofen,
naproxen, prednisolone, sulindac, tolmetin, piroxiéam, mefenamic acid, meloxicam,
phenylbutazone, rofecoxib, suprofen, valdecoxib, 4-(4-cyclohexyl-2-methyloxazol-5-yl)-2-

fluorobenzenesulfonamide, N-[2-(cyclohexyloxy)-4-nitrophenyl Jmethanesulfonamide, 2-(3,4-
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diftuorophenyl}-4-(3-hydroxy-3-methylbutoxy)-5-[4-(methylsulfonyl)phenyl}-3(2H)-
pyridazinone, or 2-(3,5-difluorophenyl)-3-[4-(methylsulfonyl)phenyl]-2-cyclopenten-1-one.

81. The method of claim 43, wherein said method further comprises administering to

said mammal a DHP-sensitive L-type calcium channel antagonist, omega-conotoxin-sensitive N-

type calcium channel antagonist, or a P/Q-type calcium channel antagonist,

82. The method of claim 43, wherein said method further comprises administering to

said mammal an adenosine kinase antagonist.

83. The method of claim 43, wherein said method further comprises administering to
said mammal an adenosine receptor Ay agonist, an adenosine receptor A,, antagonist or an

adenosine receptor Az agonist.

84. The method of claim 43, wherein said method further comprises administering to

said mammal an adenosine deaminase inhibitor.

83. The method of claim 43, wherein said method further comprises administering to

said mammal an adenosine nucleoside transport inhibitor.

86. The method of claim 43, wherein said method further comprises administering to

said mammal a vanilloid VR receptor agonist.

87. The method of claim 43, wherein said method further comprises adrinistering to

said mammal a cannabinoid CB1/CB2 agonist.

88. The method of claim 43, wherein said method further comprises administering to

said mammal an AMPA receptor antagonist.

89. The method of claim 43, wherein said method further comprises administering to

said mammal a kainate receptor antagonist.
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90. The method of claim 43, wherein said method further comprises administering to

said mammal a sodium channel blocker.

91. The method of claim 43, wherein said method further comprises administering to

said mammal a nicotinic acetylcholine receptor agonist.

92. The method of claim 43, wherein said method further comprises administering to
said mammal a Kayp potassium channel, Ky 4 potassium channel, Ca*"-activated potassium
channel, SK potassium channel, BK potassium channel, IK potassium channel, or KCNQ2/3

potassium channel opening agent.
93. The method of claim 43, wherein said method further comprises administering to
said mammal a muscarinic M3 antagonist, 2 muscarinic M1 agonist, or a muscarinic M2/M3

partial agonist/antagonist.

94. The method of claim 43, wherein said method further comprises administering to

said mammal an antioxidant.

\
N
N
NH N
H ,and a

95. A pharmaceutical composition comprising

pharmaceutically acceptable carrier.
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Figure 2. Stability of 18 in human kiver micromes over 60 minutes.
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Figure 3. Effect of 6b on thermal byperalgesia in the Chung model of neurepathic pain.

6b (30 mg/kg, i.p.) Attenuates Thermal Hyperalgesia of the Hindpaw in Rats with SNL
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Figure 4. Effect of 6a on thermal hyperalgesia in the Chung model of neuropathic pain.

6a (30 mg/kg, i.p.) Attenuates Thermal Hyperalgesia of the Hindpaw in Rats with SNL
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Figure 5. Effect of 6b on tactile allodynia in the Chung model of neuropathic pain.

6b (30 mg/kg, i.p.) May Attenuate Tactile Hyperesthesia of the Hindpaw in Rats with SNL
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Figure 6. Effect of 62 on tactile alledynia in the Chung model of neuropathic pain.

6a (30 mg/kg, 1.p.) Does Not Attenuate Tactile Hyperesthesia of the Hindpaw in Rats with
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Figure 7. General testing protocol for the pancreatitis visceral pain model.
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Figure 8. Effects of 18 in a pancreatitis visceral pain model.
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Figure 9. Effects of 6b in a pancreatitis visceral pain model.
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Figure 10. Effects of 18 in an IBS visceral pain medel.
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Figure 11. Effects of 6a in a pancreatitis visceral pain model.

6a (30mg/kg, i.p.) Does Not Attenuate the Tactile Allodynia in Rats with Pancreatitis
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Figure 12. Effects of (27) in a pancreatitis visceral pain model.

Example 26 (Compound (27); 30mg/kg, i.p.) Reverts the Tactile Allodynia in Rats with
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