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1
SUBSTITUTED BICYCLIC
DIHYDROPYRIMIDINONES AND THEIR
USE AS INHIBITORS OF NEUTROPHIL
ELASTASE ACTIVITY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This invention relates to substituted bicyclic dihydropy-
rimidinones of formula 1

0 R!
R3
-~
®H,C | N
R3),C /J\
1|\1 e}
RZ

and their use as inhibitors of neutrophil elastase activity,
pharmaceutical compositions containing the same, and
methods of using the same as agents for treatment and/or
prevention of pulmonary, gastrointestinal and genitourinary
diseases, inflammatory diseases of the skin and the eye and
other autoimmune and allergic disorders, allograft rejection,
and oncological diseases.

BACKGROUND INFORMATION

The following references describe neutrophil elastase
inhibitors with a monocyclic dihydropyrimidinone

core: (GB2392910, WO04024700, WO05082864,
WO005082863, DE102006031314, US100010024,
WO10115548, WO09080199, DE102007061766,

WO006136857, WO06082412, W012002502.

The following references describe neutrophil elastase
inhibitors with a bicyclic tetrahydropyrrolopyrimidin-
edione core: W007129060, WO08135537,
US090093477, W009013444, W009060206,
W009060203, WO09060158, US110034433.

The following references describe neutrophil elastase
inhibitors with core structures other than those herein

before mentioned: W004020412, W004020410,
W003053930, WO010078953, W009135599,
DE102009004197, WOI11110858, WO11110859,
WO009060158, WO009037413, W004024701,
WO013018804, US130065913, WO013018804,
W012002502.

For a review on various inhibitors of neutrophil elastase
see: P. Sjo (Future Med. Chem. 2012, 4, 651-660).

BRIEF SUMMARY OF THE INVENTION

Neutrophil elastase is a 29 kDa serine protease. It is
expressed in bone marrow precursor cells, stored in the
granula of peripheral blood granulocytes at high concentra-
tions and it is released upon cellular activation. To the
substrates of NE belong major elements of the extracellular
matrix: elastin, fibronectin, laminin, collagen and proteogly-
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cans. Neutrophil elastase activity leads to ECM degradation,
increases migration and chemotaxis of mono-cytes and
vascular smooth muscle cells and directly affects compo-
nents of the coagulation and fibrinolytic pathways (PAI-1
and TFPI). Increased activity of neutrophil elastase is asso-
ciated with chronic inflammatory and fibrotic diseases of
several organs Inhibitors of neutrophil elastase will therefore
have an important role for the treatment of different diseases
like COPD, idiopathic pulmonary fibrosis and other fibrotic
diseases, cancer, acute lung injury, acute respiratory distress
syndrome, bronchiectasis, cystic fibrosis, alphal-antitrypsin
deficiency and others.

The compounds according to the present invention,
including the physiologically acceptable salts, are effective
as inhibitors of neutrophil elastase and exhibit favourable
inhibitory potency, as determined by the half maximal
inhibitory concentration (ICs,), in an enzymatic inhibition
assay.

Some compounds according to the present invention,
including the physiologically acceptable salts, are addition-
ally effective as inhibitors of neutrophil serin protease
proteinase 3 and exhibit favourable inhibitory potency, as
determined by the half maximal inhibitory concentration
(ICsy), in an enzymatic inhibition assay. This inhibitory
activity on a second neutrophil serin protease may be
benificial for pharmacological efficacy.

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable inhibitory potency, as determined by the half
maximal effective concentration (ECs,), in a plasma or
whole-blood assay, for instance as described in T. Stevens et
al. (J. Pharm. Exp. Ther. 2011, 339, 313-320).

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable in vivo potency, as determined, for example, by
the half maximal effective dose (EDO, in models of human
neutrophil elastase-induced lung injury in mice, rat or ham-
ster, for instance as described in Tremblay et al. (Chest 2002,
121, 582-588) or T. Stevens et al. (J. Pharm. Exp. Ther. 2011,
339, 313-320).

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable in vivo potency, as determined, for example, by
the half maximal effective dose (EDO, in a model of
LPS/FMLP-induced lung injury in hamster, for instance as
described in Mitsuhashi et al. (Br. J. Pharmacol. 1999, 126,
1147-1152).

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable metabolic stability in an in vitro microsomal
assay for metabolic stability as described in E. Kerns & L.
Di (Drug-like properties: concepts, structure design and
methods: from ADME to toxicity optimization, Elsevier, 1%
ed, 2008), chapter 29 and references therein.

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable metabolic stability in an in vitro hepatocytes
assay for metabolic stability as described in E. Kerns & L.
Di (Drug-like properties: concepts, structure design and
methods: from ADME to toxicity optimization, Elsevier, 1%
ed, 2008), chapter 29 and references therein.

An improved metabolic stability in an in vitro test system
is expected to translate into a reduced in vivo clearance
(CL), because the metabolic conversion in the liver is
reduced. Based on the pharmacokinetic equation
CL/F,,,~Dose/AUC (F,,,;: oral bioavailability, AUC: area
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under the curve), a reduced in vivo clearance is expected to
lead to higher dose-normalized systemic exposure (AUC) of
the drug.

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable permeability in an in vitro Caco-2 cell layer
method for permeability as described in E. Kerns & L. Di
(Drug-like properties: concepts, structure design and meth-
ods: from ADME to toxicity optimization, Elsevier, 1% ed,
2008), chapter 26 and references therein. For an oral drug,
improved permeability is expected to translate into a higher
fraction of the drug absorbed in the intestinal tract, thus,
resulting in higher dose-normalized systemic exposure
(AUCQC).

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit a
favourable, that is low efflux ratio (permeability in the efflux
direction divided by the permeability in the influx direction)
in an in vitro Caco-2 or MDCK cell layer method as
described in E. Kerns & L. Di (Drug-like properties: con-
cepts, structure design and methods: from ADME to toxicity
optimization, Elsevier, 1°* ed, 2008), chapter 26 and 27 and
references therein. For an oral drug, an improved, that is
reduced efflux ratio is expected to translate into a higher
fraction of the drug absorbed in the intestinal tract, thus,
resulting in higher dose-normalized systemic exposure
(AUCQC).

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable aqueous solubility in a kinetic or thermodynamic
solubility method as described in E. Kerns & L. Di (Drug-
like properties: concepts, structure design and methods:
from ADME to toxicity optimization, Elsevier, 1% ed, 2008),
chapter 25 and references therein. For an oral drug,
improved aqueous solubility is expected to translate into a
higher fraction of the drug absorbed in the intestinal tract
resulting in higher dose-normalized systemic exposure
(AUCQC).

Comparatively higher dose-normalized systemic expo-
sure (AUC) can be advantageous in several ways: (1) If a
certain systemic exposure (AUC) needs to be achieved for
efficacy, the drug can be dosed in a lower amount. Lower
dosages have the advantages of lower drug load (parent drug
and metabolites thereof) for the patient causing potentially
less side effects, and lower production costs for the drug
product. (2) Comparatively higher dose-normalized sys-
temic exposure (AUC) can lead to increased efficacy or
prolonged duration of action of the drug when the same dose
is applied.

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable metabolic stability, favourable permeability,
favourable efflux ratio and favourable aqueous solubility.
Accordingly, some compounds of the present invention are
expected to exhibit favourable pharmacokinetic (PK) prop-
erties after oral dosing, in particular favourable systemic
exposure (area under the curve, AUC), thus, leading to
favourable efficacy in vivo.

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable pharmacokinetic (PK) properties. The PK prop-
erties can be determined in pre-clinical animal species, for
example mouse, rat, hamster, dog, guinea pig, mini pig,
cynomolgus monkey, rhesus monkey. The PK properties of
a compound can be described, for example, by the following
parameters: Mean residence time (MRT), elimination half-
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live (t,,), volume-of-distribution (V ), area under the curve
(AUQ), clearance (CL) and bioavailability after oral admin-
istration (F,,,).

The compounds of the invention and metabolites thereof
are devoid of the hydrazine sub-structure that causes struc-
tural alerts for mutagenicity and carcinogenicity as
described in Benigni et al. (Chem. Rev. 2011, 11, 2507-
2536). Thus, compounds of the invention may bear the
advantage of reduced genotoxic potential and reduced risk
of failure during development because of genotoxic parent
compound, metabolites and/or impurities.

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable inhibition of cytochrome P450 (CYP) isozymes
in corresponding in vitro assays for CYP isozyme inhibition
as described in E. Kerns & L. Di (Drug-like properties:
concepts, structure design and methods: from ADME to
toxicity optimization, Elsevier, 1 ed, 2008), chapter 32 and
references therein. Reduced inhibition of CYP isozymes is
expected to translate into a reduced risk for undesirable
drug-drug interactions which is the interference of one drug
with the normal metabolic or pharmacokinetic behaviour of
a co-administered drug.

Some compounds according to the present invention,
including the physiologically acceptable salts, exhibit
favourable, i.e. low inhibition of the hERG channel in a
patch clamp assay as described in E. Kerns & L. Di
(Drug-like properties: concepts, structure design and meth-
ods: from ADME to toxicity optimization, Elsevier, 1% ed,
2008), chapter 34 and references cited therein.

DETAILED DESCRIPTION OF THE

INVENTION
A compound of formula 1
1
0 R!
R3
(®9,C | N7
\ /j\
R),C
(R%), N o
L,
wherein

R! is phenyl or a five- or six-membered heteroaryl, wherein
one, two or three elements are replaced by an element
independently selected from the group consisting of N, O
and S; preferably phenyl or pyridinyl; each ring optionally
substituted with one, two or three substituents indepen-
dently selected from the group consisting of halogen,
O,N—, NC—, H,N—, HO—, R'', R"'O—, R'Z
R!*S—, R'3(0)S— and R'*(0),S—;

R is independently selected from the group consisting
of C, ¢-alkyl-, C; s-cycloalkyl-, C, ;-haloalkyl- and
C,_¢-halocycloalkyl;

R!?is HO—C,_,-alkyl- or R"'—0—C _s-alkyl-;

R is independently selected from the group consisting
of H, HO—, R'! and R'?; preferably R'-!;

R? is phenyl or a five- or six-membered heteroaryl, wherein
one or two elements are replaced by an element indepen-
dently selected from the group consisting of N, O and S;
preferably phenyl or pyridinyl; each ring optionally sub-
stituted with one or two substituents independently
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selected from the group consisting of halogen, C, ,-

alkyl-, C, ,-haloalkyl- and C, ,-alkyl-O—;

R? is a residue independently selected from the group

consisting of

R3 1

R* 2(O)C—

R*20(0)C—;

R320(0)C-A-; preferably R*20(0)C—CH,—;

R*2S—; R>*(0)S—; R*>?*(0),S—; preferably R>*(0)
25—

(R3*3),N(0O)C—; and

(R33),N(O)C-A-; preferably (R>2),N(0)C—CH,—;

R*! is independently selected from the group consisting
of H, R*3, R** C,_,-alkyl-C,_s-cycloalkyl- and C, -
cycloalkyl-C, ¢-alkyl-, each optionally substituted with
one or two substituents independently selected from
among
R3 1.1
R is selected from the group consisting of HO—,

halogen, NC—, R**0—, R3%, R*® and R*7 o
R3**! denotes a ring independently selected from phe-
nyl and a four-membered heterocyclic ring contain-
ing one element independently selected from among
N, O, S, S(O) and S(O), or
R denotes a five- or six-membered heterocyclic or
heteroaryl ring containing one, two or three elements
independently selected from among N, O, S, S(O)
and S(O),;
each of the rings optionally substituted with one or
two substituents independently selected from
among HO—, O—, halogen, NC—, R3>? R3?*—
(0)YC—, R**, R>>, R*% and R*7 or two substitu-
ents are together R*%;

R3-? is independently selected from among R, phenyl, a
four-membered heterocyclic ring containing one ele-
ment independently selected from the group consisting
of N, O, S, S(0) and S(0),; or a five- or six-membered
heterocyclic or heteroaryl ring containing one, two or
three elements independently selected from the group
consisting of N, O, S, S(O) and S(O),; each ring
optionally substituted with one or two substituents
independently selected from the group consisting of
HO—, O—=, NC—, halogen, R**, R>**0—, R**—(0)
C—, R3>* R33, R*® R37 or two substituents are
together R>%;
or two R*? are together a three-, four-, five- or six-

membered monocyclic or a six-, seven-, eight-, nine-
or ten-membered bicyclic heterocyclic or heteroaryl
ring optionally containing additional to the nitrogen
one or two elements independently selected from the
group consisting of N, O, S, S(O) and S(0),; option-
ally substituted with one or two substituents, inde-
pendently selected from the group consisting of
HO—, F, 0=, NC—, R*?, R*?0—, R**—(0)C—,
R3*#, R3?,R*% R>7, phenyl, a five- or six-membered
heterocyclic or heteroaryl ring containing one, two
or three elements independently selected from the
group consisting of N, O, S, S(O) and S(O),; or two
substituents are together R>-%;

R3- is independently selected from the group consisting
of C, ¢-alkyl-, C; s-cycloalkyl-, C, s-haloalkyl- and
C,_¢-halocycloalkyl-;

R?** is HO—C,_4-alkyl- or R**—0—C, ,-alkyl-;

R?? is independently selected from the group consisting
of H,N—, R*?*—HN—, (R*?*),N—, R**(0)C—
HN— and R**—(0)C—(R**)N—;
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R3¢ is independently selected from the group consisting

of R¥3—(0)S—, R**—(0),8—, R*>HN)S—, R>?
(HN)(O0)S—, R*PR*PN)S—, R*>R**N)(O0)S—, R>?
(R>N)S—, R33(R3*N)(0)S—; R*3(NC—N)S— and

R**(NC—N)(O)S—;

R*7 is independently selected from the group consisting
of HO(O)C—, H,N(O)C—, R**—0—(0)C—, R**—
NH—(0O)C— and (R**),N—(0)C—;

R?*® is independently C, s-alkylene or C,_s-haloalkylene,
wherein optionally one or two CH,-groups indepen-
dently from each other are replaced by —HN—,

CERONL RN RPOC N
—(R**0)C—IN—, —O—, —S—, —S(0)— and
—S(0),—;

A is —CH,—, —CH,—CH,— or —CH,—CH,—
CH,—; preferably —CH,—; optionally substituted

with one or two substituents independently selected
from the it) group consisting of halogen, R*, R3-*0—
and R or two substituents together are R>*;

R* is independently selected from the group consisting of

halogen, C, s-alkyl-, C; ¢-cycloalkyl-, C, ¢-haloalkyl-,

C,_¢-halocycloalkyl-, HO—C, -alkyl- and C, s-alkyl-

0O—C, _¢-alkyl-; preferably methyl

or two R* are together C,_,-alkylene or C,_-haloalkylene,
wherein optionally one CH,-group can be replaced by
—O0—, —8—, —S(0)— or —S(0),—;

X is 0, 1 or 2, preferably 0
R’ is independently selected from the group consisting of

halogen, NC—, R>!

HO(O)C—, H N(O)C—, R —0—(0)C— R>—
NH—(0)C—, (R*!),N—(0)C—;

phenyl or a five- or six-membered heterocyclic or het-
eroaryl ring containing one, two or three elements
independently selected from the group consisting of N,
0O, S, S(0) and S(O),; each ring optionally substituted
with one, two or three substituents independently
selected from the group consisting of halogen, HO—,

O—, NC—, O,N—, LN, R¥!, R*0—, RS —
HN—, (R*),N—, R*(0)C—HN—, R>'—(0)
C—R*HN—, R*1—(0)S—, R*1(0),8—, RS —
HN)S—, R (HN)O)S—, R (R*N)S—,
RS (RIN)0)S—, R*L-(NC—N)S—, R>'—

(NC—N)(0)S—, HO(O)C—, H,N(O)C—, R*>'—0—
(0)C—, R*'—NH—(0)C— and (R>"),N—(O)C—;
R>! is independently selected from the group consisting
of C, ¢-alkyl-, C; s-cycloalkyl-, C, c-alkyl-C, (-cy-
cloalkyl-, C,_s-cycloalkyl-C, ;-alkyl-, C, ;-haloalkyl-,
C,_¢-halocycloalkyl, HO—C, c-alkyl-, C, ¢-alkyl-O—
C, ¢-alkyl-, C; s-cycloalkyl-O—C, s-alkyl-, C, ;-ha-
loalkyl-O—C, ¢-alkyl- and C;_¢-halocycloalkyl-O—
C,.s-alkyl-, or two R>! are together C,_s-alkylene or
C,_¢-haloalkylene, wherein optionally one or two CH,-
groups are replaced by —HN—, —(C, ¢-alkyl-)N—,
—(C,4_g-cycloalkyl-)N—, —(C,_g-haloalkyl-)N—,
—(C;_g-halocycloalkyl-)N—, —(HO—C, ¢-alkyl-)
N—, —(C, alkyl-O—C, -alkyl-)N—, —(C;_s-cy-
cloalkyl-O—C, ¢-alkyl-)N—, —(C,_s-alkyl-(O)C—)

N—,  —Cy¢cycloalkyl-(O)C—)N—,  —(C, -
haloalkyl-(O)C—)N—, —(HO—C, ;-alkyl-(O)C—)
N—. —(C,_¢-alkyl-O—C, 4-alkyl-(O)C—)N—,

—(C3 s-cycloalkyl-O—C, -alkyl-(O)C—)N—,
—0—, —S—, —S8(0)— and —S(0),—;

y is 0, 1 or 2, preferably O
or a salt thereof.

USED TERMS AND DEFINITIONS

Terms not specifically defined herein should be given the

meanings that would be given to them by one of skill in the
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art in light of the disclosure and the context. As used in the
specification, however, unless specified to the contrary, the
following terms have the meaning indicated and the follow-
ing conventions are adhered to.

In the groups, radicals, or moieties defined below, the
number of carbon atoms is often specified preceding the
group, for example, C, ¢-alkyl means an alkyl group or
radical having 1 to 6 carbon atoms.

In general in single groups like HO, H,N, S(O), S(O),,
NC (cyano), HOOC, F,C or the like, the skilled artisan can
see the radical attachment point(s) to the molecule from the
free valences of the group itself. For combined groups
comprising two or more subgroups, the last named subgroup
is the radical attachment point, for example, the substituent
“aryl-C, _;-alkyl-” means an aryl group which is bound to a
C, s-alkyl-group, the latter of which is bound to the core or
to the group to which the substituent is attached.

In case a compound of the present invention is depicted in
form of a chemical name and as a formula in case of any
discrepancy the formula shall prevail. An asterisk is may be
used in sub-formulas to indicate the bond which is con-
nected to the core molecule as defined.

For example, the term “3-carboxypropyl-group” repre-
sents the following substituent:

1 3

OH
*W
2

¢}

wherein the carboxy group is attached to the third carbon
atom of the propyl group. The terms “1-methylpropyl-",

«2,2-dimethylpropyl-" or “cyclopropylmethyl-* group rep- 3

resent the following groups:

CH;z 3

1
)\/CH3 */X
* 1 3

The asterisk may be used in sub-formulas to indicate the
bond which is connected to the core molecule as defined.

Many of the followings terms may be used repeatedly in
the definition of a formula or group and in each case have
one of the meanings given above, independently of one
another.

The term “substituted” as used herein, means that any one
or more hydrogens on the designated atom is replaced with
a selection from the indicated group, provided that the
designated atom’s normal valence is not exceeded, and that
the substitution results in a stable compound.

The expressions “prevention”, “prophylaxis”, “prophy-
lactic treatment” or “preventive treatment” used herein
should be understood synonymous and in the sense that the
risk to develop a condition mentioned hereinbefore is
reduced, especially in a patient having elevated risk for said
conditions or a corresponding anamnesis, e.g. elevated risk
of developing metabolic disorder such as diabetes or obesity
or another disorder mentioned herein. Thus the expression
“prevention of a disease” as used herein means the man-
agement and care of an individual at risk of developing the
disease prior to the clinical onset of the disease. The purpose
of prevention is to combat the development of the disease,
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condition or disorder, and includes the administration of the
active compounds to prevent or delay the onset of the
symptoms or complications and to prevent or delay the
development of related diseases, conditions or disorders.
Success of said preventive treatment is reflected statistically
by reduced incidence of said condition within a patient
population at risk for this condition in comparison to an
equivalent patient population without preventive treatment.

The expression “treatment” or “therapy” means therapeu-
tic treatment of patients having already developed one or
more of said conditions in manifest, acute or chronic form,
including symptomatic treatment in order to relieve symp-
toms of the specific indication or causal treatment in order
to reverse or partially reverse the condition or to delay the
progression of the indication as far as this may be possible,
depending on the condition and the severity thereof. Thus
the expression “treatment of a disease” as used herein means
the management and care of a patient having developed the
disease, condition or disorder. The purpose of treatment is to
combat the disease, condition or disorder. Treatment
includes the administration of the active compounds to
eliminate or control the disease, condition or disorder as well
as to alleviate the symptoms or complications associated
with the disease, condition or disorder.

Unless specifically indicated, throughout the specification
and the appended claims, a given chemical formula or name
shall encompass tautomers and all stereo, optical and geo-
metrical isomers (e.g. enantiomers, diastereomers, E/Z iso-
mers etc. . . . ) and racemates thereof as well as mixtures in
different proportions of the separate enantiomers, mixtures
of diastereomers, or mixtures of any of the foregoing forms
where such isomers and enantiomers exist, as well as salts,
including pharmaceutically acceptable salts thereof and sol-
vates thereof such as for instance hydrates including solvates

5 of the free compounds or solvates of a salt of the compound.

All isomeric forms (especially all stereoisomeric forms,
e.g. all chiral, enantiomeric, diastereomeric and racemic
forms, all tautomeric and all geometric isomeric forms) of a
compound of the present invention are intended with this
invention, unless the specific isomer is specifically indi-
cated. Obviously, the isomer which is pharmacologically
more potent and/or more efficacious is preferred.

It will be appreciated that the compounds of the present
invention contain at least one asymmetrically substituted
carbon atom, and may therefore be isolated as pure
enantiomers or as a racemic or non-racemic mixture of both
enantiomers. It will be appreciated that some of the com-
pounds of the present invention contain more than one
stereogenic center, i.e. more than one asymmetrically sub-
stituted carbon or sulfur atom, and may therefore be isolated
as pure diastereomers or as diastereomeric mixtures, both in
optically active or racemic forms.

The invention contemplates all conceivable stereoiso-
mers, particularly the diastereomers and enantiomers men-
tioned herein, e.g. in substantially pure form, in enriched
form (e.g. substantially free of any or all other undesired
enantiomers and/or diastereomers and/or in any mixing
ratio, including the racemic forms, as well as the salts
thereof.

In general, substantially pure stereoisomers can be
obtained according to synthetic principles known to a person
skilled in the field, e.g. by separation of corresponding
mixtures, by using stereochemically pure starting materials
and/or by stereoselective synthesis. It is known in the art
how to prepare optically active forms, such as by resolution
of racemic forms or by synthesis, e.g. starting from optically
active starting materials and/or by using chiral reagents.
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Enantiomerically pure compounds of this invention or
intermediates may be prepared via asymmetric synthesis, for
example by preparation and subsequent separation of appro-
priate diastereomeric compounds or intermediates which
can be separated by known methods (e.g. by chromato-
graphic separation or crystallization) and/or by using chiral
reagents, such as chiral starting materials, chiral catalysts or
chiral auxiliaries.

Further, it is known to the person skilled in the art how to
prepare enantiomerically pure compounds from the corre-
sponding racemic mixtures, such as by chromatographic
separation of the corresponding racemic mixtures on chiral
stationary phases; or by resolution of a racemic mixture
using an appropriate resolving agent, e.g. by means of
diastereomeric salt formation of the racemic compound with
optically active acids or bases, subsequent resolution of the
salts and release of the desired compound from the salt; or
by derivatization of the corresponding racemic compounds
with optically active chiral auxiliary reagents, subsequent
diastereomer separation and removal of the chiral auxiliary
group; or by Kkinetic resolution of a racemate (e.g. by
enzymatic resolution); by enantio-selective crystallization
from a conglomerate of enantiomorphous crystals under
suitable conditions; or by (fractional) crystallization from a
suitable solvent in the presence of an optically active chiral
auxiliary.

The term halogen generally denotes fluorine, chlorine,
bromine and iodine.

As used herein the term “prodrug” refers to (i) an inactive
form of a drug that exerts its effects after metabolic pro-
cesses within the body converting it to a usable or active
form, or (ii) a substance that gives rise to a pharmacologi-
cally active metabolite, although not itself active (i.e. an
inactive precursor).

The terms “prodrug” or “prodrug derivative” mean a
covalently-bonded derivative, carrier or precursor of the
parent compound or active drug substance which undergoes
at least some biotransformation prior to exhibiting its phar-
macological effect(s). Such prodrugs either have metaboli-
cally cleavable or otherwise convertible groups and are
rapidly transformed in vivo to yield the parent compound,
for example, by hydrolysis in blood or by activation via
oxidation as in case of thioether groups. Most common
prodrugs include esters and amide analogs of the parent
compounds. The prodrug is formulated with the objectives
of improved chemical stability, improved patient acceptance
and compliance, improved bioavailability, prolonged dura-
tion of action, improved organ selectivity, improved formu-
lation (e.g., increased hydrosolubility), and/or decreased
side effects (e.g., toxicity). In general, prodrugs themselves
have weak or no biological activity and are stable under
ordinary conditions. Prodrugs can be readily prepared from
the parent compounds using methods known in the art, such
as those described in A Textbook of Drug Design and
Development, Krogsgaard-Larsen and H. Bundgaard (eds.),
Gordon & Breach, 1991, particularly Chapter 5: “Design
and Applications of Prodrugs™; Design of Prodrugs, H.
Bundgaard (ed.), Elsevier, 1985; Prodrugs: Topical and
Ocular Drug Delivery, K. B. Sloan (ed.), Marcel Dekker,
1998; Methods in Enzymology, K. Widder et al. (eds.), Vol.
42, Academic Press, 1985, particularly pp. 309-396; Burg-
er’s Medicinal Chemistry and Drug Discovery, 5th Ed., M.
Wolff (ed.), John Wiley & Sons, 1995, particularly Vol. 1 and
pp- 172-178 and pp. 949-982; Pro-Drugs as Novel Delivery
Systems, T. Higuchi and V. Stella (eds.), Am. Chem. Soc.,
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1975; Bioreversible Carriers in Drug Design, E. B. Roche
(ed.), Elsevier, 1987, each of which is incorporated herein by
reference in their entireties.

The term “pharmaceutically acceptable prodrug” as used
herein means a prodrug of a compound of the invention
which is, within the scope of sound medical judgment,
suitable for use in contact with the tissues of humans and
lower animals without undue toxicity, irritation, allergic
response, and the like, commensurate with a reasonable
benefit/risk ratio, and effective for their intended use, as well
as the zwitterionic forms, where possible.

The phrase “pharmaceutically acceptable” is employed
herein to refer to those compounds, materials, compositions,
and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues
of human beings and animals without excessive toxicity,
irritation, allergic response, or other problem or complica-
tion, and commensurate with a reasonable benefit/risk ratio.

As used herein, “pharmaceutically acceptable salts” refer
to derivatives of the disclosed compounds wherein the
parent compound is modified by making acid or base salts
thereof. Examples of pharmaceutically acceptable salts
include, but are not limited to, mineral or organic acid salts
of basic residues such as amines; alkali or organic salts of
acidic residues such as carboxylic acids; and the like. For
example, such salts include salts from ammonia, [-arginine,
betaine, benethamine, benzathine, calcium hydroxide, cho-
line, deanol, diethanolamine, 2,2'-iminobis(ethanol), dieth-
ylamine, 2-(diethylamino)-ethanol, 2-aminoethanol, ethyl-
enediamine, N-ethyl-glucamine, hydrabamine,
1H-imidazole, lysine, magnesium hydroxide, 4-(2-hydroxy-
ethyl)-morpholine, piperazine, potassium hydroxide, 1-(2-
hydroxyethyl)-pyrrolidine, sodium hydroxide, trietha-
nolamine (2,2',2"-nitrilotris-(ethanol)), tromethamine, zinc
hydroxide, acetic acid, 2.2-dichloro-acetic acid, adipic acid,
alginic acid, ascorbic acid, L-aspartic acid, benzenesulfonic
acid, benzoic acid, 2,5-dihydroxybenzoic acid, 4-acetamido-
benzoic acid, (+)-c amphoric acid, (+)-camphor-10-sulfonic
acid, carbonic acid, cinnamic acid, citric acid, cyclamic acid,
decanoic acid, dodecylsulfuric acid, ethane-1,2-disulfonic
acid, ethanesulfonic acid, 2-hydroxyethane-sulfonic acid,
ethylenediaminetetraacetic acid, formic acid, fumaric acid,
galactaric acid, gentisic acid, D-glucoheptonic acid, D-glu-
conic acid, D-glucuronic acid, glutamic acid, glutaric acid,
2-oxo-glutaric acid, glycerophosphoric acid, glycine, gly-
colic acid, hexanoic acid, hippuric acid, hydrobromic acid,
hydrochloric acid, isobutyric acid, DL-lactic acid, lactobi-
onic acid, lauric acid, lysine, maleic acid, (-)-L-malic acid,
malonic acid, DL-mandelic acid, methanesulfonic acid,
galactaric acid, naphthalene-1,5-disulfonic acid, naphtha-
lene-2-sulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic
acid, nitric acid, octanoic acid, oleic acid, orotic acid, oxalic
acid, palmitic acid, pamoic acid (embonic acid), phosphoric
acid, propionic acid, (-)-L-pyroglutamic acid, salicylic acid,
4-amino-salicylic acid, sebacic acid, stearic acid, succinic
acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocya-
nic acid, p-toluenesulfonic acid and undecylenic acid. Fur-
ther pharmaceutically acceptable salts can be formed with
cations from metals like aluminium, calcium, lithium, mag-
nesium, potassium, sodium, zinc and the like. (also see
Pharmaceutical salts, Berge, S. M. et al,, J. Pharm. Sci.,
(1977), 66, 1-19).

The pharmaceutically acceptable salts of the present
invention can be synthesized from the parent compound
which contains a basic or acidic moiety by conventional
chemical methods. Generally, such salts can be prepared by
reacting the free acid or base forms of these compounds with
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a sufficient amount of the appropriate base or acid in water
or in an organic diluent like ether, ethyl acetate, ethanol,
isopropanol, or acetonitrile, or a mixture thereof.

Salts of other acids than those mentioned above which for
example are useful for purifying or isolating the compounds
of the present invention (e.g. trifluoro acetate salts) also
comprise a part of the invention.

The term “C, , -alkyl”, wherein n is an integer from 2 to
n, either alone or in combination with another radical
denotes an acyclic, saturated, branched or linear hydrocar-
bon radical with 1 to n C atoms. For example the term

C, s-alkyl embraces the radicals H;C—, H;C—CH,—,
H,C—CH,—CH,—, H,C—CH(CH;)—, H;C—CH,—
CH,—CH,—, H,C—CH,—CH(CH,;)—, H;C—CH
(CH;)—CH,—, H;C—C(CH,),—, H;C—CH,—CH,—

CH,CH,—, H,C—CH, CH, CH(CH,)—, H,C—
CH,—CH(CH,)CH,—, H,C—CH(CH,)—CH,—

CH,—,  H;C—CH,—C(CH;),—,  H;C—C(CH;),—
CH,—, H,C—CH(CH,)—CH(CH;)— and H;C—CH,—
CH(CH,CH,)—

The term “C, _,-alkylene” wherein n is an integer 2 to n,

either alone or in combination with another radical, denotes
an acyclic, straight or branched chain divalent alkyl radical
containing from 1 to n carbon atoms. For example the term

C, 4-alkylene includes —CH,—, —CH,—CH,—, —CH
(CH;)—, —CH,—CH,—CH,—, —C(CH;),— —CH
(CH,CH,)—, —CH(CH;)—CH,—, —CH,—CH(CH,)—,
—CH,—CH,—CH,—CH,—, —CH,—CH,—CH
(CH;)—,  —CH(CH,)—CH,—CH,—, —CH,—CH
(CH;)—CH,—, —CH,—C(CH,),—, —C(CH;),—CH
—CH(CH,)—CH(CH;)—, —CH,—CH(CH,CH;)—,
—CH(CH,CH;)—CH,—, —CH(CH,CH,CH,)—, —CH
(CH(CH,)),— and —C(CH,)(CH,CH;)—.

The term “C;_,-cycloalkyl”, wherein n is an integer from
4 to n, either alone or in combination with another radical
denotes a cyclic, saturated, unbranched hydrocarbon radical
with 3 to n C atoms. For example the term C,_,-cycloalkyl
includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl
and cycloheptyl.

By the term “halo” added to a “alkyl”, “alkylene” or
“cycloalkyl” group (saturated or unsaturated) is such a alkyl
or cycloalkyl group wherein one or more hydrogen atoms
are replaced by a halogen atom selected from among fluo-
rine, chlorine or bromine, preferably fluorine and chlorine,
particularly preferred is fluorine. Examples include:
H,FC—, HF,C—, F;,C—.

The term “aryl” as used herein, either alone or in com-
bination with another radical, denotes is a carbocyclic aro-
matic monocyclic group containing 6 carbon atoms which
may be further fused to a second five- or six-membered,
carbocyclic group which may be aromatic, saturated or
unsaturated. Aryl includes, but is not limited to, phenyl,
indanyl, indenyl, naphthyl, anthracenyl, phenanthrenyl, tet-
rahydronaphthyl and dihydronaphthyl.

The term “heterocyclyl” means a saturated or unsaturated
mono- or polycyclic-ring system including aromatic ring
system containing one or more elements selected from the
group consisting of N, O, S, S(O) or S(O),, consisting of 3
to 14 ring atoms wherein none of the heteroatoms is part of
the aromatic ring. The term “heterocyclyl” is intended to
include all the possible isomeric forms; thus, the term
“heterocyclyl” includes the following exemplary structures
which are not depicted as radicals as each form may be
attached through a covalent bond to any atom so long as
appropriate valences are maintained:
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The term “heteroaryl” means a mono- or polycyclic-ring
systems containing one or more elements selected from
among N, O, S, S(O) and S(O),, consisting of 5 to 14 ring
atoms wherein at least one of the heteroatoms is part of
aromatic ring. The term “heteroaryl” is intended to include
all the possible isomeric forms; Thus, the term “heteroaryl”
includes the following exemplary structures which are not
depicted as radicals as each form may be attached through
a covalent bond to any atom so long as appropriate valences
are maintained:
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PREFERRED EMBODIMENTS

Preferred are the above compounds of formula 1, wherein
R!is R** and R'“ is phenyl or pyridinyl; each ring option-
ally substituted by one, two or three residues independently
selected from the group consisting of halogen, O,N—,
NC—, H,N—, HO—, R"!, R"'O—, R"? R'*S—, R'*(0)
S— and R'3(0),S—.

Particularly preferred are the above compounds of for-
mula 1, wherein R! is R and R*“ is phenyl, optionally
substituted by one, two or three residues independently
selected from the group consisting of halogen, O,N—,
NC—, H,N—, HO—, R"'R"'O—, R'?, R"*S—, R'*(0)
S— and R'?(0),8—.

Particularly preferred are the above compounds of for-
mula 1, wherein R* is R and R'“ is pyridinyl, optionally
substituted by one, two or three residues independently
selected from the group consisting of halogen, O,N—,
NC—, H,N—, HO—, R*!, R''O—, R R!*S— R*3(0)
S— and R'?(0),8—.

Preferred are the above compounds of formula 1, wherein
R!is R'* and R! is phenyl or pyridinyl; each ring option-
ally substituted by one, two or three residues independently
selected from the group consisting of halogen, NC—, R*,
R'?(0)S— and R'*(0),S—.

Preferred are the above compounds of formula 1, wherein
R!is R and R'“ is phenyl or pyridinyl; each ring option-
ally substituted by one, two or three residues independently
selected from the group consisting of halogen, NC—, R*,
R"'(0)S— and R''(0),S—.
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Preferred are the above compounds of formula 1, wherein
R!is R and R'“is phenyl or pyridinyl; each ring option-
ally substituted by one, two or three residues independently
selected from the group consisting of F, Cl, NC—, R'* and
R!3(0),S—.

Preferred are the above compounds of formula 1, wherein
R! is R*® and R* is phenyl or pyridinyl; each ring option-
ally substituted by one, two or three residues independently
selected from the group consisting of F, Cl, NC—, R,
R*'O— and R**(0),S—.

Preferred are the above compounds of formula 1, wherein
R'is R'/and R'“is phenyl or pyridinyl; each ring optionally
substituted by one, two or three residues independently
selected from the group consisting of F, Cl, NC—, Me, Et,
i-Pr, t-Bu, cyclopropyl, Me(0),S—, Et(0),S—, i-Pr(O),
S—, t-Bu(0),S— and cyclopropyl(O),S—.

Preferred are the above compounds of formula 1, wherein
R! is R'# and R" is phenyl or pyridinyl; each ring option-
ally substituted by one, two or three residues independently
selected from the group consisting of F, Cl, NC—, Me,
MeO—, Me(O),S— and Et(O),S—.

Preferred are the above compounds of formula 1, wherein
R' is R'* and R'* is phenyl or pyridinyl; each ring option-
ally substituted by one or two residues independently
selected from the group consisting of NC—, Me(O),S—and
Et(0),S—.

Preferred are the above compounds of formula 1, wherein
R'is R'“ and R'* is phenyl; optionally substituted by one or
two residues independently selected from the group consist-
ing of NC—, Me(O),S— and Et(0),S—.

Preferred are the above compounds of formula 1, wherein
R!is R'¥ and R'7 is pyridinyl; optionally substituted by one
or two residues independently selected from the group
consisting of NC— and Me(O),S—.

Preferred are the above compounds of formula 1, wherein
R'is R** and R'* is

CN

Preferred are the above compounds of formula 1, wherein
R'is R'™ and R'"™ is

CN

SO,Me.

Preferred are the above compounds of formula 1, wherein
R'is R'" and R'" is
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CN

SO,Et.

Preferred are the above compounds of formula 1, wherein
R'is R'° and R"“ is

CN

Preferred are the above compounds of formula 1, wherein
R? is R** and R*“ is phenyl or a six-membered heteroaryl;
wherein one or two elements are replaced by an element
independently selected from among N, O and S; each ring
optionally substituted with one or two substituents indepen-
dently selected from the group consisting of halogen, C, ,-
alkyl-, C, ,-haloalkyl- and C, ,-alkyl-O—.

Preferred are the above compounds of formula 1, wherein
R? is R** and R?? is phenyl or a six-membered heteroaryl;
wherein one or two elements are replaced by N; each ring
optionally substituted with one or two substituents indepen-
dently selected from the group consisting of halogen, C, ,-
alkyl- and C, ,-haloalkyl-.

Preferred are the above compounds of formula 1, wherein
R? is R*° and R*“ is phenyl or pyridinyl; each optionally
substituted with one or two substituents independently
selected from the group consisting of halogen, C, ,-alkyl-
and C,_,-haloalkyl-.

Preferred are the above compounds of formula 1, wherein
R? is R*? and R*“ is phenyl or pyridinyl; each optionally
substituted with one or two substituents independently
selected from the group consisting of F—, F,C—, F,HC—
and FH,C—.

Particularly preferred are the above compounds of for-
mula 1, wherein R? is R*? and R>“ is phenyl or pyridinyl;
each optionally substituted with one or two substituents
independently selected from the group consisting of F—,
F,C— and F,HC—.

Preferred are the above compounds of formula 1, wherein
R?is R* and R** is phenyl; optionally substituted with one
or two substituents independently selected from the group
consisting of F—, F,C— and F,HC—. Particularly pre-
ferred are the above compounds of formula 1, wherein R? is
R*¢ and R*“ is phenyl; optionally substituted with one or
two substituents independently selected from the group
consisting of F— and F;C—.

Preferred are the above compounds of formula 1, wherein
R? is R* and R* is pyridinyl; optionally substituted with
one or two substituents independently selected from the
group consisting of F—, F;C— and F,HC—.

Particularly preferred are the above compounds of for-
mula 1, wherein R? is R*/ and R?”'is pyridinyl; optionally
substituted with one or two substituents substituents inde-
pendently selected from the group consisting of F— and
F,C—.
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Preferred are the above compounds of formula 1, wherein
R? is R* g and R? g is phenyl or pyridinyl; each optionally
substituted with a substituent independently selected from
the group consisting of F;,C—, F,HC— and FH,C—.

Particularly preferred are the above compounds of for-
mula 1, wherein R? is R* g and R? g is phenyl or pyridinyl;
each optionally substituted with a substituent independently
selected from the group consisting of F;C— and F,HC—.

Preferred are the above compounds of formula 1, wherein
R? is R®>” and R?” is phenyl, optionally substituted with a
substituent independently selected from the group consisting
of F,C—, F,HC— and FH,C—.

Particularly preferred are the above compounds of for-
mula 1, wherein R? is R>” and R?>” is phenyl, optionally
substituted with a substituent independently selected from
the group consisting of F;C— and F,HC.

Preferred are the above compounds of formula 1, wherein
R? is R*? and R*” is pyridinyl, optionally substituted with a
substituent independently selected from the group consisting
of F;C—, F,HC— and FH,C—.

Particularly preferred are the above compounds of for-
mula 1, wherein R? is R* and R*? is pyridinyl, optionally
substituted with a substituent independently selected from
the group consisting of F;C— and F,HC—.

In a preferred embodiment of the invention R? is one of
the above mentioned rings carrying the above mentioned
substituent in meta-position to the connection of R with the
compound of formula 1.

Preferred are the above compounds of formula 1, wherein
R?is R*/ and R% is

Preferred are the above compounds of formula 1, wherein
R? is R** and R** is

Preferred are the above compounds of formula 1, wherein
R?is R*™ and R*"™ is
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Preferred are the above compounds of formula 1, wherein
R?is R*” and R*” is

Preferred are the above compounds of formula 1, wherein
R?is R*° and R*? is

Preferred are the above compounds of formula 1, wherein
R? is R*“ and R*“ is

R

R*20(0)C—;

R*20(0)C—CH,—;

R*2(0),8—

(R*?),N(O)C—; and

(R*?),N(O)C—CH,

Preferred are the above compounds of formula 1, wherein
R? is R*? and R3? is

R31_.

R*20(0)C—;
R*2(0),S—,
(R*?),N(O)C—; and
(R**),N(OYC—CH,—.

Preferred are the above compounds of formula 1, wherein
R? is R* and R is independently selected from the group
consisting of HO(O)C—H,C—, MeO(O)C—H,C—, H,N
(0)C—H,C—, MeHN(O)C—H,C—, Me,N(O)C—H,C—,
morpholinyl-(O)C—H,C—, azetidinyl-(O)C—H,C—, pyr-
rolidinyl-(O)C—H,C—, MeHN(O)C—, EtHN(O)C—,
HO(CH,),HN(O)C—, HO(CMe,)(CH,)HN(O)C—,
HO(CH,);HN(O)C—, Me(O)S(CH,,),HN(O)C—, Me(0),S
(CH,),HN(O)C—, Et(0),S— and Me(0),S—.

Preferred are the above compounds of formula 1, wherein
R? is R*? and R*“ is independently selected from the group
consisting of HO(O)C—H,C—, MeO(O)C—H,C—, H,N
(0)C—H,C—, MeHN(O)C—H,C—, Me,N(O)C—H,C—,
morpholinyl-(O)C—H,C—, azetidinyl-(O)C—H,C— and
pyrrolidinyl-(O)C—H,C—.

Preferred are the above compounds of formula 1, wherein
R? is R*¢ and R*“ is independently selected from the group
consisting of MeHN(O)C—, EtHN(O)C—, HO(CH,),HN
(O)C—, HO(CH,);HN(O)C—, HO(CMe,)(CH,)HN(O)
C—, Me(O)S(CH,),HN(O)C— and Me(0),S(CH,),HN(O)
C—

Preferred are the above compounds of formula 1, wherein
R? is selected from the examples (E#) 1 to 54 of Table R*—
Embodiments of the invention for R?, R3-2, R3-3, R34, R3,
R3S, R*7, R*?® (if present):
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TABLE 1

22

R3 - Embodiments of the invention:

F# RS R3.2 R3.3 R3.4 R3.5 R3.6 R3.7 R3.8
1. R3.1.a R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b

2. R3.1.b R3.3.a R3.4.b

3. R3.1.c R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
4. R3.1.d R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b

5. H

6. Me

7. NC—CH,—

. R3'2O(O)Cf R3.2.a R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
9. R3'2O(O)Cf R3.2.b R3.3.a R3.4.b

10. R320(0)C— R32¢

11. R3'2O(O)Cf R3.2.d R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
12. R*?0(0)C— R32®

13. R3'2O(O)C—CH2f R3.2.a R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
14. R3'2O(O)C—CH2f R3.2.b R3.3.a R3.4.b

15. R*?0(0)C—CH,—  R*?<

16. R3'2O(O)C—CH2f R3.2.d R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
17. R3*20(0)C—CH,—  R3*?”"

18. R3.2(O)2S7 R3.2.a R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
19. R3.2(O)2S7 R3.2.b R3.3.a R3.4.b

20. R3'2(O)2S— R32¢

21. R3.2(O)2S7 R3.2.d R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
22. R*2(0),8— Me;

23, R3'2(O)2S— R32A

24. R3.2HN(O)C7 R3.2.a R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
25. R3.2HN(O)C7 R3.2.b R3.3.a R3.4.b

26. R*?HN(O)C— R32<

27. R3.2HN(O)C7 R3.2.d R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
28. R*2HN(O)C— R32%

29. R*2HN(O)C— H

30. R*?HN(O)C— Me

31. R*?HN(O)C— Et

32. R*2HN(O)C— cyclo-PR

33. R*2HN(O)C— iso-PR

34. R*?HN(O)C— HO(CH,),—

35. R*?HN(O)C— HO(CMe,)CH,—

36. R*2HN(O)C— HO(CH,);—

37. R*2HN(O)C— F,CH—CH,—

38. R3.2HN(O)C4CH27 R3.2.a R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
39, R3'2HN(O)C—CH2— R322 R33a R34P

40. R3?HN(O)C—CH,— R32%¢

a1. R3.2HN(O)C4CH27 R3.2.d R3.3.a R3.4.b R3.5.b R3.6.b R3.7.b R3.8.b
42, R*?HN(O)C—CH,— R32?#

43. (R3'2)2N(O)C— R32a R33a R34b R35b R36b R3TH R38H
44, (R3'2)2N(O)C— R32% R33a R34p

45. (R3'2)2N(O)C— R32e R33a R34b R355 pR36- p3ITH p3I8H
46. (R3'2)2N(O)C— R32S R33a R34b R35b R36b R3TH R38H
47. (R3'2)2N(O)C— R328 R33a R34b R35b R36b R3TH R38H
48. (R3'2)2N(O)C—CH2— R324 R33a R34b R355 pR36- p3ITH p3I8H
49. (R3'2)2N(O)C—CH2— R322 R33a R34P

50. (R32),N(O)C—CH,— R32¢

51, (R3'2)2N(O)C—CH2— R324 R33a R34b R35b R36b R3TH R38H
57, (R3'2)2N(O)C—CH2— R32e R33a R34b R355 pR36- p3ITH p3I8H
53, (R3'2)2N(O)C—CH2— R32S R33a R34b R35b R36b R3TH R38H
54, (R3'2)2N(O)C—CH2— R328 R33a R34b R35b R36b R3TH R38H

Preferred are the above compounds of formula 1, wherein
R3*!is R**“ and R>!“ is selected from among H, R*>~, R*,
C, ¢-alkyl-C, _¢-cycloalkyl- and C;_s-cycloalkyl-C, _s-alkyl-,
each optionally substituted with one or two substituents
independently selected from among R*'; and R*'! is
selected from among HO—, halogen, NC—, R**0—, R,
R3S and R>7.

Preferred are the above compounds of formula 1, wherein
R*!is R*!* and R*!* is selected from among H, R, R**,
C, s-alkyl-C;_s-cycloalkyl- and C,_-cycloalkyl-C, c-alkyl-.

Preferred are the above compounds of formula 1, wherein
R3! is R*! and R is selected from among H, R>* and
C, ¢-alkyl-, optionally substituted with one or two substitu-
ents independently selected from among R*''; and
R*!! is a ring independently selected from the group con-

sisting of phenyl, a four-membered heterocyclic ring
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containing one element independently selected from the
group consisting of N, O, S, S(O) and S(O),; or

R*!! denotes a five- or six-membered heterocyclic or het-
eroaryl ring containing one, two or three elements inde-
pendently selected from among N, O, S, S(O) and S(O),;
each of the rings optionally substituted with one or two
substituents independently selected from among HO—,
O—, halogen, NC—, R*>~ R*30—, R**—(0)C—, R*>*,
R*>, R*% and R*7 or two substituents are together R>%.
Preferred are the above compounds of formula 1, wherein

R? is R**“ and R*! is selected from among H, R** and

C, _¢-alkyl-, optionally substituted with one or two substitu-

ents independently selected from among R*'-'; and

R**! is a ring independently selected from among phenyl
and a five- or six-membered heterocyclic or heteroaryl
ring containing one, two or three elements independently
selected from among N, O, S, S(O) and S(O),;
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each of the rings optionally substituted with one or two
substituents independently selected from HO—, O—,
halogen, NC—, R3*3, R**0—, R**—(0)C—, R**,
R*? R*%and R*”.

Preferred are the above compounds of formula 1, wherein
R*?is R**“ and R**“ is R>'“.

Preferred are the above compounds of formula 1, wherein
R3*2is R*2? and R32* is R3'%,

Preferred are the above compounds of formula 1, wherein
R?? is R*2< and R*-*< is phenyl.

Preferred are the above compounds of formula 1, wherein
R3? is R** and R**“ is a five- or six-membered hetero-
cyclic or heteroaryl ring containing one, two or three ele-
ments independently selected from N, O, S, S(O) and S(0O),;
each ring optionally substituted with one or two substituents
independently selected from HO—, O—, NC—, halogen,
R33 R3**0—, R**—0)C—, R** R** R>*®and R*7 or two
substituents are together R>%.

Preferred are the above compounds of formula 1, wherein
R*?is R*2* and two R*** are together a three-, four-, five-
or six-membered monocyclic or a six-, seven-, eight-, nine-
or ten-membered bicyclic heterocyclic or heterocyclic ring
optionally containing additional to the nitrogen one or two
elements independently selected from among N, O, S, S(O)
and S(O),; optionally substituted with one or two substitu-
ents, independently selected from among HO—, F, O—,
NC—, R*?, R**0—, R**—(0)C—, R** R*® R*7 and
R3S or two substituents are together R

Preferred are the above compounds of formula 1, wherein
R?*? is R*?/ and two R**/ are together a three-, four-, five-
or six-membered heterocyclic or heteroaryl ring optionally
containing additional to the nitrogen one or two elements
independently selected from among N, O, S, S(O) and
S(0),; optionally substituted with one or two substituents,
independently selected from among HO—, F, O—, NC—,
R?*? R*0—,R*?—(0)C—, R>*,R**,R*7 and R**® or two
substituents are together R>%.

Preferred are the above compounds of formula 1, wherein
R3?is R*2#% and two R3%# are together a six-, seven-, eight-,
nine- or ten-membered bicyclic heterocyclic or heteroaryl
ring optionally containing additional to the nitrogen one or
two elements independently selected from among N, O, S,
S(0O) and S(O),; optionally substituted with one or two
substituents, independently selected from among HO—, F,
O—, NC—, R3'3, R3'3O—, Rs's—(O)C—, R3'4, R3'5, R37
and R or two substituents are together R3-%,

Preferred are the above compounds of formula 1, wherein
R32 is R*>” and R*2” is selected from among H, Me, Et,
n-Pr, i-Pr and cyclopropyl.

Preferred are the above compounds of formula 1, wherein
R3? is R*2? and R*2” is selected from among H, Me, Et,
i-Pr, cyclopropyl, HO(CH,),—, HO(CMe,)(CH,)— and
HO(CH,);—.

Preferred are the above compounds of formula 1, wherein
R is R**-“ and R*-*“ is selected from among Me, Et, n-Pr,
i-Pr, n-Bu, t-Bu, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, F;C—, F,HC—, F;,C—CH,—, F,HC—CH,—
and FH,C—CH,—.

Preferred are the above compounds of formula 1, wherein
R3#is R**“ and R**“ is selected from among HO—CH,—,
HO—CH,—CH,—, HO—CH,—CH,—CH,—, R*?*“0—
CH,— R**“0—CH,—CH,— and R**“O—CH,—
CH,—CH,—.

Preferred are the above compounds of formula 1, wherein
R3*is R**% and R**? is selected from among HO—CH,—,
HO—CH,—CH,—, HO—CH,—CH,—CH,—, MeO-
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CH,—, MeO-CH,CH,—, MeO-CH,CH, CH,—,
BtO-CH,— EtO-CH,—CH,— and EtO-CH,CH, -
CH,—.

Preferred are the above compounds of formula 1, wherein
R3*? is R*>* and R3%“ is selected from among H,N—,
R**“HN—, (R**“),N—, R**“ (0)C—HN— and R**“*—
(O)YC—(R*>*)N—.

Preferred are the above compounds of formula 1, wherein
R3** is R*>? and R*>? is selected from among H,N—,
MeHN—, (Me),N—, EtHN—, (Et),N—, Et(Me)N—,
i-PrHN—, (i-Pr)(Me)N—, t-BuHN—, (t-Bu)(Me)N—,
Me(O)C—HN—, Et(O)C—HN—, n-Pr(O)C—HN—, i-Pr
(O)C—HN—, t-Bu(O)C—HN—, Me(O)C-(Me)N—, Et(O)
C-(Me)N—, n-Pr(O)C-(Me)N—, i-Pr(O)C-(Me)N— and
t-Bu(0)C-(Me)N—.

Preferred are the above compounds of formula 1, wherein
R?%is R*5“ and R*-%“ is selected from among R>--%(0)S—,
R**40),S—, R**HN)S—, R*>“HN)O)S—, R>*>*“
(R3.3.aN)Si’ R3'3'a(R3'3'aN)(0)Sf, R3.3.a(R3.4.aN)Si’
R*Z4R**N)(0)S—, R***(NC—N)S— and R***(NC—
N)(O)S—.

Preferred are the above compounds of formula 1, wherein
R36 is R*%? and R3%? is selected from among Me(O)S—,
E{(O)S—, i-Pr(0)S—, Me(0),S—, Et(0),S—, i-Pr(0),
S—, Me(HN)S—, Et(HN)S—, i-Pr(HN)S—, Me(HN)(O)
S—, Et(HN)(O)S—, i-Pr(HN)(O)S—, Me(MeN)S—,
Et(MeN)S—, i-Pr(MeN)S—, Me(MeN)(O)S—, Et(MeN)

0)S—,  i-Pr(MeN)(0)S—,  Me(HOCH,CH,N)S—,
Bt(HOCH,CH,N)S—, i-Pr(HOCH,CH,N)S—,
Me(HOCH,CH,N)(0)S—, Et(HOCH,CH,N)(0)S—, i-Pr
(HOCH,CH,N)(0)S—, Me(MeOCH,CH,N)S—,
Bt(MeOCH,CH,N)S—, i-Pr(MeOCH,CH,N)S—,
Me(MeOCH,CH,N)(0)S—,  Et(MeOCH,CH,N)(O)S—

and i-Pr(MeOCH,CH,N)(O)S—,

Preferred are the above compounds of formula 1, wherein
R?*7 is R>7 and R*7-“ is selected from among HO(O)C—,
H,N(O)C—, R**“0(0)C—, R***NH(O)C— and (R**),
NO)C—.

Preferred are the above compounds of formula 1, wherein
R3*7 is R>7* and R*7-? is selected from among HO(O)C—,
H,N(O)C—, MeO(O)C—, EtO(0)C—, i-PrO(O)C—,
t-BuO(0)C—, MeNH(O)C—, ENH(O)C—, i-PrNH(O)
C—, t-BuNH(O)C—, (Me),N(O)C—, (Et),N(O)C—, (i-Pr)
(Me)N(O)C—, (t-Bu)(Me)N(O)C—, Et(Me)N(O)C—, i-Pr
(Me)N(O)C— and t-Bu(Me)N(O)C—.

Preferred are the above compounds of formula 1, wherein
R*® is R>®“ and R is independently selected from the
group  comsisting of —CH,—  —CH,CH,—,
—CH,CH,CH,—, —CH,CH,CH,CH,—,
—CH,CH,CH,CH,CH,—, wherein optionally one or two
CH,-groups are replaced by —HN—, -MeN—, -EtN—,
-Me(O)C—)N—, -(E{(O)C—)N—, -(MeO(O)C—)N—,
-(EtO(0)C—)N—, —O—, —S—, —S(0)—, —S(0),—.

Preferred are the above compounds of formula 1, wherein
R3*® is R*®? and R*®? is selected from among —CH,—,
—CH,CH,—, —CH,CH,CH,—, —CH,CH,CH,CH,—
and —CH,CH,CH,CH,CH,—, wherein optionally one or
two CH,-groups are replaced by —HN—, -MeN—, -EtN—,
—O0—, —S—, —S(0)—, —S(0),..

Preferred are the above compounds of formula 1, wherein
Ais A% and A* is —CH,—, optionally substituted with one
or two substituents independently selected from the group
consisting of halogen, R*3, R**0— and R** or two sub-
stituents together are —CH,CH,—.

Preferred are the above compounds of formula 1, wherein
R? is a residue independently selected from the group
consisting of
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3.1 .
§3'2O(,())C— or R*20(0)C—CH,—;
2 bl
R3-*(0),S—; and
(R*?),N(O)C— or (R**),N(O)C—CH,—;

R? is independently selected from the group consisting of H,
R?3, R>* C, ¢alkyl-C, 4-cycloalkyl- and C, 4-cy-
cloalkyl-C, ¢-alkyl-, each optionally substituted with one
or two substituents independently selected from among
R3-117;

R*!! is selected from the group consisting of HO—,
halogen, NC—, R3**0O—, R*>, R*€ and R*’; or
R*!-! denotes a ring independently selected from among
phenyl and a four-membered heterocyclic ring contain-
ing one element independently selected from among N,
0O, S, S(0) and S(0O),; or
R*!! denotes a five- or six-membered heterocyclic or
heteroaryl ring containing one, two or three elements
independently selected from among N, O, S, S(O) and
8(0)s;
each of the rings as defined for R*'* is optionally
substituted with one or two substituents indepen-
dently selected from among HO—, O—, halogen,
R3.3, R3.307, R3.37(o)c7, R3'4, R3.5, R3.6 and
R?7 or two substituents are together R*>%;

R is independently selected from the group consisting of
R3-, phenyl or a five- or six-membered heterocyclic or
heteroaryl ring containing one, two or three elements
independently selected from the group consisting of N, O,
S, S(O) or S(O),; each ring optionally substituted with
one or two substituents independently selected from the
group consisting of HO—, O—, NC—, halogen, R>*,
R*?0—, R**—(0)C—, R**, R*?, R*® and R*7 or two
substituents are together R*-%; or two R are together a
five- or six-membered monocyclic or an eight-, nine- or
ten-membered bicyclic heterocyclic or heteroaryl ring
optionally containing additional to the nitrogen one or two
elements independently selected from the group consist-
ing of N, O, S, S(O) and S(O),; optionally substituted
with one or two substituents, independently selected from
the group comsisting of HO—, F, O—, R*?3, R**0—,
R?*?—(0)C—, R**, R**, R*7 and R**® or two substitu-
ents are together R>%;

R>3 is independently selected from the group consisting of
C, ¢alkyl-, C; 4-cycloalkyl-, C, ¢-haloalkyl- and C, (-
halocycloalkyl-;

R*#*is HO—C,_,-alkyl- or R**—0—C,_s-alkyl-;

R>? is independently selected from the group consisting of
H,N—, R*?—HN— (R*?),N— and R*’—(0)C—
HN—;

R is independently selected from the group consisting of
R*?—(0)S—, R**—(0),S—, R**(HN)S—, R**(HN)
(0)S—, R*?(R**N)S—, R*3(R3**N)(0)S—, R*3(R>*N)
S— and R*?R>**N)(0)S—;

R>*7 is independently selected from the group consisting of
HOO)C—, H,NO)C—, R*>?—0—0)C— R*>—
NH—(O)C— and (R**),N—(0)C—;

R>*#® is independently selected from the group consisting of
C, ¢alkylene and C, s-haloalkylene, wherein optionally
one or two CH,-groups are replaced independently from
each other by —HN—, —R**N—, —R>**)N—,
—R*¥O)ICIN—, —R*O)C—IN—, —O—,
—S—, —S(O)— or —S(0),—;

or a salt thereof.

Preferred are the above compounds of formula 1, wherein

Ais A” and A® is —CH,—, optionally substituted with one
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or two substituents independently selected from the group
consisting of F, Me, Et, i-Pr, MeO, EtO, HOCH,O— and
MeOCH,—.
Preferred are the above compounds of formula 1, wherein
A is A° and A° is —CH,—, optionally substituted with a
substituent independently selected from among F and Me.
Preferred are the above compounds of formula 1, wherein
Ais AY and A% is —CH,—.
Preferred are the above compounds of formula 1, wherein
R*is R* and R*“ is independently selected from the group
consisting of fluorine, C, s-alkyl-, C; s-cycloalkyl-, C, -
haloalkyl-, C;_¢-halocycloalkyl-, HO—C, ;-alkyl- and C, -
alkyl-O—C,_-alkyl-; or two R*“ are together C,_,-alkylene
or C, ¢-haloalkylene, wherein optionally one CH,-group can
be replaced by —O—.
Preferred are the above compounds of formula 1, wherein
R*is R*? and R*? is independently selected from the group
consisting of fluorine, C, ,-alkyl-, C; ,-cycloalkyl-, C, ,-
haloalkyl-, C;_,-halocycloalkyl-, HO—C, ,-alkyl- and C, _,-
alkyl-O—C,_,-alkyl-; or two R*? are together C,_,-alkylene
or C,_g-haloalkylene.
Preferred are the above compounds of formula 1, wherein
R*is R*“ and R*“ is independently selected from the group
consisting of fluorine, C, ,-alkyl-, C; ,-cycloalkyl-, C, ,-
haloalkyl-, C;_,-halocycloalkyl-, HO—C, ,-alkyl- and C, -
alkyl-O—C, _,-alkyl-.
Preferred are the above compounds of formula 1, wherein
R*is R*? and R*“ is independently selected from the group
consisting of fluorine, methyl, ethyl, n-propyl, isopropyl,
cyclopropyl, n-butyl, isobutyl, cyclobutyl, tert-butyl,
HO—CH,—, HO—CH,CH,— and HO—CH,CH,CH,—.
Preferred are the above compounds of formula 1, wherein
R* is R*® and R** is fluorine or methyl.
Particularly preferred are the above compounds of for-
mula 1, wherein R* is R*“ and R** is methyl.
Preferred are the above compounds of formula 1, wherein
x is 2, and R* is R*/, wherein R*/ denotes independently
from each other C,_,-alkyl-.
Particularly preferred are the above compounds of for-
mula 1, wherein x is 2, and R* is methyl.
Preferred are the above compounds of formula 1, wherein
x is x* and x“ is O or 1.
Preferred are the above compounds of formula 1, wherein
x is x° and x” is 0.
Preferred are the above compounds of formula 1, wherein
R’ is R*>“ and R>“ is independently selected from the group
consisting of
fluorine, NC—, R>!;
HO(O)C—, H,N(@O)C—, R*'—0—O)C—, R>—
NH—(0)C—, (R*),N—(0)C—;

phenyl or a five- or six-membered heterocyclic or het-
eroaryl ring containing one or two elements indepen-
dently selected from the group consisting of N, O, S,
S(0O) and S(O),; each ring optionally substituted with
one, two or three substituents independently selected
from the group consisting of halogen, HO—, O—,
NC—, O,N—, H,N—, R*! and R*>'0—;

and R*! is R>** and R>' is independently selected from
the group consisting of C, s-alkyl-, C,_,-cycloalkyl-, C, -
alkyl-C,_¢-cycloalkyl-, C; s-cycloalkyl-C, ¢-alkyl-, C, ¢-ha-
loalkyl-, C;_s-halocycloalkyl-, HO—C, ;-alkyl-, C, ,-alkyl-
O—C, ¢-alkyl-, Cj 4-cycloalkyl-O—C, c-alkyl-, C, ¢-
haloalkyl-O—C, ¢-alkyl- and C;_g-halocycloalkyl-O—
C,.¢-alkyl-; or two R>'“ are together C, s-alkylene or
C, _¢-haloalkylene, wherein optionally one CH,-group is
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replaced by —HN—, —(C, ¢-alkyl-)N—, —(C; 4-cy-

cloalkyl-)N—, —(HO—C, ;-alkyl-)N—, —(C, s-alkyl-

0—C,_¢alkyl-)N—,

—(C_g-alkyl-(O)C—)N—,  —(C;_g-cycloalkyl-(O)C—)
N—, —HO—C, ¢alkyl-(O)C—)N—, —(C,_¢-alkyl-
0—C, ¢-alkyl-(O)C—)N—, —O—, —S—, —S(O)—or
—S(0),—;
Preferred are the above compounds of formula 1, wherein

R® is R*? and R>* is independently selected from the group

consisting of fluorine, R>!, HO(O)C—, H,N(O)C—, R>'—

0—(0)C—, R*'—NH—(O)C— and (R*"),N—(0)C—;

and R>' is R>*? and R>-! is independently selected from

the group consisting of C, 4-alkyl-, C; ¢-cycloalkyl-, C, .-
haloalkyl-, C;_s-halocycloalkyl-, HO—C, -alkyl-, C, -
alkyl-O—C, ;-alkyl-, C;_s-cycloalkyl-O—C, .-alkyl-, C, (-
haloalkyl-O—C, s-alkyl- and C; s-halocycloalkyl-O—

C, s-alkyl-; or two R are together C,_s-alkylene or C, 4-

haloalkylene; wherein optionally one CH,-group is replaced

by —O—;

Preferred are the above compounds of formula 1, wherein
R’ is R*° and R> is independently selected from the group
consisting of R*>!, HO(O)C— and H,N(O)C—; and R>! is
R>!< and R>'“ is independently selected from the group
consisting of methyl, ethyl, n-propyl, isopropyl, cyclopro-
pyl, n-butyl, isobutyl, cyclobutyl, tert-butyl, F;C—,
HO—CH,—, HO—CH,CH,—, HO—CH,CH,CH,—,
CH,—O—CH,—, CH,—0—CH,CH,— and CH,—O—
CH,CH,CH,—.

Preferred are the above compounds of formula 1, wherein
R’ is R*° and R> is independently selected from the group
consisting of R*>!, HO(O)C— and H,N(O)C—; and R>! is
R*>*¢ and R>'¥ is independently selected from the group
consisting of methyl, ethyl, n-propyl, isopropyl, cyclopro-
pyl, n-butyl, isobutyl, cyclobutyl, tert-butyl and F;C—.

Preferred are the above compounds of formula 1, wherein
R* is R>“ and R>*“ is independently selected from the group
consisting of MeO(0O)C—, HO(O)C—, H,N(O)C—, Ph,
thiophene-2-yl, Me and F;C—.

Preferred are the above compounds of formula 1, wherein
R’ is R*° and R> is independently selected from the group
consisting of MeO(O)C—, HO(O)C—, H,N(O)C— and
Me-.

Preferred are the above compounds of formula 1, wherein
y is 2, and R® is R/, wherein R*/ denotes independently
from each other C,_,-alkyl-.

Particularly preferred are the above compounds of for-
mula 1, wherein y is 2, and R*” is methyl.

Preferred are the above compounds of formula 1, wherein
yis y*and y*is O or 1.

Preferred are the above compounds of formula 1, wherein
yis y? and y” is 0.

Preferred is a compound of formula 1, wherein
R!is R and R'“ is phenyl or pyridinyl; each ring option-

ally substituted by one, two or three residues indepen-

dently selected from the group consisting of halogen,

NC—, R*, R*'O— and R*! (0),S—;

R? is R*? and R?? is phenyl or a six-membered heteroaryl;
wherein one or two elements are replaced by N; each ring
optionally substituted with one or two substituents inde-
pendently selected from the group consisting of halogen,
C,_4-alkyl- and C,_,-haloalkyl-;

R? is a residue independently selected from the group
consisting of
R3'1—;

R*20(0)C—;

R3-*(0),S—; and

(R*2),N(O)C— or (R**),N(O)YC—CH,—.
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R?*! is independently selected from the group consisting
of H, R*?, R**, C|_,-alkyl-C,_s-cycloalkyl- and C, -
cycloalkyl-C, ¢-alkyl-, each optionally substituted with
one or two substituents independently selected from
among R3-+%

R**! is selected from the group consisting of HO—,
halogen, NC—, R**0—, R**, R*® and R*” or

R?-*! denotes a ring independently selected from among
phenyl and a four-membered heterocyclic ring contain-
ing one element independently selected from N, O, S,
S(O) and S(O),; or

R*!! denotes a five- or six-membered heterocyclic or
heteroaryl ring containing one, two or three elements
independently selected from N, O, S, S(O) and S(O),;
each of the rings optionally substituted with one or two
substituents independently selected from HO—, O—,
halogen, R*?, R>*0—, R**—(0)C—, R** R*>, R*®
and R*7 or two substituents are together R>%;

R*? is independently selected from the group consisting
of R*>*, phenyl or a five- or six-membered heterocyclic
or heteroaryl ring containing one, two or three elements
independently selected from the group consisting of N,
0, S, S(0) and S(O),; each ring optionally substituted
with one or two substituents independently selected
from the group consisting of HO—, O—, NC—, halo-
gen, R3.3, R3.307, R3.37(o)ci, R3'4, R3.5, R3'6, R3.7
or two substituents are together R>%;
or two R are together a five- or six-membered mono-

cyclic or an eight-, nine- or ten-membered bicyclic
heterocyclic or heteroaryl ring optionally containing
additional to the nitrogen one or two elements inde-
pendently selected from the group consisting of N,
0, S, S(0) and 8(0),; optionally substituted with one
or two substituents, independently selected from the
group comsisting of HO—, F, O—, R*3, R**0—,
R3**—(0)C—, R**, R*?, R*7 and R*® or two sub-
stituents are together R>;

R?- is independently selected from the group consisting
of C, ¢-alkyl-, C; s-cycloalkyl-, C, ;-haloalkyl- and
C,_¢-halocycloalkyl-;

R**is HO—C,_,-alkyl- or R**—0—C_s-alkyl-;

R is independently selected from the group consisting
of H,N—, R**—HN—, (R**),N— and R**—(0)C—
HN—;

R>*® is independently selected from the group consisting
of R**—(0)S—, R**—(0),S—, R**(HN)S—, R*?
(HN)(0)S—, R**(R*’N)S—, R**(R3*’N)(0)S—, R*-?
(R**N)S— and R**(R**N)(0)S—;

R*7 is independently selected from the group consisting
of HO(O)C—, H,N(O)C—, R**—0—(0)C—, R**—
NH—(0)C— and (R*>*),N—(O)C—;

R*#® is independently selected from the group consisting
of C, _¢-alkylene or C,_¢-haloalkylene, wherein option-
ally one or two CH,-groups independently from each
other are replaced by —HN—, —(R**)N—, —(R*>%)
N— —R*?*O)C—N—  —R>*O)C—)N—,
—0—, —S—, —S8(0)— or —S(0),—;

R*is R* and R*“ is independently selected from the group
consisting of fluorine, C, ¢-alkyl-, C; 4-cycloalkyl-, C, .-
haloalkyl-, C; s-halocycloalkyl-, HO—C, ,-alkyl- and
C, ¢-alkyl-O—C,_;-alkyl-; or two R*“ are together C,_-
alkylene or C, ¢-haloalkylene, wherein optionally one
CH,-group can be replaced by —O—;

x is 0, 1 or 2; preferably 0;

R’ is R*>“ and R*>“ is independently selected from the group
consisting of
fluorine, NC—, R>!;
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HOO)C—, H,NO)C—, R*'—0—0)C— R>'—
NH—(0)C—, (R*),N-—(0)C—;

phenyl or a five- or six-membered heterocyclic or het-
eroaryl ring containing one or two elements indepen-
dently selected from the group consisting of N, O, S,
S(O) and S(0),; each ring optionally substituted with
one, two or three substituents independently selected
from the group consisting of halogen, HO—, O—,
NC—, O,N—, H,N—, R*>' and R>'O—;

R>!is R>!“ and R>*“ is independently selected from the
group consisting of C, ¢-alkyl-, C; s-cycloalkyl-, C, -
haloalkyl-, C; g-halocycloalkyl-, HO—C, s-alkyl-,
C, ¢-alkyl-O—C, c-alkyl-, C;_¢-cycloalkyl-O—C, -
alkyl-, C, c-haloalkyl-O—C, -alkyl-, and C, 4-halo-
cycloalkyl-O—C,_,-alkyl-; or two R are together
C,_¢-alkylene or C, ¢-haloalkylene, wherein optionally
one CH,-group is replaced by —HN—, —(C, -alkyl-)
N—, —C;_¢-cycloalkyl-)N—, —(HO—C, ;-alkyl-)
N—, —(C,_¢alkyl-O—C, 4-alkyl-)N—, —(C, -
alkyl-(O)C—)N—, —(C;_s-cycloalkyl-(O)C—)N—,
(HO—C, _¢-alkyl-(O)C—)N—, (C, ¢-alkyl-O—C, -
alkyl-(O)C—)N—, —O—, —S—, —S(O)— or
—S(0),—;

y is 0, 1 or 2; preferably 0;

or a salt thereof.

Preferred is a compound of formula 1, wherein

R! is R*¥ g and R'# is phenyl or pyridinyl; each ring
optionally substituted by one, two or three residues inde-
pendently selected from the group consisting of F, Cl,
NC—, Me, MeO—, Me(0),S— and Et(0),S—;

R? is R*“ and R*“ is phenyl or pyridinyl; each optionally
substituted with one or two substituents independently
selected from the group consisting of fluorine, CF;— and
CF,H—;

R? is selected of the examples (E#) 1 to 54 of the Table R*—
Embodiments of the invention;

R*is R*? and R** is independently selected from the group
consisting of fluorine, C,_,-alkyl-, C;_,-cycloalkyl-, C, ,-
haloalkyl-, C,_,-halocycloalkyl-, HO—C, ,-alkyl- and
C,_,-alkyl-O—C,_,-alkyl-; or two R*? are together C, -
alkylene or C, ¢-haloalkylene.

x is 0, 1 or 2; preferably 0;

R® is R>? and R** is independently selected from the group
consisting of fluorine, R>! HO(O)C—, H,N(O)C—,
R*!'—0O—(0)C—, R*>*'—NH—(0)C— and (R>'),N—
(O)C—

R>! is R>!* and R*'* is independently selected from the
group consisting of C,_c-alkyl-, C;_,-cyclo alkyl-, C, -
halo alkyl-, C; s-halocycloalkyl-, HO—C, s-alkyl-,
C, ¢-alkyl-O—C, c-alkyl-, C;_¢-cycloalkyl-O—C, -
alkyl-, C, ¢-haloalkyl-O—C, ¢-alkyl- and C;_4-halocy-
clo alkyl-O—C,_,-alkyl-; or two R>! are together C, -
alkylene or C,_,-haloalkylene; wherein optionally one
CH,-group is replaced by —O—;

y is 0, 1 or 2; preferably 0;

or a salt thereof.

Preferred is a compound of formula 1, wherein

R' is R'” and R'” is phenyl or pyridinyl; each ring
optionally substituted by one or two residues indepen-
dently selected from the group consisting of NC—,
Me(O),S and Et(0O),S;

Particularly preferred are the above compounds of for-
mula 1, wherein R* is R'7 and R*” is phenyl; optionally
substituted by one or two residues independently
selected from the group consisting of NC—,
Me(0),S— and Et(O),S—;
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Particularly preferred are the above compounds of for-
mula 1, wherein R* is R'7 and R*? is pyridinyl; option-
ally substituted by one or two residues independently
selected from the group consisting of NC— and
Me(0),5—;

R? is R*¢ and R*“ is phenyl or pyridinyl; each optionally
substituted with one or two substituents independently
selected from the group consisting of F—, F;C— and
F,HC—;

R? is selected of the examples (E#) 1 to 54 of the Table R*—
Embodiments of the invention;

R*is R*“ and R*“ is independently selected from the group
consisting of fluorine, C, ,-alkyl-, C, _,-cycloalkyl-, C, ,-
haloalkyl-, C,_,-halocycloalkyl-, HO—C, ,-alkyl- and
C, _4-alkyl-O—C, _,-alkyl-.

x is 0, 1 or 2; preferably 0;

R’ is R*¢ and R*“ is independently selected from the group
consisting of R*, HO(O)C— and H,N(O)C—;

R>!is R>! and R*!- is independently selected from the
group consisting of methyl, ethyl, n-propyl, isopropyl,
cyclopropyl, n-butyl, isobutyl, cyclobutyl, tert-butyl,
F;C—, HO—CH,—, HO—CH,CH,—,
HO—CH,CH,CH,—, CH,—0O—CH,—, CH;—0—
CH,CH,— and CH,—O—CH,CH,CH,—.

y is y* and y* is O or 1; preferably 0;

or a salt thereof.

Preferred is a compound of formula 1, wherein
R!is R and R!” is phenyl or pyridinyl; each ring option-

ally substituted by one or two residues independently

selected from the group consisting of NC—, Me(0),S and

Et(0),S;

Particularly preferred are the above compounds of for-
mula 1, wherein R' is R*¥ and R'” is phenyl; optionally
substituted by one or two residues independently selected
from the group consisting of NC—, Me(0),S— and
Et(O),S—; Particularly preferred are the above compounds
of formula 1, wherein R* is R'7 and R' is pyridinyl;
optionally substituted by one or two residues independently
selected from the group consisting of NC— and Me(O),S—;
R? is R*? and R*“ is phenyl or pyridinyl; each optionally

substituted with one or two substituents independently

selected from F—, F;C— and F,HC—;

R? is one of the examples (E#) 2, 4, 5, 6,7, 8,12, 13, 17, 22,
23, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 43, 44, 48,
53 selected from the examples of the Table R*>—Embodi-
ments of the invention;

R*is R*? and R*“ is independently selected from the group
consisting of fluorine, methyl, ethyl, n-propyl, isopropyl,
cyclopropyl, n-butyl, isobutyl, cyclobutyl, tert-butyl,
HO—CH,—, HO—CH,CH,— and
HO—CH,CH,CH,—.

x is 0, 1 or 2; preferably 0;

R’ is R>° and R>* is independently selected from R,
HO(O)C— and H,N(O)C—;

R’ is R*!° and R>-* is independently selected from the
group consisting of methyl, ethyl, n-propyl, isopropyl,
cyclopropyl, n-butyl, isobutyl, cyclobutyl, tert-butyl,
F;C—, HO—CH,—, HO—CH,CH,—,
HO—CH,CH,CH,—, CH,—0O—CH,—, CH;—0—
CH,CH,— and CH,—O—CH,CH,CH,—.

y is y* and y* is O or 1; preferably 0;

or a salt thereof.

Preferred is a compound of formula 1, wherein
R' is R'* and R'** is phenyl or pyridinyl; each ring option-

ally substituted by one or two residues independently

selected from the group consisting of NC—, Me(O),S and

Et(0),S;
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Particularly preferred are the above compounds of for-
mula 1, wherein R* is R'7 and R'* is phenyl; optionally
substituted by one or two residues independently
selected from the group consisting of NC—,
Me(0),S— and Et(O),S—;

Particularly preferred are the above compounds of for-
mula 1, wherein R! is R'7 and R*? is pyridinyl; option-
ally substituted by one or two residues independently
selected from the group consisting of NC— and
Me(0),8—;

R? is R*4 and R*“ is phenyl or pyridinyl; each optionally
substituted with one or two substituents independently
selected from F—, F;C— and F,HC—;

R? is one of the examples (E#) 2, 4, 5, 6,7, 8,12, 13, 17, 22,
23, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 43, 44, 48,
53 selected from the examples of the Table R*—Embodi-
ments of the invention;

R*is R* and R*/ is independently selected from the group
consisting of fluorine, methyl, ethyl, n-propyl, isopropyl,
cyclopropyl, n-butyl, isobutyl, cyclobutyl, tert-butyl,
HO—CH,—, HO—CH,CH,— and
HO—CH,CH,CH,—.

x is 0, 1 or 2; preferably 0;

R? is R*¢ and R*“ is independently selected from the group
consisting of MeO(0O)C—, HO(O)C—, H,N(O)C— and
Me-;

y is y* and y* is O or 1; preferably 0;

or a salt thereof.

Preferred is a compound of formula 1, wherein

R!is R'” and R'” is phenyl or pyridinyl; each ring option-
ally substituted by one or two residues independently
selected from the group consisting of NC—, Me(O),S and
E1(0),S;

Particularly preferred are the above compounds of for-
mula 1, wherein R* is R'7 and R'* is phenyl; optionally
substituted by one or two residues independently
selected from the group consisting of NC—,
Me(0),S— and Et(O),S—;

Particularly preferred are the above compounds of for-
mula 1, wherein R! is R'7 and R*? is pyridinyl; option-
ally substituted by one or two residues independently
selected from the group consisting of NC— and
Me(0),8—;

R? is R*% and R*% is phenyl or pyridinyl; each optionally
substituted with a substituent independently selected from
among F;C— and F,HC—;

R? is one of the examples (E#) 2, 4, 5, 6,7, 8, 18, 22, 23, 24,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 41, 42, 48, 53
selected from the examples of the Table R*—Embodi-
ments of the invention;

R* is methyl;

x is 0, 1 or 2; preferably 0;

R? is R*¢ and R*“ is independently selected from the group
consisting of MeO(O)C—, HO(O)C—, H,N(O)C— and
Me;

y is y* and y* is O or 1; preferably 0;

or a salt thereof.

Preferred is a compound of formula 1, wherein

R!is R'” and R'” is phenyl or pyridinyl; each ring option-
ally substituted by one or two residues independently
selected from the group consisting of NC—, Me(O),S and
E(0),8;

Particularly preferred are the above compounds of for-
mula 1, wherein R* is R'7 and R*” is phenyl; optionally
substituted by one or two residues independently
selected from the group consisting of NC—,
Me(0),S— and Et(O),S—;
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Particularly preferred are the above compounds of for-
mula 1, wherein R* is R'7 and R*? is pyridinyl; option-
ally substituted by one or two residues independently
selected from the group consisting of NC— and
Me(0),5—;

R? is R*# and R*¥ is phenyl or pyridinyl; each optionally
substituted with a substituent independently selected from
F,C—or F,HC—;

R? is one of the examples (E#) 5, 6, 7, 22, 29, 30, 31, 32, 33,
34, 35, 36, 37 selected from the examples of the Table
R?>— Embodiments of the invention;

x is x® and x? is 0;

yisy” and y” is 0;

or a salt thereof.

Preferred is a compound of formula 1, wherein R! is R*
and R is phenyl or pyridinyl; each ring optionally substi-
tuted by one, two or three residues independently selected
from the group consisting of F, Cl, NC—, R*!, R'*O— and
R'*(0),S—; and

R'! is independently selected from the group consisting
of C, ¢-alkyl-, C; s-cycloalkyl-, C, ;-haloalkyl- and
C,_¢-halocycloalkyl-;

R!?is HO—C,_,-alkyl- or R'"'—0—C _s-alkyl-;

R*? is independently selected from the group consisting of
H, HO—, R'! and R'?;

or a salt thereof.

Preferred of all of the above mentioned embodiments of
the invention is a compound of formula 1, wherein configu-
ration of formula 1 is according to formula 1'

X
0 R!
R3
®RH,C | N7
®3),C /&
N (0]
L
or a salt thereof.
PREPARATION

The compounds according to the present invention and
their intermediates may be obtained using methods of syn-
thesis which are known to the one skilled in the art and
described in the literature of organic synthesis. Preferably,
the compounds are obtained in analogous fashion to the
methods of preparation explained more fully hereinafter, in
particular as described in the experimental section. In some
cases, the order in carrying out the reaction steps may be
varied. Variants of the reaction methods that are known to
the one skilled in the art but not described in detail here may
also be used. The general processes for preparing the com-
pounds according to the invention will become apparent to
the one skilled in the art studying the following schemes.
Starting materials are commercially available or may be
prepared by methods that are described in the literature or
herein, or may be prepared in an analogous or similar
manner. Any functional groups in the starting materials or
intermediates may be protected using conventional protect-
ing groups. These protecting groups may be cleaved again at
a suitable stage within the reaction sequence using methods
familiar to the one skilled in the art.

Compounds of the invention VI are accessible using the
synthetic route illustrated in Scheme 1; RY, R*!, R have
the meanings as defined hereinbefore and hereinafter.
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l Step A
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I
0
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Step C
v NG
0
RE.Z
N/
H
REI

fo) RE.I

A

RE2
VI

Intermediates 11 (Step A, intermediate [—intermediate II)
can be prepared as described in Vovk et al. (Synlett 2006, 3,
375-378) or in PL.2004/369318, by heating an aliphatic or
aromatic aldehyde I with a carbamate, for example methyl
carbamate, ethyl carbamate (urethane) or benzyl carbamate
in the presence of a strong Brensted or a Lewis acid, for
example sulfuric acid, hydrogen chloride, p-toluenesulfonic
acid, Amberlyst 15, tetrafluoro-boric acid, trifltuoroacetic
acid or boron trifluoride, either without solvent as a melt or
in a suitable solvent, such as benzene, toluene, acetonitrile,
diethyl ether, chloroform, acetic anhydride or mixtures
thereof. The reaction takes place within 1 to 24 hours.
Preferred reaction temperatures are between room tempera-
ture and 160° C., or the boiling point of the solvent,
respectively. Preferably the reaction is done with molten
ethyl carbamate as reactant and a catalytic amount of con-
centrated sulfuric acid at temperatures of 140-160° C. with-
out any further solvent.

The chlorination (Step B, intermediate [I—intermediate
IIT) can be done as described in Vovk et al. (Synlett 2006, 3,
375-378) and Sinitsa et al. (J. Org. Chem. USSR 1978, 14,
1107) by heating intermediate II together with a chlorinating
agent, for example phosphorous pentachloride, phosphoryl
chloride or sulfuryl chloride in an organic solvent, for
example benzene or toluene. The reaction takes place within
1 to 24 hours. Preferred reaction temperatures are between
50° C. and 150° C.
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Alternatively, intermediates III can be prepared as
described in Jochims et al. (Chem. Ber. 1982, 115, 860-870)
by a-halogenation of aliphatic isocyanates, for example
benzyl iso-cyanate, using for example a bromination agent,
for example N-bromosuccinimide Isocyanates can be syn-
thesized as described in U.S. Pat. No. 6,207,665 and in
Charalambides et al. (Synth. Commun. 2007, 37, 1037-
1044), by reacting an amine precursor with phosgene.

Intermediates V (Step C, intermediate [V—intermediates
V) can be prepared as described in Ali et al. (Aust. J. Chem.
2005, 58, 870-876) and Scott et al. (J. Med. Chem. 1993, 36,
1947-1955) by direct condensation of cyclohexane-1,3-di-
one (IV) with an amine, optionally in a suitable solvent
under reflux, for example benzene or toluene with azeotropic
removal of water.

Alternatively, intermediates V can be prepared as
described in Chen et al. (Synth. Commun. 2010, 40, 2506-
2510) and Tietcheu et al. (J. Heterocyclic Chem. 2002, 39,
965-973) by reacting cyclohexane-1,3-dione (IV) and an
aliphatic or aromatic amine in the presence of a catalyst, for
example Ytterbium triflate [Yb(OTf);] or an acid, for
example hydrogen chloride or p-toluenesulfonic acid,
optionally in a solvent, for example water, acetic acid,
acetonitrile, benzene, toluene. The reaction takes place
within 1-24 hours. Preferred reaction temperatures are
between room temperature and 120° C., most preferred
room temperature.

Alternatively, intermediates V can be prepared in analogy
to a procedure described in Mariano et al. (J. Org. Chem.
1984, 49, 220-228) by reacting an amine with 3-chloro-2-
cyclohexen-1-one, which can be prepared from cyclo-
hexane-1,3-dione.

Compounds according to the present invention (Step D,
intermediates [II-—=compounds of the invention VI) can be
prepared as described in Vovk et al. (Synlett 2006, 3,
375-378), to Vovk et al. (Russ. J. Org. Chem. 2010, 46,
709-715) and Kushnir et al. (Russ. J. Org. Chem. 2011, 47,
1727-1732) by reacting intermediates 11 with intermediates
V in an organic solvent, for example dichloromethane,
chloroform, benzene or toluene. The reaction takes place
within 1-24 hours. Preferred reaction temperatures are
between 0° C. and 100° C.

Compounds of the invention VI are alternatively acces-
sible using the synthetic route illustrated in Scheme 2; R,
R%!, RE? have the meanings as defined hereinbefore and
hereinafter.

SCHEME 2
0
NH,
RE.I
/K + N H1|\1 0
H @] 0 RE2
I v VI
lStepE
fo) RE.I fo)
)I\ RE? Step T
N G L
H H
OH

VII
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-
N N Step G
H H ey
(0]
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RII
X fo) RE.I
NH
IIT (@]
RE.Z
VI

Intermediates VIII can be prepared following a procedure
described in Zhu et al. (Heterocycles 2005, 65, 133-142) by
reacting an aldehyde I with cyclohexane-1,3-dione (IV) and
a substituted urea VII in the presence of trimethylsilyl
chloride as Lewis acid in a mixture of acetonitrile and
N,N-dimethylformamide. The reaction takes place within
1-72 hours. Preferred reaction temperatures are between
room temperature and 100° C. Alternatively, as described
amongst others in Kappe et al. (Org. React. 2004, 63, 1-116),
other Brensted or Lewis acids can be used as catalyst, for
example HCI, H,SO,, citric acid, acetic acid, trifluoroacetic
acid, para-toluenesulfonic acid, H;PO,, polyphosphoric
acid, Me,Sil, LiBr, KHSO,, Al,O,, HBF,,, BF; Et,0O, FeCl,,
SnCl, or SiO, and the reaction can be carried out in other
organic solvents, for example ethanol, methanol, tetrahy-
drofuran, acetic acid, 1-butyl-3-methylimidazolium bro-
mide, acetic acetate, tert-butyl methyl ether, chloroform or
in water. Alternatively, as described in US2011/34433, a
suitable catalyst can be prepared by heating triethyl phos-
phate and phosphorouos pentoxide at 50° C. over night.

The alkylation of enol VIII (Step F, intermediates VII-
I—intermediates IX) can be carried out by reacting the enol
VIII with a suitable alkylating reagent, for example methyl

10

15

20

30

35

36

iodide, ethyl bromide, dimethyl sulfate, diazomethane or
trimethyloxonium tetrafluoroborate in the presence of a
base, for example triethylamine, N,N-diisopropylethylam-
ine, piperidine, pyridine, potassium carbonate, sodium
hydroxide, potassium tert-butoxide, sodium hydride, lithium
diisopropylamide, potassium hexamethyldisilazide, lithium
hexamethyldisilazide, an organolithium reagent, for
example tert-butyllithium or a Grignard reagent, for
example isopropylmagnesiumchloride in an organic solvent,
for example N,N-dimethylformamide, tetrahydrofuran, 1,4-
dioxane, acetonitrile, dichloromethane, dimethylsulfoxide
or toluene. The reaction takes place within 1-24 hours.
Preferred reaction temperatures are between room tempera-
ture and 100° C.

Alternatively, the enol VIII can be activated by converting
it into a sulfonylate, for example its corresponding meth-
anesulfonylate, para-toluenesulfonylate or trifluorometh-
anesulfonylate by reacting it with the appropriate sulfonylat-
ing reagent, for example methanesulfonyl chloride or
trifluoromethanesulfonic anhydride, optionally in the pres-
ence of a base, for example pyridine, triethylamine or
N,N-diisopropylethylamine in an organic solvent, for
example N,N-dimethylformamide, tetrahydrofuran, 1,4-di-
oxane, acetonitrile or dichloromethane.

Alternatively, the enol VIII can be activated as described
in WO11094953 by converting it into its corresponding
vinyl chloride using POCI; in chloroform.

The cyclization (Step G, intermediates [X—compounds
of'the invention VI) can be achieved by reacting an enolether
IX with a suitable base, for example sodium or potassium
tert-butoxide, sodium hydride, sodium hydroxide or lithium
diisopropylamide in an organic solvent, for example dichlo-
romethane, chloroform, N,N-dimethylformamide or
acetonitrile. Alternatively, as described in Zanatta et al.
(Bioorg. Med. Chem. Lett. 2006, 14, 3174-3184), para-
toluenesulfonic acid can be used instead of abovementioned
bases.

Compounds according to the present invention X, X1, XII,
XIIT and XIV are accessible via the synthetic routes depicted
in scheme 3; R R’”, R”, RE?, RE2, RE? have the mean-
ings as defined hereinbefore and hereinafter.

SCHEME 3
I} REI
RE3
N/
Ir)\o
RE2
T Step H
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O OH
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NH Step J N/ﬁ( R Step K N
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/K O /g O
Iil O Il\I O N O
|
RE2 RE2 RE2
VI XI XI
l Step M l Step L
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-continued

RE!L o o
\/
N/ ~

A

RE2
X1V

RVI

Compounds of the invention X (Step H, compounds of the
invention VI—>compounds of the invention X, R**=alkyl or
substituted alkyl) can be prepared as described in
WO004024700 by reacting compounds of the invention VI
with an alkylating agent, for example a dialkyl sulfate, for
example dimethyl sulfate, an alkyl halide, for example
methyl iodide or an alkyl sulfonylate, for example benzyl
tosylate, in the presence of a suitable base, for example
sodium hydride, sodium hydroxide, cesium carbonate,
lithium diisopropylamide, potassium hexamethyldisilazide,
lithium hexamethyldisilazide, an organolithium reagent, for
example tert-butyllithium or a Grignard reagent, for
example isopropylmagnesiumchloride, in an organic sol-
vent, for example tetrahydrofuran, N,N-dimethylforma-
mide, acetonitrile, 1,4-dioxane, dichloromethane or toluene.
The reaction takes place within 1-72 hours. Preferred reac-
tion temperatures are between 0° C. and 100° C.

Compounds of the invention XI (Step J, compounds of the
invention VI—=compounds of the invention XI) can be
prepared in analogy to compounds of the invention X (Step
H, compounds of the invention VI-scompounds of the
invention X), using an appropriate alkyl haloacetate as
alkylating agent, for example methyl bromoacetate.

Compounds of the invention XII (Step K, compounds of
the invention XI—=compounds of the invention XII) can be
prepared as described in W0O04024700, by reacting com-
pounds of the invention XI with water in the presence of a
suitable base, for example sodium hydroxide, potassium
hydroxide, caesium hydroxide, lithium hydroxide, sodium
carbonate, potassium carbonate, sodium methoxide or
sodium ethoxide in a suitable solvent, for example water,
methanol, ethanol, propanol, N,N-dimethylformamide, tet-
rahydrofuran, 1,4-dioxane, acetonitrile or mixtures thereof.
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The reaction takes place within 1-72 hours. Preferred reac-
tion temperatures are between 0° C. and 100° C.

The amide coupling (Step L, compounds of the invention
XII—=compounds of the invention XIII) can be achieved by
reacting the carboxylic acid intermediate XII with amines
R’’NH, or R?”’R"NH in the presence of an amide coupling
reagent, for example N,N,N'N'-tetramethyl-O-(benzotri-
azol-1-yhuronium tetrafluoroborate (TBTU) or N,N,N',N'-
tetramethyl-O-(benzotriazol-1-yl)uronium hex afluoropho
sphate (HB TU), in the presence of a base, for example
triethylamine, N,N-diisopropylethylamine or N-methylmor-
pholine in an organic solvent, for example N-methyl-2-
pyrrolidone N,N-dimethyl-formamide, N,N-dimethylacet-
amide or mixtures thereof. The reaction takes place within
1-72 hours. Preferred reaction temperatures are between 0°
C. and 50° C., most preferred room temperature.

Compounds of the invention XIV (Step M, compounds of
the invention VI—scompounds of the invention XIV,
R"=alkyl or aryl) can be prepared as described in
WO07137874, by reacting compounds of the invention VI
with a sulfonylating agent, for example methanesulfonyl
chloride or para-toluenesulfonyl chloride in the presence of
a base, for example sodium hydride, lithium diisopropylam-
ide, potassium hexamethyldisilazide, lithium hexamethyld-
isilazide, an organolithium reagent, for example tert-butyl-
lithivum or a Grignard reagent, for example iso-
propylmagnesiumchloride, in an organic solvent, for
example tetrahydrofuran, N,N-dimethylformamide, acetoni-
trile, 1,4-dioxane or dichloromethane. The reaction takes
place within 1-72 hours. Preferred reaction temperatures are
between 0° C. and room temperature.

Compounds according to the present invention XVI and
XVII are accessible via the synthetic routes depicted in
scheme 4; R”", R”, R"™, R®!, R®2 have the meanings as
defined hereinbefore and hereinafter.

SCHEME 4
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Intermediates XV (Step N, compounds of the invention
VI—=intermediates XV) can be prepared as described in
WO09080199, by reacting compounds of the invention VI
with 4-nitrophenyl chloroformate in the presence of a base,
for example triethylamine, N,N-diisopropylethylamine or
N-methylmorpholine, optionally in the presence of a cata-
lyst, for example 4-dimethylaminopyridine, in an organic
solvent, for example dichloromethane, tetrahydrofuran,
acetonitrile or N,N-dimethylformamide. The reaction takes
place within 1-24 hours. Preferred reaction temperatures are
between 0° C. and 50° C., most preferred room temperature.

Compounds of the invention XVI (Step O, intermediates
XV—compounds of the invention XVI) can be prepared as
described in WO09080199, by reacting intermediates

XV with an amine R?”’NH, or R””R”NH in an organic
solvent, for example dichloromethane, acetonitrile, tetrahy-
drofuran, 1,4-dioxane, toluene or N,N-dimethylformamide.
The reaction takes place within 1-72 hours. Preferred reac-
tion temperatures are between 0° C. and 50° C., most
preferred room temperature.

Compounds of the invention XVII (Step P, compounds of
the invention VI—=compounds of the invention XVII) can be
prepared as described in WO07046513 or JP2000273087,
by reacting compounds of the invention VI with a suitable
chloroformate CICO,R™, for example methyl chlorofor-
mate or benzyl chloroformate, in the presence of a suitable
base, for example potassium carbonate, sodium hydride,
sodium hydroxide, lithium diisopropylamide, potassium
hexamethyldisilazide, lithium hexamethyldisilazide, an
organolithium reagent, for example tert-butyllithium or a
Grignard reagent, for example iso-propylmagnesiumchlo-
ride, in an organic solvent, for example tetrahydrofuran,
N,N-dimethyl-formamide, acetonitrile, 1,4-dioxane, dichlo-
romethane or toluene. The reaction takes place within 1-72
hours. Preferred reaction temperatures are between 0° C. and
100° C.

Alternatively, compounds of the invention XVII (Step Q,
intermediates XV—=compounds of the invention XVII) can
be prepared as described in WO03101917 or WO11085211,
by reacting intermediates XV with a suitable alcohol, for
example methanol, iso-propanol, 2-methoxyethanol, 2,2-
dimethyl-1-propanol or benzyl alcohol, in the presence of a
suitable base, for example potassium carbonate, potassium
tert-butoxide or sodium hexamethyldisilazide in an organic
solvent, for example tetrahydrofuran, N,N-dimethylforma-
mide, acetonitrile, dichloromethane or dimethylsulfoxide.
The reaction takes place within 1-72 hours. Preferred reac-
tion temperatures are between 0° C. and 100° C., most
preferred room temperature.

Additionally to the synthetic route depicted in Scheme 1,
compounds of the invention VI are also accessible using the
synthetic route depicted in Scheme 5, R%!, R%2 have the
meanings as defined hereinbefore and hereinafter.
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Intermediates XVIII (Step R, intermediate I—intermedi-
ate XVIII) can be prepared as described in Best et al. (J. Am.
Chem. Soc. 2012, 134, 18193-18196) or in Yang et al. (Org.
Synth. 2009, 86, 11-17), by reacting an aromatic aldehyde I
with a suitable sulfinate, for example sodium benzene-
sulfinic acid, and a suitable carbamate, for example methyl
carbamate or tert-butyl carbamate, in the presence of a
suitable acid, for example formic acid, in a suitable solvent,
for example tetrahydrofuran, ethanol, methanol or a mixture
of solvents, for example tetrahydrofuran and water. Alter-
natively, as described in Reingruber et al. (Adv. Synth.
Catal. 2009, 351, 1019-1024) or in WO06136305, a suitable
lewis acid, for example trimethylsilyl chloride, can be used
as acid and acetonitrile or toluene can be used as solvent.
The reaction takes place within 1-6 days. Preferred reaction
temperatures are between 0° C. and 50° C., most preferred
room temperature.
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Intermediates XIX (Step S, intermediate XVIII—inter-
mediate XIX) can be prepared in analogy to the method
described for the preparation of compounds of the invention
VI (Scheme 1, Step D, intermediate [II-—=compound of the
invention VI), by reacting intermediates XVIII with inter-
mediates V in the presence of a suitable base, for example
sodium hydride or sodium tert-butoxide, in a suitable
organic solvent, for example tetrahydrofuran or 2-methyl-
tetrahydrofuran. The reaction takes place within 1-24 h.
Preferred reaction temperatures are between 0° C. and 50°
C., most preferred room temperature.

Intermediates XX (Step T, intermediate XIX—intermedi-
ate XX) can be prepared by reacting intermediates XIX with
a suitable acid, for example hydrogen chloride, in a suitable
solvent, for example 1,4-dioxane. The reaction takes place
between 1-72 hours. Preferred reaction temperatures are
between 0° C. and room temperature, most preferred room
temperature.

Compounds of the invention VI (Step U, intermediate
XX—=compound of the invention VI) can be prepared as
described in Cstitortoki et al. (Tetrahedron Lett. 2011, 67,
8564-8571) or in WO11042145, by reacting intermediates
XX with a suitable reagent, for example phosgene, triphos-
gene or carbonyl diimidazole, in the presence of a suitable
base, for example triethylamine, N,N-diisopropylethylam-
ine, pyridine or sodium carbonate, in a suitable solvent, for
example acetonitrile, dichloromethane or toluene. The reac-
tion takes place between 1-72 hours. Preferred reaction
temperatures are between 0° C. and 50° C., most preferred
room temperature.

Additionally to the synthetic route depicted in Scheme 2,
compounds of the invention VI are also accessible using the
synthetic route depicted in Scheme 6, R=!, R? have the
meanings as defined hereinbefore and hereinafter.

SCHEME 6
Q NI,
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Compounds of the invention VI (Step Y, starting materials
I, IV and VII-=compounds of the invention VI) can be
prepared following a procedure described in WO09080199
and WOO05082864, by reacting an aldehyde I, a suitable
1,3-dione IV and an unsubstituted or monosubstituted urea
VII with a reagent prepared by reacting a mixture of
phosphorus pentoxide and a suitable trialkyl phosphate, for
example triethyl phosphate at 50° C. over night, in a suitable
solvent, for example tert-butyl methyl ether. The reaction
takes place within 1-72 h. Preferred reaction temperatures
are between room temperature and the boiling point of the
employed solvent.
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Preliminary Remarks

The term room temperature denotes a temperature of
about 20° C. As a rule, 'H NMR spectra and/or mass spectra
have been obtained of the compounds prepared. Compounds
given with a specific configuration at a stereocenter are
isolated as pure isomers.

The retention times given are measured under the follow-
ing conditions (TFA: trifluoroacetic acid, DEA: diethylam-
ine, scCO,: supercritical carbon dioxide):

Method Name: V001_006
Column: XBridge C18, 4.6 x 30 mm, 3.5 pm
Column Supplier: Waters

Gradient/Solvent % Solvent % Solvent Flow Temp
Time [min] [H,0, 0.1% TFA] [acetonitrile] [ml/min] [° C.]
0.0 95 5 4.8 60
1.6 0 100 4.8 60
1.85 0 100 4.8 60
1.9 95 5 4.8 60
Method Name: V011_S01
Column: XBridge C18, 4.6 x 30 mm, 3.5 pm
Column Supplier: Waters
Gradient/Solvent % Solvent % Solvent Flow Temp
Time [min] [H,0, 0.1% NH;] [acetonitrile] [ml/min] [° C.]
0.0 97 3 5 60
0.2 97 3 5 60
1.6 0 100 5 60
1.7 0 100 5 60
Method Name: V012_S01
Column: XBridge C18, 4.6 x 30 mm, 3.5 pm
Column Supplier: Waters
Gradient/Solvent % Solvent % Solvent Flow Temp
Time [min] [H,0, 0.1% TFA] [acetonitrile] [ml/min] [° C.]
0.0 97 3 5 60
0.2 97 3 5 60
1.6 0 100 5 60
1.7 0 100 5 60
Method Name: W018_S01
Column: Sunfire C18, 4.6 x 30 mm, 2.5 pm
Column Supplier: Waters
% Solvent
Gradient/Solvent  [H,O, 0.1% % Solvent Flow Temperature
Time [min] TFA] [acetonitrile]  [ml/min] [°C.]
0.0 97 3 4 60
0.15 97 3 3 60
2.15 0 100 3 60
2.20 0 100 4.5 60
2.40 0 100 4.5 60
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Method Name: X012_S01
Column: Xbridge BEH C18, 2.1 x 30 mm, 1.7 um
Column Supplier: Waters

Method Name: Z005_001
Column: Stablebond C18, 3 x 30 mm, 1.8 um
Column Supplier: Waters

% Solvent ’ % Solvent
. Gradient/Solvent [H,0, 0.1% % Solvent Flow Temperature
Gradient/Solvent  [H,0, 0.1% % Solvent Flow Temperature Time [min] TFA] [methanol]  [mlmin] [°Cl]
Time [min] TFA] [acetonitrile]  [ml/min] [°C.]
0.0 95 5 2.2 60
0.0 99 1 1.6 60 0.05 95 5 2.2 60
0.02 99 1 1.6 60 10 1.40 0 100 2.2 60
1.00 0 100 1.6 60 1.80 0 100 2.2 60
1.10 0 100 1.6 60
Method Name: Z011_S03
15 Column: XBridge C18, 3 x 30 mm, 2.5 um
Column Supplier: Waters
Method Name: X018 S01
Column: Sunfire C18, 2.1 x 30 mm, 2.5 pm % Solvent
Column Supplier: Waters Gradient/Solvent  [H,O, 0.1% % Solvent Flow Temperature
Time [min] NH;] [acetonitrile]  [ml/min] [°C.]
% Solvent 20
Gradient/Solvent  [H,0, 0.1% % Solvent Flow Temperature 0.00 97 3 22 60
Time [min] TFA] [acetonitrile]  [ml/min] [°C.] 0.20 97 3 22 60
1.20 0 100 2.2 60
0.0 99 1 1.5 60 1.25 0 100 3 60
0.02 99 1 1.5 60 1.40 0 100 3 60
1.00 0 100 1.5 60
1.10 0 100 15 60 »
Method Name: Z012_S04
Column: XBridge C18, 3 x 30 mm, 2.5 um
Method Name: Z002_002 30 Column Supplier: Waters
Column: Sunfire C18, 3 x 30 mm, 2.5 um
Column Supplier: Waters % Solvent
Gradient/Solvent  [H,O, 0.1% % Solvent Flow Temperature
% Solvent Time [min] TFA] [acetonitrile]  [ml/min] [°C.]
Gradient/Solvent  [H,0, 0.1% % Solvent Flow Temperature
Time [min] TFA] [methanol]  [ml/min] [°Cl 0.00 97 3 2.2 60
35 0.20 97 3 2.2 60
0.0 50 50 2.2 60 1.20 0 100 2.2 60
0.05 50 50 2.2 60 1.25 0 100 3 60
1.40 0 100 2.2 60 1.40 0 100 3 60
1.80 0 100 2.2 60
40
Method Name: Z017_S04
Method Name: Z003_001 Column: Stablebond C18, 3 x 30 mm, 1.8 um
Column: XBridge C18, 3 x 30 mm, 2.5 um Column Supplier: Waters
Column Supplier: Waters
45 % Solvent
% Solvent Gradient/Solvent  [H,O, 0.1% % Solvent Flow Temperature
Gradient/Solvent  [H,0, 0.1% % Solvent Flow Temperature Time [min] TFA] [acetonitrile]  [ml/min] [°C.]
Time [min] NH;] [methanol]  [ml/min] [°C.]
0.00 97 3 2.2 60
0.0 95 5 2.2 60 0.20 97 3 2.2 60
0.05 95 5 2.2 60 50 1.20 0 100 2.2 60
1.40 0 100 2.2 60 1.25 0 100 3 60
1.80 0 100 2.2 60 1.40 0 100 3 60
55
Method Name: Z003_004 Method Name: Z018_S04
Column: XBridge C18, 3 x 30 mm, 2.5 um Column: Sunfire C18, 3 x 30 mm, 2.5 pm
Column Supplier: Waters Column Supplier: Waters
% Solvent % Solvent
Gradient/Solvent  [H,0, 0.1% % Solvent Flow Temperature ) Gradient/Solvent  [H,O, 0.1% % Solvent Flow Temperature
Time [min] NH;] [methanol]  [ml/min] [°C.] Time [min] TFA] [acetonitrile]  [ml/min] [°C.]
0.0 95 5 1.9 60 0.00 97 3 2.2 60
0.20 95 5 1.9 60 0.20 97 3 2.2 60
1.55 0 100 1.9 60 1.20 0 100 2.2 60
1.60 0 100 2.4 60 1.25 0 100 3 60
1.80 0 100 2.4 60 65 1.40 0 100 3 60
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Method Name: 001_CAO03
Column: Sunfire C18, 4.6 x 30 mm, 3.5 pm

Method Name: I_ASH_20_IPROP_DEA

Column: Chiralpak ASH 4.6 x 250 mm, 5 pm

Column Supplier: Daicel

Column Supplier: Waters 5
% Solvent Gradient/ % Solvent % Back
Gradient/Solvent  [H,0, 0.1% % Solvent Flow Temperature Solvent [iso-PrOH, Solvent Flow Temperature Pressure
Time [min] TFA] [acetonitrile]  [ml/min] [°Cl 10 Time [min] 0.2% DEA] [scCO,] [ml/min] [°Cl] [bar]
0.0 98 2 2.5 60.0 10 min 20 80 4 40 100
1.5 0 100 2.5 60.0
1.8 0 100 2.5 60.0
15
Method Name: I IA_25_IPROP_DEA
Column: Chiralpak IA 4.6 x 250 mm, 5 pm
Column Supplier: Daicel
Meﬂ.md Name: 001_CAO4 20 Gradient/ % Solvent % Back
Column: XBridge C18, 4.6 x 30 mm, 3.5 um Solvent [iso-PrOH,  Solvent Flow Temperature Pressure
Column Supplier: Waters Time [min] 0.2% DEA] [scCO,] [ml/min] [°C] [bar]
10 min 25 75 4 40 150
% Solvent
Gradient/Solvent  [H,0, 0.1% % Solvent Flow Temperature 25
Time [min] NH;] [acetonitrile]  [ml/min] [°C.]
Method Name: I_IB_20_MeOH_DEA
0.0 80.0 20.0 2.0 60.0 Column: Chiralpak IB 4.6 x 250 mm, 5 pum
1.7 0.0 100.0 2.0 60.0 Column Sumplier: Daicel
23 0.0 1000 20 600 30 Gradient/ % Solvent % Temp-  Back
Solvent [MeOH, Solvent Flow erature Pressure
Time [min] 0.2% DEA] [scCO,]  [ml/min] [°C] [bar]
10 min 20 80 4 40 150
Method Name: 004_CAO1
Column: Sunfire C18, 4.6 x 30 mm, 3.5 pm 35
Column Supplier: Waters
% Solvent Method Name: I_IB_30_MeOH_DEA
Gradient/Solvent  [H,0, 0.1% % Solvent Flow Temperature Column: Chiralpak IB 4.6 x 250 mm, 5 pum
Time [min] TFA] [acetonitrile]  [ml/min] [°C.] Column Sumplier: Daicel
40
0.0 98.0 2.0 2.5 60.0 Gradient/ % Solvent % Temp-  Back
1.5 0.0 100.0 2.5 60.0 Solvent [MeOH, Solvent Flow erature Pressure
1.8 0.0 100.0 25 60.0 Time [min]  0.2% DEA] [scCO,]  [ml/min] [°C]  [bar]
10 min 30 70 4 40 150
45
Method Name: 004_CAO05
Column: XBridge C18, 3.0 x 30 mm, 2.5 pm
Column Supplier: Waters Method Name: I IB_20_IPROP_DEA
Column: Chiralpak IB 4.6 x 250 mm, 5 pum
% Solvent 50 Column Sumplier: Daicel
Gradient/Solvent  [H,0, 0.1% % Solvent Flow Temperature
Time [min] NH;] [acetonitrile]  [ml/min] [°C.] Gradient/ % Solvent % Temp-  Back
Solvent [iso-PrOH, Solvent Flow erature Pressure
0.0 98.0 2.0 2.0 60.0 Time [min]  0.2% DEA] [scCO,]  [ml/min] [°C] [bar]
1.2 0.0 100.0 2.0 60.0
14 0.0 100.0 2.0 60.0 55 10 min 20 80 4 40 150
Method Name: I ADH_20_MeOH_DEA Method Name: I_IC_20_MeOH_DEA
Column: Chiralpak ADH 4.6 x 250 mm, 5 pm 60 Column: Chiralpak IC 4.6 x 250 mm, 5 um
Column Supplier: Daicel Column Sumplier: Daicel
Gradient/ % Solvent % Back Gradient/ % Solvent % Temp-  Back
Solvent [MeOH, Solvent Flow Temperature Pressure Solvent [MeOH, Solvent Flow erature Pressure
Time [min] 0.2% DEA] [s¢cCO,] [ml/min] [°C] [bar] Time [min] 0.2% DEA] [scCO,]  [ml/min] [°C] [bar]
10 min 20 80 4 40 100 65 10 min 20 80 4. 40 100
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Method Name: I IC_25_IPROP_DEA
Column: Chiralpak IC 4.6 x 250 mm, 5 um
Column Sumplier: Daicel

Gradient/ % Solvent % Temp-  Back
Solvent [iso-PrOH, Solvent Flow erature Pressure
Time [min] 0.2% DEA] [scCO,]  [ml/min] [°C] [bar]
10 min 25 75 4 40 100
Method Name: 001_CAO07
Column: SunFire C18, 2.1 x 50 mm, 2.5 pm
Column Supplier: Waters
Gradient/ % Solvent Temp-
Solvent  [H,O, 0.1% % Solvent Flow erature
Time [min] TFA] [acetonitrile] [ml/min] [°C.]
0.0 95 5 1.5 60.0
0.75 0 100 1.5 60.0
0.85 0 100 1.5 60.0
Method Name: 002_CAO03
Column: SunFire C18, 3.0 x 30 mm, 2.5 pm
Column Supplier: Waters
Gradient/ % Solvent Temp-
Solvent  [H,0, 0.1% % Solvent Flow erature
Time [min] TFA] [acetonitrile] [ml/min] [°C.]
0.0 99 1 2.0 60.0
0.90 0 100 2.0 60.0
1.1 0 100 2.0 60.0
Method Name: 005_CAO1
Column: SunFire C18, 3.0 x 30 mm, 2.5 pm
Column Supplier: Waters
Gradient/ % Solvent Temp-
Solvent  [H,0, 0.1% % Solvent Flow erature
Time [min] TFA] [acetonitrile] [ml/min] [°C.]
0.0 98 2 2.0 60.0
1.2 0 100 2.0 60.0
1.4 0 100 2.0 60.0
Method Name: X012_S01
Column: Xbridge BEH C18, 2.1 x 30 mm, 1.7 um
Column Supplier: Waters
Gradient % Solvent Temp-
Solvent  [H,0, 0.1% % Solvent Flow erature
Time [min] TFA] [acetonitrile] [ml/min] [°C.]
0.0 99 1 13 60
0.02 99 1 1.3 60
1.00 0 100 1.3 60
1.10 0 100 1.3 60

Assignment of Absolute Configurations

The absolute configuration of example 18A has been
assigned unambigously by X-ray structure analysis to be (S).
This (S)-enantiomer (example 18A) is significantly more
potent with respect to the inhibition of neutrophil elastase
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than the (R)-enantiomer (example 18B), as can be seen from
the measured IC;, values of 4.8 nM (example 18A) and
2509 nM (example 18B), respectively. The absolute con-
figuration of all other pure enantiomers described has been
assigned in analogy to example 18A, that is, the more potent
enantiomer (the eutomer) with respect to the inhibition of
neutrophil elastase, i.e. the enantiomer with the lower 1C4,
value has been assigned to have the same absolute configu-
ration as example 18A. Obviously, in this context the term
“absolute configuration” does not refer to the stereodescrip-
tors (R) or (S) as they depend on the individual substitution
pattern, but to the three-dimensional orientation of the
substituents that are attached to the sterocenter.

Syntheses of Starting Materials

Unless stated otherwise, all starting materials are com-
mercially available and are used as they are obtained from
the supplier.

The following starting materials were prepared as
described in the literature cited: 3-(3-(Trifluoromethyl)phe-
nylamino)cyclohex-2-enone: Aust. J. Chem. 2005, 58, 870-
876, 1-Bromo-4-(chloro(isocyanato)methyl)benzene: Syn-
lett 2006, 3, 375-378.

The synthesis of the following starting materials has been
described before in the literature cited:

5,5-Dimethyl-3-(3-(trifluoromethyl)phenylamino)cyclo-
hex-2-enone: Org. Lett. 2000, 2, 1109-1112; 1-(4-fluoro-3-
(trifluoromethyl)phenyl)urea: WO09135599; 1-(3-fluoro-5-
(trifluoromethyl)phenyl)urea: WO09135599.

SYNTHESES OF INTERMEDIATES

Intermediate 1

CN

EtO,C CO,Et
~x N

s}
s}

Diethyl (4-Cyanophenyl)methylenedicarbamate

In a three-necked round bottom flask equipped with a
drying tube filled with calcium chloride and an inlet for
nitrogen, 4-formylbenzonitrile (25.0 g, 191 mmol) and ethyl
carbamate (37.4 g, 419 mmol) are heated at 145° C. The
flask is being purged with a flow of nitrogen, and concen-
trated sulfuric acid (ca. 200 pl, ca. 3 mmol) is added slowly
drop by drop. After 7 h the solidified reaction mixture is
cooled to room temperature, crushed, mixed thoroughly with
water and dried. Yield: 53.0 g; ESI mass spectrum: [M+
H]*=314; Retention time HPLC: 0.88 min (VO11_S01).
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Intermediate 2

Cl NCO

4-(Chloro(isocyanato)methyl)benzonitrile

Phosphorous pentachloride (83.3 g, 400 mmol) is added
to a suspension of diethyl (4-cyanophenyl)methylenedicar-
bamate (intermediate 1, 53.0 g, 182 mmol) in benzene (200
ml) and the mixture is heated at reflux for 2 h. The benzene
is evaporated and the mixture is then purified by distillation
under reduced pressure. The first fraction (ca. 40° C., ca.
0.01 mbar) is discarded. The second fraction (ca. 110° C., ca.
0.6 mbar) is collected. Yield: 28.4 g; ESI mass spectrum:
[M+MeOH—HCI+1-1]"=189; Retention time HPLC: it)
0.65 min (Z003_004).

Intermediate 3

CF3

4-(4-Bromophenyl)-1-(3-(trifluvoromethyl)phenyl)-3,
4,7 8-tetrahydroquinazoline-2,5(1H,6H)-dione

A solution of 1-bromo-4-(chloro(isocyanato)methyl)ben-
zene (4.25 g, 17.24 mmol) in dichloromethane (30 mL) is
added to a solution of 3-(3-(trifluoromethyl)phenylamino)-
cyclohex-2-enone (4.00 g, 15.67 mmol) in dichloromethane
(60 mL) and the resulting mixture is heated at reflux for 3 h
and stirred at room temperature over night. All volatiles are
evaporated and the residue is purified by flash chromatog-
raphy on silica (gradient dichloromethane/methanol 100:0 to
98:2). Yield: 5.10 g; ESI mass spectrum: [("°Br)-M4+
H]*=465, [(*'Br)-M+H]*=467; Retention time HPLC: 1.44
min (V001_006).
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Intermediate 4

CN

CF;

1-((4-Cyanophenyl)(2-hydroxy-6-oxocyclohex-1-
enyl)methyl)-3-(3-(trifluoromethyl)-phenyl)urea

Trimethylsilyl chloride (50.7 mL, 400 mmol) is added to
a solution of cyclohexane-1,3-dione (11.2 g, 100 mmol),
4-formylbenzonitrile (13.8 g, 105 mmol) and 1-(3-(trifluo-
romethyl)phenyl)urea (20.4 g, 100 mmol) in a mixture of
N, N-dimethylformamide (100 ml.) and acetonitrile (150
ml), and the mixture is stirred at room temperature over
night. The reaction mixture is poured into a mixture of water
and ice (2 L) and stirred for 2 h. The mixture is filtered and
the precipitate is dried under reduced pressure. Yield: 41.9
g; EST mass spectrum [M+H]"=430, Retention time HPLC:
0.91 min (Z018_S04).

Intermediate 5

CFs3

1-((4-Cyanophenyl)(2-ethoxy-6-oxocyclohex-1-
enyl)methyl)-3-(3-(trifluoromethyl)-phenyl)urea

N,N-Diisopropylethylamine (9.41 ml, 54.0 mmol) is
added to a suspension of 14(4-cyanophenyl)(2-hydroxy-6-
oxocyclohex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)
urea (intermediate 4, 10.00 g, 23.29 mmol) in dichlorometh-
ane (200 mL). Triethyloxonium tetrafluoroborate (8.85 g,
46.6 mmol) is added and the mixture is stirred at room
temperature for 20 min. The mixture is washed three times
with water and then concentrated under reduced pressure.
Yield: 10.08 g; ESI mass spectrum [M+H]*=458, Retention
time HPLC: 0.98 min (Z018_S04).
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Intermediate 6

NH

CF;3

6,6-Dimethyl-3-(3-(trifluoromethyl)phenylamino)
cyclohex-2-enone

A mixture of 4,4-dimethylcyclohexane-1,3-dione (563
mg, 4.02 mmol), 3-(trifluvoromethyl)aniline (500 plL, 645
mg, 4.02 mmol), Ytterbium(Ill) trifluormethanesulfonate
(12.5 mg, 20 umol, 0.5 mol %) and N,N-dimethylformamide
(2.5 mlL) is stirred at room temperature over night. Methanol
and water are added and the mixture is filtered. The pre-
cipitate is washed with water and dried under reduced
pressure. Yield: 654 mg; ESI mass spectrum [M+H] =284,
Retention time HPLC: 1.18 min (Z005_001).

Intermediate 7

Br

CF;3

4-(4-Bromophenyl)-6,6-dimethyl-1-(3-(trifluorom-
ethyl)phenyl)-3.4,7,8-tetrahydroquinazoline-2,5(1H,
6H)-dione

A solution of 1-bromo-4-(chloro(isocyanato)methyl)ben-
zene (569 mg, 2.31 mmol) in dichloromethane (5 mL) is
added to a solution of 6,6-dimethyl-3-(3-(trifluoromethyl)-
phenylamino)cyclohex-2-enone (intermediate 6, 654 mg,
2.31 mmol) in dichloromethane (15 mL), and the resulting
mixture is heated at reflux for 4 h and stirred at room
temperature over night. Another portion of 1-bromo-4-
(chloro(isocyanato)methyl)benzene (283 mg, 1.15 mmol) is
added and the mixture is heated at reflux for 24 h. The
mixture is cooled to room temperature and all volatiles are
evaporated. The residue is purified by flash chromatography
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on silica (gradient cyclohexane/ethyl acetate 90:10 to
60:40). Yield: 372 mg; ESI mass spectrum: [("Br)-M+
H]*=493, [(®'Br)-M+H]|"=495; Retention time HPLC: 1.37
min (Z005_001).

Intermediate 8

NH

CF;3

5,5-Dimethyl-3-(3-(trifluoromethyl)phenylamino)
cyclohex-2-enone

The title compound is prepared in analogy to 6,6-dim-
ethyl-3-(3-(trifluoromethyl)phenyl-amino)cyclohex-2-
enone (intermediate 6), using 5,5-dimethylcyclohexane-1,3-
dione (1.13 g, 8.04 mmol) as starting material. Yield: 1.73 g,
ESI mass spectrum [M+H]*=284, Retention time HPLC:
1.18 min (Z005_001).

Intermediate 9

Br

‘ L
N /Ko

CF;

4-(4-Bromophenyl)-7,7-dimethyl-1-(3-(trifluorom-
ethyl)phenyl)-3,4,7,8-tetrahydroquinazoline-2,5(1H,
6H)-dione

A solution of 1-bromo-4-(chloro(isocyanato)methyl)ben-
zene (435 mg, 1.77 mmol) in dichloromethane (5 mL) is
added to a solution of 5,5-dimethyl-3-(3-(trifluoromethyl)-
phenylamino)cyclohex-2-enone (intermediate 8, 500 mg,
1.77 mmol) in dichloromethane (15 mL) and the mixture is
heated at reflux over night. All volatiles are evaporated and
the residue is purified by flash chromatography on silica
(gradient cyclohexane/ethyl acetate 90:10 to 60:40). Yield:
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389 mg; ESI mass spectrum: [(7Br)-M+H]*=493, [(*'Br)-
M+H]*=495; Retention time HPL.C: 1.38 min (Z002_002).

Intermediate 10

CF3

1-((4-cyanophenyl)(8-hydroxy-10-oxo-3-oxaspiro
[5.5]undec-8-en-9-yl)methyl)-3-(3-(trifluoromethyl)
phenyl)urea

Trimethylsilyl chloride (275 L, 2.17 mmol) is added to
a solution of 3-oxaspiro[5.5]Jun-decane-8,10-dione (360 mg,
1.98 mmol), 4-formylbenzonitrile (259 mg, 1.98 mmol) and
1-(3-(trifluoromethyl)phenyl)urea (403 mg, 1.98 mmol) in a
mixture of N,N-dimethyl-formamide (1.5 ml.) and acetoni-
trile (2.5 mL), and the mixture is heated at 50° C. for 1 h. The
reaction mixture is cooled to room temperature and poured
into a mixture of water and ice. The precipitate is filtered and
dried under reduced pressure. Yield: 712 mg; ESI mass
spectrum [M+H]"=500, Retention time HPLC: 1.12 min
(V012_S01).

Intermediate 11

CF;

1-((4-Cyanophenyl)(8-methoxy-10-ox0-3-oxaspiro
[5.5]undec-8-en-9-yl)methyl)-3-(3-(trifluoromethyl)
phenyl)urea

Trimethyloxonium tetrafluoroborate (320 mg, 2.16 mmol)
is added to a solution of 1-((4-cyanophenyl)(8-hydroxy-10-
ox0-3-oxaspiro[5.5]undec-8-en-9-yl)methyl)-3-(3-(trifluo-
romethyl)phenyl)urea (intermediate 10, 712 mg, 1.43 mmol)
and N,N-diisopropylethylamine (490 pl, 2.81 mmol) in
dichloromethane (20 mL). The mixture is stirred at room
temperature for 30 min and washed with water. The organic
layer is concentrated under reduced pressure, and the residue
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is purified by reversed phase HPL.C (Waters Xbridge™-C, 4,
gradient of acetonitrile in water, 0.1% TFA). Yield: 380 mg;
ESI mass spectrum [M+H]*=514, Retention time HPLC:
1.18 min (V012_S01).

Intermediate 12

CN

(€] | (€]

PR

N N CF3
H H

F5C OH

1-((4-Cyanophenyl)(2-hydroxy-6-oxo-4-(trifluorom-
ethyl)cyclohex-1-enyl)methyl)-3-(3-(trifluorom-
ethyl)phenyl)urea

Trimethylsilyl chloride (775 pl, 6.11 mmol) is added to
a solution of 5-(trifluoromethyl)-cyclohexane-1,3-dione
(1.00 g, 5.55 mmol), 4-formylbenzonitrile (728 mg, 5.55
mmol) and 1-(3-(trifluoromethyl)phenyl)urea (1.13 g, 5.55
mmol) in a mixture of N,N-dimethylform-amide (4.3 mL)
and acetonitrile (8.3 mL), and the mixture is stirred at room
temperature for 1 h. The reaction mixture is cooled to room
temperature and poured into a mixture of water and ice. The
precipitate is filtered and dried under reduced pressure.
Yield: 2.38 g; ESI mass spectrum [M+H]"=498, Retention
time HPLC: 0.75 min (V011_S01).

Intermediate 13

CF;3

1-((4-Cyanophenyl)(2-ethoxy-6-0x0-4-(trifluorom-
ethyl)cyclohex-1-enyl)methyl)-3-(3-(trifluorom-
ethyl)phenyl)urea

Triethyloxonium tetrafluoroborate (1.82 g, 9.57 mmol) is
added to a mixture of N,N-diisopropylethylamine (1.92 mL,
11.0 mmol) and 1-((4-cyanophenyl)(2-hydroxy-6-oxo-4-
(trifluoromethyl)cyclohex-1-enyl)methyl)-3-(3-(trifluorom-
ethyl)phenyl)urea (intermediate 12, 2.38 g, 4.79 mmol) in
dichloromethane (30 mL). The mixture is stirred at room
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temperature for 1 h and washed three times with water. The
organic layer is dried over Na,SO, and concentrated under
reduced pressure. Yield: 1.66 g; ESI mass spectrum [M+
H]*=525, Retention time HPLC: 1.25 min (VO11_S01).

Intermediate 14

NH

CF;

5-Phenyl-3-(3-(trifluoromethyl)phenylamino)cyclo-
hex-2-enone

A mixture of 5-phenylcyclohexane-1,3-dione (1.51 g,
8.04 mmol), 3-(trifluoromethyl)-aniline (1.00 mL, 1.29 g,
8.04 mmol), Ytterbium(Ill) trifluormethanesulfonate (25
mg, 40 pmol, 0.5 mol %) and N,N-dimethylformamide (2.5
ml) is stirred at room temperature over night. Methanol and
water are added and the mixture is filtered. The precipitate
is dissolved in a mixture of N,N-dimethylformamide, metha-
nol and some drops of aqueous ammonia. Water is added and
the precipitate is filtered. Yield: 1.51 g; ESI mass spectrum
[M+H]*=332, Retention time HPLC: 1.09 min (Z003_001).

Intermediate 15

CF;3

4-(4-Bromophenyl)-7-phenyl-1-(3-(triftuoromethyl)
phenyl)-3.4,7 8-tetrahydroquinazoline-2,5(1H,6H)-
dione

A solution of 1-bromo-4-(chloro(isocyanato)methyl)ben-
zene (201 mg, 0.815 mmol) in dichloromethane (3 mL) is
added to a solution of 5-phenyl-3-(3-(trifluoromethyl)phe-
nyl-amino)cyclohex-2-enone (intermediate 14, 270 mg,
0.815 mmol) in dichloromethane (7 mL), and the mixture is
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heated at reflux for 4 h and cooled to room temperature.
After 2 d the mixture is concentrated under reduced pressure
and the residue is purified by flash chromatography on silica
(gradient cyclohexane/ethyl acetate 90:10 to 60:40). Yield:
195 mg; ESI mass spectrum: [("Br)-M+H]*=541, [(*!Br)-
M+H]*=543; Retention time HPLC: 1.42 min, 1.44 min (1:1
mixture of diastereomers) (Z002_002).

Intermediate 16

CFs3

1-((4-Cyanophenyl)(2-hydroxy-6-ox0-4-(4-(trifluo-
romethyl)phenyl)cyclohex-1-enyl)-methyl)-3-(3-
(trifluoromethyl)phenyl)urea

The title compound is prepared in analogy to 1-((4-
cyanophenyl)(2-hydroxy-6-oxo-4-(tri-fluoromethyl)cyclo-
hex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea (in-
termediate  12), using  5-(4-(trifluvoromethyl)phenyl)
cyclohexane-1,3-dione (500 mg, 1.95 mmol) as starting
material. Yield: 930 mg; ESI mass spectrum [M+H]"=574,
Retention time HPLC: 0.85 min (V011_S01).

Intermediate 17

CF;

F5C

1-((4-Cyanophenyl)(2-ethoxy-6-0x0-4-(4-(trifluo-
romethyl)phenyl)cyclohex-1-enyl)-methyl)-3-(3-
(trifluoromethyl)phenyl)urea

The title compound is prepared in analogy to 1-((4-
cyanophenyl)(2-ethoxy-6-oxo-4-(tri-fluoromethyl)cyclo-
hex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea (in-
termediate 13), using 1-((4-cyanophenyl)(2-hydroxy-6-oxo-
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4-(4-(trifluoromethyl)phenyl)cyclohex-1-enyl)-methyl)-3-
(3-(triftuoromethyl)phenyl)urea (intermediate 16, 930 mg,
1.62 mmol) as starting material. Yield: 825 mg; ESI mass
spectrum [M+H]*=602, Retention time HPLC: 1.37 min
(V011_S01).

Intermediate 18

1-((4-Cyanophenyl)(2-hydroxy-6-ox0-4-(3,4,5-
trimethoxyphenyl)cyclohex-1-enyl)-methyl)-3-(3-
(trifluvoromethyl)phenyl)urea

The title compound is prepared in analogy to 1-((4-
cyanophenyl)(2-hydroxy-6-ox0-4-(tri-fluoromethyl)cyclo-
hex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea (in-
termediate 12), using  5-(3,4,5-trimethoxyphenyl)
cyclohexane-1,3-dione (300 mg, 1.08 mmol) as starting
material. Yield: 590 mg; ESI mass spectrum [M+H]"=596,
Retention time HPLC: 0.76 min (VO11_S01).

Intermediate 19

1-((4-Cyanophenyl)(2-ethoxy-6-0x0-4-(3,4,5-
trimethoxyphenyl)cyclohex-1-enyl)-methyl)-3-(3-
(trifluvoromethyl)phenyl)urea

The title compound is prepared in analogy to 1-((4- 65

cyanophenyl)(2-ethoxy-6-0x0-4-(tri-fluoromethyl)cyclo-
hex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea (in-

58
termediate 13), using 1-((4-cyanophenyl)(2-hydroxy-6-oxo-
4-(3,4,5-trimethoxyphenyl)cyclohex-1-enyl)-methyl)-3-(3-
(trifluoromethyl)phenyl)urea (intermediate 18, 680 mg, 1.14
mmol) as starting material. Yield: 684 mg; ESI mass spec-
trum [M+H]*=624, Retention time HPLC: 1.27 min
(V011_S01).

Intermediate 20

CF;3

1-((4-Cyanophenyl)(2-hydroxy-6-0x0-4-(thiophen-2-
yDcyclohex-1-enyl)methyl)3-(3-(trifluoromethyl)
phenyl)urea

Trimethylsilyl chloride (216 pl, 1.70 mmol) is added to
a solution of 5-(thiophen-2-yl)-cyclohexane-1,3-dione (300
mg, 1.54 mmol), 4-formylbenzonitrile (202 mg, 1.54 mmol)
and 1-(3-(trifluvoromethyl)phenyl)urea (315 mg, 1.54 mmol)
in a mixture of N,N-dimethyl-formamide (1.2 mL) and
acetonitrile (2.3 mL). The mixture is stirred at room tem-
perature over night and poured into a mixture of water and
ice. The precipitate is filtered and dried under reduced
pressure. Yield: 444 mg; ESI mass spectrum [M+H]*=512,

40 Retention time HPLC: 0.75 min (V011_S01).

Intermediate 21

CF;

1-((4-Cyanophenyl)(2-ethoxy-6-ox0-4-(thiophen-2-
yl)cyclohex-1-enyl)methyl)-3-(3-(tri-fluoromethyl)
phenyl)urea

The title compound is prepared in analogy to 1-((4-
cyanophenyl)(2-ethoxy-6-oxo-4-(tri-fluoromethyl)cyclo-
hex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea (in-
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termediate 13), using 1-((4-cyanophenyl)(2-hydroxy-6-oxo-
4-(thiophen-2-yl)cyclohex-1-enyl)methyl)-3-(3-
(trifluvoromethyl)phenyl)urea (intermediate 20, 444 mg, 0.87
mmol) as starting material. Yield: 507 mg; ESI mass spec-

trum [N+H]*=540, Retention time HPLC: 1.29 min
(VO11_S01).
Intermediate 22
O
HO.
NH
O

CF;

5-Ox0-3-(3-(trifluoromethyl)phenylamino)cyclohex-
3-enecarboxylic acid

A mixture of 3,5-dioxocyclohexanecarboxylic acid (1.00
g, 6.41 mmol), 3-(trifluoromethyl)aniline (880 ulL, 1.14 g,
4.05 mmol), Ytterbium(IIl) trifluormethanesulfonate (20
mg, 32 umol, 0.5 mol %) and N,N-dimethylformamide (3
ml) is stirred at room temperature over night. Water and
aqueous sodium hydroxide are added and the mixture is
washed with diethyl ether. The organic layer is discarded,
and the aqueous layer is acidified with aqueous hydrogen
chloride and extracted with diethyl ether. The organic layer
is dried over Na,SO, and concentrated under reduced pres-
sure. Yield: 1.30 g; ESI mass spectrum [M+H]*=300, Reten-
tion time HPLC: 1.08 min (V001_006).

Intermediate 23

Br

HO.

A

CF3

4-(4-Bromophenyl)-2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2,3.4,5.6,7,8-octahydroquinazoline-7-car-
boxylic acid

A solution of 1-bromo-4-(chloro(isocyanato)methyl)ben-
zene (1.07 g, 4.34 mmol) in dichloromethane (5 mL) is

10

15

20

25

30

40

45

50

55

60

65

60

added to a solution of 5-ox0-3-(3-(trifluoromethyl)phenyl-
amino)cyclohex-3-enecarboxylic acid (intermediate 22,
1.30 g, 4.34 mmol) in dichloromethane (15 mL) and the
mixture is heated at reflux for 3 h. Water and aqueous
sodium hydroxide solution are added and the mixture is
washed with diethy] ether. The organic layer is discarded and
the aqueous layer is acidified with aqueous hydrogen chlo-
ride and extracted twice with diethyl ether. The organic
layers are combined, dried over Na,SO, and concentrated
under reduced pressure. Yield: 770 mg; ESI mass spectrum:
[(Br)-M+H]*=509, [(*'Br)-M+H]*=511; Retention time
HPLC: 1.25 min, 1.35 min (1:1 mixture of diastereomers)
(V001_006).

Intermediate 24

CN

N N CF;
H H

OH

1-((4-cyanophenyl)(2-hydroxy-6-oxocyclohex-1-
enyl)methyl)-3-(4-(trifluoromethyl)-pyridin-2-y1)
urea

Trimethylsilyl chloride (125 pl, 0.982 mmol) is added to
a solution of cyclohexane-1,3-dione (100 mg, 0.892 mmol),
4-formylbenzonitrile (117 mg, 0.892 mmol) and 1-(4-(tri-
fluoromethyl)pyridin-2-yljurea (183 mg, 0.892 mmol) in a
mixture of N,N-dimethylformamide (670 puL) and acetoni-
trile (1.2 mL), and the mixture is heated at 50° C. for 1 h. The
reaction mixture is cooled to room temperature and poured
into a mixture of water and ice. The mixture is filtered, and
the precipitate is washed with water and dried under reduced
pressure. Yield: 293 mg; ESI mass spectrum [M+H]*=431,
Retention time HPLC: 0.63 min (V011_S01).

Intermediate 25

CN

CF;
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1-((4-cyanophenyl)(2-methoxy-6-oxocyclohex-1-
enyl)methyl)-3-(4-(trifluoromethyl)-pyridin-2-yl)

urea

Trimethyloxonium tetrafluoroborate (185 mg, 1.25 mmol) 3

is added to a solution of N,N-diisopropylethylamine (210
ul, 1.21 mmol) and 1-((4-cyanophenyl)(2-hydroxy-6-oxo-
cyclohex-1-enyl)methyl)-3-(4-(trifluoromethyl)pyridin-2-
yDurea (intermediate 24, 264 mg, 0.613 mmol). The mixture
is stirred at room temperature for 1 h and extracted with
water. The organic phase is dried over Na,SO, and concen-
trated under reduced pressure. Yield: 200 mg; ESI mass
spectrum [M+H]|"=445, Retention time HPLC: 1.08 min
(V011_S01).

Intermediate 26

CF;

1-((4-Cyanophenyl)(2-hydroxy-6-oxocyclohex-1-
enyl)methyl)-3-(2-(trifluoromethyl)-pyridin-4-yl)
urea

Trimethylsilyl chloride (187 uL, 1.47 mmol) is added to
a solution of cyclohexane-1,3-dione (150 mg, 1.34 mmol),
4-formylbenzonitrile (175 mg, 1.34 mmol) and 1-(2-(trif-
luoromethyl)pyridin-4-yl)urea (274 mg, 1.34 mmol) in a
mixture of N,N-dimethyl-formamide (1.0 ml.) and acetoni-
trile (1.8 mL), and the mixture is stirred at room temperature
for 1.5 h. The reaction mixture is cooled to room tempera-
ture and poured into a mixture of water and ice. The mixture
is filtered, and the precipitate is washed with water and dried
under reduced pressure. Yield: 410 mg; ESI mass spectrum
[M+H]*=431, Retention time HPLC: 0.60 min (V011_S01).

Intermediate 27

CN

CF;
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1-((4-Cyanophenyl)(2-methoxy-6-oxocyclohex-1-
enyl)methyl)-3-(2-(trifluoromethyl)-pyridin-4-y1)
urea

Trimethyloxonium tetrafluoroborate (47 mg, 0.318 mmol)
is added to a solution of N,N-diisopropylethylamine (72 pL,
0.412 mmol) and 1-((4-cyanophenyl)(2-hydroxy-6-oxocy-
clohex-1-enyl)methyl)-3-(2-(triftuoromethyl)pyridin-4-yl)
urea (intermediate 26, 90 mg, 0.209 mmol) in dichlorometh-
ane (10 mL). The mixture is stirred at room temperature for
1 h and extracted three times with water. The organic phase
is dried over Na,SO, and concentrated under reduced pres-
sure. Yield: 100 mg; ESI mass spectrum [M+H]"*=445,
Retention time HPLC: 1.05 min (V012_S01).

Intermediate 28

CN
[
N
0 Z 5
NJJ\N CF;
H H
OH

1-((5-Cyanopyridin-2-y1)(2-hydroxy-6-oxocyclohex-
1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea

Trimethylsilyl chloride (125 pl, 0.98 mmol) is added to
a solution of cyclohexane-1,3-s dione (100 mg, 0.89 mmol),
6-formylnicotinonitrile (118 mg, 0.89 mmol) and 1-(3(tri-
fluoromethyl)phenyl)urea (182 mg, 0.89 mmol) in a mixture
of N,N-dimethyl-formamide (670 ul.) and acetonitrile (1.2
mL), and the mixture is stirred at room temperature for 1.5
h. The reaction mixture is cooled to room temperature and
poured into a mixture of water and ice. The mixture is
filtered, and the precipitate is washed with water and dried
under reduced pressure. Yield: 330 mg; ESI mass spectrum
[M+H]*=431, Retention time HPLC: 0.63 min (V011_S01).

Intermediate 29

CF;
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1-((5-Cyanopyridin-2-y1)(2-methoxy-6-oxocyclo-
hex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)

urea

The title compound is prepared in analogy to 1-((4-
cyanophenyl)(2-methoxy-6-oxocyclohex-1-enyl)methyl)-3-
(4-(triftuoromethyl)pyridin-2-yl)urea  (intermediate  25)
using 1-((5-cyanopyridin-2-y1)(2-hydroxy-6-oxocyclohex-
1-enyl)methyl)-3-(3-(triftuoromethyl)phenyl) urea (interme-
diate 28, 330 mg, 0.767 mmol) as starting material. Yield:
203 mg; ESI mass spectrum [M+H]*=445, Retention time
HPLC: 1.05 min (V011_S01).

Intermediate 30

CN
8
N
0 Z 5
NJI\N CF,
H H
OH

1-((6-cyanopyridin-3-y1)(2-hydroxy-6-oxocyclohex-
1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea

Trimethylsilyl chloride (125 pl., 0.982 mmol) is added to
a solution of cyclohexane-1,3-dione (100 mg, 0.892 mmol),
S-formylpicolinonitrile (118 mg, 0.892 mmol) and 1-(3-(tri-
fluoromethyl)phenyl)urea (183 mg, 0.829 mmol) in a mix-
ture of N,N-dimethylformamide (670 pl.) and acetonitrile
(1.2 mL), and the mixture is heated at 50° C. for 1 h. The
reaction mixture is cooled to room temperature and poured
into a mixture of water and ice. The mixture is filtered, and
the precipitate is washed with water and dried under reduced
pressure. Yield: 346 mg; ESI mass spectrum [M+H]*=431,
Retention time HPLC: 0.67 min (V011_S01).

Intermediate 31

CF;

1-((6-Cyanopyridin-3-yl)(2-methoxy-6-oxocyclo-
hex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)
urea

Trimethyloxonium tetrafluoroborate (121 mg, 0.82 mmol)
is added to a solution of N,N-diisopropylethylamine (276
ul, 1.58 mmol) and 1-((6-cyanopyridin-3-y1)(2-hydroxy-6-
oxocyclohex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)
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urea (intermediate 30, 346 mg, 0.804 mmol) in dichlo-
romethane (10 mL). The mixture is stirred at room
temperature over night, and another portion of trimethyl-
oxonium tetrafluoroborate (121 mg, 0.82 mmol) is added.
After 1 h the mixture is diluted with dichloromethane, and
washed with water and saturated aqueous sodium chloride
solution. The organic layer is dried over Na,SO, and con-
centrated under reduced pressure. Yield: 300 mg; ESI mass
spectrum [M+H]"=445, Retention time HPLC: 1.09 min
(V011_S01).

Intermediate 32

NH

3-(3-(Difluoromethyl)phenylamino)cyclohex-2-enone

A mixture of cyclohexane-1,3-dione (2.00 g 17.84
mmol), 3-(difluoromethyl)aniline (2.55 g, 17.82 mmol) and
Ytterbium(I1I) trifluormethanesulfonate (111 mg, 178 pmol,
1.0 mol %) is stirred at room temperature for 2 h. Methanol
and water are added and the mixture is extracted twice with
dichloromethane. The combined organic layers are dried
over Na,SO, and concentrated under reduced pressure. The
residue is purified by flash chromatography on silica (gra-
dient cyclohexane/ethyl acetate 1:1 to ethyl acetate). Yield:
2.76 g; ESI mass spectrum [M+H]*=237, Retention time
HPLC: 0.40 min (X012_S01).

Intermediate 33

4-(4-Bromophenyl)-1-(3-(difluoromethyl)phenyl)-3,
4,7 8-tetrahydroquinazoline-2,5(1H,6H)-dione

A solution of 1-bromo-4-(chloro(isocyanato)methyl)ben-
zene (400 mg, 1.62 mmol) in dichloromethane (2.5 mL) is
added to a solution of 3-(3-(difluoromethyl)phenylamino)-
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cyclohex-2-enone (intermediate 32, 385 mg, 1.62 mmol) in
dichloromethane (2.5 mL). The mixture is heated at reflux
for 2 h and cooled to room temperature. Water is added and
the mixture is extracted twice with dichloromethane. The
combined organic layers are dried over Na,SO, and con-
centrated under reduced pressure. The residue is purified by
flash chromatography on silica (gradient cyclohexane/ethyl
acetate 80:20 to ethyl acetate. Yield: 350 mg; ESI mass
spectrum: [("°Br)-M+H]*=447, [(*'Br)-M+H]*=449; Reten-
tion time HPLC: 0.61 min (X012_S01).

Intermediate 34

Br

0 [ SO,Me

CF;

4-(4-Bromo-2-(methylsulfonyl)phenyl)-1-(3-(trifluo-
romethyl)phenyl)-3.4,7.8-tetrahydroquinazoline-2,5
(1H,6H)-dione

A mixture of triethyl phosphate (400 ul, 428 mg, 2.35
mmol) and phosphorous pentoxide (216 mg, 1.52 mmol) is
heated at 50° C. over night and dilutet with tert-butyl methyl
ether (10 mL). Cyclohexane-1,3-dione (320 mg, 2.85
mmol), 4-bromo-2-(methylsulfonyl)benz-aldehyde (500
mg, 1.90 mmol) and 1-(3-(trifluoromethyl)phenyl)urea (388
mg, 1.90 mmol) are added, and the mixture is heated at
reflux over night and concentrated under reduced pressure.
The residue is purified by reversed phase HPLC (Agilent
ZORBAX™+SB-C,,, gradient of acetonitrile in water,
0.15% formic acid). Yield: 80 mg; ESI mass spectrum
[(°Br)-M+H]*=543, [(*'Br)-M+H]*=545, Retention time
HPLC: 1.06 min (Z017_S04).

Intermediate 35

NH,
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1-(3-(Difluoromethyl)phenyl)urea

Water (10 mL) is added dropwise to a mixture of 3-(di-
fluoromethyl)aniline (2.00 g, 13.97 mmol) in glacial acetic
acid (6 mL). A solution of sodium cyanate (1.00 g, 15.38
mmol) in water (10 mL) is added dropwise, and the mixture
is stirred at room temperature for 4 h. The precipitate is
filtered, washed with water and dried under reduced pres-
sure. Yield: 1.80 g; ESI mass spectrum [M+H]*=187, Reten-
tion time HPLC: 0.70 min (Z012_S04).

Intermediate

0 SO,Me

A

4-(4-Bromo-2-(methylsulfonyl)phenyl)-1-(3-(difluo-
romethyl)phenyl)-3.4,7,8-tetrahydroquinazoline-2,5
(1H,6H)-dione

The title compound is prepared in analogy to 4-(4-bromo-
2-(methylsulfonyl)phenyl)-1-(3-(trifluoromethyl)phenyl)-3,
4,7 8-tetrahydroquinazoline-2,5(1H,6H)-dione (intermedi-
ate 34), using 1-(3-(difluoromethyl)phenyl)urea
(intermediate 35, 707 mg, 3.80 mmol) as starting material.
Yield: 319 mg; ESI mass spectrum [(7Br)-M+H]*=525,
[(®'Br)-M+H]*=527, Retention time HPLC: 1.01 min
(Z017_S04).

Intermediate 37

NO,

CF;
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4-Nitrophenyl 4-(4-Cyanophenyl)-2,5-dioxo-1-(3-
(trifluvoromethyl)phenyl)-1,2,5,6,7,8-hexahydroqui-
nazoline-3(4H)-carboxylate

N,N-Diisopropylethylamine (1.65 mL, 9.72 mmol) and
4-dimethylaminopyridine (59 mg, 0.49 mmol) are added to
a solution of 4-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,
2,3,4,5,6,7,8-octahydroquinazolin-4-yl)-benzonitrile  (ex-
ample 1, 1.00 g, 2.43 mmol) in dichloromethane (6 mL.), and
the mixture is cooled in an ice bath. A solution of 4-nitro-
phenyl chloroformate (540 mg, 2.67 mmol) in dichlorometh-
ane (2 mlL) is added, and the mixture is warmed to room
temperature. After 3 h another portion of 4-nitrophenyl
chloroformate (980 mg, 4.86 mmol) and N,N-diisopropyl-
ethylamine (830 uL., 4.86 mmol) are added, and the mixture
is stirred over night. Water is added and the mixture is
extracted twice with dichloromethane. The combined
organic layers are dried over Na,SO, and concentrated
under reduced pressure. The residue is purified twice by
flash chromatography on silica (first purification: gradient
cyclohexane/ethyl acetate 100:0 to 70:30, second purifica-
tion: gradient cyclohexane/ethyl acetate 100:0 to 50:50).
Yield: 374 mg; ESI mass spectrum [M+H]*=577, Retention
time HPLC: 0.92 min (Z018_S04).

Intermediate 38

CF;

4-Nitrophenyl 4-(4-Cyano-2-(methylsulfonyl)phe-
nyl)-2,5-dioxo-1-(3-(trifluoromethyl)-phenyl)-1,2,5,
6,7,8-hexahydroquinazoline-3(4H)-carboxylate

A microwave vessel is charged with a mixture of 4-(1-
(3-(triftuoromethyl)phenyl)-2,5-dioxo-1,2,3,4,5,6,7,8-octa-
hydroquinazolin-4-y1)-3-(methylsulfonyl)benzonitrile (ex-
ample 18, 50 mg, 0.10 mmol), 4-nitrophenyl chloroformate
(31 mg, 0.15 mmol) and a tip of a spatula of 4-dimethyl-
aminopyridine in toluene (3 mL). Triethylamine (0.1 mL) is
added, and the mixture is heated in a microwave at 150° C.
for 10 min. Another portion of 4-nitrophenyl chloroformate
(31 mg, 0.15 mmol) is added and the mixture is heated again
at 150° C. for 20 min. All volatiles are evaporated and the
residue is purified by reversed phase HPLC (Agilent ZOR-
BAX™ SB-C,,, gradient of acetonitrile in water, 0.15%
formic acid). Yield: 32 mg; ESI mass spectrum M+H]"=655,
Retention time HPLC: 1.10 min (Z017_S04).
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Intermediate 39

NO,

4-Nitrophenyl 4-(4-Cyano-2-(methylsulfonyl)phe-
nyl)-1-(3-(difluoromethyl)phenyl)-2,5-dioxo-1,2,5,6,
7,8-hexahydroquinazoline-3(4H)-carboxylate

The title compound is prepared in analogy to 4-nitrophe-
nyl  4-(4-cyano-2-(methylsulfonyl)-phenyyl)-2,5-dioxo-1-
(3-(triftuoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazo-
line-3(4H)-carboxylate (intermediate 38), using 4-(1-(3-
(difluoromethyl)phenyl)-2,5-dioxo-1,2,3,4,5,6,7,8-
octahydroquinazolin-4-y1)-3-(methylsulfonyl)benzonitrile
(example 19, 100 mg, 0.212 mmol) as starting material and
puritying the product by preparative HPLC (first purifica-
tion: Waters SunFire™.-C, ., gradient of acetonitrile in water,
0.1% formic acid, second purification: Agilent ZORBAX™
SB-C,,, gradient of acetonitrile in water, 0.15% formic
acid). Yield: 16 mg, ESI mass spectrum [M+H]"*=637,
Retention time HPLC: 1.06 min (Z017_S04).

Intermediate
CN
| F
O O

CFs3

1-((4-Cyano-2-fluorophenyl)(2-hydroxy-6-oxocyclo-
hex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)
urea

Trimethylsilyl chloride (1 M in dichloromethane, 4.90
ml, 4.90 mmol) is added to a solution of cyclohexane-1,3-
dione (0.50 g, 4.46 mmol), 3-fluoro-4-formylbenzonitrile
(0.67 g, 4.46 mmol) and 1-(3-(trifluoromethyl)phenyl)urea
(0.91 g, 4.46 mmol) in a mixture of N,N-dimethylformamide
(2.0 mL) and acetonitrile (2.0 mL). The mixture is stirred at
room temperature for 45 min and then poured into ice water.
The mixture is stirred over night at room temperature, and
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the precipitate is filtered and dried. Yield: 1.8 g; ESI mass
spectrum [M+H]"=448, Retention time HPLC: 1.02 min
(Z018_S04).

Intermediate 41

CN

N N CF;3
i1 i1

1-((4-Cyano-2-fluorophenyl)(2-ethoxy-6-oxocyclo-
hex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)
urea

Triethyloxonium tetrafluoroborate (1.60 g, 8.42 mmol) is
added to a solution of 1-((4-cyano-2-fluorophenyl)(2-hy-
droxy-6-oxocyclohex-1-enyl)methyl)-3-(3-(trifluorom-
ethyl)phenyl)urea (intermediate 40 1.80 g, 4.02 mmol) and
N,N-diisopropylethylamine (1.60 mL,, 9.2 mmol) in dichlo-
romethane (15 ml), and the mixture is stirred at room
temperature for 20 min Water is added, and the phases are
separated. The organic layer is dried over Na,SO, and
concentrated under reduced pressure. Yield: 1.82 g; ESI
mass spectrum [M+H]*=476, Retention time HPLC: 1.11
min (Z018_S04).

Intermediate 42

: :F
HN)J\N CF
2 H }

1-(4-fluoro-3-(trifluoromethyl)phenyl)urea

Water (2.5 mL) is added slowly to a mixture of 4-fluoro-
3-(trifluoromethyl)aniline (500 mg, 2.79 mmol) in glacial
acetic acid (1.5 mL). A solution of sodium cyanate (200 mg,
3.07 mmol) in water (2.5 mL) is added slowly, and the
mixture is stirred at room temperature for 4 h. The mixture
is extracted twice with dichloromethane, and the combined
organic layers are concentrated under reduced pressure.
Yield: 588 mg; ESI mass spectrum [M+H]"=223; Retention
time HPLC: 0.87 min (Z018_S04).

Intermediate 43

e}

PR

HN N CF
2 o 3
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1-(3-Fluoro-5-(trifluoromethyl)phenyl)urea

The title compound is prepared in analogy to 1-(4-fluoro-
3-(trifluvoromethyl)phenyl)urea (intermediate 42), using
5-fluoro-3-(trifluvoromethyl)aniline (1.00 g, 5.58 mmol) as
starting material. Yield: 630 mg; ESI mass spectrum [M+
H]*=223; Retention time HPL.C: 0.91 min (Z018_S04).

Intermediate 44

CFs3

1-((4-Cyanophenyl)(2-hydroxy-6-oxocyclohex-1-
enyl)methyl)-3-(4-fluoro-3-(trifluoromethyl)phenyl)
urea

A mixture of triethyl phosphate (620 uL., 3.66 mmol) and
phosphorous pentoxide (346 mg, 2.44 mmol) is heated at
50° C. over night and dilutet with tert-butyl methyl ether (7
mL). Cyclohexane-1,3-dione (513 mg, 4.57 mmol), 1-(4-
fluoro-3-(trifltuoromethyl)phenylyurea (677 mg, 3.05 mmol)
and 4-formylbenzonitrile (400 mg, 3.05 mmol) are added,
and the mixture is heated at 55° C. for 3 h. All volatiles are
removed under reduced pressure. The residue is dissolved in
methanol, and the mixture is purified by reversed phase
HPLC (Waters SunFire™-C, ., gradient of acetonitrile in
water, 0.1% formic acid). Yield: 551 mg; ESI mass spectrum
[M+H]*=448; Retention time HPLC: 1.04 min (Z018_S04).

Intermediate 45

N N CF;
H H

1-((4-Cyanophenyl)(2-hydroxy-6-oxocyclohex-1-
enyl)methyl)-3-(3-fluoro-5-(trifluoromethyl)phenyl)
urea

The title compound is prepared in analogy to 1-((4-
cyanophenyl)(2-hydroxy-6-oxocyclohex-1-enyl )methyl)-3-
(4-fluoro-3-(triftuoromethyl)phenyljurea (intermediate 44),
using 1-(3-fluoro-5-(trifluoromethyl)phenyl)urea (interme-
diate 43, 630 mg, 1.99 mmol) as starting material. Yield: 378
mg; ESI mass spectrum [M+H]"=448; Retention time
HPLC: 1.07 min (Z018_S04).
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Intermediate 46

N N CF3
H H

1-((4-Cyanophenyl)(2-methoxy-6-oxocyclohex-1-
enyl)methyl)-3-(4-fluoro-3-(trifluoromethyl)phenyl)
urea

N,N-Diisopropylethylamine (450 pL, 2.59 mmol) and
trimethyloxonium tetrafluoroborate (331 mg, 2.24 mmol)
are added to a mixture of 1-((4-cyanophenyl)(2-hydroxy-6-
oxocyclohex-1-enyl)methyl)-3-(4-fluoro-3-(trifluorom-
ethyl)phenyl)urea (intermediate 44, 500 mg, 1.12 mmol) in
dichloromethane (4.0 mL), and the mixture is stirred at room
temperature for 20 min Dichloromethane (20 mL) is added,
and the phases are separated. The organic layer is washed
three times with water and concentrated under reduced
pressure. Yield: 567 mg; ESI mass spectrum [M+H]"*=462;
Retention time HPLC: 1.09 min (Z018_S04).

Intermediate 47

1-((4-Cyanophenyl)(2-methoxy-6-oxocyclohex-1-
enyl)methyl)-3-(3-fluoro-5-(trifluoromethyl)phenyl)
urea

The title compound is prepared in analogy to 1-((4-
cyanophenyl)(2-methoxy-6-oxocyclohex-1-enyl)methyl)-3-
(4-fluoro-3-(triffuoromethyl)phenyl)urea (intermediate 46),
using 1-((4-cyanophenyl)(2-hydroxy-6-oxocyclohex-1-
enyl)methyl)-3-(3-fluoro-5-(trifluoromethyl)phenyl)urea
(intermediate 45, 378 mg, 0.85 mmol) as starting material.
Yield: 367 mg; ESI mass spectrum [M+H]|*=462; Retention
time HPLC: 1.11 min (Z018_S04).
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Intermediate 48

CFs3

1-((4-Bromo-2-methoxyphenyl)(2-hydroxy-6-oxocy-
clohex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)
urea

A mixture of cyclohexane-1,3-dione (700 mg, 6.24
mmol), 4-bromo-2-methoxybenz-aldehyde (1.35 g, 6.28
mmol) and 1-(3-(trifluoromethyl)phenylyurea (1.27 g, 6.24
mmol) in N,N-dimethylformamide (2.0 mL.) and acetonitrile
(3.0 mL) is stirred at room temperature for 20 min Trim-
ethylsilyl chloride (1 M in dichloromethane, 9.0 mL, 9.0
mmol) is added, and the mixture is stirred at room tempera-
ture for 30 min and poured into ice water. The mixture is
stirred for 3 h and concentrated under reduced pressure. The
residue is purified by reversed phase HPLC (Waters
Xbridge™-C, , gradient of acetonitrile in water, 0.1% NH;).
Yield: 900 mg; ESI mass spectrum [(7Br)-M+H]*=513,
[(®'Br)-M+H]*=515; Retention time HPLC: 0.68 min
(Z011_S03).

Intermediate 49

CF;

1-((4-Bromo-2-methoxyphenyl)(2-ethoxy-6-oxocy-
clohex-1-enyl)methyl)-3-(3-(tri-fluoromethyl)phe-
nyl)urea

The title compound is prepared in analogy to 1-((4-cyano-
2-fluorophenyl)(2-ethoxy-6-oxocyclohex-1-enyl)methyl)-3-
(3-(triftuoromethyl)phenyljurea (intermediate 41) using ici
1-((4-bromo-2-methoxyphenyl)(2-hydroxy-6-oxocyclohex-
1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea (interme-
diate 48, 900 mg, 1.75 mmol) as starting material. Yield: 910
mg; ESI mass spectrum [("°Br)-M+H]*=541, [(*'Br)-M+
H]*=543; Retention time HPLC: 0.92 min (Z011_S03).
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Intermediate 50

CF;

4-(4-Bromo-2-methoxyphenyl)-1-(3-(trifluorom-
ethyl)phenyl)-3.4,7,8-tetrahydroquinazoline-2,5(1H,
6H)-dione

Sodium tert-butoxide (175 mg, 1.82 mmol) is added to a
solution of 1-((4-bromo-2-methoxyphenyl)(2-ethoxy-6-0xo0-
cyclohex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)-
urea (intermediate 49, 760 mg, 1.40 mmol) in acetonitrile (4
ml), and the mixture is shaked in an ultrasound bath for 20
min Water is added, and the mixture is extracted with
dichloromethane. The combined organic layers are dried
over Na,SO, and concentrated under reduced pressure. The
residue is purified by reversed phase HPLC (Waters
Xbridge™-C, , gradient of acetonitrile in water, 0.1% NH;).
Yield: 41 mg; ESI mass spectrum [("°Br)-M+H]*=495,
[(*'Br)-M+H]*=497; Retention time HPLC: 0.96 min
(Z011_S03).

Intermediate 51
I

®
.

O O
LA
H
NH
CF;

tert-Butyl (4-Cyano-2-methylphenyl)(6-oxo-2-(3-
(trifluoromethyl)phenylamino)-cyclohex-1-enyl)
methylcarbamate

Step 1

tert-Butyl (4-Cyano-2-methylphenyl)(phenylsulfo-
nyl)methylcarbamate

Formic acid (3.3 mL, 88 mmol) is added to a mixture of
tert-butyl carbamate (1.61 g, 13.8 mmol), 4-formyl-3-meth-

10

15

20

25

30

35

40

45

50

55

60

65

74

ylbenzonitrile (2.00 g, 13.8 mmoo) and sodium benzenesul-
finate (2.26 g, 13.8 mmol) in a mixture of tetrahydrofuran (7
ml) and water (18 mL), and the mixture is stirred at room
temperature for 4 days. The tetrahydrofuran is removed
under reduced pressure. The precipitate is filtered and dried.
Yield: 3.77 g.

Step 2

tert-Butyl (4-Cyano-2-methylphenyl)(6-oxo-2-(3-
(trifluoromethyl)phenylamino)cyclohex-1-enyl)
methylcarbamate

Sodium hydride (60% in mineral oil, 150 mg, 3.75 mmol)
is added in portions to a mixture of tert-butyl (4-cyano-2-
methylphenyl)(phenylsulfonyl)methylcarbamate (step 1,
1.88 g, 3.41 mmol) and 2-methyltetrahydrofuran (10 mL),
and the mixture is stirred at room temperature for 30 min
3-(3-(Trifluoromethyl)phenylamino)cyclohex-2-enone (869
mg, 3.41 mmol) is added, and the mixture is stirred for 2 h.
Water is added, and the mixture is extracted with dichlo-
romethane. The phases are separated, and the organic layer
is concentrated under reduced pressure. The residue is
purified by reversed phase HPLC (Waters Xbridge™-C, g,
gradient of acetonitrile in water, 0.1% TFA). Yield: 1.57 g;
ESI mass spectrum [M+H]"=500; Retention time HPLC:
0.79 min (X012_S01).

Intermediate 52

N
I

4-(Amino(6-0x0-2-(3-(trifluoromethyl)phenylamino)
cyclohex-1-enyl)methyl)-3-methylbenzonitrile
hydrochloride

Hydrogen chloride (4 M in 1,4-dioxane, 5.50 mL, 22.0
mmol) is added to a solution of tert-butyl (4-cyano-2-
methylphenyl)(6-0x0-2-(3-(trifluoromethyl)phenylamino)
cyclohex-1-enyl)methylcarbamate (intermediate 51, 1.57 g,
3.14 mmol) in 1,4-dioxane (10 mL), and the mixture is
stirred at room temperature over night. All volatiles are
removed under reduced pressure, and the residue is treated
with tert-butyl methyl ether. The precipitate is filtered and
dried. Yield: 1.18 g; ESI mass spectrum [M+H]*=400;
Retention time HPLC: 0.56 min (X012_S01).
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Intermediate 53

N
||
| A
7 Cl
0 0
WSS
i1
NH
CF;3

tert-Butyl (2-Chloro-4-cyanophenyl)(6-0x0-2-(3-
(trifluvoromethyl)phenylamino)cyclohex-1-enyl)
methylcarbamate

The title compound is prepared in analogy to tert-butyl
(4-cyano-2-methylphenyl)(6-oxo-2-(3-(trifluoromethyl)
phenylamino)cyclohex-1-enyl)methylcarbamate (intermedi-
ate 51), using 3-chloro-4-formylbenzonitrile (500 mg, 6.04
mmol) as starting material. Yield: 1.05 g; ESI mass spectrum
[M+H]*=520; Retention time HPL.C: 0.81 min (X012_S01).

Intermediate 54

4-(Amino(6-0x0-2-(3-(trifluoromethyl)phenylamino)
cyclohex-1-enyl)methyl)-3-chloro-benzonitrile
hydrochloride

N
||
l cl
NH, *HCI
NH
CF;

Hydrogen chloride (4 M in 1,4-dioxane, 4.0 mL, 16.2
mmol) is added to a solution of tert-butyl (2-chloro-4-
cyanophenyl)(6-0x0-2-(3-(trifluoromethyl)phenylamino)
cyclohex-1-enyl)methylcarbamate (intermediate 53, 1.05 g,
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2.02 mmol) in 1,4-dioxane (5 mL), and the mixture is stirred
at room temperature over night. All volatiles are removed
under reduced pressure, and the residue is treated with
tert-butyl methyl ether. The precipitate is filtered and dried.
Yield: 690 mg; ESI mass spectrum [M+H]*=420; Retention
time HPLC: 0.57 min (X012_S01).

Intermediate 55

CF;

3-(2-(trifluoromethyl)pyridin-4-ylamino)cyclohex-2-
enone

A mixture of cyclohexane-1,3-dione (2.00 g, 17.8 mmol),
4-amino-2-trifluormethylpyridine (2.89 g, 17.8 mmol) and
glacial acetic acid (10 mL) is heated at 130° C. for 4 h. The
mixture cooled at room temperature, diluted with ethyl
acetate and extracted three times with water. The phases are
separated, and the aqueous layer is extracted with ethyl
acetate. The combined organic layers are dried over Na,SO,
and concentreated under reduced pressure. The residue is
purified by flash chromatography on silica (gradient dichlo-
romethane/is methanol 95:5). Yield: 940 mg; ESI mass
spectrum [M+H]*=257; Retention time HPLC: 0.80 min
(V011_S01).

Intermediate 56

N
I

(.
/\

O O
O O
‘ NJJ\OX
H

NH

/ |

X
N CF,
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tert-Butyl (4-Cyano-2-(methylsulfonyl)phenyl)(6-
0x0-2-(2-(trifluoromethyl)pyridin-4-ylamino)cyclo-
hex-1-enyl)methylcarbamate

Step 1

tert-Butyl (4-Cyano-2-(methylsulfonyl)phenyl)(phe-
nylsulfonyl)methylcarbamate

Formic acid (4.1 mL, 109 mmol) is added to a mixture of
tert-butyl carbamate (2.00 g, 17.1 mmol), 4-formyl-3-(meth-
ylsulfonyl)benzonitrile (3.57 g, 17.1 mmol) and sodium
benzenesulfinate (2.80 g, 17.1 mmol) in a mixture of tetra-
hydrofuran (12 mL) and water (48 mL), and the mixture is
stirred at room temperature for 5 days. Water (60 mL) is
added, and the precipitated is filtered, washed with water
and dried. Yield: 5.00 g.

Step 2

tert-Butyl (4-Cyano-2-(methylsulfonyl)phenyl)(6-
0x0-2-(2-(trifluoromethyl)pyridin-4-ylamino)cyclo-
hex-1-enyl)methylcarbamate

Sodium hydride (60% in mineral oil, 153 mg, 3.84 mmol)
is added in portions to a mixture of tert-butyl (4-cyano-2-
(methylsulfonyl)phenyl)(phenylsulfonyl )methylcarbamate
(step 1, 1.60 g, 3.20 mmol based on 90% purity) and
2-methyltetrahydrofuran (15 mL), and the mixture is stirred
at room temperature for 20 min. 3-(2-(Trifluoromethyl)
pyridin-4-yl-amino)cyclohex-2-enone (intermediate 55, 940
mg, 3.70 mmol) is added, and the mixture is stirred for 2 h.
Water is added, and the phases are separated. The organic
layer is washed with water and concentrated under reduced
pressure. The residue is purified by flash chromatography on
silica (gradient dichloromethane/methanol 99:1 to 97/3).
Yield: 2.10 g; ESI mass spectrum [M+H]*=565; Retention
time HPLC: 0.67 min (X012,802).

CF3

Intermediate 57

4-(Amino(6-0x0-2-(2-(trifluoromethyl)pyridin-4-
ylamino)cyclohex-1-enyl)methyl)-3-(methylsulfo-
nyl)benzonitrile hydrochloride

Hydrogen chloride (4 M in 1,4-dioxane, 4.7 mL, 18.6
mmol) is added to a solution of tert-butyl (4-cyano-2-
(methylsulfonyl)phenyl)(6-0x0-2-(2-(trifluoromethyl)pyri-
din-4-ylamino)-cyclohex-1-enyl)methylcarbamate  (inter-
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mediate 56, 2.10 g, 3.72 mmol) in acetonitrile (15 mL), and
the mixture is stirred at room temperature for 3 h. All
volatiles are removed under reduced pressure, and the resi-
due is recrystallized from acetonitrile. Yield: 970 mg; ESI
mass spectrum [M+H]|*=465; Retention time HPLC: 0.45
min (X012_S01).

Intermediate 58

N
I

CF;

Methyl 2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trif-
luoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazo-
lin-3(4H)-yl)propanoate

Cesium carbonate (713 mg, 2.19 mmol) is added to a
solution of 4-(2,5-dioxo-1-(3-(trifluoromethyl)pheny1)1,2,3,
4,5,6,7,8octahydroquinazolin-4-yl)-benzonitrile (example 1,
300 mg, 0.73 mmol) and methyl 2-bromopropanoate (244
mg, 1.46 mmol) in N,N-dimethylformamide (10 mL), and
the mixture is stirred at 50° C. for 6 h and at room
temperature over night. Water is added, and the mixture is
extracted with dichloromethane. The organic layer is
extracted with water and brine, dried over MgSO, and
concentrated under reduced pressure. Yield: 353 mg; ESI
mass spectrum [M+H]*=498; Retention time HPLC: 0.97
min (Z018_S04).

Intermediate 59

OH

CF;
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2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-yl)propanoic acid

Aqueous lithium hydroxide (2 M, 1.06 mL, 2.12 mmol) is
added to a solution of methyl 2-(4-(4-cyanophenyl)-2,5-
dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7.8-hexahydro-
quinazolin-3(4H)-yl)propanoate (intermediate 58, 350 mg,
0.70 mmol), and the mixture is stirred at room temperature
over night. Water and dichloromethane are added, and the
phases are separated. The organic layer is discarded, and the
aqueous layer is acidified with aqueous hydrogen chloride (1
M) and extracted with dichloromethane. The organic phase
is dried over MgSO,, and concentrated under reduced pres-
sure. Yield: 274 mg; ESI mass spectrum [M+H]*=484;
Retention time HPLC: 0.90 min (Z018_S04).

Intermediate 60

(€] (€]

PR

N N
/J\ ’
N 0]

CF3

73}

4-(4-Cyanophenyl)-2,5-dioxo-N-(tetrahydro-2H-
thiopyran-4-yl)-1-(3-(trifluoromethyl)phenyl)-1,2.5,
6,7,8-hexahydroquinazoline-3(4H)-carboxamide

Tetrahydro-2H-thiopyran-4-amine (76 mg, 0.65 mmol) is
added to a solution of 4-nitrophenyl 4-(4-cyanophenyl)-2,
5-dioxo-1-(3-(trifluoromethyl)phenyl)1,2,5,6,7,8-hexahyd-
roquinazoline-3(4H)-carboxylate (intermediate 37, 220 mg,
0.32 mmol) in acetonitrile (6 mL), and the mixture is stirred
at room temperature for 30 min and purified by reversed
phase HPLC (Waters SunFire™-C, 4, gradient of acetonitrile
in water, 0.1% TFA). Yield: 168 mg; ESI mass spectrum
[M+H]*=555; Retention time HPLC: 1.19 min (Z018_S04).
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SYNTHESES OF EXAMPLES

Example 1

CN

CF3

4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3.4,
5,6,7,8-octahydroquinazolin-4-yl)-benzonitrile

Method A:

Under an atmosphere of argon, a mixture of 4-(4-bro-
mophenyl)-1-(3-(trifluoromethyl)-phenyl)-3.4,7,8-tetrahyd-
roquinazoline-2,5(1H,6H)-dione (intermediate 3, 5.10 g,
10.96 mmol), zinc cyanide (1.50 g, 12.8 mmol) and tetrakis
(triphenylphosphine)-palladium(O) (600 mg, 0.52 mmol) in
N,N-dimethylformamide (5 mL) is heated at 90° C. for 2 h.
Water is added and the mixture is filtered. The precipitate is
purified by flash chromatography on silica (gradient dichlo-
romethane/methanol 100:0 to 98:2). Yield: 2.40 g; ESI mass
spectrum [M+H]|"=412; Retention time HPLC: 1.29 min
(V001_006).

Method B:

A solution of 4-(chloro(isocyanato)methyl)benzonitrile
(intermediate 2, 2.20 g, 11.4 mmol) in dichloromethane (15
ml) is added to a solution of 3-(3-(trifluoromethyl)phe-
nylamino)-cyclohex-2-enone (2.24 g, 8.78 mmol) and the
mixture is heated at reflux for 4 h. All volatiles are evapo-
rated and the residue is purified by flash chromatography on
silica (gradient cyclohexane/ethyl acetate 80:20 to 40:60).
Yield: 550 mg; ESI mass spectrum [M+H]*=412; Retention
time HPLC: 1.29 min (V001_006).

Methode C:

Sodium tert-butoxide (2.55 g, 26.5 mmol) is added to a
mixture of 1-((4-cyanophenyl)-(2-ethoxy-6-oxocyclohex-1-
enyl)methyl)-3-(3-(triftuoromethyl)phenyl)urea (intermedi-
ate 5, 10.1 g, 22.1 mmol) and acetonitrile (100 mL). After 20
min the mixture is filtered and the precipitate is washed with
acetonitrile and methyl tert-butyl ether. The precipitate is
mixed with water (300 mL) and the suspension is stirred for
1 h. The precipitate is filtered again and dried under reduced
pressure. Yield: 5.24 g; ESI mass spectrum [M+H]*=412;
Retention time HPLC: 0.88 min (Z018_S04).

Examples 1A and 1B: Enantiomers of 1

The enantiomers of racemic 4-(2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2.3.4,5,6,7,8-octahydroquinazolin-4-
yl)-benzonitrile (example 1, 260 mg, 462 mmol) are sepa-
rated by preparative supercritical fluid chromatography on a
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chiral phase (Daicel Chiralpak ADH, 2x10 mmx250 mm, 5
um, 15% MeOH+0.2% diethylamine in supercritical CO,,
40° C., 120 bar back pressure).

Example 1A

10
CN

O 13
0
NH
/& 20
N o)

CF, 25

30
(R)-4-(2,5-Dioxo-1-(3-(trifluvoromethyl)phenyl)-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-yl)benzonitrile

Yield: 75 mg; ESI mass spectrum [M+H]|*=412; Reten-
tion time: 345 min (late eluting enantiomer)
(I_ADH_20_MeOH_DEA).

Example 1B
40
CN
45
NH 50
(6]
55
CF;
60

(8)-4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-yl)benzonitrile

Yield: 75 mg; ESI mass spectrum [M+H]*=412; Reten- 45
tion time: 3.02 min (early eluting enantiomer)
(I_ADH_20_MeOH_DEA).

82
Example 2

CN

e} |

CF;

4-(6,6-Dimethyl-2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2.3.4.5.6,7.8-octahydroquinazolin-4-y1)
benzonitrile

Under an atmosphere of argon, a mixture of 4-(4-bro-
mophenyl)-6,6-dimethyl-1-(3-(tri-fluoromethyl)phenyl)-3,
4,7 8-tetrahydroquinazoline-2,5(1H,6H)-dione (intermedi-
ate 7, 372 mg, 0.754 mmol), zinc cyanide (110 mg, 0.937
mmol) and tetrakis(triphenyl-phosphine)palladium(O) (50
mg, 43 umol) in N,N-dimethylformamide (2 mL) is heated
at 110° C. over night. Water is added and the mixture is
filtered. The precipitate is purified by flash chromatography
on silica (gradient cyclohexane/ethyl acetate 80:20 to
60:40). Yield: 220 mg; ESI mass spectrum [M+H]"=440;
Retention time HPLC: 1.26 min (Z005_001).

Example 3

CN

CF;

4-(7,7-Dimethyl-2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2.3.4.5.6,7.8-octahydroquinazolin-4-y1)
benzonitrile

The title compound is prepared in analogy to 4-(6,6-
dimethyl-2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3,4,5,
6,7,8-octahydroquinazolin-4-yl)benzonitrile (example 2),
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using  4-(4-bromophenyl)-7,7-dimethyl-1-(3-(trifluorom-
ethyl)phenyl)-3.4,7,8-tetrahydroquinazoline-2,5(1H,6H)-di-
one (intermediate 9, 389 mg, 0.789 mmol) as starting
material. Yield: 125 mg; ESI mass spectrum [M+H]*=440;
Retention time HPLC: 1.22 min (Z005_001).

Example 4
CN
(€]
NH
N 6]

O

CF;

4-(2',5'-Dioxo-1'-(3-(trifluoromethyl)phenyl)-2,2',3,
3'4'5,5',6,6',8'-decahydro-1'H-spiro[pyran-4,7'-qui-
nazoline]|-4'-yl)benzonitrile

Potassium tert-butoxide (49 mg, 0.44 mmol) is added to
a solution of 1-((4-cyanophenyl)-(8-methoxy-10-0x0-3-0x-
aspiro[5.5]undec-8-en-9-yl)methyl)-3-(3-(trifluoromethyl)
phenyl) urea (intermediate 11, 224 mg, 0.44 mmol) in
N,N-dimethylformamide (3 mL). The mixture is stirred at
room temperature over night and then purified by reversed
phase HPLC (Waters Xbridge™-C, ., gradient of acetoni-
trile in water, 0.1% TFA). Yield: 21 mg; ESI mass spectrum
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[M+H]*=482, Retention time HPLC: 1.04 min (VO11_S01). 0

Example 5

CN

A,

F5C

CF;

4-(2,5-Dioxo-7-(trifluoromethyl)-1-(3-(trifluvorom-
ethyl)phenyl)-1,2,3.4,5,6,7,8-octahydroquinazolin-4-
yD)benzonitrile

Sodium tert-butoxide (364 mg, 3.79 mmol) is added to a
solution of 1-((4-cyanophenyl)-(2-ethoxy-6-0x0-4-(trifluo-
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romethyl)cyclohex-1-enyl)methyl)-3-(3-(trifluoromethyl)
phenyl)urea (intermediate 13, 1.66 g, 3.16 mmol) in acetoni-
trile (19 mL) and the mixture is stirred at room temperature
over night. All volatiles are evaporated and the residue is
purified by reversed phase HPLC (Waters Xbridge™-C, g,
gradient of acetonitrile in water, 0.1% TFA). Yield: 90 mg;
ESI mass spectrum [M+H]*=480, Retention time HPLC:
1.17 min (VO11_S01).

Example 6

CN

A

CF;3

4-(2,5-dioxo-7-phenyl-1-(3-(trifluoromethyl)phe-
nyl)-1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)benzo-
nitrile

The title compound is prepared in analogy to 4-(6,6-
dimethyl-2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3,4,5,
6,7,8-octahydroquinazolin-4-yl)benzonitrile (example 2),
using  4-(4-bromophenyl)-7-phenyl-1-(3-(triffuoromethyl)
phenyl)-3,4,7 8-tetrahydroquinazoline-2,5(1H,6H)-dione
(intermediate 15, 287 mg, 0.53 mmol) as starting material.
Yield: 82 mg; ESI mass spectrum [M+H]"=488, Retention
time HPL.C: 1.13 min, 1.50 min (1:1 mixture of diastereom-
ers) (Z003_001).

Example 7

CN

NH

FsC

CF;
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4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-7-(4-
(trifluvoromethyl)phenyl)-1,2,3,4,5,6,7,8-octahydro-
quinazolin-4-yl)benzonitrile

Sodium tert-butoxide (211 mg, 2.19 mmol) is added to a
solution of 1-((4-cyanophenyl)-(2-ethoxy-6-ox0-4-(4-(trif-
luoromethyl)phenyl)cyclohex-1-enyl)methyl)-3-(3-(trifluo-
rometh yl)phenyljurea (intermediate 17, 825 mg, 1.37
mmol) in acetonitrile (12 mL) and the mixture is stirred at
room temperature over night. Water is added and the mixture
is extracted with ethyl acetate. The organic layer is dried
over Na,SO, and concentrated under reduced pressure. The
residue is purified by flash chromatography on silica (gra-
dient cyclohexane/ethyl acetate 100:0 to 0:100). Yield: 135
mg; ESI mass spectrum [M+H]*=556, Retention time
HPLC: 1.27 min, 1.29 min (1:1 mixture of diastereomers)
(V011_S01).

Example 8

CN

} P
O N 0
\O
O

~ CF;

4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-7-(3,4,5-
trimethoxyphenyl)-1,2,3,4,5,6,7,8-octahydroqui-
nazolin-4-yl)benzonitrile

Sodium tert-butoxide (126 mg, 1.32 mmol) is added to a
solution of 1-((4-cyanophenyl)-(2-ethoxy-6-0x0-4-(3,4,5-
trimethoxyphenyl)cyclohex-1-enyl)methyl)-3-(3-(trifluo-
romethyl)phenyl)urea (intermediate 19, 684 mg, 1.10 mmol)
in acetonitrile (8 mL) and the mixture is stirred at room
temperature for 2 h. Water is added and the mixture is
extracted with ethyl acetate. The organic layer is dried over
Na,SO, and concentrated under reduced pressure. The resi-
due is purified by reversed phase HPLC (Waters Xbridge™-
C, s, gradient of acetonitrile in water, 0.1% TFA). Yield: 190
mg; ESI mass spectrum [M+H]*=578, Retention time
HPLC: 1.13 min, 1.14 min (1:1 mixture of diastereomers)
(V011_S01).
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Example 9

CN

S /K
N (6]

\ /

CF;

4-(2,5-Dioxo-7-(thiophen-2-y1)-1-(3-(trifluorom-
ethyl)phenyl)-1,2,3.4,5,6,7,8-octahydroquinazolin-4-
yDbenzonitrile

Sodium tert-butoxide (108 mg, 1.13 mmol) is added to a
solution of 1-((4-cyanophenyl)-(2-ethoxy-6-ox0-4-(thio-
phen-2-yl)cyclohex-1-enyl)methyl)-3-(3-(trifluoromethyl)
phenyl)-urea (intermediate 21, 507 mg, 0.94 mmol) in
acetonitrile (6 mL) and the mixture is stirred at room
temperature over night. Water is added and the mixture is
extracted with ethyl acetate. The organic layer is dried over
Na,SO, and concentrated under reduced pressure. The resi-
due is purified two times by reversed phase HPLC (first
purification: Waters Xbridge™-C, , gradient of acetonitrile
in water, 0.1% TFA; second purification: Waters Xbridge™-
C,s, gradient of acetonitrile in water, 0.1% NH,). Yield: 31
mg; ESI mass spectrum [M+H]*=494, Retention time
HPLC: 1.18 min, 1.20 min (1:1 mixture of diastereomers)
(V011_S01).

Example 10
CN
(€]
NH
HO
N (6]
(6]
CF;

4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2.3.4,5.6,7,8-octahydroquinazoline-7-car-
boxylic acid

Under an atmosphere of argon, a mixture of 4-(4-Bro-
mophenyl)-2,5-dioxol-(3-(trifluoromethyl)phenyl)-1,2,3.4,
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5,6,7,8-octahydroquinazoline-7-carboxylic acid (intermedi-
ate 23, 760 mg, 1.49 mmol), zinc cyanide (300 mg, 2.56
mmol) and tetrakis(triphenylphosphine)-palladium(O) (170
mg, 0.15 mol) in N,N-dimethylformamide (8 mL) is heated
at 110° C. over night. Water is added and the mixture is
filtered. The precipitate is purifed by flash chromatography
on silica (gradient dichloromethane/methanol 100:0 to
99:1). Yield: it) 210 mg; ESI mass spectrum [M+H]*=456;
Retention time HPLC: 0.61 min, 0.64 min (1:1 mixture of
diastereomers) (VO11_S01

Example 11

CN

CF;

Methyl 4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2.3.4,5,6,7.8-octahydroquinazo-
line-7-carboxylate

A mixture of 4-(4-cyanophenyl)-2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2,3.4,5,6,7,8-octahydroquinazoline-7-
carboxylic acid (example 10, 70 mg, 0.154 mmol) and
hydrogen chloride (1.3 M in methanol, 1.0 mL, 1.3 mmol)
is stirred at 50° C. for 72 h.

All volatiles are evaporated and the residue is purified by
reversed phase HPLC (Waters Xbridge™-C,, gradient of
methanol in water, 0.1% TFA). Yield: 11 mg; ESI mass
spectrum [M+H]*=470; Retention time HPLC: 1.19 min,
1.21 min (1:1 mixture of diastereomers) (V001_006).

Example 12
CN
(€]
NH
H,N
N (6]
(6]
CF;s
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4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2.3.4,5.6,7,8-octahydroquinazoline-7-car-

boxamide

N,N,N',N'-Tetramethyl-O-(benzotriazol-1-yl Juronium
tetrafluoroborate (50 mg, 0.16 mmol) and N,N-diisopropy-
lethylamine (60 ul., 0.34 mmol) are added to a solution of
4-(4-cyanophenyl)-2,5-dioxo-1-(3-(trifluoromethyl)phe-
nyl)-,2,3,4,5,6,7,8-octahydroquina zoline-7-carboxylic acid
(example 10, 70 mg, 0.154 mmol) in N,N-dimethylforma-
mide (1.0 mL). After 10 min aqueous ammonia (35%, 0.5
ml) is added and the mixture is stirred at room temperature
for 1 h. Water is added and the mixture is extracted with
diethyl ether. The organic layer is concentrated under
reduced pressure, and the residue is purified by reversed
phase HPL.C (Waters Xbridge™-C,, gradient of methanol
in water, 0.1% TFA). Yield: 15 mg; ESI mass spectrum
[M+H]*=455; Retention time HPLC: 1.02 min (V001_006).

Example 13

CN

CF;

4-(2,5-Dioxo-1-(4-(trifluoromethyl)pyridin-2-y1)-1,
2,3,4,5,6,7,8-octahydroquinazolin-4-yl)benzonitrile

Potassium tert-butoxide (47 mg, 0.421 mmol) is added to
a solution of 1-((4-cyanophenyl)-(2-methoxy-6-oxocyclo-
hex-1-enyl)methyl)-3-(6-(trifluoromethyl)pyridin-2-yl)urea
(intermediate 25, 200 mg, 0.405 mmol) in N,N-dimethyl-
formamide (3 mL). The mixture is stirred at room tempera-
ture for 1 h and concentrated under reduced pressure. The
residue is purified by reversed phase HPLC (Waters
Xbridge™-C, ,, gradient of acetonitrile in water, 0.1% NH;).
Yield: 9 mg; ESI mass spectrum [M+H]*=413; Retention
time HPLC: 1.02 min (V012_S01).
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Example 14

CN

NH

N (6]

4-(2,5-Dioxo-1-(2-(triffuoromethyl)pyridin-4-yl)-1,
2,3,4,5,6,7,8-octahydroquinazolin-4-yl)benzonitrile

Potassium tert-butoxide (15.8 mg, 0.140 mmol) is added
to a solution of 1-((4-cyanophenyl)(2-methoxy-6-oxocyclo-
hex-1-enyl)methyl)-3-(2-(trifluoromethyl)pyridin-4-yl)urea
(intermediate 27, 60 mg, 0.135 mmol) in N,N-dimethylfor-
mamide (1 mL). The mixture is stirred at room temperature
over night and then purified by reversed phase HPLC
(Waters Xbridge™-C,,, gradient of acetonitrile in water,
0.1% TFA). Yield: 9 mg; ESI mass spectrum [M+H]*=413;
Retention time HPLC: 1.01 min (V012_S01).

Example 15

CF3

6-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3 4,
5,6,7,8-octahydroquinazolin-4-yl)-nicotinonitrile

Potassium tert-butoxide (53 mg, 0.475 mmol) is added to
a solution of 14(5-cyanopyridin-2-yl)(2-methoxy-6-oxocy-
clohex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea
(intermediate 29, 203 mg, 0.458 mmol) in N,N-dimethyl-
formamide (4 mL). The mixture is stirred at room tempera-
ture over night, and another portion of potassium tert-
butoxide (26 mg, 0.23 mmol) is added. After 30 min, the
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mixture is concentrated under reduced pressure, and the
residue is purified by reversed phase HPLC (Waters
Xbridge-C, 4, gradient of acetonitrile in water, 0.1% NH,).
Yield: 5 mg; ESI mass spectrum [M+H]*=413; Retention
time HPLC: 1.02 min (V011_S01).

Example 16

CF3

5-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3.4.5,
6,7,8-octahydroquinazolin-4-yl)-picolinonitrile

Potassium tert-butoxide (63 mg, 0.56 mmol) is added to
a solution of 14(6-cyanopyridin-3-yl)(2-methoxy-6-oxocy-
clohex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea
(intermediate 31, 240 mg, 0.54 mmol) in N,N-dimethylfor-
mamide (5 mL). The mixture is stirred at room temperature
for 30 min and concentrated under reduced pressure. The
residue is purified by reversed phase HPLC (Waters
Xbridge™-C, ,, gradient of acetonitrile in water, 0.1% NH;).
Yield: 30 mg; ESI mass spectrum [M+H]*=413; Retention
time HPLC: 1.02 min (V011_S01).

Example 17
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4-(1-(3-(Difluoromethyl)phenyl)-2,5-dioxo-1,2,3 4,
5,6,7,8-octahydroquinazolin-4-yl)-benzonitrile

Under an atmosphere of argon, a mixture of 4-(4-bro-
mophenyl)-1-(3-(difluoromethyl)-phenyl)-3,4,7,8-tetrahyd-
roquinazoline-2,5(1H,6H)-dione (intermediate 33, 75 mg,
0.168 mmol), zinc cyanide (34 mg, 0.290 mmol) and tetrakis
(triphenylphosphine)-palladium(0) (20 mg, 17 umol) in
N,N-dimethylformamide (1 mL) is heated at 110° C. for 2 h
and cooled to room temperature. Water is added and the
mixture is extracted twice with dichloromethane. The com-
bined organic layers are dried over Na,SO, and concentrated
under reduced pressure. The residue is purified by flash
chromatography on silica (gradient cyclohexane/ethyl
acetate 100:0 to 0:100). Yield: 30 mg; ESI mass spectrum
[M+H]*=394; Retention time HPL.C: 0.53 min (X012_S01).

Example 18

CF3

4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3.4,
5,6,7,8-octahydroquinazolin-4-yl)-3-(methylsulfo-
nyl)benzonitrile

Under an atmosphere of argon, a mixture of 4-(4-bromo-
2-(methylsulfonyl)phenyl)-1-(3-(trifluoromethyl)phenyl)-3,
4,7 8-tetrahydroquinazoline-2,5(1H,6H)-dione (intermedi-
ate 34), zinc cyanide (22 mg, 0.191 mmol) and tetrakis
(triphenylphosphine)-palladium(O) (17 mg, 15 pot) in N,N-
dimethylformamide (1 mL) is heated at 110° C. over night.
Water is added and the mixture is filtered. The precipitate is
purifed by flash chromatography on silica (gradient cyclo-
hexane/ethyl acetate 80:20 to 50:50). Yield: 47 mg; ESI
mass spectrum [M+H]*=490; Retention time HPLC: 0.98
min (Z012_S04).
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Examples 18A and 18B

Enantiomers of Example 18
The enantiomers of racemic 4-(2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2.3.4,5,6,7,8-octahydroquinazolin-4-
y1)-3-(methylsulfonyl)benzonitrile (example 18, 40 mg, 82
umol) are separated by preparative supercritical fluid chro-
matography on a chiral phase (Daicel Chiralpak IB, 10

mmx250 mm, 5 pm, 20% MeOH+0.2% diethylamine in
supercritical CO,, 40° C., 120 bar back pressure).

Example 18A

CN

0 SO,Me

NH

CF;

(S)-4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-y1)-3-(methylsul-
fonyl)benzonitrile

Yield: 14 mg; ESI mass spectrum [M+H]*=490; Reten-

tion time: 199 min (early eluting enantiomer)
(1_IB_20_MeOH_DEA).
Example 18B
CN
SO>Me
NH
(6]
CF;
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(R)-4-(2,5-Dioxo-1-(3-(trifluvoromethyl)phenyl)-1,2, Example 19A
3,4,5,6,7,8-octahydroquinazolin-4-yl)-3-(methylsul-

fonyl)benzonitrile

Yield: 9 mg; ESI mass spectrum [M+H]*=490; Retention >
time: 2.66 min (late eluting enantiomer)
(1_IB_20_MeOH_DEA).

CN
Example 19 10 -
0 SO>Me
CN
15
‘ NH
0 SO,Me
20
‘I NH
A )
N (6] F F
25
H
F F 30
(S)-4-(1-(3-(Difluoromethyl)phenyl)-2,5-dioxo-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-y1)-3-(methylsul-
fonyl)benzonitrile
35
Yield: 47 mg; ESI mass spectrum [M+H]*=472; Reten-
4-(1-(3-(Difluoromethyl)pheny1)-2,5-dioxo-1,2,3,4, tion time: 4.93 min (early eluting enantiomer)
5,6,7,8-octahydroquinazolin-4-yl)-3-(methylsulfo- (I_1IB_20_IPROP_DEA).
nyl)benzonitrile 40
Example 19B
The title compound is prepared in analogy to 4-(2,5-
dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3,4,5,6,7,8-octahy-
droquinazolin-4-yl)-3-(methyl ~sulfonyl)benzonitrile (ex- ,q

ample 18), using 4-(4-bromo-2-(methylsulfonyl)phenyl)-1-
(3-(difluoromethyl)phenyl)-3,4,7,8-tetrahydroquinazoline-

2,5(1H,6H)-dione (intermediate 36) as starting material.

Yield: 185 mg; ESI mass spectrum [M+H]"=472; Retention CN
time HPLC: 0.93 min (Z012_S04).

SO,Me
Examples 19A and 19B 55

NH

Enantiomers of Example 19

60

The enantiomers of racemic 4-(1-(3-(difluoromethyl)phe-
nyl)-2,5-dioxo0-1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)-3-
(methylsulfonyl)benzonitrile (example 19, 130 mg, 0.276 H
mmol) are separated by preparative supercritical fluid chro-
matography on a is chiral phase (Daicel Chiralpak IB, 65 F F
10250 mm, 5 pm, 15% MeOH+0.2% diethylamine in
supercritical CO,, 40° C., 120 bar back pressure).



US RE47,493 E

95
(R)-4-(1-(3-(Difluoromethyl)phenyl)-2,5-dioxo-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-yl)-3-(methylsul-

fonyl)benzonitrile

Yield: 50 mg; ESI mass spectrum [M+H]*=472; Reten-

tion time: 555 min (late eluting enantiomer)
(1_IB_20_IPROP_DEA).
Example 20
CN
e
N/KO
CF;s

4-(1-(3-(Trifluoromethyl)phenyl)-3-methyl-2,5-di-
oxo0-1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)benzo-
nitrile

Lithium diisopropylamide (2.0 M in tetrahydrofuran, 265
ul, 0.53 mmol) is added at 0° C. to a solution of 4-(2,5-
dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3,4,5,6,7,8-octahy-
droquinazolin-4-yl)-benzonitrile (example 1, 200 mg, 0.486
mmol) in N,N-dimethylformamide (10 mL). Methyl iodide
(40 pl, 0.64 mmol) is added and the mixture is stirred for 1
h. Water is added and the mixture is extracted twice with
dichloromethane. The combined organic layers are concen-
trated under reduced pressure, and the residue is purified by
reversed phase HPLC (Waters Xbridge™-C,, gradient of
acetonitrile in water, 0.1% TFA). Yield: 50 mg; ESI mass
spectrum [M+H]|"=426; Retention time HPLC: 1.29 min
(V001_006).

Examples 20A and 20B

Enantiomers of Example 20

The enantiomers of racemic 4-(1-(3-(Trifluoromethyl)
phenyl)-3-methyl-2,5-dioxo-1,2,3,4,5,6,7,8-octahydroqui-
nazolin-4-yl)benzonitrile (example 20, 70 mg, 165 umol) are
separated by preparative supercritical fluid chromatography
on a chiral phase (Daicel Chiralpak IC, 10 mmx250 mm, 5
pm, 20% MeOH+0.2% diethylamine in supercritical CO,,
40° C., 120 bar back pressure).
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Example 20A

-~
N/KO
CF;s
(R)-4-(1-(3-(Trifluoromethyl)phenyl)-3-methyl-2,5-
dioxo-1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)ben-
Zonitrile
Yield: 28 mg; ESI mass spectrum [M+H]|"=426; Reten-
tion time: 3.76 min (early eluting enantiomer)
(I_IC_20_MeOH_DEA).
Example 20B
CN

CF3

(S)-4-(1-(3-(Trifluoromethyl)phenyl)-3-methyl-2,5-
dioxo-1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)ben-
zonitrile

Yield: 29 mg; ESI mass spectrum [M+H]*=426; Reten-
tion time: 4.93 min (late eluting enantiomer)
(I_IC_20_MeOH_DEA).
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Example 21

CN

CF;3

4-(3-Butyl-1-(3-(trifluoromethyl)phenyl)-2,5-dioxo-
1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)benzoni-
trile

Lithium diisopropylamide (2.0 M in tetrahydrofuran, 135
ul, 0.27 mmol) is added at 0° C. to a solution of 4-(2,5-
dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3,4,5,6,7,8-octahy-
droquinazolin-4-yl)-benzonitrile (example 1, 100 mg, 0.243
mmol) in N,N-dimethylformamide (5 mL). n-Butyl iodide
(30 uL, 0.264 mmol) is added, and the mixture is warmed to
room temperature and stirred for 2 h. Another portion of
n-Butyl iodide (15 pL., 0.132 mmol) is added and the mixture
is stirred over night and purified by reversed phase HPL.C
(Waters Xbridge™-C,,, gradient of acetonitrile in water,
0.1% TFA). Yield: 28 mg; ESI mass spectrum [M+H]|*=468;
Retention time HPLC: 1.47 min (V001_006).

Example 22

CN

CF;3
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4-(1-(3~(Trifluoromethyl)phenyl)-3-(2-methoxy-
ethyl)-2,5-dioxo-1,2,3.4,5,6,7,8-octahydroquinazo-
lin-4-yl)benzonitrile

The title compound is prepared in analogy to 4-(3-butyl-
1-(3-(trifluvoromethyl)phenyl)-2,5-dioxo-1,2,3,4,5,6,7,8-oc-
tahydroquinazolin-4-yl)benzonitrile (example 21), using
1-bromo-2-methoxyethane as alkylating agent. Yield: 15
mg; ESI mass spectrum [M+H]*=470; Retention time
HPLC: 1.33 min (V001_006).

Example 23

CN

CF;

4-(1-(3-(Trifltuoromethyl)phenyl)-2,5-dioxo-3-(3-
(pyrrolidin-1-yl)propyl)-1,2,3,4,5,6,7,8-octahydro-
quinazolin-4-yl)benzonitrile

In a first flask, lithium diisopropylamide (2.0 M in tetra-
hydrofuran, 135 ul., 0.27 mmol) is added at 0° C. to a
solution of 4-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-yl)-benzonitrile (ex-
ample 1, 100 mg, 0.243 mmol) in N,N-dimethyl-formamide
(3 mL, solution A). In another flask, lithium diisopropylam-
ide (2.0 M in tetrahydrofuran, 135 ul., 0.27 mmol) is added
to a solution of 1-(3-bromopropyl)pyrrolidine hydrobromide
(70 mg, 0.256 mmol) in N,N-dimethylformamide (2 mL,
solution B). This solution is then added to solution A and the
resulting mixture is stirred at room temperature over night.
Water is added, and the mixture is extracted twice with
dichloromethane. The combined organic layers are dried
over Na,SO, and concentrated under reduced pressure. The
residue is purified by reversed phase HPLC (Waters
Xbridge-C, 5, gradient of methanol in water, 0.1% TFA).
Yield: 15 mg; ESI mass spectrum [M+H]*=523; Retention
time HPLC: 1.15 min (V001_006).
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Example 24

CN

CF;

4-(1-(3-(Trifltuoromethyl)phenyl)-3-(3-methoxypro-
pyD-2,5-dioxo-1,2,3,4,5,6,7,8-octahydroquinazolin-
4-yl)benzonitrile

Under an atmosphere of argon, a mixture of 4-(2,5-dioxo-
1-(3-(trifluoromethyl)phenyl)-1,2,3,4,5,6,7,8-octahydroqui-
nazolin-4-yl)-benzonitrile (example 1, 50 mg, 0.091 mmol)
and 1-bromo-3-methoxypropane (15 mg, 0.10 mmol) in
N,N-dimethylformamide (2 ml) is treated with lithium
diisopropylamide (2.0 M in tetrahydrofuran, 55 pl, 0.11
mmol). The mixture is stirred at room temperature for 1 h
and then purified by reversed phase HPLC (Waters Sun-
Fire™-C ., gradient of acetonitrile in water, 0.1% TFA).
Yield: 4 mg; ESI mass spectrum [M+H]*=484; Retention
time HPLC: 0.86 min (X018_S01).

The following examples of Table 2 are prepared in
analogy to 4-(1-(3-(trifluoromethyl)-phenyl)-3-(3-methoxy-
propyl)-2,5-dioxo-1,2,3,4,5,6,7,8-octahydroquinazolin-4-
yDbenzonitrite (example 24), replacing 1-bromo-3-
methoxypropane with the appropriate alkyl halide as

alkylating agent.
TABLE 2
CN
e}
R3
‘ N/
N/go
CF3
Ex- MS Retention ~ HPLC-
ample R3 [M + H]* time [min] Method
24.1 / 506 1.73 W018_S01
Lo N
’ N\
W
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TABLE 2-continued
CN
(0]
R3
N -~
N/go
CF3
Ex- MS Retention  HPLC-
ample R3 M + H]* time [min] Method
242 .- 506 0.81 X018_8S01
- /
N_
S /
243 _/W 506 0.82 X018_8S01
N
~ N\
Example 25
CN

CF;

4-(1-(3~(Trifluoromethyl)phenyl)-2,5-dioxo-3-((tet-
rahydrofuran-3-yl)methyl)-1,2,3,4,5,6,7,8-octahyd-
roquinazolin-4-yl)benzonitrile

Potassium carbonate (67 mg, 0.486 mmol) is added to a
solution of 4-(2,5-dioxo-1-(3-(tri-fluoromethyl)phenyl)-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-yl)-benzonitrile (ex-
ample 1, 100 mg, 0.243 mmol) in N,N-dimethylformamide
(3 mL). 3-(Bromomethyl)tetrahydrofuran (60 mg, 0.365
mmol) is added, and the mixture is stirred at room tempera-
ture for 1 h and purified by reversed phase HPL.C (Waters
Xbridge™-C, ,, gradient of acetonitrile in water, 0.1% NH;).
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Yield: 12 mg; ESI mass spectrum [M+H]*=496; Retention
time HPLC: 0.91 min (Z011_S03).

Example 26

CF;

4-(1-(3~(Trifluoromethyl)phenyl)-2,5-dioxo-3-((tet-
rahydro-2H-pyran-4-yl)methyl)-1,2,3.4,5,6,7,8-octa-
hydroquinazolin-4-yDbenzonitrile

The title compound is prepared in analogy to 4-(1-(3-
(trifluvoromethyl)phenyl)-2,5-dioxo-3-((tetrahydrofuran-3-
yDmethyl)-1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)benzo-
nitrile (example 25), using 4-(bromomethyl)tetrahydro-2H-
pyran as alkylating agent and stiffing the reaction mixture at
room temperature for 2 d. Yield: 24 mg; ESI mass spectrum
[M+H]*=510; Retention time HPLC: 0.92 min (Z011_S03).

Example 27
CN
(0]
(6]
(LI C
N
N/J\O XN
CF;

4-(1-(3~(Trifluoromethyl)phenyl)-3-((1-methyl-2-
oxo-1,2-dihydropyridin-4-yl)methyl)-2,5-dioxo-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-yl)benzonitrile

The title compound is prepared in analogy to 4-(1-(3-
(trifluvoromethyl)phenyl)-2,5-dioxo-3-((tetrahydrofuran-3-
yDmethyl)-1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)benzo-
nitrile  (example 25), using 4-(chloromethyl)-1-
methylpyridin-2(1H)-one as alkylating agent and stirring the
reaction mixture at room temperature for 24 h. Yield: 60 mg;
ESI mass spectrum [M+H]"=533; Retention time HPLC:
0.84 min (Z011_S03).

102
Example 28

10 0
/O
15
CF;

20

Methyl 5-((4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trif-

luoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazo-
25 lin-3(4H)-yl)methyl)furan-2-carboxylate

The title compound is prepared in analogy to 4-(1-(3-
(trifluoromethyl)-phenyl)-2,5-dioxo-3-((tetrahydrofuran-3-
yDmethyl)-1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)benzo-

30 nitrile (example 25), using methyl 5-(chloromethyl)furan-2-
carboxylate as alkylating agent and stirring the reaction
mixture at room temperature for 5 d. Yield: 50 mg; ESI mass
spectrum [M+H]"=550; Retention time HPLC: 0.94 min
(Z011_S03).

35
Example 29

40
45

0] O

/ OH
50
55 CF3

5-((4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3

60 (4H)-yDmethyl)furan-2-carboxylic acid

Aqueous sodium hydroxide solution (1.0 M, 100 ul, 100
umol) is added to a solution of methyl 5-((4-(4-cyanophe-
nyl)-2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,8-

65 hexahydroquinazolin-3(4H)-yl)methyl)furan-2-carboxylate
(example 28, 25 mg, 45 pmol) in tetrahydrofuran (2 mL),
and the mixture is at room temperature over night. Another
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portion of aqueous sodium hydroxide solution (4 M, 100 L,
400 pmol) is added and stiffing was continued over night.
The mixture was acidified with aqueous hydrogen chloride
solution to (1 M, 100 pul, 100 umol) and purified by reversed
phase HPLC (Waters Xbridge™-C, ., gradient of acetoni-

5
trile in water, 0.1% TFA). Yield: 11 mg; ESI mass spectrum

[M+H]*=536; Retention time HPLC: 0.91 min (Z018_S04).

Example 30

CN

e} I

SO, M
‘ N/\/ hvle
N/go

CFs3

4-(3-(2-(Methylsulfonyl)ethyl)-2,5-dioxo-1-(3-(trit-
luoromethyl)phenyl)-1,2,3,4,5,6,7,8-octahydroqui-
nazolin-4-yl)benzonitrile

Potassium carbonate (67 mg, 0.486 mmol) and 1-bromo-
2-(methylsulfonyl)ethane (68 mg, 0.365 mmol) are added to
a solution of 4-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,
2,3,4,5,6,7,8-octahydroquinazolin-4-yl)-benzonitrile  (ex-
ample 1, 100 mg, 0.243 mmol) in N,N-dimethylformamide
(3 mL). The mixture is heated at 50° C. for 3 d and then
purified by reversed phase HPL.C (first purification: Waters
Xbridge™-C, , gradient of acetonitrile in water, 0.1% NH;;
second purification: Waters Xbridge™-C,,, gradient of
acetonitrile in water, 0.1% TFA). Yield: 22 mg; ESI mass
spectrum [M+H]"=518; Retention time HPLC: 0.86 min
(Z011_S03).

Example 31

CF;
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Methyl 2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trif-
luoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazo-
lin-3(4H)-yl)acetate

A solution of 4-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-
1,2,3.4,5,6,7,8-octahydroquinazolin-4-yl)-benzonitrile (ex-
ample 1, 3.56 g, 6.12 mmol) in a mixture of N,N-dimeth-
ylformamide (10 mL) and acetonitrile (30 mL) is cooled at
0° C. in an ice bath. Lithium diisopropylamide (2.0 M in
tetrahydrofuran, 6.7 ml, 13.4 mmol) is added while the
temperature is kept below 5° C. Methyl bromoacetate is
added dropwise while the temperature is kept below 10° C.
After 1.5 h the ice bath is removed and stiffing is continued
over night. The mixture is concentrated under reduced
pressure and the residue is purified by preparative HPLC
(Waters SunFire™-C,, gradient of acetonitrile in water,
0.1% TFA). Yield: 1.87 g; ESI mass spectrum [M+H]*=484;
Retention time HPLC: 0.95 min (Z018_S04).

Examples 31A and 31B

Enantiomers of Example 31

The enantiomers of racemic methyl 2-(4-(4-cyanophe-
nyl)-2,5-dioxo-1-(3-(trifluoromethyl)-phenyl)-1,2,5,6,7,8-
hexahydroquinazolin-3(4H)-yl)acetate (example 31, 220
mg, 0.46 mmol) are separated by preparative supercritical
fluid chromatography on a chiral phase (Daicel Chiralpak
1C, 10 mmx250 mm, 5 pm, 25% iso-PrOH+0.2% diethyl-
amine in supercritical CO,, 40° C., 120 bar back pressure).

Example 31A

CFs3

(R)-Methyl 2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-
(trifluvoromethyl)phenyl)-1,2,5,6,7,8-hexahydroqui-
nazolin-3(4H)-yl)acetate

Yield: 30 mg; ESI mass spectrum [M+H]*=484; Reten-
tion time: 6.66 min (early eluting enantiomer)
(I_IC_25_IPROP_DEA).
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Example 31B

CN

CF;

(S)-Methyl 2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-
(trifluvoromethyl)phenyl)-1,2,5,6,7,8-hexahydroqui-
nazolin-3(4H)-yl)acetate

Yield: 30 mg; ESI mass spectrum [M+H]*=484; Reten-
tion time: 933 min (late eluting enantiomer)
(I_IC_25_IPROP_DEA).

Example 32

CF;3

2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-yDacetic acid

Agqueous sodium hydroxide solution (1 M, 7.27 mL,, 7.27
mmol) is added to a solution of methyl 2-(4-(4-cyanophe-
nyl)-2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,8-
hexahydroquinazolin-3(4H)-yl)acetate (example 31, 1.76 g,
3.64 mmol) in 1,4-dioxane (15 mL) and the mixture is stirred
at room temperature for 1 h. Water (80 mL) is added and the
mixture is extracted twice with diethyl ether. The organic
phase is discarded and the aqueous phase is acidified with
aqueous hydrogen chloride (1 M) and extracted three times
with diethyl ether. The combined organic layers are washed
with water and saturated aqueous sodium chloride, and
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concentrated under reduced pressure. Yield: 1.69 g; ESI
mass spectrum [M+H]|*=470; Retention time: 0.88 min
(Z018_S04).

Example 32A
CN
(€]
OH
N/Y
/& ©
N (6]
CF;

(R)-2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-yD)acetic acid

The title compound is prepared in analogy to 2-(4-(4-
cyanophenyl)-2,5-dioxo-1-(3-(tri-fluoromethyl)phenyl)-1,2,
5,6,7,8-hexahydroquinazolin-3(4H)-yl)acetic acid (example
32), using (R)-methyl 2-(4-(4-cyanophenyl)-2,5-dioxo-1-(3-
(trifluvoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-
3(4H)-yl)acetate (example 31 A, 30 mg, 62 umol) as starting
material. Yield: 27 mg; ESI mass spectrum [M+H]*"*=470;
Retention time: 1.09 min (V001_006).

Example 32B

CN

CF;3

(S)-2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-yD)acetic acid

The title compound is prepared in analogy to 2-(4-(4-
cyanophenyl)-2,5-dioxo-1-(3-(tri-fluoromethyl)phenyl)-1,2,
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5,6,7,8-hexahydroquinazolin-3(4H)-yl)acetic acid (example
32), using (S)-methyl 2-(4-(4-cyanophenyl)-2,5-dioxo-1-(3-
(trifluvoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-
3(4H)-yl)acetate (example 31B, 30 mg, 62 umol) as starting
material. Yield: 23 mg; ESI mass spectrum [M+H]*=470;
Retention time: 1.09 min (V001_006).

Example 33

CFs3

2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-yDacetamide

O-(7-Azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluro-
nium hexafluorophosphate (38 mg, 100 umol) and triethyl-
amine (70 pL, 500 pmol) is added to a solution of 2-(4-(4-
cyanophenyl)-2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,
5,6,7,8-hexahydroquinazolin-3(4H)-yl)acetic acid (example
32, 47 mg, 100 umol) in N,N-dimethylformamide (0.5 mL).
After 20 min ammonia (0.5 M in 1,4-dioxane, 200 pL., 100
umol) is added, and the mixture is stirred at room tempera-
ture for 2 h and purified by preparative HPLC (Waters
Xbridge™-C, , gradient of acetonitrile in water, 0.1% NH;).
Yield: 29 mg; ESI mass spectrum [M+H]*=469; Retention
time HPLC: 0.84 min (Z018_S04).

Example 34

CF;
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2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-y1)-N,N-dimethylacetamide

The title compound is prepared in analogy to 2-(4-(4-
cyanophenyl)-2,5-dioxo-1-(3-(tri-fluoromethyl)phenyl)-1,2,
5,6,7,8-hexahydroquinazolin-3(4H)-yl)acetamide (example
33), using dimethylamine (2.0 M in tetrahydrofuran, 0.5 mL,
1.0 mmol) as amine. Yield: 32 mg; ESI mass spectrum
[M+H]*=497; Retention time HPLC: 1.62 min (Z011_S03).

Examples 34A and 34B

Enantiomers of Example 34

The enantiomers of racemic 2-(4-(4-cyanophenyl)-2,5-
dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7.8-hexahydro-
quinazolin-3(4H)-y1)-N,N-dimethylacetamide (example 34,
147 mg, 0.296 mmol) are separated by preparative super-
critical fluid chromatography on a chiral phase (Daicel
Chiralpak 1A, 10 mmx250 mm, 5 pm, 25% iso-PrOH+0.2%
diethylamine in supercritical CO,, 40° C., 120 bar back
pressure).

Example 34A

CF;

(R)-2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-y1)-N,N-dimethylacetamide

Yield: 51 mg; ESI mass spectrum [M+H]*=497; Reten-
tion time: 1.8 min (early eluting enantiomer)
(I_IA_25_IPROP_DEA).
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Example 34B

CN

CF;

(S)-2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-y1)-N,N-dimethylacetamide

Yield: 53 mg; ESI mass spectrum [M+H]*=497; Reten-
tion time: 2.8 min (late eluting enantiomer)

(I_IA_25_IPROP_DEA).

Example 35

4-(3-(2-(1-Methylpyrrolo[3,4-c]pyrazol-5(1H.4H,
6H)-y1)-2-oxoethyl)-2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)
benzonitrile

N,N,N'N'-Tetramethyl-O-(benzotriazol-1-yl)uronium
tetrafluoroborate (161 mg, 0.50 mmol) and triethylamine
(210 pL, 1.51 mmol) are added to a mixture of 2-(4-(4-
cyanophenyl)-2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,
5,6,7,8-hexahydroquinazolin-3(4H)-yl)acetic acid (example
32, 235 mg, 0.50 mmol) in N,N-dimethylform-amide (2
mL). After 5 min a solution of 1-methyl-1,4,5,6-tetrahydro-
pyrrolo[3,4-c]pyrazole (123 mg, 1.00 mmol) in N,N-dim-
ethylformamide (3 mL) is added, and the mixture is stirred
over night and purified by preparative HPLC (Waters
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Xbridge™-C, ,, gradient of acetonitrile in water, 0.1% NH;).
Yield: 86 mg; ESI mass spectrum [M+H]*=575; Retention
time HPLC: 0.86 min (Z011_S03).

Examples 35A and 35B
Enantiomers of Example 35

The enantiomers of racemic 4-(3-(2-(1-methylpyrrolo[3,
4-clpyrazol-5(1H,4H,6H)-yl)-2-oxoethyl)-2,5-dioxo-1-(3-
(trifluoromethyl)phenyl)-1,2,3,4,5,6,7,8-octahydroquinazo-
lin-4-yl)benzobenitrile (example 35, 86 mg, 0.150 mmol)
are separated by preparative supercritical fluid chromatog-
raphy on a chiral phase (Daicel Chiralpak AS-H, 10
mmx250 mm, 5 um, 20% iso-PrOH+0.2% diethylamine in
supercritical CO,, 40° C., 120 bar back pressure).

Example 35A

CN

~N
|

\N
\

¢}

or

¢}

i ~CF;

(R)-4-(3-(2-(1-Methylpyrrolo[3,4-c|pyrazol-5(1H,
4H,6H)-yl)-2-oxoethyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,3.4,5,6,7,8-octahydroquinazolin-4-
yDbenzonitrile

Yield: 27 mg; ESI mass spectrum [M+H]|*=575; Reten-

tion time: 2.3 min (early eluting enantiomer)
(I_ASH_20_IPROP_DEA).
Example 35B
CN
N\N

CF3
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(S)-4-(3-(2-(1-Methylpyrrolo[3.,4-c]|pyrazol-5(1H,
4H,6H)-y1)-2-oxoethyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,3.4,5,6,7,8-octahydroquinazolin-4-
yD)benzonitrile

5
Yield: 28 mg; ESI mass spectrum [M+H]*=575; Reten-

tion time: 2.9 min (late eluting enantiomer)
(I_ASH_20_IPROP_DEA).
Example 36
(6]

CF;3
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2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-y1)-N-(2-(2-oxohnidazolidin-1-yDethyl)acet-
amide

O-(7-Azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluro-
nium hexafluorophosphate (38 mg, 100 umol) and triethyl-
amine (35 pl, 250 umol) are added to a solution of 2-(4-
(4-cyanophenyl)-2,5-dioxo-1-(3-(triftuoromethyl)phenyl)-
1,2,5,6,7,8-hexahydroquinazolin-3(4H)-yl)acetic
(example 32, 47 mg, 100 pmol) in N,N-dimethylformamide
(0.5 mL). After 30 min a solution of 1-(2-aminoethyl)
imidazolidin-2-one (18 mg, 0.140 mmol) and triethylamine
(35 pl, 250 pL) in N,N-dimethylformamide (0.5 mL) is
added, and the mixture is stirred at room temperature over
night and purified by preparative HPL.C (Waters Xbridge™-
C,s, gradient of acetonitrile in water, 0.1% NH;). Yield: 25
mg; ESI mass spectrum [M+H]"=581; Retention time
HPLC: 0.97 min (001_CA04).

The following examples of Table 3 are prepared in

acid

analogy to 2-(4-(4-cyanophenyl)-2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3(4H)-
y1)-N-(2-(2-ox0-imidazolidin-1-yl)ethyl)acetamide
ample 36) replacing 1-(2-aminoethyl)imidazolidin-2-one
with the appropriate amine as starting material.

(ex-

TABLE 3

Example R3

CF;3

MS Retention
[M + H]* time [min]

HPLC-
Method

36.1 H
. N
R ,\"/ \
(6]

36.2 H
_'\“/N\
(@]
36.3
H
',»\"/N
(@]

483 1.09 004_CAO01

509 1.14 004_CAO01

523 1.21 004_CAO01



US RE47,493 E

113 114
TABLE 3-continued

CN

CF;3

MS Retention  HPLC-
Xample + time [min etho
Example R3 M+ H]* ti i Method

36.4 | 523 1.23 004_CAO01
_,\“/N.
(@]
36.5 § 527 0.70 004_CAO05
P ’W \/\O/
(@]
36.6 535 0.77 004_CAO05
,"\"/N
(@]
36.7 | 537 1.27 004_CAO01
,"\"/N
(@]
36.8 539 0.85 2018_S04
OH
/\"/N
(@]
36.9 § 539 1.10 004_CAO01
\“/ '
(@]
36.10 540 0.85 004_CAO01

36.11 541 1.18 004_CAO01
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TABLE 3-continued

CN
e}
R3
N/
N/go
CFs
MS Retention  HPLC-
Example R3 [M + H]* time [min] Method
36.12 | 541 1.17 004_CAO01
. N
. '\"/ ~N TN
e}
36.13 % o 541 1.33 004_CAO01
e}
36.14 - 541 0.69 004_CAO05
.- N
¢}
36.15 \ 549 1.22 004_CAO01
-y
. N
- ’\"/ o)
e}

36.16 E>< 549 1.27 004_CAO01
36.17 DD 549 1.28 004_CAO01

36.18 éﬁ 551 0.77 004_CAO05
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TABLE 3-continued

CN
e}
R3
N -~
N/go
CFs
MS Retention  HPLC-
Example R3 [M + H]* time [min] Method
36.19 551 1.33 004_CAO01
. '\"/ N
e}
36.20 @] 552 1.01 004_CAO01
H
P N/"l.
T
¢}

36.21 552 0.65 004_CAO05
NH
\/go

36.22 553 1.11 004_CAO01

36.23 E>7 553 0.73 004_CAO05
(6]

36.24 553 0.73  004_CAO5
Hﬁ
. N
- '\"/ fo)
0
36.25 E><OH 553 0.69  004_CA05
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TABLE 3-continued

CN
0
R3
N 7~
N/go
CF3
MS Retention  HPLC-
Example R> [M + H]* time [min] Method
36.26 O 554 1.02 004_CAO01
-~ \/\ N
H
¢}
36.27 % o 555 1.19 004_CAO01
7 SN
0O

36.28 (\ 555 1.24 004_CAO01
S

(6]
36.29 % 559 0.99 004_CAO01
R \/\S/
(6]
36.30 § 563 0.86 004_CAO01
- \/\N/\
N
(6] [
36.31 /N\ 563 1.06 004_CAO01
H N—
D
(6]
36.32 % 563 1.11 004_CAO01
0 \/\N/N\
o Q
36.33 e 563 1.09 004_CAO01
N_
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TABLE 3-continued

CN
e}
R3
N/
N/go
CF;
MS Retention  HPLC-
Example R> [M + H]* time [min] Method
36.34 563 1.33 004_CAO01
,"\"/N
¢}
36.35 N 565 1.07 004_CAO01
NN
P
. N
¢}
36.36 566 1.01 004_CAO01

s
=z

3637 (\ - 566 0.67  004_CAOS
N
\/KO

O
36.38 % 566 0.86 004_CAO01
O \(}\T
~
36.39 566 0.87 004_CAO01
H
. N
R \“/ N\
O
36.40 (0] 567 1.19 004_CAO01
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TABLE 3-continued
CN
O
R3
N/
N/KO
CFs
MS Retention  HPLC-
Example R> [M + H]* time [min] Method
36.41 567 1.15 004_CAO01

3642 \/O 567 0.73 004_CAO05
(6]

3643 | | 568 0.87 004_CAO01

36.44 571 1.30 004_CAO01
'/\"/N
¢}

3645 (\ 571 1.03 004_CAO01

O
\j/
(@]
36.46 — 572 1.03 004_CAO01
} {
N
(@]
36.47 573 1.32 004_CAO01
- N\/@

<
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TABLE 3-continued
CN
(@]
R3
N~

CF;
MS Retention  HPLC-
Example R3 [M + H]* time [min] Method
36.48 574 1.28 004_CAO01
YN
YT
e}
36.49 575 0.88 004_CAO01
NN
N
,/\"/N e
e}
36.50 =N 575 1.11 004_CAO01
\ N
N
',/\"/N
e}
36.51 //\ N 575 0.72 004_CAO05
N
/,\"/N\/‘\>
e}
36.52 O 576 0.98 004_CAO01
/
H
_,\"/N N NH
e}
36.53 § 576 1.04 004_CAO01
"_,\“/ F N/
¢}
\ o
36.54 N 577 0.89 Z018_8S04
[
N_

126
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TABLE 3-continued
CN
(@]
R3
N~

CF;

MS Retention  HPLC-

Example R3 [M + H]* time [min] Method
36.55 f 578 0.88 004_CAO01
(\N
.'\“/N\)
¢}
36.56 578 0.87 004_CAO01
N
,"\"/N
e}
36.57 580 1.03 004_CAO01
§ O
Y \
¢}
36.58 (6] 580 1.06 004_CAO01
H
. N
. \“/ \/\N
¢}
36.59 O 580 1.03 004_CAO01
0 N—
,"\"/N
e}
36.60 580 1.07 004_CAO01

Q)
>:o

(6]
36.61 H 580 1.03 004_CAO01
(6]
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TABLE 3-continued
CN
(0]
R3
N/
N/go
CF3
MS Retention  HPLC-
Example R3 [M + H]* time [min] Method

36.62 q O 581 1.02 004_CAO01
. N
et \/\N/<
NH
¢}
36.63 § 582 0.68 004_CAO05
/_,/\"/ \/\N /\
¢} k/o
36.64 / N 586 0.88 004_CAO01
‘,‘\’(N \ |
0O
36.65 N 590 1.17 004_CAO01
/'\"/N | fo)
¢}
36.66 592 0.86 004_CAO01
. N N
- ’\"/ N
¢}
36.67 | 0 594 0.70 004_CAO05
. N
- ’\"/ \/\N
¢}
36.68 596 0.87 004_CAO01
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TABLE 3-continued

CN
(0]
R3
N/
N/KO
CF;
MS Retention  HPLC-
Example R3 [M + H]* time [min] Method
36.69 | 601 1.14 004_CAO01
.- N
3 ’\"/ Séo
Y
0 o
36.70 /O 601 1.10 004_CAO01
s/fo
Y
(0]
36.71 H 602 1.02 004_CAO01
N (0]
/’\"/N | /
(0]
36.72 (€] 606 1.10 004_CAO01
(\N
,"\"/N
(0]
36.73 (€] 606 1.15 004_CAO01
N
_'WN
(0]
36.74 608 1.07 004_CAO01

zm
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TABLE 3-continued
R3
6]
CF;
MS Retention ~ HPLC-
Example R3 [M + H]* time [min] Method
36.75 o, 0 616 072 004_CAO05
\/
(\ NN
.- \n/ N\)
(6]
30
Example 37 Example 38
CN 15 CN
)OI\ ! JOI\
N N N N -
A A,
N (6] S -~ N (6]
/\ 45
o O
CF; CF;
50
4-(4-Cyanophenyl)-N-(4-(methylsulfonyl)benzyl)-2, 4-(4-Cyanophenyl)-N,N-dimethyl-2,5-dioxo-1-(3-
5-dioxo-1-(3-(trifluoromethyl)-phenyl)-1,2,5,6,7,8- o (trifluvoromethyl)phenyl)-1,2,5,6,7,8-hexahydroqui-

hexahydroquinazoline-3(4H)-carboxamide

A mixture of 4-nitrophenyl 4-(4-cyanophenyl)-2,5-dioxo-
1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,8-hexahydroqui-
nazoline-3(4H)-carboxylate (intermediate 37, 200 mg, 0.347
mmol) and (4-(methylsulfonyl)phenyl)methanamine (193
mg, 1.04 mmol in acetonitrile (5 mL) is stirred at room
temperature for 1 h and purified by preparative HPLC
(Waters Xbridge™-C,,, gradient of acetonitrile in water,
0.1% TFA). Yield: 92 mg; ESI mass spectrum [M+H]*=623;
Retention time HPLC: 0.66 min (X012_S01).

60

65

nazoline-3(4H)-carboxamide

A mixture of 4-nitropheny! 4-(4-cyanophenyl)-2,5-dioxo-
1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,8-hexahydroqui-
nazoline-3(4H)-carboxylate (intermediate 37, 51 mg, 8
umol) and dimethylamine (2.0 M in tetrahydrofuran, 220
ul, 440 pumol) in acetonitrile (1.5 mL) is stirred at room
temperature for 30 h and purified by preparative HPLC
(Waters Xbridge™-C,,, gradient of acetonitrile in water,
0.1% NH,). Yield: 14 mg; ESI mass spectrum [M+H]*=483;
Retention time HPLC: 1.03 min (Z018_S04).
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Example 39

CN
0
)]\ 0
N g/\/ ~
N/KO

CF;3

US RE47,493 E
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4-(4-Cyanophenyl)-N-(2-methoxyethyl)-2,5-dioxo-
1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7.8-hexahydro-
quinazoline-3(4H)-carboxamide

A solution of 4-nitrophenyl 4-(4-cyanophenyl)-2,5-dioxo-
1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,8-hexahydroqui-
nazoline-3(4H)-carboxylate (intermediate 37, 58 mg, 100
pmol) in acetonitrile (1.5 mL) is added to a solution of
2-methoxyethanamine (43 pl., 500 pmol) in acetonitrile (0.5
mL). The mixture is stirred at room temperature for 2 h and
purified by preparative HPLC (Waters Xbridge™-C ., gra-
dient of acetonitrile in water, 0.1% NH,). Yield: 33 mg; ESI
mass spectrum [M+H]*=513; Retention time HPLC: 0.98
min (Z018_S04).

The following examples of Table 4 are prepared in
analogy to 4-(4-cyanophenyl)-N-(2-methoxyethyl)-2,5-di-
ox0-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,8-hexahydro-
quinazoline-3(4H)-carboxamide (example 39) replacing

20 2-methoxyethanamine with the appropriate amine as starting
material.
TABLE 4
CN
(6]
R3
N7
N/go
CF;
MS Retention ~ HPLC-
Example R3 [M + H]* time [min] Method
39.1 i)l\ 469 1.24 004_CAO01
P d N /
H
39.2 O 497 1.36 004_CAO01
s ”\ N N
H
39.3 O 499 1.12 004_CAO01
. ”\ OH
Pt N /\/
H
39.4 O 511 1.08 004_CAO01
B ”\ N\j\
OH
39.5

(ﬁ\ /C/O 511 1.19 004_CAO01
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TABLE 4-continued
CN
O
R3
N/
N/go
CF;
MS Retention  HPLC-
Example R3 [M + H]* time [min] Method
39.6 O 513 1.14 004_CAO01
ot ”\N/\/\OH
H
39.7 O 525 1.16 004_CAO01
L ”\N/\
k/o
39.8 O | 526 0.87 004_CAO01
I \
. NN N
H
399 (o] 539 1.24 004_CAO01
f” l‘kN
H 0
39.10 (ﬁ\ 539 1.19 004_CAO01
<7 N
\
39.11 (o] | 540 0.87 004_CAO01
I \
- N/\/ ~
39.12 (o] (o] 545 1.07 004_CAO01
I |
L N/\/ \
H
39.13 O 549 1.21 004_CAO01
NN
H N—

138



US RE47,493 E

TABLE 4-continued
CN
(0]
R3
N/
N/go
CF;
MS Retention  HPLC-
Example R3 [M + H]* time [min] Method
39.14 N 549 1.14 004_CAO01
(€] =\
N_
L o
’ T
39.15 / 552 1.16 004_CAO01
Oj\:1\>
(¢]
-~ ”\N
H
39.16 O 552 1.08 004_CAO01
A o
. N/Y
K/N\
39.17 O 552 1.09 004_CAO01
I 1
Lo N,
4 N
H/\£>:O
39.18 (ﬁ\ 553 1.20 004_CAO01
t” O\
o
39.19 O 0o O 561 1.16 004_CAO01
L
s N/\/ ~
H
39.20 O 624 1.20 004_CAO01
L.
- N \
S
/

SO,Me

140
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Example 40

CF;3

Methyl 4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2.5,6,7,8-hexahydroquinazoline-
3(4H)-carboxylate

A solution of 4-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-
1,2,3.4,5,6,7,8-octahydroquinazolin-4-yl)-benzonitrile (ex-
ample 1, 60 mg, 0.146 mmol) in tetrahydrofuran (0.8 mL) is
added to a suspension of sodium hydride (60% in mineral
oil, 7 mg, 0.17 mmol) in tetrahydrofuran (0.5 mL). After 20
min methyl chloroformate (11 pL, 0.15 mmol) is added and
the mixture is stirred at room temperature over night.
Another portion of sodium hydride (60% in mineral oil, 3
mg, 0.07 mmol) is added. After 2 h, the mixture is diluted
with water and N,N-dimethylformamide and then purified
by preparative HPLC (Waters Xbridge™-C, ., gradient of
acetonitrile in water, 0.1% NH;). Yield: 8 mg; ESI mass
spectrum [M+H]*=470, Retention time HPLC: 1.14 min
(V011_S01).

Example 41

CF;3
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2-Methoxyethyl 4-(4-Cyanophenyl)-2,5-dioxo-1-(3-
(trifluvoromethyl)phenyl)-1,2,5,6,7,8-hexahydroqui-
nazoline-3(4H)-carboxylate

A solution of 2-methoxyethanol (7 pL, 89 pmol) in dry
tetrahydrofuran (500 pL) is cooled at 78° C. and treated with
sodium hydride (60% in mineral oil, 9 mg, 0.14 mmol).
After 30 min, 4-nitrophenyl 4-(4-cyanophenyl)-2,5-dioxo-
1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,8-hexahydroqui-
nazoline-3(4H)-carboxylate (intermediate 37, 50 mg, 87
umol) is added and the mixture is stirred at room tempera-
ture for 2 h. Water is added and the mixture is purified by
preparative HPLC (Waters Xbridge™-C,,, gradient of
acetonitrile in water, 0.1% NH;). Yield: 8 mg; ESI mass
spectrum [M+H]"=514; Retention time HPLC: 0.64 min
(X012_S01).

Example 42

CF;

Neopentyl 4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trif-
luoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazo-
line-3(4H)-carboxylate

A solution of 2,2-dimethyl-1-propanol (9 mg, 0.10 mmol)
in dry tetrahydrofuran (I mL) is cooled at -78° C. and
treated with sodium hydride (60% in mineral oil, 5 mg, 0.11
mmol). After 20 min, a solution of 4-nitrophenyl 4-(4-
cyanophenyl)-2,5-dioxo-1-(3-(triftuoromethyl)phenyl)-1,2,
5,6,7,8-hexahydroquinazoline-3(4H)-carboxylate (interme-
diate 37, 60 mg, 0.10 mmol) in tetrahydrofuran (1 mL) is
added and the mixture is stirred for 5 h at room temperature.
Another portion of 2,2-dimethyl-1-propanol (9 mg, 0.10
mmol) is added and the mixture is stirred over night.
Another portion of 2,2-dimethyl-1-propanol (18 mg, 0.20
mmol) is added and the mixture is heated at 50° C. for 2 h.
Water is added and the mixture is extracted with dichlo-
rmethane. The organic layer is concentrated under reduced
it) pressure and the residue is purified by flash chromatog-
raphy on silica (gradient cyclohexane to cyclohexane/ethyl
acetate 1:1). Yield: 12 mg; ESI mass spectrum [M+H]*=526;
Retention time HPLC: 0.76 min (X012_S01).
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Example 43

CF;3

4-(3-(Methylsulfonyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,3.4,5,6,7,8-octahydroquinazolin-4-
yD)benzonitrile

Sodium hydride (60% in mineral oil, 6 mg, 0.15 mmol)
and triethylamine (26 pl., 182 pmol) are added to a solution
of 4-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3.4,5,6,7,
8-octahydroquinazolin-4-yl)-benzonitrile (example 1, 25
mg, 61 umol) in tetrahydrofuran (600 pl.), and the mixture
is stirred at room temperature for 15 min. Methanesulfonyl
chloride (6 ulL, 0.07 mmol) is added, and the mixture is
stirred for 2.5 h and purified by preparative HPLC (Waters
Xbridge™-C, , gradient of acetonitrile in water, 0.1% NH;).
Yield: 13 mg; ESI mass spectrum [M+H]*=490; Retention
time HPLC: 0.95 min (Z018_S04).

Example 44

CN

CF;

Methyl 4-(4-(4-Cyanophenylcyanophenyl)-2,5-di-
ox0-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,8-hexa-
hydroquinazolin-3(4H)-ylsulfonyl)thiophene-2-car-

boxylate

Sodium hydride (60% in mineral oil, 10 mg, 0.26 mmol)
is added to a solution of 4-(2,5-dioxo-1-(3-(trifluoromethyl)
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phenyl)-1,2,3.4,5.6,7,8-octahydroquinazolin-4-yl)-benzoni-
trile (example 1, 41 mg, 100 pmol) in a mixture of tetrahy-
drofuran (1.5 mL) and N,N-dimethylformamide (150 pL).
The mixture is stirred for 5 min and added to a solution of
methyl 4-(chlorosulfonyl)thiophene-2-carboxylate (48 mg,
200 pumol) in tetrahydrofuran (0.5 mL). The mixture is
stirred at 45° C. over night and purified by preparative
HPLC (Waters SunFire™-C, ., gradient of acetonitrile in
water, 0.1% TFA). Yield: 24 mg; ESI mass spectrum
[M+H]*=616; Retention time HPL.C: 1.30 min (001_CA04).

The following examples of Table 5 are prepared in
analogy to methyl 4-(4-(4-cyanophenyl)-2,5-dioxo-1-(3-
(trifluvoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-
3(4H)-ylsulfonyl)thiophene-2-carboxylate (example 44),
using the appropriate sulfonyl chloride as starting material.

TABLE 5

CFs
Re-
MS  tention
Ex- M+ time HPLC-
ample R3 H]*  [min] Method
44.1 o O 504 1.30  001_CAO03
V]
- Sv
44.2 O 518 1.01 Z018_S04
\VJ
g S\/\
44.3 (@) 532 1.40  001_CAO03
\V/
.S
44.4 o 0 542 1.25 002_CA04
\YJ
. _,S\£(>
44.5 o, 0 552 1.30  002_CA04
\7/
PN :
44.6 o, 0 553 1.29  001_CAO03
N/
- Ny
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TABLE 5-continued
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CF;
Re-
MS  tention
Ex- M+ time HPLC-
ample R3 H]*  [min] Method
44.7 o 0O 556 1.26  001_CAO03
\V/
.S N
- —_— \
N_
—y
44.8 566 1.38  001_CAO03
o 0
\VJ
—’S
0O O 0O O 568 1.25 001_CAO03
\/' N/
44.10 o 0 (0] 576 1.31 001_CAO03
v
.S
-7 OMe
411 O, 0O 577 1.33  001_CAO03
\V/
"Sj :
NC
44,12 O, O 578 1.42  001_CAO03
\V/
"S\/\©
413 0O, 0O fo) 614 1.39 001_CAO03
N/

Q
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Example 45

CFs3

4-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-ylsulfonyl)butanoic acid

A solution of lithium hydroxide (2 mg, 84 pmol) in water
(200 mL) is added to a solution of methyl 4-(4-(4-cyano-
phenyl)-2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,
8-hexahydroquinazolin-3(4H)-ylsulfonyl)butanoate (ex-
ample 44.10, 19 mg, 33 umol) in 1,4-dioxane (1 mL). The
mixture is stirred at room temperature for 2 h and purified by
it) preparative HPLC (Waters SunFire™-C, ;. gradient of
acetonitrile in water, 0.1% TFA). Yield: 6 mg; ESI mass
spectrum [M+H]"=562; Retention time HPLC: 0.91 min
(Z018_S04).

Example 46

OH

CF3

4-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-ylsulfonyl)thiophene-2-carboxylic acid

The title compound is prepared in analogy to 4-(4-(4-
cyanophenyl)-2,5-dioxo-1-(3-(tri-fluoromethyl)phenyl)-1,2,
5,6,7,8-hexahydroquinazolin-3(4H)-ylsulfonyl)butanoic
acid example 45), using methyl 4-(4-(4-cyanophenyl)-2,5-
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dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7.8-hexahydro-
quinazolin-3(4H)-ylsulfonyl)thiophene-2-carboxylate (ex-
ample 44, 22 mg, 36 umol) as starting material. Yield: 9 mg;
ESI mass spectrum [M+H]*=602; Retention time HPLC:
0.94 min (Z018_S04).

Example 47

CF;

4-(4-Cyano-2-(methylsulfonyl)phenyl)-N-methyl-2,
5-dioxo-1-(3-(trifluoromethyl)-phenyl)-1,2,5,6,7,8-
hexahydroquinazoline-3(4H)-carboxamide

Methylamine (2.0 M in tetrahydrofuran, 69 ul, 138 pmol)
is added to a solution of 4-nitrophenyl 4-(4-cyano-2-(meth-
ylsulfonyl)phenyl)-2,5-dioxo-1-(3-(trifluoromethyl)phe-
nyl)-1,2,5,6,7,8-hexahydroquinazoline-3 (4H)-carboxylate
(intermediate 38, 30 mg, 46 pmol) in acetonitrile (1 mL).
The mixture is stirred at room temperature for 20 min and
purified by reversed phase HPLC (Agilent ZORBAX™
SB-C,4, gradient of acetonitrile in water, 0.15% formic
acid). Yield: 22 mg; ESI mass spectrum M+H]*=547, Reten-
tion time HPLC: 1.01 min (Z017_S04).

Examples 47A and 47B

Enantiomers of Example 47

The enantiomers of racemic 4-(4-cyano-2-(methylsulfo-
nyl)phenyl)-N-methyl-2,5-dioxo-1-(3-(trifluoromethyl)phe-
nyl)-1,2,5,6,7,8-hex ahydroquinazoline-3(4H)-carboxamide
(example 47, 50 mg, 91 pmol) are separated by preparative
supercritical fluid chromatography on a chiral phase (Daicel
Chiralpak 1B, 10 mmx250 mm, 5 pm, 30% MeOH+ is 0.2%
diethylamine in supercritical CO,, 40° C., 120 bar back
pressure).
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Example 47A

CFs3

(S)-4-(4-Cyano-2-(methylsulfonyl)phenyl)-N-
methyl-2,5-dioxo-1-(3-(trifluoromethyl)-phenyl)-1,2,
5,6,7,8-hexahydroquinazoline-3(4H)-carboxamide

Yield: 22 mg; ESI mass spectrum [M+H]*=547; Reten-

tion time: 128 min (early eluting enantiomer)
(1_IB_30_MeOH_DEA).
Example 47B
CN
& SO>Me
o : o
N/
H
CF;

(R)-4-(4-Cyano-2-(methylsulfonyl)phenyl)-N-
methyl-2,5-dioxo-1-(3-(trifluoromethyl)-phenyl)-1,2,
5,6,7,8-hexahydroquinazoline-3(4H)-carboxamide

Yield: 22 mg; ESI mass spectrum [M+H]|"*=547; Reten-
tion time: 229 min (late eluting enantiomer)
(1_IB_30_MeOH_DEA).

The following examples of Table 6 are prepared in
analogy to  4-(4-cyano-2-(methylsul-fonyl)phenyl)-N-
methyl-2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,
8-hexahydroquinazoline-3(4H)-carboxamide (example 47)
using the appropriate amine as starting material.
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TABLE 6
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CF3
MS
Ex- [M + Retention HPLC-
ample R3 H]* time [min] Method
47.1 (0] 561 1.06 Z017_S04
""”\N/\
H
47.2 O 577 0.95 Z017_S04
. OH
- ”\N/\/
H
47.3 O 591 0.97 Z017_S04
e ”\N/\/\OH
H
474 O 0o O 639 0.97 Z017_S04
Y
el N/\/ ~
H
Example 48

CF3
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(S)-4-(3-Methyl-2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2,3,4,5,6,7,8-octahydroquinazolin-4-y1)-3-
(methylsulfonyl)benzonitrile

Lithium diisopropylamide (1.8 M in tetrahydrofuran, 62
ul, 0.11 mmol) is added to a solution of (S)-4-(2,5-dioxo-
1-(3-(trifluoromethyl)phenyl)-1,2.3,4,5,6,7,8-octahydroqui-
nazolin-4-yl)-3-(methylsulfonyl)benzonitrile (example 18A,
50 mg, 0.10 mmol) in N,N-dimethylformamide (1 mL).
Methyl iodide (8 pL., 0.13 mmol) is added and the mixture
is stirred for 1 h. Water is added and the mixture is purified
by reversed phase HPLC (Agilent ZORBAX™ SB-C,,,
gradient of acetonitrile in water, 0.15% formic acid). Yield:
20 mg; ESI mass spectrum [M+H]*=504; Retention time
HPLC: 1.04 min (Z017_S04).

Example 49

4-(1-(3-(Difluoromethyl)phenyl)-3-methyl-2,5-di-
oxo0-1,2,3,4,5,6,7,8-octahydroquinazolin-4-y1)-3-
(methylsulfonyl)benzonitrile

The title compound is prepared in analogy to (S)-4-(3-
methyl-2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3,4,5,6,
7,8-octahydroquinazolin-4-y1)-3-(methylsulfonyl)benzoni-
trile (example 48), using 4-(1-(3-(difluoromethyl)phenyl)-
2,5-dioxo-1,2,3,4,5,6,7,8-octahydroquinazolin-4-yl)-3-
(methylsulfonyl)benzonitrile (example 19, 60 mg, 0.13
mmol) as starting material. Yield: 20 mg, ESI mass spectrum
[M+H]*=486; Retention time HPLC: 0.99 min (Z017_S04).



US RE47,493 E

151
Example 50

4-(4-Cyano-2-(methylsulfonyl)phenyl)-1-(3-(difluo-
romethyl)phenyl)-N-methyl-2,5-dioxo-1,2,5,6,7,8-
hexahydroquinazoline-3(4H)-carboxamide

The title compound is prepared in analogy to 4-(4-cyano-
2-(methylsulfonyl)-phenyl)-N-methyl-2,5-dioxo-1-(3-(trif-
luoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazoline-3
(4H)-carboxamide (example 47), using 4-nitrophenyl 4-(4-
cyano-2-(methylsulfonyl)-phenyl)-1-(3-(difluoromethyl)
phenyl)-2.5-dioxo-1,2,5,6,7,8-hexahydroquinazoline-3
(4H)-carboxylate (intermediate 39, 16 mg, 25 pumol), as
starting material. Yield: 9 mg, ESI mass spectrum [M+
H]*=529; Retention time HPL.C: 0.97 min (Z017_S04).

Example 51
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4-(4-Cyano-2-(methylsulfonyl)phenyl)-1-(3-(difluo-
romethyl)phenyl)-N-ethyl-2,5-dioxo-1,2,5,6,7,8-
hexahydroquinazoline-3(4H)-carboxamide

The title compound is prepared in analogy to 4-(4-cyano-
2-(methylsulfonyl)phenyl)-N-methyl-2,5-dioxo-1-(3~(trif-
luoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazoline-3
(4H)-carboxamide (example 47), using 4-nitrophenyl 4-(4-
cyano-2-(methylsulfonyl)-phenyl)-1-(3-(difluoromethyl)-
phenyl)-2,5-dioxo-1,2,5,6,7,8-hexahydroquinazoline-3
(4H)-carboxylate (intermediate 39, 34 mg, 53 umol) as
starting material and replacing methylamine with ethylam-
ine Yield: 10 mg, ESI mass spectrum [M+H]|*=543; Reten-
tion time HPLC: 1.02 min (Z018_S04).

Example 52

CF;

4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3.4,
5,6,7,8-octahydroquinazolin-4-yl)-3-fluorobenzoni-
trile

Sodium tert-butoxide (0.51 g, 5.31 mmol) is added to a
solution of 1-((4-cyano-2-fluoro-phenyl)(2-ethoxy-6-oxocy-
clohex-1-enyl)methyl)-3-(3-(trifluoromethyl)phenyl)urea
(intermediate 41, 1.82 g, 3.83 mmol) in acetonitrile (6 mL),
and the mixture is shaked in an ultrasound bath for 20 min.
Water is added, and the mixture is extracted with dichlo-
romethane. The combined organic layers are dried over
Na,SO, and concentrated under reduced pressure. The resi-
due is purified by reversed phase HPLC (Waters SunFire™-
C,s, gradient of acetonitrile in water, 0.1% formic acid).
Yield: 695 mg; ESI mass spectrum [M+H]*=430; Retention
time HPLC: 1.01 min (Z018_S04).

The following examples of Table 7 are prepared in
analogy to 4-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-yl)-3-fluorobenzonitrile
(example is 52), using the appropriate starting material as
indicated in the table and replacing sodium tert-butoxide
with potassium tert-butoxide as base.
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TABLE 7
I
(6]
NH
N/KO
8
Starting MS Retention  HPLC-
Example Material R? [M + H]* time [min] Method
52.1 intermediate 44 ' 430 101 Z017_S04
CF;
F
522 intermediate 44.1 ' 430 103 Z018_S04
F CF3
35
Example 53 tetrakis(triphenylphosphine)-palladium(O) (5 mg, 4 pmol)
in N,N-dimethylformamide (1 mL) is heated at 140° C. over
it) night. The mixture is cooled at room temperature, diluted
2 with methanol and purified by reversed phase HPLC (Waters
N SunFire™-C,,, gradient of acetonitrile in water, 0.1% TFA).
| | Yield: 4 mg; ESI mass spectrum [M+H]*=442; Retention
time HPLC: 0.87 min (Z011_S03).
=
| 45 Example 54
(€] Z O/
N N
Jq 5 I
N (6]
55 o s/\
CFs /\
O O
NH
4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3.4, 60 N /&O
5,6,7,8-octahydroquinazolin-4-yl)-3-methoxybenzo-
nitrile
Under an atmosphere of argon, a mixture of 4-(4-bromo-
2-methoxyphenyl)-1-(3-(trifluoromethyl)phenyl)-3,4,7,8- 65 CF3

tetrahydroquinazoline-2,5(1H,6H)-dione (intermediate 50,
21 mg, 42 pmol), copper(l) cyanide (10 mg, 0.11 mmol) and
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4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3.4,
5,6,7,8-octahydroquinazolin-4-yl)-3-(ethylsulfonyl)

benzonitrile

A mixture of triethyl phosphate (4.6 mL, 26.9 mmol) and
phosphorous pentoxide (2.54 g, 17.9 mmol) is heated at 50°
C. over night and dilutet with tert-butyl methyl ether (45
mL). Cyclohexane-1,3-dione (3.77 g, 33.6 mmol), 3-(ethyl-
sulfonyl)-4-formylbenzonitrile (5.00 g, 22.4 mmol) and
1-(3-(trifluoromethyl)phenyl)urea (4.57 g, 22.4 mmol) are
added, and the mixture is heated at reflux for 4 h. The
mixture is cooled at room temperature and concentrated
under reduced pressure. The residue is purified by reversed
phase HPLC (Agilent ZORBAX™ SB-C,,, gradient of
acetonitrile in water, 0.15% formic acid). Yield: 930 mg; ESI
mass spectrum [M+H]*=504; Retention time HPLC: 1.02
min (Z017_S04).

Examples 54A and 54B

Enantiomers of Example 54

The enantiomers of racemic 4-(2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2.3.4,5,6,7,8-octahydroquinazolin-4-
y1)-3-(ethylsulfonyl)benzonitrile (example 54, 65 mg, 0.13
mmol) are separated by preparative supercritical fluid chro-
matography on a chiral phase (Daicel Chiralpak IB, 10
mmx250 mm, 5 pm, 20% MeOH in supercritical CO,, 40°
C., 120 bar back pressure).

Example 54A

CF;

(8)-4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-yl)-3-(ethylsulfo-
nyl)benzonitrile

Yield: 27 mg; ESI mass spectrum [M+H]*=504; Reten-
tion time: 2.13 min (early eluting enantiomer)
(1_IB_20_MeOH_DEA).
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Example 54B

CF;

(R)-4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-yl)-3-(ethylsulfo-
nyl)benzonitrile

Yield: 28 mg; ESI mass spectrum [M+H]|"*=504; Reten-

tion time: 333 min (late eluting enantiomer)
(1_IB_20_MeOH_DEA).
Example 55
I
NH

CF3

4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3.4,
5,6,7,8-octahydroquinazolin-4-y1)-3-methylbenzoni-
trile

A mixture of 4-(amino(6-0x0-2-(3-(trifluoromethyl)phe-
nylamino)cyclohex-1-enyl)methyl)-3-methylbenzonitrile
hydrochloride (intermediate 52, 1.06 g, 2.43 mmol), 1,1-
carbonyl-diimidazole (495 mg, 3.05 mmol) and triethylam-
ine (685 pl., 4.87 mmol) in acetonitrile (10 mL) is stirred at
room temperature over night. Water ist added, and the
mixture is extracted with dichloromethane. The phases are
separated, and the organic layer is concentrated under
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reduced pressure. The residue is by purified by preparative
HPLC (Waters it) Xbridge™-C, ., gradient of acetonitrile in
water, 0.1% TFA). Yield: 364 mg; ESI mass spectrum
[M+H]*=426; Retention time HPLC: 0.65 min (X012_S01).

Example 56

CF;

3-Chloro-4-(2,5-dioxo-1-(3-(trifluoromethyl)phe-
nyl)-1,2,3,4,5,6,7 8-octahydroquinazolin-4-yl)benzo-
nitrile

The title compound is prepared in analogy to 4-(2,5-
dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3,4,5,6,7,8-octahy-
droquinazolin-4-yl)-3-methylbenzonitrile (example 55),
using  4-(amino(6-0x0-2-(3-(trifluoromethyl)phenylamino)
cyclohex-1-enyl)methyl)-3-chloro-benzonitrile hydrochlo-
ride (intermediate 54, 620 mg, 1.36 mmol) as starting
material. Yield: 191 mg; ESI mass spectrum [M+H]*"*=446;
Retention time HPLC: 0.65 min (X012_S01).

Example 57

o/\

N

I
OIS
(I
N

EO\

)

CF;3
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4-(2,5-Dioxo-1-(2-(trifluoromethyl)pyridin-4-y1)-1,
2,3,4,5,6,7,8-octahydroquinazolin-4-y1)-3-(methyl-

sulfonyl)benzonitrile

A mixture of 4-(amino(6-0x0-2-(2-(trifluoromethyl)pyri-
din-4-ylamino)cyclohex-1-enyl)-methyl)-3-(methylsulfo-
nyl)benzonitrile hydrochloride (intermediate 57, 970 mg,
1.94 mmol), 1,1-carbonyldiimidazole (392 mg, 2.42 mmol)
and triethylamine (68 pl., 0.48 mmol) in acetonitrile (15
ml) is stirred at room temperature for 1 h. All volatiles are
removed under reduced pressure, and the residue is treated
with iso-propanol. The precipitate is filtered, washed with
iso-propanol and dried. Yield: 800 mg; ESI mass spectrum
[M+H]*=491; Retention time HPLC: 0.55 min (X012_S02).

Example 58

Z

/

\
o/\

A,

Z,

CFs3

4-(3-Ethyl-2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-
1,2,3,4,5,6,7,8-octahydroquinazolin-4-y1)-3-(methyl-
sulfonyl)benzonitrile

Ethyl bromide (18 pL, 0.25 mmol) is added to a solution
of  4-(2,5-dioxol-(3-(trifluoromethyl)phenyl)-1,2,3.4,5,6,7,
8-octahydroquinazolin-4-y1)-3-(methylsulfonyl)benzonitrile
(example 18, 60 mg, 0.12 mmol) and cesium carbonate (80
mg, 0.25 mmol) in N,N-dimethylformamide (2 mL). The
mixture is stirred at room temperature over night and
purified by preparative HPLC (Waters Xbridge™-C ., gra-
dient of acetonitrile in water, 0.1% NH,). Yield: 18 mg; ESI
mass spectrum [M+H]*=518; Retention time HPLC: 0.81
min (004_CAO5).

The following examples of Table 8 are prepared in
analogy to 4-(3-ethyl-2,5-dioxo-1-(3-(trifluoromethyl)phe-
nyl)-1,2,3.4,5,6,7,8-octahydroquinazolin-4-yl)-3-(methyl-
sulfonyl)benzonitrile (example 58), using the appropriate
alkyl halogenide and the purification method as indicated in
the table (Method A: Waters Xbridge™-C,,, gradient of
acetonitrile in water, 0.1% NH;, Method B: Waters
Xbridge™-Phenyl, gradient of methanol in water, 0.1%
TFA, Method C: Waters SunFire™-C, 4, gradient of acetoni-
trile in water, 0.1% TFA).
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TABLE 8
I
®
Y
0 J \O
R3
\N/
N/ko
CF,
Purification MS Retention ~ HPLC-
Example R3 Method [M + H]* time [min] Method
. . 0] .
81 N O A 548 0.79  004_CA05
582 SN Nop B 548 101 Z018_S04
58.3 "'YF C 554 L1l Z018_S04
F
58.4 /,"\/\O/ A 562 0.80  004_CA05
585 .- C 588 1.09  Z018_S04
(6]
58.6 o A 602 0.83  004_CA05
Example 59 45 (S)-4-(3-(Cyanomethyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,3.4,5,6,7,8-octahydroquinazolin-4-
y1)-3-(methylsulfonyl)benzonitrile
50 Sodium hydride (60% in mineral oil, 11 mg, 0.28 mmol)
is added to a solution of (S)-4-(2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,3.4,5,6,7,8-octahydroquinazolin-4-y1)-3-
(methylsulfonyl)benzonitrile (example 18A, 50 mg, 0.10
55 mmol) in tetrahydrofuran (3 mL), and the mixture is stirred
at room temperature for 20 min 2-lodoacetonitrile (7 pl,
0.10 mmol) is added, and the mixture is stirred over night.
Another portion of 2-iodoaceto-nitrile (7 pl., 0.10 mmol) is
60 added, and the mixture is stirred over night. Another portion
of 2-iodoacetonitrile (14 pl., 0.20 mmol) is added, and the
mixture is stirred for 2 h, diluted with water and purified by
preparative HPLC (Waters SunFire™-C,,, gradient of
CF; 65 acetonitrile in water, 0.1% TFA). Yield: 6 mg; ESI mass

spectrum [M+H]"=529; Retention time HPLC: 1.05 min
(Z018_S04).
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Example 60

CF;

Ethyl 2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-y1)-2-fluoroacetate

A solution of 4-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-
1,2,3.4,5,6,7,8-octahydroquinazolin-4-yl)-benzonitrile (ex-
ample 1, 200 mg, 0.49 mmol) in tetrahydrofuran (4 mL) is
cooled in an ice bath. Lithium diisopropylamide (2 M in
tetrahydrofuran, 270 pl, 0.54 mmol) is added, and the
mixture is stirred for 15 min. Ethyl 2-bromo-2-fluoroacetate
(135 mg, 0.73 mmol) is added, and the mixture is warmed
at room temperature and stirred over night. Water is added,
and the mixture is extracted twice with dichloromethane.
The combined organic layers are concentrated under
reduced pressure, and the residue is purified by preparative
HPLC (Waters Xbridge™-C, ., gradient of acetonitrile in
water, 0.1% TFA). Yield: 70 mg; ESI mass spectrum
[M+H]*=516; Retention time HPL.C: 0.67 min (X012_S01).

Example 61

CF;
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2-(4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazolin-3
(4H)-y1)-N-(2-hydroxyethyl)propanamide

Triethylamine (55 pL, 0.40 mmol) is added to a solution
of  2-(4-(4-cyanophenyl)-2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2,5.6,7.8-hexahydroquinazolin-3(4H)-yl)-pro-
panoic acid (intermediate 59, 50 mg, 0.10 mmol) in N,N-
dimethylformamide, and the mixture is stirred for 10 min at
room temperature. N,N,N',N'-Tetramethyl-O-(benzotriazol-
1-yl)yuronium tetrafluoroborate (33 mg, 0.10 mmol) is added,
and the mixture is stirred for 15 min. Ethanolamine (15 pL,
0.25 mml) is added, and the mixture is stirred for 1 h, diluted
with N,N-dimethylformamide and purified by preparative
HPLC (Waters SunFire™-C, ., gradient of acetonitrile in
water, 0.1% TFA). Yield: 39 mg; ESI mass spectrum
[M+H]*=527; Retention time HPLC: 0.86 min (Z018_S04).

Example 62

CFs3

2-(4-(4-Cyano-2-(methylsulfonyl)phenyl)-2,5-dioxo-
1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7.8-hexahydro-
quinazolin-3(4H)-y1)-N,N-dimethylacetamide

Step 1

2-(4-(4-Cyano-2-(methylsulfonyl)phenyl)-2,5-dioxo-
1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7.8-hexahydro-
quinazolin-3(4H)-yl)acetic acid

tert-Butyl bromoacetate (200 L, 1.35 mmol) is added to a
mixture of 4-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-yl)-3-(methylsulfonyl)
benzonitrile (example 18, 440 mg, 0.90 mmol) and cesium
carbonate (440 mg, 1.35 mmol) in N,N-dimethylformamide
(5 mL), and the mixture is stirred at room temperature for 3
h. Another portion of tert-butyl bromoacetate (200 pL, 1.35
mmol) is added, and the mixture is stirred for 2 h. Water is
added, and the mixture is extracted with ethyl acetate. The
phases are separated and the organic layer is concentrated
under reduced pressure. The residue is dissolved in acetoni-
trile (3 mL), and the mixture is treated with trifluoroacetic
acid (10 mL, 123 mmol) and stirred at room temperature for



US RE47,493 E

163

6 h. All volatiles are removed under reduced pressure, and
the residue is directly used in the next step without further
purification. Yield: 460 mg.

Step 2

2-(4-(4-Cyano-2-(methylsulfonyl)phenyl)-2,5-dioxo-
1-(3-(trifluoromethyl)phenyl)-1,2.5.6,7.8-hexahydro-
quinazolin-3(4H)-y1)-N,N-dimethylacetamide

Triethylamine (50 pl., 0.36 mmol) is added to a solution
of 2-(4-(4-cyano-2-(methyl-sulfonyl)phenyl)-2,5-dioxo-1-
(3-(triftuoromethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazo-
lin-3(4H)-yl)acetic acid (step 1, 25 mg, 45 pmol) in N,N-
dimethylformamide (1 mL), and the mixture is stirred at
room temperature for 5 min N,N,N',N'-Tetramethyl-O-(ben-

10
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zotriazol-1-yl)uronium tetrafluoroborate (15 mg, 0.05
mmol) is added, and the mixture is stirred for 5 min
Dimethylamine (2 M in tetrahydrofuran, 0.12 mL, 0.24
mmol) is added and the mixture is stirred at room tempera-
ture for 1 h and purified by preparative HPLC (Waters
SunFire™-C,,, gradient of acetonitrile in water, 0.1% TFA).
Yield: 22 mg; ESI mass spectrum [M+H]*=575; Retention
time HPLC: 1.02 min (Z018_S04).

The following examples of Table 9 are prepared in
analogy to 2-(4-(4-cyano-2-(methyl-sulfonyl)phenyl)-2,5-
dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7.8-hexahydro-
quinazolin-3(4H)-y1)-N,N-dimethylacetamide (example
62), using the appropriate amine as reagent and purifying the
product by preparative HPLC (Waters Xbridge™-C ,, gra-
dient of acetonitrile in water, 0.1% TFA).

TABLE 9
ﬁ
[
s S/
/\
Q O O
R3
\N/
N/KO
f CF3
MS Retention  HPLC-
Example R3 [M + H]* time [min] Method
62.1 587 0.84 005_CAO01
_'WN
(0]
62.2 601 0.88 005_CAO01
,"\’(N
(0]
62.3 | 605 0.78 005_CAO01
. N
W ~"on
(0]
62.4 613 0.90 005_CAO01
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TABLE 9-continued
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CF3
MS Retention  HPLC-
Example R> [M + H]* time [min] Method
62.5 //\O 617 0.83 005_CAO01
,—WN\)
(0]
62.6 619 0.86 005_CAO01
F
ad
(0]
62.7 | 619 0.86 005_CAO01
,,—»WN\/\O/
(0]
62.8 O 645 0.88 005_CAO01
~
_,WN
(0]
62.9 ="\ 655 0.82 005_CAO01
| N—
YT
(0]
62.10 o 0 616 0.72 004_CAO05
W4
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Example 63

N
I

e

A

CF3

3-Methyl-4-(3-methyl-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,3.4,5,6,7,8-octahydroquinazolin-4-
yD)benzonitrile

Sodium hydride (60% in mineral oil, 6 mg, 0.16 mmol) is
added to a solution of 4-(2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2.3.4,5.6,7 8-octahydroquinazolin-4-yl1)-3-meth-
ylbenzonitrile (example 55, 60 mg, 0.13 mmol) in acetoni-
trile (3 mL), and the mixture is stirred at room temperature
for 20 min. Methyl idodide (16 pl, 0.26 mmol) is added, and
the mixture is stirred over night, diluted with N,N-dimeth-
ylformamide (1 mL) and purified by preparative HPLC
(Waters Xbridge™-C,,, gradient of acetonitrile in water,
0.1% TFA). Yield: 13 mg; ESI mass spectrum [M+H]*=440;
Retention time HPLC: 0.65 min (X012_S01).

Example 64

4-(3-Methyl-2,5-dioxo-1-(2-(trifluoromethyl)pyri-
din-4-y1)-1,2,3,4,5,6,7,8-octahydroquinazolin-4-y1)-
3-(methylsulfonyl)benzonitrile

Cesium carbonate (265 mg, 0.82 mmol) and methyl
idodide (51 pl, 0.82 mmol) are added to a solution of
4-(2,5-dioxo-1-(2-(trifluoromethyl)pyridin-4-y1)-1,2,3.4,5,
6,7,8-octahydroquinazolin-4-yl)-3-(methylsulfonyl)benzo-
nitrile (example 57, 200 mg, 0.41 mmol) in N,N-dimethyl-
formamide (3 mL), and the mixture is stirred at room
temperature for 2 h. Ethyl acetate is added, and the mixture
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is extracted three times with water. The organic phase is
dried over Mg,SO, and concentrated under reduced pres-
sure. The residue is it) purified by flash chromatography on
silica (gradient dichloromethane/methanol 99:1 to 97:3).
Yield: 134 mg; ESI mass spectrum [M+H]*=505; Retention
time HPLC: 0.60 min (X012_S02).

Example 65
N
f

-~
N/go

=

x
N

CF3

4-(3-Methyl-2,5-dioxo-1-(2-(trifluoromethyl)pyri-
din-4-y1)-1,2,3,4,5,6,7,8-octahydroquinazolin-4-y1)
benzonitrile

Cesium carbonate (39 mg, 0.12 mmol) and methyl ido-
dide (6 pL, 0.10 mmol) are added to a solution of 4-(2,5-
dioxo-1-(2-(trifluoromethyl)pyridin-4-y1)-1,2,3.4,5,6,7,8-
octahydroquinazolin-4-yl)benzonitrile (example 14, 25 mg,
61 umol) in N,N-dimethylformamide (1 mL). The mixture is
stirred at room temperature for 1 h, diluted with aceontrile
and purified by preparative HPLC (Waters SunFire™-C, g,
gradient of acetonitrile in water, 0.1% TFA). Yield: 13 mg;
ESI mass spectrum [M+H]*=427; Retention time HPLC:
1.02 min (Z018_S04).

Example 66

CFs3
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3-Methyl-4-(3-(methylsulfonyl)-2,5-dioxo-1-(3-(trif-
luoromethyl)phenyl)-1,2,3,4,5,6,7,8-octahydroqui-
nazolin-4-yl)benzonitrile

Sodium hydride (60% in mineral oil, 15 mg, 0.38 mmol)
is added to a solution of 4-(2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2.3.4,5.6,7 8-octahydroquinazolin-4-yl1)-3-meth-
ylbenzonitrile (example 55, 60 mg, 0.13 mmol) in tetrahy-
drofuran (3 mL), and the mixture is stirred at room
temperature for 20 min. Methanesulfonyl chloride (22 plL,
0.28 mmol) is added, and the mixture is stirred at room
temperature over night. Another portion of sodium hydride
(60% in mineral oil, 5 mg, 0.13 mmol) and methanesulfonyl
chloride (10 uL, 0.13 mmol) is added, and the mixture is
stirred for 1 h and purified by preparative HPLC (Waters
Xbridge™-C, , gradient of acetonitrile in water, 0.1% TFA).
Yield: 28 mg; ESI mass spectrum [M+H]*=504; Retention
time HPLC: 0.71 min (X012_S01).

Example 67

CF;3

3-Chloro-4-(3-(methylsulfonyl)-2,5-dioxo-1-(3-(trif-
luoromethyl)phenyl)-1,2,3,4,5,6,7,8-octahydroqui-
nazolin-4-yl)benzonitrile

Sodium hydride (60% in mineral oil, 14 mg, 0.36 mmol)
is added to a solution of 3-chloro-4-(2,5-dioxo-1-(3-(trifluo-
romethyl)phenyl)-1,2.3.4,5,6,7,8-octahydroquinazolin-4-
yD)-benzonitrile (example 56, 60 mg, 0.13 mmol) in tetra-
hydrofuran (3 mL), and the mixture is stirred at room
temperature for 20 min. Methanesulfonyl chloride (21 plL,
0.27 mmol) is added, and the mixture is stirred at room
temperature over night. Water is added, and the mixture is
extracted with dichloromethane. The phases are separated,
and the organic phase is concentrated under reduced pres-
sure. The residue is purified by preparative HPL.C (Waters
Xbridge™-C, , gradient of acetonitrile in water, 0.1% TFA).
Yield: 40 mg; ESI mass spectrum [M+H]*=524; Retention
time HPLC: 0.70 min (X012_S01).
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Example 68

Z

/

\
oo/\

éO O\

O
/
o) Z\m

/%

CFs3

(S)-3-(Methylsulfonyl)-4-(3-(methylsulfonyl)-2,5-
dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3,4,5,6,7,8-
octahydroquinazolin-4-yl)benzonitrile

(8)-4-(2,5-Dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3.4,
5,6,7,8-octahydroquinazolin-4-yl)-3-(methylsulfonyl)ben-
zonitrile (example 18A, 50 mg, 0.10 mmol) is added to a
suspension of sodium hydride (60% in mineral oil, 11 mg,
0.29 mmol) and tetrahydrofuran (3 mL), and the mixture is
stirred at room temperature for 10 min. Methanesulfonyl
chloride (16 pl, 0.22 mol) is added, and the mixture is
heated at 50° C. for 2 h. The mixture is cooled at room
temperature, diluted with water (0.5 mL) and purified by
preparative HPLC (Waters Xbridge™-C,,, gradient of
acetonitrile in water, 0.1% TFA). Yield: 37 mg; ESI mass
spectrum [M+H]"=568; Retention time HPLC: 0.81 min
(005_CAO1).

Example 69
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4-(3-(Methylsulfonyl)-2,5-dioxo-1-(2-(trifluorom-
ethyl)pyridin-4-y1)-1,2,3,4,5,6,7,8-octahydroqui-
nazolin-4-yl)benzonitrile

4-(2,5-Dioxo-1-(2-(trifluoromethyl)pyridin-4-y1)-1,2,3.4,
5,6,7,8-octahydroquinazolin-4-yl)benzonitrile (example 14,
40 mg, 97 pumol) is added to a mixture of sodium hydride
(60% in mineral oil, 15 mg, 0.19 mmol) and tetrahydrofuran
(1 mL), and the mixture is stirred at room temperature for 3
min. Methanesulfonyl chloride (15 pL., 0.19 mmol) is added,
and the mixture is heated at 50° C. for 1 h. The mixture is
cooled at room temperature, diluted with water, acetonitrile
and acetic acid and purified by reversed phase HPLC
(Waters SunFire™-C,,, gradient of acetonitrile in water,
0.1% TFA). Yield: 32 mg; ESI mass spectrum [M+H]|*=491;
Retention time HPLC: 1.01 min (Z018_S04).

Example 70

(€] (€]

A

N 2

A

CF;

4-(4-Cyanophenyl)-2,5-dioxo-1-(3-(trifluoromethyl)
phenyl)-1,2,5,6,7,8-hexahydroquinazoline-3(4H)-
carboxamide

N,N-Diisopropylethylamine (51 plL, 0.30 mmol) and
ammonium carbonate (22 mg, 0.24 mmol) are added to a
solution of 4-nitrophenyl 4-(4-cyanophenyl)-2,5-dioxo-1-
(3-(tri-fluoromethyl)pheny1)1,2,5,6,7,8-hexahydroquinazo-
line-3(4H)-carboxylate (intermediate 37, 40 mg, 59 umol) in
acetonitrile (2 mL), and the mixture is stirred at room
temperature over night and purified by preparative HPLC
(Waters SunFire™-C,,, gradient of acetonitrile in water,
0.1% TFA). Yield: 12 mg; ESI mass spectrum [M+H]*=455;
Retention time HPLC: 1.05 min (Z018_S04).

The following examples of Table 10 are prepared in
analogy to 4-(4-cyanophenyl)-2,5-dioxo-1-(3-(trifluorom-
ethyl)phenyl)-1,2,5,6,7,8-hex ahydroquinazoline-3(4H)-car-
boxamide (example 70), employing the appropriate amine
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TABLE 10
ﬁ
e}
R3
N/
N/go
CFs
Re-
MS  tention
Ex- M+ time HPLC-
ample R3 H]*  [min] Method
70.1 (0] 483 0.94 005_CAO01
L~
H
70.2 O 494 0.87  005_CAO01
U\N/\
H Xy
70.3 O 495 0.95 005_CAO01
I A
H
70.4 O J\ 497 0.99  005_CAO01
G
H
70.5 O 509 0.99  005_CAO01
G
H
70.6 (6] 519 0.93  005_CAO01
I :
N
H
F
70.7 (6] 525 0.86  005_CAO01
I o
N
H
70.8 o L()} 525 0.89  005_CAO01
§
H
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TABLE 10-continued

TABLE 10-continued
ﬁ N
. f
O
10 o
/R3 R
/L I
N 0 /K
15 N @]
CF; i : \CF3
20
Re-
MS  tention Re-
Ex- M+ time HPLC- MS  tention
ample R H]*  [min]  Method Ex- [M+ time  HPLC-
» ample R3 H]*  [min] Method
70.9 O 527 0.87 005_CAO01
/”\ OH 70.15 O 539 0.85 005_CAO01
- N
H
30 N
H
70.10 O 527 0.90 005_CAO01
|
- N
H

OH
70.16
35

0 541 0.89 005_CAO1
L ”\N/\><
70.11

OH
70.17 HO, 553 0.93 005_CAO01
40 fo)
1) 539 0.90 005_CAO01 ”\
”\ e N\\“"
. H
. N A
H £
OH 45
70.18 [@] 559 1.05 Z018_S04
0 /)
[
70.12 1) 539 0.90 005_CAO01 ‘ g
”\ 50
-~ N t
H z
OH 70.19 o) [0 573 0.85 005_CAO01
sZ
X
70.13 O 539 0.89  005_CAO01 55 L N 0o
. OH H
Pis N
H
60 70.20 (@) O 587 0.86
\V/J
70.14 539 091 005_CAO01 8
O (@]
e ”\N
H

005_CAO01
O Q
”\N
65
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Example 71

N\

N

A

i “CF;

4-(4-Cyanophenyl)-2,5-dioxo-N-(1-oxo-hexahydro-
1)\*-thiopyran-4-y1)-1-(3-(trifluoromethyl)phenyl)-1,
2,5,6,7,8-hexahydroquinazoline-3(4H)-carboxamide

N
H

e}

A solution of 4-(4-cyanophenyl)-2,5-dioxo-N-(tetra-
hydro-2H-thiopyran-4-y1)-1-(3-(tri-fluoromethyl)phenyl)-1,
2,5,6,7,8-hexahydroquinazoline-3(4H)-carboxamide (inter-
mediate 60, 131 mg, 0.24 mmol) in ethanol (10 mL) is
cooled at —78° C. with an acetone/dry ice bath. Aqueous
hydrogen peroxide (1 M, 50 puL, 0.05 mmol) is added, and
the mixture is stirred at =78° C. for 30 min. Methyltriox-
orhenium(VII) (1 mg, 4 umol) is added, and the mixture is
stirred at =78° C. for 2 h. Aqueous sodium ascorbate (10%,
30 mL) and water (30 mL) is added, and the precipitate is
filtered and purified by preparative HPLC (Waters
Xbridge™-C  ,, gradient of acetonitrile in water, 0.1% NH,).
Yield: 22 mg; ESI mass spectrum [M+H]*=571; Retention
time HPLC: 0.51 min (004_CAO07).

Example 72

0
0 sZnn

CF;3

4-(4-Cyanophenyl)-2,5-dioxo-N-(1-imino-1-o0xo-

hexahydro-1A5-thiopyran-4-y1)-1-(3-(trifluorom-

ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazoline-3
(4H)-carboxamide

4-(4-Cyanophenyl)-2,5-dioxo-N-(1-oxo-hexahydro-1A*-
thiopyran-4-yl)-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,8-
hexahydroquinazoline-3(4H)-carboxamide (example 71, 67
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mg, 0.12 mmol) is added to a solution of O-mesitylenesul-
fonylhydroxylamine (25 mg, 0.12 mmol) in dichlorometh-
ane (1.0 mL), and the mixture is stirred at room temperature
over night. All volatiles are removed under reduced pres-
sure, and the residue is purified by reversed phase HPLC
(Waters SunFire™-C,, gradient of acetonitrile in water,
0.1% TFA). Yield: 18 mg; ESI mass spectrum [M+H]|*=586;
Retention time HPLC: 0.92 min (Z018_S04).

Example 73

Sy

A

N~
a1

CFs3

4-(4-Cyano-2-methylphenyl)-N-methyl-2,5-dioxo-1-
(3-(triftuoromethyl)phenyl)-1,2,5,6,7,8-hexahydro-
quinazoline-3(4H)-carboxamide

N,N-Diisopropylethylamine (88 uL, 0.51 mmol), 4-dim-
ethylaminopyridine (48 mg, 0.39 mmol) and 4-nitrophenyl
chloroformate (78 mg, 0.39 mmol) is added to a solution of
4-(2,5-dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,3.4,5,6,7,8-
octahydroquinazolin-4-yl)-3-methylbenzonitrile  (example
55, 55 mg, 0.13 mmol) in acetonitrile (1.5 mL), and the
mixture is stirred at room temperature over night. Methyl-
amine (2 M in tetrahydrofuran, 97 pl., 0.19 mmol) is added,
and the mixture is stirred at room temperature over night and
purified by preparative HPLC (Waters Xbridge™-C ., gra-
dient of acetonitrile in water, 0.1% TFA). Yield: 35 mg; ESI
mass spectrum [M+H]*=483; Retention time HPLC: 0.74
min (X012_S01).

Example 74
N
I

CFs3
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4-(4-Cyano-2-methylphenyl)-N-ethyl-2,5-dioxo-1-
(3-(triftuoromethyl)phenyl)-1,2,5,6,7,8-hexahydro-

quinazoline-3(4H)-carboxamide

The title compound is prepared in analogy to 4-(4-cyano- ;

2-methylphenyl)-N-methyl-2,5-dioxo-1-(3-(trifluorom-

ethyl)phenyl)-1,2,5,6,7,8-hexahydroquinazoline-3(4H)-car-
boxamide (example 73), replacing methylamine with
ethylamine as reagent. Yield: 45 mg; ESI mass spectrum

[M+H]*=497; Retention time HPLC: 0.77 min (X012_S01). 10
Example 75
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(8)-4-(4-Cyano-2-(methylsulfonyl)phenyl)-2,5-di-
ox0-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7,8-hexa-
hydroquinazoline-3(4H)-carboxamide

N,N-Diisopropylethylamine (52 pul, 0.30 mmol), 4-dim-
ethylaminopyridine (13 mg, 0.11 mmol) and 4-nitrophenyl
chloroformate (22 mg, 0.11 mmol) is added to a solution of
(S)-4-(2,5-dioxo-1-(3-(triffuoromethyl)phenyl)-1,2,3.4,5.6,
7,8-octahydroquinazolin-4-y1)-3-(methylsulfonyl)benzoni-
trile (example 18A, 50 mg, 0.10 mmol) in acetonitrile (2
ml), and the mixture is stirred at room temperature over
night. Another portion of 4-dimethyl-aminopyridine (13 mg,
0.11 mmol) and 4-nitrophenyl chloroformate (22 mg, 0.11
mmol) is added, and the mixture is stirred over night.
Ammonium carbonate (29 mg, 0.31 mmol) is added, and the
mixture is stirred over night. Water is added, and the mixture
is purified by reversed phase HPL.C (Waters SunFire™-C, g,
gradient of acetonitrile in water, 0.1% TFA). Yield: 19 mg;
ESI mass spectrum [M+H]*=533; Retention time HPLC:
1.02 min (Z018_S04).

The following examples of Table 11 are prepared in
analogy to (S)-4-(4-cyano-2-(methyl-sulfonyl)phenyl)-2,5-
dioxo-1-(3-(trifluoromethyl)phenyl)-1,2,5,6,7.8-hexahydro-
quinazoline-3(4H)-carboxamide (example 75), using the
appropriate amine as reagent and the purification method as
indicated in the table (Method A: Waters Xbridge™-Phenyl,
gradient of methanol in water, 0.1% TFA; Method B: Waters

SunFire™-C,,, gradient of is acetonitrile in water, 0.1%
TFA).

TABLE 11

CF3
Purification MS Retention ~ HPLC-
Example R3 Method [M + H]* time [min] Method
75.1 O A 572 1.02 Z018_S04
L
- g/\%N
75.2 B 573 0.77 002_CAO03
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TABLE 11-continued

CF;

Purification MS Retention  HPLC-

Example R> Method [M + H]* time [min] Method
75.3 (ﬁ\ )\ B 575 0.80 002_CAO03
<7 N
H
75.4 O B 586 1.06 Z018_S04
A
i Xy
75.5 (ﬁ\ /C/O B 589 1.02  Z018_S04
-~ N
H
75.6 (€] A 591 1.05 Z018_S04
I o
ad N/\/ ~
H
75.7 (€] B 597 0.77 002_CAO03
L QPN
- N
H
F
75.8 (€] B 598 1.05 Z018_S04
_,—'”\Nx
H X
75.9 i)l\ ﬂ B 599 1.17 Z018_S04
a" N
H
75.10 o LO> A 603 1.03 Z018_S04
a" IJ\N
H
75.11 OH B 603 0.99 Z018_S04

‘/‘=o
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TABLE 11-continued

CF;

Purification MS Retention  HPLC-
Example R3 Method [M + H]* time [min] Method

75.12 A 605 1.02 Z018_S04

OH

—

- N
H
75.13 o A 605 1.03  Z018_S04
LMo
- N
H
75.14 o £> A 617 1.04  Z018_S04
-~ ”\g %
on
75.15 o A 617 1.04  Z018_S04
r" ”\N
H
OH
75.16 B 617 0.74  002_CA03
0 0
—" IJ\N
H
75.17 o B 617 101 Z018_S04
”\ EilTe):s
r" N
H
75.18 o £> B 619 098  Z018_S04
on
75.19 A 619 1.04  Z018_S04

e
Zé:

OH

jus)

182
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TABLE 11-continued

184

CF;
Purification MS Retention  HPLC-
Example R> Method [M + H]* time [min] Method
75.20 HO, B 631 0.76  002_CA03
(€]
/"”\N\“‘c
H
30
Example 76 0.1% TFA). Yield: 20 mg; ESI mass spectrum [M+H]*=496;
Retention time HPLC: 1.08 min (Z018_S04).
The following examples of Table 12 are prepared in
N analogy to 4-(4-cyanophenyl)-N-cyclopropyl-2,5-dioxo-1-
| | = (2-(trifluoromethyl)pyridin-4-y1)-1,2,5,6,7.8-hexahydroqui-
nazoline-3(4H)-carboxamide (example 76), using the appro-
priate amine as reagent.
40 TABLE 12
o} o} /A N
NJI\N
H
/g 45
N (6]
Z P
R3
x | 50 N~
N CF; /g
N 6]
4-(4-Cyanophenyl)-N-cyclopropyl-2,5-dioxo-1-(2-
(trifluvoromethyl)pyridin-4-y1)-1,2,5,6,7,8-hexahyd- 55 Z
roquinazoline-3(4H)-carboxamide |
\N CF
N,N-Diisopropylethylamine (66 ul., 0.39 mmol), 4-dim- }
ethylaminopyridine (13 mg, 0.11 mmol) and 4-mtr0phenyl Fx MS Retention  HPLC-
chloroformate (21 mg, 0.11 mmol) are added to a solutionof 60, = = ©s b .
N < o ple R [M + H]* time [min] Method
4-(2,5-dioxo-1-(2-(trifluoromethyl)pyridin-4-y1)-1,2,3.4,5,
6,7,8-octahydroquinazolin-4-yl)-benzonitrile (example 14, 76.1 I} 470 1.03  Z018 S04
40 mg, 97 umol) in acetonitrile (3 mL), and the mixture is ”\
stirred at room temperature for 3 h. Cyclopropylamine (20 TNy ~
ul, 0.29 mmol) is added, and the mixture is stirred at room 65 H

temperature for 2 h and purified by reversed phase HPLC
(Waters SunFire™-C,,, gradient of acetonitrile in water,
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TABLE 12-continued
ﬁ
(¢]
R3
N -~
N /Ko
/ |
X
N CF3
Ex- MS Retention  HPLC-
ample R3 [M + H]* time [min] Method
76.2 O 484 1.08 Z018_S04
N
H
76.3 O J\ 498 1.12 Z018_S04
P d ”\ N
H
76.4 O 528 1.01 Z018_S04
. ,”\ OH
-7 N
H
EXAMPLES

Other features and advantages of the present invention
will become apparent from the following more detailed
examples which illustrate, by way of example, the principles
of the invention.

Human Neutrophil Elastase Assay

Materials: Human neutrophil elastase was purchased from
Calbiochem (Cat.No.: 324681) and the clastase substrate
MeOSuc-Ala-Ala-Pro-Val-AMC from Bachem (Cat.No.:
1-1270). All other materials were of the highest grade
commercially available.

The following buffers were used: Compound buffer: 100
mM Tris, 500 mM NaCl, adjusted to pH 7.5; Assay buffer:
100 mM Tris, 500 mM NaCl, adjusted to pH 7.5, containing
0.01% BSA.

Assay conditions: Test compounds were prediluted in
DMSO and subsequently in compound buffer (5% DMSO
final). 5 uL. of these compound dilutions were mixed with 10
ul Neutrophil elastase (9 ng/ml in assay buffer) in a black
384 well OptiPlate (Perkin Elmer, Cat No.: 6007270) and
incubated for 15 min at room temperature. Subsequently 10
uL substrate solution in assay buffer were added (250 nM
final concentration) and the plates were incubated for 60 min
at room temperature. After inactivation of the enzyme,
fluorescence intensities were measured at 380 nm excitation
and 460 nm emission wavelengths.

Each plate contains wells with a high value control
(DMSO+enzyme+substrate) and wells with a low value
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control (DMSO+inactivated enzyme+substrate). IC;,, values
were estimated using a sigmoidal concentration response
curve with variable slope. Means of low values were taken
as 0%, means of high values as 100%. The 1Cs, values of
selected compounds in the Neutrophil Elastase assay are
listed in Table 13.

TABLE 13
Example IC50 [nM]
1 28.5
1A 9.5
1B 6565
2 44.9
3 68.3
4 109.5
5 65.8
6 47.6
7 212.0
8 26.3
9 41.7
10 48.5
11 39.4
12 43.4
13 110.4
14 70.3
15 52.1
16 54.1
17 23.2
18 8.5
18A 4.8
18B 2509
19 10.7
19A 7.3
19B 1660
20 7.3
20A 2.2
20B 1335
21 19.4
22 8.7
23 10.7
24 6.4
24.1 6.6
24.2 9.8
243 11.1
25 8.6
26 11.8
77 10.6
28 29.0
29 13.7
30 4.0
31 18.4
31A 7.6
31B 7015
32 12.0
32A 4.6
32B 1410
33 9.6
34 3.1
34A 1.5
34B 570.5
35 1.7
35A <1
35B 26.8
36 8.2
36.1 6.4
36.2 13.1
36.3 20.8
36.4 2.4
36.5 13.5
36.6 1.2
36.7 3.4
36.8 2.1
36.9 10.6
36.10 20.0
36.11 5.1
36.12 6.6
36.13 20.5
36.14 8.1
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TABLE 13-continued TABLE 13-continued

Example IC50 [nM] Example IC50 [nM]
36.15 17.5 39.15 <1
36.16 3.6 5 39.16 46.9
36.17 5.5 39.17 <1
36.18 4.0 39.18 79.1
36.19 10.2 39.19 <1
36.20 114 39.20 <1
36.21 2.1 40 9.0
36.22 6.8 10 41 9.1
36.23 2.1 ¥y 88.7
36.24 10.1 43 4.0
36.25 17 44 22.0
36.26 17.8 441 5.1
36.27 78 442 3.0
36.28 44 s 43 5.1
36.29 9.5 444 15.6
36.30 59 4.5 34.9
36.31 78 4.6 223
36.32 14.0 4.7 15.9
36.33 17.1 448 9.0
36.34 10.7 4.9 3.4
36.35 70 20 44.10 5.2
36.36 79 4411 11.4
36.37 42 44.12 106.5
36.38 16.9 44.13 273
36.39 26.3 45 3.4
36.40 3.1 46 215
36.41 74 25 47 <1
36.42 9.9 47A <1
36.43 12.1 47B 94
36.44 9.3 471 <1
36.45 2.1 472 <1
36.46 12 473 <1
36.47 13.8 30 474 <1
36.48 6.2 48 1.0
36.49 2.6 49 1.3
36.50 17 50 <1
36.51 17 51 <1
36.52 117 52 26.7
36.53 10.7 35 52.1 19.3
36.54 29 52.2 13.8
36.55 21.6 53 34.0
36.56 5.0 54 7.5
36.57 10.4 S4A 3.2
36.58 10.0 54B 1869
36.59 8.6 55 18.7
36.60 37 40 56 34.0
36.61 12.7 57 73.2
36.62 8.2 58 1.3
36.63 13.9 58.1 1.0
36.64 5.6 58.2 1.2
36.65 16.2 583 3.1
36.66 5.8 45 58.4 113
36.67 42 58.5 1.9
36.68 8.7 58.6 <1
36.69 3.1 59 1.8
36.70 23 60 21.6
36.71 2.2 61 6.6
36.72 37 50 62 1.2
36.73 35.5 62.1 <1
36.74 2.1 62.2 <1
36.75 24 62.3 1.3
37 <1 624 <1
38 67.1 62.5 1.0
39 1.0 55 62.6 <1
39.1 12 62.7 <1
39.2 1.0 62.8 11.6
393 <1 62.9 1.4
39.4 13.4 62.10 2.4
39.5 <1 63 7.9
39.6 <1 64 3.6
39.7 63.3 60 65 22.6
39.8 14 66 2.0
39.9 <1 67 6.7
39.10 54.8 68 <1
39.11 23.2 69 23.8
39.12 <1 70 6.0
39.13 1.0 65 70.1 <1
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TABLE 13-continued

Example IC50 [nM]
70.3 <1
70.4 1.4
70.5 1.4
70.6 <1
70.7 1.4
70.8 <1
70.9 1.7
70.10 2.4
70.11 <1
70.12 <1
70.13 2.1
70.14 <1
70.15 <1
70.16 1.1
70.17 1.1
70.18 <1
70.19 <1
70.20 <1
71 <1
72 <1
73 <1
74 <1
75 <1
75.1 <1
75.2 <1
753 <1
754 <1
75.5 <1
75.6 <1
75.7 <1
75.8 <1
759 <1
75.10 <1
75.11 <1
75.12 <1
75.13 <1
75.14 <1
75.15 <1
75.16 <1
75.17 <1
75.18 <1
75.19 <1
75.20 <1
76 1.7
76.1 4.4
76.2 1.2
76.3 1.9
76.4 5.5

Assay for the Determination of Neutrophil Elastase Inhibi-
tory Activity in Human Plasma

Citrated blood from human healthy donors is mixed with
zymosan suspension and incubated at room temperature.
This leads to the stimulation of neutrophils and the release
of neutrophil elastase into the plasma. The stimulated blood
is centrifuged to generate the neutrophil elastase enriched
plasma.

Preparation of Zymosan Working Solution:

Zymosan (100 mg) is mixed with saline (0.9%, 10 mL)
and stored at 4° C. for up to one week (note: zymosan does
not dissolve in the saline and is used as a suspension).
Whole blood stimulation:

single 45 ml blood sample is taken into a 50 ml tube
containing citrate (3.13%, 5 mL) and the tube is gently
inverted 4 times.

Immediately after blood sampling, zymosan working
solution (5§ mL) is added.

After the addition of zymosan working solution, the tubes
are capped, mixed gently and incubated at 22° C. for 15
min on a shaker at 20 rpm.

Make 10 ml aliquots after the incubation time.

Centrifuge the 15 ml tubes at 800 g for 15 mM at 4° C.
in a Jouan centrifuge.
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Harvest the plasma and make 1-5 ml aliquots.

Store the plasma at -80° C.

Various concentrations of the neutrophil elastase inhibitor
are incubated with plasma. Subsequently, the enzyme activ-
ity is measured using the fluorogenic substrate MeOSuc-
Ala-Ala-Pro-Val-AMC (Bachem Cat. No. 1-1270, substrate
concentration: 250 uM, pH 7.5, 25 mM TRIS buffer, 250
mM NaCl) in analogous fashion as described for the human
neutrophil assay. A dose response curve is generated to
calculate the EC,, of the inhibitor. The analysis of the data
is performed by the calculation of the percentage of fluo-
rescence in the presence of the test compound compared to
the fluorescence of the vehicle control after subtracting the
background fluorescence: An inhibitor of the neutrophil
elastase enzyme will give values between 100% control (no
inhibition) and 0% control (complete inhibition). The human
plasma shift of selected compounds can be calculated using
the following equation:

Human plasma shift=(ECs; in human plasma assay)/
(ICs¢ in human neutrophil elastase assay)

The EC,, values of selected compounds in the human
plasma assay described above are listed in Table 14.

TABLE 14

Example ECso [UM] Example ECso [UM]
39.8 0.006 75.16 0.001
39.19 0.009 70.9 0.015
393 0.006 75 <0.001
18A 0.003 68 0.001
19A 0.002 64 0.001
47A 0.001 58.2 0.003
S4A 0.001 47.1 0.001
75.7 0.001 48 0.001
75.3 0.001

Assay for the Determination of Metabolic Stability with
Human Liver Microsomes

The metabolic degradation of the test compound is
assayed at 37° C. with pooled human liver microsomes. The
final incubation volume of 100 nl per time point contains
TRIS buffer pH 7.6 (0.1 M), magnesium chloride (5 mM),
microsomal protein (1 mg/ml) and the test compound at a
final concentration of 1 nM. Following a short preincubation
period at 37° C., the reactions are initiated by addition of
beta-nicotinamide adenine dinucleotide phosphate, reduced
form (NADPH, 1 mM) and terminated by transfering an
aliquot into acetonitrile after different time points. Addition-
ally, the NADPH-independent degradation is monitored in
incubations without NADPH, terminated at the last time
point. The rol remaining test compound after NADPH
independent incubation is reflected by the parameter c(co-
ntrol) (metabolic stability). The quenched incubations are
pelleted by centrifugation (10'000 g, 5 min) An aliquot of the
supernatant is assayed by LC-MS/MS for the amount of
parent compound.

The half-life (t, , INVITRO) is determined by the slope of
the semilogarithmic plot of the concentration-time profile.
The intrinsic clearance (CL_INTRINSIC) is calculated by
considering the amount of protein in the incubation:

CL_INTRINSIC[ul/min/mg protein]=(In 2/(half-life
[min]*protein content [mg/ml]))*1'000.
The half-life (t,,, INVITRO) values of selected com-
pounds in the metabolic stability assay described above are
listed in Table 15.
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TABLE 15 TABLE 16
Example ty» INVITRO [min] Example ty» INVITRO [min] Example CL [ml/min/kg] Example CL [ml/min/kg]
140 >130 75.3 >130 140 4 75.3 0
39.19 >130 75.16 >130 5 39.19 0 75.16 0
393 >130 70.9 >130 18A 0 70.9 0
18A >130 75 >130 19A 0 68 0
19A >130 68 >130 47A 0 64 0
47A >130 64 >130 S4A 2 48 3
S4A >130 58.2 >130 757 0 58.2 3
75.7 >130 48 >130 10

Assay for the Determination of Metabolic Stability with
Human Hepatocytes

The metabolic degradation of the test compound is
assayed in a human hepatocyte suspension. Human hepato-
cytes (typically cryopreserved) are incubated in an appro-
priate buffer system (e.g. Dulbecco’s modified eagle
medium plus 3.5 pg glucagon/500 mL, 2.5 mg insulin/500
ml and 3.75 mg/500 ml hydrocortison) containing 5%
species serum. Following a (typically) 30 mM preincubation
in an incubator (37° C., 10% CO,), 5 ul of test compound
solution (80 uM; from 2 mM stock solution in DMSO
diluted 1:25 with medium) are added into 395 pl hepatocyte
suspension (cell density in the range 0.25-5*10° cells/mL,
typically 1*10° cells/mL; final concentration of test com-
pound 1 puM, final DMSO concentration 0.05%). The cells
are incubated for six hours (incubator, orbital shaker) and
samples (25 ul) are taken at 0, 0.5, 1, 2, 4 and 6 hours.
Samples are transferred into acetonitrile and pelleted by
centrifugation (5 min). The supernatant is transferred to a
new 96-deepwell plate, evaporated under nitrogen and
resuspended. The decline of parent compound is analyzed by
LC-MS/MS.

The intrinsic clearance CL_INTRINSIC is calculated as
follows:

CL_INTRINSIC=Dose/ AUC=(C,/CD)/(AUD+
Clas/K)*1'000/60

(Cy: initial concentration in the incubation [pM], CD: cell
density of vital cells [10° cells/mL], AUD: area under the
data [uM*h], c,,.: concentration of last data point [uM], k:
slope of the regression line for parent decline [h™'])

The calculated in vitro hepatic intrinsic clearance can be
scaled up to the intrinsic in vivo hepatic clearance and used
to predict hepatic in vivo blood clearance (CL) by the use of
a is liver model (well stirred model):

CL_INTRINSIC_INVIVO [ml/minkg]=(CL_IN-
TRINSIC [pL/min/10° cells]* hepatocellularity
[10° cells/g liver]*liver factor[g/kg body-
weight])/1'000

CL[ml/min/kg]=CL_INTRINSIC_INVIVO [ml/min/
kg]*hepatic blood flow [ml/min/kg]/(CL_IN-
TRINSIC_INVIVO [ml/min/kg]+hepatic blood
flow [ml/min/kg])

Q,,[%]=CL[ml/min/kg]/hepatic blood flow[ml/min/
kg])

(Hepatocellularity, human: 120%10° cells/g liver; Iver factor,
human: 25.7 g/kg bodyweight; blood flow, human: 21 ml/
(min*kg))

The predicted human hepatic in vivo blood clearance
(CL) of selected compounds in the metabolic stability assay
described above are listed in Table 16.
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Assay for Determination of Drug Transport Across Human
CACO-2 Cells

The assay provides information on the potential of a
compound to pass the cell membrane, on the extent of oral
absorption as well as on whether the compound is actively
transported by uptake and/or efflux transporters. For the
measurement of permeability across polarized, confluent
human cancer colon carcinoma cells 2 (Caco-2) cell mono-
layers grown on permeable filter supports are used as the in
vitro absorption model. Apparent permeability coefficients
(PE) of the compounds across the Caco-2 monolayers are
measured (pH 7.2, 37° C.) in apical-to-basal (AB) (absorp-
tive) and basal-to-apical (BA) (secretory) transport direc-
tion. AB permeability (PEAB) represents drug absorption
from the intestine into the blood and BA permeability
(PEBA) drug secretion from the blood back into the intestine
via both passive permeability as well as active transport
mechanisms mediated by efflux and uptake transporters that
are expressed on the Caco-2 cells. The compounds are
assigned to permeability/absorption classes by comparison
of the AB permeabilities with the AB permeabilities of
reference compounds with known in vitro permeability and
oral absorption in the human. Identical or similar perme-
abilities in both transport directions indicate passive perme-
ation, vectorial permeability points to additional active
transport mechanisms. Higher PEBA than PEAB suggests
the involvement of an apical efflux transporter (like P-gp)
and/or basolateral uptake transporter; higher PEAB than
PEBA permeability suggests involvement of an apical
uptake transporter (like PepT1) and/or basolateral efflux
transporter (like MRP3). Active transport is concentration-
dependently saturable.

Caco-2 cells (1-2*10° cells/cm? area) are seeded on filter
inserts (Costar transwell polycarbonate or PET filters, 0.4
nm pore size) and cultured (DMEM) for 10 to 25 days.
Compounds are dissolved in appropriate solvent (like
DMSO, 1-20 mM stock solutions). Stock solutions are
diluted with HTP-4 buffer (128.13 mM NaCl, 5.36 mM KCl,
1 mM MgSO,, 1.8 mM CaCl,, 4.17 mM NaHCO,, 1.19 mM
Na,HPO,x7H,0, 041 mM NaH,PO,xH,O, 15 mM
HEPES, 20 mM glucose, pH 7.2) to prepare the transport
solutions  (typically 10 nM  compound, final
DMSO <= 0.5%). The transport solution (TL) is applied to
the apical or basolateral donor side for measuring A-B or
B-A permeability (3 filter replicates), respectively. The
receiver side contains HTP-4 buffer supplemented with 2%
BSA. Samples are collected at the start and end of experi-
ment from the donor and at various time intervals for up to
2 hours also from the receiver side for concentration mea-
surement by LC-MS/MS or scintillation counting. Sampled
receiver volumes are is replaced with fresh receiver solution.

The apparent permeability coefficients (PEAB and
PEBA) and efflux ratios (PEBA/PEAB) of selected com-
pounds in the Caco-2 drug transport assay described above
are listed in Table 17.
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TABLE 17

PEAB PEBA Efflux
Example [em/s] [em/s] ratio
140 0.0000242 0.0000874 3.6
39.8 0.0000164 0.0000807 49
393 0.0000128 0.0000765 6.0
18A 0.0000209 0.0000882 4.2
19A 0.0000114 0.0000767 6.7
47A 0.00000986 0.0000535 5.4
S54A 0.000026 0.0000617 2.4
75.7 0.0000084 0.0000906 10.8
753 0.0000228 0.0000853 3.7
70.9 0.0000303 0.0000961 3.2
64 0.0000171 0.0000757 44
47.1 0.000015 0.000081 5.4
48 0.000060 0.000098 1.6
Example 38 disclosed 0.0000002 0.0000028 17.1

in U.S. 2011/0034433

Compared to the bicyclic example 38 disclosed in US
2011/0034433 bearing a carbamoyl (R—NH—C(—0)—)
substituent at the dihydropyrimidinone nitrogen, numerous
examples of the present invention bearing a carbamoyl
(R—NH—C(=—0)—) substituent at the dihydro-pyrimidi-
none nitrogen exhibit improved AB permeability and/or a
reduced efflux ratio.

Assay for Determination of Aqueous Solubility

The aqueous solubility of a compound is determined by
comparing the amount dissolved in aqueous buffer (contain-
ing 2.5% DMSO) to the amount dissolved in an acetonitrile/
water (1/1) solution. Starting from a 10 mM DMSO stock
solution, aliquots are diluted with acetonitrile/water (1/1)
and Mcllvaine buffer pH 6.8, respectively. After 24 h of
shaking, the solutions or suspensions are filtered and ana-
lyzed by LC-UV. The amount dissolved in buffer is com-
pared to the amount dissolved in the acetonitrile/water (1/1)
solution. Solubility is measured from 0.001 to 0.125 mg/ml
at a DMSO concentration of 2.5%. If more than 90% of the
compound is dissolved in buffer, the value is marked with
.

The aqueous solubility of selected compounds in the
solubility assay described above is listed in Table 18.

TABLE 18
Aqueous Aqueous
solubility solubility
Example [mg/mL] Example [mg/mL]
140 0.953 39.8 0.098
39.19 0.009 75.16 0.066
39.3 0.006 70.9 0.012
18A 0.078 75 0.079
19A 0.092 68 0.057
47A 0.086 64 0.008
54A 0.059 58.2 0.056
75.7 0.905 47.1 0.073
75.3 0.009

Assay for Determination of Cytochrome P450 2C9 Inhibi-
tion

The inhibition of cytochrome P450 2C9-isoenzyme cata-
lysed hydroxylation of Diclofenac by the test compound is
assayed at 37° C. with human liver microsomes. All assays
are carried out on a robotic system in 96 well plates. The
final incubation volume contains TRIS buffer (0.1 M),
MgCl, (5 mM), human liver microsomes (0.1 mg/ml),
Diclofenac (10 uM) and the test compound at five different
concentrations or no compound (high it) control) in dupli-
cate (e.g. highest concentration 10-50 uM with subsequent
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serial 1:4 dilutions). Following a short preincubation period,
reactions are started with the cofactor NADPH, 1 mM) and
stopped by cooling the incubation down to 8° C. and
subsequently by addition of one volume of acetonitrile. An
internal standard solution—usually the stable isotope of the
formed metabolite—is added after quenching of incuba-
tions. Peak area is analyte (=metabolite formed) and internal
standard is determined by LC-MS/MS. The resulting peak
area ratio analyte to internal standard in these incubations is
compared to a control activity containing no test compound.
Within each of the assay runs, the ICs, of a positive control
inhibitor (sulfaphenazole) is determined Experimental IC,
values are calculated by least square regression according to
the following equation:

% control activity=(100% control activity/(1+
(V1C50)*S))-B
(I=inhibitor concentration, S=slope factor, B=background
activity)

If the inhibition of the reaction is already >50% at the
lowest concentration of the test compound, the IC, is
assigned “<lowest concentration tested” (usually <0.4 uM).
If the inhibition of the reaction is still <50% at the highest
concentration of the test compound, the ICs, is assigned
“>highest concentration tested” (usually >50 uM).

Assay for Determination of Cytochrome P450 2C19 Inhi-
bition

The inhibition of cytochrome P450 2C19-isoenzyme cata-
lysed hydroxylation of Mephenyloin by the test compound
is assayed at 37° C. with human liver microsomes. All assays
are carried out on a robotic system in 96 well plates. The
final incubation volume contains TRIS buffer (0.1 M),
MgCl, (5 mM), human liver microsomes (0.5 mg/ml),
(S)-Mephenyloin (70 uM) and the test compound at five
different concentrations or no compound (high control) in
duplicate (e.g. highest concentration 10-50 uM with subse-
quent serial 1:4 dilutions). Following a short preincubation
period, reactions are started with the cofactor (NADPH, 1
mM) and stopped by cooling the incubation down to 8° C.
and subsequently by addition of one volume of acetonitrile.
An internal standard solution—usually the stable isotope of
the formed metabolite—is added after quenching of incu-
bations. Peak area analyte (=metabolite formed) and internal
standard is determined by LC-MS/MS. The resulting peak
area ratio analyte to internal standard in these incubations is
compared to a control activity containing no test compound.
Within each of the assay runs, the IC,, of a positive control
inhibitor (tranylcypromine) is determined Experimental
1C,, values are calculated by least square regression accord-
ing to the following equation:

% control activity=(100% control activity/(1+
(I/IC54)*8S))-B
(I=inhibitor concentration, S=slope factor, B=background
activity)

If the inhibition of the reaction is already >50% at the
lowest concentration of the test compound, the ICy, is
assigned “<lowest concentration tested” (usually <0.4 uM).
If the inhibition of the reaction is still <50% at the highest
concentration of the test compound, the ICs, is assigned
“>highest concentration tested” (usually >50 uM).
Combinations

The compounds of general formula 1 may be used on their
own or combined with other active substances of formula 1
according to the invention. The compounds of general
formula 1 may optionally also be combined with other
pharmacologically active substances. These include, $2-ad-
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renoceptor-agonists (short and long-acting), anti-cholin-
ergics (short and long-acting), anti-inflammatory steroids
(oral and topical corticosteroids), cromoglycate, methylxan-
thine, dissociated-glucocorticoidmimetics, PDE3 inhibitors,
PDE4-inhibitors, PDE7-inhibitors, L[TD4 antagonists,
EGFR-inhibitors, Dopamine agonists, PAF antagonists,
Lipoxin A4 derivatives, FPRI.1 modulators, LTB4-receptor
(BLT1, BLT2) antagonists, Histamine H1 receptor antago-
nists, Histamine H4 receptor antagonists, dual Histamine
H1/H3-receptor antagonists, PI3-kinase inhibitors, inhibi-
tors of non-receptor tyrosine kinases as for example LYN,
LCK, SYK, ZAP-70, FYN, BTK or ITK, inhibitors of MAP
kinases as for example p38, ERK1, ERK2, JNK1, JNK2,
JNK3 or SAP, inhibitors of the NF-kB signalling pathway as
for example IKK2 kinase inhibitors, iNOS inhibitors, MRP4
inhibitors, leukotriene biosynthese inhibitors as for example
5-Lipoxygenase (5-LO) inhibitors, cPLA2 inhibitors, Leu-
kotriene A4 Hydrolase inhibitors or FLAP inhibitors,
MMP9-inhibitors, MMP12-inhibitors, non-steroidale anti-
inflammatory agents (NSAIDs), Cathepsin C (or DPPI/
Dipeptidylaminopeptidase I) inhibitors, CRTH2 antagonists,
DP1-receptor modulators, Thromboxane receptor antago-
nists, CCR3 antagonists, CCR4 antagonists, CCR1 antago-
nists, CCR5antagonists, CCR6 antagonists, CCR7 antago-
nists, CCR8 antagonists, CCR9 antagonists, CCR30
antagonists, CXCR3 antagonists, CXCR4 antagonists,
CXCR?2 antagonists, CXCR1 antagonists, CXCRS5 antago-
nists, CXCR6 antagonists, CX3CR3 antagonists, Neuroki-
nin (NK1, NK2) antagonists, Sphingosine 1-Phosphate
receptor modulators, Sphingosine 1 phosphate lyase inhibi-
tors, Adenosine receptor modulators as for example A2a-
agonists, modulators of purinergicreceptors as for example
P2X7 inhibitors, Histone Deacetylase (HDAC) activators,
Bradykinin (BK1, BK2) antagonists, TACE inhibitors,
PPAR gamma modulators, Rho-kinase inhibitors, interleu-
kin 1-beta converting enzyme (ICE) inhibitors, Toll-Like
receptor (TLR) modulators, HMG-CoA reductase inhibitors,
VLA-4 antagonists, ICAM-1 inhibitors, SHIP agonists,
GABAa receptor antagonist, ENaC-inhibitors, Prostasin-
inhibitors, Melanocortin receptor (MC1R, MC2R, MC3R,
MC4R, MC5R) modulators, CGRP antagonists, Endothelin
antagonists, TNFa antagonists, anti-TNF antibodies, anti-
GM-CSF antibodies, anti-CD46 antibodies, anti-IL-1 anti-
bodies, anti-IL-2 antibodies, anti-IL-4 antibodies, anti-IL-5
antibodies, anti-IL-13 antibodies, anti-IL-4/1L.-13 antibod-
ies, anti-TSLP antibodies, anti-OX40 antibodies, mucoregu-
lators, immunotherapeutic agents, compounds against swell-
ing of the airways, compounds against cough, VEGF
inhibitors, but also combinations of two or three active
substances.

Preferred are betamimetics, anticholinergics, corticoster-
oids, PDE4-inhibitors, L TD4-antagonists, EGFR-inhibitors,
Cathepsin C inhibitors, CRTH2 inhibitors, 5-LO-inhibitors,
Histamine receptor antagonists and SYK-inhibitors, espe-
cially Cathepsin C inhibitors, but also combinations of two
or three active substances, i.e.:

Betamimetics with corticosteroids, PDE4-inhibitors,

CRTH2-inhibitors or LTD4-antagonists,

Anticholinergics with betamimetics, corticosteroids,

PDE4-inhibitors, CRTH2-inhibitors or [.TD4-antago-
nists,

Corticosteroids with PDE4-inhibitors, CRTH2-inhibitors

or LTD4-antagonists

PDE4-inhibitors with CRTH2-inhibitors or LTD4-antago-

nists

CRTH2-inhibitors with LTD4-antagonists.
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Indications
The compounds of the invention and their pharmaceuti-

cally acceptable salts have activity as pharmaceuticals, in

particular as inhibitors of neutrophil elastase, and thus may
be used in the treatment of:

1. respiratory tract: obstructive discases of the airways
including: asthma, including bronchial, allergic, intrinsic,
extrinsic, exercise-induced, drug-induced (including aspi-
rin and NSAID-induced) and dust-induced asthma, both
intermittent and persistent and of all severities, and other
causes of airway hyper-responsiveness; chronic obstruc-
tive pulmonary disease (COPD); bronchitis, including
infectious and eosinophilic bronchitis; emphysema;
alphal-antitrypsin deficiency; bronchiectasis; cystic
fibrosis; sarcoidosis; farmer’s lung and related diseases;
hypersensitivity pneumonitis; lung fibrosis, including
cryptogenic fibrosing alveolitis, idiopathic interstitial
pneumonias, fibrosis complicating anti-neoplastic therapy
and chronic infection, including tuberculosis and asper-
gillosis and other fungal infections; complications of lung
transplantation; vasculitic and thrombotic disorders of the
lung vasculature, and pulmonary hypertension; antitus-
sive activity including treatment of chronic cough asso-
ciated with inflammatory and secretory conditions of the
airways, and iatrogenic cough; acute and chronic rhinitis
including rhinitis medicamentosa, and vasomotor rhinitis;
perennial and seasonal allergic rhinitis including rhinitis
nervosa (hay fever); nasal polyposis; acute viral infection
including the common cold, and infection due to respi-
ratory syncytial virus, influenza, coronavirus (including
SARS) and adenovirus; acute lung injury; acute respira-
tory distress syndrome;

2. skin: psoriasis, atopic dermatitis, contact dermatitis or
other eczematous dermatoses, and delayed-type hyper-
sensitivity reactions; phyto- and photodermatitis; sebor-
rhoeic dermatitis, dermatitis herpetiformis, lichen planus,
lichen sclerosus et atrophica, pyoderma gangrenosum,
skin sarcoid, discoid lupus erythematosus, pemphigus,
pemphigoid, epidermolysis bullosa, urticaria,
angioedema, vasculitides, toxic erythemas, cutaneous
eosinophilias, alopecia greata, male-pattern baldness,
Sweet’s syndrome, Weber-Christian syndrome, erythema
multiforme; cellulitis, both infective and non-infective;
panniculitis;cutaneous lymphomas, non-melanoma skin
cancer and other dysplastic lesions; drug-induced disor-
ders including fixed drug eruptions;

3. eyes: blepharitis; conjunctivitis, including perennial and
vernal allergic conjunctivitis; iritis; anterior and posterior
uveitis; choroiditis; autoimmune, degenerative or inflam-
matory disorders affecting the retina; ophthalmitis includ-
ing sympathetic ophthalmitis; sarcoidosis; infections
including viral, fungal, and bacterial;

4. genitourinary: nephritis including interstitial and glom-
erulonephritis; nephrotic syndrome; cystitis including
acute and chronic (interstitial) cystitis and Hunner’s ulcer;
acute and chronic urethritis, prostatitis, epididymitis,
oophoritis and salpingitis; vulvo-vaginitis; Peyronie’s dis-
ease; erectile dysfunction (both male and female);

5. allograft rejection: acute and chronic following, for
example, transplantation of kidney, heart, liver, lung, bone
marrow, skin or cornea or following blood transfusion; or
chronic graft versus host disease;

6. other auto-immune and allergic disorders including rheu-
matoid arthritis, irritable bowel syndrome, systemic lupus
erythematosus, multiple sclerosis, Hashimoto’s thyroid-
itis, Graves’ disease, Addison’s disease, diabetes mellitus,
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idiopathic thrombocytopaenic purpura, eosinophilic fas-

ciitis, hyper-IgE syndrome, antiphospholipid syndrome

and Sazary syndrome;

7. oncology: treatment of common cancers including pros-
tate, breast, lung, ovarian, pancreatic, bowel and colon,
stomach, skin and brain tumors and malignancies affect-
ing the bone marrow (including the leukaemias) and
lymphoproliferative systems, such as Hodgkin’s and non-
Hodgkin’s lymphoma; including the prevention and treat-
ment of metastatic disease and tumour recurrences, and
paraneoplastic syndromes; and,

8. infectious diseases: virus diseases such as genital warts,
common warts, plantar warts, hepatitis B, hepatitis C,
herpes simplex virus, molluscum contagiosum, variola,
human immunodeficiency virus (HIV), human papilloma
virus (HPV), cytomegalovirus (CMV), varicella zoster
virus (VZV), rhinovirus, adenovirus, coronavirus, influ-
enza, para-influenza; bacterial diseases such as tubercu-
losis and mycobacterium avium, leprosy; other infectious
diseases, such as fungal diseases, chlamydia, Candida,
aspergillus, cryptococcal meningitis, Pneumocystis car-
nii, cryptosporidiosis, histoplasmosis, toxoplasmosis, try-
panosome infection and leishmaniasis.

For treatment of the above-described diseases and condi-
tions, a therapeutically effective dose will generally be in the
range from about 0.01 mg to about 100 mg/kg of body
weight per dosage of a compound of the invention; prefer-
ably, from about 0.1 mg to about 20 mg/kg of body weight
per dosage. For Example, for administration to a 70 kg
person, the dosage range would be from about 0.7 mg to
about 7000 mg per dosage of a compound of the invention,
preferably from about 7.0 mg to about 1400 mg per dosage.
Some degree of routine dose optimization may be required
to determine an optimal dosing level and pattern. The active
ingredient may be administered from 1 to 6 times a day.

The actual pharmaceutically effective amount or thera-
peutic dosage will of course depend on factors known by
those skilled in the art such as age and weight of the patient,
route of administration and severity of disease. In any case
the active ingredient will be administered at dosages and in
a manner which allows a pharmaceutically effective amount
to be delivered based upon patient’s unique condition.

What we claim:
1. A compound of formula 1

0 R!

R3
®RH,C | N~
(RS)yC /g

lel 0
RZ

wherein

R' is phenyl or a five- or six-membered heteroaryl,
[whererin] wherein said heteroaryl comprises one, two
or three heteroatoms independently selected from the
group consisting of N, O and S; each ring optionally
substituted with one, two or three substituents indepen-
dently selected from the group consisting of halogen,
[O,N—] NC—, H,N—, HO—, R*!, RO—, R,
R'?S—, R'*(0)S— and R'*(0),8—;
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R is independently selected from the group consist-
ing of C, s-alkyl-, C, 4-cycloalkyl-, C, ;-haloalkyl-
and C;_g-halocycloalkyl-;

R'?is HO—C, 4-alkyl- or R'"'—0O—C, ;-alkyl-;

R is independently selected from the group consist-
ing of H, HO—, R*! and R';

R? is phenyl or a five- or six-membered heteroaryl,
[whererin] wherein said heteroaryl comprises one, two
or three heteroatoms independently selected from the
group consisting of N, O and S; each ring optionally
substituted with one or two substituents independently
selected from the group consisting of halogen, C, ,-
alkyl-, C,_,-haloalkyl- and and C, ,-alkyl-O—;

R? is a residue independently selected from the group
consisting of
.R3.17;

R>2(0)C—;

R>20(0)C—;

*R3-20(0)C-A-;

*R3>2S—; R**(0)S—; R**(0),8—;

*(R*?),N(0O)C—; and

*(R*#),N(O)C-A-;

R*! is independently selected from the group consist-
ing of H, R*?, R**, C,_s-alkyl-C,_-cycloalkyl- and
C,_s-cycloalkyl-C,_,-alkyl-, wherein each R>>, R>*
C, salkyl-C;_gcycloalkyl- and C;_scycloalkyl-C,.
salkyl- group is optionally substituted with one or
two substituents independently selected from among
R3.1.1;

R is selected from the group consisting of HO—,
halogen, NC—, R**0—, R*>>, R*>® and R*7 or
R3**! denotes a ring independently selected from

phenyl and a four-membered heterocyclic ring

containing one element independently selected

from among N, O, S, S(O) and S(O),; or

R3-*! denotes a five- or six-membered heterocyclic

or heteroaryl ring containing one, two or three

elements independently selected from among N,

0O, S, S(O) and S(0),;

each of the rings optionally substituted with one or
two substituents independently selected from
among HO—, O—, halogen, NC—, R??,
R*?0—, R**—(0)C—, R*?4, R*?, R* and
R?7 or two substituents are together R*>%;

R*? is independently selected from among R>, phe-
nyl, a four-membered heterocyclic ring containing
one element independently selected from the group
consisting of N, O, S, S(O) and S(O),; or a five- or
six-membered heterocyclic or heteroaryl ring con-
taining one, two or three elements independently
selected from the group consisting of N, O, S, S(O)
and S(O),; each ring optionally substituted with one
or two substituents independently selected from the
group consisting of HO—, O—, NC—, halogen,
R3'3, R3'3O—, Rs's—(O)C—, R3'4, R3'5, R3.6, R3>7 or
two substituents are together R>%,;
or two R>? are together a three-, four-, five- or

six-membered monocyclic or a six-, seven-,
eight-, nine- or ten-membered bicyclic heterocy-
clic or heteroaryl ring optionally containing addi-
tional to the nitrogen one or two elements inde-
pendently selected from the group consisting of N,
0, S, 8(0) and S(O),; optionally substituted with
one or two substituents, independently selected
from the group consisting of HO—, F, O—,
NC*, R3.3, R3.307, R3.37(o)ci, R3'4, R3.5,
R?*®, R*7, phenyl, a five- or six-membered het-
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erocyclic or heteroaryl ring containing one, two or
three elements independently selected from the
group consisting of N, O, S, S(O) or S(O),; or two
substituents are together R>%;

R?*3 is independently selected from the group consist- 3
ing of C,_¢-alkyl-, C;_s-cycloalkyl-, C, _s-haloalkyl-,
[cs.6] Cs.6 -halocycloalkyl-;

R**is HO—C,_4-alkyl- or R**—0—C, -alkyl-;

R?* is independently selected from the group consist-
ing of H,N—, R**—HN—, (R*?),N—, R**—(0)
C—HN—, R**—(0)C—(R>3)N—;

R3¢ is independently selected from the group consist-
ing of R*?—(0)S—, R**—(0),8—, R**(HN)S—,
R3*3(HN)(0)S—, R*3(R3ZN)S—, R*3R3>*N)O)
S—, R¥PR**N)S—, R*>ZR*3*N)O)S—; R*?
(NC—N)S—, R*?(NC—N)(O)S—;

R*7 is independently selected from the group consist-
ing of HO(O)C—, H,N(O)C—, R**—0—(0)C—,
R*?—NH—(0)C—, (R*?),N—(O)C—;

R**® is independently selected from the group consist-
ing of C, s-alkylene or C, ¢-haloalkylene, wherein
optionally one or two CH,-groups independently
from each other are replaced by —HN—, —(R3-%)
N—, —(R>*HN—, —(R**(0)C—)N—, —(R>*0O)
C—)N—, —O—, —S8—, —S(0)— or —S(0),—;

A is —CH,—, —CH,—CH,— or —CH,—CH,—
CH,—; optionally substituted with one or two sub-
stituents independently selected from the group con-
sisting of halogen, R, R*>*0O— and R** or two
substituents together are R>%;

R* is independently selected from the group consisting of
halogen, C, 4-alkyl-, C;_s-cycloalkyl-, C, s-haloalkyl-,
C,_¢-halocycloalkyl-, HO—C, 4-alkyl-, C, s-alkyl—
0—C, s-alkyl-;
or two R* are together C,_s-alkylene or C,_-haloalky-

lene, wherein optionally one CH,-group can be
replaced by —O—, —S—, —S(0)— or —S(0),—;

xis 0, 1 or 2;

R? is independently selected from the group consisting of
shalogen, NC—, R>%;

*HO(0)C—, H,N(O)C—, R*'—0—(0)C—, R*>'—
NH—(0)C—, (R*),N—0)C—;

*phenyl or a five- or six-membered heterocyclic or
heteroaryl ring containing one, two or three elements
independently selected from the group consisting of
N, O, S, 8(0) or S(0O),; each ring optionally substi-
tuted with one, two or three substituents indepen-
dently selected from the group consisting of halogen,
HO—, O=, NC—, O,N—, H,N—, R>! R>'O—,
R —HN—, ®R*),N— R>*'(O)C—HN—,
R*!'—(O)C—R>HN—, R*'—(0)S—, R*>'—(0),
S—, R*'—(HN)S—, R*'—(HN)(0)S—, R>'—
(R>N)S—, R>1—(R*>!N)(0)S—, R>1—(NC—N)
S—, R*1—(NC—N)(0)S—, HO(O)C—, H,N(O)
C—, R0 (O)C—, R’ NH-(OC—,
(R*D, N—HO)C—

R>! is independently selected from the group consist-
ing of C,_¢-alkyl-, C; _¢-cycloalkyl-, C, s-alkyl-C; (-
cycloalkyl-, C;_¢-cycloalkyl-C, ¢-alkyl-, C, ,-ha-
loalkyl-, C; ¢-halocycloalkyl-, HO—C, , alkyl-,
C, ¢alkyl—O—C, s-alkyl-, C, s-cycloalkyl—O— g5
C, ¢alkyl-, C, ¢-haloalkyl—O—C, qalkyl-, C, (-
halocycloalkyl—O—C, ;-alkyl-,
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or two R>! are together C,_,-alkylene or C,_s-ha-
loalkylene, wherein optionally one or two CH,-
groups are replaced by —HN—, —(C, ;-alkyl-)
N—, —(C, shalocycloalkyl-)N—, —(C, ¢-
haloalkyl-)N—,  —(C;_¢-halocycloalkyl-)N—,
—MHO—C, 4-alkyl-)N—, —(C, 4-alkyl—O—
C, ¢alkyl-)N—, —(C, 4 cycloalkyl—O—C, -
alkyh)N—, —(C,_,-alkyl—(O)C—)N—, —(C, ¢-
cycloalkyl—(O)C—)N—, —(C, _-haloalkyl—
(O)C—)N—, —(HO—C, 4-alkyl—(O)C—)N—,
—(C,_¢-alkyl—O—C, _s-alkyl—(O)C—)N—,
—(C5_g-cycloalkyl—O—C, ¢-alkyl—(O)C—)
N— —O0— —S—, —S(O)— or —S(0),—;

yis 0, 1 or 2;

or a salt thereof.

2. A compound of formula 1, according to claim 1,
wherein R' is R and R is phenyl or pyridinyl; each ring
optionally substituted by one, two or three residues inde-
pendently selected from the group consisting of F, CI, NC—,
[R*'R*'0O] R*!, R"'O— and R'*(0),S—; and

R is independently selected from the group consisting

of C,_g-alkyl-, C; s-cycloalkyl-, C, c-haloalkyl-, C; ¢-
halocycloalkyl-;

R!?is HO—C,_,-alkyl- or R"'—0—C_s-alkyl-;

R'- is independently selected from the group consisting

of H, HO—, R*! or R'?;
or a salt thereof.

3. A compound of formula 1, according to claim 1,
wherein R' is R'” and R'” is phenyl or pyridinyl; each ring
optionally substituted by one or two residues independently
selected from the group consisting of NC—, Me(O),S and
Et(O),S; or a salt thereof.

4. A compound of formula 1, according to claim 1,
wherein R? is R®>#? and R is phenyl or a six-membered
heteroaryl; comprising one or two nitrogen atomes; each
ring optionally substituted with one or two substituents
independently selected from the group consisting of halo-
gen, C,_,-alkyl-, C,_,-haloalkyl-; or a salt thereof.

5. A compound of formula 1, according to claim 1,
wherein R? is R*# and R*# is phenyl or pyridinyl, optionally
substituted with a substituent independently selected from
among F,C and F,HC—; or a salt thereof.

6. A compound of formula 1, according to claim 1,
wherein A is A? and A? is —CH,—, optionally substituted
with one or two substituents independently selected from the
group consisting of F, Me, Et, i-Pr, MeO, EtO, HOCH,O0—
and MeOCH,—; or a salt thereof.

7. A compound of formula 1, according to claim 1,
wherein R* is R*“ and R*“ is independently selected from
the group consisting of fluorine, C, g-alkyl-, C; 4-cy-
cloalkyl-, C, ¢-haloalkyl-, C;_¢-halocycloalkyl-, HO—C, (-
alkyl- and C,_s-alkyl—O—C, ,-alkyl-; or two R** are
together C, s-alkylene or C, s-haloalkylene, wherein
optionally one CH,-group can be replaced by —O—; or a
salt thereof.

8. A compound of formula 1, according to claim 1,
wherein R® is a residue independently selected from the

group consisting of
R31_.
R*20(0)C— or R**0O(0)C—CH,—;
R¥3(0),8—;

(R**),N(O)C— or (R*#),N(O)C—CH,—;
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R*! is independently selected from the group consisting
of H, R*3, R3>#, C, 4-alkyl-C;_s-cycloalkyl-, and C, -
cycloalkyl-C, s-alkyl-, wherein each R’ R** C, -
alkyl-C_s-cycloalkyl- and C; scycloalkyl-C,_s-alkyl-
group is optionally substituted with one or two sub-
stituents independently selected from among R3-*-;

R*!! is selected from the group consisting of HO—,
halogen, NC—, R3**0—, R*>, R* and R*7; or

R3! is selected from the group consisting of a ring
independently selected from phenyl and a four-mem-
bered heterocyclic ring containing one element inde-
pendently selected from among N, O, S, S(O) and
S(O)y; or

R3'! denotes a five- or six-membered heterocyclic or
heteroaryl ring containing one, two or three elements
independently selected from among N, O, S, S(O) and
S(0),; each of the rings optionally substituted with one
or two substituents independently selected from among
HO—, O—, halogen, R*?, R**0—, R**—(0)C—,
R** R*°,R*%and R or two substituents are together
R3'8;

R3-? is independently selected from among R, phenyl or
a five- or six-membered heterocyclic or heteroaryl ring
containing one, two or three elements independently
selected from the group consisting of N, O, S, S(O) or
S(0),;

each ring optionally substituted with one or two substitu-
ents independently selected from the group consisting
of HO—, O=, NC—, halogen, R*?3, R*>*0—, R**—
(0O)YC—, R**, R*®, R*® and R>7; or two substituents
are together R>%;

or two R>* are together a five- or six-membered mono-
cyclic or an eight-, nine- or ten-membered bicyclic
heterocyclic or heteroaryl ring optionally containing
additional to the nitrogen one or two elements inde-
pendently selected from the group consisting of N, O,
S, S(O) and S(O),; optionally substituted with one or
two substituents, independently selected from the
group consisting of HO—, F, O=, R*?R*?0—,
R3*3—(0)C—, R**, R, R*7 and R**° or two substitu-
ents are together R*%;

R?? is independently selected from the group consisting
of C, (-alkyl-, C, ,-cycloalkyl-, C, s-haloalkyl-, C; -
halocycloalkyl-;

R** is HO—C,_4-alkyl- or R**—0—C, ,-alkyl-;

R3- is independently selected from the group consisting
of H,N—, R*?*—HN—, (R*?*),N—, R**(0)C—
HN—;

R**€ is independently selected from the group consisting
of R**—(0)S—, R**—(0),S—, R**(HN)S—, R*?
(HN)(O)S—, R**(R*’N)S—, R*3(R**N)(0)S—, R*-?
R>**N)S—, R*?R>N)O0)S—;

R?7 is independently selected from the group consisting
of HO(0)C—, H,N(O)C—, R**—0—(0)C—, R**—
NH—(0)C—, (R*?),N—0)C—;

R**® is independently selected from among C, ;-alkylene
and C,_s-haloalkylene, wherein optionally one or two
CH,-groups independently from each other are
replaced by —HN— —(R>*)N—, —(R>**N—,
—(R¥O)ICIN—  —(R*O)CIN—, —O—,
—S—, —S(0)— or —S(0),—;

or a salt thereof.
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9. A compound of formula 1, according to claim 1,
wherein R? is independently selected from the group con-
sisting of HO(O)C—H,C—, MeO(O)C—H,C—, H,N(O)
C—H,C—, MeHN(O)C—H,C—, Me,N(O)C—H,C—,
morpholinyl—(O)C—H,C—, azetidinyl—(O)C—H,C—,
pyrrolidinyl—(O)C—H,C—, MeHN(O)C—, EtHN(O)C—,
HO(CH,),HN(O)C—, HO(CH,);HN(O)C—, Me(O)S
(CH,),HN(O)C—, Me(0),S(CH,),HN(O)C—, Et(0),S—
and Me(0),S—; or a salt thereof.

10. A compound selected from the group consisting of:

CN

1.b



203

-continued

CN

CF3

CF3

CN

CF3

US RE47,493 E

le

1.f

10

15

20

25

30

35

40

45

50

204

-continued

CN

CN

3

N
I

CF;3

lg

1.h



US RE47,493 E

1.m

1n

CF3,

206
-continued

Eor a salt thereof ]

< [7a)
A e

25
40
45

Lj
1k

205
-continued

Eand]

X
S
/

1.1

50

Lo

[Ta)
el

CF;

CF;3



US RE47,493 E

207

-continued
1p

l.q

or a salt thereof.

10

15

20

25

30

35

208

11. A compound according to claim 1, wherein the con-
figuration of formula 1 is formula 1'

1

0 R!
R3
RH,C N~
.
®%),C
Iil 0
RZ

or a salt thereof.
12. A method for treating a rheumatoid arthritis, which

method comprises administration, to a host suffering from
rheumatoid arthritis, a therapeutically effective amount of a
compound of formula 1 according to claim 1.

13. A pharmaceutical composition, comprising a com-
pound according to claim 1 and a pharmaceutically accept-
able carrier.



