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DERIVATIVES OF 4-(N-AZACYCLOALKYL) ANILIDES
AS POTASSIUM CHANNEL MODULATORS

Cross Reference to Related Applications

[0001] This application is a continuation-in-part of U.S. Application Serial No. 11/894,877,
filed August 22, 2007, which claims the benefit of U.S. Provisional Application Serial No.
60/839,941, filed August 23, 2006, each of which the entire contents are incorporated herein.

Field of the Invention

[0002] This invention concerns novel compounds that activate or otherwise modulate
voltage-gated potassium channels. The compounds are useful for the treatment and prevention
of diseases and disorders which are affected by modulation of potassium ion channels. One such

condition is seizure disorders.
Background of the Invention

[0003] Epilepsy is a well-known neurological disease, found in about 3% of the population.
Approximately 30% of patients with epilepsy do not respond to currently available therapies.
Such unfortunate patients — who number hundreds of thousands of people world-wide * must
contend with both uncontrolled seizures and the resulting narrowing of their options in such

crucial areas of life as health insurance, employment, and driving.

[0004] Retigabine (N-[2-amino-4-(4-fluorobenzylamino)phenyl]carbamic acid, ethyl ester)
(U.S. Patent No. 5,384,330) has been found to be an effective treatment of seizure disorders and
has also been found useful in treating pain. Retigabine has been found to be particularly potent in
models for the drug-refractory types of epilepsy. Bialer, M. et al., Epilepsy Research 1999, 34, 1-
4 1; Blackburn-Munro and Jensen, Eur. J. Pharmacol. 2003, 460, 109-116; Wickenden, A.D. et
al., Expert Opin. Tlier. Patents, 2004, 14(4).

[0005] "Benign familial neonatal convulsions," an inherited form of epilepsy, has been
associated with mutations in the KCNQ2I3 channels. Biervert, C. et al., Science 1998, 27, 403-
06; Singh, N.A., et al., Nat. Genet. 1998, 18, 25-29; Charlier, C. et al., Nat. Genet. 1998, 18,
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53-55; Rogawski, Trends in Neurosciences 2000, 23, 393-398. Subsequent investigations have
established that one important site of action of retigabine is the KCNQ2/3 channel. Wickenden,
A.D.etal., llrlQl. Pharmacol. 2000, 58,591-600; Main, M.J. et al., Ma! Pharmcol. 2000, 58,
253-62. Retigabine has been shown to increase the conductance of the channels at the resting
membrane potential, with a possible mechanism involving binding of the activation gate of the
KCNQ 2/3 channel. Wuttke, T.V., ef al., Mal. Pharmacol. 2005. Additionally, retigabine has
been shown to increase neuronal M currents and to increase the channel open probability of
KCNQ 2/3 channels. Delmas, P. and Brown, D.A. Nat. revsneuroSci., vol. 6, 2005, 850-62;
Tatulian, L. and Brown, D.A., J. Physaol,, (2003) 549, 57-63.

[0006] The seizure type that has been most resistant to therapy is the so-called "complex
partial seizure." Retigabine is active in several seizure models, including, as indicated above,
models for drug-refractory epilepsy. Because of retigabine's broad spectrum of activity and its
unusual molecular mechanism, there is hope that retigabine will be effective in management of
several seizure types, including the complex partial seizure, which have been resistant to

treatment. Porter, R. J., Nohria, V., and Rundfeldt, C., Neurotherapeutics, 2007, vol. 4, 149-154.

[0007] The recognition of retigabine as a potassium channel opener has inspired a search
among compounds with structural features in common with retigabine for other compounds

which can affect the opening of, or otherwise modulate, potassium ion channels.
Brief Description of the Drawings

[0008] Figures 1a-c show pharmacokinetic/pharmacodynamic (PK/PD) responses at three
different dose levels in rat. Figure 1a shows PK/PD data at dosages of 0.75 mg/kg; Figure 1b
shows PK/PD data at dosages of 1.5 mg/kg, and Figure 1¢ shows PK/PD data at dosages of
3.0mg/kg.

Brief Description of the Invention

[0009] In their efforts to design a potassium channel modulating compound that is superior
to retigabine, shown below, which is a benzyl amine derivative, the present inventors have

discovered surprising and exceptionally promising properties in a series of tetrahydroisoquinoline
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derivatives, specifically, para-.N-(1,2,3,4-tetrahydro) isoquinolyl anilides and carbamates, and their

several sulfur analogues, of the structure of formula IA below

[0010] These tetrahydroisoquinoline derivatives are, of course, benzyl amines which are
restricted to particular conformations because the benzylic nitrogen is a member of a second ring
fused to the phenyl ring. Moreover, the present inventors have further discovered that replacement
of the primary amino group of retigabine with substituents like halogen, CrCs alkyl, OC~-C;

alkyl, and trifluoromethyl also confers surprising and desirable properties.

[0011] Thus, in one embodiment, this invention provides or contemplates a compound of

formula [A

ey X
Ré\kﬂx‘:‘\i‘ J,w“’"‘w,. P‘:j}‘-f - ;“}
ﬁfa‘j Lﬁ““:\f;
IA

where R; and Ry, are, independently, H, CN, halogen, CH,CN, OH, NO,, CH,F, CHF,, CF;,
CF,CF;, C;-Cg alkyl, C(=0)C,-Cg alkyl; NH,, NH-C,-Cy alkyl; N(CrCg alkyl)-C,-Cq alkyl,
NHC(=0)C,-Cs alkyl, C(=O)N(CHs),, C(=O)N(Et)2, C(=O)NH,, C(=O)NH,-C,-Cs alkyl,
SO,NH,, NHSO,-C;-C alkyl; C(=0)OC,-Cs alkyl, OC(=0)C,;-Cs alkyl, OC;-Cs alkyl, SCi-Cs
alkyl, Cs-C¢ cycloalkyl, (CH2)mC3-Cg cycloalkyl, C3-Cg cycloalkenyl, (CH2)mC3-Ce
cycloalkenyl, C,-Cg4 alkenyl, C,-Cg alkynyl, Ar, (CHy)nthienyl, (CHy)nfuryl,
(CHp)mimidazolyl, (CHy)wpyrazyl, (CHz)moxazolyl, (CHz)misoxazolyl, (CHz)mthiazolyl,
(CHa)misothiazolyl, (CHz)mphenyl, (CHa)mpyrrolyl, (CHz)mpyridyl, or (CHz)mpyrimidyl, which

cycloalkyl and said cycloalkenyl groups optionally contain one or two heteroatoms selected
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independently from 0, N, and S, and which are optionally substituted as described below; where
m is zero, 1, or 2, Ar is a 5- to 10-member mono- or bicyclic aromatic group, optionally
containing 1- 4 ring heteroatoms selected independently from N, 0, and S; or R; and R;, together
with the ring carbon atoms to which they are attached, form a 5- or 6- member fused ring, which
ring may be saturated, unsaturated, or aromatic, which optionally contains one or two heteroatoms
selected independently from 0, N, and S, and which is optionally substituted as described below;
R’ is H, halogen, phenyl, 2-(N,N-dimethylamino)ethyl, CF3;, OCF3-Cs alkyl or C;-C; alkyl; R3

and Ry are, independently, H, CN, halogen, CF3, OCF3, OC,-Cjs alkyl, or C,-Cs alkyl; X= O or
S; Yis OorS; q=1 or zero; Rs 1s C;-Cg alkyl, (CHR)wC3-Cs cycloalkyl, (CHRg)wCH,C3-Cg
cycloalkyl, CH,(CHRg)wCs5-Cs cycloalkyl, CR¢=CH-C;-C¢ cycloalkyl, CH=CR4-C3-Cg
cycloalkyl, (CHR)wCs-Cs cycloalkenyl, CH>(CHRg)wCs-Csg cycloalkenyl, C,-Ce
alkenyl, C,-Cs alkynyl, Ar, (CHRg), Ar, CHy(CHRg)wAr or (CHRg)CH,Ar, where w = zero, 1, 2,
or 3, Ar is a 5- to 10- member mono- or bicyclic aromatic group, optionally containing 1 - 4 ring
heteroatoms selected independently from N, O, and S; R¢ is H or C,-C;5 alkyl; where all
cycloalkyl and cycloalkenyl groups optionally contain one or two ring heteroatoms selected
independently from N, O, and S; where all alkyl, cycloalkyl, alkenyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, alkynyl, aryl, and heteroaryl groups in R;, Rp, R', R3, R4,
Rs, Rg, and Ar are optionally substituted with one or two substituents selected
independently from C,-C; alkyl, halogen, CN, OH, OMe, OEt, CN, CH,F, and
trifluoromethyl; and where, additionally, all cycloalkyl and heterocycloalkyl groups are
optionally substituted with a carbonyl group. Such compounds are potassium channel activators

or modulators.

[0012] Essentially all combinations of the several variables in formula IA are contemplated

by this invention.

[0013] In another embodiment, this invention provides or contemplates a composition
comprising a pharmaceutically acceptable carrier or diluent and at least one of the following: a
pharmaceutically effective amount of a compound of formula IA, a pharmaceutically acceptable
salt of a compound of formula IA, a pharmaceutically acceptable solvate of a compound of

formula IA, and a pharmaceutically acceptable ester of a compound of formula IA.
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[0014] In yet another embodiment, this invention provides or contemplates a pediatric
pharmaceutical composition comprising a pharmaceutically acceptable carrier or diluent, a syrup
for pediatric use, and at least one of the following: a pharmaceutically effective amount of a
compound of formula A, a pharmaceutically acceptable salt of a compound of formula 1A, a
pharmaceutically acceptable ester of a compound of formula IA, and a pharmaceutically

acceptable solvate of a compound of formula IA.

[0015] In yet another embodiment, this invention provides or contemplates a chewable tablet,
suitable for pediatric pharmaceutical use, comprising a pharmaceutically acceptable carrier or
diluent, and at least one of the following: a pharmaceutically effective amount of a compound of
formula IA, a pharmaceutically acceptable salt of a compound of formula IA, a pharmaceutically
acceptable solvate of a compound of formula IA, and a pharmaceutically acceptable ester of a

compound of formula IA.

[0016] In yet another embodiment, this invention provides or contemplates a method of
preventing or treating a disease or disorder which is affected by activation voltage-gated
potassium channels, comprising administering to a patient in need thereof a therapeutically

effective amount of a compound of formula IA or a salt or ester or solvate thereof.

[0017] This invention includes all tautomers and salts of compounds of this invention. This
invention also includes all compounds of this invention where one or more atoms are replaced by

a radioactive isotope thereof.

[0018] This invention provides or contemplates compounds of formula IA above where the
group NH-C(=X)-(Y)q Rs is each of the following: NHC(=O)Rs NHC(=0O)ORs, NHC(=S)Rs5,
NHC(=S)SRs, NHC(=S)ORs, and NHC(=O)SRs.

[0019] Thus, in one embodiment, this invention provides or contemplates a compound of

formula IA, where NH-C(=X)-(Y)¢-Rs is NHC(=O)Rs.

[0020] In another embodiment, this invention provides or contemplates a compound of
formula IA, where NH-C(=X)-(Y)q-Rs5 is NHC(=S)Rs.

[0021] In another embodiment, this invention provides or contemplates a compound of

formula IA, where NH-C(=X)-(Y)q-Rs5 1s NHC(=S)SRs.
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[0022] In another embodiment, this invention provides or contemplates a compound of

formula IA, where NH-C(=X)-(Y)q-Rs is each NHC(=O)ORs.

[0023] In another embodiment, this invention provides or contemplates a compound of

formula IA, where NH-C(=X)-(Y)¢-Rs is NHC(=S)ORs.

[0024] In another embodiment, this invention provides or contemplates a compound of
formula IA, where NH-C(=X)-(Y)q-R5 is NHC(=O)SRs.

[0025] In another generic embodiment, this invention provides or contemplates a compound

of formula IA, where q is zero and Rs 1s C;-Cealkyl, or (CHRg)wC3-Cs cycloalkyl.

[0026] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R' is H, methyl, ethyl, or halogen.

[0027] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R' is phenyl.

[0028] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R' is OC;-C; alkyl.

[0029] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R' is 2-dimethylaminoethyl.

[0030] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R' is H.

[0031] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R' halogen.

[0032] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R' is methyl or ethyl.
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[0033] In another subgeneric embodiment, R; is located as shown below
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[0034] In another subgeneric embodiment, R, is located as shown below
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[0035] In another subgeneric embodiment, R; is located as shown below
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[0036] In another subgeneric embodiment, R; is located as shown below
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[0037] In another subgeneric embodiment, this invention provides or contemplates a

compound of the structure shown below.

.
»}3‘-\ &.»*N-'\ *r{y)qwh_ .
N ~ o R 3
TN f\ Lr ;
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[0038] In another subgeneric embodiment, this invention provides or contemplates a

compound of the structure shown below.

[0039] In a more specific subgeneric embodiment, this invention provides or contemplates a

compound of the structure shown below, where Rs is Cs-C6 alkyl or (CH,)Cs-Cg cycloalkyl.
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[0040] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of the structure shown below, where Rs is Cs-Cg alkyl or (CH,)wCs-Ce

cycloalkyl.

[0041] In another specific subgeneric embodiment, this invention provides or contemplates a
compound of the structure shown below, where R3; and R4 are, independently, H, methyl, or

methoxy.

[0042] In a more specific subgeneric embodiment, this invention provides or contemplates a
compound of the structure shown below, where R3 and Ry are, independently, H, methyl, or

methoxy, and Rs is Cs-Cg alkyl or (CH2),,Cs-Cs cycloalkyl.

\_,.e/' \,Q‘,\: P b ~Wm Rﬁ
ek O
) o AT e
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[0043] In a still more specific subgeneric embodiment, this invention provides or

contemplates a compound of the structure shown below, where Rs is Cs-Cg alkyl or (CH;),Cs-C6

cycloalkyl.
L~
,,‘-f“” \’in \T Rﬁ
AN O
e"““-mg \%\‘{R t;E

\’/ﬁ\ /Lw’

[0044] In another specific subgeneric embodiment, this invention provides or contemplates a
compound of the structure shown below, where R3 and R4 are, independently, H, methyl, or

methoxy.
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[0045] In another specific subgeneric embodiment, this invention provides or contemplates a
compound of the structure shown below, where R; and R, are, independently, H, methyl, or

methoxy.
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[0046] In a still more specific subgeneric embodiment, this invention provides or
contemplates a compound of the structure shown below, where R is Cs-Cg alkyl or (CHy),, Cs-

Cs cycloalkyl.

[0047] In another specific subgeneric embodiment, this invention provides or contemplates a
compound of the structure shown below, where R; and R, are, independently, H, methyl, CI,

CF3, OCF3, or methoxy.

/"-:;:;*\ - N\ r'?{, W}L‘] .
s T
N ;‘ A/ ", _,o‘:;‘» \4\ ¥
N\f‘f}*‘”ﬁ"f& N ~ Ra
i
R-\:Q-\ JIA‘H\'—‘

[0048] In a still more specific subgeneric embodiment, this invention provides or
contemplates a compound of the structure shown below, where Rs is Cs-Cs alkyl or (CH»)y Cs-Cs

cycloalkyl.
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[0049] In another specific subgeneric embodiment, this invention provides or contemplates a
compound of the structure shown below, where R; and R, are, independently, H, methyl, Cl,

CF3, OCF3, or rnethoxy.

Ra
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[0050] In a more specific subgeneric embodiment, this invention provides or contemplates a

compound of the structure shown below, where R is Cs-Cg alkyl or (CH;) Cs-Ce cycloalkyl.

H
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[0051] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of the structure shown below, where Rsis Cs-Ce alkyl or (CHy) Cs-Cs

cycloalkyl.

O
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[0052] In yet another more specific subgeneric embodiment, this invention provides or

contemplates a compound of the structure shown below, where Rsis (CH3)Ar or C3-C6 alkyl.

[0053] In another subgeneric embodiment, this invention provides or contemplates a
compound of the structure shown below, where R3; and R4 are, independently, H, methyl, Cl,

CF3, OCF3, or methoxy.

: £
G_’*'{ s
fkﬁa&‘\%{ .,}’L“'“v /

[0054] In a more specific subgeneric embodiment, this invention provides or contemplates a
compound of the structure shown below, where R3 and R4 are, independently, H, methyl, Cl,

CF3, OCF3, or methoxy and Rs is (CHy)wAr or C3-Cg alkyl.
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[0055] In another subgeneric embodiment, this invention provides or contemplates a

compound of the structure shown below, where Rs is (CH;)Ar or C;-Cg alkyl.

[0056] In yet another more specific subgeneric embodiment, this invention provides or

contemplates a compound of the structure shown below, where R; and Ry are, independently, H

methyl, Cl, CF3, OCF3, or methoxy and where R is (CH,)wAr or C3-Cg alkyl.

e O
L 1“@/ N R
1

o~
P }kw
[0057] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R, is H.

[0058] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R, is halogen.

[0059] In another, more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA, where R, is Cl or F.

[0060] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R; is trifluoromethyl.

[0061] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R3 and Ry are, independently, H, Cl, methyl, ethyl,

trifluoromethyl, or methoxy.

2
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[0062] In another, more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where q is zero and R3 and Ry are Cl, ethyl, methoxy,

or methyl.

[0063] In another, more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA, where q is zero and R3 and R4 are both methyl.

[0064] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R' is methyl, halogen, or H; and R; and R4 are, independently,

H, Cl, ethyl, methoxy, or methyl.

[0065] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula A, where R' is methoxy; and R; and R, are, independently, H, Cl, ethyl,

methoxy, or methyl.

[0066] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula A, where R' is H; and R3 and R4 are, independently, H, CI,

ethyl, or methyl.

[0067] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R is H, q is zero, and Rs is C;-Cs alkyl, or (CHR¢)wC3-Cs
cycloalkyl.

[0068] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R' is H; q is 1; Y 1s 0; and R is C;-Cg alkyl, or (CHRg),C5-Cg
cycloalkyl.

[0069] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R'is H; qis 1; Y is S; and Rs is C;-Cg alkyl, or (CHRg)wC3-Cs
cycloalkyl.

[0070] In a more specific subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R' and R, are H and Rs is C;-Cg alkyl, or (CHR6)wC3-Ce
cycloalkyl.
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[0071] In a more specific subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R' and R, are H and Rs is Ar, (CHRs)Ar, CH,(CHRg) AT, or
(CHRg)wCH,AT.

[0072] In a more specific subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R' and R are H and Rs is (CHRg)Cs-Cs cycloalkenyl, CH,
(CHRg)wC5-Cs cycloalkenyl, C,-Cg alkenyl, or C,-Cg alkynyl.

[0073] In a more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R' and R, are H and Rs is CR¢=CH-C3-Cs
cycloalkyl or CH=CRs-C3-Cs cycloalkyl.

[0074] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R' is halogen; and R3; and R4 arc H, Cl, ethyl, or

methyl.

[0075] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R' is Cl or F; and R; and R4 are H, Cl, ethyl, or

methyl.

[0076] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R' is Cl or F; R3 and R4 are H, Cl, ethyl, or
methyl; and Rs is C,-Cg alkyl, or (CHRg),,C;3-Cg cycloalkyl.

[0077] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R' is phenyl, optionally substituted.

[0078] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA, where R' is 1-phenyl, optionally substituted.

[0079] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA, where R' is 4-phenyl, optionally substituted.

[0080] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R' is phenyl, optionally substituted, and Rs is

C,-Cg alkyl, or (CHRg)C3-Cg cycloalkyl.
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[0081] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R, is NH-C;-Cgalkyl, N(C;-Cg alkyl )-C;-Cg
alkyl, C(=O)NH-C,-Cs alkyl, NH-C(=0)C,-Cs alkyl; O-C,-Cs alkyl, C(=0)-C,-Cs alkyl, C(=0)-
0C;-Cg alkyl, or OC(=0)C;-Cg alkyl; R' is phenyl, optionally substituted, and Rs is C,-Cg alkyl,
or (CHR)wC3-Cs cycloalkyl.

[0082] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R' is H, methyl, or ethyl; and R, is NH-C;-Cg alkyl, N(C;-Cs
alkyl )-C;-Cs alkyl, C(=O)NH-C,-Cs alkyl, or NH-C(=0)C,;-Cs alkyl.

[0083] In yet another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R' is H, methyl, or ethyl; and R is C(=0)OC,-C; alkyl,
OC(=0)C;-Cg alkyl, or OC,;-Cs alkyl.

[0084] In another specific subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R; is H, methyl, methoxy, or halogen, and R' is methyl or ethyl.

[0085] In another more specific subgeneric embodiment, this invention provides or
conteplates a compound of formula IA, where R, is H, methyl, methoxy, or halogen, and R' is

phenyl.

[0086] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula [A, where R, is H, methyl, methoxy, or halogen, and R' is

F.

[0087] In another subgeneric embodiment, this invention provides or contemplates a

compound. of formula IA, where R; is methoxy, methoxymethyl, ethoxytnethyl, or methoxyethyl.

[0088] In a more specific subgeneric embodiment, this invention provides or contemplates a
compound of formula IA., where R; is methoxy, methoxymethyl, ethoxymethyl, or

methoxyethyl; R, is H, methyl, or halogen; and R3 is methyl or CI.

[0089] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R' is 4-phenyl, optionally substituted, and R; 1s

H, methyl, methoxy, or halogen.
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[0090] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R' is CF; or C;-C; alkyl, and R; is H, methyl,

methoxy, or halogen.

[0091] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R' is methoxy, and R» is H, methyl, methoxy, or

halogen.

[0092]  In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R' is 2-dimethylamino ethyl, and R, is H,

methyl, methoxy, or halogen.

[0093] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where q is zero, R, is H, methyl, methoxy, or halogen,

R'is 1-phenyl, optionally substituted; and R3 and R4 are H, CI, ethyl, or methyl.

[0094] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula [A, where q is zero, R, is H, methyl, methoxy, or halogen,

R' is 4-phenyl, optionally substituted; and R3 and R4 are H, CI, ethyl, or methyl.

[0095] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula [A, where q is zero, R, is H, methyl, methoxy, or halogen;

R'is CF; or C;-C; alkyl; and R; and R4 are H, Cl, ethyl, or methyl.

[0096] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where q is zero, R, is H, methyl, methoxy, or halogen;

R'is methoxy; and R3 and R4 are H, Cl, ethyl, or methyl.

[0097] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where q is zero; R' is (2-dimethylamzno) ethyl; R, is H, methyl,

methoxy, or halogen; and R3 and R4 are H, Cl, ethyl, or methyl.



WO 2011/094186 PCT/US2011/022345

19

[0098] In a more specific sub-generic embodiment, the invention provides or contemplates a

compound of formula IA-1 below.

[0099] In another more specific embodiment, this invention provides or contemplates a

compound of formula IA-2 below.

Hy
5

i H
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[00100] In another more specific embodiment, this invention provides or contemplates a

compound of formula IA-3 below.
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[0100] In another more specific embodiment, this invention provides or contemplates a

compound of formula IA-4 below.
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[00101] In another more specific embodiment, this invention provides or contemplates a

compound of formula IA-5 below.

IA-5

[00102] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-2 or formula IA-3, where R, is H, alkyl, or halogen; and Rs is C;-Cs
alkyl, (CHRg)Cs-Cs cycloalkyl, (CHRg)wCH,C5-Cs cycloalkyl, or CHy(CHRg)C3-Cs cycloalkyl.

[00103] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1 or formula IA-3, where R; is (CH»),Cs-Ce cycloalkyl; R,
is H, alkyl, or halogen; and Rs is C;-Cg alky1, (CHR)C3-Cg cycloalkyl, (CHRg)wCH>C3-Cg
cycloalkyl, or CHy(CHR¢)wC3-Cs cycloalkyl.

[00104] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1 or formula [IA-3, where R; is methoxy,
methoxymethyl, or methoxyethyl; R, is H, alkyl, or halogen; and Rs is C,-Cg alkyl, (CHRg)wCs-
Cs cycloalkyl, (CHRg)wCH2C3-Cs cycloalkyl, or CH2(CHRg)wCs3-Cs cycoalkyl.
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[00105] In yet another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-2, where Rs is C;-Cq alkyl, (CHR)C;-Cg cycloalkyl,
(CHRg)CH,C5-Cg cycloalkyl, or CH(CHRg)C3-Cg cycloalkyl.

[00106] In yet another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-2, where Rs is Ar, (CHRg)wAr, CHx(CHRg)wAr, or
(CHR6)CH,Ar.

[0100]  In yet another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA.-2, where Rsis CR6-CH-Cs3-Cg cycloalkyl, CH=CRe-Cs-
Cs cycloalkyl, (CHRg)wCs-Cs cycloalkenyl, CHx(CHRg)wCs-Cg cycloalkenyl, C,-Cg alkenyl, or
C,-Cg alkynyl.

[0101] In yet another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R, and R' are H; R3 is methyl; and Rs is C;-Cg

alkyl, (CHRg)wC3-Cs cycloalkyl, (CHRg)CH2C3-Cg cycloalkyl, or CHo(CHRg)Cs-Cs cycloalkyl.

[0102] In a still more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-1, where R; is H, F, Cl, Br, methoxy, methoxymethyl,
ethoxymethyl, methoxyethyl, or trifluoromethyl; R3 is methyl; and R is C4-C6s alkyl,
(CHR6)wCH,Cs-Cg cycloalkyl, or CHy(CHRg)wCs-Cg cycloalkyl.

[0103] In another still more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-2, where Rsis C4-Cg alkyl, (CHRg)Cs-Cg cycloalkyl, or
CH2(CHRg)wCs-Cg cycloalkyl; and R; is H, F, CI, Br, methoxy, methoxymethyl, ethoxymethyl,
methoxyethyl,or trifluoromethyl.

[0104] In another still more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R, is H, F, Cl, Br, methoxy, methoxymethyl,
ethoxymethyl, methoxyethyl, or trifluoromethyl; R, is H, methyl, or F; R' is H or methyl; R3 is
methyl; and Rsis C4-Ce alkyl, (CHR6)wCs-Cg cycloalkyl, or CHa(CHRg)wCs-Cg cycloalkyl.

[0105] In another more generic embodiment, this invention provides or contemplates a
compound of formula IA-1, where R; is (CH;),C5-Cg cycloalkyl, C;-Cg cycloallcenyl, or
(CH2)mCs-Cg cycloalkenyl; R' is halogen; and R3 is methyl or Cl.
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[0106] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where Ry is (CH;),C3-Cq cycloalkyl, Cs-Cg
cycloalkenyl, or (CH;)mC3-Cg cycloalkenyl; and R. is F or CI.

[0107] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R ; is methoxy, methoxymethyl, ethoxymethyl;
or methoxyethyl; R, is H or F; R3 is methyl; R4 is methyl or Cl; and Rs is (CHRg)wCs-Cs
cycloalkenyl or (CHRe)wAT.

[0108] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA-1, where R, is phenyl, optionally substituted.

[0109] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA-1, where R| is methyl, halomethyl, ethyl, or haloethyl.

[0110] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R' is 2-(dimethylamino) ethyl.

[0111] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R'is 1-methyl or 1-ethyl.

[0112] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R' is 1-fluoro, Rs is C4-Cs alkyl, (CHRg)wCs-Cs
cycloalkyl, or CH,(CHRg)wCs-Cg cycloalkyl; and R, is H, F, Cl, Br, methoxy, or trifluoromethyl.

[0113] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R' is 4-fluoro, Rs is C4-Cs alkyl, (CHR4)wCs-Ce
cycloalkyl, or CH2(CHR6)wCs-Cg cycloalkyl; and R; is H, F, Cl, Br, methoxy, or trifluoromethyl.

[0114] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R; is (CH,),, imidazolyl, (CH,)mpyrazyl, (CHa)w
furyl, (CHy), thienyl, (CH)moxazolyl, (CHz)misoxazolyl, (CHy)mthiazolyl, (CH,)misothiazolyl,
(CHy)mphenyl, (CHa)mpyrrolyl, (CHz)mpyridyl, or (CHz)mpyrimidyl; and R, and R' are H.

[0115] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA-1, where R, is (CH,)mimidazolyl, (CHy)mpyrazyl, (CHo)m
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furyl, (CHy)n, thienyl, (CHz)moxazolyl, (CHz)misoxazolyl, (CHy)mthiazolyl, (CHy)misothiazolyl,
(CHy)yphenyl, (CHp)mpyrrolyl, (CHy)wpyridyl, or (CHy)pyrimidyl; and R' is 4-phenyl, optionally
substituted.

[0116] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R' is CF3 or C;-Cs alkyl; Rs is C4-Cy alkyl,
(CHRg)wC5-Cq cycloalkyl, or CHy(CHRg),Cs-Cg cycloalkyl; and R, is H, F, Cl, Br, methoxy, or

trifluoromethyl.

[0117] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R' is 4-methyl or 4-ethyl; and Rs 1s C4- Ce alkyl,
(CHR4)wC5-Cg cycloalkyl, or CHy(CHRg)wCs-Cg cycloalkyl; and R is H, F, Cl, Br, methoxy, or

trifluoromethyl.

[0118] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R' is methoxy or ethoxy; and Rs is C4-Cs alkyl,
(CHRg)Cs-Cg cycloalkyl, or CH,(CHRg)wCs-Cg cycloalkyl; and R; is H, F, Cl, Br, methoxy, or

trifluoromethyl.

[0119] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA- 1, where R' is 1-phenyl, optionally substituted; Rs is Cs-
Cs alkyl, (CHRg),Cs-Cs cycloalkyl, or CHy(CHRg),,C5-Cs cycloalkyl; and R, is H, F, CI, Br,

methoxy, or trifluoromethyl.

[0120] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R' is 4-phenyl, optionally substituted; Rs is Cs-
Cs alkyl, (CHR)wCs-Cs cycloalkyl, or CH(CHRg)wCs-Cg cycloalkyl; and R; is H, F, Cl, Br,

methoxy, or trifluoromethyl.

[0121] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA- 1, where R' is CF; or Ci-C; alkyl; Rs is C4-Cs alkyl,
(CHRg)wCs-Cs cycloalkyl, or CH2(CHRg)wCs-Cg cycloalkyl; and R, is H, F, Cl, Br, methoxy, or

trifluoromethyl.
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[0122] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R' is 4-methyl or 4-ethyl; Rs is C4-Cg alkyl,
(CHRg)wCs-Cg cycloalkyl, or CHa(CHRg)wCs-Cs cycloalkyl; and R, is H, F, Cl, Br, methoxy, or

trifluoromethyl.

[0123] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-I, where R' is methoxy or ethoxy, Rs is C4-Ce alkyl,
(CHR)wCs-Cg cycloalkyl, or CH(CHR6)Cs-Cs cycloalkyl; and Ry is H, F, CI, Br, methoxy, or

trifluoromethyl.

[0124] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-4, where R, is H, F, Cl, Br, methoxy, or trifluoromethyl;
Rs is C4-Cs alkyl, (CHRg)wCs-Cg cycloalkyl, or CHx(CHRG6)wCs-Cs cycloalkyl; and R, 1s H, F, CI, Br,

methoxy, or trifluoromethyl.

[0125] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula [A-4, where R, is H, F, or methyl; Rs is C4-Cg alkyl,
(CHRg),wCs-Cs cycloalkyl, or CHy(CHR6)Cs-Cg cycloalkyl; and R; is H, F, Cl, Br, methoxy, or

trifluoromethyl.

[0126] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula TA-2, where R' is H.

[0127] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-2, where R' is halogen.

[0128] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA-2, where R'is F.

[0129]  In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA-2, where R' is methyl or ethyl.

[0130] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA-2, where R' is methyl or ethyl; Rs is C4-Cs alkyl,
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(CHRg)wCs-Cg cycloalkyl, or CHa(CHRg)wCs-Cs cycloalkyl; and R, is H, F, Cl, Br, methoxy, or

trifluoromethyl.

[0131] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-2, where R' is halogen; Rs is C4-Cg alkyl, (CHR4)wCs-
Ce cycloalkyl, or CH2(CHRg)Cs-Cs cycloalkyl; and R; is H, F, Cl, Br, methoxy, or

trifluoromethyl.

[0132] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-2, where R' 1s H; Rs 1s C4-Cg alkyl, (CHRg)Cs-Cs
cycloalkyl, or CHy(CHRg)wCs-Cg cycloalkyl; and R; 1s H, F, Cl, Br, methoxy, or trifluoromethyl.

[0133] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA-2, where R' is 1-phenyl, optionally substituted.

[0134] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula [A-2, where R' is 4-phenyl, optionally substituted.

[0135] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula TA-2, where R' is CF3 or C;-C; alkyl.

[0136] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R' is H; Rs is C4-Cs alkyl, (CHR6)wCs-Cs
cycloalkyl, or CH,(CHRg)Cs-Cg cycloalkyl; and R, is H, F, Cl, Br, methoxy, or trifluoromethyl.

[0137] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R' is F; Rs is C4-Cs alkyl, (CHR)wCs-Ce
cycloalkyl, or CH»(CHR6)wCs-Cs cycloalkyl; and R; is H, F, Cl, Br, methoxy, or trifluoromethyl.

[0138] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R' is 1-phenyl, optionally substituted; Rs is Cy-
Cs alkyl, (CHR)wCs-Cs cycloalkyl, or CH2(CHRg)wCs-Cg cycloalkyl; and R, is H, F, Cl, Br,

methoxy, or trifluoromethyl.

[0139] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA-3, where R' is 4-phenyl, optionally substituted; Rs is Cs-
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Cs alkyl, (CHRg)wCs-Cs cycloalkyl, or CH2(CHRg)wCs-Cg cycloalkyl; and R; is H, F, Cl, Br,

methoxy, or trifluoromethyl.

[0140] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R' is CF3 or C;-Cs alkyl; Rs is C4-C6 alkyl,
(CHRg)wCs-Cs cycloalkyl, or CHy(CHR)wCs-Cs cycloalkyl; and R; is H, F, Cl, Br, methoxy, or

trifluoromethyl.

[0141] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where R; and Ry, are, independently, H, CN, F, CI, Br, CH,CN,
OCHj3;, CH,OCH3, CH, CH,OCH3, CH,OCH,CHs; CH,F, CHF,, CF3, CF,CF3, or C;-Cg alkyl and
Rs 1s C-Cg alkyl or CH,y(CHRg)wC5-Cg cycloalkyl, where w =0, 1, or 2.

[0142] In another still more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, R; is H, CN, F, Cl, Br, CH,CN, OCH3, CH,OCH3,
CH,CH,0OCHj3;, CH,OCH,CHj3, CH,F, CHF,, CF3, CF,CF3, or Ci-Cg alkyl; R, is H, F, Cl, or
methyl; R3 is methyl or chloro; and Rs is C;-Cg alkyl or CHy(CHR),,C5-Cg cycloalkyl, where Rg is H

or methyl and w=1 or 2.

[0143] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula [A, where Rs is Ar, (CHRg)wAr, CH2(CHRg)wAT, or
(CHRg)wCH,AT.

[0144] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-2, where Rs is Ar, (CHRg)wAr, CHy(CHRg)wAr, or (CHR6)wCHyAT;.

[0145] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-3, where Rsis Ar, (CHRg)wAr, CHa(CHRg)wAT, or (CHRg)wCH,AT.

[0146]  In another more specific subgeneric embodiment, this invention provides or
contemplates compounds of formula IA-1, IA-2, IA-3, IA-4, or IA-5, where R; and R», are,
independently, methyl, ethyl, F, Cl, CF3, methoxy or methoxymethyl, R' is methyl, and Rs is Cy-
Ce alkyl, (CHRg)wCs-Ce cycloalkyl, or CHo(CHRg)wCs-Cs cycloalkyl.
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[0147] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where Rs is CR=CH-C;5-Cs cycloalkyl, CH=CRg-C5-Cq
cycloalkyl, (CHRg)wCs-Cs cycloalkenyl, CHy(CHRg)wCs-Cg cycloalkenyl, C»-Cg alkenyl, or C,-
Ce alkynyl.

[0148] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where Rs is haloalkyl.

[0149] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where Rs is haloalkyl.

[0150] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA*2, where Rs 1s haloalkyl.

[0151] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-3, where Rs is haloalkyl.

[0152] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where Rs is methoxy alkyl.

[0153] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where Rsis cyano alkyl.

[0154] In a more specific subgeneric embodiment, the invention provides or contemplates a

compound of formula IA-4, where Rs is halo alkyl.

[0155] In a more specific subgeneric embodiment, the invention provides or contemplates a

compound of formula IA, where Rs is CH»-cycloalkyl or CH,CHo- cycloalkyl.

[0156] In a more specific subgeneric embodiment, the invention provides or contemplates a

compound of formula IA-4, where Rs is CH,-cycloalkyl or CH,CHo- cycloalkyl

[0157]  Inamore specific subgeneric embodiment, the invention provides or contemplates a

compound of formula [A-5, where Rs is CH,-cycloalkyl or CH,CH»- cycloalkyl.
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[0158] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where R; and Ry are chloro, methoxy, or methyl and Rs is CH,-

cycloalkyl.

[0159] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where R3 and R4 are chloro, methoxy, or methyl and Rs is haloalkyl,

hydroxyalkyl, or methoxyalkyl.

[0160]  Inamore specific subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where R3 and R4 are chloro, methoxy, or methyl and Rs i1s methoxy

alkyl.

[0161] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-2, where R3 and R4 are chloro, methoxy, or methyl and Rsis

chloroalkyl.

[0162] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-2, where R; and Ry are chloro, methoxy, or methyl and Rs is

methoxyalkyl.

[0163] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where R3 and R4 are both methyl and Rs is 2-(2-halo cyclopentyl)
ethyl.

[0164] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R3; and R4 are both methyl and Rs is 2-(2-furyl) ethyl.

[0165] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where R3 and R4 are both methyl and Rs is 2-(2-tetrahydrofuryl)
ethyl.

[0166] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R3 and R4 are both methyl and Rs is 2-phenyl ethyl.

[0167] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R3 and Ry are both methyl and Rs is 3-phenyl propyl.
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[0168] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R3 and Ry are both methyl and Rs is 2-phenyl propyl.

[0169] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where Rs is C;-Cs alkyl, (CHR)wC3-Cg cycloalkyl,
(CHRg)wCH,C3-Cg cycloalkyl, or CH2(CHRg) wC3-Cg cycloalkyl; R' is halogen or C;-C3 alkyl;

and R, is halogen.

[0170] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula [A-1, where Rs 1s C;-Cg alkyl, (CHRg)wC3-Cs cycloalkyl,
(CHR6)wCH,C5-Cs cycloalkyl, or CH2(CHR6)wCs3-Cs cycloalkyl; R' is halogen or Ci-C;
alkyl; R, 1s H or halogen; and R is halogen.

[0171] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where Rs is C;-Cq alkyl, (CHRg)wC3-Cs cycloalkyl,
(CHRg)CH,C3-Cg cycloalkyl, or CH2(CHRg)wC3-Cs cycloalkyl; R' is phenyl, optionally
substituted; R, is H or halogen; and R; is halogen.

[0172] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-1, where Rs is C;-Cq alkyl, (CHR)wCs-Cs cycloalkyl,
(CHR6)wCH,C5-Cs cycloalkyl, or CH2(CHRg)wC3-Cs cycloalkyl; R' is halogen or C;-C; alkyl; R,

is H or halogen; and R, is halogen.

[0173] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-2, where Rs is C;-Cg alkyl, (CHR)wC3-Cs cycloalkyl,
(CHRg)CH,C3-Cg cycloalkyl, or CH2(CHRg)wCs-Cs cycloalkyl; R' is halogen or C;-Cs alkyl; and
R, is halogen.

[0174] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where Rs is C;-Cg alkyl, (CHR6)wC3-Cs cycloalkyl,
(CHR6)wCH2C5-Cg cycloalkyl, or CHa(CHRg)wC3-Cs cycloalkyl; R' is halogen or C;-Cs alkyl; and
R; is halogen.

[0175] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula IA, where Rs is CR¢=CH-C3-Cq cycloalkyl, CH=CR-Cs-
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Cs cycloalkyl, (CHRg)wCs-Cs cycloalkenyl, CHy(CHRg)wCs-Cg cycloalkenyl, C,-Cg alkenyl, or
C,-Cg alkynyl.

[0176] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where Rs is Ar, (CHRg)wAr, CH2(CHRg)wAT, or
(CHR6)WCH2AI'1 .

[0177] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R, is haloalkyl; R, is H or F; R3 and R4 are Cl,
methoxy, or methyl; and Rs is C;-Cg alkyl, (CHRg)wC3-Cg cycloalkyl, (CHRg)CH,C3-Cg
cycloalkyl, or CH2(CHR¢)wC3-Cs cycloalkyl.

[0178] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where R; is C,-Cs alkyl, halogen, or haloalkyl; R, is H
or F; R3 and R4 are H, methyl, or Cl; and Rs is CH,CR6-C3-Cg cycloalkyl, CR=CH-C3-Cs
cycloalkyl, CH=CR-Cs-Cq cycloalkyl, (CHRg)wCs-Cs cycloalkenyl, CH2(CHRg)wCs-Ce
cycloalkenyl, C4-Cg aikyl, C,-Cg alkenyl, or C,-Cq alkynyl.

[0179] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R, is C;-Cs alkyl, halogen, or
haloalkyl; R, is H or F; R3 and R4 are H, methyl, or Cl; and Rs is CH,CRe-Cs-Cg cycloalkyl,
CR¢=CH-C5-C cycloalkyl, CH=CR4-C5-Cq cycloalkyl, (CHRg)Cs-Cg cycloalkenyl,
CH,(CHRg)C5-Cg cycloalkenyl, C4-Cg alkyl, C,-Cq alkenyl, or C,-Cg alkynyl.

[0180] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R, is C;-C; alkyl, halogen, or
haloalkyl; R, is H or F; R3 and R4 are H, methyl, or CI; and Rs is CH,CRg-C3-Cs cycloalkyl,
CR¢=CH-C5-C cycloalkyl, CH=CRg-C5-Cq cycloalkyl, (CHRg)Cs-Cg cycloalkenyl,
CH,(CHRg)wCs-Cg cycloalkenyl, C4-Cg alkyl, C,-Cg alkenyl, or C,-C6 alkynyl.

[0181] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R, is C;-Cs alkyl, halogen, or haloalkyl; R; is
H or F; R3 and R, are H, methyl, or Cl; and Rs is CH,CR4-C5-Cg cycloalkyl, or C,-Cg alkyl.
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[0182] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-3, where R, is C;-C; alkyl, halogen, or haloalkyl; R, is
H or F; R3 and R4 are H, methyl, or Cl; and Rs is CH,CRg-C5-Cg cycloalkyl, (CHR)wCs-Cg
cycloalkenyl, CH,(CHR)wCs-Cg cycloalkenyl, C,-Cg alkenyl, or C,-Cg alkynyl.

[0183] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R is halogen or haloalkyl; R, is H or F; and R;
is CR&=CH-C3-Cs cycloalkyl, CH=CRg-C5-Cs cycloalkyl, (CHRg)wCs-Cs cycloalkenyl,
CH,(CHR¢)wCs-Cs cycloalkenyl, C,-Cg alkenyl, or C,-Ce alkynyl.

[0184] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R, is halogen or haloalkyl; R, is H or F; and
Rs is CR¢=CH-Cs-Cg cycloalkyl, CH=CRs-C;-Cg cycloalkyl, (CHRg)wCs-Cg cycloalkenyl,
CH2(CHR¢)wCs-Cs cycloalkenyl, C,-C6 alkenyl, or C,-Cg alkynyl.

[0185] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-3, where R, is halogen or haloalkyl; R; is H or F; R;
and R4 are Cl, methoxy, or methyl; and Rs is C;-Cs alkyl, (CHR4)wC3-Cq cycloalkyl,
(CHR6)wCH,C5-Cg cycloalkyl, or CHy(CHRg)Cs-Cs cycloalkyl.

[0186] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-3, where R, is halogen or haloalkyl; R; is H or F; and
Rs is CR=CH-C;-Cq cycloalkyl, CH=CR¢-C;5-Cq cycloalky 1, (CHRg),C5-Cg cycloalkenyl,
CH,(CHR6)wCs-Cs cycloalkenyl, C,-Cg alkenyl, or C,-Cs alkynyl.

[0187] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R, is methyl, fluoro, or fluoroalkyl; R, is H or
F; and R; is C1-Cg alkyl, (CHRg)wC3-Cg cycloalkyl, (CHR)CH,C5-Cq cycloalkyl, or
CH,(CHR¢)wC3-Cs cycloalkyl.

[0188] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R, is Cl, F, or CF3; Ry is Hor F; R'is H or
CHj3; and Rs 1s CRg=CH-C;-Cq cycloalkyl, CH=CR¢-C;-Cs cycloalkyl, (CHR )y Cs-Cg
cycloalkenyl, CH,(CHRg)Cs-Cg cycloalkenyl, C,-Cg alkenyl, or C,-Cg alkynyl.
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[0189] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R; is CI, F, or CF3; Ry is Hor F; R'is H or

CHs; and Rs 1s Ar, (CHRg)wAr, CH2(CHRg)wAT, or (CHRg)wCH,AT.

[0190] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula 1A-4, where R; and R4 are H, methyl, or Cl; and Rs is C;-Cg
alkyl, (CHRg)wC;-Cg cycloalkyl, (CHRg)wCH,C5-Cg cycloalkyl, or CHy(CHRg)C3-Cg
cycloalkyl.

[0191] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-5, where R3 and R4 are H, methyl, or CI; and Rs is
CR¢=CH-C;-Cq cycloalkyl, CH CR4-C;5-C cycloalkyl, (CHR),Cs-Cg cycloalkenyl,
CH2(CHR6)wCs-Cg cycloalkenyl, C,-Cg alkenyl, or C»-Cg alkynyl.

[0192] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-1, where R3; and R4 are H, methyl, or Cl; and where R;

and R, on adjacent carbons, form a six-membered ring.

[0193] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-1, where R3 and R4 are H, methyl, or Cl; where Rs is
C,-Cg alkyl, CH,-Cs-Cg cycloalkyl, CH,CH,-Cs-Cg cycloalkyl, CRe=CH-C;-Cq cycloalkyl,
CH=CR-C5-Cq cycloalkyl, or C,-Cg alkenyl; and where R; and R,, are on adjacent carbons, and
are both other than H.

[0194] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R and R4 are H, methyl, or Cl; where Rs is Co-
Cs alkyl, CH,-Cs-Cg cycloalkyl, CH,CH,-Cs-Cs cycloalkyl, CRe=CH-C;-Cs cycloalkyl, CH=CR¢-
C;-Cg cycloalkyl, or C,-Cg alkenyl; and where R and R, on adjacent carbons, are both halogen.

[0195] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R3 and R4 are H, methyl, or Cl; where Rs is
C,-Cs alkyl, CH,-Cs-Cs cycloalkyl, CH,CH,-Cs-Cg cycloalkyl, CR¢=CH-Cs-Cg cycloalkyl,
CH=CR-C;-Cq cycloalkyl, or C,-Cg alkenyl; and where R and R,, on adjacent carbons, are both

fluorine.
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[0196] In a more specific subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where R' is F, methyl, or H; R; and R4 are H, methyl, or CI; and Rs is
C1-Cs alkyl, (CHRg)wC3-Cs cycloalkyl, (CHRg)wCH2C5-Cg cycloalkyl, or CH2(CHRg)wC3-Ce
cycloalkyl.

[0197] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R' is F, methyl, or H; Rs is CRc=CH-C;5-Cg
cycloalkyl, CH=CR¢-C3-Cs cycloalkyl, (CHRg)wCs-Cs cycloalkenyl, CHx(CHRg)wCs- Ce
cycloalkenyl, C,-Cg alkenyl, or C,-Cs alkynyl.

[0198] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R' is halogen and Rs is Ar, (CHRg)y AT,
CH2(CHRg)wAr, or (CHRg)wCHAT;.

[0199] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where R; and R, are on adjacent carbon atoms and are both other

than H.

[0200] In a more specific subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where R; and R», on adjacent carbon atoms are, independently
trifluoromethyl or halogen; and where Rs is C;-Cg alkyl, (CHR¢)wC3-Cs cycloalkyl,
(CHRg)wCH,C5-Cg cycloalkyl, or CHy(CHRg),C5-Cg cycloalkyl.

[0201] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula TA-1, where Rs is (CHRg)wCs-Cg cycloalkenyl, CHy(CHRg)wCs-Cs
cycloalkenyl, C,-Cg alkenyl, or C,-Cg alkynyl.

[0202] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R, is halogen and R, is H, or R; and R;, on
adjacent carbon atoms are, independently trifluoromethyl or halogen; and where Rs is CR¢=CH-
C3-Ce cycloalkyl, CH=CR-C5-C¢ cycloalkyl, (CHRg)wCs-Cs cycloalkenyl, CH2(CHR)wCs-Cs
cycloalkenyl, C,-Cg alkenyl, or C,-Cs alkynyl.

[0203] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula [A-1, where Rs is Ar, (CHRg)wAr, CH2(CHRg)wAr, or (CHR6)wCHyAT;.
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[0204] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R, is halogen or trifluoromethyl and R, is H, or
R; and R», on adjacent carbon atoms are, independently trifluoromethyl or halogen; and where

Rs is Ar, (CHRg)wAr, CHy(CHRg)wATr, or (CHRg)wCHAT.

[0205] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where X is S, q =1, Y is O, and Rs is C,-Cg alkyl,
(CHR6),,C5-Cs cycloalkyl, (CHR6)wCH,Cs-Cg cycloalkyl, or CHy(CHR6),C3-Cs cycloalkyl.

[0206] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where X is S, q =1, Y is O, and Rs is CR6=CH-C3-Cs
cycloalkyl, CH=CR6-C;-Cg cycloalkyl, (CHR6),,Cs-Cg cycloalkenyl, CH,(CHR6),,Cs5-Cg
cycloalkenyl, C,-Cg alkenyl, or C,-Cg alkynyl.

[0207] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula A, where X is S, q =1, Y is O, and Rs is Ar, (CHR6)Ar,
CH,(CHR®6)yAr, or (CHR6),,CH,Ar.

[0208] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where X is S, q = zero, and Rs is C,-C; alkyl,

(CHR®6),,C5-Cs cycloalkyl, (CHR6),CH,C5-Cs cycloalkyl, or CHy(CHR6),,C3-Cs cycloalkyl.

[0209] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA, where X is S, q = zero, and Rs is CR¢=CH-C;-Cq
cycloalkyl, CH=CR4-C3-Cq cycloalkyl, (CHRg)wCs-Cs cycloalkenyl, CH,(CHRg)Cs-Cg
cycloalkenyl, C,-Cg alkenyl, or C,-Cg alkynyl.

[0210] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-2 where Rs is C;-Cg alkyl or (CHRg)wC5-Cg cycloalkyl.

[0211] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-3, where Rs is C;-Cg alkyl or (CHRg)wC3-Cg cycloalkyl.

[0212] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-2, where R; is halogen or trifluorornethyl and R, is H or R; and R,, on
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adjacent carbon atoms, are, independently, halogen or trifluoromethyl; and Rs is C;-Cs alkyl or

(CHRg)C5-Cg cycloalkyl.

[0213] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-3, where R, is halogen or trifluoromethyl and R, is H or Ry and R», on
adjacent carbon atoms, are, independently, halogen or trifluoromethyl; and Rs is Cr-Cy, alkyl or
(CHR0)C;-Cg cycloalkyl.

[0214] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-2, where R; and R, are, independently, methyl,

methoxy, trifluoromethyl, F, CI, or H; and Rs is Ci-Cg alkyl or (CHR4)C3-Cs cycloalkyl.

[0215] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R; and R, are, independently, methyl,

methoxy, trifluoromethyl, F, Cl, or H; R' is H; and Rs is C,-Cs alkyl or (CHR4)wC3-Cs cycloalkyl.

[0216] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula. TA-1 or IA-2 or IA-3, where R, is halogen, C,-Cs, alkyl, mono-halo C,-Cg
alkyl, CN, di-halo C,-Cs alkyl, CF3, CN, or O-C,-Cs alkyl; R' is methyl or ethyl; and Rs is Cs-Cg
alkyl or CH,-C3-Cs cycloalkyl.

[0217] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula [A-1 or IA-2 or IA-3, where R, is H, halogen, cyano, CF3,
or methoxy, R, is H, F, or methyl, R' is H, halogen, methyl, ethyl, or methoxy, and R is C5-Cg
alkyl or CH,-C3-Cq cycloalkyl.

[0218] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R; is F, Cl, or CF3; Ry is H; and R’ is halogen, methyl, ethyl, or
methoxy; R; and R4 are H, methyl, or Cl; and Rs is C5-Cg alkyl or CH,-C5-Cg cycloalkyl.

[0219] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R; is halogen or CF3; R, is H, F, or methyl, R' is phenyl; R3 and
R4 are H, methyl, or Cl; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.
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[0220] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula A, where R, is halogen or CF3; R, is H, F, or methyl, R' is halophenyl; R;
and R4 are H, methyl, or CI; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0221] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R, is NH,, NH-C;-Cq alkyl; N(C-Cs alkyl)-C;-Cs alkyl,
NHC(=0)C;-Cs alkyl, C(=O)N(CHj3),, C(=O)N(Et),, C(=O)NH,, C(=O)NH-C;-Cs alkyl,
SO,NH,, NHSO,-C;-Cs alkyl.

[0222] In a more specific subgeneric embodiment, this invention provides or contemplates a
compound of formula IA where R; is NH,, NH-C;-Cg alky1; or N(C;-Cs alkyl)-C;-Cs alkyl; and R,

is H or halogen.

[0223] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA where R; is NHC(=0)C,;-Cq alkyl, C(=O)N(CH3),,
C(=O)N(Et),, C(=0)NH,, or C(=0)NH-C,-Cs alkyl.

[0224] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-1 where R; is NHC(=0)C;-Cq¢ alkyl, C(=O)N(CHs),,
C(=O)N(Et),, C(=0)NH,, or C(=0)NH-C,-Cs alkyl.

[0225] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula TA-1 where R, is SO,NH; or NHSO,-C,-Cy alkyl.

[0226] In another more specific subgeneric embodiment, this invention provides or

contemplates a compound of formula TA-2 where R, is SO,NH, or NHSO,-C,-Cs alkyl.

[0227] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R; is C(=0)OC,-C¢ alkyl, OC(=0)C,-Cs alkyl, OC;-Cs alkyl, or
SC,-Cg alkyl.

[0228] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R; is (CH»)mC3-Cs cycloalkenyl, C,-Cg alkenyl, or C,-Ce
alkynyl.
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[0229] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R, is CH,OCHj3;, CH,OCH,CH3;, OC,-Cg alkyl, or SC;-Cg alkyl.

[0230] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R, is C(=0)OC,-C¢ alkyl, OC(=0)C;-Cs
alkyl, OC,;-Cs alkyl, or SC;-Cg alkyl.

[0231] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA- 1, where R, is CH,OCH3, CH,OCH,CHj3, OC;-Cg alkyl, or SC;-Cs
alkyl.

[0232] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-1, where R, is C(=0)OC,;-Cg alkyl, OC(=0)C,.C; alkyl,
0OC;-Cq alkyl, or SC;-Cg alkyl; R, is H, F, or methyl, R’ is halogen or methyl; and Rs is Cs-Cs
alkyl or CH,-Cs-Cg cycloalkyl.

[0233] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-1, where R, is NH,, NH-C;-Cg alkyl; or N(C;-Cg alkyl)-
C;-Cg alkyl; Ry 1s H, F, or methyl, R' is halogen or methyl; and Rs is Cs-Cg alkyl or CH,-Cs-Cs
cycloalkyl.

[0234] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-1, where R; is NHC(=0)C,-Cg alkyl, C(=O)N(CHj3),,
C(=O)N(Et),, C(=O)NH,, C(=O)NH-C;-C; alkyl, SO,NH,, or NHSO2-C;-Cg alkyl; R, is H, F, or
methyl, R' is halogen or methyl; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0235] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R; is C,-Cg alkynyl, optionally substituted.

[0236] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R, and R, form a fused, nitrogen-containing ring.

[0237] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R; and R, form a fused, oxygen-containing ring.
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[0238] In another sub generic embodiment, this invention provides or contemplates a

compound of formula A, where R; and R, form a fused thiazolo or isothiazolo group.

[0239] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R; and R, form a fused cyclopentane, optionally substituted.

[0240] In another subgencric embodiment, this invention provides or contemplates a

compound of formula IA, where R; and R, form a fused cyclohexane, optionally substituted.

[0241] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1 or IA-2, where R; and R, form a fused, nitrogen-containing ring.

[0242] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1 or IA-2, where R; and R, form a fused, oxygen-containing ring.

[0243] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1 or IA-2, where R; and R, form a fused thiazolo or isothiazolo group.

[0244] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1 or [A-2, where R, and R, form a fused cyclopentane, optionally

substituted.

[0245] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1 or IA-2, where R; and R, form a fused cyclohexane, optionally

substituted.

[0246] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1 or IA-2, where R, and R, form a fused, nitrogen-containing ring; and

Rs is Cs-Cg alkyl or CH,-c5-Cg cycloalkyl.

[0247] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1 or IA-2, where R, and R, form a fused, oxygen-containing ring; and

Rs is Cs5-Cg alkyl or CH,-Cs-Cg cycloalkyl.
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[0248] In another subgenenc embodiment, this invention provides or contemplates a
compound of formula IA-1 or IA-2, where R; and R, form a fused thiazolo or isothiazolo group;

and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0249] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1 or IA-2, where R; and R, form a fused cyclopentane, optionally

substituted; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0250] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1 or IA-2, where R; and R, form a fused cyclohexane, optionally

substituted; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0251] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-1, where R; is halogen; R, is H, F, or methyl, R' is

halogen or methyl; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0252] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-1, where R, is halogen; R, is H, F, or methyl, R' is 2-

(dimethylamino)ethyl; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0253] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-1, where R, is halogen; R, is H, halogen, or methyl, R’

is H; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0254] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-2, where R; is halogen; R, is H or methyl, R' is halogen

or methyl; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0255] C(=0)0C,-Cs alkyl, OC(=0)C;-Cg alkyl, OC;-Cg alkyl In another more specific
subgeneric embodiment, this invention provides or contemplates a compound of formula IA-1, In
another more specific subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where R; is trifluoromethyl; R is H or methyl, R' is halogen or

methyl; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.
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[0256] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula TA-2, where R; where R; is trifluoromethyl; R, is H or

methyl, R' is halogen or methyl; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0257] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-3, where R; where R; is trifluoromethyl; R, is H or

methyl, R' is halogen or methyl; and R is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0258]  In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula IA-4 or IA-5, where R; where R; is trifluoromethyl; R, is

H or methyl, R'is halogen or methyl; and Rs is Cs-Cg alkyl or CH,-Cs-Cs cycloalkyl.

[0259] In another more specific subgeneric embodiment, this invention provides or
contemplates a compound of formula [A-2, where R is trifluoromethyl; R, is F; R is halogen or

methyl; and Rs is Cs-Cg alkyl or CH,-Cs-Cg cycloalkyl.

[0260] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R or Rs is CH,Ar or CH,CH,-Ar, where Ar is phenyl, pyridyl,
pyrrolyl, imidazolyl, oxazolyl, or thiazolyl.

[0261] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula A, where R; is F.

[0262] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R, is Cl.

[0263] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R; is Br.

[0264] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R, is F.

[0265] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R; is CL
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[0266] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R is Br.

[0267] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R is F and R, is H, OCH3, or F.

[0268] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R, is F; R; and R4 are both methyl; and R' is H.

[0269] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R; is CF3; R3 and R4 are both methyl; and R' is H.

[0270] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula A, where R; and R, are both F.

[0271] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R; is mono-, di-, or tri-halomethyl.

[0272] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula A, where R, is CH,F, CHF,, or CF;.

[0273] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula A, where R, is CH,Cl.

[0274] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA, where R, is CH,Br.

[0275] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-1, where R; and R, are both F; R3 and R4 are both methyl; and R’ is H.

[0276] In another subgeneric embodiment, this invention, provides or contemplates a

compound of formula IA-2, where R, is F.

[0277] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-2, where R; and R; are both F.
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[0278] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-3, where R, is F.

[0279] In another subgeneric embodiment, this invention provides or contemplates a

compound of formula IA-3, where R, and R, are both F.

[0280] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R; or Rs is CH,Ar or CH,CH,-Ar, where Ar is isoxazolyl or

isothiazolyl.

[0281] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R; or Rs is CH,Ar or CH,CH»-Ar, where Ar is quinolyl or

isoquinolyl.

[0282] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, where R or Rs is CH,Ar or CH,CH»-Ar, where Ar is pyrimidyl or
purinyl.

[0283] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula A, where R; or Rs is CH,Ar or CH,CH,-Ar, where Ar is indolyl,

isoindolyl, or benzimidazolyl.

[0284] In a more specific embodiment, this invention provides or contemplates a compound

of formula IA, where R; or R5 is CH,Ar or CH,CH,-Ar, where Ar is halo phenyl.

[0285] In another more specific embodiment, this invention provides or contemplates a
compound of formula IA, where R; or Rs is CHyAr or CH,CH,-Ar, where Ar is
dihalophenyl or dihalopyridyl.

[0286] In another more specific embodiment, invention provides or contemplates a
compound of formula IA, where R; or Rs is CH,Ar or CH,CH;-Ar, where Ar is mono- or di-
halothienyl, mono- or di-halofuryl, mono- or di-halobenzothienyl, or mono- or di-

halobenzofuryl.
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[0287] In another more specific embodiment, this invention provides or contemplates a
compound of formula A, where R, or R5 is CH,Ar or CH,CH,-Ar, where Ar is o-, m-, or p- xylyl

or 0-, m-, or p-anisyl.

[0288] In another more specific embodiment, this invention provides or contemplates a
compound of formula IA, where R or Rs is CHyAr or CH,CH,-Ar, where Ar is m- or p-
cyanophenyl or m- or p-cyanomethyl phenyl.

[0289] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA, in which R3; and R4 are halogen, CF3, or C;-Cs alkyl and Rs is C-Ce
alkyl, where the alkyl group is substituted with one or two groups selected, independently, from
OH, OMe, OFEt, F, CF3, CI, or CN.

[0290] In another sub generic embodiment, this invention provides or contemplates a
compound of formula IA, in which R3; and R4 are halogen, CF3, OCF3, C;-C; alkyl, or OC;-Cs
alkyl, and Rs 1s (CH»)wC3-Cg cycloalkyl, where w is 1 or 2, where the cycloalkyl group is
substituted with Me, OH, OMe, OEt, F, CF3, Cl, or CN.

[0291] In a more specific subgeneric embodiment, this invention provides or contemplates a
compound of formula TA-1, in which R3 and R, are halogen, CF3, or C;-C; alkyl, and Rs is
(CH,)w-Cs-Cq cycloalkyl, optionally substituted, or (CH,)w-Cs-Cg heterocycloalkyl, optionally
substituted.

[0292] In another more specific embodiment, this invention provides or contemplates a

compound of formula IA-I, where R; is CH,phenyl or CH,CH»-phenyl.

[0293] In another more specific embodiment, this invention provides or contemplates a
compound of formula IA-1, where R, is Ar, CH,Ar or CH,CH,-Ar, where Ar is 3,5-
dichlorophenyl or 3,5-difluorophenyl.

[0294] In a more specific embodiment, this invention provides or contemplates a compound
of formula IA-1, where Rs is Ar, (CHRg)wAr, CH2(CHRg)wAr, or (CHRg)wCHyAr, where Ar is

phenyl or pyridyl; R and R4 are H or C;-Cs alkyl, unsubstituted or substituted with one or two

groups selected from OH, OMe; and R4 is CN, CH,CN, or halogen.
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[0295] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-1, where Rs is Ar, (CHRg)wAr, CHy(CHRg)wAr, or (CHR)wCH, AT,
where Ar is phenyl or pyridyl; and R, is F, CHyF, CHF,, CF3, or CF,CFs.

[0296] In a more specific embodiment, this invention provides or contemplates a compound
of formula IA-1, where Rs is Ar, (CHRg)wAr, CH2(CHRg)wAT, or (CHR6)wCHyAr, where Ar is
phenyl or pyridyl, and R, is OC,-Cq alkyl or C(=0)C;-C alkyl.

[0297] In a more specific embodiment, this invention provides or contemplates a compound
of formula IA-1, where Rs 1s Ar, (CHRg)wAr, CH2(CHRg)wAr, or (CHR6)CH,Ar, where Ar is
phenyl or pyridyl, and R; is C(=0)OC,-Cs alkyl or OC(=0)C,-Cs alkyl.

[0298] In a more specific embodiment, this invention provides or contemplates a compound
of formula 1A-1, where Rs 1s Ar, (CHRg)wAr, CH2(CHRg)wAr, or (CHR4)wCH,Ar, where Ar is
phenyl or pyridyl, R; is C,-Cs alkenyl or C,-C¢ alkynyl, q is 1, and X and Yare both O.

[0299] In a more specific embodiment, this invention provides or contemplates a compound
of formula IA-1, where Rs is Ar, (CHRg)wAr, CHy,(CHRg)Ar, or (CHR6)CH,Ar, Ar is phenyl or
pyridyl, and R; is SC;-C alkyl.

[0300] In a more specific embodiment, this invention provides or contemplates a compound
of formula [A-1, where Rs is Ar, (CHRg)wAr, CH2(CHRg)wAT, or (CHRg)wCHoAr, where Ar is
phenyl or pyridyl, R3 and R4 are H, Cl, methoxy, or C,-C; alkyl, and R; is C;-Cg alkyl.

[0301] In a more specific embodiment, this invention provides or contemplates a compound
of formula [A-2, where Rs is Ar, (CHRg)wAr, CH2(CHRg)wAT, or (CHRg)wCHoAT, where Ar is
phenyl or pyridyl; R; and R4 are H, Cl, methoxy, or C;-C; alkyl, unsubstituted or substituted with
one or two groups selected from OH, OMe; and R; is CN, CH,CN, or halogen.

[0302] In another subgeneric embodiment, this invention provides or contemplates a
compound of formula IA-2, where Rs is Ar, (CHRg)wAr, CH2(CHRg)wAr, or (CHRg)wCHAT,
where Ar is phenyl or pyridyl; and R, is F, CH,F, CHF,, CF3, or CF,CFs.
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[0303] In a more specific embodiment, this invention provides or contemplates a compound
of formula IA-1, where Rs is Ar, (CHRg)wAr, CHo(CHRg)wAr, or (CHRg)CH,Ar, where Ar is
phenyl or pyridyl, and R; is OC;-Cs alkyl or C(=0)C;-Cs alkyl.

[0304] In a more specific embodiment, this invention provides or contemplates a compound
of formula IA-2, where Rs is Ar, (CHRg)wAr, CH2(CHRg)wAT, or (CHR6)wCHyAr, where Ar is
phenyl or pyridyl, and R, is OC,-Cq alkyl or C(=0)C;-C alkyl.

[0305]  Inamore specific embodiment, this invention provides or contemplates a compound
of formula IA-3, where Rs 1s Ar, (CHRg)wAr, CH2(CHRg)wAr, or (CHR6)wCHoAT, where Ar 1s
phenyl or pyridyl, and R; is OC-Cg alkyl or C(=0)C;-Cs alkyl.

[0306] In a more specific embodiment, this invention provides or contemplates a compound
of formula [A-3, where R' is phenyl or methoxy, R» is H, and Rs is Ar, (CHRe)wAr,
CH2(CHRg)wAr, or (CHRg)wCHyAT, where Ar is phenyl or pyridyl, and R; is C(=0)OC;-Cs
alkyl or OC(=0)C,;-Cs alkyl.

[0307] In a more specific embodiment, this invention provides or contemplates a compound
of formula IA-2, where Rs is Ar, (CHRg)wAr, CH2(CHR6)wAr, or (CHRg)CHAr, Ar is phenyl or
pyridyl, and R; is SC;-C alkyl.

[0308] In a more specific embodiment, this invention provides or contemplates a compound
of formula [A-2, where R is Ar, (CHRg)wAr, CHo(CHRg)wAr, or (CHRg)CH,AT, where Ar is
phenyl or pyridyl, R; and R4 are H or C,-C; alkyl, and R, is C;-Cg alkyl.

[0309] In another embodiment, this invention provides or contemplates a method of treating or
preventing a disease, disorder, or condition that is affected by modulation of potassium ion channels
in a patient comprising administration of a compound of formula IA in an amount of up to 2000 mg

per day.

[0310] In another embodiment, this invention provides or contemplates a method of treating or
preventing a disease, disorder, or condition that is affected by modulation of potassium ion channels
in a patient comprising administration of a compound of formula IA in an amount of from about 10

mg to about 2000 mg per day.
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[0311] In a more specific embodiment, this invention provides or contemplates a method of
treating or preventing a disease, disorder, or condition that is affected by modulation of potassium
ion channels in a patient comprising administration of a compound of formula IA-1 in an amount of

up to about 2000 mg per day.

[0312] In a more specific embodiment, this invention provides or contemplates a method of
treating or preventing a seizure disorder in a patient comprising administration of a compound of

formula IA in an amount of up to about 2000 mg per day.

[0313] In another embodiment, this invention provides or contemplates a method of treating or
preventing a seizure disorder in a patient comprising administration of a compound of formula IA

in an amount of from about 10 mg per day to about 2000 mg per day.

[0314] In another embodiment, this invention provides or contemplates a method of treating or
preventing a seizure disorder in a patient comprising administration of a compound of formula IA

in an amount of from about 300 mg per day to about 2000 mg per day.

[0315] In another embodiment, this invention provides or contemplates a method of treating or
preventing a seizure disorder in a patient comprising administration of a compound of formula TA

in an amount of from about 300 mg per day to about 1200 mg per day.

[0316] In another more specific embodiment, this invention provides or contemplates a method
of treating or preventing a seizure disorder in a patient comprising administration of a compound of

formula [A-1 in an amount of up to 2000 mg per day.

[0317] In another embodiment, this invention provides or contemplates a method of treating or
preventing a seizure disorder in a patient comprising administration of a compound of formula TA-1

in an amount of from about 10 mg per day to about 2000 mg per day.

[0318] In another embodiment, this invention provides or contemplates a method of treating or
preventing a seizure disorder in a patient comprising administration of a compound of formula [A-1

in an amount of from about 300 mg per day to about 2000 mg per day.



WO 2011/094186 PCT/US2011/022345

47

[0319] In another embodiment, this invention provides or contemplates a method of treating or
preventing a seizure disorder in a patient comprising administration of a compound of formula TA-1

in an amount of from about 300 mg per day to about 1200 mg per day.

[0320] In another embodiment, this invention provides or contemplates a method of treating or
preventing a disease, disorder, or condition that is affected by modulation of at least one potassium
ion channel selected from KCNQ2/3, KCNQ4, and KCNQS5 in a patient comprising administration

of a compound of formula IA-1. In such embodiments, KCNQ1 is substantially unaffected.

[0321] In another embodiment, this invention provides or contemplates a method of treating or
preventing a disease, disorder, or condition that is affected by modulation of at least one potassium
ion channel selected from KCNQ2/3, KCNQ4, and KCNQ5 in a patient comprising administration

of compound A:
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in an amount of from about 10 mg to about 2000 mg per day to a patient in need thereof. In such

embodiments, KCNQI is substantially unaffected.
Detailed Description of Invention

[0322] As contemplated by this invention, compounds of formula 1A are designed for oral or
intravenous dosing of up to 2000 mg per day. Yet the high activities of many of these compounds
indicate that dosing of less than 1200 mg per day - the current anticipated dosing level of retigabine in
adults - is possible. Thus, this invention comprises tablets, capsules, solutions, and suspensions of
compounds of formula IA which are formulated for oral administration. Similarly, solutions and
suspensions suitable for oral pediatric administration, comprising, in addition to compounds of
formula IA, a syrup such as sorbitol or propylene glycol, among many other examples, are also
contemplated. More specifically, solutions and suspensions comprising, in addition to compounds of
formula IA, a syrup such as sorbitol or propylene glycol, along with colorants and flavorings suitable
for oral pediatric administration, are also contemplated. Additionally, both chewable and non-

chewable tablets comprising compounds of formula IA, along with pharmaceutically acceptable
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tabletting agents and other pharmaceutically acceptable carriers and excipients, are also
contemplated. As used herein, the term pharmaceutically acceptable carrier comprises such
excipients, binders, lubricants, tabletting agents, disintegrants, preservatives, anti-
oxidants, flavours and colourants as are typically used in the art of formulation of pharmaceuticals.
Examples of such agents include - but are not limited to - starch, calcium carbonate, dibasic calcium
phosphate, dicalcium phosphate, microcrystalline cellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose lactose, polyethylene glycols, polysorbates, glycols, safflower oil,
sesame oil, soybean oil, and Povidone. Additionally, disintegrants such as sodium starch glycolate;
lubricants such as magnesium stearate, stearic acid, and Si0O»; and solubility enhancers such as
cyclodextrins, among a great many other examples for each group, are contemplated. Such materials
and the methods of using them are well known in the pharmaceutical art. Additional examples are

provided in Kibbe, Handbook of Pharmaceutical Excipients, London, Pharmaceutical Press, 2000.

[0323] As used herein, the term "pharmaceutically acceptable acid salts" refers to acid
addition salts formed from acids which provide non-toxic anions. The pharmaceutically
acceptable anions include, but are not limited to, acetate, aspartate, benzoate, bicarbonate,
carbonate, bisulfate, sulfate, chloride, bromide, benzene sulfonate, methyl sulfonate, phosphate,
acid phosphate, lactate, maleate, malate, malonate, fumarate, lactate, tartrate, borate, camsylate,
citrate, edisylate, esylate, forrnate, fumarate, gluceptate, glucuronate, gluconate oxalate,
palmitate, pamoate, saccharate, stearate, suceinate, tartrate, tosylate and trifluoroacetate salts,
among a great many other examples. Herni-salts, including but not limited to hemi-sulfate salts,

are likewise contemplated.

[0324] For a review on suitable salts, see "Handbook of Pharmaceutical Salts: Properties,

Selection, and Use" by Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002).

[0325] As is well known, pharmaceutically acceptable salts of compounds of formula I may
be prepared by reaction of a compound of formula I with the desired acid; by removal of a
protecting group from a suitable precursor of the compound of formula I or by ring-opening a
suitable cyclic precursor, for example, a lactone or lactam, using the desired acid or base; and by
conversion of one salt of the compound of formula I to another by reaction with an appropriate

acid or base or by passage through an appropriate ion-exchange column.
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[0326] As used herein, the term "pharmaceutically acceptable solvate" refers to describe a
molecular complex comprising the compound of the invention and a stoichiometric amount of
one or more pharmaceutically acceptable solvent molecules, including but not limited to water
and ethanol. Thus, the term solvate includes a hydrate as one example and an ethanolate as

another example.

[0327] As used herein, modulation of ion channels refers to activating the ion channels, to
affecting the kinetics of opening and closing of the ion channels, or to causing any change in the

channel open probability of the ion channels.

[0328] In some embodiments, the present invention provides a method of treating or preventing
a disease, disorder, or condition that is affected by modulation of at least one potassium ion channel
selected from KCNQ2/3, KCNQ4, and KCNQS5 1n a patient comprising administration of a
compound of formula IA-1. In such embodiments, KCNQ1 is substantially unaffected. Thus,
compounds of formula IA-1 have been found to selectively affect members of the KCNQ-family of
potassium channels associated with the nervous system, KCNQ2-5, while not affecting those
associated with cardiac potential, KCNQI1. This selectivity is useful in the treatment of diseases,
disorders, or conditions associated with the nervous system without affecting the potassium channel
KCNQI associated with the heart. Compounds of formula IA-1 can be used as antiepileptics,

anticonvulsants, and in the treatment of neuropathic pain, for example.

[0329] In some embodiments, the present invention provides a method of treating or preventing
a disease, disorder, or condition that is affected by modulation of at least one potassium ion channel

selected from KCNQ2/3, KCNQ4, and KCNQ)5 in a patient comprising administering compound A:

in an amount of from about 10 mg to about 2000 mg per day to a patient. In such embodiments,
KCNQLI is substantially unaffected. Thus, compound A has been found to selectively affect
members of the KCNQ-family of potassium channels associated with the nervous system, KCNQ2-

5, while not affecting those associated with cardiac potential, KCNQI. This selectivity is useful in
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the treatment diseases, disorders, or conditions associated with the nervous system without affecting
the potassium channel KCNQ1 associated with the heart. Compound A can be used as antiepileptics,
anticonvulsants, and in the treatment of neuropathic pain, for example.

Preparation of compounds

General Strategy

[0330] Section 1. The preparation of compounds of formula VI is outlined in Scheme 1, in

which, for convenience, a substituted tetrahydroisoquinoline,

is symbolized by structure V.

“’
s,
3

[0331] Such substituted tetrahydroisoquinolines are either commercially available or are
prepared from commercially available materials. A great many substituted
tetrahydroisoquinolines are known, including many fused isothiazole, piperidino and pyrrolidino
derivatives. Thus, for example, compounds of formula IA where R, is 5-fluoro- can be prepared
starting with 5-fluoro-1,2,3,4-tetrahydroisoquinoline. Similarly, as another among many
examples, compounds of formula IA where R; or R, is 6-methylcan be prepared starting with 6-
methyl-1,2,3,4-tetrahydroisoquinoline. and, again, in two more examples among many,
compounds of formula IA where R; and R, are 6- and 7- chloro, respectively, can be prepared
starting with 6-, 7- dichloro-1,2,3,4- tetrahydroisoquinoline, and compounds with a substituent in
the 9-position can be prepared starting with the appropriate 9-substituted tetrahydroisoquinoline.
Analogously, compounds with R' other than H can be prepared starting with the appropriate 1-, 3-,



WO 2011/094186 PCT/US2011/022345

51

or 4- substituted tetrahydroisoquinolines. For examples, compounds in which, in the 1- and 4-
positions, R' is phenyl, methoxy, ethyl, methyl, F, or 2-(N-, N-dimethylamino)ethyl are

accessible via the commercially available 1- and 4-substituted tetrahydroisoquinolines.

Scheme 1:

Scheme 1
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[0332] In this procedure the aromatic amine I is brominated according to standard
procedures, including but not limited to the reaction with such reagents as Nbromosuccinimide in
an aprotic solvent such as acetonitrile. The reaction mixture is typically heated under reflux for a

period of from approximately 8 to approximately 48 hours.

[0333] In a typical procedure, the resulting bromo derivative Il is purified by filtration of the
crude reaction mixture through Celite. If desired, other standard purification techniques,

including flash chromatography, can be used.

[0334] In the following step, the reaction of a compound II with the appropriate acyl chloride
IIT in an aprotic solvent such as acetonitrile produces the amide of general formula I'V. This
reaction is typically conducted at room temperature for a period of from approximately 4 to
approximately 48 hours. The resulting amide of general formula IV can be purified by a standard

chromatographic technique such as flash chromatography or thin layer chromatography.

[0335] The next step of the reaction sequence is to prepare the desired product of general

Formula VI using the well-known palladium coupling reaction, employing a phosphine ligand



WO 2011/094186 PCT/US2011/022345

52

such as the commercially available dicyclohexyl phosphino-2'-(NVN,- dimethylamino)biphenyi.
Thus, the amine of general formula V can be coupled to the bromine derivative of general
formula IV using a palladium derivative such as, for example,
bis(dibenzylidineacetone)palladium, a base such as potassium tert-butoxide and the ligand
dicyclohexyl phosphino-2'-(N.4V,-dimethyl amino)biphenyl in an aprotic solvent. The reaction
mixture is typically heated in an oil bath at 90°C for a period of from approximately 8§ to
approximately 48 hours, or it can be heated using a microwave apparatus (Horizon unit, Biotage)
at a temperature range of from approximately 90° to approximately 250°C. The desired
compound of general formula VI is purified by standard chromatographic techniques, such as

flash chromatography or thin layer chromatography. It can also be recrystallized. from toluene.

[0336] Section I1. The preparation of compounds of formula IX is outlined in Scheme 2.

Scheme 2:
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[0337] In reactions in section I, the compounds of general Formula IX are prepared in a way
similar to that employed in section I. The aniline derivative II (section 1) is combined with the
haloalkyl compound VII under standard conditions to produce the desired thioester of general
formula VIII. The reaction is typically conducted at a temperature of from approximately 20° to
approximately 90°C for a period of from approximately 8 to approximately 48 hours, or in a
microwave apparatus (Horizon unit, Biotage) at a temperature range of from approximately 90°
to approximately 250°C. As in the previous sequence, the thioester can be purified by standard

chromatographic techniques such as flash chromatography or thin layer chromatography. The
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final step, a palladium coupling reaction to produce the compound of general Formula IX, is

identical to that described in the corresponding step in Section I.

[0338] Section I1I. The preparation of compound of formula XII is outlined in Scheme 3.

Scheme 3:
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[0339] In section III, the carbatnate derivative of general Formula X1 is obtained from the
aniline derivative of general Formula TI (see section 1) using standard conditions. Typically, the
aniline is allowed to react with an anhydride derivative of general Formula X in the presence of a
base such as triethyia:mine or diisopropyl ethylaniine in an aprotic solvent such as methylene
chloride. The reaction is conducted at a temperature in the range of from approximately -20° to
approximately 40°C for a period of from approximately 30 min to approximately 48 hours,
depending on the particular substrates. The resulting carbamate derivative of general Formula XI
can be purified by the usual chromatographic techniques, such as flash chromatography or thin

layer chromatography. As in sections I and II, the final step is a palladium coupling.
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[0340] Section IV. The preparation of compound of formula XIII is outlined in Scheme 4.

Scheme 4:
R
R, 4 ,
NG A N ORs
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[0341] Here, a compound of general Formula XII, obtained as in section III, reacts with
Lawesson's reagent in an aprotic solvent such as methylene chloride to produce the
thiocarbamate. Depending on the substrates involved, the reaction is stirred at room temperature
or is heated under reflux for a period of from approximately 2 to approximately 48 hours. The
resulting compound XIII can be purified by the usual chromatographic techniques, such as flash

chromatography or thin layer chromatography.

[0342] Section V. The preparation of compound of formula XIV is outlined in Scheme 5.

Scheme 5:
Schente 5:
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[0343] The compound of general Formula XIV is obtained under the same conditions
described in section IV. The reaction is typically heated under reflux or stirred at room
temperature for a period of from approximately 2 to approximately 48 hours. The resulting
derivative of general Formula XIV can be purified by the usual chromatographic

techniques, such as flash chromatography or thin layer chromatography.
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Exemplary Compounds

[0344] Starting materials: bromodimethylaniline was obtained from either Alfa Aesar or

Sigma Aldrich.

[0345] Substituted tetrahydroisoquinolines commercially available; those used in

exemplary reactions here were obtained from ASW MedChem Inc., of New Brunswick,

NIJ. Other substituted tetrahydroisoquino lines may be synthesized from commercially available

starting materials via standard synthetic techniques.
Example 1

[0346] N-(2-chloro-4-(3,4-dihydroisoquinolin-2 (/ H)-yl)-6-(trifluoromethyl)phenyl)-3,3-

dimethylbutanamide

[0347] Step A: 4-bromo-2-chloro-6-(trifluoromethyl)aniline

[0348] N-bromo succinimide (910 mg, 5.1 mmol) was added to a solution of 2-chloro-6-
(trifluoromethyl)aniline (1.0 g, 5.1 mmol) and acetic acid (3 mL) in acetonitrile (10 mL) at room
temperature. The mixture was heated at reflux, with stirring, for 18h. The reaction mixture was
then filtered through Celite and concentrated to give the title compound, which was used in the

next step without further purification.
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[0349] Step B: N- (4-bromo-2-chloro-6-trifluoromethyl)phenyl-3.3- dimethylbutanamide:

B F i_f"\\]vf C; G E
- u:‘,"a e Nj;;\\"‘} :

CFy
3,3-Dimethylbutanoyl chloride (1.08 g, 8.0 mmol) was added to a solution of 4- bromo-2-chlor~o-
6-(trifluoromethyl)aniline (2.0 g, 7.3 mmol) in acetonitrile (10 mL). The reaction mixture was
stirred at room temperature overnight. Water was added, and the mixture was then extracted with
ethyl acetate. The organic layer was dried over sodium sulfate and concentrated. Purification by
column chromatography in dichloromethane afforded the title compound as a powder (1.22 g,
65% over the two steps).
[0350] Step C: N-(2-chloro-4-(3.4-dihydroisoquinolin-2 (/H)-yl)-6-

(trifluoromethyl)phenvyl)-3.3-dimethylbutanamide:

CF s

[0351] Bis(dibenzylidineacetone)palladium (2 mg, 0.003Smmol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon), and the solution was stirred for 15 minutes under argon. Potassium fert-
butoxide (122 mg, 1.08 mmol), 1,2,3,4-tetrahydroisoquinoline (87 mg, 0.65 mmol), and N-(2-
chloro-4-(3,4-dihydroisoquinolin-2(/ H)-yl)-6- (trifluoromethyl)phenyl)-3,3-dimethylbutanamide
(200 mg, 0.54 mmol) were then added, and the reaction mixture was stirred at 90 °C overnight.
The reaction mixture was then cooled to room temperature, concentrated, and purified by thin
layer chromatography (dichloromethane:methanol 5%) to afford the title compound as a solid.
(106 mg, 47%). "H NMR (DMSO-ds, 300 MHz) & 1.02 (s, 9H), 2.07 (s, 3H), 2.17 (s, 2H), 2.92
(t, J= 5.4 Hz, 2H), 3.62(t, J= 6 Hz, 2H), 4.48 (s, 2H), 7.33 (m, 6H), 9.30 (s, 1H).



WO 2011/094186 PCT/US2011/022345

57

Example 2

[0352] N-(4-(3,4-dihydroisoquinolin-2 (1 H)-yl)-2,6-dimethylphenyi)-3, 3-diumethyl

butanamide

[0353] Step A: N-(4-Bromo-2.6-dimethyl-phenyl)-3 3-dimethy1-butanamide:

[0354] 3,3-Dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine
(2.53g, 3.5 mL, 25 mmol) were added to a solution of 4-bromo-2,6-dimethylphenylamine (5.0 g,
25 mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4
hours. Water was added to the mixture, and the precipitate which formed was collected to give

the title compound as a powder (7.46 g, 100%, yield).

[0355] Step B: N-(4- 3.4-dihydroisoquinolin-2 (/H)-2,6-dimethylphenyl)-3.3-

dimethylbutanamide:

Eﬁx\i;ﬁ%“:
1 0 N
1 3 b

[0356] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmo1) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium tert-butoxide (150 mg,
1.34 mmol), 1,2,3,4-tetrahydroisoquinoline (107 mg, 0.8 mmol) and N-(4-bromo-2,6-dimethyl-
phenyl)-3,3-dimethyl-butanamide (200 mg, 0.67 mmol) were then added, and the reaction
mixture was stirred at 90 °C overnight. The reaction mixture was then cooled to room
temperature, concentrated, and purified by thin layer chromatography

(dichloromethane:methanol 5%) to afford the title compound as a solid. (113.20 mg, 50%).
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'"H NMR (DMSO-ds, 300 MHz) & 1.03 (s, 9H), 2.08 (s, 6H), 2.15 (s, 2H), 2.89 (t, J= 5.7 Hz,
2H), 3.49 (t, J=5.7 Hz, 2H), 4.31 (s, 2H), 6.68 (s, 2H), 7.2 (m, 4H), 8.86 (s, 1 H).

Example 3

[0357] N-(2-chloro-4-(3,4-dihydroisoquinolin-2(1 H)-yl)-6-(trifluoromethyl)phenyl)-3-

cyclopentyl propanamide

[0358] Step A: 4-bromo-2-chloro-6-(trifluoromethyl)aniline:

BY\\[xﬁ:JCQ
CE,

NH;

[0359] N-bromosuccinimide (910 mg, 5.1 mmol) was added to a solution of 2-chloro-6-
(trifluoromethyl)aniline (1.0 g, 5.1 mmol) and acetic acid (3 mL) in acetonitrile (10 mL) at room
temperature. The mixture was stirred at reflux for 18h. The reaction mixture was then filtered
through Celite and concentrated to give the title compound, which was used in the next step

without further purification.

[0360] Step B: N-(4-Bromo-2-chloro-6-trifluoromethyl-phenyl)-3-cyclopentyl-

propionamide:

oy

C ?3 w

[0361] 3-Cyclopentyl propionyl chloride (1.28 g, 8.0 mmol) was added to a solution of 4-
bromo-2-chloro-6-(trifluoromethyl)aniline (2.0 g, 7.3 mmol) in acetonitrile (10 mL). The
reaction mixture was stirred at room temperature overnight. Water was added, and the mixture

was then extracted with ethyl acetate. The organic layer was dried over sodium sulfate and
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concentrated. Purification by column chromatography (100% DCM) afforded the title

compound as a powder.

[0362] Step C: N-(2-chloro-4-(3.4-dihydroisoquinolin-2(/ H)-yl)-6-

(trifluoromethyDphenyl)-3-cyclopentyl propanamide;

P

S AN Cl
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[0363] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mrnol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium zers-butoxide (150 mg,
1.34 mmol), 1,2,3,4-tetrahydroisoquinoline (107 mg, 0.8 mmol), and N-(4-bromo-2-chloro-6-
trifluoromethyl phenyl)-3-cyclopentyl propionamide (200 mg, 0.5 mmol) were then added, and
the reaction mixture was stirred at 90 °C overnight. The reaction mixture was then cooled to
room temperature, concentrated, and purified by thin layer chromatography (dichloromethane:

methanol 5%) to afford the title compound as a solid.

[0364]  Yield: 28%. "H NMR (CDC13, 300 MHz) § 1.15 (m, 2H), 1.65 (m, 4H), 1.85 (m, 4H),
2.44 (t, J=17.5 Hz, 2H), 3.01 (t, J= 5.7. Hz, 2H), 3.6 (t, J = 5.7. Hz, 2H), 4.43 (s, 2H), 6.72 (s,
1H), 7.10 (m, 2H), 7.24 (m, 4H).

Example 4
[0365] N-(2-chloro-4-(6-fluoro-3,4-dihydroisoquinolin-2 (1 H)-yl)-6-
(trifluoromethyl)phenyl)-3,3-dimethylbutanamide:

[0366] Step A: 6-fluoro-3.4-dihydroisoquinolin-1(2H)-one:

TN

Q
S

g

H
NN
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[0367] Sodium azide (0.870 g, 13.33 mmol) was added in portions to a stirred solution of 5-
fluoro-l-indanone (1.0 g, 6.67 mmol) and methanesulfonic acid (4 mL) in dichloromethane (4
mL) at 0 °C. The reaction mixture was stirred at room temperature for 18 h. The mixture was then
cooled to 0°C and neutralized with 2N NaOH. The layers were separated, the aqueous layer
extracted with dichloromethane, and the combined organic layers were dried over Na,SO4 and
concentrated to give the title compound as a white powder. The crude product was used in the

next step.

[0368] Step B: 6-fluoro-1,2.3.4-tetrahydroisoquinoline:

K ¢ NH
S

[0369] Diborane (1 M, THF, 24 mL) was added at 0°C to a solution of 6-fluoro-3,4-dihydro

isoquinolin-1(2H)-one (1.14g, 6.9 mmol) in THF (8 mL). The mixture was stirred at reflux for
18 h . It was cooled to room temperature and water was added. The mixture was extracted with
dichloromethane, and the organic layer was dried over sodium sulfate and concentrated.

Purification by column chromatography (hexanes: ethyl acetate 1:1) afforded the title compound.

[0370] Step C: N-(2-chloro-4-(6-fluoro-3.4-dihydroisoquinolin-2(/H)-y1)-6-

trifluoromethyl) phenyl-3.3-dimethylbutanamide:

[0371] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmol) and (2'-dicyclohexyl
phosphanyl biphenyl-2-y1) dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium fert-butoxide (122 mg,
1.08 mmol), 6-fluoato-1,2,3,4-tetrahydroisoquinoline (96 mg, 0.65 mmol), and N-(4-bromo-2-
chloro-6-(trifluoromethyl)phenyl)-3,3-dimethylbutanamide (200 mg, 0.54 mmol) were then
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added, and the reaction mixture was stirred at 90 °C overnight. The reaction mixture was then
cooled to room temperature, concentrated, and purified by thin layer chromatography

(dichloromethane:methanol 5%) to afford the title compound as a solid. m/z = 441 [M-1].

Example 5§

[0372] N-[2-Chloro-4-(3,4-dihydro-1 H-isoquinolin-2-yl)-6-methyl-phenyl]-3,3-dimethy-

butanamide

[0373] Step A: N-(4-Bromo-2-chloro-6-methylphenyl)-3.3-dimethyl butanamide:

P

[0374] 3,3-Dimethylbutanoyl chloride (3,37 g, 3.5 mL, 25 mmol) and triethylamine (2.53g,

P4

4

"”’,,,,{;X'}

3.5 mL, 25 mmol) were added to a solution of 4-bromo-2-chloro-6-methyl-phenylamine (5.0 g,
25 mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4
hours. Water was added to the mixture, and the precipitate that formed was collected to give the

title compound as a powder (7.46 g, 100% yield).

[0375] Step B: N-[2-Chloro-4-(3.4-dihydro-1H-isoquinolin-2-yl)-6-methy1-phenyl-3.3-

dimethyl-butanamide:

[0376] The synthesis of this compound was performed as described in example 4, step C.
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[0377]  'H NMR (DMSO-ds, 300 MHz) & 1.03 (s, 9H), 2.12 (s, 3H), 2.15 (s, 2H), 2.89 (t,
J=5.7 Hz, 2H), 3.53 (t, J = 5.7 Hz, 2H), 4.36 (s, 2H), 6.87 (d, J = 9.6, 2H), 7.2 (m, 4H), 9.08 (s,
1 H).

Example 6

[0378] N- [2-Chloro-4-(6-fluoro-3,4-dihydro-1 H-isoquinolin-2-yl)-6-trifluoromethyl-
phenyl)-3-cyclopentyl-propionamide

[0379] Step A: 4-bromo-2-chloro-6-(trifluoromethyl)aniline:

BF\’E{\‘&IQ
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[0380] N-bromosuccinimide (910 mg, 5.1 mmol) was added at room temperature to a
solution of 2-chloro-6-(trifluoromethyl)aniline (1.0 g, 5.1 mmol) and acetic acid (3 mL) in
acetonitrile (10 mL). The mixture was stirred at reflux to 18h. The reaction mixture was then
filtered through celite and concentrated to give the title compound, which was used in the next

step without further purification.

[0381] Step B: N-(4-Bromo-2-chloro-6-trifluoromethyl-phenyl)-3-cyclopentyl

propionamide:

[0382] 3-Cyclopentyl propionyl chloride (1.28 g, 8.0 mmol) was added to a solution of 4-
bromo-2-chloro-6-(trifluoromethyl)aniline (2.0 g, 7.3 mmol) in acetonitrile (10 mL). The
reaction mixture was stirred at room temperature overnight. Water was added to the mixture,

which was then extracted with ethyl acetate. The organic layer was dried over sodium sulfate and
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concentrated. Purification by column chromatography (100% DCM) afforded the title compound

as a powder.

[0383] Step C: N-[2-Chloro-4-(6-fluoro-3.4-dihydro-/H-isoquinolin-2-yl)-6-

trifluoromethyl- phenyl]-3-cyclopentyl propionamide:

F-. ..»"\_,,f
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[0384] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium tert-butoxide (140 mg,
1.25 mmol), 6-fluoro-1,2,3,4-tetrahydroisoquinoline hydrochloride salt (150 mg, 0.8 mmol) and
N-(4-Bromo-2-chloro-6-trifluoromethyl- phenyl)-3-cyclopentyl-propionamide (200 mg, 0.5
mmol) were then added and the reaction mixture was stirred at 90 °C overnight. The reaction
mixture was then cooled to room temperature, concentrated, and purified by thin layer

chromatography (dichloromethane:methanol 5%) to afford the title compound as a solid.

[0385]  'H NMR (DMSO-d,, 300 MHz) & 1.07 (m, 2H), 1.57 (m, 6H), 1.75 (m, 3H), 2.31 (m,
2H), 2.93 (t, J= 5.1 Hz, 2H), 3.60 (t, J = 5.4 Hz, 2H), 4.45 (s, 2H), 7.06 (m, 2H), 7.15 (s, 1H),
7.32 (m, 2H), 9.39 (s, 1H).
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Example 7

[0386] N-[2,6-Dimethyl-4-(6-trifluoromethyl-3,4-dihydro-/H- isoquinolin-2-yl)-phenyl-3,3-

dimethyl butanamide

[0387] Step A: N-(4-Bromo-2 6-dimethyl-phenyl-3.3-dimethyl-butanamide:

N ', f‘; 2
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[0388] 3,3-Dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine (2.53g,
3.5 mL, 25 mmol) were added to a solution of 4-Bromo-2,6-dimethyl-phenylamine (5.0 g, 25
mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4 hours.
Water was added to the mixture, and the precipitate which formed was collected to give the title

compound as a powder (7.46 g, 100% yield).

[0389] Step B: N-[2,6-Dimethyl-4-(6-trifluoromethy1-3.4-dihydro-/ H-isoquinolin-2-yl-

phenyl]-3.3-dimethyl butanamide:

SN o
LA K

[0390] Bis(dibenzylidineacetone)palladium (390 mg, 0.68 mmol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (800 mg, 2.0 mmol) were added to dry toluene (150
mL purged with argon) and stirred for 30 minutes under argon. Potassium fert-butoxide (4.75
mg, 42.3 mmol), 6-Trifluoromethyl-1,2,3,4-tetrahydro-isoquinoline hydrochloride salt (4.82 g,
20.3 mmol) and N-(4-bromo-2,6-dimethyl-phenyl)-3,3-dimethyl-butanamide (5 g, 16.8 mmol)

were then added, and the reaction mixture was stirred at 80 °C overnight. The reaction mixture
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was then cooled to room temperature and recrystallized from toluene to afford the title compound

as a solid. (5.55 g, 79%).

[0391]  'H NMR (DMSO-ds, 500 MHz) § 1.03 (s, 9H), 2.09 (s, 6H), 2.15 (s, 2H), 2.98 (t,
J=5.0 Hz, 2H), 3.52 (t, J = 6.0 Hz, 2H), 4.40 (s, 2H), 6.71 (s, 2H), 7.45 (d, J = 8.0, TH), 7.52
(m, 2H), 8.87 (s, 1 H).

Example 8

[0392] N-[2-Chloro-6-trifluoromethyl-4-(6-trifluoromethyl-3,4-dihydro- 1 H-isoquinolin-
2- yl)-phenyl]-3,3-dimethyl butanamide

[0393] Step A: 4-bromo-2-chloro-6-(trifluoromethyl)aniline:

T
T NHy
CF

“3

[0394] N-bromosuccinimide (910 mg, 5.1 mmol) was added to a solution of 2-chloro-6-
(trifluoromethyl)aniline (1.0 g, 5.1 mmol) in acetonitrile (10 mL) and acetic acid (3 mL) at room
temperature. The mixture was stirred at reflux to 18h. The reaction mixture was then filtered
through celite and concentrated to give the title compound which was used in the next step

without further purification.

[0395] Step B: N-(4-bromo-2-chloro-6(trifluoromethyl)phenyl)-3.3-dimethylbutanamide:

-Gl
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[0396] 3,3-dimethylbutanoyl chloride (1.08 g, 8.0 mmol) was added to a solution of 4-
bromo-2-chloro-6-(trifluoromethyl)aniline (2.0 g, 7.3 mmol) in acetonitrile (10 mL). The

reaction mixture was stirred at room temperature overnight. Water was added to the mixture and
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then extracted with ethyl acetate. The organic layer was dried over sodium sulfate and
concentrated. Purification by column chromatography (100% DCM) afforded the title compound
as a powder (1.22 g, 65%) over the two steps,

[0397] Step C: N-[2-Chloro-6-trifluoromethyl-4-(6-trifluorornethyl-3.4-dihydro-/H-

isoquinolin-2-yl)-phenyl]-3 3-dimethyl butanamide:

FaC ™
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[0398] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmo1) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium tert-butoxide (197 mg,
1.75 mmol), 6-trifluoro-1,2,3,4-tetrahydroisoquinoline (154 mg, 0.65 mmol) and N-(4-bromo-2-
chloro-6-(trifluoromethyl)phenyl)-3,3- dimethylbutananaide (200 mg, 0.54 mmol) were then
added, and the reaction mixture was stirred at 90 °C overnight. The reaction mixture was then
cooled to room temperature, concentrated, and purified by thin layer chromatography

(dichloromethane:methanol 5%) to afford the title compound as a solid
[0399] "H NMR (DMSO-ds, 500 MHz) & 1.03 (s, 9H), 2.17 (s, 2H), 3.02 (t, J = 5.35 Hz, 2H),

3.65
(t,J = 5.0 Hz, 2H), 4.61 (s, 2H), 7.19 (d, J = 2.0 Hz, 1H), 7.38 (d, J = 1.9 Hz, TH), 7,49 (d, J =
8.0 Hz, 1H), 7.56 (d, J= 8.1 Hz, 1H), 7.59 (s, 1H), 9.32 (s, 1H).
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Example 9

[0400] N-[2-Chloro-4-(6-ehloro-3,4-dihydro-1 H-isoquinolin-2-yl)-6-trifluoromethyl-
phenyl]-3,3-dimethyl butanamide

[0401] Step A: 4-bromo-2-chloro-6-(trifluoromethyl)aniline:

By O
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[0402] N-bromosuccinimide (910 mg, 5.1 mmol) was added to a solution of 2-chloro-6-
(trifluoromethyl)aniline (1.0 g, 5.1 mmol) in acetonitrile (10 mL) and acetic acid (3 mL) at room
temperature. The mixture was stirred at reflux to 18h. The reaction mixture was then filtered
through Celite and concentrated to give the title compound which was used in the next step

without further purification.

[0403] Step B: N-(4-bromo-2-chloro-6-(trifluoromethyl)phenyl)-3.3dimethylbutanamide:

ET\V‘*‘\\( - Ol
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[0404] 3,3-Dimethylbutanoyl chloride (1.08 g, 8.0 mmol) was added to a solution of 4-
bromo-2-chloro-6-(trifluoromethyl)aniline (2.0 g, 7.3 mmol) in acetonitrile (10 mL). The
reaction mixture was stirred at room temperature overnight. Water was added to the mixture and
then extracted with ethyl acetate. The organic layer was dried over sodium sulfate and
concentrated. Purification by column chromatography (100% DCM) afforded the title compound
as a powder (1.22 g, 65%) over the two steps.
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[0405] Step C: N-[2-Chloro-4-(6-chloro-3.4-dihydro-1H-isoquinolin-2-yl1)-6-

trifluoromethyl-phenyl]-3.3-dimethyl-butanamide:
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[0406] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmo1) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium zert-butoxide (151
mg, 1.35 mmol), 6-chloro-1,2,3,4-tetrahydroisoquinoline hydrochloride (133 mg, 0.65 mmol)
and N-(4-bromo-2-chloro-6-(trifluoromethyl)phenyl)-3,3-dimethylbutanamide (200 mg, 0.54
mmol) were then added and the reaction mixture was stirred at 90 °C overnight. The reaction
mixture was then cooled to room temperature, concentrated and purified by thin layer

chromatography (dichloromethane:methanol 5%) to afford the title compound as a solid.

[0407]  'H NMR (DMSO-d,, 500 MHz) § 1.02 (s, 9H), 2.17 (s, 2H), 2.92 (t, J = 5.35 Hz, 2H),
3.61
(t,J = 5.6 Hz, 2H), 4.47 (s, 2H), 7.16 (s, TH), 7.29 (m, 3H), 7.34 (s, TH), 9.31(s, IH).

Example 10

[0408] N-[4-(6-Choro-3,4-dihydro-7H-isoquinolin-2-yl)-2,6-dimethyl-phenyl-3,3-
dimethylbutanamide

[0409] Step A: N-(4-Bromo-2.6-dimethyl-phenyl)-3.3-dimethyl-butanamide:
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[0410] 3,3-Dirnethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine (2.53g,
3,5 mL, 25 mmol) were added to a solution of 4-bromo-2,6-dimethyl phenylamine (5.0 g, 25
mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4 hours.
Water was added to the mixture and the precipitate formed collected to give the title compound

as a powder (7.46 g, 100% yield).

[0411] Step B: N-[4-(6-Chloro-3.4-dihydro-/H-isoquinolin-2-y1)-2.6-dimethyl-phenyl]-3.3-

dimethyl butanamide:

CI\_\‘{{ }{’-\\v. {m\
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[0412] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmol) and 2'-

dicyclohexylphosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry
toluene (5 mL purged with argon) and stirred for 15 minutes under argon. Potassium zert-
butoxide (188 mg, 1.7 mmol), 6-¢hloro-1,2,3,4-tetrahydro isoquinoline hydrochloride salt (165
mg, 0.8 mmol), and N-(4-bromo-2,6-dimethylphenyl)-3,3-dimethylbutanamide (200 mg, 0.67
mmol) were then added, and the reaction mixture was stirred at 80 °C overnight. The reaction
mixture was then cooled to room temperature and filtered through silica gel. Purification by

preparative thin layer chromatography afforded the title compound as a solid.

[0413]  'HNMR (DMSO-d,, 500 MHz) & 1.03 (s, 9H), 2.08 (s, 6H), 2.15 (s, 2H), 2.89 (t, J =
5.25 Hz, 2H), 3.47 (t, J = 5.6 Hz, 2H), 4.30 (s, 2H), 6.68 (s, 2H), 7.25 (m, 3H), 8.85 (s, 11-1).
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Example 11

[0414] N-[4-(6-fluoro-3,4-dihydro-1H-isoquinolin-2-yl)-2,6-dimethyl phenyl]-3,3-

dimethyl butanamide

[0415] Step A: N-(4-Bromo-2.6-dimethyl-phenyl)-3.3-dimethyl-butanamide:
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[0416] 3,3-Dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine (2.53g,
3.5 mL, 25 mmol) were added to a solution of 4-bromo-2,6-dimethylphenylamine (5.0
g, 25 mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4

hours. Water was added to the mixture, and the precipitate which formed was collected to give

the title compound as a powder (7.46 g, 100% yield).

[0417] Step B: N-[4-(6-Fluoro-3.4-dihydro-/H-isoquinolin-2-y1)-2.6-dimethylpheny1-3.3-

0
%f Nu\v,f‘&&
i
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dimethyl butanamide:

[0418] Bis(dibenzylidineacetone)palladium (390 mg, 0.68 mmol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (800 mg, 2.0 mmol) were added to dry toluene (150
mL purged with argon for 30 minutes) and stirred for 30 minutes under argon. Potassium tert-
butoxide (4.75 mg, 42.3 mmol), 6-fluoro-1,2,3,4-tetrahydro-isoquinoline hydrochloride salt (3.2
g, 17.0 mmol), and N-(4-bromo-2,6-dimethyl-phenyl)-3,3-dimethyl-butanamide (5 g, 16.8

mmol) were then added, and the reaction mixture was stirred at 80 °C overnight. The reaction
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mixture was then cooled to room temperature and recrystallized from toluene to afford the title

compound as a solid. (5.11 g, 83%).

[0419]  'H NMR (DMSO-ds, 500 MHz) & 1.03 (s, 9H), 2.08 (s, 6H), 2.15 (s, 2H), 2.89 (t,
J =525 Hz, 2H), 3.47 (t, J = 5.6 Hz, 2H), 4.30 (s, 2H), 6.68 (s, 2H), 6.99 (m, 2H), 7.25 (m, 1H),
8.84 (s, 1H).

Example 12

[0420] N-[2-Chloro-4-(7-fluoro-3,4-dihydro- 1 H-isoquinolin-2-yl)-6-trifluoromethyl-
phenyl]-3,3-dimethylbutanamide

[0421] Step A: 4.bromo-2-chloro-6-(trifluoromethyl)aniline:

Bf\T.f% V,,GF
CF;

[0422] N-bromosuccinimide (910 mg, 5.1 mmol) was added to a solution of 2-chloro-6-
(trifluoromethyl)aniline (1.0 g, 5.1 mmol) in acetonitrile (10 mL) and acetic acid (3 mL) at room
temperature. The mixture was stirred at reflux for 18h. The reaction mixture was then filtered
through Celite and concentrated to give the title compound, which was used in the next step

without further purification.

[0423] Step B: N-(4-bromo-2-chloro-6-trifluoromethyl) phenyl-3,3-dimethylbutanamide:

Br
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[0424] 3,3-Dimethylbutanoyl chloride (1.08 g, 8.0 mmol) was added to a solution of 4
bromo-2-chloro-6-(trifluoromethyl)aniline (2.0 g, 7.3 mmol) in acetonitrile (10 mL). The

reaction mixture was stirred at room temperature overnight. Water was added to the mixture and
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then extracted with ethyl acetate. The organic layer was dried over sodium sulfate and
concentrated. Purification by column chromatography (100% DCM) afforded the title compound
as a powder (1.22 g, 65%) over the two steps.

[0425] Step C: N-[2-Chloro-4-(7-fluoro-3.4-dihydro-/H-isoquinolin-2-yl)-6-

trifluoromethyl-phenyl]-3.3-dimethylbutanamide:

[0426] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmo1) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium tert-butoxide (151 mg,
1.35 mmol), 7-fluoro-1,2,3,4-tetrahydroisoquinoline hydrochloride (122 mg, 0.65 mmol) and N-
(4-bromo-2-chloro-6-(trifluoromethyl)phenyl)-3,3-dimethylbutanamide (200 mg, 0.54 mmol)
were then added, and the reaction mixture was stirred at 90 °C overnight. The reaction mixture
was then cooled to room temperature, concentrated, and purified by thin layer chromatography

(dichloromethane:methanol 5%) to afford the title compound as a solid.

[0427]  'H NMR (DMSO-ds, 500 MHz) § 1.02 (s, 9H), 2.17 (s, 2H), 2.89 (t, J = 5.1 Hz, 2H),
3.61 (t,J= 5.7 Hz, 2H), 4.49 (s, 2H), 7.03 (dd, J = 8.6, 2,3 Hz, 1 H), 7.12 (m, 2H), 7.16 (d, J
= 2.2 Hz, 1H), 7.23 (m, 1H), 7.33 (d, J= 2.6, 1H), 9.30 (s, 1H).
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Example 13

[0428] N-[4-(7-Fluoro-3,4-dihydro-1 H-isoquinolin-2-yl)-2,6-dimethyl-phenyl]-3,3-

dimethyl-butanamide
[0429] Step A: N-(4-Bromo-2.6-dimethyl-pheny1-3.3-dirnethy | -butanamide:
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[0430] 3,3-Dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine (2.53g,
3.5 mL, 25 mmol) were added to a solution of 4-Bromo-2,6-dimethyl- phenylamine (5.0 g, 25
mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4 hours.
Water was added to the mixture and the precipitate formed collected to give the title compound

as a powder (7.46 g, 100% yield).

[0431] Step B: N-[4-(7-Fluoro-3.4-dihydro-/H-isoquinolin-2-y1)-2.6-dimethyl-phenyl-3.3-

dimethy1-butanamide:
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[0432] Bis(dibenzylidineacetone)palladium (156 mg, 0.28 mmol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (320 mg, 0.8 mmol) were added to dry toluene (60
mL purged with argon) and stirred for 15 minutes under argon. Potassium zerz-butoxide (1.9 g,
16,25 mmol), 7-flouro-1,2,3,4-tetrahydro-isocquinoline hydrochloride salt (1.28 g, 6.8 mmol),
and N-(4-bromo-2,6-dimethyl-phenyl)-3,3-dimethyl-butanamide (5 g, 6.8 mmol) were then added,
and the reaction mixture was stirred at 80 °C overnight. The reaction mixture was then cooled to
room temperature and recrystallized from toluene to afford the title compound as a solid. (1.9 g,

76%).
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[0433]  'H NMR (DMBO-dj, 400 MHz) § 1.05 (s, 9H), 2.10 (s, 6H), 2.17 (s, 2H), 2.89 (t, J =
5.1 Hz, 2H), 3.49 (t, J = 5.7 Hz, 2H), 4.34 (s, 2H), 6.70 (s, 2H), 7.0 (m, IH), 7.1 (m, 1H), 7.2 (m,
1 H), 8.9 (s, 1 H).

Example 14

[0434] N-[2-Chloro-4-(6-fluoro-3.,4-dihydro-1 H-isoquinolin-2-yl)-6-methylphenyl]-3,3-

dimethylbutanamide

[0435] Step A: N-(4-Bromo-2-chloro-6-methyl-phenyl-3 3-dimethy1-butanamide:
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[0436] 3,3-Dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine (2.53g,
3.5 mL, 25 rmmol) were added to a solution of 4-Bromo-2-chloro-6-methylphenylamine (5.0 g,
25 rnmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4
hours. Water was added to the mixture and the precipitate formed collected to give the title

compound as a powder (7.46 g, 100% yield).

[0437] Step B: N-[2-Chloro-4-(6-fluoro-3.4-dihydro-/H-isoquinolin-2-y1)-6-methylphenyl]-

3.3-dimethylbutanamide:
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[0438] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium zert-butoxide (197 mg,
1.75 mmol), 6-fluoro-1,2,3,4-tetrahydroisoquinoline hydrochloride salt (121 mg, 0.65 mmol) and
N-(4-bromo-2-chloro-6-methyphenyl)-3,3-dimethylbutanamide (200 mg, 0.63 mmol) were then
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added and the reaction mixture was stirred at 90 °C overnight. The reaction mixture was then
cooled to room temperature, concentrated and purified by thin layer chromatography

(dichloromethane:methanol 5%) to afford the title compound as a solid.

[0439]  'H NMR (DMSO-ds, 400 MHz) & 1.05 (s, 9H), 2.14 (s, 3H), 2.17 (s, 2H), 2.91 (,
J =525 Hz, 2H), 3.52 (t, J = 5.6 Hz, 2H), 4.37 (s, 2H), 6.85 (s, IH), 6.9 (s, 1H), 7.0 (m, 2H), 7.3
(m, 1 H),9.10 (s, 1 H).

Example 15

[0440] N-[2-Chloro-4-(7-fluoro-3,4-dihydro-1H-isoquinolin-2-y1)-6-methylphenyl]-3,3-
dimethylbutanamide

[0441] Step A: N-(4-Bromo-2-chloro-6-methyl-phenyl-3.3-dimethy1-butanamide:

[0442] 3,3-Dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine (2.53g,
3.5 mL, 25 mmol) were added to a solution of 4-Bromo-2-chloro-6-methyl- phenylamine (5.0 g,
25 mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4
hours. Water was added to the mixture and the precipitate formed collected to give the title

compound as a powder (7.46 g, 100% yield).

[0443] Step B: N-[2-Chloro-4-(7-fluoro-3.4-dihydo-/H-isoquinolin-2-y1)-6- methylphenyl]-

3.3-dimethylbutanamide:
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[0444] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
m L purged with argon) and stirred for 15 minutes under argon. Potassium ferz-butoxide (197 mg,
1.75 mmol), 7-fluoro-1,2,3,4-tetrahydroisoquinoline hydrochloride salt (121 mg, 0.65 mmol) and
N-(4-bromo-2-chloro-6-methyphenyl)-3,3-dimethylbutanamide (200 mg, 0.63 mmol) were then
added and the reaction mixture was stirred at 90 °C overnight. The reaction mixture was then
cooled to room temperature, concentrated, and purified by thin layer chromatography

(dichloromethane:methanol 5%) to afford the title compound as a solid.

[0445]  'HNMR (DMSQ-dj, 400 MHz) & 1.04 (s, 9H), 2.14 (s, 3H), 2.18 (s, 2H), 2.88 (t, J =
5.25 Hz, 2ff), 3.55 (t, J= 5.6 Hz, 2H), 4.4 (s, 2H), 6.88 (s, 1 H), 6.9 (s, 1 H), 7.0 (m, 1 H), 7.1 (m,
1 H),7.2 (m, 1 H),9.10 (s, 1 H).

Example 16

[0446] N-[2-Chloro-6-methyl-4-(6-trifluoromethyl-3,4-dihydro-/ H-isoquinolin-2-yl)-
phenyl]-3,3-dimethylbutanamide

[0447] Step A: N-(4-Bromo-2-chloro-6-methy1-phenyl-3.3-dimethy1-butanamide:
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[0448] 3,3-Dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine
(2.53g, 3.5 mL, 25 mmol) were added to a solution. of 4-Bromo-2-chloro-6-methylphenylamine
(5.0 g, 25 mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature
for 4 hours. Water was added to the mixture and the precipitate formed collected to give the title

compound as a powder (7.46 g, 100% yield).
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[0449] Step B: N-[2-Chloro-6-methyl-4-(6-trifluoromethy1-3.4-dihydro-/ H-isoquinolin-2-

v1)-pheny1-3.3-dimethylbutanamide:
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[0450] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmol) and (2-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium ters-butoxide (197 mg,
1.75 mmol), 6-trifluoromethyl-1,2,3 4-tetrahydroisoquinoline hydrochloride salt (154 mg, 0.65
mmol) and N-(4-bromo-2-chloro-6-methyphenyl)-3,3- dimethylbutanamide (200 mg, 0.63
mmol) were then added and the reaction mixture was stirred at 90 °C overnight. The reaction
mixture was then cooled to room temperature, concentrated and purified by thin layer

chromatography (dichloromethane:methanol 5%) to afford the title compound as a solid.

[0451] 'HNMR (DMSO-ds, 400 MHz) 6 1.08 (s, 9H), 2.17(s, 3H), 2.21 (s, 2H), 3.0 (t, J=
5.25 Hz, 2H), 3.6 (1, J= 5.6 Hz, 2H), 4.5 (s, 2H), 6.9 (s, 1 H), 6.95 (s, 1 H), 7.3 (m, 1 H), 7.5 (m,
2H), 9.13 (s, 1 H).

Example 17

[0452] N-[2-Chloro-4-(6-chloro-3,4-dihydro-1 H-isoquinolin-2-yl)-6-methyl-phenyl]-3,3-

dimethylbutanamide

[0453] Step A: N-(4-Bromo-2-chloro-6-methy1-pheny1-3.3-dimethylbutanamide:
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[0454] 3,3-dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine
(2.53g, 3.5 mL, 25 mmol) were added to a solution of 4-Bromo-2-chloro-6-methyl-phenylamine
(5.0 g, 25 mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature
for 4 hours. Water was added to the mixture and the precipitate formed collected to give the title

compound as a powder (7.46 g, 100% yield).

[0455] Step: N- 2-Chloro-4-(6-chloro-3.4-dihydro-/ H-isoquinolin-2-y1)-6-methyl-phenyl]-

3.3-dimethylbutanamide:

[0456] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-di.methylamine (3.3 mg, 0.0084 mmol) were added to dry toluene
(10 mL purged with argon) and stirred for 15 minutes under argon. Potassium zert-butoxide (197
mg, 1.75 mmol), 6-chloro-1,2,3,4-tetrahydroisoquinoline hydrochloride salt (133 mg, 0.65
mmol), and N-(4-bromo-2-chloro-6-methyphenyl)-3,3-dimethylbutanamide (200 mg, 0.63
mmol) were then added, and the reaction mixture was stirred at 90 °C overnight. The reaction
mixture was then cooled to room temperature, concentrated, and purified by thin layer

chromatography (dichloromethane:methanol 5%) to afford the title compound as a solid.

[0457]  'H NMR (DMS4-d;, 400 MHz) 8 1.06 (s, 9H), 2.14 (s, 3H), 2.18 (s, 2H), 2.9 (t, J =
5.25 Hz, 2H), 3.5 (t, J = 5.6 Hz, 2H), 4.4 (s, 2H), 6.85 (s, 1H), 6.9 (s, 1H), 7.25 (m, 3H), 9.1 (s, 1
H).
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Example 18

[0458] N-[2-Chloro-4-(6-fluoro-3,4-dihydro-7 H-isoquinolin-2-yl)-phenyl]-3,3-

dimethylbutanamide

[0459] Step A: N-(4-Bromo-2-chloro-pheny1-3.3-dimethy1-butanamide:
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[0460] 3,3-Dimethylbutanoyl chloride (717 mg, 0.74 mL, 5.32 mmol) was added to a
solution of 4-Bromo-2-chloro-phenylamine (1.0 g, 4.84 mmol) in acetonitrile (10 mL). The
reaction mixture was stirred at room temperature overnight. Water was added to the mixture and

the precipitate formed collected to give the title compound as a powder (1.04 g, 72% yield).

[0461] Step B: N-[2-Chloro-4-(6-flouro-3.4-dihydro-/H-isoquinolin-2-y1)-pheny1-3.3-

dimethylbutanamide:

[0462]  'H NMR (DMSO-ds, 400 MHz) § 1.04 (s, 9H), 2.19 (s, 2H), 2.93 (t, J = 8 Hz, 2H),
3.54 (t,J = 8 Hz, 2H), 4.37 (s, 2H), 6.96 (dd, J = 4, 12 Hz, 1H), 7.04 (m, 3H), 7.27 (m, 1 H),
7.34(d, J=8 Hz, 1H), 9.17 (s, 1H).
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Example 19

[0463] N-[4-(6-Fluoro-3.,4-dihydro-1H-isoquinolin-2-yl)-2-methyl-phenyl]-3,3-
dimethylbutanamide

[0464] Step A: N-(4-Bromo-2-methy1-pheny1-3.3-dimethylbutanamide:
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[0465] 3,3-Dimethylbutanoyl chloride (724 mg, 0.75 mL, 5.4 mmol) was added to a solution
of 4-Bromo-2-methyl-phenylamine (1.0 g, 5.4 mmol) in acetonitrile (10 mL). The reaction
mixture was stirred at room temperature overnight. Water was added to the mixture and the

precipitate formed collected to give the title compound as a powder (830 mg, 56% yield).

[0466] Step B: N-[4-(6-Fluoro-3.4-dihydro-/H-isoquinolin-2-y1)-2-methyl-pheny1-3.3-

dimethylbutanamide:

[0467] The synthesis of this compound was performed as described in example 4, step C.

[0468]  1H NMR (DMSO-d,, 400 MHz) 8 1.04 (s, 9H), 2.14 (s, 3H), 2.16 (s, 2H), 2.91 (¢, J =
8 Hz, 2H), 3.48 (t, J = 8 Hz, 2H), 4.31 (s, 2H), 6.8 (dd, J= 4, 12 Hz, 1H), 6.85 (s, 1H), 7.0 (m,
2H), 7.09 (d, J= 8 Hz, 1 H), 7.3 (m, 1 H), 8.98 (s, 1 H).
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Example 20

[0469] N-[4-(6-Fluoro-3.4-dihydro-1H-isoquinolin-2-yl)-2-trifluoromethylphenyl|-3,3-
dimethyllbutanarnide

[0470] Step A: N-(4-Bromo-2-trifluoromethy 1 -pheny1-3.3-dimethylbutanamide:
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[0471] 3,3-Dimethylbutanoyl chloride (617 mg, 0.64 mL, 4.6 mmol) was added to a solution
of 4-Bromo-2-trifluoromethyl-phenylamine (1.0 g, 4.16 mmol) in acetonitrile (10 mL). The
reaction mixture was stirred at room temperature overnight. Water was added to the mixture and

the precipitate formed collected to give the title compound as a powder (1.1 g, 79% yield).

[0472] Step B: N-[4-(6-Fluoro-3.4-dihydro-/H-isoquinolin-2-y1-2-trifluoromethy1-phenyl-

3.3-dimethylbutanamide:

[0473] The synthesis of this compound was performed as described in example 4, step C.

[0474]  'H NMR (DMSO-d,, 400 MHz) § 1.02 (s, 9H), 2.18 (s, 2H), 2.94 (t, J =8 Hz, 2H),
3.59 (1, J = 8 Hz, 2H), 4.43 (s, 2H), 7.0 (m, 2H), 7.17 (m, 3H), 7.3 (m, 1 H), 9.18 (s, 1 H).
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Example 21

[0475] N-[2-Chloro-4-(6-trifluoromethyl-3,4-dihydro-7 H-isoquinolin-2-yl)-phenyl]-3,3-

dimethylbutanamide

[0476] Step A: N-(4-Bromo-2-chloro-phenyl)- 3.3-dimethylbutanamide:

[0477] 3,3-Dimethylbutanoyl chloride (717 mg, 0.74 mL, 5.32 mmol) was added to a
solution of 4-Bromo-2-chloro-phenylamine (1.0 g, 4.84 mmol) in acetonitrile (10 mL). The
reaction mixture was stirred at room temperature overnight. Water was added to the mixture and

the precipitate formed collected to give the title compound as a powder (1.04 g, 72% yield).

[0478] Step B: N-[2-Chloro-4-(6-trifluoromethy1-3.4-dihydro-/H-isoquinolin-2-y1)-phenyl-
3.3-dimethylbutanamide:
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[0479] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035rnmol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium zert-butoxide (197 mg,
1.75 mmol), 6-trifluoromethyl-1,2,3 4-tetrahydroisoquinoline hydrochloride salt (154 mg, 0.65
mmol) and N-(4-bromo-2-chloro)-3,3-dimethylbutanamide (200 mg, 0.66 mmol) were then added
and the reaction mixture was stirred at 90 °C overnight. The reaction mixture was then cooled to
room temperature, concentrated, and purified by thin layer chromatography

(dichloromethane:methanol 5%) to afford the title compound as a solid.
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[0480]  'H NMR (DMSO-d, 400 MHz) § 1.03 (s, 9H), 2.19 (s, 2H), 2.99 (t, J = 8 Hz, 2H),
3.58 (t,J= 8 Hz, 2H), 4.48 (s, 2H), 6.99 (dd, J =4, 8 Hz, 1 H), 7.08 (d, J=4 Hz, 1 H), 7.35 (dd,
J=4,8 Hz, 1 H), 7.48 (dd, J = 4, 8 Hz, 1H), 7.56 (m, 2H), 9.19 (s, 1 H).

Example 22

[0481] N-[4-(7-Fluoro-3,4-dihydro-7 H-isoquinolin-2-y1)-2-trifluoromethyl-phenyl]-3,3-

dimethylbutanamide

[0482] Step A: N-(4-Bromo-2-trifluoromethyl-pheny1-3.3-dimethy1-butanamide:
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[0483] 3,3-Dimethylbutanoyl chloride (617 mg, 0.64 mL, 4.6 mmol) was added to a solution
of 4-Brozno-2-trifluoromethyl-phenylamine (1.0 g, 4.16 mmol) in acetonitrile (10 mL). The
reaction mixture was stirred at room temperature overnight. Water was added to the mixture and

the precipitate formed collected to give the title compound as a powder (1.1 g, 79% yield).

[0484] Step B: [N- 4-(7-Fluoro-3.4-dihydro-/H-isoquinolin-2-y1)-2-trifluoromethy1-

phenyl-3.3-dimethylbutanamide:

[0485] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035rnmol) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mm.ol) were added to dry toluene
(10 mL purged with argon) and stirred for 15 minutes under argon. Potassium zert-butoxide (197
mg, 1.75 mmol), 7-Fluoro-1,2,3,4-tetrahydroisoquinoline hydrochloride salt (122 mg, 0.65
mmol) and N-(4-bromo-2-trifluoromethyl)-3,3-dimethylbutanamide (200 mg, 0.59 mmol) were
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then added and the reaction mixture was stirred at 90 °C overnight. The reaction mixture was then
cooled to room temperature, concentrated and purified by thin layer chromatography

(dichloromethane 100%) to afford the title compound as a solid.

[0486] "H NMR (DMSO-dj, 400 MHz) & 1.02 (s, 911), 2.18 (s, 2H), 2.90 (t, J 8 Hz, 2H),
3.60 (t, /=8 Hz, 2H), 4.46 (s, 2H), 7.0 (m, 1H), 7.23 (m, 5H), 9.17(s, 1H).

Example 23

[0487] 3,3-Dimethyl-N-[2-trifluoromethyl-4-(7-trifluoromethyl-3,4-dihydro-1H-
isoquinolin2-yl)-phenyl]-butanamide

[0488] Step A: N-(4-Bromo-2-trifluoromethyl-phenyl)-3.3-dimethylbutanamide:

[0489] 3,3-Dimethylbutanoyl chloride (617 mg, 0.64 mL, 4.6 mmol) was added to a solution
of 4-Bromo-2-trifluoromethyl-phenylamine (1.0 g, 4.16 mmol) in acetonitrile (10 mL). The
reaction mixture was stirred at room temperature overnight. Water was added to the mixture and

the precipitate formed collected to give the title compound as a powder (1.1 g, 79% yield).

[0490] Step B: 3.3-Dimethy1-N-2-trifluoromethy1-4-(7-trifluorormethy1-3.4-dihydro-/H-

isoquinolin-2-yl)-phenyl]butanamide:

=

]

[0491] Bis(dibenzylidineacetone)palladium (2 mg, 0.0035mmo1) and (2'-dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
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mL purged with argon) and stirred for 15 minutes under argon. Potassium zerz-butoxide (197 mg,
1.75 mmol), 7-trifluoromethyl-1,2,3,4-tetrahydroisoquinoline hydrochloride salt (154 mg, 0.65
mmol) and N-(4-bromo-2-trifluoromethyl)-3,3-dimethylbutanamide (200 mg, 0.59 mmol) were
then added and the reaction mixture was stirred at 90 °C overnight. The reaction mixture was
then cooled to room temperature, concentrated and purified by thin layer chromatography

(Dichloromethane 100%) to afford the title compound as a solid.

[0492]  'HNMR (DMSO-dj, 400 MHz) & 1.02 (s, 9H), 2.18 (s, 2H), 3.01 (1, J= 8 Hz, 2H),
3.62 (t, J= 8 Hz, 2H), 4.56 (s, 2H), 7.24 (m, 3H), 7.44 (d, J=4 Hz, 1 H), 7.52 (d, J= 4 Hz, 1H),
7.67 (s, 1 H),9.18 (s, 1 H).

Example 24

[0493] N- [4-(6-Methoxy-3,4-dihydro-/H-isoquinolin-2-y1)-2,6-dimethyl-phenyl]-3,3-

dimethyl butanamide

[0494] Step A: N- (4-Bromo-2.6-dimethyl-pheny1-3.3-dimethy1-butanamide:

-‘L 3, ey
K

H

[0495] 3,3-Dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine (2.53g,
3.5 mL, 25 mmol) were added to a solution of 4-Bromo-2,6-dimethyl-phenylamine (5.0 g, 25
mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4 hours.

Water was added to the mixture and the precipitate formed collected to give the title compound

as a powder (7.46 g, 100% yield).
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[0496] Step B: N-[4-(6-Methoxy-3.4-dihydro-/H-isoquinolin-2-y1)-2 6-dimethy1-

phenyl]-3.3-dimethylbutanamide:

&4 ﬁ{} ff‘\\

- le Tk

[0497] Bis(dibenzylidineacetane)palladium (2 mg, 0.0035mmol) and (2'-dicyclohexyl

rasrasar.

phosphanyl-biphenyl-2-yl)-dimethylamine (3.3 mg, 0.0084 mmol) were added to dry toluene (10
mL purged with argon) and stirred for 15 minutes under argon. Potassium zert-butoxide (197 mg,
1.75 mmol), 6-methoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride salt (134 mg, 0.67 mmol)
and N-(4-bromo-2,6-dimethyphenyl)-3,3- dimethylbutanamide (200 mg, 0.67 mmol) were then.
added and the reaction mixture was stirred at 80 °C overnight. The reaction mixture was then
cooled to room temperature, concentrated, filtered through a pad of silica gel, and recrystallized

from toluene to afford the title compound as a solid.

[0498]  'H NMR (DMS4-d;s, 400 MHz) & 1.05 (s, 9H), 2.10 (s, 6H), 2.14 (s, 2H), 2.87 (t, J =
8 Hz, 2H), 3.48 (t, J = 8 Hz, 2H), 3.72 (s, 3H), 4.26 (s, 2H), 6.68 (s, 2H), 6.79 (m, 2H), 7.14 (m,
1H), 8.85 (s, 1H).

Example 25

[0499] N-[2,6-Ditnethyl-4-(7-trifluoromethyl-3,4-dihydro-7H-isoqunolin-2-y1)-phenyl]-
3,3- dimethyl butanamide

Step A: N-(4-Bromo-2,6-dimethyl-pheny1-3,3-dimethylbutanamide:

' WJ«\

[0500] 3,3-Dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine (2.53 g, 3.5

B\

mL, 25 mmol) were added to a solution of 4-bromo-2,6-dimethyl-phenylamine (5.0 g, 25 mmol)

in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4 hours. Water
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was added to the mixture, and the precipitate that formed was collected to give the title

compound as a powder (7.46 g, 100% yield).

[0501] Step B: N-[2,6-Dimethyl-4-(7-trifluoromethyl-3.4-dihydro- / H-isoquinolin-2-yl)-

phenyl]-3.3-dimethyl-butanamide:

T\ Lk

[0502] Bis(dibenzylidineacetone)palladium (390 mg, 0.68 mmol) and (2'-dicyclohexyl

phosphanyl-biphenyl-2-yl)-dimethylamine (800 mg, 2.0 mmol) were added to dry toluene (150
mL purged with argon) and stirred for 15 minutes under argon. Potassium zers-butoxide (4.75 g,
42.3 mmol), 7-trifluoromethyl-1,2,3,4-tetrahydro-isoquinoline hydrochloride salt (4.82 g, 20.3
mmol) and N-(4-Bromo-2,6-dimethyl-phenyl)-3,3-dimethyl-butanamide (5 g, 16.8 mmol) were

then added and the reaction mixture was stirred at 80 °C overnight. The reaction mixture was then

cooled to room temperature, filtered through silica gel, and recrystallized from toluene to afford

the title compound as a solid. (5.94 g, 85%).

[0503]  'H NMR (DMSO-ds, 400 MHz) & 1.06 (s, 9H), 2.11 (s, 6H), 2.18 (s, 2H), 2.89 (t,

J=4Hz, 2H), 3.54 (t, J = 4 Hz, 2H), 4.44 (s, 2H), 6.73 (s, 2H), 7.40 (d, J = 8 Hz, 1H), 7.51 (d, J

=8 Hz, 1 H), 7.62 (s, 1 H), 8.87 (s, 1 H).
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Example 26

[0504] N-[4-(3.,4-Dihydro-1H-isoquinalin-2-yl)-2-methoxy-6-methyl-phenyl]-3,3-

dimethyl- butanamide

[0505] Step A: 4-bromo-2-methoxy-6-methyl-aniline:

BF\Y,% -

31
13

“NH,

I&“’\

O

[0506] To an ice-water cooled solution of 2-methoxy-6-methylaniline (10 g, 72.9 mmol) in
30 mL of methanol and 10 mL of acetic acid was added dropwise bromine (3.75 mL, 72.9 mmol).
The reaction mixture was allowed to stand for overnight. The solvent was removed under
reduced pressure and the residue was suspended in 60 mL of IN NaOH and extracted with ethyl
acetate and dried over sodium sulfate and evaporated to dryness to give reddish crude product,

which was recrystallized from hexane to give pure product (14.3 g, 91 %).

[0507] Step B: 4-Bromo-2-methoxy-6-methyl-pheny1-3,3-dimethyl butanamide:

Bre

[0508] To a solution of 4-bromo-2-methoxy-6-methyl-aniline (2.2 g, 10mmol) and
triethylamine (1.5 g, 15 mmol) in anhydrous dichloromethane (50 mL) was added dropwise zert-
butylacetyl chloride (1.6g, 12mmol) with stirring at room temperature. The reaction mixture was
stirred for 3 hours at room temperature, than the reaction mixture was diluted with
dichloromethane and washed with water and dried over anhydrous sodium sulfate and evaporated
to dryness under reduced pressure. The residue was purified by silica gel column (ISCO,

hexane/EtOAc, 0-40%, 40 rnin) to give a white solid (2.8 g, 89%).
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[0509] Step C: N-[4-3.4-Dihydro-/H-isoquinolin-2-y1)-2-methoxy-6-methy1-pheny1]-3.3-

dimethyl-butanamide:

[0510] Toluene (6m1) was degassed with nitrogen for 15 min in a 10 mL of microwave tube,
then (4-bromo-2-methoxy-6-methyl-phenyl)-3,3-dimethyl-butanamide (188mg, 0.6mmol) and
1,2,3,4-tetrahydroisoquinoline (96 mg, 0.72 mmol) was added, followed by potassium terz-
butoxide (101mg, 0.9mmol), bis(dibenzylidene acetone)palladium (17 mg, 0.03 mmol), and 2-
dicyclohexyphosphino-2-(N,N-dimethylamino)biphenyl (24 mg, 0.06 mmol). The reaction tube
was sealed and reacted in microwave at 100 °C for 2 hours. The reaction mixture was purified by
silica gel column (ISCO, hexane/EtOAc, 0-40%, 40 min) to give pure compound as a white
solid.

[0511] "H-NMR (DMSO-dj, 400MHz): & 8.64 (brs, 1H, exchangeable with D,0), 7.20 (m,
4H), 6.48 (s, 1H), 6.43 (s, 1H), 4.37 (s, 2H), 3.73 (s, 3H), 3.52 (t, /= 6.0Hz, 2H), 2.92 (t, J =
6.0Hz, 2H), 2.13 (s, 2H), 2.08 (S, 3H), 1.04 (s, 9H). MS: 367 (M+1).

Example 27

[0512] N-[2-Chloro-4-(3,4-dihydro-1H-isoquinolin-2-yl)-6-trifluaromethoxy-phenyl]-
3,3- dimethyl-butanamide

[0513] Step A: N-(4-Bromo-2-chloro-6-trifluoromethoxy-pheny1-3,3-dimethy1-

butanamide:
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[0514] To a solution of 4-bromo-2-chloro-6-trifluoromethoxy-aniline (2.9 g, 10 mmol) and
triethylamine (1.5 g, 15 mmol) in anhydrous dichloromethane (50 mL) was added dropwise tert-
butylacetyl chloride (1.6 g, 12 mmol) with stirring at room temperature. The reaction mixture
was stirred for 3 hours at room temperature, than the reaction mixture was diluted with
dichloromethane and washed with water and dried over anhydrous sodium sulfate and
evaporated to dryness under reduced pressure. The residue was purified by silica gel column

(ISCO, hexane/EtOAc, 0-40%, 40 min) to give a white solid (3.6 g, 93%).

[0515] Step B: N-[2-Chloro-4-(3.4-dihydro-/H-isoquinolin-2-y1-6-trifluoromethoxy-

phenyl] -3.3-dimethylbutanamide:

a;:? \«f”
_— ”IC’
[
K'EF%:%

[0516] Synthesized according to example 26: "H-NMR (DMSO-ds, 400MHz): § 9.28 (brs, 1H,
exchangeable with D,0), 7.20 (m, 4H), 7.10 (s, I H), 6.89 (s, 1 H), 4.45 (s, 2H), 3.57 (t, J =
6.0Hz, 2H), 2.92 (t, J = 6.0Hz, 2H), 2.18 (s, 2H), 1.04 (s, 9H). MS: 441 (M+1),

Example 28

[0517] N-[4-(3,4-Dihydro-1H-isoquinolin-2-y1)-2,6-dimethoxy-phenyl]-3,3-dimethyl-

butanamide

[0518] Step A: 5-Bromo-1,3-dimethoxy-2-nitro-benzene:
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[0519] 1-Bromo-3,5-dimethoxybenzene (10.9 g, 50 mmol) was dissolved in 100 mL of
acetic anhydride and cooled to 0 °C. A cooled solution of 70% HNOj; (6.4 mL, 100 mmol)
in 20 mL of acetic anhydride was added dropwise and the resulting mixture was stirred for 1
hour at 0°C and for 3 hours at room temperature. The reaction mixture was poured into ice-water
with strong stirring and the yellow solid was filtered and washed with water. The solid as a
mixture of two isomers was separated by silica gel column (ISCO, hexane/EtOAc, 0-30%, 40
min) to give 3.3 g(25%) of pure 5-bromo-1,3-dimethoxy-2-nitro-benzene as an yellow solid. 'H-

NMR (DMSO-ds, 400MHz): 8 7.17 (s, 2H), 3.89 (s, 6H).

[0520] Step B: 5-Bromo-1.3-dimethoxy-2-amino-benzene:

.
L\Iﬁj\\ NH;
o

~~

[0521] 5-Bromo-1,3-dimethoxy-2-nitro-benzene (2.6 g, 10 mmol) was dissolved in 200 mL of
methanol and 40 mL of water was added, followed by 2.5 g of Fe powder and 2.5 g of
ammonium chloride. The mixture was heated to reflux at 80 °C for 2 hours and the cooled
reaction mixture was filtered and washed with methanol. The filtrate was evaporated under

reduce pressure to give the crude product, which was used for next step without further

purification.

[0522] Step C: N-(4-Bromo-2.6-dimethoxy-phenyl-3.3-dimethy1-butanamide:

§
N
¥
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[0523] To a solution of the crude 5-bromo-1,3-dimethoxy-2-amino-benzene from above and
triethylamine (1.5 g, 15 mmol) in anhydrous dichloromethane (50 mL) was added dropwise tert-

butyl acetyl chloride (1.6 g, 12 mmol) with stirring at room temperature. The reaction mixture
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was stirred for 3 hours at room temperature. Then the reaction mixture was diluted with
dichloromethane, washed with water, dried over anhydrous sodium sulfate, and evaporated to
dryness under reduced pressure. The residue was purified by silica gel column (ISCO,
hexane/EtOAc, 0-40%, 40 min) to give a white solid (3.0 g, 91%). '"H-NMR (DMSO-dj,
400MHz): 6 8.69 (brs, 1H, exchangeable with D,0), 6.87 (s, 2H), 3.73 (s, 6H), 2.11 (s, 2H), 1.02
(s, 9H).

[0524] Step D: N-[4-(3.4-Dihydro-/H-isoquinolin-2-y1)-2.6-dimethoxy-phenyl-3.3-

dimethyl-butanamide:

:?Me H
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[0525] Toluene (6 mL) was degassed with nitrogen for 15 min in a 10 mL of microwave
tube, then N-(4-bromo-2,6-dimethoxy phenyl)-3,3-dimethyl butanamide (200 mg, 0.6 mmol) and
1,2,3,4-tetrahydroisoquinoline (96 mg, 0.72 mmol) was added, followed by potassium tert-
butoxide (101 mg, 0.9 mmol), bis(dibenzylidene acetone)palladium (17 mg, 0.03 mmol), and 2-
dicyclohexyphosphino-2-(N,N-dimethylamino)biphenyl (24 mg, 0.06 mmol). The reaction tube
was sealed and reacted in microwave at 100 °C for 2 hours. The reaction mixture was purified by
silica gel column (ISCO, hexane/EtOAc, 0-40%, 40 min) to give pure compound as a white
solid. "H-NMR (DMSO-ds, 400MHz): ¢ 8.36 (brs, 1H, exchangeable with D,0), 7.20 (m, 4H),
6.25 (s, 2H), 4.41 (s, 2H), 3.72 (s, 6H), 3.55 (t, J = 6.0Hz, 2H), 2.95 (t, J = 6.0Hz, 2H), 2.07 (s,
2H), 1,03 (s, 9H). MS: 383 (M+1).
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Example 28

[0526] N-[2,6-Dimethyl-4-(6-trifluoromethyl-3,4-dihydro-7 H-isoquinolin-2-yl)-phenyl]-
3,3- dimethyl-thiobutanamide

[0527] Step A: N-(4-Bromo-2.6-dimethyl-pheny1-3.3-dimethy1-butyramide:

B!"\ \"ﬁf\\fj {}

[0528] 3,3-dimethylbutanoyl chloride (3.37 g, 3.5 mL, 25 mmol) and triethylamine
(2.53g, 3.5 mL, 25 mmol) were added to a solution of 4-Bromo-2,6-dimethyl-phenylamine (5.0
g, 25 mmol) in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4
hours. Water was added to the mixture and the precipitate formed collected to give the title

compound as a powder (7.46 g, 100% yield).

[0529] Step B: N-[2.6-Dimethy1-4-(6-trifluoromethy1-3.4-dihydro-/H-isoquinolin-2-y1)-

phenyl]-3.3-dimethyl-butanamide;

[0530] Bis(dibenzylidineacetone)palladium (390 mg, 0.68 mmol) and (2'-
dicyclohexylphosphanyl-biphenyl-2-yl)-dimethylamine (800 mg, 2.0 mmol) were added to dry
toluene (150 mL purged with argon) and stirred for 15 minutes under argon. Potassium zert-
butoxide (4.75 mg, 42.3 mmol), 6-Trifluoromethyl-1,2,3,4-tetrahydroisoquinoline hydrochloride
salt (4.82 g, 20.3 mmol) and N-(4-Bromo-2,6-dimethyl-phenyl)-3,3-dimethyl-butyramide (5 g,
16.8 mmol) were then added and the reaction mixture was stirred at 80 °C over night. The
reaction mixture was then cooled to room temperature and recrystallized from toluene to afford

the title compound as a solid. (5.55 g, 79%).
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[0531]  {H NMR (DMSO-ds, 500 MHz) § 1.03 (s, 9H), 2.09 (s, 6H), 2.15 (s, 2H), 2.98 (t, J =
5.0 Hz, 2H), 3.52 (t, J = 6.0 Hz, 2H), 4.40 (s, 2H), 6.71 (s, 2H), 7.45 (d, J = 8.0, 1 H), 7.52 (m,
2H), 8.87 (s, 1 H).

[0532] Step C: N-[2.6-Dimethy1-4-(6-trifluoromethy1-3.4-dihydro-/H-isoquinolin-2-y1-

pheny1]-3.3-dimethy1-thiobutanamide:

[0533] To a solution of N-[2,6-Dimethyl-4-(6-trifluoromethyl-3,4-dihydro- / /{-isoquinolin-2-
yl)-phenyl]-3,3-dimethyl-butyramide (200 mg, 0.48 mmol) in dichloroethane (10 mL) was added
Lawesson's reagent (193 mg, 0.48 mmol) and the reaction mixture was stirred at reflux for 2h.
The mixture was then cooled to room temperature and concentrate. Purification by preparative

thin layer chromatography (dichloromethane 100%) afforded the desired compound as a solid.

[0534]  'HNMR (DMSO-ds, 400 MHz) & 1.12 (s, 9H), 2.11 (s, 6H), 2.73 (s, 2H), 3.0 (t, J =
5.0 Hz, 2H), 3.57 (t, J = 4.0 Hz, 2H), 4.46 (s, 2H), 6.75 (s, 2H), 7.47 (d, J = 8.0, TH), 7.56 (m,
2H), 10.7 (s, 1H).

Example 29

[2,6-Dimethyl-4-(6-trifluoromethyl-3.4-dihydro-7 H-isoquinolin-2-yl)-phenyl]-carbamic acid
ethyl ester:

[0535] Step A: (4-Bromo-2.6-dimethy1-phenyl-carbamic acid ethyl ester:

Br- w%\/ Q

\[WMNR«-’\O S

(5550044
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[0536] Ethyl chloroformate (0.55g, 0.48 mL, 5 mmol) was added to a solution of 4-bromo-
2,6-dimethyl-phenylamine (1.0 g, 5 mmol) in acetonitrile (20 mL). The reaction mixture was
stirred at reflux for 16 hours. Water was added to the mixture and the precipitate formed collected

to give the title compound as a powder (1.32 g, 97% yield).

[0537] Step B: [2.6-Dimethy1-4-6-trifluoromethy1-3.4-dihydro-/H-isoquinolin-2-y1-

phenyl]-carbamic acid ethyl ester:

[0538] Bis(dibenzylidineacetone)palladium (17 mg, 0.03 mmol) and (2'-
dicyclohexylphosphanyl-biphenyl-2-yl)-dimethylamine (35 mg, 0.09 mmol) were added to dry
toluene (5 mL purged with argon) and stirred for 15 minutes under argon. Potassium zert-
butoxide (166 mg, 1.48 mmol), 6-Trifluoromethyl-1,2,3,4-tetrahydroisoquinoline hydrochloride
salt (176 mg, 0.74 mmol) and (4-Bromo-2,6-dimethylphenyl)-carbamic acid ethyl ester (200 mg,
0.74 mmol) were then added and the reaction mixture was stirred at 80 °C overnight. The
reaction mixture was then cooled to room temperature filtered through silica gel and purified by

preparative thin layer chromatography (DCM 100%) to give the desired compound as a solid.

[0539] 'H NMR (DMSO-ds, 400 MHz) & 1.23 (t, J = 7.2 Hz, 3H), 2.12 (s, 6H), 3.0 (t, J =
6.4 Hz, 2H), 3.52 (t, J = 6.3 Hz, 2H), 4.08 (q, J = 13.6, 8.3 Hz, 2H), 4.42 (s, 2H) 6.73 (s, 2H),
7.46 (d, J= 7.4, 1H), 7.54 (m, 2H), 8.32 (s, 1H).

Biological Results

[0540] Compounds of this invention formula were evaluated for activity toward potassium
channels in a cell-based Rb" efflux assay This cellular bioassay is believed to faithfully represent
the M current channel activities identified with KCNQ2/3 heteromultimers. The most active
compounds of this invention have ECsgs in the single- digit nM range, which represents a 40- to

400-fold improvement over retigabine. Additionally, antiseizure activity in vivo was evaluated 1n
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a mouse maximal electroshock seizure (MES) model, and neurotoxicities were determined from

a rotorod neurocognitive motor impairment model.
Methods:
Rubidium Efflux Test

[0541] PC-12 cells were grown at 37 °C and 5 % CO, in DMEM/F12 Medium (Dulbecco's
Modified Eagle Medium with Nutrient Mix F-12, available from Invitrogen of Carlsbad, CA),
supplemented with 10 % horse serum, 5% fetal bovine serum, 2 mM glutamine, 100 U/ml
penicillin, and 100 U/ml streptomycin. They were plated in poly-D-lysine-coated 96-well cell
culture microplates at a density of 40,000 cells/well and differentiated with 100 ng/ml NGF-7s for
2-5 days. For the assay, the medium was aspirated, and the cells were washed once with 0.2 ml
in wash buffer (25 mM HEPES, pH 7.4, 150 mM NaCl, 1 mM MgCl,, 0.8 mM NaH,PO,, 2
mM CaCl,). The cells were then loaded with 0.2 ml Rb" loading buffer (wash buffer plus 5.4
rmM RbC1,, 5 mM glucose) and incubated at 37 °C for 2 h. Attached cells were quickly washed
three times with buffer (same as Rb" loading buffer, but containing 5.4 mM KCl instead of
RbCI) to remove extracellular Rb". Immediately following the wash, 0.2 ml of depolarization
buffer (wash buffer plus 15 mM KC1) with or without compounds was added to the cells to
activate efflux of potassium ion channels. After incubation for 10 min at room temperature, the
supernatant was carefully removed and collected. Cells were lysed by the addition of 0.2 ml of
lysis buffer (depolarization buffer plus 0.1 % Triton X-100) and the cell lysates were also
collected. If collected samples were not immediately analyzed for Rb™ contents by atomic
absorption spectroscopy (see below), they were stored at 4 °C without any negative effects on.

subsequent Rb" analysis.

[0542] The concentrations of Rb™ in the supernatants (Rb+Sup) and the cell lysates (Rb+LyS)
were quantified using an ICR8000 flame atomic absorption spectrometer (Aurora Biomed Inc.,
Vancouver, B.C.) under conditions defined by the manufacturer. Samples 0.05 ml in volume were
processed automatically from microtiter plates by dilution with an equal volume of Rb" sample
analysis buffer and injection into an air - acetylene flame. The amount of Rb" in the sample was

measured by absorption at 780 nm using a hollow cathode lamp as light source and a PMT
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detector. A calibration curve covering the range 0-5 mg/L Rb" in sample analysis buffer was

generated with each set of plates. The percent Rb" efflux (F) was defined by
F=[Rb " g4/ (Rb " s5p+ Rb " 145)] X 100 %.

where the F, is the efflux in the presence of compound in depolarization buffer, F} is the efflux
in basal buffer, and F; is the efflux in depolarization buffer, and F. is the efflux in the presence of
compound in depolarization buffer. The efflux (F) and compound concentration relationship was
plotted to calculate an ECsy value, a compound's concentration for 50% of maximal Rb efflux,

The results are shown below.

Maximal Electroshock Seizure (MES) and Acute Toxicity Tests

MES Test

[0543] The MES testing protocol is based on procedures established at the National Institute
of Neurological Disorders and Stroke in conjunction with the Anticonvulsant Screening Program
(ASP) at the University of Utah (White, H.S., Woodhead, J.H., Wilcox, K.S., Stables, J.P.,
Kupferberg, H.J and Wolf, H.H. 2002. "General Principles: Discovery and Preclinical
Development of Antiepileptic Drugs," in Antiepileptic Drugs, Sth Edition, R.H. Levy, ed.; R.H.
Mattson, B.S. Meldrum, and E. Perucca. Philadelphia, Lippincott Williams & Wilkins.), The goal
of the test rapid identification and characterization of the in vivo anticonvulsant activity of any

compounds that have been shown active in PC-12 cellular based Rb" efflux assay.

[0544] Adult male CF-I albino mice (18-25 g, Charles River Laboratories) are exclusively
used for in-house MES screen of compounds. Male Sprague-Dawley albino rats (100-125g,
Charles River Laboratories) are also used to test anticonvulsant compounds. Variability of test
outcomes is reduced by using animals of the same sex, age, and weight. Animals are permitted to
rest and recover from transit for at least 48 hr prior to experimentation. Animals are used for
AED testing only once. 1n some instances, the animals may be anesthetized prior to blood
collection and/or whole brain extraction for pharmacokinetic assay. All animals are maintained

and handled as outlined in standard animal care guidelines.

[0545] In the experiments, testing compounds are prepared as suspensions in 0.5% methyl

cellulose (Sigma, Cat # M0512, Viscosity 4000 cP at 20°C) in water, regardless of solubility.



WO 2011/094186 PCT/US2011/022345

98

Dry powder compounds are initially ground with a glass rod in a test tube in several drops of
methyl cellulose to create a paste and to break down any large chunks. After several minutes of
grinding, the volume of the suspension is increased to the final concentration desired. The
suspension is then sonicated using a Branson sonicator model 3510 in a water bath at room
temperature for 15 minutes. Compound suspensions are further vortexed prior to animal dosing.
In some of the cases, DMSO is used to initially solubilize compounds in small volumes and then
this solution is added to the 0.5% methyl cellulose solution, in order to create more even and less
aggregated compound suspensions. The final concentration of DMSO is 3.75%, an amount with
no apparent toxicity or neuroprotective effects in our usual rotarod and MES tests. Methyl
cellulose/DMSO compound suspensions are identically prepared for intraperitoneally (1.p.) to

mice or orally (p.o.) to rat dosing.

[0546] Initially the animals are weighed with an electronic scale and then marked. Data
recording sheets are generated for each compound assessment. Mice or rats are dosed with the
compound suspension at 0.01 mL/g of body weight. The typical injection volume range is
between 180-250 ul for mice. Compounds are dosed by 1.p. to mice using a 25 or 22 gauge
needle, depending on the viscosity of the suspension. Rats are p.o. dosed using a flexible feeding

tube, typically starting at a compound dose of 5 mg/kg.

[0547] A Rodent Electroconvulsive Stimulator (Model 200, Hamit-Darvin-Freesh, Snow
Canyon Clinic, Ivins, UT) is used for MES testing. A 60-Hz alternating current (50 mA for mice;
150 mA for rats) is delivered for 0.2 seconds through corneal electrodes to the mice. A drop of
0.5% tetracaine (Sigma, Cat. # T-7508) solution is placed on the eye prior to current delivery.
The electrodes are subsequently placed gently onto the eyes of the animal and the electrical
shock is initiated by triggering through a foot-pedal activator. The animals are
restrained by hand and gently released as the shock is delivered and the seizure commences.
Animals are monitored for hind limb tonic extension as the end point for this test. Current
delivery is recorded as a measure of overall seizure-induction potential. Electrical current
delivery can vary from approximately 30-55 mA (mice) or 90-160 mA (rats) depending on
impedance in the animal and quality of the current delivery (ie. correct placement of the
electrodes on the cornea). Seizures will be successfully induced in control animals throughout this
current range. Tonic extension is considered abolished if the hind limbs fail to become fully

extended at 180° with the plane of the body. Lack of tonic extension suggests that the test
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compound has prevented the spread of seizure discharge through neural tissue. Although
unnecessary in mice, the rats are pre-screened for seizure induction potential using the MES 24hr
prior to compound dosing and the subsequent MES test. A success rate of 92-100% has been
determined for the rat seizure induction potential. Rats that fail to develop tonic/clonic seizures

during the pre-screening are not used for drug testing.

[0548] For a compound testing, time-to-peak effect studies are initially performed using 0.5,
1,2, 4, 8 and 24 hr time points, typically using a single 5 or 25 mg/kg dose. The determined time-
to-peak effect is used for further titration of a compound's potency (EDsg, the dose of a drug that
protects 50% of animals from electrical induced seizure) in both mouse and rat models. For
titrations, 8 animals are used per concentration and dose (normal 5 concentrations) is varied until
a full dose response curve can be obtained. Probit analysis (ASP method) or non-linear regression
analysis on. Graph Pad (constraining the lower dose/effect value) is used to calculate an EDs

value for the test compound.

Rotarod Test

[0549] Prior to MES testing, compound dosed mice are scrutinized for abnormal neurologic
status as defined by motor impairment on a slowly turning (6 rpm) rotarod apparatus (Model
755, Series 8, IITC Life Sciences, Woodland Hills, CA). The inability of a mouse to maintain its
balance on the rotarod over a period of one minute (three falls = failure) signifies motor
impairment and hence acute toxicity. These measurements are done at the same time points as the
MES assay. Untreated normal mice are able to maintain balance on the rotarod for at least one
minute without falling. Median toxicity of a compound (TDsg, the dose of a drug that results

in motor impairment in 50% of animals) is determined.

[0550] In a murine MES model of epilepsy, compound A below cause significant inhibition
of seizures with and ED50 of 2.2 mg/kg with a 95% confidence level of 1.06-2.89 mg/kg when

dosed orally 2 hours prior to testing.
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Minimal motor impairment as judged from the behavioral rotarod model was observed with a
TDs value of 12.6 mg/kg. Similarly, a rat MES model of epilepsy, KCNQ2/3 activator
compound A cause statistically significant inhibition of seizures with an EDsq of 1.1mg/kg when
dosed orally 1 hour prior to testing. These results indicate compound A can be administered as

an anticonvulsant.
Open Field Test

[0551]  Before MES test, compound treated rats are visually observed for acute toxicity signs
for approximately one minute in the open field test. Here, rats are gently placed into a plexiglass
enclosure and are monitored for behavior consistent with toxicity including ataxia, trembling,
hypoactivity (including failure to seek the walls), hypersensitivity, lack of exploratory behavior
and lack of avoidance of the open area. Typically if the rats exhibits two or more of these
abnormal behaviors they are scored as toxic. Motor impairment, as judged by this test was not

observed in the rat model and generated a TDsq value of greater than 5 mg/kg.
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TABLE 1
ACTIVITIES OF EXEMPLARY COMPOUNDS

Legend: A:ECso <1 nM; B: =1 nM <ECs, <10 nM;
C:10 nM <ECsp nM; D: 50 nM < EC5¢ < 500 nM

o 0.12<ED50 <1.2
B: 0.12<ED50 <1.2

v:12 <ED50
COMPOUND Mouse Rat EDs | Activity
EDsg (mg/kg) | ECso
(mg/kg)
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Y NA B
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COMPOUND Mouse Rat EDsy | Activity

ED50 (mg/kg) ECso
(mg/kg)
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COMPOUND Mouse Rat EDsy | Activity

EDsg (mg/kg) | ECso
(mg/kg)
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Studies of KCNQ213 opening activity and KCNQ subtype selectivity using

electrophysiological patch clamp in Xenopus oocytes

[0552] KCNQ potassium channels can be found in the heart, nervous tissue, and many
epithelia. KCNQI can form a homotetrameric potassium channel that is coupled with an accessory
p subunit, KCNET1 to generate Igs current. This potassium current is responsible for the slow
component of the delayed rectifier potassium current that contributes to the repolarization of the
cardiac action potential [Sanguinetti et al. Nature 384:80-83 (1996)]. KCNQ2, KCNQ3 and
KCNQ5 are mainly found in the nervous system and they colocalize in several neuronal
populations [Cooper et al. Proc. Natl. Acad. Sci. 97:4914-4919 (2000)]. These subunits can form
functional tetrameric potassium channels in the appropriate combinations and produce the M-type
potassium current. KCNQ4 is found to mainly express in sensory outer hair cells and gives rise to a
M-like current similar to these generated by KCNQ1, KCNQ2 and KCNQ3 channels but with a
slower activation kinetics [Shich et al Pharmacol. Rev. 52:557-593 (2000)].

Expression in Xenopus laevis oocytes

[0553] Female Xenopus laevzs extracted ovaries were purchased from eNASCO
(LM00935MX, eNASCO Fort Atkinson, WI). Following manual dissection of the oocytes into
smaller groups, the oocytes were defolliculated by enzymatic treatment with callagenase type 2

(LS004177, Worthington, Lakewood, NJ) for 1-1/2 hour in the presence of calcium-free Culture
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Bath solution (88 mM NaCl, 1 mM KCI, 0.82 mM MgSQO4. 2.4 mM NaHCO3;, and 5 mM HEPES,
pH 7.5). Oocytes were then kept in supplemented Culture Bath solution (88 mM NaClI, 1 mM
KCl1, 0.82 mM MgSO4, 0.9 mM CaCl,, 2.4 mM NaHCO3;, | mM sodium pyruvate, 0.05 mg/ml
Geneticin, 100 U/ml penicillin, 0.1 mg/ml streptomycin and 5 mM HEPES, pH 7.5) at 19°C for
24 hours before injection of cRNA. Approximately 50 nl cRNA (about 50 ng) was injected for
KCNQ1, KCNQ4, and KCNQ5 using a Nanoject microinjector (Drummond, Broomall, PA,
USA). For co-expression of KCNQ2 and KCNQ3 and of KCNQ1 and KCNE1, cRNA's were
mixed in equal molar ratios before injection of approximately 50 nl. The mixtures contained
about 10 + 10 ng and 12.5 + 2.5 ng cRNA, respectively. The smaller amounts are needed because
larger currents arise when KCNQ2/KCNQ3 and KCNQI/KCNEI are co-expressed. Oocytes were
kept in Culture Barth solution at 19°C which was changed daily and currents were recorded after

3 to 5 days.
Electrophysiology

[0554] KCNQ channel currents expressed in Xenopus laevis oocytes were recorded using a
two-electrode voltage-clamp. The recordings were made at room temperature in recording
solution (96 mM NaCl, 2 mM KC1, 1 mM MgCl, 1.8 mM CaCl,, and 5 mM HEPES, pH 7.5)
using a two-electrode voltage-clamp amplifier (OC-725C, Warner Instrument, Hamden, CT,
USA). The oocytes were placed in custom built perfusion chambers connected to a continuous
flow system and impaled with a current electrode and a voltage-clamp electrode pulled from
borosilicate glass on a Flaming/Brown Micropipette Puller (Sutter Instruments Co, Novato, CA,

USA). Recording electrodes were filled with 3 M KC1 and had a resistance of 0.5 to 2.5 MQ

Compounds

[0555] All compounds were dissolved in DMSO to obtain concentrated stock solutions. On
the day of electrophysiological experiments the stock solutions were thawed and diluted in
recording solution to their final concentrations. The final DMSO concentration never exceeded
0.1 %. Compound delivery was performed using a custom built multi-barrel apparatus connected

to the flow system.
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Calculations
[0556] Data were acquired by means of an Axograph X software (Axograph Scientific,
Sydney, AU) and analyzed using Graph Pad Prism (GraphPad Software Inc., CA, USA).

[0557] Concentration - response curves were constructed by plotting the increase in steady-
state current expressed in percentages as a function of drug concentration. During the course of
the experiment, while various concentrations of the drug were being dosed, the resting voltage
was held at -90 mV and pulsed to -60 mV, -40 mV, and -50 mV for 5 s for KCNQ2/KCNQ3,
KCNQ4 and KCNQS5 channels respectively. The plot was then fitted to a Hill function:

Response = R2 + (R1-R2)/[1+(C/ECsp)"nH]

where R1 is the initial response, R2 is the maximum response, C is the drug concentration and

nH is the slope (Hill coefficient) of the curve.

[0558] The efficacy of compounds of this invention in comparison with Retigabine (as a
positive control) was determined by recording the steady current using the above voltage protocol
for the channels in the presence of the EC55 of the drugs. After steady channel current was
recorded in the presence of Retigabine at its EC75, recorded oocyte was washed with the
recording solution until its steady current returned to its normal level without the presence of any
drugs. Then the channel steady current was recorded in the presence of the test compound at its

EC5s. The percent efficacy was then expressed as:
% efficacy = (C2/C 1) X 100 %

where C2 is the recorded steady current in the presence of follow-on compound at its EC7s and C1

is the recorded steady current in the presence of Retigabine at its ECys.
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[0559] The KCNQ subtype selectivity for the KCNQ family expressed in oocytes for

exemplary compound A and retigabine is summarized in Table 2.

Table 2
KCNQ Selectivity: Oocyte Expression
Compound KCNQ! [ KCNQI/NEI | KCNQ2/3 | KCNQ4 | KCNQ5
Block at 10 mM EC50 (mM)
(%) Efficacy Relative to Retigabine
(%)
yeun
PO 12 43 24 22 15
retigabine 100 100 100
P IS GO 0 3.5 0.35 0.63 0.35
et A 143 100 100

[0560] For compound A shown in Table 1, the percent inhibition of KCNQ1 and KCNQ1/NEI
channels were 0% and 3.5%, respectively. KCNQS5 was determined to be 0.35 uM, 0.63
uM and 0.35 puM, respectively. Thus, compound A exhibits selective potency within
the KCNQ superfamily against channels expressed in the nervous system and inner ear and

while not affecting channels expressed in the heart.
KCNQ?2 selectivity

[0561] Using natively expressed M-currents present in differentiated pheochromocytoma
(PC-12) cells and CHO cells transfected with KCNQ2 and hERG potassium channels, the in vitro

activity of compound A on potassium ion efflux was determined.
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[0562] The ECsg values for retigabine and compound A on currents produced in PC-12 cells

were determined on two separate occasions in triplicate. The results are shown in Table 3 below.

Table 3
Compound Average ECsg value (nM)
o R O
S
JoreT 292
retigabine
Ao Ny
/j\\f«\u r\’l[\ ° A 15
FNEIN A

[0563] The EC50 values for retigabine and compound A on the activation of KCNQ?2
channels expressed in CHO cells were determined on three separate occasions in triplicate. The

results are shown in Table 4 below.

Table 4
Compound Average ECsg value (nM)
Hoo”
ST UNT T TRR
0 291
.
retigabine
Ny
PG 11
P i\/\[ \,) A
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[0564] The effect of terfenadine and compound A was assessed against hERG channels

expressed in CHO cells. Experiments were run in triplicate. The results are shown below in

Table 5.
Table 5
Compound ECsg Value (uUM) Max Inhibition @ 30 uM (%)
terfenadine 1.6 82
LYK
IO s >30 01

[0565] The results shown in Tables 3-5 above indicate good selectivity and activity profile of

compound A with respect to potency targeting KCNQ?2.

[0566] Finally, an in vivo study of compound A was conducted, including

pharmacokinetic/pharmacodynamic (PK/PD) responses at three different dose levels in a rat

model. These results are summarized in Figures la-1c. These figures indicate the brain and

plasma concentrations of compound A as well as the MES effect at three different dosages, 0.75

mg/kg, 1.5 mg/kg, and 3.0 mg/kg.
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What is claimed is:

1. A method of treating or preventing a disease, disorder, or condition that is affected by
modulation of at least one potassium ion channel selected from KCNQ2/3, KCNQ4, and KCNQ5 in

a patient comprising administering compound A:

',/.’;\\_ _/“.\ /‘\\ -~
¥
i
i3
. //\\v‘_.c‘\\ P PN o
§

F“’"‘\‘\‘\ﬁyi N A

in an amount of from about 10 mg to about 2000 mg per day to a patient.

2. Compound A:
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