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THIENOPYRIDINES AS ALLOSTERIC POTENTIATORS OF THE M4 MUSCARINIC RECEPTOR

The present invention provides compounds of Formula (I), compositions thereof,

-and a method for allosteric potentiation of the My subtype of muscarinic receptor that

comprises administering to a patient an effective amount of a compound of Formula (I).

In addition, the present invention relates to processes for preparing the compounds of

- Formula I and intermediates thereof.

BACKGROUND OF THE INVENTION
The present invention provides compounds that are selective allosteric modulators

of the My subtype of muscarinic receptor. The My muscarinic receptor is believed to play

a role in modulating synaptic function in key areas of the brain involved in regulating

mood, cravings, attention-and cognition. As a result, it provides a novel therapeutic target
for the treatment of psychosis; attention disorders, such as attention deficit hyperactivity
disorder (ADHD); cognitive disorders, including memory loss; and drug addiction. The

M, and M, subtypes of muscarinic receptor are also involved in muscarinic agonist-

“1nduced analgesic effects, but it 1s believed that side effects of such treatment are

associated primarily with M, receptor activation. Thus, compounds that selectively
modulate My reécp.tors would provide a novel treatment strategy for neuropathic pain,
without unwanted side effects.

Unlike compounds that act at the neurotransmitter binding site (orthosteric site),
allosteric modulators act at a distinct site on the receptor. The use of allosteric
modulators provides several advantages in the treatment of disease. Christopoulos,
Nature Reviews (2002) 1: 198-210. For instance, under saturating conditions (high
concentrations of allosteric potentiator) one would not expect excessive stimulation of the
M4 muscarinic receptor, since it 1s dependent on the endogenous neurotransmitter for
activation. Second, allosteric agonists exert their physiological effects only in the
presence of endbgenous agonist. As a result, allosteric potentiators are less likely to
produce the condition of receptor desensitization or down-regulation that are associated

with excessive cholinergic stimulation. Finally, allosteric modulators are likely to show
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greater receptor selectivity, especially. as the orthosteric binding site is well conserved
between muscarinic receptor subtypes.

At present, no selective allosteric modulators of the M, subtype of muscarinic
receptor have been reported. The development of selective My allosteric potentiators will
therefore greatly enhance the ability to treat disorders such as psychosis and pain, without

unwanted side effects. Thus, the present invention provides a class of allosteric

+« modulators of My muscarinic receptors, compositions comprising these compounds, and

methods of using the compounds.

BRIEF SUMMARY OF THE INVENTION

The 1invention provides compounds of Formula (I):

CHy  NH,
C'M«N—q
R'-(CH,) -X-(CH,)—0" N~ S 0O
(D
~ wherein:
mis 1, or2;

nis 0, 1, or 2;
X is a bond, -O-, -SO-, -C(0)-, -NR*-, -C(0)-NR>*-, or -NR*-C(O)-;
pi1s 0, 1, or 2;

R' is hydrogen, hydroxyl, C,-C4 alkyl, phenyl, pyridyl, pyrrolidinyl, piperazinyl,
morpholino, thiazolyl, imidazolyl, or 1,3-dioxalany]; |

which phenyl, piperazinyl, or thiazolyl group may be optionally substituted with
one substituent selected from the group consisting of halo or C,-C; alkyl;

wherein n cannot be 0 when p is 0, or when X is —O-, -NR~, or —NRz-C(O)~;

R* is hydrogen or C;-C, alkyl;
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which C,-C; alkyl may be optionally substituted with one hydroxyl;

or a pharmaceutically acceptable salt thereof.
The compounds of Formula I are muscarinic receptor potentiators. Specifically,

the compounds of Formula I are allosteric potentiators of the M, subtype of muscarinic

‘receptor. Because these compounds potentiate the physiological effects associated with

My receptor activation, the compounds are useful 1n the treatment of disorders related to
inadequate M, receptor activation. These disorders include: pyschosis (particularly,
schizophrenia); cognitive disorde_rs (for example, memory loss); attention disorders (such
aé attention deficit hyperactivity disorder); and pain (in particular, neuro.pathic pain).

In one embodiment, this invention provides a pharmaceutical co.rnposition
comprising, as an active ingredient, a compound of Formula I, or a pharmaceutically
acceptable salt thereof, in combination with one or more pharmaceutically acceptable
carriers, diluents, or excipients.

In-a further embodiment, the present invention relates to a method for making a
compound represented by Formula I, and intermediates thereof.

In another embodiment, the present invention provides a method for selectively
potentiating an My receptor by contactihg the receptor with a compound of Formula I, or
a pharmaceutically acceptable salt thereof.

In another embodiment, the present invention provides methods for treating

disorders associated with muscarinic receptors of the My subtype, comprising:

' administering to a patient in need thereof an effective amount of a compound of Formula

I. That 1s, the present invention provides for the use of a compound of Formula [ or a
pharmaceutical composition thereof for"the manufacture of a medicament for the
treatment of disorders associated with My muscarinic receptors. The present invention
also provides a compound of Formula I for use in therapy.

Of the disorders associated with muscarinic My receptors, psychosis, pain,
attention disorders, and cognitive disorders, such as memory loss, are of pafticular
importance.

Thus, in a preferred embodiment, the present invention provides a method for
treating pain, comprising: administering to a patient in need thereof an effective amount

of a compound of Formula I, or a pharmaceutically acceptable salt thereof.
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In another preterred embodiment, the present invention provides a method for |
treating psychosis, comprising: administering to a patient in need thereof an effective
amount of a compound of Formula I, or a pharmaceutically acceptable salt thereof.

In another preferred embodiment, the present invention provides a method for
treating cognitive disorders, comprising: administering to a patient in need thereof an

etfective amount of a compound of Formula I, or a pharmaceutically acceptable salt

 thereof.

DETAILED DESCRIPTION OF THE INVENTION
The terms and abbreviations used in the preparationsl and examples havé their
n‘ofmal meanings unless otherwise designated. For example “°C” refers to degrees
Celsius; “N” refers to normal or hormality; “mol” refers to mole or moles; “h” réfers to

hour(s); "eq" refers to equivalent; “g” refers to gram or grams; “L” refers to liter or liters;

“M” refers to molar or molarity; "brine" refers to a saturated aqueous sodium chloride

- solution; “J” refers to hertz; “ES” refers to electrospray; “MS” refers to mass

spectrometry; “NMR™ refers to nuclear magnetic resonance spectroscopy; "TLC" refers to

 thin layer chromatography; “ACN" refers to acetonitrile; "DMF" refers to N,N-

dimethylformamide; "DMSO" refers to dimethylsulfoxide; “Et,O” refers to diethyl ether;
“EtOAC” refers to ethyl acetate; "MeOH" refers to methandl; "EtOH" refers to ethanol;
"1PrOH" refefs to 1sopropanol; “TEA” refers to triethylamine; “TFA” réfers to .
trifluoroacetic acid; "THF" refers to tetrahydrofuran.

As used herein, the term "C,-C, alkyl" refers to straight or branched, monovalent,

saturated aliphatic chains of 1 to 4 carbon atoms and includes, but is not lirrﬁted to,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, and fert-butyl. The terms "C;-
Cs alkyl" and “C,-C, alkyl” are encompassed within the definition of 'C,-C, alkyl."
“Halo,” "halogen," and "halide" represent a chloro, fluoro, bromo or iodo atom.
Preferred halogens include chloro and fluoro.
It will be clear to the person of skill in the art that when X is -NR*-C(O)-, the

compound of Formula (I) 1s as depicted below:
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R'-(CH,),-NR"-C(0)-(CH,)—0" "N~ 'S O

Certain compounds of the present invention may exist as stereoisomers. The
Cahn-Prelog-Ingold designations of (R)- and (S)- and the designations of L- and D- for
stereochemustry relative to the 1somers of glyceralde'hyde are used herein to refer to
spécific isomers. The speéific stereoisomers can be prepared by stereospecific synthesis
or can be resolved and recovered by techniques known in the art, such as chromatography
on chiral Stationary phases, and fractioﬁal recrystallization of addition salts fbrmed by
reagents used for that purpose. Usetul methods of resolving and recovering specific
stereoisomers are known 1n the art and described in E.L. Eliel and S.H. Wilen,
Stereochemistry of Organic Compounds, (Wiley-Interscience 1994), and J. J acques, A.
Collet, and S.H. Wilen, Enantiomers, Racemates, and Reks'olutiorzs, Wiley-Interscience
1981). It 1s understood that the preéent invention contempiates all enantiomers ‘and

The skilled artisan will recognize that certain compounds of the present invention

‘may exist as tautomers. It is understood that tautomeric forms of the compounds of

Formula (I) are also encompassed in the present invention.

This invention includes the pharmaceutically acceptable salts of the compounds of
Formula I. A compound of this invention can possess a sufficiently basic functional
groﬁp, which can react with any of a number of inorganic and organic acids, to form a
pharmaceutically acceptable salt. '

The term “pharmaceutically-acceptable salt” as used herein, refers to a salt of a
compound of the above Formula I. It should be recognized that the particular counterion
forming a part of any salt of this invention i1s usually not of a critical nature, so long as the
salt as a whole 1s pharmacologically acceptable and as long as the counterion does not
contribute undesired qualities to the salt as a whole.

The compounds of Formula I and the intermediates described"herein form
pharmaceutically-acceptable acid addition salts with a wide variety of organic and

inorganic acids and include the physiologically-acceptable salts which are often used in
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pharmaceutical chemistry. Such salts are also part of this invention. A pharmaceﬁtically-
acceptable acid addition salt is formed from a pharmaceutically-acceptable acid, as is . well
known 1n the art. Such salts include the pharmaceutically acceptable salts listed in

Journal of Pharmaceutical Science, 66, 2-19 (1977), which are known to the skilled

artisan. See also, The Handbook of Pharmaceutical Salts; Properties, Selection, and Use.
P. H. Stahl and C. G. Wermﬁth (ED.s), Verlag, Zurich (Switzerland) 2002.

Typical inorganic acids used to form such salts include hydrochloric,
hydrobromic, hydriodic, nitric, sulfuric, phosphoric, hypophosbhorio, metaphosphorié,
pyrophosphoric, and the like. Salts derived from organic acids, such as aliphétic mono
and dicarboxylic acids, phenyl substituted alkanoic acids, hydroxyalkanoié and
h'ydroxyalkandioic acids, aromatic acids, aliphatic and aromatic sulfonic acids, may also
be used. Such pharmacéutically écceptable salts thus include acetate, phe_nylacefate,
trifluoroacetate, acrylate, ascorbate, benzoate, chlorobenzoate, dinitrobenzoate,

hydroxybenzoate, methoxybenzoate, methylbenzoate, o0-acetoxybenzoate, naphthalene-2-

- benzoate, bromide, 1sobutyrate, phenylbutyrate, o-hydroxybutyrate, butyne-1,4-

dicarboxylate, hexyne-1,4-dicarboxylate, caprate, caprylate, cinnamate, citrate, formate, |

fumarate, glycollate, heptanoate, hippurate, lactate, malate, maleate, hydroxymaleate,

malonate, mandelate, mesylate, nicotinate, 1sonicotinate, nitrate, Qxalate, phthalate,
teraphthalate, propiolate, propionate, phenylpropionate, Salicylate, sebacate, succinate,
suberate, benzenesultfonate, p-bromobenzenesulfonate, chlorobenzenesﬁlfonate,
ethylsulfonate, 2-hydroxyethylsulfonate, methylsulfonate, naphthalene-1-sulfonate,
naphthalene-Z.-sulfonate, naphthalene-1,5-sulfonate, p-toluenesulfonate, xylenesulfonate,
tartarate, and the like.

As used herein, the term “patient” refers to a mammal that is afflicted with one or
more disorders associated with M, receptors. Guinea pigs, dogs, cats, rats, mice, horses,
cattle, sheep, and humans are examples of mammals within the scope of the meaning of
the term. It will be understood that the most preferred patient is a human.

It 1s also recognized that one skilled in the art may affect the disorders by treating
a patient presently aftlicted with the disorders or by prophylactically treating a patient
afflicted with the disorders with an effective amount of the compound of Formula I.
Thus, the terms “treatment” and “treating” are intended to refer to all processes wherein

there may be a slowing, interrupting, arresting, controlling, or stopping of the progression
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of the disorders described herein, and is intended to include prophylactic treatment of
such disordeys, but does not necessarily indicate a total elimination of all disorder
symptoms.
As used herein, the term “etfective amount” of a compound of Formula I refers to
-an amount that is effective in treating the disorders described herein.
As with any group of pharmac_eﬁtically active compounds, some groups are

preferred in their end use application. Preferred embodiments of the present invention are

| discus'sed below.

(a) mis 1;
(b) mis2;
(c) nis 0;
(d) nis 1;
(e) nis 2;

(t) .X1sabond;

(g) X is—-C(0)-NR>-;

(h) X 18 —O-; | | ,

(1) R'is hydrogen; ' |

() R'is hydroxyl,

(k)  R'is C-C4 alkyl;

)  R'ispyridyl;

(m) R'is piperazinyl;

(n) R'is morpholino;

(0) R is hydrogen;

Preterred compounds of the present invention include: 3-amino-5-chloro-6-
methoxy-4-methyl-thieno[2,3-b]pyridine-2-carboxylic acid cyclopropylamide; 3-Amino-
5-ch10r0—4-methyl-6—(2—m0fpholin—4-y]—ethoxy)-thieno[2,3-b]pyridine-2-carb0xylic acid
cyclopropylamide.

The skilled artisan will appreciate that additional preferred embodiments may be
selected by combinin g the preterred embodiments above, or by reference to the examples

given herein.

Schemes
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The compounds disclosed herein can be made according to the following schemes.
The schemes, preparations, and examples should in no way be understood to be limiting
in any way as to how the compounds may be made.

The skilled artisan will appreéiate that the introduction of certain substituents will
create asymmetry in the comﬁounds of Formula (I). The present invention contemplates
all stereoisomers, enantiomérs, and rnixtures of enantiomers, ihcluding racemates and

« diastereomers. It 1s preferred that the compounds of the invention containing chiral
centers are single enantiomers. '

It will be recognized by one of skill in the art that the individual steps 1n the
following schemes may be varied to provide the compounds of Formula (I). The
- -particular order of steps required to produce the compounds of Formula (I) is dependent

upon the particular compound being synthesized, the starting compound, and the relative
lability of the substituted moieties. Some substituents have been eliminated in the
following schemes for the sake of clarity and are not intended to limit the teaching of the

- schemes 1n any way.

 Scheme I

0 - -
yclopropylamine . L
- - thiolactic acid
Cl\/u\

H

la

In the first synthetic campaign (Scheme 1), chloroacetyl chloride is reacted with
cyclopropylamine 1n the presence of a base, e.g., TEA or pyridine, in an aprotic solvent,
e.g., diethylether or methylene chloride, at temperatures ranging from 0 °C to room
temperature, to give the intermediate amide Compound 1a. Compound‘ la 1s treated with
thiolactic acid and a base, e.g., TEA in a polar aprotic solvent, e.g., dichloromethane to

give the intermediate amide Compound 1b. Compound 1b is hydrolyzed in a lower (C-
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C4) alkanol, e.g., MeOH, and concentrated ammonium hydroxide solution from 0 °C to
room temperature to give the thiol reagent Compound lc. The product can be isolated
and purified by techniques well known 1n the art, such as precipitation, filtration,

extraction, evaporation trituration, chromatography, and recrystallization.

Scheme 11
CH, H: .
CH3 ] - R CN =
CN R'-(CHE)"-X-(CH?_)mOH R ',(CH2)|1-X-(CH2)m I + I .
X \ z c1” N o
| P —_——— 0" "N~ “ClI | /
Cl” N7 Tl basc R'-(CHy),-X-(CH,);
| | 2a
2
HOACc CH, CH, |
NCS Cln__-CN Cl A CN NaOMe, MeOH
heat I I + | | M
E—— R-(CH,),-X-(CHY), ~ ~
0" "N “cl Cl1” "N” O O
r / s LA
20 R'-(CH,) -X-(CH,)/ N
- ¢ H )
b Ic
[
L CH, NH, ‘
. Clmﬁlﬂ
I
R'-(CH,),-X-(CHy),,~ 07 NS 0
Formula |

In another synthetic campaign of Scheme 11, 2,5-dichloro-4-methyl-nicotinonitrile
is treated with an alkoxide anion, generated from an alkanol a.nd a base, e.g., sodium
hydride or lithium bis(trimethylsilyl)amide in alkanol solvent from 0 °C up to room
temperature for a reaction time ranging from 30 min to 24 h, to give a mixture of
displacement products 2a and 2b. The mixture 2a & 2b is chlorinated with 2-4 equivalents
of N-chlofosuccinimide in glacial acetic acid from 100 to 140 °C in a sealed reaction
vessel for 24 to 48 h to give the chlorinated intermediate mixture 3a and 3b. The
chlorinated mixture 3a and 3b is treated with Compound 1c¢ in the presence of a suitable
base, such as sodium alkoxide, potassium alkoxide, or lithium alkoxide, wherein the
alkoxide 1s a lower molecular weight alkoxide. The base is in an alkanol, such as
methanol. A preferred base in alkanol solution 1s sodium methoxide in MeOH. The

reaction js carried out at 100 to 140 °C in a sealed reaction vessel for 30 minto 4 h to
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produce the compound of Formula I. The product can be isolated and purified by

techniques described above.

Scheme 111

CH,

B & RI-(CH,),-X-(CH,), OH Cljl\)ﬁ:CN
" Cl CN |
| - - Rl'(CHz)n'X‘(CHz)m“’ Z

N
| O N Cl
y base
N

Cl Cl | 4 O |
| | . | NaOMe \ HS N/A'
¢ H

‘MeOH
heat

o & N2 H
. l NN
R'-(CH,),-X-(CH,) ~— s 0

. N
Formula
In Scheme IH, 4-methy1-2,5 6-trichloro-nicotinonitrile is treated with an alkoxide
anion, generated from an alkanol and a base, e.g., sodium hydride or lithium
| bis(trimethylsilyl)amide in alkanol solvent from 0 °C up to room temperature from 3.0 min
10  to 24 h to give a displacement pfoduct 4. The intermediate 4 1s treated with reagent
Compound Ic as in Scheme I to give Formula 1. The product can be isolated and purified

by techniques described above.
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Scheme IV
CH,

. : | 1 NH

Cl X CN- NaSCH, Cl X N NaOMe, MeOH, heat Cl 2 ]l;l]
Z MeOH ™ Z |

Cl” "N” ~CI S” 'N” °C ~ “>~s 0

T
| 0
s Hs\/u\N/A > N
H
. Ic

o
HOAc \ISI NT S O 'R'-(CH,)_-X-(CH,)_OH
O | |
base - | H
. | 7 | “Hi NH,
R'-(CH.) -X-(CH
(. | 2)n' ( Z)m\ ~ S O

O N

Formula |
In Scheme IV, 4-methyl-2,5,6-trichloro—nicotinonitrile 1S treated with a lower
molecular we_jght lithium, sodium, or potassium thioalkoxide (C-C4) such as sodium
thiomethoxide 1n a lower molecular weight alkanol (CI-CQ, such as MeOH, to give the
displacement product 5. Intermediate 5 is reacted with Compound lc of Scheme I to give

Compound 6. Compound 6 is oxidized with, e.g., hydrogen peroxide in a lower molecular

“weight alkanol (C;-C,), such as MeOH, from room temperature to 40 °C and from 12 to

48 h to give the sulfoxide 7. Displacemént. of sulfoxide 7 by an alkoxide in alkanol, as in ‘
Schemes I or II, gives compounds of Formula I. The product can be isolated and purified

by techniques described above.

EXAMPLES

~ Example |
3-Amino-5-chloro-6-methoxy-4-methyl-thieno[2,3-b]pyridine-2-carboxylic acid
| cyclopropylamide
CHy  NH,
Ci X H
m'“
HC. o ? s T AV

A. 2-Chloro-N-cyclopropyl-acetamide
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To a solution of cyclopropylamine (50.0g, 0.876mol) in dichloromethane (700ml)
at 0°C is added 2-chloroacetyl chloride (49.4g, 0.436mol) dropwise by addition funnel.

The resulting mixture is stirred at 0°C for 2 hours, then filtered through a pad of Celite®.

The filtrate is concentrated to an orange solid, which is slurried in 500ml of hexane, then

filtered. The collected orange solid is dried under house vacuum for 30 minutes. This

gives the title compound as an orange solid (58.12g, 99%). Mass (m/z): 134.1 (M++_'1).

B. Thioacetic acid S-cyclopropylcarbamoylmethyl ester. -

To a solution of 2-chloro-N -c‘yclopropyl-acetamjde (58.. g, 0.435mol) in
dichloromethane (700ml) at 0°C is added thiolactic acid (49.65g, 0.652mol). The mixture-
1S stirred at 0°C for 5 minutes, then TEA (88.0g, 0.870mol) is added very Slowly
(éxothermié reaction). The mixture is stirred at 0°C for 2 hours, then poured over 700ml
of water with stirring. The aqueoﬁs layer 1s acidified to pH2 with SN HCI, and the layers
are shaken and separated. The aqueous layer is extracted with dichloromethane (2 x

400ml). The combined organic layers are washed with brine, then dried (anhydrous

- magnesium sulfate), filtered, and concentrated to give the title compound as a yellow-

orange solid (74.5g, 99%). Mass (m/z): 174.1 (M +1).

C. N-Cyclopropyl-2-mercapto-acetamide.

1o a solution of thioacetic acid S-cyclopropylcarbamoylmethyl ester (17.0g;
98.14mmol) in MeOH (200ml) is added a 28% solution of ammonium hydroxide in water
(17ml). The resulting solution is stirred at room temperature for 1 hour; The reaction
solution 1s poured over water (400ml) and acidified to pH2 with SN HCI. The solution is
extracted with ELOAC (6 x 200ml) and the combined organic layers are dried (anhydrous
magnesium sulfate), filtered; and concentrated to give the title compound as a light
orange solid (12.87g, 99%). Mass (m/z): 132.1 (Mf+1).

D. 2,5-Dichloro-6-methoxy-4-methyl-nicotinonitrile.

To a slurry of 2,5,6-triqh]oro-4-methyl-nicotino,nitrile (11.0g, 49.67mmol,
Tetrahedron, 1977, 33, 113-117) in MeOH (125ml) is added sodium methoxide solution
(25% wt. 1n MeOH)(11.92ml, 52.15mmol). The reaction mixture 1s stirred at 0°C for 30
minutes, then room temperature for 1 hour. The reaction is quenched by the addition of
water (300ml) and a thick, white precipitate 1s formed. An additional 200ml of water is

added and the mixture is stirred at 0°C for 10 minutes. The precipitate is collected by
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filtration and dried (vacuum oven for 16 hours at 60°C) to give the title compound as an
off-white soljd (10.05g, 93%). Mass (m/z): 217.0 (M*+1).

E. 3-Amino-5—chloro.—6—meth0xy-4—methyl-thieno[2,3-b]pyridine-2-carboxylic |
acid cyclopropylamide | '

To a solution of N-cyclopropyl-2-mercapto-acetamide (6.65g, 50.68mmol) in
MeOH (100ml), i1s added sodium methdxide solution (25% wt. in MeOH)(11.59ml,
50.68mm01).’ The resulting solution is stirred at room temperature for 10 minutes, and
then treated with 2,5-dichloro-6-methoxy-4-methyl-nicotinonitrile (10.0g, 46.07mmol).
The reaction vessel is sealed and heated at 100°C for 2 hours. The reaction mixture is

cooled to room te'rnperature'and poured over 500ml of cold water. A thick white

- precipitate is formed. The mixture is stirred at 0°C for 10 minutes, then the solid is

collected by filtration. The fluffy white solid (title co_mp'ound) 1s placed 1n the vacuum

oven at 60°C to dry overnight (7.74g, 54%). Mass (m/z): 312.0 (M*+1).

Example 2

3-Amino-5-chloro-6-hydroxy-4-methyl-thieno[2,3-b]pyridine-2-carboxylic acid
' cyclopropylamide |

HO™ "N S O
To a solution of 3-amind-5-chl0r0-6-rn_ethoxy-4-methyl-thieno[2,3-b]pyridine-2-
carbox‘y]ic acid cycloprOpyla;llide (5.0g, 16.04mmol) in DMF (45ml) is added solid 95%
sodium thiomethoxide (1.30g, 17.64mmol). The reaction vessel is sealed and heated at
100°C for 5 hours. The reaction is cooled to room temperature and quenched by the
addition of water (75ml). The mixture is acidified to pH2 by the addition of SN HCI .
Gradually, a thick, white précipitate is formed, which is stirred at 0°C for 10 minutes,

then collected by filtration. The solid is dried in the vacuum oven overnight at 60°C to

afford the title compound as a white solid (4.13g, 86%). Mass (m/z): 298.0 (M™+1).

Exampie 3
3-Amin0-5-chloro—6-isopr0poxy-4-methyl-thien0[2,3-b]pyridiné-2-’carb0xylic acid

cyclopropylamide
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A. 1:1 Mixture of 2-chloro-6-isopropoxy-4-methyl-nicotinonitrile and 6-chloro-2-
1Sopropoxy-4-methyl-nicotinonitrile.

‘To a slurry of 2,6-dichloro-4-methylnicotinonitrile (0.500g, 2.67mmol) in 4mls of

| Q—prbpanol at 0°C is added dropwise a solution of lithium bis(trimethylsilyl)amide (1.0M

in hexanes) (2.67ml, 2.67mmol). The resulting mixture is stirred at 0°C for 20 minutes, _
then room temperéture for 5 hours. The reaction is quenched by the additioh of water
(10ml). The mixture is partitioned between water and EtOAc (75ﬁ11 each), and the layers
afe shaken and separated. The organic layer is washed with‘brine; then dried (anhydrous
magnesium sulfate), filtered, and concentrated to give the title compound (tan solid,

0.510g, 91% yield) as a 1:1 mixture of regioisomers (based on NMR data). Mass (m/z):

211.0 M +1).

B. 1:1 Mixture of 2,5-dichloro-6-isopropoxy-4-methyl-nicotinonitrile and 5,6-

| dichloro—2—isoprOpoxy—4-methyl—nicotinbnitriIe.

To a thick-glassed, screw top reaction tube are added a 1:1 mixture of 2-chloro-6-
1sopropoxy-4-methyl-nicotinonitrile and 6—chlor0-2-isopropoxy-4-methyl-nicotinonitrile
(0.510g, 2.42mmol), glacial acetic acid (7ml), and N-chlorosuccinimide (1.29g,

9.68mmol). The reaction tube 1s sealed, and the mixture is heated at 125°C for 48 houfs.

The reaction mixture is cooled to room temperature and partitioned between water and

EtOAc (100ml each). The layers are shaken and separated. The organic layer is washed
successively with saturated aqueous sodium bicarbonate solution (100ml), water (100ml),
and brine (100ml). The organic layer 1s dried (anhydrous magnésium sultate), filtered,
and concentrated to give a brown oil. Flash chromatography (5:1 hexane: EtOAc') aftfords
the title compound (white solid, 0.400g, 67% yield) as a 1:1 mixture of regioisomers .
(based on NMR data). Mass (m/z): 243.0 (M*-1).

C. 3-amino-5-chloro-6-isopropoxy-4-methyl-thieno[2,3-b]pyridine-2-carbox ylic
acid cyclopropylamide .

To a solution of N-cyclopropyl-2-mercapto-acetamide (O‘.498g, 3.80mmol) in
MeOH (5ml) 1s added sodium methoxide solution (25% wt. in MeOH)(O.652'ml,
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2.85mmol). The resulting solution 1s stirred at room temperature for 30 minutes, then
treated with a 1:1 mixture of 2,5-dichloro-6-1sopropoxy-4-methyl-nicotinonitrile and 5,6-
dichloro-2-1soprppoxy-4-methyl-nicotinonitrile (0.400g, 1.63mmol). The reaction vessel

is sealed, heated at 100°C for 2.5 hours, and cooled to room temperature. The reaction

- mixture is poured over water (60ml), then extracted with EtOAc (2 x 40ml). The

combined organic layers are washed with brine (50ml), dried (anhydrous magnesium
sulfate), filte’red, and concentrated to give a yellow-brown solid. Flash chromatography
(1.5: 1 h.exane: EtOAc) affords the title compound as a tan solid (20mg). Mass (m/z):
340.1 (M™+1).

Example 4
3_—Amitio-5 —chloro-6-(2-meth0xy-ethoxy)-4-methyl-thieno[2,3-b]pyridine—2-carboxylic

acid cyclopropylamide

. CHs  NH,

H .
' mN\v
o oo s

A. 1:1 Mixture of 2-ch]0_r0-6-(2—methoxy-ethoxy)-4-methyl-nicotinonitrile and 6-chloro-

- 2-(2-methoxy-ethoxy)-4-methyl-nicotinonitrile.

To a slurry of 2,6-dichloro-4-methylnicotinonitrile (0.500g, 2.67mmol) in 6mls of
2-methoxymethanol at 0°C is added dropwise a solution of lithium bis(trimethylsilyl)
amide (1.0M 1n hexanes)(2.67ml, 2.67mmol). The resulting mixture is stirred at 0°C for
20 minutes, then room temperature for 5 hours. The reaction is quenched by the addition
of water (10ml). The mixture 18 partitioned between water and EtOAc (75ml each), and
the layers are shaken and separated. The organic layer is washed with brine, then dried
(anhydrous magnesium sulfaté), tiltered, concentrated, and flashed (5:1 hexane : EtOAc)
to give the title compound (white solid, 0.530g, 88% yield) as a 1:1 mixture of
regioisomers (based on NMR data). Mass (m/z): 227.0 (M™+1).

B. 1:1 Mixture of 2,5-dichloro-6-(2-methoxy-ethoxy)-4-methyl-nicotinonitrile
and 5,6-dichloro-2-(2-methoxy-ethoxy)-4-methyl-nicotinonitrile.

To a thick-glassed, screw top reaction tube are added a 1:1 mixture of 2-chloro-6-
(2-methoxy-ethoxy)-4-methyl-nicotinonitrile and 6-—chloro-2-(2—méthoxy-eth0xy)-4-

methyl-nicotinonitrile (0.450g, 1.99mmol), glacial acetic acid (8ml), and N-
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chlorosuccinimide (1.06g, 7.94mmol). The reaction tube is sealed, and the mixture is
heated at 110°C for 24 hours. The reaction mixture is cooled to room temperature and
partitioned between water and EtOAc (100ml each). The layers are shaken and separated.

The organic layer is washed successively with saturated aqueous sodium bicarbonate

solution (3 x 50ml) and water (100ml). The organic layer is dried (anhydrous magnesium

sulfate), filtered, and concentrated to give the title compound zis a yellow-orange o1l

« (0.453g, 87% yield) in a 1:1 mixture of regioisomers (based on NMR data). Mass (m/z):
261.0 M™-1). |

C. 3-Amino-S-chloro-6—(2-meth0xy-ethoxy)-4-rnethyl-thicno[2,3-b]pyridine-2-
carboxylic acid cyclopropylamide. ‘ -
. T'o a solution of N-cyclopropyl-2-mercapto-acetamide (0.452g, 3.45mmol) in
MeOH (5ml) is added sodium methoxide solution (25% wt. in MeOH)(0.589ml,
2.58mmol). The resulting solution is stirred at room temperature for 30 minutes, then

treated with a 1:1 mixture of 2,5'-dichloro-6-(.2-methoxy—ethoxy)-4-methy1-nicotin0nitrile

- and 5,6-dichloro~2-(2-methoxy-ethoxy)-4-methyl-nicotinonitrile (0.450g, 1.72mmol). The

reaction vessel is sealed, heated at 100°C for 2.5 hours, and cooled to room temperature.

" The reaction mixture is poured over water (60ml), then extracted with EtOAc (2 x 40ml).

The combined organic layers are washed with brine (50ml), dried (anhydrous magnesium
sulfate), filtered, and concentrated to give a yellow-brown solid. Flash chromatography

(1.5: 1 hexane: EtOAc) atfords the title compound as a cream colored solid (53mg, 10%).
Mass (m/z): 356.1 M +1).

Example 5
3-Amino-5-chloro-6-(2-hydroxy-ethoxy)-4-methyl-thieno[2,3-b]pyridine-2-carboxylic
acid cyclopropylamide

Cl °
a

H
O~
A. 2,5-Dichloro-4-methyl-6-methylsulfanyl-nicotinonitrile.
To a slurry of 2,5,6-trichloro-4-methyl-nicotinonitrile (10.0g, 45.2mmol,

Tetrahedron, 1977, 33, 113-117) in MeOH (150ml) at 0°C is added solid sodium

thiomethoxide (3.33¢g, 45.2mmol). The mixture is stirred at 0°C for 1 hour, then room
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temperature for 1 hour. The reaction 1s quenched by the addition of water (250ml). The
muxture 18 partitioned between water and EtOAc (500ml each), and the layers are shake<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>